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1 Introduction 

Natural disasters, population growth, social conflicts, and political or structural crises give rise to forced 

migrations, which can lead to humanitarian emergencies. According to the “UNHCR annual global trends 

report”, at the end of 2013 there were more refugees or internally displaced persons (IDPs) than at any time, 

that comprehensive statistics have been collected, since at least 1989: 51.2 million people, in fact, were in 

situations of displacement (45.1 million at the end of 2012), including 16.7 million refugees, 1.2 million 

asylum seekers and 33.3 million IDPs. 

In this framework, the issue of food plays a central role. In fact, insufficient food availability leads to 

malnutrition and weak health, enhances causes of mortality and creates a status of permanent emergency. 

For this reason, a humanitarian emergency deals, in the first place, with food safety and security, which is 

built on four main pillars:  

1. the physical availability of food; 

2. the economical and physical access to food; 

3. the utilization of food and the related resources; 

4. the stability of food supply over time.  

 

Figure 1 - Energy, food and water nexus (adapted from Energy-Smart Food at FAO: An Overview). 

The term food processing means a series of operations by which unprocessed foods are converted into 

foodstuffs in order to be eaten, prolong their storage, duration, and reduce (or abolish) time/effort spent in 

culinary procedures. Cooking is the last phase in this chain. On the other hand, food preservation means a 

set of treatment processes that are necessary to prolong the life of foods and retain the features that 

determine their quality, such as texture, flavour, colour and above all, their nutritional value. 

Clearly, there is a strong connection between food and other resources, mainly water and energy (Figure 1). 

In general, the energy, food and water nexus is related both to basic needs and services for people and to 

income generating activities and livelihood. Each of these resources affects the others, and elements 

connecting water, energy and food in multidirectional ways can be highlighted.  

In the specific context of humanitarian emergencies, energy plays a central role in order to guarantee safe 

and secure access to food and to allow its utilization: it is needed in all the steps along the agro-food chain 

(such as crops production, fishing, livestock and forestry products), the post-harvest operations, and food 
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preparation and preservation. According to the Office for the Coordination of Humanitarian Affairs (OCHA) 

(Energy Security and Humanitarian Action: Key Emerging Trends and Challenges): “Energy insecurity may also 

drive food insecurity. Without access to a predictable energy supply, communities that are not food insecure 

may become so, and those who are already food-insecure may become even more vulnerable. There can be 

no food security for communities without reliable access to a fuel source for heating and cooking”. Energy is 

also fundamental in many cases in order to provide safe and reliable access to water and water supply. 

Moreover, it is needed for water purification and potabilization. 

Focusing on food processing and preservation, energy plays a key role in solving the main issues, which recur 

in humanitarian and refugee contexts:  

  the lack of proper energy solutions leads to either water scarcity or the use of contaminated water, 

and, consequently, to health diseases and negative effects on the nutritional intake; 

 a lack of clean cooking facilities and access to modern energy sources (for example: improved cook 

stoves, gas, kerosene), is one of the main causes of indoor air pollution, which impacts health 

diseases and respiratory illnesses, and puts great pressure on local deforestation; 

 a high reliance on and consumption of wood, due to the lack of affordable modern energy sources, 

leads to social problems (mainly for women and children); 

 the lack of sufficient and sustainable energy for food utilization has a negative impact also on other 

key humanitarian challenges such as protection: “(...) there are several protection risks related to the 

fulfilment of household energy needs: among the others, those associated to sexual and gender-

based violence. Harassments are particularly common when women collect firewood outside the 

camps” - and education - “(...) women and girls are usually the ones in charge of wood collection and, 

therefore, they are disproportionately affected by this issue, as wood collection is highly time-

consuming, that limits their time available for education”, as pointed out by the UNHCR (Household 

energy in refugees and IDP camps: challenges and solutions) 

 a lack of proper food preservation methods and technologies leads to food deterioration: on the one 

hand, the absence of affordable energy sources for cooking leads people to cook few times; on the 

other hand, this practice increases the need for storing food, but poor storage conditions cause both 

a loss of nutritive properties and health problems. 

Hence, the introduction of sustainable energy technologies to give efficient, reliable and equitable access to 

basic services, such as cooking, food preservation and water supply, is mandatory. Therefore, the selection 

of appropriate technologies for energy services is pivotal to this aim and must comply with the main 

dimensions of sustainability, especially in the long run in the case of semi-permanent settlements. One single 

solution based on a pre-determined technology mix does not exist: it is essential to select the most 

appropriate technologies and match the needs with the available resources, according to the specific context. 

Therefore, the aim of this work is to deliver a path to various solutions that makes it possible to reach the 

most appropriate option starting from the local conditions and needs. It will provide the users with a list of 

possible needs and corresponding energy solutions for food utilization, which have been grouped within the 

following categories: 

 efficient and effective household-based or community-based technologies to meet cooking needs 

(Improved Cook Stoves, biogas stoves, electric stoves, gas/liquid stoves, …); 

 household-based renewable energy systems for food preservation and other auxiliary services such 

as lighting (solar  coolers, home canning, thermoelectric refrigeration, …); 

 small community-based renewable energy conversion systems to meet water pumping and water 

purification needs, and other auxiliary services such as lighting (photovoltaic systems, micro-wind 

turbines,  lamps, Ultraviolet lamps …); 
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 modular community-based Integrated Renewable Energy Systems (IRES) for providing local and 

reliable electricity (hybrid solar photovoltaic/diesel, hybrid wind/diesel systems ...) for cooking, and 

food preservation. 

Each area of intervention and each system is analysed starting from the specific context of humanitarian 

interventions, the needs and resources, and also looking at them from a technological point of view. In order 

to provide valuable support for the choice of the most appropriate technologies, the devices and systems are 

described in specific technical sheets. The sheets give information about their main technology 

characteristics as well as indications about local construction (when possible), warnings and specific 

requirements, operation and maintenance, and an indication of costs. Summary tables provide the pros and 

cons by comparing the different options, to help identify the most appropriate technology for each area of 

intervention.  

In conclusion, it is worth pointing out that this handbook has been developed within the project Sustainable 

energy technologies for food utilization (SET4food) carried out by COOPI COOPERAZIONE INTERNAZIONALE, 

and the Politecnico di Milano, financed by the European Commission's Humanitarian Aid and Civil Protection 

department (ECHO). The specific objective of the project is to enhance the response capacity of humanitarian 

actors in identifying and implementing efficient and sustainable energy technologies for food utilization. 

Given this, the project will be focused on the nexus linking food utilization to energy availability, efficiency 

and sustainability in temporary / quasi permanent / permanent camps or informal settlements. In particular, 

it facilitates the transfer of technical knowledge on specific energy technologies - identified by the handbook 

and tested through 4 pilot projects - to NGOs' staff, both at headquarters and in the field.
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2 Cooking technologies 

There is no universally accepted definition of “cookstoves” linked to performance or technical standards. 

However, the United Nations have defined some criteria that cookstoves should have to respect in order to 

reduce health damage, as well as environmental threats. Specifically, they have to be sustainable (from the 

social, environmental and economic points of view), they have to meet the social, economic, and behavioural 

needs of users, suit the resources available, and reach high levels of technological design and performance. 

A standard classification of cookstoves does not exist but they are generally classified based on their 

performance and fuel typology.  

Performance - A stove with high performance shows low levels of emissions and a high thermal efficiency. 

With the term “efficiency”, we refer to a measurement of the fraction of heat produced by the fuel that 

makes it directly to the content in the pot. The remaining energy is lost to the environment from the stove 

and the pot (Figure 2). 

 
Figure 2 - Thermal losses that condition the efficiency value. 

Therefore, a higher thermal efficiency indicates a greater ability to transfer the heat produced into the pot. 

If traditional stoves are characterized by low efficiencies, improved stoves are designed to improve energy 

efficiency, limit smoke emission, or lessen the drudgery of cooking duties. The particular shape of the 

combustion chamber also allows the firewood to be better positioned, to increase thermal efficiency. As a 

matter of fact, stove efficiency and emissions are very sensitive to the combustion chamber shape, material, 

chimney height, chimney diameter, and firewood placement. The stoves with the lowest efficiencies are the 

traditional ones. This refers to both open fires (also known as three-stone fires) as well as self-made 

cookstoves with very low or low efficiency. Both open fires and low efficiency traditional stoves are largely 

used in developing countries, as well as in humanitarian contexts. Open fires, in particular, are the simplest 

and easiest ‘technology’ for cooking, but their efficiency is very low, typically about 15%, and can cause 

serious health problems due to harmful emissions (mainly PM and CO). On the contrary, Improved Cook 

Stoves (ICSs) are stoves with a higher efficiency than the traditional ones and a lower level of emissions. In 

particular, advanced or modern biomass cookstoves refer to the most recent/latest manufactured 

cookstoves. These stoves are generally more expensive, and provide the best performance in terms of safety, 
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efficiency, emission, and durability. They include forced air stoves and gasifiers. Finally, gaseous and liquid 

fuel stoves show the highest performances, both in terms of high efficiency and low emissions. 

Fuel typology - Traditional stoves and improved stoves use solid biomass fuels, as well as gasifiers; other 

stoves suitable for using liquid or gaseous fuels also exist. Finally, solar cookers are devices that utilize the 

energy from the sun to cook food; they are not usually defined as stoves, since there is no combustion phase. 

Following the previous classification, the main typologies of cookstoves are shown in Figure 3.  

 

Figure 3 - Main stoves typologies. 

The technology of solar cookers is discussed separately because it works only under specific weather 

conditions; therefore, it is worth using if it is used in combination with the previous devices to decrease the 

need for burning fuels and to lower emissions. 

In the next paragraphs, an overview is given of different cookstoves typologies and features. Open fire has 
been used as the reference base case for comparison. It is important to remember that there is no single 
technological answer to the numerous needs of the camps. The solution has to be looked for in a variety of 
custom-made or purpose-designed applications, particularly for the construction of the models, where the 
most appropriate design depends on the local context and the particular situation. In fact, stoves must 
adapt/be adapted to people and traditional cooking habits, not the other way round. 
In conclusion, it is fundamental to know and evaluate the features and the uses of the variety of designs in 
order to make the appropriate choice in each set of conditions. 

2.1 Solid fuel stoves  

The technical specifications and materials used in the fabrication of solid fuel cookstoves influence their 

performance. In particular, the main elements determining the efficiency and quality of a cookstove are the 

following: 

 Combustion chamber 

 Chimney  

 Air draft  

 Insulation materials 

 Pot skirt 

Traditional

Mud

Metal

Fired clay

Improved 
biomass

Simple rocket

Forced air rocket

Thermoelectric 
coupled rocket

Gasifiers

Simple

Forced air

Liquid fuel

Alcohol

Kerosene

Plant oil

Gaseous 
fuel

Natural gas / 
LPG

Biogas

Solar 
Cookers

Panel cooker

Box cooker

Parabolic cooker 
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The first component to address is the combustion 

chamber (Figure 4). With respect to an open fire, one 

basic improvement is to contain the flame within a 

circular wall made of clay or metal. The first advantage 

is that stoves with a better enclosed fire are less 

affected by wind. The shape of the combustion 

chamber affects the combustion quality and, as a 

result, the stove’s efficiency. If the shape of the 

combustion chamber is not optimized, low 

temperature can occur in some points, causing the 

formation of substances like carbon monoxide and 

unburned hydrocarbons.  

 

The most widespread improvement to the shape of the 

combustion chamber is the L shape, which is adopted 

in the so-called rocket design (Figure 5). The rocket 

design consists of an inlet near the bottom of the stove 

where wood fuel is inserted and air can enter the 

combustion chamber. A pressure drop is created by the 

large temperature difference between the cold air 

entering the bottom of the stove and hot combustion 

gases exiting from the top of the combustion chamber. 

This effect drastically reduces CO and particulate 

production, and results in a great reduction in the 

smoke emitted by the stove.   

Another improvement can be made by introducing a 

grate or holes (Figure 7). The presence of such an 

element will allow the air to flow below the fuel bed 

and mix better with the fuel. This will increase the 

thermal efficiency and WILL reduce the emissions. 

As a matter of fact, the better the airflow into the combustion chamber is controlled and optimized, the 

higher the device’s efficiency. The introduction of a chimney greatly reduces indoor air pollution (Figure 6). 

However, chimneys that are not properly designed can cause excessive draft, leading to an excessive 

consumption of fuel. This is the main reason why chimney stoves are not necessarily more efficient. 

Moreover, chimney stoves are more expensive: in the case of household stoves, the chimney sometimes 

costs as much as the stove. 

Figure 4 - Normal combustion chamber. 

Figure 5 - L shape combustion chamber. 
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Figure 6 – Stove with chimney 

Figure 7 - Grate and holes to improve the air draft 

Insulation materials are another important factor determining the performance of stoves. Insulating bricks 

are refractory and can withstand very high temperatures. They are commonly used on the outer side of the 

stove to maintain heat inside the combustion chamber in order to achieve higher thermal efficiency (Figure 

8). 

Another common measure adopted to avoid excessive heat emitted from the body of the stove, is the 

addition of a second outer wall, which can be made out of a thin sheet or wire mesh surrounding the inner 

wall. The surface of contact between the hot parts and other parts of the stove should be minimized, while 

the space between the inner and outer wall is often left empty, or is filled with insulation materials, such as 

broken pieces of glass, sand or ash. 

 

Figure 8 - Insulation material. 

Another common feature that increases the efficiency of the cookstove even more is the pot skirt. It is a 

simple round piece of metal (Figure 9) which is placed at the top of the combustion chamber where the 

flames are in contact with the bottom of the pot. It encloses the pot and forces the flame and hot gases to 
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its sides. The presence of a pot skirt can reduce fuel consumption and emissions by 25–30%. The principle is 

very easy to describe. In stoves with no a pot skirt, part of the flame does not come into contact with the pot. 

As a result, a great deal of heat is wasted. The presence of a skirt enveloping the pot and directing the flame 

onto the pot affords great efficiency, particularly in the case of non-optimal fuel management. 

  
Figure 9 - Pot skirt. 

As shown in Figure 3, solid fuel cookstoves can be classified into three main categories, according to both 

their design and construction materials: 

 Traditional 

 Improved stoves 

 Gasifiers 

Traditional cookstoves are among the most widespread solid fuel cooking devices in developing countries. In 

general, traditional stoves have a low thermal efficiency and a high level of emissions, even if they perform 

better than open fires, except for particulate matter (PM) emissions. As a matter of fact, PM production is 

due to insufficient air draft or cold zones in the combustion chamber, phenomena caused by an improper 

design. Based on the construction material, the most diffused typologies of traditional cookstoves are mud 

stoves, metal stoves, and fired clay or clay/metal stoves. 

Improved Cook Stoves have been defined as stoves with a higher efficiency than the traditional three stone 

fire stove and a lower level of specific emission. Moreover, they need to be sustainable to meet the social, 

resource, economic, and behavioural needs of future users. Several models exist but the rocket type are 

worth analysing because of their high efficiency and the availability of different models.  
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Community Rocket Stoves 

Rocket stoves are usually designed for communities, and, consequently, they are large and present higher 
power. Using large stoves for a community’s cooking needs affords two particular benefits: 

1. Decreasing fuel consumption: this is because these stoves have greater efficiencies than 
traditional ones; moreover, large stoves show lower specific thermal losses than household 
stoves; 

2. Decreasing or eliminating emissions: this is partly thanks to their higher efficiency but mainly 
because community stoves are equipped with a chimney. 

As a result, where it is feasible in the camp and compatible with the local social constraints, using a 
community stove is usually the best option.  
The design of a community stove is commonly made up of metal and clay/sawdust bricks, its capacity 
ranges from 50 to 200 litres and it presents a rocket stove combustion chamber with a sunken pot and an 
internal skirt surrounding the pot itself. 
 

 
Figure 10 - Institutional portable rocket stove 

in Malawi. 

 
Figure 11 – Institutional 100 litre stove in Burundi. 

Some models are also insulated with an outer wall made of bricks with efficiencies of up to 45%: 

  
Figure 12 – High efficient Institutional Stoves. 
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Micro-gasifiers are gasifiers used for cooking, stoves that work through a two-phase combustion process in 

which firstly biomass fuel is burned in the lower part of the combustion chamber causing a decomposition of 

the biomass into volatile gases and vapours which are then burned thanks to a second influx of air towards 

the top of the stove. They can achieve high efficiencies but, above all, a high reduction in emissions of up to 

90% compared with the three stone fire. They work with a wide range of biomasses: wood, dung, residuals 

such as peanut shells, rice and coconut husks, sugar cane bagasse, and bamboo. Last, but not least, the by-

product of this process is biochar, a substance similar to charcoal that can be used as a soil fertilizer. 

2.2 Liquid or gaseous fuel stoves 

Liquid and gaseous fuelled stoves include stoves that utilize liquid or gaseous fuels such as kerosene, alcohols 
(ethanol and methanol), vegetable oils like jatropha oil, Liquefied Petroleum Gas (LPG), Natural Gas (NG) or 
Biogas, which are more efficient modern fuels (Figure 13, Figure 14, Figure 15) than those used in solid fuelled 
stoves. Generally, their thermal efficiency is high (up to 55%) and level of pollutant emissions very low. 
However, emissions may be higher in the event of improper use of some of these fuels, for example the 
improper use of jatropha and kerosene oil. There are also hybrid stoves fuelled by more than one fuel, for 
example kerosene and vegetable oil, or paraffin and ethanol gel. Due to unavailability and cost, most people 
in developing countries do not adopt these stoves. In humanitarian settings, some of these stoves could be 
very useful, especially when the fuel could be produced locally, for example, vegetable oils like jatropha oil, 
alcohols and biogas, or where the cost of gas is low. 

 
Figure 13 – Alcohol stove. 

 
Figure 14 – Kerosene stove. 

 
Figure 15 – Gas Stove. 

2.3 Electric stoves 

Electric stoves are technological devices that transform electrical energy into heat. The lack of availability 

and affordability of electricity, therefore, means that despite their high efficiency, these stoves are not very 

widespread, particularly in rural communities. Besides guaranteeing high energy savings of up to 80% over 

three-stone fires, they are a clean solution thanks to their very low emissions during the cooking phase. Any 

possible emissions are in fact related to the electricity generation phase.  

The most common technologies that use electricity for cooking are: 
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 Electric plates: they are simple devices composed 

of one or two metal plates heated by an electrical 

resistance. They consume an average of 1000 - 

2000 W with cooking efficiencies of 50-65%. Their 

cost varies from $20 to $50. The main constraints 

are related to the dimension of the plates, which 

can only heat small pots (from 2 to 4 litres) and 

the cooking time, which is usually longer than 

liquid and solid fuelled stoves.  

 

 Microwave ovens: these work through a process 

called ‘dielectric heating’ where food is 

bombarded with electromagnetic radiation, 

causing polarized molecules in the food to rotate 

and build up thermal energy. They consume 600W 

– 750W on average, and have a cooking efficiency 

of 50 – 60%. They cost 50$ - 200$. Metal 

Containers must never be put inside microwaves 

because this creates sparks while plastic 

containers can liquefy. Because microwaves 

cannot effectively penetrate food beyond about one or two inches, food thicker than this cannot 

easily be cooked. Cooking time is typically lower compared with classical cooking methods.  

2.4 Additional cooking technologies   

The aim of this section is to describe two technologies that are worth using only as supplementary cooking 

options alongside the previous devices analysed so far: haybasket and solar cookers. These devices allow a 

decrease in the use of fuels and consequently the related costs and emissions with respect to using only solid, 

liquid, gas and electric fuel stoves. On the other hand, they increase the time of cooking but they would be 

useful where the cost of fuel is high, the performance of the stoves is very low and fuel collection entails 

social problems (e.g. women who expose themselves to Gender Based Violence (GBV) or the time lost for 

undertaking this activity).  

2.4.1 Haybaskets 

A haybasket or fireless cooker is a simple container where a partially cooked food can be stored in order to 

continue cooking with no need to consume further fuel or external heat. This is useful in refugee camps with 

limited access to fuels, particularly for food requiring a long cooking time, such as legumes and rice. For 

example, a pot of rice can be initially brought to a boil with a traditional stove and then placed in a haybasket 

to complete the cooking without burning any further fuel. Therefore, instead of simmering it over fire, the 

food continues to cook over a longer period inside the fireless cooker, using its own stored energy and 

reducing the fuel use by even 40%. Obviously, the length of cooking time required in a haybasket is higher 

compared with a traditional stove, indeed a general rule is that the haybasket requires one to two times the 

normal cooking time on a fuelled stove.  

Figure 16 – Electric plates with one long hob. 

Figure 17 – Microwave oven. 
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Figure 18 – An open haybasket. 

A haybasket can be built with local materials such as baskets or cardboard insulated with paper or black 

rags and waste clothes, following the simple passages below: 

 sew the insulating material into the 

external box; 

 glue or nail a lining of cloth to hold the 

insulation in position; 

 if available, use dry heat-resistant 

polythene covers to line the cloth on the 

inside and protect the stuffing; 

 pack two black tight-fitting pillows or 

cushions around the top and bottom of 

the pot. The insulating layer under the 

pot can be made with a tray of sand or 

ash. 

NOTE: remember that the size of the pot must 

be considered before construction to 

allow it to fit snugly in the basket.  

It is important to highlight that haybaskets only work if they are built properly and require a high standard 
of workmanship; therefore, people must be adequately trained.  

 
Figure 20 – An African woman with a haybasket. 

Figure 19 – A diagram of a haybasket. 
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2.4.2 Solar cookers 

Cooking with the sun is a potentially viable supplementary cooking option to fuelwood in food preparation 

in much of the developing world through particular devices called Solar Cookers. A solar cooker is a 

technology that uses the energy of sun radiation for heating, cooking or pasteurizing food or drink. Different 

types of solar cookers have been developed all over the world and they can be categorized in a schematic 

way that identifies three models: panel (a), box (b) and parabolic (c) cookers. 

 

Figure 21 – Categories of solar cookers. 

The operation principle is the concentration of the sun radiation. Solar cookers reflect the sunrays hitting a 

large surface (the aperture area of the stove) and concentrate them on a smaller area, where the pot is 

placed, increasing the specific power. A black surface absorbs the radiation and heats up  the food inside. A 

transparent cover surrounding the pot works like a greenhouse allowing the sunrays to pass through the 

surface and preventing any heat discharge. The main advantage of these models is that they can be home 

made and used for both cooking and heating.  

It is to be highlighted that solar cookers are supplementary cooking options. This is because they are highly 

dependent on weather conditions and they can only be used on sunny days. They are a suitable option in 

refugee camps, where fuels are not affordable and traditional devices are very polluting and inefficient, 

because they decrease the need for burning fuels and therefore also both emissions and costs. Moreover, 

where food is prepared once a week (or less) and subsequently preserved, solar cookers can be an optimal 

solution for heating the pre-cooked food without needing to burn fuels to complete the cooking. All three 

models present these useful aspects: 

 CO, PM, SO2, fly ash, smoke savings;  

 CO2 reduction; 

 Firewood reduction; 

 Wood cost savings; 
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The table below shows a comparison between the three technologies: 

 Panel Box Parabolic 

P
R

O
S 

 Portable 
 Very cheap (0 – 5$) 
 Good performance 
 Can boil water 
 Concentrates sunrays 

 Portable 
 Cheap if built with local 

scrap materials (0 – 20$) 
 Works as a heat storage 
 Good performance 
 Does not require frequent 

tracking 

 Very high performance 
 Concentrates sunrays 
 Durable 
 Suitable also for  cooking 

food starting from boiling 
water 

C
O

N
S 

 Perishable 
 Not suitable for cooking 

food starting from boiling 
water 

 Expensive if bought (more 
than 100$) 

 Surfaces must be tilted 
 Does not concentrate 

sunrays 
 Perishable if made with 

corrugated paper 
 Not suitable for cooking 

food starting from boiling 
water 

 Dangerous 
 Not portable 
 Expensive if bought (more 

than 100-200$)  or built 
(30 – 60$) 

 Frequent tracking required 

An initial indication as to whether solar cookers are a feasible option is the minimum annual radiation: 1.5 

TWh/(m²a), which corresponds to a mean daily insolation of 4 kWh/(m²d), should be available for any solar 

cooker project. 

 

Figure 22 – Average Annual Solar Radiation (in terawatt-hours per square kilometre/year). 

A useful application of solar cookers in refugee camps can be found in “SOLAR COOKER PROJECT EVALUATION 
Iridimi Refugee Camp, Chad October 2007 by Jewish World Watch” which also discusses a questionnaire for 
solar cooker evaluation interviews. 
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2.5 Alternative fuel production 

Wood is the most common cooking fuel used in refugee camps/informal settlements and in general in 

developing countries. Besides being at the bottom of the energy ladder concerning the energy sources used 

by people and households, in refugee camps there may be a complete lack of firewood and its supply may 

be too expensive or forbidden. In these situations, other energy sources do exist and may be appropriate. 

Leaving aside fuels that cannot be produced in the camps (e.g. kerosene, biodiesel), the most common 

alternative solid fuels are the following: 

1) Organic waste and residues 

Organic waste and residues can be collected around the camps and in the nearby surroundings: rice 

husks, maize cobs, cow dung, crop stalks, twigs and leaves. These types of fuel have lower energy 

contents than wood. Therefore, cooking with waste and residues consumes 20-35% more fuels than 

cooking with wood, and increases emissions as a consequence. Moreover, the energy content of the final 

fuel is deeply affected by the material, the size of the residues and the moisture content. Therefore, their 

use is recommended only where there is a shortage of wood. 

 

2) Grass 

Similar to residues, dried grass can represent an alternative solution in camps with a shortage of trees 

but situated in a wide grassland. Stoves can easily be adapted for burning grass. For example, clay or 

metal stoves, as discussed above, can be easily integrated with an outer cylinder for providing support, 

stability, heat retention and ventilation, and a removable inner cylinder with perforations for containing 

the grass fuel load. A metal ring placed on top of this inner cylinder allows heat to be directed to the 

centre of the pot.  

 

Figure 23 – Grass fuel utilization.  
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It is important to remember that grass is a less efficient fuel compared with firewood with about a 20% 

lower energy content per unit of weight. Moreover, its combustion produces more smoke and it is 

characterized by a shorter combustion time. Therefore, grass is generally considered an inappropriate 

cooking fuel unless the camp has completely run out of wood. 

 

3) Peat 

Peat is a wood substitute, which can reduce fuel consumption thanks to its higher energy content 

(between 10 – 25% more than wood). It is an accumulation of organic matter created by the incomplete 

decomposition of wetland vegetation characterized by particular conditions of excess moisture and 

oxygen deficiency. Sources of peat are typically wetlands such as swamps, fens and pocosins. The use of 

peat reveals some advantages in terms of fuel use reduction but it must be dried before use. It may be 

hard to light and is often smoky. Therefore, it needs to be used preferably for cooking outdoors in well-

ventilated stoves. Finally, great attention must be paid to the potential impact and sustainability of 

cutting programmes on the wetlands.  

 

 

Figure 24 – Example of a peat source. 

4) Charcoal 

Charcoal is the direct product of the pyrolysis of wood, which is a sort of combustion of wood without 

oxygen. The main advantages in using charcoal are its high energy content (double that of firewood) and 

the usually higher efficiency of charcoal stoves with respect to traditional wood ones. Therefore, the use 

of charcoal allows a reduction in the use of fuel during the cooking phase. On the other hand, producing 

charcoal consumes wood and the energy balance along the total production chain often causes a greater 

consumption of wood. In fact, the way charcoal is produced is deeply affected by the efficiency of the 

process. If it is not produced in improved kilns, the output of charcoal is very low; therefore, in this case, 

the consumption of primary wood converted into charcoal is much higher than the wood used directly 

in cookstoves. Consequently, if a camp is short of wood, charcoal can be a solution only if it is produced 

in improved systems, and in places where the main or only traditional alternative is the three-stone fire 

stove. In fact, even if the stoves used in the camp or settlements are improved, the benefits achievable 

through the conversion of wood into charcoal and its use are not so evident, or even favourable. Details 

concerning charcoal production can be found in the specific technical sheet. So, its production in 

improved kilns (see the technical sheets) is suitable and appropriate where people are already 

accustomed to producing it in a traditional way.  
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5) Fuel briquettes 

These are essentially fuel blocks consisting of green waste, sawdust or loose residues compressed 

through compaction, external charring or complete carbonization. They are usually bought and then sold 

in the camp. Details concerning the production of briquettes can be found in the specific technical sheet.
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3 Food Preservation technologies 

Feeding the world’s growing population is widely acknowledged to be one of the most urgent issues facing 

humanity. In this respect, food preservation plays a major role in addressing world hunger. Currently, more 

than one-third of the food produced globally is lost to waste or spoilage. In particular, people living in 

developing countries—where food insecurity risks are the highest—face the greatest negative impact from 

this loss, as well as in many cases the greatest hurdles to overcoming the challenge.  

Many recent studies show that there is potentially already enough food produced in the world to feed a 

growing population, if we could properly store and save it instead of letting it go to waste. Losses occur 

throughout the current food supply chain, but the ramifications are likely felt most keenly by those regions 

most desperate for more food. 

In medium- and high-income countries, the highest levels of waste occur at the consumption stage when 

consumers discard food still suitable for human consumption. Industrialized countries waste more food per 

capita than developing countries. But in low-income countries food is lost long before it reaches consumers, 

mainly because of financial, technical, and other barriers. Harvesting techniques, storage, cooling facilities, 

supply chain infrastructure and packaging can all be lacking in low-income countries and the dearth 

contributes to food losses. 

In the refugee camps, the situation is even worse where the food is not enough to properly feed people and 

so chronic malnutrition makes refugees fragile and more susceptible to a variety of diseases and illnesses. 

For this reason, refugees are frequently dependent entirely on humanitarian aid. In this critical condition, the 

preservation process can provide a solution to directly inactivating bacteria, yeasts, moulds or enzymes, 

avoiding food contamination before or after the cooking process. 

In fact, since the natural moisture in many foods can become a breeding ground for organisms like harmful 

bacteria and fungi, food preservation can be considered as a process critical to ensuring the health of people. 

In this sense, preservation starts when the harvested foods are separated from the immediate growth 

medium (plant, soil or water) or meat from the animal after slaughter, or milk from normal secretion of 

mammalian glands in order to avoid its spoilage. 

Some of the ways of preserving food include drying, removing the natural moisture from the food, adding a 

preservative that prevents organisms like bacteria from living in the food, and sealing the food in an airtight 

container.  

Among the traditional methods of preservation are drying (open sun drying), salting, smoking, fermentation 

and pasteurization. Modern methods include canning, and refrigeration. Advances in packaging materials 

have also played an important role in modern food preservation. 

With the advancement in technology, some of the solutions could be as simple and inexpensive as developing 

solar refrigeration (through sorption heat driven or mechanical vapour compression) or solar air drying to 

allow for storage and to improve the shelf life of the product. 

It is important to note that, since the lack of food variety in fruits and vegetables causes many refugees to 

suffer from deficiencies in essential vitamins and minerals, which can lead to a variety of diseases, a proper 

food conservation able to leave the properties of the food unchanged is essential. For example, chronic 

deficiencies of vitamin A can lead to xeropthalmia and blindness in childhood, while an iron deficiency can 

lead to anaemia, a vitamin C deficiency leads to scurvy, a niacin deficiency causes pellagra, and a thiamine 

deficiency results in beriberi. 

The following table shows the most applicable preservation techniques related to some prevalent categories 

of food. 
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Table 1 – Most applicable preservation techniques related to some prevalent categories of food. 

 Dried food Fresh vegetables Fresh fruits Fish Meat 

Drying (sun and 
solar) 

 X X X  

Salting/curing  X X X X 
Smoking    X X 
Home canning  X X   
Refrigeration X X X X X 
Packaging X X X X X 

 

3.1 Refrigeration and freezing 

Refrigeration and freezing processes consist in the removal of heat from the food to be preserved in order 

to maintain a certain storage temperature, which is typically between 0°C and 10°C for refrigeration and 

below -10°C for freezing.  

The refrigeration process preserves foods by slowing down the growth and reproduction of microorganisms 

and the action of enzymes that cause food to rot.  

Freezing changes the physical state of a substance by changing water into ice when energy is removed in the 

form of cooling below freezing, in order to significantly extend the shelf life of food. The freezing process of 

fresh foods should be as fast as possible in order not to change the proprieties of foods. Refrigeration and 

freezing typically need the following main components: 

• thermally insulated casing; 

• heat removal technology (passive or active); 

• control system to maintain temperature within desired thresholds.  

The heat transfer is traditionally driven by mechanical work, heat, magnetism, electricity, or other means and 

five main categories of available technologies can be identified as follows: 

• mechanical/vapour compression: this is based on the principle that heat is absorbed by a fluid 

(refrigerant) that changes from a liquid to a gas, lowering the temperature of the objects around it. 

A compressor, controlled by a thermostat, exerts pressure on a vaporised refrigerant, forcing it to 

pass through a condenser, where it loses heat and liquefies; 

• sorption heat driven: this includes technologies such as absorption and/or adsorption, which are 

thermally driven systems in which the conventional mechanical compressor cycle is replaced by a 

‘thermal compressor’ and a sorbent; 

• thermoelectric refrigeration: this uses the Peltier effect to create a heat flux between the junction of 

two different types of materials; 

• stirling refrigeration: this uses a sealed heat transfer system that has two moving parts, a piston and 

a displacer, and can use helium or other non-refrigerant gasses as the working fluid. The piston is 

typically driven by an oscillating magnetic field or by an engine that is the source of the power needed 

to drive the refrigeration cycle; 

• passive refrigeration: this includes cooled containers using ice, underground refrigeration, and 

evaporative coolers. 

Other emerging technologies, such as magnetic refrigeration or thermo-acoustic refrigeration, are actually 

too expensive and technically complex for the analysed application context, and thus are not included in the 

description.   

 

The final product is typically defined as a refrigerator or a freezer in case of active technologies or a cooled 

container/space in case of passive technologies.  
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The above mentioned technologies allow a wide range of size, which can vary from few litres to several cubic 

metres of cooled volume and entail different maintenance and initial costs, thus an in depth evaluation for 

each context and food type should be carried out for their applicability levels. The final assessment for 

selecting and sizing the appropriate refrigeration or freezing technology should be based on the food 

preservation temperature and humidity, environmental temperature/relative humidity levels and the type 

of energy source available. 

All foods can be preserved by refrigeration and freezing, however, some preservation facts must be 

considered: 

 freezing foods with a high content of water or fats can significantly modify their proprieties, in 

particular if done slowly; 

 fresh foods can only be considered safe for an unlimited period if stored at or below −18°C; 

 the cool chain has to be guaranteed without exceeding the maximum allowable temperature 

(defined for each type of food) in order to ensure proper food preservation;  

 refreezing thawed food is forbidden without appropriate intermediate treatments (e.g. cooking). 

The following graphs show the bacteria growth rate depending on the storage temperature and the number 

of storing days depending on the temperature.  

 

 
Figure 25 - Human pathogens growth rate depending on storage temperature (left) and number of storing days depending on 

temperature for some food categories (right) 

 

Effects on foods 

In general, refrigeration has no effect on a food's taste or texture. Factors influencing the nutrient content of 

refrigerated food include storage temperature, storage length, humidity and light. Fresh vegetables should 

be stored in a vegetable crisper or sealed in moisture-proof bags. The combination of cold temperature and 

appropriate humidity has been shown to retard wilting, which is constantly associated with loss of vitamin 

contents. Fresh fruits are not stable for long periods of time in the refrigerator and deteriorate rapidly. Milk 

may undergo vitamin losses during refrigerated storage, mainly because of its exposure to light and oxygen.  

Freezing has no effect on the taste or texture of most kinds of meat, it has minimal effects on vegetables, but 

often completely changes fruits, which become mushy. Fluctuations in the freezing temperature may be 

responsible for significant losses of vitamins in meats and of smaller losses in vegetables; in general, such 

foods should be sealed with a minimum amount of surrounding air and placed in moisture- and vapour-proof 

wraps. 
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3.1.1 Vapour Compression Refrigeration / Freezing   

The mechanical compression or vapour 

compression cycle is the most common and 

widespread for refrigerators and freezers. In 

this cycle, a refrigerant gas is compressed 

mechanically and sent to a condenser, which, 

by exposure to ambient air or water, cools the 

vapour, liquefying it and transferring heat to 

the external environment. As the liquid 

refrigerant leaves the condenser it is forced 

through an expansion valve, lowering its 

pressure and drawing heat from the thermally 

insulated volume through the internal 

evaporator.  

The mechanical work required to run the cycle 

is typically provided by an electric powered 

compressor, but in some cases there could be 

a direct coupling of the compressor with an engine or another source of mechanical work (direct-coupled 

systems). 

In general, vapour compression refrigerators/freezers with electric powered compressors are extremely 

reliable because the moving parts and fluids are sealed with limited possibility of leakage or contamination, 

thus, where a reliable electricity supply exists, the most economic option is to install a standard compressor 

driven unit. However, such systems can easily be designed to cope with a discontinuous power supply, thus 

integrating a thermal storage (ice or phase-changing material) in order to maintain an internal set point 

temperature even without the work of the compressor, or a battery, in order to ensure the proper 

functioning of the compressor with no power supply. Among off-grid systems, vapour compression solar 

refrigerators/freezers are those directly powered by photovoltaic panels; in such case the power supply can 

be in Direct Current (DC) from Photovoltaic (PV) panels to the compressor, thereby increasing the efficiency 

of the system.  

3.1.2 Sorption heat driven 

Sorption refrigeration requires no compressors and the cooling effect is obtained by a heat-driven cycle, 

which can operate with relatively lower temperature (55-120°C) heat sources, using natural refrigerants. 

They can be designed to contain few or no moving parts and are simple to manufacture; moreover, the 

refrigeration circuit typically uses gases with a lower GHG (greenhouse gas) “Potential”. In comparison with 

mechanical vapour compression systems, sorption ones have lower efficiency but can be powered by waste 

heat, solar thermal energy or traditional fuels, are simpler to control and produce no vibration or noise. There 

are currently two main cold production processes based on sorption: absorption and adsorption technique. 

 

Absorption  

Absorption refrigeration has been most frequently adopted for solar refrigeration. For the same capacity, the 

physical dimensions of an absorption machine are smaller than those for adsorption machines due to the 

high heat transfer coefficient of the absorbent. In the absorption cycle a liquid refrigerant solution (e.g. 

Lithium Bromide/Water, Water/Ammonia) is circulated between the regenerator (or simply generator), the 

condenser, the evaporator, and the absorber. In the regeneration, the refrigerant-saturated liquid is heated, 

Figure 26 – Thermodynamic cycle of vapour 
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causing the refrigerant to pass to the 

gaseous state; the refrigerant gas is then 

condensed through a heat exchanger in 

the condenser and sent to the 

evaporator. Here, the liquid refrigerant 

evaporates in a low partial-pressure 

environment, thus extracting heat from 

the refrigerator's insulated case. Due to 

the low pressure, the temperature 

needed for evaporation is also low 

(typically 75-120°C). The gaseous 

refrigerant is absorbed by the 

concentrated liquid solution in the 

absorber, reducing its partial pressure in 

the evaporator and allowing more 

refrigerant to evaporate.  

 

Adsorption  

An adsorption cycle is similar to that of absorption, but the sorbent is a solid, and physical or chemical 

adsorption can be considered. Due to the fact that there is no circulation of the solid adsorbent, various 

adsorption cycles are intermittent and operate with two components (an adsorber/desorber and a 

condenser/evaporator) and this continuous process requires simultaneously four components that operate 

alternatively. 

In comparison with liquid absorption systems, adsorption ones can operate with lower temperatures (50-

100°C) and thus can be more easily coupled with low-temperature sources like solar thermal collectors, but 

require a larger size and, therefore, are rarely applied in small-size refrigerators.   

3.1.3 Thermoelectric refrigeration 

A thermoelectric component is a piece of 

semiconductor-based equipment that is able to 

transfer heat using the Peltier effect; by 

applying a low voltage DC power source to the 

module, heat will be moved through the module 

from one side to the other. One module face, 

therefore, will be cooled while the opposite face 

simultaneously is heated. It is important to note 

that this phenomenon may be reversed 

whereby a change in the polarity (+ and -) of the 

applied DC voltage will cause heat to be moved 

in the opposite direction. Consequently, a 

thermoelectric module may be used for both 

heating and cooling thereby making it highly 

suitable for precise temperature control 

applications. Because thermoelectric cooling is 

a form of solid-state refrigeration, it has the 

advantages of being compact and durable: a 

thermoelectric cooler uses no moving parts (except for some fans), and employs no fluids, allowing the 

production of reliable small-size appliances. Unfortunately, the temperature differential that can be achieved 

Figure 27 – Absorption cycle 

Figure 28 – Thermoelectric refrigeration plant scheme. 
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between one side of a thermoelectric module and the other side is limited, thus the maximum cooling 

temperature is usually restricted to 30° below the external air temperature, and the cooling efficiency is 

typically lower than in vapour compression or heat driven refrigerators.   

3.1.4 Stirling refrigeration 

Stirling refrigerators employ a gas 

cycle, which uses natural refrigerants 

such as helium and nitrogen, and 

have a theoretical efficiency almost 

equal to the Carnot efficiency, which 

can be considered an unachievable 

theoretical limit in practice. The cycle 

begins with the compression of a gas 

at environmental temperature by 

means of a piston, thus using 

mechanical energy (electric motor or 

other external sources). The gas, 

increased in pressure, moves through a hot heat exchanger, which dissipates the heat to ambient 

temperature, and then on to a regenerator which cools the gas to nearly the refrigerating temperature; finally 

the gas passes through a cold heat exchanger and an expansion chamber where it is expanded to become 

cooler still, subsequently freezing the surrounding space.  

In terms of practical applications, only Cryocoolers and low-temperature freezers exist, since the use of the 

Stirling cycle is actually only convenient with high temperature differences between the ambient air and the 

cooled case.  

Only small capacity units are currently available on the market. However, in their present state of 

development, Stirling refrigerators cannot compete on price and efficiency with vapour compression 

systems. 

3.1.5 Passive refrigeration 

In applications where preservation temperatures between 10-20°C are allowed, passive methods can 

effectively be taken into consideration; such methods do not require any kind of energy or technical 

equipment to decrease the temperature inside the cooled volume and can be mainly divided into the 

following categories. 

 

Evaporative refrigerators  

This includes traditional methods such as the 

use of porous jars or wet sack coverings, where 

the latent heat of the liquid, usually water, is 

drawn into the atmosphere by means of 

natural evaporation caused by high air 

temperatures. This method is effective for dry 

climates. Moreover, parameters such as 

material permeability, airflow and the area 

available for the evaporation, affect the 

evaporation rate and thus the efficiency of the 

system. 

Figure 29 – Stirling operational principle. 

Figure 30 - Evaporative refrigeration. 
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However, some options such as an increase in the area, implies the need to use more material for each 

device, which will obviously increase the average price of the system. Additionally, the device will require 

more water while operating, so it may not be suitable for many parts of the world. This is why the main 

parameters affecting evaporation should be examined in detail. 

Domestic storage devices have been designed along these lines, particularly with the use of charcoal beds or 

devices drip-fed with water such as the zeer pot system. 

 

Root cellars  

A root cellar is an underground 

storage volume with the ability to 

keep food up to 30 degrees cooler 

than the summertime ambient 

temperature. Generally, a root 

cellar should maintain a 

temperature similar to the ground's 

temperature (approximately 

between 8°C and 18°C); this is also 

a benefit during the winter, as 

maintaining food at a temperature 

above freezing has the effect of 

slowing deterioration and rot.  

There are essentially three 

parameters to keep under control in 

root cellars: temperature, humidity 

and ventilation. The cellar’s 

temperature is basically driven by the average ground temperature while the level of moisture required 

changes according to the type of food, but is generally high for vegetables. Ventilation is used to help control 

the temperature and humidity. It is important to put in at least two vents: one inlet vent, typically placed at 

a lower level, and one outlet vent, placed at a higher level. This creates a kind of siphon for the exchange of 

air. The entry and exit of air could be set during the installation of simple valves. Ventilation is important not 

only for controlling the temperature and humidity, but also for eliminating gases created by the stored 

products.  

This kind of refrigeration technique can be improved by filling the storage volume with 

ice packs, produced with nontoxic materials, in order to further reduce the 

temperature.  

Another important issue is to avoid rainwater or groundwater infiltrations in the cellar, 

by adopting waterproof materials and drainage solutions.  

Some studies have shown that this method of preservation is suitable for vegetables 

and for some types of fruit. 

 

 

 

 

Ice box 

An ice box is an insulated case capable of containing ice and, consequently, keeping food fresh. The technical 

level is rudimentary: dry ice or ice containers can be used but even ice blocks can be adopted. In any case, 

ice should be periodically supplied, for example by using an energy-supplied centralised icemaker placed in 

the village.    

Figure 31 – Root cellar. 

Figure 32 – Ice pack 
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These boxes can be made of polystyrene, rubber or also using local materials. If ice blocks are used, there 

should be a drainage system for the water produced.  

3.2 Drying 

The preservation of foods by drying is time-honoured and one of the most common methods used by humans 
and the food processing industry. The dehydration of fresh food is one of the most important achievements 
in human history, making humans less dependent upon a daily food supply even under adverse 
environmental conditions. Though in earlier times drying was completely dependent on the sun, nowadays 
many types of sophisticated equipment and methods are used to dehydrate foods. Drying reduces the water 
activity, thus preserving foods by avoiding microbial growth and deteriorative chemical reactions.  
Drying processes can be broadly classified, based on the water-removing method applied, such as thermal 
drying and osmotic dehydration. In thermal drying, a gaseous or void medium is used to remove water from 
the material, while in osmotic dehydration, a solvent or solution is applied to remove water. 
Since each method differs greatly in technology size, capacity, operation, speed, maintenance and initial cost, 

a detailed evaluation of applicability should be made for each context and food to be preserved. The final 

assessment for selecting a drying technology should include initial moisture content of the fresh product, 

particle size distribution, drying characteristics of the product, maximum allowable product temperature, 

moisture isotherms, and physical data of the material. 

Since drying tends to spoil the quality of food products, the most suitable varieties of foods that can be 

preserved with drying processes are cereals and legumes, because their properties change only slightly after 

a drying process. However, food items such as vegetables, fruits and fish are more susceptible to changes in 

chemical and physical proprieties. The changes in quality are time and temperature related: techniques that 

use high temperatures during the drying process generally introduce irreversible transformations such as 

protein denaturation (insoluble), modified aroma and colour, and loss of firmness and shape. 

It should be noted that optimum freshness plays an important role in determining the quality and stability of 

dried foods; the fresher the raw material, the more stable and better the quality of the product. Moreover, 

after the drying process, food must be properly stored in cool places for a time period related to the 

conservation temperature and specific dried product, until consumption. 

The main problem during handling and storage is moisture adsorption by the product surface in contact with 

the surrounding atmosphere. In this sense, the packaging material plays an important role in terms of storage 

stability. The most common packaging is done under vacuum or atmospherically. 

It is important to note that dried foods are soaked in water before cooking or consumption. However, 

rehydration will usually not lead to recovery of the initial product, but to a different product.  

 

Effects on food 

Vitamin C (ascorbic acid) is an important nutrient, and is often taken as an indication of the nutrient quality 

of processes. In general, vitamin C retention after drying is relatively lower, even though quite high contents 

can be reported for dry products, due to the evaporation of water and the concentration effect. As a general 

rule, the longer the drying period (low temperatures, high relative humidity, thick products), the lower the 

retention of ascorbic acid 

3.2.1 Thermal drying 

Thermal drying is a process in which water is removed by heat in order to halt or slow down the growth of 
spoilage microorganisms, as well as the occurrence of chemical reactions. Thus, dried food can be stored and 
preserved for longer.  
Thermal drying is a dual process of: 

 heat transfer from the heating source to the fresh product; 
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 mass transfer of moisture from the interior of the fresh product to its surface and from its surface to 
the surrounding air. 

In detail, thermal drying consists in supplying the product with more heat than is available under ambient 
conditions, sufficiently increasing the vapour pressure of the moisture held within the food to be preserved, 
thus enhancing moisture migration from within the food and significantly decreasing the relative humidity of 
the drying air, thus increasing its moisture carrying capability and ensuring a sufficiently low equilibrium in 
moisture content.  

Thermal drying processes can be broadly classified according to the type of heat transfer fluid and to the way 
in which it flows, as follows: 

 air drying; 

 low air environment drying; 

 modified atmosphere drying.  

3.2.1.1 Air drying 

In air drying, the atmosphere is used as the drying medium. Hot air-drying can be achieved via several 

methods, divided mainly into two types, passive or active. While in passive systems, renewable energy 

sources such as solar energy is used to heat up the air temperature and increase the convection heat transfer, 

, in the active method, no renewable sources such as electric or flue gas heaters are used to dry foods. 

The main air drying technologies can be classified as follows: 

Open sun and solar drying: In open sun and in solar drying, solar energy is used either as the sole source of 
the required heat or as a supplemental source. However, while in open sun drying, foods are exposed directly 
to the sun by placing them on the land or leaving them hanging, solar drying makes it possible to speed up 
the drying process through the use of technologies able to increase the heat transfer between the air and 
the products to be preserved (see the technical sheets). 

 
Figure 33 - Solar dryer. 

Convection air drying: as in solar drying, the process takes place in an enclosed, heated chamber. However, 
since, electricity or fuel gas is used to heat the air in convective air drying, the main factors affecting the rate 
of drying can be controlled, such as temperature and air velocity. The drying medium, hot air, at a 
temperature between 60°C and 90°C, is allowed to pass over the product, which has been placed on open 
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trays. 

 
Figure 34 - Convective air dryer 

 

Fluidized drying: This technique, generally used to dry granular food, involves the movement of particulate 
matter in an upward-flowing gas stream, usually hot air at a temperature of between 70°C to 100°C. 
Fluidization mobilizes the solid particulates, thus creating turbulences on the solid surfaces, which increases 
the drying rate. The main advantages of fluidized bed drying are uniform temperatures and high drying rates, 
thus less thermal damage. A rotating chamber is also used with the fluidized bed, thus increasing centrifugal 
force to further increase the drying rate and mixing. 

 
Figure 35 - Fluidized dryer. 

Drum drying: This technique removes water from a slurry, paste, or fluid that has been placed on the surface 
of a heated drum. A drum dryer consists of one or two horizontally mounted hollow cylinders made of high-
grade cast iron or stainless steel and a supporting frame. Drum drying operates at temperatures between 
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90°C and 130°C, and care must be taken to ensure that the product that is to be dried adheres well to the 
drying surface. The main advantages of drum drying is the ability to dry viscous foods, which cannot be easily 
dried with other methods.  

 
Figure 36 - Drum dryer 

Effects on food 

Products dried by air drying are subject to many changes in their physical, chemical and nutritional 

properties. Generally, the final product is characterized by low porosity and high apparent density. Moreover 

significant colour changes occur during the air drying process, and most frequently, the dried product has a 

low sorption capacity. 

 

3.2.1.2 Low air environment drying 

In low air environment drying, air is partially used to remove water from fresh products. The low temperature 

drying process is very gentle and produces excellent quality while maintaining high germination rates. Since 

very low air velocities are generally used and relatively low temperatures are reached, the specific energy 

requirement is lower than air drying technologies.  

The main technologies are: 

Vacuum drying: Vacuum drying food involves subjecting the food to a low pressure and a heat source. The 

vacuum allows the water to vaporize at a lower temperature than in atmospheric conditions, thus foods can 

be dried without exposure to high temperatures. In addition, the low level of oxygen in the atmosphere 

reduces oxidation reactions during drying. In general, the colour, texture, and flavour of vacuum-dried 

products are improved compared with air-dried products. In some cases, the product is comparable to the 

quality of freeze-dried foods. 

Heat pump drying: Dryers incorporating dehumidification cycles are called drying heat pumps. Heat pump 

drying provides a controllable drying environment (temperature and humidity) for better quality of products 

at low energy consumption. The temperature range used for food preservation is in the range between 10°C 

and 65°C.  Heat pump dryers work on the principle of refrigeration that cools an air stream and condenses 

the water contained in it. This makes the air dry and recovers the latent heat of evaporation through water 

vapour removal, which permits air recirculation. Dry heated air is supplied continuously to the product to 

pick up moisture.  
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Smoking: The preservation of food by means of smoke is related to some of the compounds formed during 

smoking which have a preservative effect (bactericidal and antioxidant) due to the presence of a number of 

compounds. In this sense, some heavily-salted, long-smoked foods can be preserved without refrigeration 

for weeks or months. 

Effects on food 

Low air environment drying improves both the shelf life of food as well as the product quality. The dried 

materials are characterized by higher porosity and less deterioration of colour and volatile aroma than food 

dried with air drying.  

3.2.1.3 Modified atmosphere drying 

This is a new concept of drying foods using heat pump dryers, which uses modified atmospheres such as 
nitrogen and carbon dioxide for better quality and preservation of food constituents prone to oxidation. 
Technologies to create the modified atmosphere drying are now evolving.  

3.2.2 Osmotic Dehydration 

Osmotic dehydration is the process of water removal by immersion of a water-containing cellular solid in a 

concentrated aqueous solution, generally achieved with salt. The driving force for water removal is the 

concentration gradient between the solution and the intracellular fluid. Thus, mass transport in osmotic 

dehydration is actually a combination of simultaneous water and solute transfer processes.  

The osmotic process generally does not produce a product of low moisture content that can be considered 
shelf-stable. Consequently, the treated product should be further processed (generally by the air drying or 
freezing method) to obtain a shelf-stable product, or the dehydration process could be used as a pre-
treatment for canning, freezing and minimal processing. However, the product obtained by the osmotic 
process is more stable than untreated fruits and vegetables during storage, due to lower water activity by 
solute gain and water loss. At low water activity, the deteriorative chemical reactions, and growth and toxin 
production by microorganisms in the food, are low.  
Osmotic dehydration is a less energy-intensive process than thermal drying because it can be conducted at 
ambient temperatures. Moreover, since high energy levels are used for freezing, because a large quantity of 
water is present in fresh foods, a significant proportion of this energy could be saved if the materials are to 
be concentrated prior to freezing. A reduction in the moisture content of food can reduce the refrigeration 
load during freezing.  
However, there are a number of technological problems to be overcome before the osmotic dehydration 
process can be applied to food, such as an increase in the saltiness (or sweetness) or decrease in the acidity 
of the product, which may not be desired in many cases.  
 

Effects on food 

Osmotic dehydration minimizes the effects on colour and flavour, and improves the retention of nutrients 

during subsequent preservation steps. However, osmotic dehydration greatly affects apparent density and 

porosity. 

3.3 Preservation Using Chemicals and Microbes 

Chemical and microbe food preservatives are natural substances which, under certain conditions, either 

delay the growth of microorganisms without necessarily destroying them or prevent deterioration of quality 

during manufacture and distribution. The most ancient form of metabolic preservation technologies is 

fermentation, which is strongly linked to culture and tradition, especially in rural households and village 
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communities. It consists of a process in which an organism converts a carbohydrate, such as starch or a sugar, 

into an alcohol or an acid. 

Moreover, fermented products, such as vinegar, can also be used to increase the shelf life of other products 

submerged in it. 

Some chemicals (foreign compounds) can also be added to prevent the growth of microorganisms. The most 

used compounds include some natural food constituents such as ascorbic acid or nitrates and nitrites. The 

addition of any natural substances is commonly called curing. 

 

3.3.1 Fermentation 

Fermentation can be effective at extending the shelf life of foods and can often be carried out with relatively 

inexpensive basic equipment. So, it remains a very appropriate method for use in developing countries and 

rural communities where access to sophisticated equipment is limited. The fermentation process minimizes 

the level of microbial contamination of the food, particularly from “high-risk” sources, (asepsis), inhibits the 

growth of the contaminating micro flora and kills the contaminating microorganisms. Fermentation is a low 

energy preservation process and can often be carried out without sophisticated technology and designated 

systems. The simple techniques mean that the procedures can often be carried out at home.  

The most famous fermented products are beverages, cereals, fish, meat, vegetables, legumes and fruits. In 

the following table the key type of microorganisms associated with some foods are included. 

Table 2 – Examples of the more common fermented foods 

Food Principal Ingredient Key Microorganisms 

Wine Grapes Yeasts 

Beer Barley Yeasts 

Cider Apples Yeasts 

Sake Rice Moulds 

Bread Wheat Yeasts 

Yogurt Milk Lactic Acid Bacteria 

Cheese Milk Lactic Acid Bacteria 

Buttermilk Milk Lactic Acid Bacteria 

Kefir Milk Lactic Acid Bacteria + Yeasts 

Vinegar Grapes Yeasts followed by Acetobacter or Glunconobacter 

Tempeh Soybeans Moulds 

Soy sauce Soybeans Moulds + Lactic Acid Bacteria + Yeasts 

Pickled cucumbers Cucumbers Lactic Acid Bacteria + Yeasts 

Sauerkraut Cabbage Lactic Acid Bacteria 

Pickled olives Olives Lactic Acid Bacteria + Yeasts 

Fermented sausages Meat Lactic Acid Bacteria + Yeasts 

 

In beverages, the alcoholic yeast fermentation of fruits or other high-sugar materials is required. The alcohol 

content of the beverage acts as a preservative and many of these products have long shelf lives. Wine can be 

produced from any fruit juice with sufficient levels of fermentable sugars, in most cases wine is a beverage 

obtained by the full or partial alcoholic fermentation of fresh, crushed grapes or grape juice, with an ageing 

process. 

A large number of vegetables can be preserved by lactic acid fermentation. The most important commercially 
fermented vegetables in the West are cabbage (sauerkraut), cucumbers, and olives. Others include carrots, 
cauliflower, celery, okra, onions, and peppers. Typically, these fermentations do not involve the use of starter 
cultures and rely on the natural flora. Simple brine (salting or curing) solutions are prepared in the 
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fermentation of sauerkraut, pickles, and olives. The concentration of salt in the brine ranges from 2.25% for 
sauerkraut to 10% for olives. The fermentation yields lactic acid as the major product. The salt extracts liquid 
from the vegetable, which serves as a substrate for the growth of lactic acid bacteria, the ideal agents for 
food preservation. Moreover, the growth of undesirable spoilage microorganisms is also restricted by salt. 
Generally, aerobic conditions should be maintained during fermentation in order to allow naturally occurring 
microorganisms to grow and produce enough lactic acid, and to prevent the growth of spoilage 
microorganisms. 
As already indicated, even highly prized and perishable foods such as meat and fish can be preserved by 

fermentation, by adding a mixture of fermented sauces. This way, several products became popular, 

including fermented sausages, fish sauces, and fish pastes. It is interesting to note that although many of the 

traditional fermentation methods are still used, the primary reason for their use is no longer preservation, 

but because the products are popular for their enhanced flavours. 

The shelf life of a wide range of foods can be extended by storing the product immersed in vinegar; this 

includes pickled vegetables such as gherkins, olives, and onions. Vinegars are produced from a variety of 

fermentable substrates; fruits, honey, coconut, malt, and cereal grains are among the most common, but 

they can also be produced from alcoholic drinks such as wine or cider. 

Effects on food 

The process of fermenting foods increases the amounts of certain vitamins and minerals in foods, including 

biotin, nicotinic acid, riboflavin, thiamine and vitamin B12. Moreover, fermentation increases glutathione, an 

anti-ageing amino acid, and enzymes needed for digestion and detoxification.  

3.3.2 Nitrites in Food Preservation 

Nitrates and nitrites are chemical compounds that occur naturally in the environment and are important 

plant nutrients, but can also be added to some food products as a preservative. 

Nitrates and nitrites are compounds used to delay or prevent the chemical and microbiological deterioration 

of foods. Nitrites are commonly used to cure meat, poultry and fish products in addition to other additives 

such as salt. These compounds also act as antioxidants. 

However, extreme caution must be exercised in adding nitrate or nitrite to foods, as too much of either of 

these ingredients can be toxic to humans. In using these materials never use more than the prescribed limits 

recommended.  

Since these small quantities are difficult to weigh out on most available scales, it is strongly recommended 

that a commercial premixed cure be used when nitrate or nitrite is called for in a recipe. 

A safe daily limit, known as the Acceptable Daily Intake (ADI), has been set for the amount of nitrite we eat. 

Because some nitrate from food is converted to nitrite in our body, there is also an ADI for the amount of 

nitrate we eat. 

 The current acceptable amount of nitrite in a daily diet is up to 0.07 mg of nitrite per kg of body 

weight per day. For a person weighing 70 kg, this would be about 5 mg per day. 

 The acceptable daily limit of nitrate is up to 3.7 mg per kg of body weight per day, or 260 mg per day 

for a person weighing 70 kg. 

Since the use of nitrates in food preservation is controversial for human health, their use is not recommended 

unless supervised by experts. 

Effects on food 

Nitrites can reduce the nutritional value of food, decreasing the assimilation of protein, fat and beta-

carotene, causing the decomposition of the B group vitamins and reducing the content of vitamin A. 

However, the addition of nitrites in the curing process adds a salty flavour and improves the appearance of 

the meat products by giving them a red or pink colour 
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3.4 Heat treatment processing and packing 

The primary aim of heat treatment is to free the food from any microorganisms that might cause 

deterioration and endanger the health of the consumer, or the complete destruction and elimination of all 

viable organisms in a food product.  

Preservation by heating can be done with different methods according to the temperature that can be 

reached, as reported below: 

 pasteurized: this means a comparatively low order of heat treatment, generally at a temperature below 

the boiling point of water. The more general aim of pasteurization is to extend a product’s shelf life from 

a microbial and enzymatic point of view, e.g. when fruit or vegetable juices and certain other foods are 

pasteurized. Pasteurization is frequently combined with other means of preservation – by concentration, 

the use of chemicals, acidification, etc.; 

 sterilization: this means the complete destruction of microorganisms. Due to the resistance of certain 

bacterial spores to heat, in a sterilization process the food to be preserved should be subjected to a 

treatment of at least 121°C of wet heat for 15 minutes or its equivalent. It should be noted that every 

particle of the food must receive this heat treatment. 

While pasteurization is used to extend the shelf life of food at low temperatures, usually 4°C for several days 

(e.g., milk) or for several months (e.g., bottled fruit), the shelf life of sterilized foods is usually several months 

if stored and packaged properly. In fact, although packaging processes are not preservation techniques, they 

can play an important role in producing safe high-quality food avoiding contamination or recontamination. 

3.4.1 Pasteurization 

The primary objective of pasteurization is to eliminate any microorganism in the food that might cause 

deterioration or endanger the health of the consumer. The severity of the heat treatment and the resulting 

extension of shelf life are determined mostly by the pH of the food. Pasteurization does not aim at killing the 

spore-bearing organisms, such as thermophilic Bacillus subtilis, but these organisms and most other spore-

bearing bacteria cannot grow in acidic fruit juices and consequently their presence is of no practical 

significance. Pasteurization is mostly applicable to fruit juice, milk and derivative products such as cheese. 

The following table shows the different pasteurization conditions for some foods. 

Table 3 – Purpose of Pasteurization for Different Foods 

Food Main Purpose Subsidiary Purpose Minimum Processing Conditions 

pH < 4.5    

Fruit juice 
Enzyme inactivation (pectinesterase 
and polygalacturonase) (yeasts, 
fungi) 

Destruction of 
spoilage 
microorganisms 

65°C for 30 min; 
77°C for 1 min; 
88°C for 15 s 

Beer 

Destruction of spoilage 
microorganisms (wild yeasts, 
Lactobacillus species) and residual 
yeasts, (Saccharomyces species) 

- 

65°C - 68°C for 20 min (in 
bottle);  
72°C - 75°C for 1 - 4 min at 900-
1000 kPa 

pH > 4.5 
   

Milk 
Destruction of pathogens: 

Brucella abortis, Mycobacterium 
tuberculosis, Coxiella burnetti 

Destruction of 
spoilage 
microorganisms and 
enzymes  

63°C for 30 min; 
71.5°C for 15 s 

Liquid egg 
Destruction of pathogens: 

Salmonella seftenburg 

Destruction of 
spoilage 
microorganisms 

64.4°C for 2.5 min; 
60°C for 3.5 min 
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Pasteurization can be achieved via a combination of time and temperature, as follows: 

 heating foods to a relatively low temperature and maintaining it for a longer time, generally 63°C to 

65°C over 30 minutes or 75°C over 8 to 10 minutes; 

 heating foods to a high temperature, usually from 85°C to 90°C, and holding it for a short time only, 

about  1 minute or few seconds according to the required temperature. 

The treatment can be performed in two ways:  by first filling sterile containers with the product and then 

pasteurizing, or by pasteurizing the product first and then filling sterile containers.  

In the first method, to reduce any damage due to thermal shock, hot water processing is the most commonly 

used. It consists of a water bath in which packaged food is heated to a pre-set temperature and held for the 

required length of time. At the end of the process, the container is cooled to 40°C and then stored at a lower 

temperature. 

Effects on food 

Pasteurization is a relatively mild heat treatment so there are only minor changes in the nutritional and 

sensory characteristics of most foods. However, the shelf life of pasteurized foods is usually only extended 

by a few days or weeks compared to several months for the more effective heat-sterilization methods. 

A small loss of volatile aroma compounds during the pasteurization of juice causes a reduction in vitamin C 

and carotene. The quality change in milk is confined only to a 5% loss of serum proteins. 

3.4.2 Canning and sterilization 

Sterilization is the complete destruction or elimination of all viable organisms in food products. The process 

can be applied to almost any vegetables and fruit but rarely to meat and fish products. Sterilization destroys 

yeasts, moulds, vegetative bacteria, and spore formers, and allows the food processor to store and distribute 

the products at ambient temperatures, with an extended shelf life. The sterilization process consists in 

heating the food to a temperature in the range of 110°C–125°C until the central portion of the product 

reaches the requested temperature.  The high temperature reached during sterilization kills almost all 

microorganisms extending the shelf life of the products substantially but at the same time destroying the 

vitamin and protein components. While in industry the heating mediums used in sterilization are steam, 

steam/air, water and direct flame, the most commonly used medium in simple canning (home canning) is 

hot water. 

At the end of the sterilization process, food should be enclosed in a sterile container.  

This method is referred to as canning, although the actual container can be made of glass, plastic, or any 

other material besides a metal can, which originally gave the procedure its name. It should be noted that 

since home canning is carried out with glass containers rather than metal cans, which are thinner and have 

a higher thermal conductivity than glass, home canning results in slower heat penetration and longer 

processing time. Moreover, since prolonged exposure of the products to light induces photo degradation of 

a number of foods, transparent containers may cause a loss of vitamins, as well as a change in colour. 

Effects on food 

Physical factors such as the loss of soluble nutrients, or leaching, can be significant for products in which 

there is a carrying liquid discarded before consumption. Moreover chemical reactions damage nutrients such 

as vitamins. More specifically, the heating process in canning destroys from 1/3 to 1/2 of vitamins A and C, 

thiamine, and riboflavin. The amounts of other vitamins, however, are only slightly lower in canned food than 

in fresh food. 

http://science.jrank.org/pages/3056/Glass.html
http://science.jrank.org/pages/4256/Metal.html
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3.4.3 Packing 

In addition to the direct approach to food preservation, such as pasteurization and sterilization, other 

measures, such as a packing process, are needed to avoid contamination or recontamination of the treated 

food. Although these measures are not considered preservation techniques, they can play an important role 

in producing safe high-quality food. In fact, environmental factors, such as temperature, relative humidity, 

and light intensity or other external factors such as insects or small animal contaminations to which the 

product is exposed during storage and distribution, affect the nutritional quality and edibility of foods.  

Therefore, the main purpose of food packaging is to protect the product from its surroundings and maintain 

the quality of the food throughout the product’s shelf life, at the same time facilitating its storage. 

In general, packaging materials may be grouped into flexible materials such as plastic films, foils, papers and 

textiles, and rigid materials such as glass, metals, and hard plastics.  

As already indicated, in the home pasteurization and sterilization process, the most common packaging used 

is sealed glass bottles. Glass bottles have the advantage of being easily cleaned, transparent, and rigid, but 

have the great disadvantage of high weight and fragility. Since sunlight may modify the nutrients in the 

preserved foods, brown glass bottles are sometimes used, to keep out the light rays.  

In order to further extend the shelf life of food products, it is possible to reduce the amount of oxygen in the 

packages, to slow down the metabolism of the product and the growth of spoilage microorganisms. More 

precisely, during this process, known as vacuum packing, the product is placed in an airtight pack, and the air 

is sucked out before the package is sealed. The lack of oxygen also reduces the amount of spoilage due to 

oxidation.  

Effects on food 

Compared to refrigeration-only storage, refrigerated storage under moderate vacuum was found to improve 

microbial quality (e.g., red bell pepper, chicory endive, sliced apple, sliced tomato), sensory quality (e.g., 

apricot, cucumber), or both (e.g., mung, bean, sprouts and a mixture of cut vegetables). In some cases, no 

beneficial effects (mushroom, green bell pepper, and a mixture of cut fruits) or any impeded decrease in 

sensory quality (strawberries, alfalfa) were noticed. With cut products (vegetables and fruit salad mixes, 

chicory endive, apple), vacuum packing strongly retarded enzymatic browning of the cut surfaces. 
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4 Electric Power Systems 

Disclaimer: In previous chapters, several technologies were introduced devoted to food cooking and 

conservation; this chapter gives a general presentation of electric energy. Electric energy is currently one of 

the most powerful energy carriers; nevertheless, electric power grids are also technically complex. Therefore, 

the present chapter provides basic guidelines for non-specialist decision makers. It will, in any case, be 

necessary to seek professional advice in order to design any electric system. 

4.1 Electricity in emergency conditions: minimal installations 

Electricity is well known as a very good and efficient solution for providing energy in any operating conditions. 

However, technical solutions and their relevant complexity can vary greatly depending on the scale of 

application. Today, in many cases, it is possible to talk about the local use of electricity, about small electrical 

devices directly supplied by their own electricity source. Sometimes, these small systems are provided with 

an integrated storage system (usually batteries) for a more energetically efficient and flexible solution.  

Small systems typically consist of a small single user, or even a single device, supplied locally by a dedicated 

electricity generator. For example, a refrigerator supplied by a PV panel. A more complex small system could 

be made up of a water pump, or another type of load, supplied by an electricity generator. In Figure 37, the 

PV panel supplies a DC water pump, which is able to store the water. In this case, the load can be deferred in 

time, when the primary source is not available, e.g., the stored water can be used at night, and the pumping 

can be done during the day, when the sun shines. In other words, there is no need to store electricity, because 

the water can be stored instead.  

 

Figure 37 - Solar photovoltaic water pumping system. 
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In the above case, the electric system is typically a DC system, because there is no particular reason to adopt 

an Alternate Current (AC) system and the PV naturally provides DC power. If the electrical load (i.e., the 

pump) is AC, DC power generated by the PV plant should be converted to AC by an inverter.  

A more general situation occurs when the electrical load needs to be used at night too (for instance an air 

conditioning system, or a lighting system). In this case, a power balancing resource is needed, because power 

is needed when the primary source is not available. Here, a small battery can be added: if the load is a DC 

load, a battery is very suitable, as it is a DC device: all devices are DC, and so again there is no reason to adopt 

AC technology. An important role in such plants is carried out by the controller, which is able to coordinate 

the operating point of the PV panel and the battery in order to maximize overall energy efficiency. 

In general, a balancing resource is necessary when the load requirements (variability, etc.) do not match the 

primary source characteristics.  

Indeed, the electric equipment has to be designed to regulate the power injections to respect the power 

balance, e.g. the pump needs a regulator that drives the motor only when the energy production from the 

PV panel exceeds a predefined threshold. Similarly, a charger controller regulates the battery to store the 

energy produced by the PV panel only when the voltage level reaches a predefined threshold. On the other 

hand, when the battery is used to feed the pump, the battery has to provide as much power as required by 

the motor (pump).  

Generally speaking, such small systems are typically bought off the shelf with no need for an ad hoc design:  

they are usually provided as turnkey solutions. The most difficult part of the installation may be connecting 

the cables, which is, however, straightforward. If the elements (PV panels, refrigerators, batteries) are 

purchased separately, it is only necessary to match their rated power and voltage, and to make sure that a 

suitable power controller is able to manage the power flows. 

However, the local solutions for this kind of electricity supply are very dependent on the application. In many 

cases, the solution can be supplied as a single device tailored for that particular application. Consequently, 

these solutions are quite useful for informal settlements to provide electric energy to each household, but 

only for secondary applications.  The power range for these apparatus is limited from tens of watts to several 

hundred watts, useful for lighting and communication needs but typically not enough for heating or cooking 

applications. 

4.2 Microgrids 

Under the circumstances where many small users of electricity can be aggregated and connected by cables, 

a much better, although more complex and technically challenging, solution can be implemented. 

A “local electric power system” or, adopting a more technical definition, a microgrid can be defined as a 

group of loads connected to distributed energy resources and storage systems within clearly defined 

electrical boundaries that can act as a single controllable entity with respect to the main grid. Another 

definition is given by the Consortium for Electric Reliability Technology Solutions (CERTS), which defines a 

microgrid as an aggregation of loads and micro-resources operating as a single system providing both power 

and heat. Microgrids can operate grid-connected or standalone (isolated), with different features. In some 

cases, remote areas and islands have been powered by using a set of several larger diesel generators. Due to 

the increasing costs of fuel and concerns over environmental and climate issues, the integration of small 

generation units from available renewable sources and storage are considered the most economical choice.  
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All over the world, microgrids are becoming an important paradigm for supplying electricity to many different 

categories of customers; developing countries and refugee camps are among the most interesting scenarios. 

The main benefits of connecting loads and generators together are as follows: 

 The load is the sum over time of all single loads, and is therefore easier to predict and to match 

with the available generation; also, the variability of the aggregated load is lower than the variability 

of single loads; 

 Reduction in security reserves can be achieved, thus limiting the total generation capability to be 

installed; 

 Should one generator fail, the other available generating units can take over, thus improving overall 

reliability; 

 When many small units are already available and working individually (usually at very low loading 

and therefore with very low efficiency), they can be programmed to work together in a coordinated 

way, thus operating at higher loading with better energy performances. An application to a South 

Sudan community where four disconnected Diesel generators are available and operating shows 

that, if they were connected and operated in a coordinated way, about  37% of the fuel would be 

saved (for further details see G. Moshi and M. Pedico, “Optimal generation scheduling of small 

diesel generators in a microgrid,” Energy Conference (ENERGYCON), 2014 IEEE International, 2014); 

 It is possible to carry out maintenance of single generators without any loss of load, thus increasing 

the overall availability of electricity to final users; 

 It is possible to exploit primary sources like the sun or the wind by taking advantage of their 

complementarity with, for example, Diesel generators or hydro power plants. 

Some drawbacks need to be highlighted for this innovative solution too:  

 Microgrids need to be designed and operated carefully, by skilled professionals; 

 A microgrid controller is required to achieve the necessary coordination level between all electricity 

sources and loads; 

 A protection system must be designed and implemented; 

 Major faults could be spread among all electricity users, thus affecting overall reliability: hence, it 

is particularly important to carry out proper maintenance at regular intervals; 

 Rules for operating and managing the microgrid must be defined and followed by each user. 

An important warning must be given at this point: a microgrid is a shared resource and a shared opportunity: 

its use is shared among all its users and all users must therefore take care of it together: if something goes 

wrong, each user will be affected. Therefore, it is important for all users to agree on some rules for operating 

and managing the microgrid. Without these rules, even if the microgrid is well designed from a technical 

point of view, it is not possible to guarantee a good service and many malfunctions (including blackout) can 

occur. In order to understand the main issues of microgrids, some basics of power system operation are 

presented in the following sections.  

4.3 The basics of electric systems 

Microgrids are, as the name implies, very small electric systems that replicate, on a different scale, all the 

challenges of a large power system.  
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Typically, power to loads is provided in AC, although also DC appliances are available (particularly for 

applications involving a limited amount of energy/power). In any case, there are two main problems to cope 

with designing a microgrid: 

 Estimation of load behaviour; 

 Voltage and frequency control (or, in a more practical prospect, power balance control and power 

quality regulation). 

Estimation of load behaviour means making meaningful assumptions about who will require electric power, 

how much and when. This step is paramount, because, as is well known, electricity is difficult/uneconomical 

to store: therefore, it would be better to generate electricity exactly when it is required by the microgrid 

users. Under this condition, generators could be scheduled to match the required power exactly and no 

balancing resources would be necessary. Unfortunately, it is impossible to know in advance when users will 

decide to switch a device on or off, and therefore it is impossible to adopt the ideal operating procedures 

mentioned above. The variance between the generation and the required load unbalances the system and 

results in a variation of frequency (or voltage, for DC microgrids) that cannot be accepted for the proper 

operation both of the generators and of the user’s equipment. The load uncertainty is reflected in a twofold 

perspective: the short-term operation and the long-term design. From the operation point of view, it is 

necessary to balance the power drawn by the load with the power generated and the power extracted from 

storage, if any.  

From the design point of view, if 10 loads by 500 W each were to be connected to the grid, the safest way 

to design an adequate generation system would be to install a generation capacity of 5000 W. This would 

result in a very adequate, but at the same time very expensive, way to supply electricity: the system is 

designed in such a way that, whenever the users decide to use electricity, the microgrid will have enough 

generation to supply them. However, it is very unlikely that all 10 users will decide to connect their 

appliances at the same time: the typical design approach is to make assumptions about the 

contemporaneity of users and to take a chance when planning the capacity of the system. For example, if 

we assume that the maximum load for the system is 2500 W rather than 5000 W (that is, we assume that 

only five users will be connected to the system at any one time), then the design capacity of the system will 

be halved, thus also halving fixed costs for the electricity generation. The system will be adequate, if the 

assumption is reasonable and realistic. Of course, during the operation of the system, the system will be in 

difficulty if more than five users are connected and require power for their appliances: in this case, the only 

way to deal with this situation is to disconnect loads, or to postpone connection until the total power 

required is lower.  

Therefore, to design the microgrid generation capacity, it is very important to be able to estimate the total 

peak load resulting from the aggregation of unknown behaviour of many users in the microgrid. In order to 

manage this uncertainty, a reserve margin will be set by the designer, to cope with unexpected situations. It 

is very important at this stage to note that the problem of the capacity is related to the power required by 

the users, not to the energy they need: this means that the demand at any and every instant of the microgrid’s 

operation has a very strong impact on the design. At the design stage, it is important to plan the generation 

resources to balance the load, and therefore it is also very important to estimate the users’ future power 

needs. For example, assuming the load is similar to that shown in Figure 38, with a flat 1 MW profile for 10 

hours, the total energy is E=10 h × 1 MW = 10 MWh.  Assuming a zero margin, one single 1 MW generator is 

enough to supply this load: it will run constantly at its maximum power, for 10 hours (these are also usually 

the conditions for its maximum efficiency). 
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Figure 38 - A flat load profile for 10 hours 

Now, let us consider the load in Figure 39: it is by no means constant, as it is operating only for one hour, but 

at a very high power. In this case, the energy (E) (blue area) is the same as in the previous case, E= 1 h × 10 

MW = 10 MWh, but the requirement of generation capacity to be installed (that is on fixed costs) is ten times 

higher.  

 

Figure 39 - Peak demand load at hour 6 

In order to characterize variability by an index, the equivalent hours H is often adopted: 

 

That is, the ratio between the total energy generated (or withdrawn, if considering a load) in a time interval, 

and the maximum power in the same time interval. For the two examples considered, for Figure 38 and 

Figure 39 we obtain, respectively: 
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The physical meaning of the index is quite important: it is the number of the machine’s operating hours rated 

at PM necessary to produce the energy E. H is very high (e.g., close to 8760 hours in a year) when operation 

of the considered load or generator is fairly constant and close to the rated power. H can be very low for 

technologies that are not able to run continuously at maximum power (or that are not convenient to operate 

in this way). This approach is typically adopted to compare different generation technologies, in terms of 

their ability to adapt to variable loads or their ability to produce in a more or less continuous way. 

The second issue mentioned is Voltage and frequency control. Provided that a high enough capacity is 

installed during the design stage, the generation system will be able to “follow the load”, that is to balance 

the power users withdraw at any time, by controlling the power injected into the grid. This is a further 

requirement in terms of power, which is necessary because otherwise the quality of the supply to the end 

users would be negatively affected. 

What actually happens when a power imbalance occurs? Let us assume that an AC microgrid with 1000 W of 

generation capacity is operating and that the actual load is 500 W and the generation level is also 500 W 

(neglecting losses). If the load increased to 600 W, and the generation was kept at 500 W, what would be the 

physical behaviour? The load withdraws 100 W more than the generation: where does this power come 

from? It comes from the kinetic energy stored in the rotating masses of all electrical machines connected to 

the microgrid. In this condition, if any control actions are adopted, there will be a reduction in the rotational 

speed of the machine: to preserve the generating unit when the rotor speed reaches a minimum value, it is 

automatically disconnected from the microgrid and a blackout occurs. Therefore, in order to keep frequency 

(which is related to the rotational speed of machines) constant, it is necessary for the generators to be 

sensitive to frequency (speed) and, as soon as their regulator detects a frequency decrease, an increase in 

generated power is imposed to balance the microgrid once again. 

Of course, not all generators have the same dynamic properties, i.e., the ability to cope with load ramps 

(either up or down): a forecast of expected load is also necessary when operation is to be scheduled, in order 

to keep on line generators with dynamic features compatible with the expected dynamic behaviour of the 

load. 

Load Balancing can also be carried out based on the use of storage apparatus and dump loads. Dissipative 

dampers act as a brake to absorb and dissipate the excess power. This latter solution is cheap, easy to 

implement and reliable in microgrid management but it is also very inefficient from the energy point of view.  

To sum up the issues related to the importance of load balancing and generation in any power system, we 

can identify the sources of uncertainty as the following: 

 Loads; 

 Solar generation (uncertainty created by primary resource); 

 Wind generation (uncertainty created by primary resource); 

 Faults and contingencies. 
 

To deal with uncertainties, some resources are completely controllable and can be exploited: 
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 Controllable generators (typically, diesel generators, but also partially wind or solar generation, 
when it is possible to control the decrease in their output); 

 Any storage device available, according to its technical features; 

 Connection to a main grid, if present and reliable. 
 

When the controllable resources are not able to balance the system, the only solution for avoiding a complete 

blackout is a partially controlled load shedding. This control action must be used only in emergency 

conditions, as the main goal of any power system (regardless of its size) is to provide electricity to loads. 

However, in many cases, it is possible to design the system so as to select the load and disconnect only less 

critical (or deferrable) loads in order to keep supplying the most important electrical loads, until better 

conditions appear again. 

It is clear, therefore, that in designing a microgrid, generation resources must be chosen according to the 

availability and cost of the primary source (diesel, gas, sun, wind, etc.) but the mix must also be suitable for 

balancing the system: when there are significant sources of uncertainty, the system must be provided with 

suitable, significant, balancing sources. In practice, it is not reasonable to design a microgrid without either 

a diesel source, a connection to a reliable main grid or a storage device, able to provide the necessary 

balancing resources. 

Voltage control is also an important issue in electric systems: voltage is related to the quality of service 

provided: every electric appliance is characterized by its rated voltage and it works well if the voltage is very 

close to its rated voltage. Therefore, it is very important for the electric system to be able to provide the best 

voltage control in order to keep the voltage as constant as possible at every point of user connection. This 

can be guaranteed by suitable control blocks, typically available on diesel generators or, more generally in 

the presence of synchronous machines, and at the connection points with the main grid, if any. On the 

contrary, solar or wind generators usually have limited voltage control capability. Moreover, for DC 

microgrids, the energy balance has to be directly managed by the voltage regulators. 

All the above issues show that a suitable degree of coordination and control is necessary for a microgrid due 

to the integration of multiple generation sources and loads. The following sections illustrate the most 

frequently adopted solutions. 

4.4 Design of Microgrids  

An initial major distinction can be made according to the ability of the microgrid to be operated as a 

standalone or grid-connected system. In the standalone, as already mentioned, the microgrid must be 

equipped with suitable balancing resources. In the second case, if the main grid is reliable enough, the 

balancing resources are required only when the main grid is not available.  

The problems to be considered when designing a grid-connected microgrid can be managed by the functions 

described for standalone microgrids, although with less strict requirements. However, new issues can be 

listed:  protection issues such as a change in short circuit levels, reverse power flow, lack of the sustained 

fault current and islanding; voltage control issues; harmonics and flicker; interconnection standards and grid 

codes. 

Finally, it is important to point out that, generally speaking, a standalone microgrid requires a surplus in the 

generation capacity with respect to the load, in order to guarantee suitable reliability margins during 

operation. 
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4.4.1 AC and DC systems 

Electricity can be provided under two different conditions, namely DC or AC. Most electric devices are AC 

devices, although some are also available in DC versions. However, as it is possible to switch from DC to AC 

supply systems and vice versa, we will assume, for the sake of simplicity, that all devices are the AC type, 

without loss of generality. 

Direct Current systems are characterized by the fact that the system provides a voltage source which is as 

constant in time as possible and the electric devices withdraw the (constant) current necessary to operate. 

Among DC sources, the most important are DC generators, batteries, some types of wind generators, and PV 

generators. They can directly supply DC appliances, or be connected to an AC system or to AC devices by 

means of suitable interfacing converters.  

DC Pros: DC systems are efficient, intrinsically available from the above-mentioned DC sources, and 

easily controllable by means of power electronic devices. 

DC Cons: as most appliances are AC, DC systems are quite often connected to AC grids or devices and 

need an interface converter to do this; protection systems for DC grids are not easy to handle. 

Changing the voltage level to supply appliances with a different rated power is neither easy nor 

economical. 

Alternate Current systems are characterized by a sinusoidal voltage source with constant magnitude. When 

a load is connected, it withdraws a sinusoidal alternating current, as depicted in Figure 40. In an AC system, 

one strict requirement is that all generators and loads must be characterized by the same frequency, which 

must be kept constant. As mentioned above, this requirement is fulfilled if the real power balance is kept. 

Frequency in rotating machines (synchronous and induction machines, that is 99% of rotating machines in a 

power system) is related to their rotational speed (also called synchronous speed), and for those machines, 

constant frequency means constant rotational speed. It is clear then why frequency drops or increases cannot 

be accepted and can lead to local or massive blackouts. AC systems can easily handle different power levels, 

ranging from the supply to small appliances and to large factories (i.e., from W to hundreds of MW), as well 

as from low generation levels to large nuclear power plants. This management is carried out thanks to the 

ability of AC systems to change voltage levels by means of transformers: static electric machines able to 

transfer power changing the voltage level with very high efficiency (99%). Therefore, while DC systems are 

typically characterized by a single voltage level, AC systems can be organized on several voltage levels. They 

can range from Low Voltages (LV, 50-400 V) for small customers and civil systems, to Medium Voltages (MV, 

about 15-20 kV) for small industrial and tertiary activities, to High Voltage systems (HV, up to 400 kV) capable 

of supplying very large factories.  
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Figure 40 - Voltage and Current in AC system 

AC systems can also be classified according to the number of conductors: small appliances and customers are 

typically supplied with two conductors by single-phase AC systems, while larger loads can be supplied by a 

three phase system, characterized by three conductors, with voltages as in Figure 41. Each conductor is called 

a phase. In many cases, three phase systems have an additional wire, the ground wire, and sometimes even 

a fifth conductor (earth connection), for safety reasons. Public grids are normally made according to a three-

phase design, while this is not true for small single devices. Electric generators and transformers are usually 

available in different sizes, both single and three-phase versions, depending on their size. Small loads are 

typically single-phase, and are connected between one phase and the ground conductor; three-phase loads 

are connected to all three phases of the system. 
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Figure 41 - Conductors in the AC system. 

A standard design is not typically available for microgrids. In the case of a very small microgrid, for example 

for the supply of a single household, a single phase approach can be adopted; if it includes many households, 

it is better to switch to a more efficient three-phase system, which, at any rate, can also supply single-phase 

appliances. 

AC Pros: almost all electric appliances are AC. It is easy to change voltage levels to increase efficiency. 

Most generation technologies are based on AC generation. Protection systems are fairly well known 

and reliable. 

AC Cons: synchronism of machines is a strict requirement. Coordination of generation resources is 

mandatory. 

4.4.2 Hybrid electric systems 

So far, AC and DC systems have been dealt with separately; however, they can be connected and they can 

operate together, provided that suitable interfacing equipment are put in operation. The interfacing 

equipment that enables connection to a DC system to an AC device or system is called inverter, and its control 

can be set in order to provide additional voltage and frequency services to the AC subsystem. If the power 

has to flow from the AC grid to a DC appliance or DC subsystem, a rectifier is necessary. The set of the two 

machines together, linked by a DC link (rectifier, DC link, usually provided with a capacitor and inverter) 

makes a frequency converter and can connect two AC systems operating at different frequencies. This is 
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typically the case for the connection of wind generators that can generate AC power at variable frequencies, 

connected to an AC system with a fixed frequency.  

Some typical design solutions are available for the design of a microgrid, depending on the amount and type 

of available generation sources, on the size of the microgrid and on the load requirements. 

4.4.3 Commonly adopted Microgrid configurations  

More or less complex microgrid structures are available depending on the overall goals of the small system 

to be designed. In the following, some general suggestions will be highlighted based on some examples:  

1) Small generation system that supplies a group of small loads, with or without a storage system. 

A small generation system can supply a set of electrical loads, for example a small community. In this 

case, the load does not have the positive features of the water storage system considered above and, 

in general, it will change over time depending on single users’ needs and over 24 hours/day. Different 

types of appliances will be supplied, so it is likely to be an AC system. Therefore, if a PV panel is the 

main electricity source, as in Figure 42, a storage system, or a small diesel generator, will be necessary 

to provide power during night hours (for example for public lighting, which is very important for people 

to feel safe). Moreover, an inverter will be necessary to convert the DC power of both the PV plant 

and the battery into AC. The power source could also be a diesel generator alone: in this case, there is 

no need to add a battery, as the diesel itself can balance the variable load.  

It is worth noting that when the size of the microgrid increases, the electrical cables must also be taken 

into account in the microgrid design. In particular, the size of the cables depends on many factors: 

environmental temperature, number of electric circuits, installation conditions. Generally, national 

standards must be adopted to choose the size of the cables. In the absence of any national standards, 

it is possible to adopt international standards (IEC Standards or IEEE/ANSI Standards). Just to give a 

rough idea, working in a single-phase electric system, a tiny 2.5 mm2 cable may be compliant just for 

energy needs lower than 2.5 kW, by adopting 4 mm2 cables, it is possible to manage up to 5 kW 

(adopting reasonable security margins); greater energy requirements, with a peak power consumption 

of up to 10-15 kW, need a larger cable of 10 mm2. If the power consumption is greater than 10-15 kW, 

it is advisable to use a three-phase electric system, for which an accurate design is required. 

 
Figure 42 - Small PV powered microgrid 
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2) Small microgrid with more than one generator and local loads, with or without storage 

When the size of the load increases, it might be necessary to put together more than one electricity 

source to supply the overall load (Figure 43). When several loads are connected together, load 

balancing is to be applied to the total load, which is generally a variable load connected by an AC grid.  

The main requirement is, as usual, to balance the system, which must be achieved by coordinating 

different power sources, by exploiting their balancing ability and/or by storage. Therefore, if, for 

example, all generation sources are PV panels or wind turbines, it is likely that a suitable storage 

system is needed. If, on the other hand, a diesel generator (or a small hydro plant with a small basin) 

is available, a storage system might not be necessary, depending on the relative sizes. 

In this case, a thorough analysis of possible load behaviour, as well as of all available primary sources, 

is suggested. Moreover, a suitable management system to control the microgrid must be put into 

operation. This kind of control is described later on in this chapter. 

 
Figure 43 - Community microgrid with different generators and local loads. 

3) Simple microgrid connected to a main grid with or without storage 

In the case of a small single user (with no local generating unit available) connected to the main LV 

grid (Figure 44), it is important to consider that, in many countries, the main grid does not offer a high 

degree of reliability and it is often subject to blackouts of varying duration. In order to have continuity 

of service, an end user can install very simple and efficient batteries that are normally connected to 

the main grid by means of chargers that automatically control the battery’s state of charge.  

In the case of a blackout of the main grid, the battery automatically takes over (different technologies 

are available for the switch) and temporarily supplies the load. In many cases, with limited size 

batteries, the battery can supply only essential loads, while non-essential loads are switched off until 

the main grid is available again. 
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Figure 44 - Single phase connection from the main grid to the user 

4) Microgrid supplying several electrical loads by means of many different types of generators, with or 

without storage, with connection to the main grid. 

The possibility of connecting a microgrid to the grid can be exploited, with the goal of increasing the 

reliability of the electric supply. The balancing problems are the same as in case 2), with the added 

connection to the grid (Figure 45).  

In developed countries the grid is typically very reliable, and microgrids can be intended merely as a 

means to increase reliability in the very rare case of the main grid failing. In critical conditions or for 

refugee camps, the electrical grid is often affected by structural reliability problems, and islanded 

operation is a very common operating condition rather than a rare event. Therefore, all considerations 

made for case 2) are still valid. An additional concept to explain is related to its connection to the grid, 

which becomes very important both from the point of view of the microgrid and from the point of 

view of the external grid. 
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Figure 45 - Grid connected Hybrid PV-Wind-Diesel microgrid with storage. 

The bus of electric network where the microgrid is connected to the main grid is called the Point of Common 

Coupling (PCC). From the PCC, the microgrid can be considered by the main grid as a single controllable unit. 

At this point, the microgrid must fulfil all interfacing requirements as defined by existing standards. 

Most connections are realized in distribution networks (MV) and low voltage LV level. The PCC voltage level 

largely depends on the microgrid size, its layout, the location of the generators, its parameters, the degree 

of control of each dispatchable load and DG, and the  proximity and distribution of load. However, different 

countries specify network connection rules for MV and LV levels depending on the regulation and operational 

technology adopted.  

4.4.4 Technologies for Generation 

A classification of generation technologies (GT) can be based on energy source. Another classification of 

generation technologies is based on their possibility to be dispatched, a feature that depends on the type of 

primary energy source, technology and level of control implemented. The first class is dispatchable GT, in 

which the produced power can be accurately controlled and dispatched in pre-scheduled purchase 

agreements. Examples of GT, which fall into this class, include hydropower with basins, fuel cells, Stirling 

engines, and internal combustion engine-generators, as well as many co-generation schemes (that can be 

subject to some operating constraints).  For “non-dispatchable GT”, the often renewable primary energy 

source is site-specific and the energy produced cannot be controlled, as it depends on the availability of the 

primary source. Such GT schemes are: photovoltaic, run-off mini and micro hydro-turbines and wind turbines. 

Some other technologies are intrinsically dispatchable, but sometimes they are used in such a way that 

electricity generation is not a priority, and therefore their dispatchability is constrained. For example, when 

the combined production of heat and power is considered, heat production has the priority and electricity 

generation follows the need of heat and hence cannot be considered dispatchable. 

A description of these technologies is reported in the technical sheets. 

4.4.5 Storage Technologies 

Storage technologies are a key element in balancing the power, which is a strict requirement of any electric 

system, including microgrids. Various technologies and requirements on storage can be considered for 

microgrids, according to their operating conditions. When a microgrid is operating in off-grid mode, the 

microgrid itself must provide the balance between generation and demand. Power generated from 

renewables can be highly intermittent. Matching the power generated with the electricity demand of end-
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users makes it necessary to use reliable, efficient and cost-effective energy storage systems. Other important 

advantages of storage in microgrids include: improving voltage control, frequency control and stability of a 

microgrid, reducing outages, reducing spinning reserve requirements to meet peak power demands, 

reducing congestions and improving power quality and reliability for customers with high value processes or 

critical operations. 

When the microgrid is connected to an external distribution system, balance requirements become less strict, 

as the microgrid can import or export power from/to the grid. However, from the technical and economical 

point of view, its power management ability can still play a paramount role. 

A description of these technologies is reported in the technical sheets. 

4.4.6 Loads  

In any electric system, loads are the top priority but, in some cases, it might be necessary to shed load, which 

means to disconnect loads from the network, in order to avoid a complete blackout.  

The basic classification of electrical loads in microgrids is based on: 

(i)   Level of controllability: controllable (discretely or continuously) or non-controllable loads; 

(ii)   Level of priority: critical or non-critical, deferrable. 

The above classification is important in load modelling and the implementation of algorithms for Demand 

Side Management (DSM) in microgrids. In general, if the microgrid is powerful enough, it is not necessary to 

be able to control the load. However, this is not often the case for microgrids in rural areas or in developing 

countries, or in general in difficult contexts. In such cases, it is very important to be able to manage loads. 

Load control can be carried out locally, by very simple devices based on simple algorithms and local meters. 

Of course, their effect is not optimal and can consist only in simple actions like: disconnecting loads when 

voltage or frequency is too low, issuing alarms when there is a risk of disconnection, preventing a device from 

starting up and so on. Disconnection (load shedding) is necessary when there is not enough generation 

available to supply the load within an island. Reconnection of loads is performed when the system recovers 

sufficient generation or when connection to the main grid is available, and it should usually be carried out 

gradually. 

DMS is a more coordinated tool, and involves the connection and disconnection of a non-critical load from a 

microgrid so as to maintain its overall operation within satisfactory limits. In such a framework, some more 

advanced functions can be implemented, like load scheduling, operation optimization, etc. Actually, in a 

refugee camp scenario, the easiest way to manage the energy balance of the microgrid is to design an 

automatic (or semi-automatic) load shedding architecture. To design such a scheme, a thorough analysis of 

load types must be carried out, based on the priority level. Electrical loads related to people’s health or safety 

(operating rooms, hospitals, schools, for example) have to be considered as critical, and should not be 

disconnected. On the contrary, most lighting, heating, plugs, etc., are non-critical loads and could be 

disconnected in the event of a lack of generated power. In these cases, however, the people affected by load 

disconnection  would suffer a little discomfort.  

Deferrable loads are a particular type of non-critical load that can be deferred in time without affecting 

people’s comfort. A typical example is heating: heating devices can be left unsupplied for a short time with 

no consequences. The same is true, in some cases, of freezers, or water pumping systems. These loads are a 

valuable tool for DMS that can schedule them, taking into account their states and behaviour, and 

coordinating them with other loads.  



Electric Power Generation 

61 

4.4.7 Connection technologies 

Electric systems are made up of generators and loads connected by the grid. The grid is actually quite 

standardized, as it is made of cables, transformers, switching devices, and switchboards (Figure 46). In many 

cases, all the devices are at low voltage and attention only needs to be paid to a proper installation and 

maintenance (in addition to the notes about people’s safety highlighted above). For more powerful and 

complex microgrids, higher voltages could be necessary, up to some kV levels. In that case, small substation(s) 

would be installed, including more complex machines such as transformers and switchboards. 

Substations must not be accessible to untrained people, and particular care must be paid to ambient 

conditions, in particular for the proper selection and, if necessary, cooling of the transformer. In addition, 

the presence of animals must be avoided, because they are likely to cause faults or damage to the equipment. 

 
Figure 46 - Outdoor substation enclosed by a metal fence. 

Cables (either LV or MV cables) need to be selected according to the technical standards; they are usually 

insulated with organic material shields which are fairly sensitive to the temperature. Therefore, when 

selecting cables, attention must be paid to their range of operating temperatures, according to the ambient 

temperature. An expert must coordinate the cables and breakers. From this point of view, the installation 

conditions (under the ground, in suitable cable trays, etc.) are very important because they influence the 

thermal behaviour of the cable itself and affect its maximum capability.  

Finally, it is worth mentioning that, as the switchboards and cable drifts etc. are well heated, they can attract 

animals, even dangerous animals like snakes, which can build their nest there: therefore, care must be taken 

when accessing such parts of the electric system. 

4.4.8 Standards and law requirements 

Although refugee camps are certainly in conditions where a standards agreement might not be a priority, it 

is worth remembering that electric systems can be dangerous for people’s safety and must be designed and 

built bearing in mind that they must not be a hazard for  their users or their users’ goods. There are two kinds 
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of regulations that must be satisfied: compliance with technical standards and rules, related to the quality of 

design with respect to the safety of people and of goods, and the technical standards related to the operation 

of the microgrid when it is connected to a main grid. 

As far as technical standards are concerned, there are a few well-recognized technical standards related to 

the design of the single components and their connections. The most commonly used technical standards 

are IEC Standards (issued by the International Electrotechnical Commission) and the IEEE/ANSI Standards 

(issued by the Institute of Electric and Electronic Engineers/American National Standard Institute). The 

former are mostly adopted in Europe, while the latter are considered mandatory in the US and Latin America. 

Whatever Standard is considered, it is important to take into account the safety of people with respect to 

electric hazard and to design the system in such a way that the risk is minimized, especially for people who 

are not experts in electricity and plants. 

Regarding the interface to the main grid, when this possibility is considered for the microgrid, it is important 

to ensure its operation when both the microgrid is isolated or connected to the grid, and that the 

commutations between the two types of functioning are well optimized. 

In particular, while for isolated operations the main driver is the power quality, when the microgrid has to 

operate while connected there are some additional technical rules defined by the operator of the main grid. 

In fact, the microgrid must be connected to an LV/MV or HV grid operated by a System Operator (SO), who 

is responsible for the reliable and safe operation of the grid. In most cases, SOs define additional technical 

rules for microgrid connection in order not to negatively affect the reliability of the main grid. This type of 

regulation is typically a national regulation and therefore it can be very different from country to country (it 

might be missing altogether). This set of technical rules is typically included in a Grid Code, issued by the SO. 

It defines the range of normal operation for voltages and currents, the procedures for connection and 

disconnection, the main requirements to be fulfilled by breakers and the protection and control systems for 

the microgrid to be integrated as well as possible in the main grid. 

4.4.9 Safety and Protection Issues in Microgrids  

Protection systems have two main roles: to avoid people being affected by electrical hazards and to prevent 

goods from being damaged. 

The first issue is the most important, especially bearing in mind that environmental conditions in refugee 

camps are not ideal for electric equipment and installations and that refugees are not usually aware of the 

risks associated with electricity. Therefore, it is the responsibility of the designer to minimize such risk: 

electricity is dangerous, and only preventive design and accurate operation can minimize electrical hazards. 

As far as the first point is concerned, any electric device must be designed and built according to well-known 

technical standards. This ensures that the device itself is not dangerous for people. Secondly, the installation 

of the device in the system must be safe:  

 Connection between the device and the electricity source must be properly set: the plug must 

be intact, so it is impossible for people (especially children) to touch conductors (even using 

tools like screw-drivers or similar); 

 Cables must be correctly sized, that is, their cross section must be adequate for the power of 

the connected device or group of devices, and must be intact. The insulation must not be 

damaged in any point, and the cables must be protected against accidental damage (for 

example, excavations); cable paths must be identified to minimize these risks; 
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 Connections between cables and conductors must be made by means of suitable connectors 

and protected against contact with people; 

 Generation plants must be accessible to skilled people only; 

 Suitable signs and even barriers, if necessary, must be placed where energised parts can be 

touched; 

 In small substations, where switchboards and transformers are installed, access should be 

granted only to skilled professionals;  

 A suitable set of protecting devices must be installed. In the case of single appliances, breakers 

or fuses installed on the device are available for that purpose. When devices are connected to a 

microgrid, the microgrid itself should be designed to provide an additional degree of protection.  

Besides the protection of people, the microgrid should also be designed in such a way that any fault (short-

circuits, conductor interruptions, faults in the rotating machines and transformers, faults in the PV sources, 

etc.) can be easily recovered and not result in dangerous consequences (fires, explosions, damages to 

buildings and mechanical damages to goods). Therefore, the microgrid itself should be equipped with a 

suitable protection system that will vary according to the microgrid’s characteristics.  

It is necessary for the microgrid protection system to be able to distinguish and respond to both main grid 

and microgrid faults. In the case of faults occurring in the main-grid, the microgrid must be rapidly 

disconnected from the main grid, in order to protect its loads. In the case of a fault in the microgrid, the 

protection system should isolate the smallest possible section of the radial feeder to eliminate the fault in 

the microgrid and maintain continuity of the supply to the section unaffected by the fault. 

As regards protection, in the framework of refugee camps, one of the most important issues is grounding. 

This guarantees personal safety and a reliable operation of the equipment.  

In particular, electric shocks have two causes, namely: 

 direct contact, i.e. a person or an animal touching an exposed live conductor; 

 indirect contact, i.e. a person touching the metal frame of an electrical load on which an insulation 

fault has occurred. 

To provide protection against direct contact, insulation and/or distancing measures are taken. These 

measures can be reinforced in the final distribution by adding protection in the form of a highly sensitive 

Residual Current Device (RCD).  

With respect to protection against indirect contact, between an accidentally energised frame and the earth, 

the basic solution is to earth all the load frames via the protective conductors. However, this measure does 

not rule out the existence of a contact voltage which is hazardous for people if it exceeds the conventional 

limit safety voltage (UL) defined by standard IEC 60479. This contact voltage depends on the earthing systems 

(defined in the international standard IEC 60364). 

Generally, two points must be considered: first, neutral grounding, which means the transformer’s or 

generator’s type of neutral earth connection; second, protection grounding which means the equipment’s 

type of frame earth connection. LV neutral grounding is broadly classified into three types: TT, IT and TN.  

A short description follows for each of the earthing systems (such a description is reported here just for the 

sake of exemplification, the issue under discussion requires technically specialized personnel in design, 

production and management of the microgrid). 
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 The TN system 

o the transformer neutral is earthed; 

o the electrical load frames are connected to neutral. 

o This type of system has three possibilities: 

 the same conductor acts as a neutral and a protective conductor: this is the TN-C 

system; 

 the neutral and the protective conductors are separate: this is the TN-S system; 

 the combination of these two systems, known as TN-C-S when the neutral and the 

protective conductors are separated downstream of part of the installation in the 

TN-C system. Note that the TN-S cannot be placed upstream of the TN-C. 

o Its operation: 

 An insulation fault on a phase becomes a short-circuit and the faulty part is 

disconnected by a Short-Circuit Protection Device (SCPD). 

 The TT system 

o the transformer neutral is earthed; 

o the electrical load frames are also earthed; 

o Its operation: 

 The current of an insulation fault is limited by earth connection impedance. 

Protection is provided by the RCD: the faulty part is disconnected as soon as the 

threshold, of the RCD placed upstream, is overshot by the fault current. 

 The IT system 

o the transformer neutral is not earthed, but is theoretically unearthed. In actual fact, it is 

naturally earthed by the stray capacities of the network cables and/or voluntarily by a high 

impedance of around 1,500 Ω (impedance-earthed neutral); 

o the electrical load frames are earthed; 

o Its operation: 

 should an insulation fault occur, a low current develops as a result of the network’s 

stray capacities;  

 The contact voltage developed in the frame earth connection (no more than a few 

volts) is not dangerous; 

 if a second fault occurs on another phase before the first fault has been eliminated, 

the frames of the loads in question are brought to the potential developed by the 

fault current in the protective conductor (PE) connecting them. The SCPDs (for the 

frames interconnected by the PE) or the RCDs (for the frames with separate earth 

connections) provide the necessary protection. 

The TN-C-S and TT are the recommended choice for microgrid grounding. In any case, the neutral grounding 

system for a microgrid must ensure effective fault protection, insulation integrity and safety under both 

islanded and grid-connected operation. 

4.4.10 Operation of microgrids in refugee camps 

Two main issues can be envisaged for the operation of more or less extended microgrids in refugee camps: 
maintenance and cost sharing. Actually, both are very important to guarantee that an initial significant 
investment is not wasted and the plant is operating for a long time. 
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While for single isolated devices maintenance is sometimes not an issue, as a broken device can be easily 

replaced, in the presence of a microgrid it is often the main issue. There are many many examples, in rural 

areas in developing countries, of microgrids designed according to the best practices, operating perfectly for 

a while but abandoned as soon as something gets broken. For microgrids, which are systems with many 

devices connected together, it is important for a responsible subject (more or less institutional) to be 

identified. He/She must be able to carry out the normal maintenance activities on the machines, and to make 

decisions if a component is broken and needs changing, they must able to take care of the simple everyday 

operations like buying fuel, managing simple alarms, lubricating machines and so on. He/She should also be 

responsible for calling for more skilled assistance, whenever necessary, to restore the supply as soon as 

possible. 

The second issue of the sharing of costs, has proven to be very important in making people use electrical 

devices and plants properly. The issue is very complex and not suitable to be dealt with here, as it also 

involves social and psychological considerations. However, it is necessary to highlight that finding a suitable 

criterion for sharing costs (not necessarily all the real costs: even a part of the costs can be enough), makes 

everybody be both more responsible in respect of the infrastructure and commonly shared goods, and at the 

same time, use them for the best and take care of them, because they are considered in some way their 

property.  





 

67 

5 Water Supply 

The supply of water is one of the most basic necessities for the lives of people and their development. In the 
specific situation of refugee camps and formal/informal settlements, the priority is usually the domestic 
supply of water. It is used primarily for drinking, cooking and personal hygiene. With the aim to secure a safe 
water supply for people in an emergency situation, these key elements have to be considered: 
 
1. Assess existing sources & identify new sources: it requires a deep assessment of the location and an 

understanding of the requirements of the displaced population and the condition of any existing water 
supplies. The main sources of water can be summed up in the following scheme: 

 
Figure 47 – Sources of water.  

Surface water is almost always contaminated and it requires treatment, while groundwater usually does 
not require any treatment if the water source is properly protected. In the immediacy of the 
emergencies, water cannot be treated and safe water is not available in the neighbourhood. Therefore, 
the most common form of supplying water is by water tanker. It is an expensive method but it can offer 
distribution flexibility.  
 

2. Protect sources: sources of water have to be protected from any type of contamination. A lot of attention 
has to be paid particularly to the location of latrines and grazing that have to be placed far away from 
the water sources and, in the case of rivers, placed downstream from the supply point. 

 
3. Provide distribution, transport & storage: sources of water are usually away from the camp. Therefore, 

except for tankering, water is usually pumped from the source and collected in a storage in the camp.  
 
4. Provide treatment: it is unlikely that water sourced in critical situations is completely safe for 

consumption. Therefore, water has to be subjected to an appropriate treatment before drinking.  
 
5. Promote hygiene: because of the critical conditions of refugee camps, it is vital to make people aware of 

the importance of the basic hygienic practices. Therefore, it is important to know which cultural practices 
already exist and what needs have to be communicated to the people. For example, the most important 
and immediate practices to focus on during the emergencies are:  

o hand-washing (especially after defecation);  
o safe disposal of feces. 
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For more organized and permanent camps or settlements, it is extremely important to guarantee the 
following practises, too:  

o appropriate use and maintenance of sanitation facilities; 
o safe storage of water; 

 
Detailed information about the management of these elements can be found in WATER SUPPLY IN 
EMERGENCIES by Practical Action. A comprehensive manual on the assessment of Emergency Water Sources 
has been produced by The Water Engineering and Development Centre (WEDC) at Loughborough University. 
The UNHCR has written a Field Guide for Water and Sanitation in Emergencies and an Emergency Handbook. 
Similarly, Environmental health in emergencies and disasters - A PRACTICAL GUIDE edited by B. Wisner, J. 
Adams is worth citing.  
 
This manual highlights the nexus between energy, water and food, and it analyses the third and the fourth 
points listed above through the description of the technologies for water pumping and water purification 
systems.  

5.1 Water pumping systems 

After a short description of the main pumping systems, the main focus of this section is to examine all the 
alternatives for coupling pumps with the appropriate power generation technology on the basis of the local 
needs and resources. Traditionally, the main systems that are used to pump water are diesel, gasoline, and 
kerosene pumps but the need to solve the problem concerning the unsteady fuel supply in some remote 
areas is increasing the development of reliable solar (PV) and wind turbine pumps. The main assumption of 
this section is that access to affordable and reliable electricity from the grid is not possible. In fact, using the 
grid power as an energy source for water pumping applications is the safest and most reliable solution 
because there is no need for batteries (in the case of PV and wind pumping) or water storage, and the power 
supply is reliable with no transmission or power generation problems.  
Before analysing the technological aspects of all these systems, some brief points concerning the water 

supply must be clarified: 

1) Water needs 

The correct estimation of the water needs of a community is necessary in order to avoid oversizing (a 

waste of money) and undersizing (useless and discouraging) the system. A system used for the domestic 

water supply is dimensioned on the basis of population1 and the daily per capita water use (from 10 to 

40 in refugee camps). A minimum water supply of 15L per person per day (SPHERE Project) is 

recommended. If the immediacy of the emergency does not allow people to be supplied with those daily 

quantities of water, a stepped process described in Table 4 is a necessary solution. 

Table 4 – Acceptable daily amount of water needs (WHO, WEDC) 

Time from initial solution 
Quantity of water 
(litres/person/day) 

Maximum distance from shelters 
to water points (km) 

2 weeks to 1 month 5 1 

1 to 3 months 10 1 

3 to 6 months 15 (+) 0.5 

 

                                                           
1 If the settlements or the camps are permanent, the design of the system must consider the increase in the population in the 

future or the biggest number of individuals that they can hold. 
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Moreover, it is important also to consider the peak hour demand to confirm the compatibility of the 

system (e.g. the pipes, pumps, storage) with the highest water demand which occurs during the day. 

Peak hours typically occur in the evening when people wash and eat. The peak hour demand is calculated 

as the sum of the quantities of water consumed by each activity at the same hour.  

The use of water for livestock and agricultural needs is rare in refugee camps. Otherwise, the water 

demand for livestock watering is estimated on the basis of the daily water consumption by multiplying 

the number of animals by the per capital water needs (see table below): 

 
Table 5 – Animals’ water needs. 

Animal 
Daily water consumption 
[litre/animal] 

Dairy cows 80 

Beef brood cows 50 

Horses and mules 50 

Calves 30 

Pigs 20 

Sheep and goats 10 

Chickens 0.1 

 

On the other hand, the irrigation of crops needs a large amount of water that varies from crop to crop, the 

type of soil, methods of irrigation, meteorological conditions and other factors. All irrigation systems need to 

be dimensioned for seasonal peak water demands. An indication based on experience is reported below: 

 
Table 6 – Water for irrigation 

Crops 
Daily water requirement 

[m3/ha] 

Rice 100 

Rural village farms 60 

Cereals 45 

Sugar cane 65 

Cotton 55 

 

2) Hydraulic head 

The hydraulic pumping head is the height of a column of water that would produce the pressure that the 

pump experiences. It is a specific measurement of liquid pressure that a pump must transfer to the water 

to be raised to a specific height or to overcome the friction losses. For example, water pumped from 

deep wells experiences a total hydraulic pumping head equal to the sum of the following heads: 

1. Static water level that is the height over which water must be pumped. If the pump is submerged, 

it is the height from the level of the water in the well to the height where it is used (commonly 

the ground level). 

2. Discharged level (if present) is the height of the tank where the water is stored and then 

distributed by using gravity. 

3. Drawdown is the distance below the water table, when the system is turned off, to which the 

water falls when steady-state pumping is in progress.  
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4. Friction head is the specific measurement of the pressure losses that the water experiences 

because of the distributed and concentrated friction losses. In the system displayed in the 

example below they are a small fraction. On the other hand, they represent almost the total 

amount of the pumping head in the case of irrigation with a floating pump placed at the ground 

level.  

 
Figure 48 – Hydraulic head in a wind pumping system.  

3) Water storage 

Water storage is necessary for better managing the water supply. It enables the peak hours and 

unfavourable weather conditions to be coped with, which are critical especially for solar and wind 

pumping. Generally speaking, 3-5 days’ storage is recommended, not more due to the risk of the 

proliferation of microorganisms such as bacteria or putrid water formation.  

Water tanks are traditionally made of steel, Polyvinyl chloride(PVC), fibreglass, concrete or masonry. 

With steel storages it is important to prevent rust formation by using antirust paint.  

With a water tank, the pump is dimensioned based on the daily water needs. 

 

4) Distribution 

Ground storage is better for watering livestock because animals can drink straight from it. On the other 

hand, the best way to store water for the domestic supply through a distribution network is by placing 

the tank at a higher level for the distribution. In fact, it allows water distribution to the end users. The 

figure below shows a traditional village water supply powered by an electrical wind turbine: 
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Figure 49 – Pumping and distribution system. 

Water is firstly pumped in the tank and then supplied through the distribution network by using gravity. 

The tank must be high enough to supply the water with the correct pressure capable of overcoming any 

loss in the distribution network.  

When there is no distribution network and people collect water directly from the source, placing the 

storage at a higher level would be a waste of energy because there is no need to overcome the friction 

losses of the distribution network through natural gravity.   

With this premise, before analysing the pump systems the following types of pumps have to be considered: 

 Volumetric pumps that operate by displacing a quantity of water using several mechanisms such as 
pistons, cylinders, and elastic diaphragms. During the operation of the pump, water starts flowing in 
the cavity on the suction side as it expands and flows out of the discharge as the cavity collapses. 

 Centrifugal pumps, unlike volumetric pumps, these are designed for a fixed head and every deviation 
from the design point causes a decrease in the efficiency value. Centrifugal pumps accelerate water 
in a revolving device called an ‘impeller’ through an electric or mechanic power input. The volute 
pump is the most common: fluid entering the pump is accelerated by the impeller, which rotates at 
high speed, and pumped out from the casing; the vacuum which is created at the impeller eye allows 
more water to be drawn into the device. 

 
Water pumping systems can be subdivided in two macro areas: electric water pumping systems and 

mechanical water pumping systems that are analysed in the following sections.  

5.1.1 Electric water pumping systems 

These systems are characterized by a motor-pump composed of an electrical motor coupled with a pump 
that can be centrifugal or volumetric through different types of coupling (e.g. belt and pulley, feed screw, 
direct coupling with rack and pinion or bolt and flange, gear transmission). A large selection of motor-pumps 
is available and its choice depends on the daily water needs, the pumping head and the water resource: 
 

 Submerged motor–pump unit is the most suitable and common type of pumping unit for village water 
supplies because it is simple to install, it is safe and prevents pump cavitation.  

 Floating motor–pump is a type of pumping system suggested for pumping surface water for irrigation 
and drainage. 
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 Surface mounted motor–pump is a type of unit, which must be mounted on a flat surface with no 
possibility of water splashing onto the pump. It is recommended for low head duties with both volumetric 
or centrifugal pumps.   

 
All these types of units are powered by different sources of electrical energy and a scheme of the system is 
reported in the figure below: 
 

 
Figure 50 – Electrical energy sources for water pumping. 

An electric water pumping system is composed of a generator, which converts renewable, or fuel energy into 
electrical energy, an electric motor, which converts electrical energy into a mechanical energy, and a pump, 
which converts the mechanical energy into a hydraulic energy. The previous scheme reports the main 
components separately, but the solutions are usually already integrated. The inverter is only necessary in 
case of incompatibility between the electricity generator and the electric motor (e.g. coupling PV generation 
with an AC motor). The most common electricity generators are:  

 Solar PV generators; 

 Wind generators; 

 Diesel generators; 

 Gasoline generators. 
Details about these technologies and their dimensioning are described in the technical sheets. The following 
tables summarise the main advantages, disadvantages and application of these systems: 
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Table 7 – Comparison between different electric systems for pumping water. 

 Advantages Disadvantages Application and details 

Solar PV 

 no fuel cost 

 unattended 
operation 

 low maintenance 

 easy installation 

 long lifetime (20 
years) 

 high capital cost 

 water storage 

 repairs require 
skilled technicians 

 not very suitable 
for irrigation 

‘Solar Water Pumping Guide  
by Green Empowerment’ 
(http://greenempowerment.o
rg/wp-
content/uploads/2013/07/Sol
arWaterPumpingManual_jan2
007.pdf) 
 

Wind 

 no fuel cost 

 unattended 
operation 

 easy maintenance 

 suited to local 
manufacture 

 long lifetime  

 high system design 
and project 
planning needs 

 water storage 

 not easy to install 

 not very suitable 
for irrigation 

‘WINDPUMPING BY Practical 
Action 
(http://practicalaction.org/doc
s/technical_information_servi
ce/windpumps.pdf) 
 
 
 

Diesel and 
Gasoline 

 low capital cost 

 can be portable 

 easy and very quick 
to install 

 widely used 

 high maintenance 
costs 

 expensive fuel 
supply  

 short life 
expectancy 

 noise and fume 
pollution 

SPERONI WaterPumps 
(http://www.speroni.it/public
/en/prodotti_categorie.php?id
_az=25) 
 
HATZ Diesel 
(http://www.hatz-
diesel.com/en/products/syste
ms/pumping-systems/) 
 

 

5.1.2 Mechanical water pumping systems 

Mechanical water pumping systems allow operation without the consumption of electricity and enjoy these 

main advantages: 

 No electricity costs; 

 Lower cost of investment due to fewer components (electric motor, inverter, batteries); 

 Less complex plant with  

 No electrical losses. 

The mechanical input comes from renewable energies and human work mainly. The main systems able to 

pump water without consuming electricity are: 

1. Hand pumps - they are used for pumping the ‘groundwater’ by activating a mechanism with manual 

effort; 

2. Mechanical wind pumps - they are used for pumping the ‘groundwater’ by using the wind energy 

that is converted into mechanical energy by multi-blade wind turbines; 

3. Ram pumps - they are special automatic systems that lift a quantity of water by using a small fall of 

water from a lower height; Diesel mechanized pumps - they are the same as the electric pumps, the 

only difference being that they do not have the electric generator; they are preferred to the electrical 

diesel pumps if there is no further use for the genset for electrical applications. 

http://greenempowerment.org/wp-content/uploads/2013/07/SolarWaterPumpingManual_jan2007.pdf
http://greenempowerment.org/wp-content/uploads/2013/07/SolarWaterPumpingManual_jan2007.pdf
http://greenempowerment.org/wp-content/uploads/2013/07/SolarWaterPumpingManual_jan2007.pdf
http://greenempowerment.org/wp-content/uploads/2013/07/SolarWaterPumpingManual_jan2007.pdf
http://greenempowerment.org/wp-content/uploads/2013/07/SolarWaterPumpingManual_jan2007.pdf
http://practicalaction.org/docs/technical_information_service/windpumps.pdf
http://practicalaction.org/docs/technical_information_service/windpumps.pdf
http://practicalaction.org/docs/technical_information_service/windpumps.pdf
http://www.speroni.it/public/en/prodotti_categorie.php?id_az=25
http://www.speroni.it/public/en/prodotti_categorie.php?id_az=25
http://www.speroni.it/public/en/prodotti_categorie.php?id_az=25
http://www.hatz-diesel.com/en/products/systems/pumping-systems/
http://www.hatz-diesel.com/en/products/systems/pumping-systems/
http://www.hatz-diesel.com/en/products/systems/pumping-systems/
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Since electricity is often a critical point in refugee camps, these technologies could represent a suitable 

solution for pumping water. They are specifically discussed separately in the technical sheets.
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5.2 Water treatment 

Refugee camps and informal settlements are often overcrowded and they lack improved sanitation facilities 

and a safe water supply. Water contaminants can be grouped in three general categories: 

 Biological Contaminants: they consist of various bacteria, viruses and helminths, which breed, in 

faecal matter and algae, but also parasitic organisms such as roundworms and flatworms. Preventing 

faecal contamination by separating latrines from water supply points is vital. 

 Physical Contaminants: they consist of particles and suspended solids, which can be harmful and 

facilitate the spread of bacteria. 

 Chemical Contaminants: they are contaminants caused by both pollution and natural processes, such 

as nitrates, arsenic and fluoride that increase the risk of cyanosis, cancer and mottling of teeth.  

Considering the critical situation in camps, the need for clean water is usually immediate. Therefore, 

providing systems that purify water and contribute to guaranteeing the minimum standards for water quality 

in an emergency situation is pivotal. Firstly, it is fundamental to ensure that physical and bacteriological 

contaminants are minimized through the following treatment systems: 

 Clay Filter: one of the most effective water filters consists of a porous clay pot placed in a plastic 

receptacle. The water passes through the micro pores while the particles remain trapped. In order 

to achieve a major treatment effect, the filters are immersed in a low concentration of colloidal silver 

solution that allows 98% of diarrhoea-causing bacteria to be killed. It is important to clean the clay 

vase frequently. 

 
Figure 51 – Scheme of clay filter. 
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 Chlorination: it is the simplest method of disinfecting 

water because it kills the vast majority of biological 

organisms such as bacteria by adding chlorine to the 

water at a temperature of between 18°C and 30°C. 

The treatment method is usually a portable water 

purification device (point-of-use) used by consumers 

with a dilute sodium hypochlorite (chlorine bleach) 

solution put in a standard sized container. This 

method requires the water to be filtered beforehand 

to lower its turbidity; alternatively, there are 

coagulative and chlorinated solutions that decrease 

the turbidity of water. Chlorination does not destroy 

all microorganisms but it is still considered to be the most effective emergency disinfectant available.  

Chlorine has to be added in the correct amount because residual chlorine is damaging to health. A 

small, portable comparator is fundamental, and is available commercially. Indicatively, the residual 

chlorine after disinfection has to be lower than 0.3-0.5 mg/l. The time of contact is fundamental in 

order to reach the appropriate level of purification; it depends on the pH value of the water and the 

residual chlorine: 

 

minutes required [min] =  
K

chlorine residual (
mg

l
) 

   

with K a number that depends on the pH value: 

Table 8 – K values for determining the contact time of chlorine in the water. 

pH K 

6.5 6 

7.0 12 

7.5 18 

8.0 24 

8.5 30 

9.0 36 

 

 Cloth filter: this simple system can reduce  water turbidity simply by forcing water through a cloth. 

It does not kill bacteria or viruses but removes particles from the water. Cloths have to be cleaned 

regularly in order to avoid further biological contamination.  

Figure 52 – Use of chlorination sample. 
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Figure 53 – Cloth filters. 

 

 Solar water disinfection (SODIS): this system removes pathogens from water by the combination of 

UV rays and high temperature of water that kill off most bacteria, protozoa, viruses, yeasts, algae 

and fungi. It can be easily produced by putting transparent bottles of water under the sunrays 

(preferably on a corrugated metal roof). It can remove up to 99.9% of pathogenic bacteria, but it 

strongly depends on the intensity of the solar radiation (from 6 hours to also 2 days in case of 

intermittent sun) but also on the turbidity. Therefore, filtration prior to SODIS is recommended.  
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Figure 54 – Steps for SODIS. 

 Boiling water: it achieves the complete sterilization of water if it is filtered earlier. On the other hand, 

it requires a large amount of energy necessary to bring the water to a boil.  
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Table 9 – Comparison between different water treatment systems. 

 Benefits Drawbacks Appropriateness 

Clay filter 

 reduction in bacteria and 
protozoa in water; 

 simplicity of use and the 
aesthetic improvement in 
treated water; 

 reduction in diarrhoeal 
disease among users; 

 potentially long life; 

 one time cost; 

 low effectiveness against 
viruses; 

 the lack of residual protection 
may lead to recontamination if 
treated water is stored 
unsafely; 

 filter breakage; 

 regular cleaning, 

 low flow rate of 1-3 litres per 
hour (slower in turbid waters). 

Appropriate in areas 
where there is capacity 
for quality ceramics filter 
production, a 
distribution network for 
replacement of broken 
parts, and user training 
on how to correctly 
maintain and use the 
filter. 

Chlorination 

 reduction in most 
bacteria and viruses in 
water; 

 residual protection 
against contamination; 

 acceptability because of 
ease-of-use; 

 low cost 

 low protection against 
parasitic cysts; 

 lower effectiveness in turbid 
waters contaminated with 
organic and some inorganic 
compounds; 

 taste and odour can be 
altered; 

 necessity of ensuring quality 
control of solution 
(comparator); 

Appropriate in areas 
with a consistent supply 
chain (e.g. tankering), 
with relatively lower 
water turbidity, and 
where people can be 
encouraged to use it 
correctly. 
 

Solar water 
disinfection 
(SODIS) 

 reduction in viruses, 
bacteria, and protozoa; 

 reduction in diarrhoeal 
disease in users; 

 simplicity of use; 

 no cost to the user apart 
from the plastic bottles; 

 minimal change in taste 
of the water; 

 minimal likelihood of 
recontamination due to 
safe storage. 

 pre-treatment of waters with 
higher turbidity; 

 limited volume of water that 
can be treated at once; 

 the length of time required to 
treat water (more than 6 hours 
if the weather is sunny);  

 large supply of intact, clean, 
suitable plastic bottles 
required. 

 

Appropriate in areas 
where there is 
availability 
of intact, clean, suitable 
plastic bottles 
 

Boiling water 

 inactivation of bacteria, 
viruses and protozoa, 
even in turbid or 
contaminated water;  

 lack of residual protection 
against recontamination; 

 potential burn injuries and 
increased risk of respiratory 
infections from indoor stoves 
or fires; 

 potentially high cost of fuel 
source (with concurrent 
deforestation risk) and the 
opportunity cost of collecting 
fuel; 

 potential user taste objections; 

Appropriate in areas 
with an affordable and 
accessible supply of 
cooking fuel, a cultural 
tradition of boiling, and 
where water is stored 
safely after boiling. 

 

Not all the refugee camps and informal settlements are characterized by critical situations that require an 

immediate action of water treatment. In this case, more advanced methods of water treatment could be 

implemented. They are more efficient and reliable, but they tend to be more expensive and complex: 

 Bio-Sand filtration: it is an innovative and low cost method which allows water treatment by filling a 

small tank with layers of gravel and sand. The water is purified by passing through these and by 
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creating an active bio-film. It allows the removal of the majority of bacteria and heavy metals. More 

details can be found in the technical sheet. 

 Solar distillation: this system allows water purification by distilling. The condensed vapour is free 
from any salt, nitrates, and heavy metals such as arsenic as well as pathogens and other biological 
contaminants. The main advantage is that it can be locally constructed, it is durable and requires 
minimum maintenance but its efficiency is strictly related to its insulation and design. More details 
can be found in the technical sheet.  
 

 UV Lamps: these devices generate UV rays that disinfect water when their light comes into contact 
with microorganisms by attacking the genetic core of the microorganism and their ability to 
reproduce. They represent a quick, reliable and cost effective method which can destroy 99.99% of 
harmful microorganisms. They need electricity to work and can be coupled with solar PV systems. 
More details can be found in the technical sheet. 

 

 Membrane filters: Membrane filters or "membranes" as they are commonly known, are polymer 
films with specific pore ratings. They let water flow through, while capturing particles and 
microorganisms that exceed their pore ratings by acting as a physical barrier to them. They allow 
water to be treated for physical and biological contaminants such as protozoa and bacteria. More 
details can be found in the technical sheet. 

 
In the case of chemical contaminants, a specific treatment must be considered. The most effective are 
Adsorption and Water Softening. Solar distillation removes arsenic, nitrates and heavy metals but it is often 
too slow to meet the drinking water demand (see the technical sheet). 
 

 Adsorption: Adsorption technologies allow the removal of organics, inorganic contaminants (such as 
arsenic), taste, and odour from water. The phenomenon of adsorption occurs when the ions and 
molecules of one substance (the contaminants) physically adhere or bond to the surface of another 
substance’s molecule (the adsorbent). Adsorbents used in drinking water plants include activated 
carbon and activated alumina for removing fluoride.  

An activated carbon filter is made of small particles with a very high surface area thanks to its many 
small pores to which the contaminants adhere. The length of contact time between the water and 
the carbon and the amount of carbon per litre of water depends on the contaminant type which has 
to be removed. Filters have a useful life (breakthrough) that indicates the time of saturation that 
occurs when they are full of contaminants. Filters are usually sold with indications about their 
capacity and their breakthrough. In the absence of these, their replacement time can be estimated 
by dividing the capacity of the filter by the daily water consumption (e.g. the breakthrough of a filter 
with a capacity of 150 litres is estimated by dividing 150 litres by the quantity of water that is drunk 
or used for cooking for the household, that is, from 20 to 30 litres). An active carbon system costs 
about US$ 10 – 15 and replacement filters are not expensive (e.g. a filter of a capacity of 150 litres 
costs about US$ 2 – 5).  
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Figure 55 – Diagram of an activated carbon filter. 

Activated alumina is a highly porous, granular material consisting of aluminium trihydrate. Filters 
based on this material are essentially used for fluoride uptake. Like the active carbon filters, alumina 
ones require extensive contact time with water in order to reach the highest removal rate of fluoride. 
In a standard 2.5x10” filter cartridge, the flow rates must be less than 250 ml per minute (1 litre every 
four minutes). Carbon filters could be integrated into the bio-sand filter as an intermediate layer of 
Granular Activated Carbon (GAC). 

 

 Water Softening: water softening is a process which allows a reduction in the concentration of 
calcium, magnesium, and certain other metal cations (positively charged ions) in water. It works 
through the technology of Ion Exchange which selectively removes charged inorganic species from 
water through an ion-specific resin. Its surface is covered with charged functional groups that hold 
the pollutant ions through electrostatic attraction. Unlike the sorption methods, it has a short contact 
time and the resin can be regenerated; moreover it is insensitive to pH and can achieve a water 
recovery of over 98%. It is very expensive, costing hundreds of US$. 

 
Chemical treatments do not effectively remove particles, pyrogens or bacteria and they have to be used in 
series with the other treatments described above. 
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6 Technical Sheets 

6.1 Technologies for cooking 

Mud stoves 

Technology description 

Most mud stoves are designed primarily for firewood, but can be adapted 
to use charcoal by inserting a grate or a similar support inside the fire 
chamber.  
Mud stoves can be easily constructed locally, directly by refugees and 
other people using locally available materials, by referring to simple 
design principles. Thanks to this, the cost is very low or zero. Hence this 
kind of stove can be especially appealing in situations where refugees 
lack the financial resources to buy other cookstoves. 
Due to their characteristics, mud stoves should be used only in situations 
where the use and promotion of more durable pre-fabricated cookstoves 
is not feasible. 
Energy savings in the range of 20-50% over three-stone fires are 
achievable depending on the design and ability of the manufacturer. 

Utilization requirements 

In order to prevent accidents and blazes it is fundamental to avoid placing absolutely any flammable 
objects around stoves. 
Stoves without chimneys need to be used in an open and well-aired space in order to minimize inhalation 
of the combustion fumes. 
As regards the weather conditions, humidity could be a problem in that it can accelerate the degradation 
of the stoves. They must be sheltered from rain that melts the mud. 
Finally, it is a good idea to close its door when it is not being used in order to keep it warm and increase 
its efficiency. 

Local construction materials and indications 

User-constructed stoves could result in low efficiency and durability when appropriate design principles 
are not applied in a rigorous manner. For this reason, the stove producers can be local people, but they 
should be specially trained. 
The stoves are not made just with mud, but normally with a combination of clay, sand and straw/grass or 
other similar materials. The quality of the clay is very important: the lower the quality, the higher the 
probability and frequency of cracking and loss of efficiency. However, if pure clay is not available then 
any type of clayey soil can be used as well. Mixing clay with other materials, such as straw, grass, animal 
dung or other fibrous materials such as sugar cane or rice husks improves strength and reduces the 
formation of cracks.  
With the aim of obtaining the greatest efficiency, the fundamental parameter is the distance from the 
ground to the base of the pot. This should be about 20cm, in order to let firewood burn properly. 
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The walls of the stove should be about as wide as a hand laid flat on the ground (5-7 cm) to get the best 
compromise between insulating properties and the ability to heat up in a reasonable time. 

 
If the stove has got two fire entrances, the doors have to be put next to each other. This allows the air to 
flow in through both doors and to collect the flames under the pot, rather than flowing through one door 
and out through the other.  

 

The internal diameter of the stove should be made to fit the size of the pot in order to reduce any heat 
loss. The chimney, if built, should be placed at an angle in relation to the potholes; its diameter should be 
equal to the length of the middle finger and, in general, shorter than the width of the stove door. The 
chimney has to be built against the wall of the house and its height above the roof should be equal to at 
least the length of an arm from the fingers to the elbow. Where a house has a grass roof, the chimney has 
to be directed out from the highest point of the wall. The common rule is that a chimney passing through 
the wall should be at least three feet high (0.9 m) with a  four-inch(10 cm) diameter; the section inside the 
house should be equal to the length of an arm. 
Concerning the door, its height and width should be as long as, and as wide as the palm of a hand. There 
should be no more than two pot holes in one single stove and these have to be adjacent to each other and 
the connecting channels should be at least as wide as a fist.  
 
After moulding, mud cookstoves must be left to completely dry before first lighting. The time required 
varies greatly depending upon the construction materials, humidity, and size. Using the stoves before they 
are fully dry reduces their durability. 
In conclusion, it is important to remember that mud stoves require constant repair and maintenance to 
avoid continuous deterioration which discourages users. 
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These following simple passages explain how to build a Mud Stove: 

1. The mud has to be prepared by mixing soil and water.  
2. Once a pot of an appropriate size has been wet and placed in position, sprinkle the sides of the pot 

with mud until it reaches the edge at the top. 
 

3. Start to rotate the pot; move it upwards and keep packing more mud around it to the top. Repeat this 
once more and finally remove the pot. When you rotate the pot, remember always to rotate it in the 
same direction as it helps to retain the shape. 

 
4. Shape the sides of the stove with a knife and cut out the doors to the size of the palm of your hand, 

next to each other. Roll mud in your hands to prepare pot rests and fix them against the inner wall of 
the stove using the three-stone stove position. Using your finger, mark three smoke outlets between 
each of the three pot rests. 

 
5. The stove has to be left to dry completely (two weeks more or less). If cracks appear, repair them and 

finish the outer walls by smearing with cow dung or ash (the ratio of mixing cow dung and ash is two 
units of cow dung to one unit of ash). Leave the stove to dry for another two weeks before use. 
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Operation and maintenance 

The stove can be fuelled with wood, charcoal, or residuals (depending on the model). In order to achieve 
the best performance, it is important to dry the wood before fuelling. 
Because of their constant exposure to heat, stoves require constant repair by the user. 

Morphological features and size 

Mud stoves are intrinsically modular: two-pot and multi-pot, with or without chimney versions can be 
created if needed.  

Warning notes 

In order to avoid burns, it is necessary to pay attention to the open flames from the combustion chamber 
and the door. 
The fuel compartment must not be over-stuffed with wood because it causes a reduction in combustion 
efficiency. 
Finally, if a chimney is not built, be careful not to breathe the toxic gases from the stove and to use the 
stove in an open space.  

Technical and economic features 

Aside from an open fire, mud stoves are the cheapest cookstoves with costs that vary from 0 to 5$: this is 
the least expensive type of cookstove.  
Its efficiency is low (15-25%) but higher than open fires and it allows the users to achieve energy savings 
over three-stone fires in the range of 20-50%. 
Concerning emissions, because the fire is close to the pot, emissions are rather high, often more than for 
the open fire but total emissions are lower because less wood is burned: 

 CO Emission: 53 – 80 mg/gFUEL 

 PM Emission: 3 – 5 mg/gFUEL 

Application sample 

There have been numerous applications of mud stoves in developing countries. In particular, the Report 
“Appropriate Mud Stove in East Africa” downloaded from the Practical Action Website 
(http://practicalaction.org/mud-stoves-in-east-africa) shares the invaluable experience of the 
communities in various parts of Uganda, Tanzania and Kenya concerning the building, use and the follow-
up of many different models of Mud Stove. The author is Stephen Gitonga and the publication was 
prepared under the auspices of Intermediate Technology, Kenya’s Household Energy Regional (HER) 
Project. It is a collaborative effort and a product of the contributions of project partners, staff, funders and 
the communities in East Africa who use mud stoves. 

 

 

http://practicalaction.org/mud-stoves-in-east-africa
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Metal stoves 

Technology description 

The simplest version of metal stoves is designed primarily for firewood, but can be adapted to use charcoal 
by inserting a grate or a similar support inside the fire chamber.  
Metal stoves can easily be constructed locally directly by refugees and other people using locally available 
scrap materials and metal by using simple stencils to guide the cutting out of the stove components. 
Thanks to this, the cost is very low or zero and they are easy to make.  
They offer fairly low energy saving and do not last long. 
In terms of energy saving, metal stoves offer a discreetly higher saving rate than mud stoves with a range 
of 40 – 55% over three-stone fires. Emission rates (emissions per time) are similar to those of the 3-stone 
fire, but total emissions are lower, because of the shorter time needed to boil and cook. 
 

    
 

Utilization requirements 

In order to prevent accidents and blazes it is fundamental to avoid placing absolutely any flammable 
objects around stoves.  
Since they are made of metal which has high thermal conductivity, after lighting, the walls rapidly become 
scalding hot; therefore be careful not to touch the stove during cooking.  
These stoves have no chimney and they need to be used in an open and well-aired space in order to 
minimize inhalation of the combustion fumes . 
As regards the weather conditions, humidity and rain could be a problem in that they can accelerate the 
rusting of the stoves. In fact, single-walled metal stoves can corrode quickly if not properly cared for. 

Local construction materials and indications 

Metal stoves can easily be built using scrap metal such as cooking oil containers or old oil drums. A stencil 
should be used to guide the cutting out of the components that can be coupled together by semi-skilled 
artisans. For this reason, the stoves can be built by local people, but they should be specially trained.  
The cylinder has to be slightly wider than the pot in order to create a small channel all around the pot 
(from 6 to 14 mm, depending on the size of the pot. For a family-sized metal stove, a 12 mm skirt gap is 
typical) that allows hot gases to heat the majority of the pot and not only the bottom. 
The flimsier the metal, the shorter the life of the product.  
 
These following simple passages explain how to build a Metal Stove: 

1. As shown in the figure, the pattern can be traced out on the metal sheet and its outline cut out. Then 
the door, the holes for the support of the pot and the strips for the air holes are cut out. The height H 
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is the sum of the air hole height A, the grate-to-pot height P, and the length L that will be the pot skirt 
and is determined by the desired channel length: H=A+P+L.  

 
2. The sheet is rolled into a cylinder. The final shape should be as smooth, round, and straight as possible. 

If a drum is used, all the openings (door, pot supports and strips for the air holes) have to be cut out 
from the cylinder. 
 

 
 
Typical values for A are 3 to 5 cm while P is usually half of the pot diameter. For small cylindrical pots, 
the height L is typically 5 to 10 cm, while institutional or industrial stoves may have channel lengths L 
of 50 cm or more. The total air inlet of the stoves should have at least half the area of the pot to wall 
channel gap. For example, for a stove that is 94 cm in circumference with a gap of 6 mm the area is 56 

cm2; therefore a convenient size for the air inlet could have four air holes, about 3 cm by 4 cm each (A 
= 3 cm) or 48 cm2 in area, spaced symmetrically around the stove, but far enough away from the door 
and the seams to avoid weakening the wall. 
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3. The stove can be welded together or the walls can be locked together by folding. The pot supports are 

welded into place, too. 

 
4. The grate is a circular piece of metal cut to fit tightly into the finished cylinder. The holes must not be 

much larger than 1 cm in diameter, because the larger the holes, the more easily the charcoal can fall 
through and burn below the stove reducing efficiency. If the holes are too small, they can easily get 
blocked and the airflow into the charcoal bed is reduced.  

5. The grate is placed inside the stove, and the tabs for the air holes are folded inward and upward to 
support the grate. Finally, pot supports (metal sticks) are slid and folded or welded into place, too.  
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Operation and maintenance 

The stove can be fuelled with wood, charcoal, or residuals (depending on the model). In order to achieve 
the best performance, it is important to dry the wood before fuelling. 
Because it can corrode quickly if not cared for, constant cleaning is required.  
The lifetime of metal is estimated to be from 6 to 12 months. 

Morphological features and size 

Metal stoves are not so intrinsically modular because they can be used with one pot only. Dimensions 
depend on the scrap metal size. They can be sized for a household or for community needs. 

Warning notes 

The first warning concerns the hot metal exterior, which is dangerous because it heats up immediately 
after lighting.  
In order to avoid burns, it is necessary to pay attention to the open flames from the combustion chamber 
and the door. 
The fuel compartment must not be over-stuffed with wood because it causes a reduction in combustion 
efficiency. 
Finally, because the stove has no chimney, be careful not to breathe the toxic gases from the stove and to 
use it in an open space. 

Technical and economic features 

Metal stoves are cheap cookstoves if built with waste materials. Costs vary from 0 to 20$ (depending on 
the quantity of scrap metal). 
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Their efficiency is somewhat higher than mud stoves (20-25%) and always higher than open fire stoves. 
They allow users to achieve energy savings in the range of 40-55% over three-stone fires. 
Concerning emissions, because the fire is close to the pot, emissions are rather high, often more than for 
the open fire but total emissions are lower because less wood is burned: 

 CO Emission: 53 – 82 mg/gFUEL 

 PM Emission: 3 – 6 mg/gFUEL 

Application sample 

There have been numerous applications of metal stoves in developing countries. “EVALUATION OF 
MANUFACTURED WOOD-BURNING STOVES IN DADAAB REFUGEE CAMPS, KENYA by USAID” is worth 
citing. Detailed instructions about how to build the stove can be found in “Instructions for Building a VITA 
Stove By Samuel F. Baldwin, Biomass Stoves: Engineering Design, Development, and Dissemination”. 
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Fired clay stoves 

Technology description 

Clay Stoves are similar to mud ones concerning their construction and 
care. They can be used with wood and charcoal, but also with crop waste 
such as maize stalks and cobs, and animal dung.  
The major difference is the possibility of baking the clay in an 
appropriate kiln that increases its durability and reliability. In this case 
the specific skills of potters are required as well as stencils/moulds and 
tools for kneading the material. As a consequence, this type of stove is 
considerably harder to build than the previous models described above, 
even by potters who can work with clay. A group of refugees or local 
artisans might need up to one year in training in clay stove making. 
Therefore, an external assistance may be needed to buy the stoves in 
outside markets. 
Clay stoves are more efficient than mud and metal stoves. Energy savings 
of higher than 60% over three-stone fires are achievable. Emission rates 
(emissions per time) are similar to the 3-stone fire, but total emissions 
are lower, because of the shorter time it takes to boil and cook. 
 
 

Utilization requirements 

In order to prevent accidents and blazes it is fundamental to avoid placing absolutely any flammable 
objects around stoves.  
These stoves have no chimney and they need to be used in an open and well-aired space in order to 
minimize inhalation of the combustion fumes. 
As regards the weather conditions, clay stoves need to be sheltered from the rain. 

Local construction materials and indications 

Unlike for a person with no pottery experience, learning to build a clay stove is not difficult for a skilled 
potter. If no one in the camp has any pottery skills, it is necessary to send one or two people to learn basic 
pottery skills. 
The first most important thing before building a clay stove is to find a deposit of good clay. Natural clay 
sources are often present along riverbanks or areas where the earth has large, deep splits in the dry 
season. It is a good idea to look for places where the soil has been dug because if a surface left by a spade 
or a hoe looks shiny, this may indicate high clay content. A simple test to find out if the soil has clay can be 
done by kneading a handful of the soil (add some water if it is too dry); if this can be successfully rolled up 
into a long thin snake shape and coiled into a circle without the soil cracking, then the soil has quite a lot 
of clay in it and may be suitable for pottery. 
 
The following passages explain how to build a Clay Stove: 

1. Firstly, to stop the surface from being sticky, clean the inside of the mould with a moist cloth and 
sprinkle it with fine sieved ash.  
 

2. Before modelling the clay, it has to be wedged in order to remove any trapped air: cut a block of clay 
in half, slam the top half onto the bottom half and then turn the clay. Repeat the procedure again and 
again. 
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3. Mould two slabs of clay (each about 50 cm long, 30 cm wide and 5 cm thick) large enough to cover 
more than half of the inside of a mould that can be made with steel. 

 
4. Both the slabs have to be pushed into the mould without disturbing the ash layer and then the seams 

are compacted where the slabs join. Any excess clay has to be removed from around the top of the 
mould and can be used to fill in any holes or gaps in the clay. 

 
 

5. In order to flatten, squeeze and mould the clay against the walls of the mould, attach the paddle to 
the central shaft and rotate it with a little water on the surface. If there is no paddle, this step can be 
done carefully by hand or with another tool for flattening and levelling the clay in the mould.  
Continue until the paddle blade reaches the correct depth and, finally, carefully remove the paddle. 
Fill any holes in the clay. 

 
6. Lift the mould body off the mould base complete with the clay stove liner and tap the mould gently on 

the floor to loosen the clay liner.  

 
7. Smooth the bottom of the liner and make sure that the clay in the joint is fully compacted. 
 
8. To avoid the liner drying too fast and cracking, cover it in sacking or polythene to slow the process, 

especially if the weather is hot and dry. 
 
9. Leave the liner to dry for one or two days to make the clay firmer. Cut out the door using a wet knife, 

and smooth out its edges. 
 

Leave the liner to dry for one more day or until it is dry enough to be moved without being damaged.  
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10. Mark the positions of the pot-rests on the clay surface. It is essential that the pot-rests be equally 
spaced in order to allow the cooking pot to remain stable on the stove.  

 
 
11. Make the three pot-rests by pressing three pieces of clay into a simple pot-rest mould (if built) and 

attach them to the liner. The top of the pot-rests should be 1 cm higher than the top of the stove. All 
three pot-rests should have the same shape and size and all the joints should be smooth and well 
finished. 

 
Finally smooth the stove using a little water. 

 
12. Leave the stoves to dry for two to three weeks. If the climate is hot and dry, for the first week cover 

the liner in polythene or sacking to prevent it from drying too fast and cracking. On the other hand, if 
the climate is damp, the liner can be left to dry uncovered. When the liner is completely dry, it should 
be put in the sun on a dry surface for two to three days. 
It is important to dry the liner as slowly and evenly as possible. 
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DOs DON’Ts 

dry a wet liner by putting it in a cool humid 
place for the first few days 

dry a wet liner by putting it directly under the 
sunrays 

put cloth, sacking, dried grass cardboard, or 
leaves under the stove 

dry a wet liner by putting it in a draughty or 
windy place 

cover a wet liner for the first few days of drying 
with a cloth, sacking, cardboard or even banana 
leaves. In case you use polythene, make small 
holes in it to allow some moisture to escape. 

put a wet liner on a hot tin-roofed shed without 
covering it or on a cement floor 

 
Firing requires an appropriate kiln. Since every clay is different, the optimal way of firing has to be tried 
and tested. 
The most important points to remember to improve the firing are: 

o the heating step of the firing must be slow 
o the cooling step of the firing must be slow 
o make sure that the heat is evenly distributed during firing 
o maintain temperatures of 600-700°C for at least two to three hours. 

 
With some training, end-users can finish the stove by adding mud around the ceramic frame of the 
combustion chamber. 

 
 

Operation and maintenance 

The stove can be fuelled with wood, charcoal, or residuals (depending on the model). In order to achieve 
the best performance, it is important to dry the wood before fuelling. 
Unlike the other mud and metal stoves, well-made clay stoves should last for years. They are fragile and 
should be regularly re-smeared. If mud surrounds cracks or crumbles, it can be repaired by wetting the 
area with water, cutting open the split and filling it with a mixture of small stones and mud. 

Morphological features and size 

Clay stoves are not so intrinsically modular because they can be used with one pot only. Dimensions are 
more or less the same as the model described above.  
There is limited flexibility concerning the different sizes of the pots: if the pot sits inside the stove, this 
limits the circumference of the pots that can be used (but the efficiency is higher because the pot is 
heated partially on the sides, too): if the pot sits on top of the hole in the stove, there is a greater 
flexibility in pot size (but there may still be constraints and the efficiency is lower). 

Warning notes 

It is very fragile and needs to be handled carefully. 
The fuel compartment must not be over-stuffed with wood because this causes a reduction in the 
combustion efficiency. 
Finally, because the stove has no chimney, be careful not to breathe the toxic gases coming out of the 
stove and to use it in an open space. 
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Technical and economic features 

Clay stoves are cheap cookstoves if built locally (0 to 5$). If bought they can cost up to 20-30$. 
Their efficiency is higher than for mud and metal stoves (up to 30%) and they allow users to achieve energy 
savings of over 60% over three-stone fires.  
Concerning emissions, clay stoves show the same properties as mud stoves. 

 CO Emission: 53 – 82 mg/gFUEL 

 PM Emission: 3 – 5 mg/gFUEL 

Application sample 

There have been numerous applications of clay stoves in developing countries, “EVALUATION OF 
MANUFACTURED WOOD-BURNING STOVES IN DADAAB REFUGEE CAMPS, KENYA by USAID” is worth 
citing. Detailed instructions can be found in “HOW TO MAKE AN UPESI STOVE - Guidelines for small 
businesses by Practical Action”, “The Kenya Ceramic Jiko – A Manual for Stove Makers by Hugh Allen”, 
“How to Build, Use and Maintain the Better Bonfire Kiln by IT Kenya”, applications in SouthSudan “CLAY 
BASED TECHNOLOGIES by Practical Action”, “BUILD A FUEL EFFICIENT CLAY STOVE by WESSA Share-Net”. 
A study that examines the progress of the dissemination of improved firewood stoves (Chitetezo Mbaula) 
in rural Malawi can be found in “Impact Assessment of Chitetezo Mbaula - Improved Household Firewood 
Stove in Rural Malawi by GTZ and ProBEC”. 
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Rocket stoves 

Technology description 

The term Rocket Stove means a designed model of stoves with a combustion chamber made up of two 
orthogonal parts: an insulated upright chimney (with a height of two or three times the diameter) and a 
horizontal zone where wood sticks are placed. Different models exist, from domestic to  institutional use, 
insulated or not, with and without skirt, fueled with wood or charcoal. Some models called forced air 
rockets have a blower injecting air above the fire; others can be provided with thermoelectric generator 
(TEG) modules which can produce small amounts of electricity exploiting the Seebeck effect, thanks to the 
high temperatures reached in the fire chamber: this is a phenomenon which makes it possible to transform 
a temperature difference into electrical energy. TEG modules utilize many semi-conductors connected in 
series which capture energy from thermally excited electrons. The thermoelectric module converts a 
fraction of the thermal energy into electricity, which flows to the load via two leads, while the remaining 
heat is released into the environment, through a cold sink. 

 

These stoves are usually prefabricated but they could be built with local waste materials such as cans.  
If bought, they are more expensive than mud or clay stoves but are typically more durable and efficient 
and allow users to reach higher fuel savings.  
Rocket stoves are more efficient than mud, metal and clay stoves. Energy savings up to 70% over three-
stone fires are achievable. Emission rates (emissions per time) are somewhat lower for than the 3-stone 
fire and total emissions are considerably lower, because of the shorter time it takes to boil and cook. 
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Utilization requirements 

In order to prevent accidents and blazes it is fundamental to avoid placing any flammable objects around 
stoves.  
Stoves with no chimney need to be used in an open and well-aired space in order to minimize inhalation 
of the combustion fumes. 
As regards the weather conditions, self-built rocket stoves need to be sheltered from the rain because the 
external metal wall can corrode quickly if not properly cared for. 

Local construction materials and indications 

Rocket stoves could be built starting from scrap metal, for example using cooking oil containers or old oil 
drums and cans. It is possible to build the external structure using the instructions for the metal stove 
sheet, or simply by using a drum and making a hole. The final rocket model could easily be built by adding 
two main features: the L-combustion chamber and the insulation: 
 
1. The L-chamber can be made with two or three cans. The internal upright chimney has to be as high as 

the external layer: 

 
 

2. The space between the external layer and the upright chamber has to be filled with any type of 
insulation materials: sand, foam insulation, clay, ash, vermiculite, Perlite. After that, a lid is needed to 
close and repair the insulated chamber; it is a good idea to cut vertical slits of about 1 or 2 cm in the 
external layer from the top rim down. They will be the tabs that can be folded down to hold the lid in 
place (e.g., with 8 slits, 4 tabs are folded down and the four that remain upright will hold the pot above 
the flame.  
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A support inside the lower L-chamber is for the wood to rest on and the air to be blown into the stove 
from the bottom. 

Operation and maintenance 

The stove can be fuelled with wood, charcoal, or residuals (depending on the model). In order to achieve 
the best performance, it is important to dry the wood before fuelling. 
Constant cleaning inside the L-chamber is required because it can corrode quickly if not cared for (if made 
with metal).  
To avoid any obstruction of the L-chamber, the wood may need to be cut and this adds more time to the 
preparation of fuel. 

Morphological features and size 

Rocket stoves are not so intrinsically modular 
because they can be used with one pot only. 
Dimensions depend on the model built or selected. 
They vary from 200 to 2-3 litres and they can be 
built for community needs. 
 

 

Models with TEG coupled with FAN are available 
and they can reduce CO and PM emission by 90% 
compared with the three stone fire. Moreover, it is 
possible to generate electrical power in the order of 
several Watts for LED lighting, cell phone charging, 
radio.  
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Warning notes 

The fuel compartment must not be over-stuffed with wood because it causes a reduction in the 
combustion efficiency. 
Finally, because the stove has no chimney, be careful not to breathe in the toxic gases coming out of the 
stove and to use it in an open space. 

Technical and economic features 

These stoves have relatively high costs (30 - 100$) although they are cheaper if built (0-10$). The add-in 
cost of commercial TEG is in the order of 100-300$. TEG technology is relatively cheaper (0 – 50 $) but 
commercial devices already assembled with electronic components are sold by very few producers at very 
high prices. 
The efficiency is higher (20 – 45%) and it allows users to achieve energy savings over three-stone fires in 
the range of 40-80%. 
Concerning emissions, these are low, usually lower than for the open fire and total emissions are definitely 
much lower: 

 CO Emission: 15 - 25 mg/gFUEL 

 PM Emission: 1 – 2 mg/gFUEL  
Application sample 

There have been numerous applications of rocket stoves in developing countries, “EVALUATION OF 
MANUFACTURED WOOD-BURNING STOVES IN DADAAB REFUGEE CAMPS, KENYA by USAID” is worth 
citing. 
Rocket stoves combined to TEG and FAN modules are tested by Aprovecho Research Center. 
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Gasifiers 

Technology description 

The term gasifier or wood-gas stove means a model of stove which works via multistage combustion. This 
particular device makes it possible to separate the stages of drying, pyrolysis, char-gasification and final 
gas-combustion that in a common solid biomass stove are overlapped, with a great decrease in combustion 
efficiency. A common and easier-to-build gasifier, where the stage of char gasifation is suppressed, is called 
a micro-gasifier. In this case, the process can be schematized though two stages of combustion in which 
the biomass fuel is first burned in the lower part of the combustion chamber, causing a decomposition of 
the biomass into volatile gases and vapours, while a solid char remains behind (Pyrolysis). Through a 
second flux of air towards the top of the stove, the gases that are released in the first stage are mixed and 
burned (Gas-combustion). The by-product of this process is biochar, a substance similar to charcoal that 
can be used as a soil fertilizer.  

 
These stoves are usually prefabricated and sold once they are fully assembled but they could also be built 
with local waste materials such as Billy cans.  
If bought, they are quite expensive but more durable and efficient and they allow users to reach higher 
fuel savings.  
Micro-gasifiers are efficient and achieve the lowest emission rates among the natural draft cookstoves, 
with energy and emission savings of up to 70% and 90% respectively over three-stone fires. 
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Utilization requirements 

In order to prevent accidents and blazes it is fundamental to avoid placing any flammable objects around 
stoves.  
Stoves with no chimney need to be used in an open and well-aired space in order to minimize inhalation 
of the combustion fumes. 
These stoves can be used with a vast variety of biomass, the only constraint concerning the dimensions of 
the fuel pieces, which must be small.  
As regards the weather conditions, gasifiers need to be protected from cooling and especially from the 
wind, cold temperatures and very high air humidity. The place where they are used should be aired in 
order to increase the amount of available oxygen. 

Local construction materials and indications 

Micro-gasifiers could be built locally by skilled people using few tools and Billy cans (see the application 
sample for the details). They can be made with very few tools, no welding, screwing  or riveting is involved, 
only:  

 3 Billy cans that can nestle inside one another 
 Pair of tin snips 
 Multi grips, pliers or similar 
 Hammer (to panel beat drilled holes) 
 3mm and 5mm punch  
 50mm hole saw attachment (otherwise use tin snips) 
 File for removing sharps and burs 
 Stainless steel pot scrubbers 

This stove can also be used for the purpose of saving biochar. It is efficient and allows 1 litre of water to 
be boiled in under 10 minutes. Like most gasifiers, it requires small chips of biomass fuels, particularly in 
the range from 5mm to 25mm. 

Operation and maintenance 

The operation of a micro-gasifier requires skills that should be acquired through training. 
The stove can be fuelled with small pieces of wood, and mainly residuals (depending on the model). In 
order to achieve the best performance, it is important to dry the wood before fuelling. Before loading the 
chamber with fuel, pay attention to the dimensions of the chips because they could block the primary 
energy inlet. Particular attention has to be paid to the primary air control which needs to be regulated by 
opening or restricting primary air entry holes in order to increase or decrease the power output during 
operation. 
This device is almost smokeless, there will only be some start-up smoke when the chips begin to burn, and 
above all, its cleaner combustion generates less soot on pots. The stove is expected to last more than 2 
years, and expendable parts can be easily replaced. 
Micro-gasifiers are one-time loaded with fuel before lighting. After that, the gas-generation continues until 
all the fuel is consumed. 

Morphological features and size 

There are many different designs and models: some gasifiers have fans to facilitate and speed up the 
combustion process, but these require electricity to work, which can easily be generated by TEG like in 
Rocket stoves. The cheaper devices have no chimney and they are built for cooking with one pot, but larger 
and more expensive models do also exist.  

Warning notes 

The final users of these stoves must pay attention to the high flames that can be generated after lighting 
and during cooking. 
Absolutely DO NOT use petrol (gasoline) to light the stove because the vapours will drift below the wood 
chips in the fuel chamber then into the second chamber and explode. 
In the case of biochar production, be careful of the burning hot walls of the stove when collecting it.  

Technical and economic features 

Few data concerning the performance of micro-gasifiers are available and it is difficult to quantify the fuel 
consumption and emissions of different micro-gasifier models.  
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If subsidized, these stoves cost in the range of 20 - 50$, but their cost increases if fixed devices with a 
chimney are considered (up to 100$).  
Their efficiency is high (20-40%) and it allows users to achieve energy savings in the range of 30-70%. over 
three-stone fires.  
Concerning emissions, micro-gasifier stoves have the lowest emissions of any solid-fuel cookstoves: 

 CO Emission: 10 - 15 mg/gFUEL 

 PM Emission: 0.08 – 0.1 mg/gFUEL  

Application sample 

A good, detailed handbook which explains how to build a gasifier can be download for free at the following 
web-site: http://www.build-a-gasifier.com under “Construction of a 3 Billy Stove Gasifier: The Australian 
TLUD by Steve Ewings”. 
There have been numerous applications of metal stoves in developing countries; “Micro-gasification: 
Cooking with gas from biomass by GIZ” gives a complete and thorough introduction to micro-gasification 
also in terms of real applications, technological descriptions and biomass utilization.  
 
Further information can be found in: 
 

 Biomass Energy Foundation (USA) has worked on gasification since its establishment in 1984. At the 
moment they produce a micro-gasifier which uses twigs, chips or wood-pellets 
(http://www.woodgas.com). 

 

 The Holey Briquette Gasifier Stove was developed in 2003 by Richard Stanley and Kobus Venter. It uses 
non-woody briquettes made, for example, of mango/cassava leaves and waste paper to burn and it 
has an efficiency of up to 35%. 
http://www.bioenergylists.org/stovesdoc/Stanley/BriqGassstove.htm#Fuel%20Type 

 

 WorldStove (Italy) designed the LuciaStove, which burns biomass through pyrolysis and produces 
biochar. Pilot programmes have been conducted in Burkina Faso, Congo, Haiti, Kenya, Indonesia, 
Malawi, the Philippines, Niger, Uganda and Zaire. 
http://worldstove.com/products/luciastove-for-developing-nations/ 

 

 International Biochar Initiative is a member-based organization promoting biochar initiatives in 34 
countries worldwide. It focuses on biochar technology and impacts, taking into consideration also the 
potential of biochar producing stoves for benefiting the soil, the environment and health. Two types 
of stove are proposed: the TLUD stove and the Anila stove. 
http://www.biochar-international.org/technology/stoves 

 

 
 

http://www.build-a-gasifier.com/
http://www.woodgas.com/woodgasstoves.htm
http://www.bioenergylists.org/stovesdoc/Stanley/BriqGassstove.htm#Fuel%20Type
http://worldstove.com/products/luciastove-for-developing-nations/
http://www.biochar-international.org/technology/stoves
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Liquid and Gas Stoves 

Technology description 
Liquid stoves come in two categories: pressure 
burner and wick burner design. The wick burners 
can be further subdivided into open wick 
burners and range wick burners. 
The basic design of most liquid range wick 
burner stoves, especially, the kerosene stove, is 
made up of two perforated carbon steel 
cylinders sitting within a strong enamelled steel 
outer cylinder. The two inner cylinders are 
called catalytic converters. The wicks are fixed 
into a holder which can move up and down so 
that the wicks emerge into the annular space 
between the catalytic converters.  
 
 

Pressure liquid burners consist of a burner and a small hand operated pump 
integrated into the fuel tank.  In its operation, the fuel is vaporized before 
combustion in a loop of pipe arising from the fuel tank, usually located at the 
base of the stove. The pressure is provided by the small hand operated 
pump. The flame in some designs is adjusted by regulating the pressure in 
the tank (this feature is not allowed in most fixed atmospheric burners). 
Increasing the pressure increases the flame, while reducing the pressure 
reduces the flame. Some designs have valves for adjusting the flame. There 
are many sizes and styles of pressure burners with most of them designed so 
that they can be disassembled for easy storage and transportation.  
 
 
 
Gas stoves/Burners for small scale applications, especially in humanitarian 

settings like refugee camps, are simple device for the direct combustion of the gaseous fuel. The burner is 
a premix multi-holed burning port type that is operated at specific pressures. It consists of the following 
features: gas supply tube, gas tap/valve, gas injector, primary air hole(s) or regulator, nozzle or throat, gas 
mixing tube, burner head, burner port, pot supports and body frame. 

 

 

Pressurized liquid stove 

A range wick burner 
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Utilization requirements 
Keep the liquid stove “dry”, ie empty of fuel if not in use, in order to avoid condensation in the fuel tank. 
If stored in an open place, oil the cylinders to avoid rusting. 
In order to prevent accidents and blazes it is fundamental to avoid placing any flammable objects around 

stoves. 

Local construction materials and indications 
It is suggested that these stoves be bought in the market because they have to be properly built in order 
to avoid gas or liquid leakages or backfiring.  
Liquid and gas burners can only be made locally with steel pipe, aluminium and brass and other metals if 
they are made by experts and highly skilled workers. For the gas burner, a ¾ inch pipe is sufficient. To build 
the burners locally, the required features are the primary and secondary air intake valves, and the nozzle, 
which distinguishes the type of gas fuel used with the stove. 
Operation and maintenance 
Liquid fuel stoves can be operated either as low pressure (normal) or pressurized. Normal pressure liquid 
stoves usually use wicks as an interface for burning the fuel. 
If dirty or sooty, wash the catalytic cylinders in hot, soapy water. 
Gas burners are generally maintenance free; however, there may be carbon deposits due to combustion. 
Thus, the burner needs to be cleaned regularly to remove any combustion deposits. 
Morphological features and size 
Liquid and Gaseous stoves can be found/made in different modules and shapes depending on the 
applications (for personal and family use). The liquid stove usually comes with the burner and fuel tank 
integrated as one unit while the gaseous stoves only sometimes has the burner and the fuel tank 
integrated into one unit. There are designs of one-pot, two-pot and multi-pot versions.   
 

          
 
Warning notes 
Gas is toxic and deadly if inhaled for too long. Therefore, when the stove is not in use, you must absolutely 
remember to check that the valve is closed and gas is not coming out. A recommended precaution is to 
use the stove in a room that is always well ventilated (with a window open or a hole with a grate in the 
wall). 
The only indicator for noticing any gas leakages is its smell; in this case, you must not light any flames in 

the surrounding area in order to prevent explosions and blazes. 

Technical and economic features 
These stoves can usually be bought in local markets at between a price range of 10 – 50$.  
Their efficiency is high (45-55%) and they allow users to achieve energy savings in the range of 50-85% 

over three-stone fires.  

Concerning the emissions, liquid and gas cookers are the stoves with the lowest emissions. Only the 

kerosene stove shows emissions that are higher than gas and alcohol stoves (the upper limits of the ranges 

are reported below): 

 CO Emission: 7 – 36 mg/gFUEL 

 PM Emission: 0.01 – 0.04 mg/gFUEL  
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Application sample 
In the Middle-East, the use of gas and liquid stoves is typical because the cost of fossil fuels is 

substantially lower in those countries.  

In Ethiopian refugee camps, stoves fuelled by Ethanol have been used successfully in place of kerosene 

which was considered smoky, dangerous and too expensive (http://www.ashden.org/blog/local-ethanol-

now-available-cookstoves-ethiopian-refugee-camps). 

http://www.ashden.org/blog/local-ethanol-now-available-cookstoves-ethiopian-refugee-camps
http://www.ashden.org/blog/local-ethanol-now-available-cookstoves-ethiopian-refugee-camps
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Comparative tables 

 Strengths Weaknesses Opportunities Threats 

M
U

D
 S

TO
V

E 

 Low or no cost 
 Local and simple 

construction 
 Modular design 
 Higher efficiency 

and less harmful 
emissions 
compared to 
three-stone fire 

 Reduced risk of 
fires and burns  

 

 Loss of efficiency 
due to user 
modifications 

 Very limited 
portability  

 Hand-made 
process can result 
in an inaccurate 
design  

 Requires frequent 
maintenance 

 Dry weather   Wet season  
 Lack of networking 

and information 
exchange in the 
camp 

M
ET

A
L 

ST
O

V
E 

 Easy-to-make 
 Reaches high 

temperatures 
more quickly than 
most mud or 
ceramic stoves  

 Lightweight and 
portable 

 Higher efficiency 
and fewer 
emissions 
compared to the 
three-stone fire 

 A useful 
introduction to 
stove making 
activity 

 Short lifetime of 
less than a year 

 Hot exterior can be 
dangerous. 

 Maximum 25% 
efficient because 
of the radiation 
losses 

 Availability of 
waste and scrap 
metal 

 No scrap material 
and high cost of 
metal 

C
LA

Y
 S

TO
V

E 

 Lightweight and 
portable 

 Durable 
 Higher efficiency 

(up to 30%) and 
less harmful 
emissions 
compared to the 
three-stone fire 

 Generates income 
from sale 

 Familiar design 

 High skills of 
potters are 
required 

 Availability of 
moulds/stencils 
and kiln 

 Higher cost than 
mud and metal 
stoves  

 Firing requires 
firewood 

 Fragile 

 Clay sources.  
 Availability of a lot 

of wood to fire the 
kilns  

 

 



 

108 

 Strengths Weaknesses Opportunities Threats 
R

O
C

K
ET

 S
TO

V
E 

 Portable  
 Durable 
 Heats up quickly 
 Higher efficiency 

(up to 40%) and 
less harmful 
emissions 
compared to the 
three-stone fire 

 High savings of 
fuels used 

 Higher cost than 
mud, metal and 
clay stoves 

 Small fuel-feed 
 Often aesthetically 

different from 
traditional stove 
and consequently 
not accepted 

 Availability of 
waste and scrap 
metal 

 
M

IC
R

O
 G

A
SI

FI
ER

S 

 Use of a wide 
variety of solid 
biomass 

 The lowest 
emissions among 
the natural draft 
cookstoves 

 Very high fuel 
efficiency thanks 
to complete 
combustion 

 Heats up quickly 
immediately after 
lighting 

 Creates charcoal 
as by-product of 
cooking 

 lightweight and 
portable 

 Difficult regulation 
of firepower 

 After lighting, the 
gas-generation 
continues until all 
fuel is consumed 

 Batch feeding 
devices  cannot be 
refuelled during 
operation 

 Higher costs 
 Small pieces of 

biomass 
 Technology not yet 

mature and needs 
to be further 
investigated 

 Big chunks of wood 
are not available 

 Windy location 

G
A

S 
&

 L
IQ

U
ID

 S
TO

V
E 

 Modular design 

 Higher efficiency 
and less harmful 
emissions 
compared to 
solid fuel stoves 

 High portability 

 Reliable and easy 
to use 

 Reduced risk of 
fires and burns  

 

 Relatively high 
operating cost 
compared to solid 
fuel stoves 

 Requires very 
high construction 
skills 
 

 Gas or liquid fuels 
are cheap 
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 Strengths Weaknesses Opportunities Threats 
EL

EC
TR

IC
 S

TO
V

E  Zero emission 
during the cooking 
phase 

 High efficiency 
 Very quick 

(microwave) 
 

 

 Requires electricity 
 Not always 

portable 

 Cost (>20$) 

 Suitable for pots 
with small capacity 

 High cooking time 
(electric plates) 

 Electricity is 
available and 
affordable  

 No electricity 
 Large families 
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6.2 Additional cooking technologies 

Panel cookers 

Technology description 

They are the most common type of solar cookers thanks to the ease and low cost of construction. They 
use reflective surfaces to collect, concentrate and direct the sun’s rays onto the pot, which is possibly 
enclosed in a transparent plastic bag or bin in order to create the greenhouse effect and retain the heat 
inside.  
On the other hand, using local scrap materials and the very low cost of realization make the stove highly 
perishable with a lifetime of few months. 

      
 
On a sunny day, this type of cooker is estimated to cook 300 g of beans in 400 ml of water in less than one 
and a half hours. 

Utilization requirements 

The first necessary condition for using the cooker is having sunshine for two-three hours at least, while the 
wind can be a problem because it increases thermal losses. 
Remember that the pot has to be black or painted with a non-toxic paint. 

Local construction materials and indications 

Solar cookers can easily be built in the refugee camps. The materials are: 

 recipient: black pot; 
 greenhouse devices: two re-used windows from clothes washing machines or a transparent bag; 
 two corrugated polypropylene plates or simply corrugated pieces of papers of 90x65 (cm), thickness 3 

to 5 mm; 
 reflective foil; 
 adhesive tape; 
 support below the pot (e.g. recycled milk cartons); 
 two twines to block it on the ground; 
 iron thread. 

 
1. The first step is to build the structure with the two plates or papers that have to be folded and cut as 

shown in the diagram below: 
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2. Attach the adhesive tape on all the fold lines and on the perimeter of the plates/papers. Secondly, 

spread the reflective foils on the plates/papers and make sure that they have been taped on properly. 
3. Join the two covered plates/papers on the coloured sides as in the figure above through the iron 

thread (or other materials such as ropes). 
4. Finally, create a support under the pot (e.g. milk cartons) and attach two ropes to the extremities to 

block it on the ground. 
 

 
 

Operation and maintenance 

A way to help users understand if the sun is high enough in the sky consists in checking people’s shadows: 
if the length of their shadows on the ground is shorter than their height, it is a suitable time for cooking. 
The cooker requires azimuthal tracking (positioning the stove to face the sun) every 20 – 30 minutes in 
order to receive the direct normal irradiation and minimize optical losses. 
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Because it requires approximately one and a half hours to reach boiling (if the air temperature is higher 
than 25°C), food must be cooked by putting it directly in cold water. Food that is traditionally put in the 
water once it is brought to a boil is not suitable. Moreover, it is suitable for cooking food, which requires 
a small amount of water. Consequently, remember to use just enough water but no more. 
If built with corrugated polypropylene plates, the stove is more resistant (lifetime up to one year) than a 
stove built with corrugated papers (very few months). Moreover, the reflective surface must be cleaned 
after each use in order to keep the reflectivity of the foils high.  
High air humidity can weaken the structure whereas the rain destroys the stove. 

Morphological features and size 

These types of stoves can only be used to cook with one pot with a volume of 2.5 litres at least. 
Other shapes are available, for example the CooKit model that can be built following the instructions of 
“SOLAR COOKERS, how to make, use and enjoy by Solar Cookers International” 
(http://solarcooking.org/plans/plans.pdf; 
http://solarcooking.wikia.com/wiki/File:CooKit_plans_detailed.pdf). 

Warning notes 

If water is contaminated, it is important to be sure that the inside of the pot is kept at a temperature of 
70°C for 30 minutes at least and above 85°C for a few minutes. Before heating, the minimum temperature 
that the stove has to reach is 65°C in order to kill worms, Protozoa cysts (55°C), Bacteria and Rotavirus 
(60°C), Hepatitis A virus (65°C). 
If black pots are not available, the black paint must not be toxic.  

Technical and economic features 

This stove, if built with local materials, has a very low cost: 0 – 5$. 

Application sample 

The Solar Cookers International is a California-based firm that promotes solar cooking in some African 
countries, such as Ethiopia, Kenya and Zimbabwe. The company provides both the panel and the box types, 
and prices range from a minimum of US$25 to a maximum of almost US$300 
(http://www.solarcookers.org/index.html). 
 In January 1995, Solar Cookers International started a dissemination programme of solar panels in 

the Kakuma refugee camp, which was formed in 1972 when Sudanese refugees first arrived in 

Kakuma, Kenya. The project served over 15,000 families and it was one of the earliest to use the 

CooKit solar panel cooker to introduce solar cooking.  

 Thanks to a project started in 2006 and run by Tchad Solaire and by the British NGO CORD, more than 
50,000 people in four Darfur refugee camps in Eastern Chad are using locally made solar CooKits. The 
project has improved the safety and survival of the women in the refugee camps. Previously, they were 
faced with dangerous and arduous trips outside the camps to collect scarce firewood.  

 In Ethiopia, a project concerning the dissemination of US$7.50 CooKit stoves made of reflective 
cardboard with a plastic bag to contain the food and pot was piloted. 

 
 

 

http://solarcooking.org/plans/plans.pdf
http://solarcooking.wikia.com/wiki/File:CooKit_plans_detailed.pdf
http://www.solarcookers.org/index.html
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Box cookers 

Technology description 

A box cooker consists of an insulated box covered with transparent glass and endowed with reflective 
surfaces, which direct sunrays inside. 
The inner bottom of the box is made of a thermal conductor painted black in order to capture and 
maximize the absorption of the sun irradiation. It usually accommodates multiple pots. Each component 
of the box cooker has a significant influence on the energy performances; therefore, the choice of the 
materials and the optimization of tilt angles are vital for obtaining maximum efficiency. 
 

    
 
Research shows that solar box cookers can reach temperatures higher than 100°C on the inner black plate 
and boil water, but this depends heavily on the insulating material and the reflectivity of the mirrors. If 
built with corrugated papers and reflective foils (e.g. aluminium foils) they hardly bring the water to a boil, 
taking too many hours. These simple models are slow to heat up because they do not concentrate the rays 
on the pot but, on the other hand, they work satisfactorily where there is diffuse radiation, convection 
heat loss caused by wind, intermittent cloud cover and low ambient temperatures, thanks to their good 
insulation. Finally, unlike the panel cooker that only works when food is put inside, the temperature 
reached inside the box cooker is uniform and it can be used as for heat storage thanks to the black plate 
and the insulation. 

Utilization requirements 

The first necessary condition for using the cooker is the presence of sunshine for two-three hours at least; 
in the same way as for the panel cooker, the wind can be a problem because it increases thermal losses 
but this effect has less impact on the stove’s energy performance if it is well insulated. 
In order to maximize its efficiency, it is best to use a black pot or one painted with a non-toxic paint. On 
the other hand, the internal plate must be black because it works as an absorber plate. 

Local construction materials and indications 

Solar cookers can easily be built in the refugee camps, but it is important to remember that their 
performance could be lower than that of panel cookers. The materials are: 
 Two large, shallow corrugated cardboard (carton board) boxes: 

An INNER BOX just a little bit taller than the pots. 
An OUTER BOX a little larger in all dimensions in order to create a 3-5 centimetre space between 
the two boxes on all sides when inserted.  

 Corrugated cardboard (carton board) longer and wider than the outer box to make the lid 
 Window glass (or Plexiglas) longer and wider than the inner box 
 Thin, black metal sheet, sized equal to or slightly smaller than the inner box 
 Reflective foil 
 Dry plant fibres or sheets of newspaper 
 Glue (nontoxic, water-based) 
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 Silicone caulk 
 Rigid wire (e.g. iron thread) 
 

 
 
The main passages are reported below: 

1. From the outer box, cut the window opening on the bottom using the inner box as a stencil for 
drawing the dimensions. 

 
2. Still using the inner box as a stencil, on the lid piece, draw the square and make fold lines and cut 

the window opening/reflector flap. 
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3. If needed, adjust the heights of the outer and inner boxes. 
4. Once the walls of the inner box are at the right height, cut off above the folded crease at about 

5-7 centimetres in order to make flaps as narrow as the small rim around the window that has 
been opened in step 1 on the outer box. Then glue the boxes together as follows: 

 
5. Insulate the two boxes by re-covering the inner box with aluminium (or reflective) foil to 

decrease the radiation losses and fill the inner space between the boxes with the pieces of 
newspaper (or other insulating materials). Finally close and glue the flaps of the outer box to seal 
the bottom of the cooker. 
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6. Attach the reflective foils inside the box and the lid. 
7. Cut, fold and glue the corners of the new lid and insert the window. 
8. Make an adjustable prop to support the lid on the box and finally insert the black metal plate. 

  
 

Operation and maintenance 

A way to help users understand if the sun is high enough in the sky consists in checking people’s shadows: 
if the length of their shadows on the ground is shorter than their height, it is a suitable time for cooking. 
The time suitable for cooking with the box cooker is shorter (around the midday) than with the panel 
cooker because the box may shade the cook pot when the sun is lower in the sky. The cooker requires 
azimuthal tracking (positioning the stove to face the sun) less frequently than the panel cooker (30 – 45 
minutes) because it does not concentrate the rays. On the other hand, the reflector must be correctly 
tilted and it may take a while of trial and error to find the right angle.  
Because it requires much more time to boil the water (if it actually does boil), food must be cooked by 
putting it directly in cold water. It is impossible to cook food that is traditionally put in the water once it is 
brought to a boil. Be careful with the amount of water, because the box stove generally has lower 
performance than the panel stove and it is suitable for cooking food with very little water. 
The cooker is best stored in a safe place away from moisture and animals and periodically cleaned with a 
dry cloth, because corrugated papers are perishable with a short lifetime if not cared for. The reflective 
surface must be cleaned with a dry cloth after each use in order to keep the reflectivity of the foils high.   
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The stove can be used as a chafing dish: it could be sunned in the morning to heat the internal box and 
people who only need to warm their food could put their pots inside the cookers to heat it. 

Morphological features and size 

This type of stove allows users to cook with multiple pots with a volume of about 2.5 litres. Different 
models are available and they can be found on the Solar Cookers International Network 
(http://solarcooking.org/plans/). They can be made with wood and metal boxes, even using real mirrors 
instead of reflective foils. 

Warning notes 

If the water is contaminated, it is important to make sure that the inside of the pot is kept to a temperature 
of 70°C for 30 minutes at least and above 85°C for a few minutes. 
If black plates/sheets are not available, the black paint must not be toxic.  

Technical and economic features 

If built with local materials, this stove costs very little: 0 – 20$. If bought, it can cost up to 100$ 

Application sample 

The procedure for building a box cooker is described in detail in the instructions of “SOLAR COOKERS, how 
to make, use and enjoy by Solar Cookers International” (http://solarcooking.org/plans/plans.pdf; 
http://solarcooking.wikia.com/wiki/File:CooKit_plans_detailed.pdf). 
 CEDESOL Foundation provided rural families in Bolivia with solar box cookers. After five years, 92.7% 

of solar cooking participants continued to use their solar cookers, and beneficiaries reported that they 
had changed their lifestyles to adapt to the auxiliary cooking device. It was discovered that families’ 
fuel expenses had been reduced by up to 40% (http://cedesol.org/). 

 The team of the Swiss ADES Foundation started a solar cooking programme in Madagascar in 2001. By 
2012, they had taught the people of Madagascar to build and use more than 50,000 solar cookers, 
reducing local wood consumption by 65%.  

 

http://solarcooking.org/plans/
http://solarcooking.org/plans/plans.pdf
http://solarcooking.wikia.com/wiki/File:CooKit_plans_detailed.pdf
http://cedesol.org/
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Parabolic cooker 

Technology description 

A parabolic cooker consists simply of a parabolic reflector in which the pot is located at the focus point 
thanks to a stand system to support it. It is the most efficient solar cooker out of the three models 
described so far thanks to its capacity to concentrate the sunrays in one point. This solar cooker can 
generate over 2000 Watts of power, boiling 5 litres of water in an average of 70 minutes. 

 

Utilization requirements 

The first necessary condition for using the cooker is sunshine for two hours at least; in the same way as for 
the panel cooker, wind is a problem because it increases thermal losses. 
The pot must be black or painted with a non-toxic paint.  

Local construction materials and indications 

Solar cookers are difficult to build because they require expensive materials such as mirrors and heavy 
retaining structures made of iron or wood.   
A parabolic cooker can be built starting from an old recycled satellite dish and covered with little square 
mirrors glued to the surface. A metal support holds the pot at the focal point. The pot can be put inside a 
transparent box (made of glass or two re-used windows from clothes washing machines) in order to 
generate the greenhouse effect and decrease thermal losses. During the sunny hours, the parabola has to 
be directed towards the sun; the sunrays hit the parabola and then are reflected onto the bottom of the 
pot. 
A wooden frame on rollers supports the parabola so that the reflector can follow the position of the sun. 
The solar cooker needs to be re-positioned to face the sun about every 5-10 minutes.  

Operation and maintenance 

The cooker requires more or less frequent (5 – 10 minutes) azimuthal and zenithal tracking (positioning 
the stove to face the sun) in order to keep the focal point on the bottom of the pot. In fact, if the focal 
point is not there, the pot does not receive any power and the food does not cook, but the main reason is 
because the sunrays can be reflected dangerously on people and damage their eyes. 
It is possible to cook food that is traditionally put in the water once it is brought to a boil because the time 
required to boil 1 litre of water can be less than 20 minutes.  
The cooker is best cleaned with a dry cloth after each use in order to keep the reflectivity of the mirrors 
high.   

Morphological features and size 

This type of stove allows users to cook with multiple pots with a volume of about 2.5 litres. Different 
models are available and they can be found on the Solar Cookers International Network 
(http://solarcooking.org/plans/). For example, they can be made with old umbrellas and covered with 
reflective foils. 

http://solarcooking.org/plans/
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Warning notes 

Due to the high risk of being blinded, it is recommended not to use this stove in a crowded place or let it 
be handled by children. Moreover, the risk of burning food is also high if the cooking is not monitored.  
In order to prevent accidents and blazes caused by incorrect tracking, avoid putting any flammable objects 
around the stoves.  
If black pots are not available, the black paint must not be toxic.   

Technical and economic features 

If locally built, the stove can cost 30 – 60$. If bought, it can cost up to 100 – 300$ 

Application sample 

The Vajra Foundation Holland has worked in the Bhutanese refugee camps in Nepal since 1995 to bring 
solar cooking and heat-retention cooking to the refugees there. By 2013, 85,000 refugees were cooking 
their meals using these methods.  
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Comparative tables 

 Strengths Weaknesses Opportunities Threats 

SO
LA

R
 P

A
N

EL
 C

O
O

K
ER

 

 CO, PM, SO2, fly 
ash, smoke savings  

 CO2 reduction 
 Firewood 

reduction 
 Wood cost savings  
 Easily and cheaply 

self-built 
 Portable 
 

 It takes longer 
 No food can be 

cooked starting 
from boiling water 

 Only lunch 
 Use is dependent 

on the weather  
 Conflict with 

traditional three 
stone fire 

 Food outside the 
home  

 Manufacturers 
unknown and fear 
of change 

 Requires black pots 
 Major changes 

required in cooking 
practices 

 Sunny locations 
during most of the 
year 

 Windy and rainy 
location 

SO
LA

R
 B

O
X

 C
O

O
K

ER
 

 CO, PM, SO2, fly 
ash, smoke savings  

 CO2 reduction 
 Firewood 

reduction 
 Wood cost savings  
 It can be self-built 
 Portable 
 Useful for heating 

already cooked 
food 

 Multiple pots 

 It takes longer 
 No food can be 

cooked starting 
from boiling water 

 Only lunch 
 Use is dependent 

on the weather  
 Conflict with 

traditional three 
stone fire 

 Food outside the 
home  

 Manufacturers 
unknown and fear 
of change 

 Major changes 
required in cooking 
practices 

 Sunny locations 
during most of the 
year 

 Suitable where 
food is cooked 
once a week for 
everyone (or a 
different period of 
time) and then only 
needs to be 
heated. 

 Windy and rainy 
location 
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 Strengths Weaknesses Opportunities Threats 
SO

LA
R

 P
A

R
A

B
O

LI
C

 C
O

O
K

ER
  CO, PM, SO2, fly 

ash, smoke savings  
 CO2 reduction 
 Firewood 

reduction 
 Wood cost savings  
 Multiple pots (max 

two) 
 The stove can also 

be used for grilling 
 Really quick for 

the cook 
 It easily brings 

water to a boil 
 Durable 

 Not portable 
 Quite difficult to 

build 
 Can damage eyes 
 Can burn food 
 Only lunch 
 Use is dependent 

on the weather  
 Conflict with 

traditional three 
stone fire 

 Food outside the 
home  

 Manufacturers 
unknown and fear 
of change 

 Major changes 
required in cooking 
practices 

 Sunny locations 
during most of the 
year 

 Windy and rainy 
location 

H
A

Y
B

A
SK

ET
 

 Reduces the need 
for fuel wood by 
up to 40% 

 Reduces emissions  
 Lightweight and 

portable  
 Very simple to use 

and make 
 Production could 

become a 
livelihood activity 
for women 

 Only slow-cooked 
foods (legumes, 
grain, rice) 

 Requires more 
cooking time 

 No access to clean 
and affordable 
fuels 

 Scepticism 
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6.3 Fuel Production 

Biogas Production 

Technology description  
Biogas technology, also known as Anaerobic Digestion (AD) is the conversion of organic waste, in the 
absence of air (oxygen), into a mixture of gases called biogas.  The process usually takes place in an airtight 
tank called a digester. Biogas is composed of the following gases, methane (CH4): 60-75%vol; carbon 
dioxide (CO2): 25-40%vol and other gases (1-5%vol) which include Hydrogen (H2): 0-1%vol; Hydrogen 
Sulphide (H2S): 1-3%vol, and traces of nitrogen and oxygen. 
 
The AD process takes place in four different stages namely, hydrolysis, Acidogenesis, Acetogenesis and 
Methanogenesis. A consortium of microorganisms is responsible for this process at every stage. These 
microorganisms are Acidogenic, Acetogenic and Methanogenic bacteria. 
 
Several factors affect the biogas process. These include; (i) type of organic material, (ii) solid content of 
the organic material (iii) carbon/nitrogen ratio in the organic material (iv) temperatures (v) the retention 
time of substrate (vi)  acidity (pH)  (vi) alkalinity (vii) volatile fatty acids (vii) inhibitory factors like heavy 
metals, antibiotics  (Bacitracin, Flavomycin, Lasalocid, Monensin, Spiramycin), etc. 
 
The principle of the AD process is the same, however, and, depending on the local environmental context, 
several methods could be used. These methods can be categorised based on critical operating parameters 
which include: 

 Feed mode: There are two main modes of feeding a biogas digester, namely batch and continuous 
feeding. In a batch fed system, organic material is fed into the digester and allowed to completely 
digest over a period of time. The digested material is removed and fresh material is again fed into 
the system. In the continuous feed system, fresh material is continuously fed into the digester and 
at the same time an equal amount of digested material is removed from the digester. 

 Operating temperatures: Different groups of bacteria are responsible for the AD process and 
function under different temperature regimes. Three regimes have been identified. These include, 
Psychrophilic (0-20°C), mesophilic (20-45°C), or thermophilic (40-60°C).  

 Solid content: Different approaches may be used in the AD process depending on the amount of 
solids in the raw material to be fed into the digester. Two approaches are in use, namely Wet 
Anaerobic Digestion (WAD) and Dry Anaerobic Digestion (DAD).  In a WAD the solid content in the 
raw material fed into the digester is less than 10% (usually less than 5%). In a DAD the solid content 
of the raw material fed into the digester ranges from 15 -45%. DAD has several advantages over 
WAD, which include: a high biogas production, a higher organic loading rate, a lower investment 
cost and a wide range of feedstock materials that can be used. However, DAD often encounters 
inhibition problems, long retention times and the accumulation of volatile fatty acids. Its 
application is limited, especially on the small scale for usage in developing countries because of a 
lack of appropriate digester configuration. 

 Digester design: Depending on the interaction between the fresh raw material fed into the 
digester and the digested material already in the digester, three types of digester designs are used, 
namely Cross/Plug flow, Complete-mix and Leaching Bed designs. In the Cross/ Plug flow designs 
the feedstock flows from the inlet to the outlet of the digester without any contact between the 
fresh and digested feedstock. This design can operate with a higher solid content than complete-
mix designs and hence its biogas production is higher. In the Complete-mix design the fresh and 
consumed feedstock mix before exiting the digester. One disadvantage of this type of design is 
that some of the raw feedstock exits the digester before it is digested hence leading to lower 
productivity of the system, also the high water content requirements for the feedstock leads to 
larger digester volumes/sizes and hence higher costs of installation and operation. In the Leaching 
Bed Design, the digested material is usually taken out of the digester before the fresh material is 
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fed into the digester, therefore there is no interaction between the fresh feedstock and the 
digested material. The advantage of the Leaching Bed design is that it is operated on a very high 
solid content (15 -45%) of feedstock so the volume of the digester is usually smaller compared to 
the wet design, the biogas production is high, and it requires less water. However, it is usually 
operated in the thermophilic temperature range hence a lot of heat is required. In addition, since 
it is operated in a batch feeding mode, biogas production is often interrupted when feeding is to 
be done and there are long waiting times for the process to start up again. 

Utilization requirements 
A complete biogas system comprises the following components: the inlet tank, the digester chamber, the 
outlet tank, the pipeline system and appliances. 
The feedstock is the most important input for the system. 
The biogas produced may be used directly without purification, i.e. removal of CO2 and the other gases, 
especially hydrogen sulphide, or it may be purified before usage. In most heat and lighting applications the 
biogas can be used directly without purification. In electricity generation applications purification is 
required since hydrogen sulphide is very corrosive. To allow for proper functioning of the appliances, the 
gas may need to be pressurized since it is usually under low pressure.  
The digested material is a good soil conditioner. It may be composted or dried before use in agricultural 
applications. 
Operation and maintenance 
Operating a biogas systems generally requires some preparation of the raw material to feed into the 
digester. In most of the systems, the raw material is mixed with water and introduced into the digester. 
The water: raw material mixing ratio depends on the type of raw material, for example, the ratio is 1:1 
when the raw material is cow dung. The digested material is collected and composted for agricultural 
applications. 
Maintenance of the biogas systems is mainly required on the pipeline and appliances. The joints and valves 
fixtures should be regularly checked for leakages. The pipeline should be regularly freed of any water from 
condensed vapour, by opening the breathing pipe where applicable. 
Morphological features and size 
 The domestic and sometimes community scale biogas systems usually comprise the following 
components: 

 Inlet tank: for the preparation of the raw material before feeding into the digester. 

 Digester tank: Where the organic material is held for the process to take place. 

 Outlet tank: to hold the digested material for subsequent composting. 

 Pipeline: to convey the biogas to the consumption point. 

 Appliances: to convert the biogas to more usable forms of energy e.g. heat, light or electricity. 
The configuration of these components will vary depending on the type of AD process and the type of 
digester design. 
The capacity and size of the biogas systems varies depending on the level of application. 

 Domestic/household biogas systems have a size range from 2m3 -15m3  with a biogas production 
of 1m3/day – 6m3/day. 

 Community biogas systems (usually for schools, hospitals and camps) have a size range from 20m3 
-100m3 with a biogas production of more than 10m3/day. 

 Industrial biogas systems have sizes in the order of 1000m3 . 
The most common types of biogas systems disseminated in developing countries are either complete-mix 
wet digestion systems or plug flow wet digestion systems. The digester designs include a variety of Fixed-
Domes (Chinese, Indian, Nepali, Vietnamese, CARMATEC-Tanzania, and SINIDU-Ethiopia), Floating Drum 
and the Plastic Digester.  
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Plastic-tubular digester 

 
Floating Drum 
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CAMARTEC Fixed Dome 

 

 
Chinese Fixed Dome 

 

Warning notes 
Biogas systems for domestic and even community applications are often sized with a storage autonomy of 
one day. If the gas is not used for more than one day it is advisable to release some of the gas from the 
storage to avoid damage to the storage device. When biogas is mixed with air at a ratio of 1:20, a highly 
explosive gas forms. Leaking gas pipes in enclosed spaces therefore constitute a hazard. 
 
Technical and economic features 
According to the size, type and geographical location, the investment cost of a biogas system varies 
considerably. The plastic digesters are the simplest to install and require fewer skills and materials for 
construction, and so are the cheapest amongst the domestic digester designs. The fixed domes and floating 
drum require varying degrees of higher skills and involve elaborate construction techniques. Their cost 
also varies, and the Indian (Deenbandhu) design is the cheapest amongst them. The geographical location 
of the digesters also impacts their cost, with the same design type costing more in Africa than in Asia 
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Application sample 
Over 44 million small scale digesters have been distributed in the developing countries through very 
successful programs. Examples include the Indian National Biogas and Manure management programmes, 
National Biogas Programmes of Nepal, Vietnam, Cambodia and many African countries e.g. Ethiopia, 
Cameroon, Rwanda, Tanzania, supported by the Netherlands Development Agency – SNV 
(www.snvworld.org) and the African Biogas Programme- ABP (www.abp.org). In an exciting new project, 
the Norwegian Refugee Council Country Programme has introduced biogas as an alternative fuel in 
Bambasi Refugee Camp in Ethiopia (http://www.nrc.no/?did=9186732). 
 
Instructions on how to build it: http://www.build-a-biogas-plant.com/biogas-plant-construction/.  
The Appropriate Rural Technology Institute (ARTI) has proposed a particular type of digester made of a 

drum and a bag (How to build a 55-gallon drum biogas digester, 

http://www.completebiogas.com/B_55Gal.html).  

Also SimGas has proposed a particular modular rural biogas system for households named GesiShamba 

(available at http://www.simgas.com/products/gesi-shamba/item33). 

 

http://www.snvworld.org/
http://www.abp.org/
http://www.nrc.no/?did=9186732
http://www.build-a-biogas-plant.com/biogas-plant-construction/
http://www.completebiogas.com/B_55Gal.html
http://www.simgas.com/products/gesi-shamba/item33
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Improved Charcoal Production Systems 

Technology description 

With the aim of taking advantage of the production of charcoal, here is an explanation of one of the 
methods for producing it in an efficient way. Traditional kilns are built simply with wood tightly stacked on 
the ground with a layer of green material, for example grass, placed over the stack and finally it is fully 
covered with a thick enough layer of soil to prevent air from entering into the wood. An opening is left for 
firing. Usually, the carbonization process is not well controlled and the result is a low grade charcoal, 
contaminated with soil crumbs and sometimes as low as a 15% recovery of fuels (this means that 1 kg of 
dry wood yields 0.15 kg of dry charcoal). 
 

 
 

Improved systems could be easily built by increasing the insulation, adding a metal sheet to reduce 
contamination of the charcoal with soil and a chimney to better control the carbonization process. 
Therefore, the drum kiln is proposed, which allows a 25-30% recovery of fuels. 
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Utilization requirements 

In order to prevent accidents and blazes it is fundamental to avoid placing any flammable objects around 
the kiln.  
Charcoal must be produced outdoors.  
Drying the wood used to produce charcoal increases the efficiency of the process. 

Local construction materials and indications 

This kiln can be constructed by modifying an ordinary oil drum with an adjustable lid specially fitted with 
a firing door made with metal or bricks and stone; it works as an opening for the firing wood. 

Wood is neatly stacked over a metal grill placed inside the drum to facilitate the air movement. The air 
flow is controlled through a chimney that is attached to the side of the drum. In order to increase the 
thermal insulating, the final drum kiln can be covered with soil during the process of making charcoal. 
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Operation and maintenance 

The process takes 6-12 hours. 
This system requires a shelter from rain because the external metal wall can corrode quickly if not properly 
cared for. 

Morphological features and size 

A drum kiln is one of the possible improved ways for producing charcoal. This is suggested for the 
domestic production of charcoal. Producing charcoal for a community requires a large, well-ventilated 
kiln insulated with bricks. In the application sample is a report with different ways to produce charcoal. 
Warning notes 

During the charcoaling process, if the walls of the metal drum are not properly covered in soil, they become 
hot and dangerous. 

Technical and economic features 

Using scrap materials, the main costs are related to the labour and chimney, if bought. 
It allows a 25-30% recovery of fuels.  

Application sample 

Different ways to produce charcoal can be found in “AVAILABLE CHARCOAL PRODUCTION TECHNOLOGIES 
IN KENYA by UNDP and Kenya Forest Service”. 
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Fuel Briquettes 

Technology description 

Briquettes are an institutional and household fuel, made by compacting biomass waste into a mould. 
They can be made in different shapes and sizes; their common feature is a high surface area (compared 
to their weight) to make combustion uniform (e.g. with holes in the middle). The most common are 
reported below: 
 
a) Charcoal briquettes 

These briquettes are produced starting from a feedstock that 
was first exposed to the process of charring or carbonization 
described before. The result is a smokeless fuel with high energy 
content (double that of fuelwood). The most common practice 
is to make these briquettes from charcoal dust that has already 
been exposed to carbonization. 
 

b) Non-carbonized briquettes 
They are made of other combustible materials including saw 
dust, bagasse, coffee husks, maize cobs, wheat/beans/barley 
straw that are compressed through simple compaction 
(densified briquettes) or with machines that reach higher 
pressures (charred briquettes) that break down the structure of 
the material. Their energy content is similar to fuelwood (16 
MJ/kg). The problem concerning densified briquettes is that it is 
difficult to light and it is unacceptably smoky and costs much 
more than fuelwood if bought. As a consequence, it is used only 
in case of shortage of wood.  

  

Utilization requirements 

A manual press is suggested. 

Local construction materials and indications 

Briquettes can be made by hand by mixing feedstock with water and a binder, which is commonly clay, 
which can lower the rate of burning, so that less heat is produced but for a longer period. Finally, the 
mixture is moulded into balls and left to dry. The problem is that these briquettes are very smoky and 
they are suited to applications where smoke is not an issue. 
 
The best way to produce briquettes is using a machine, which can be quite simply a manual press, which 
is not very expensive (about 70$).  
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Briquettes can be made following these steps: 
i. Sort and sieve the feedstock by removing all unwanted materials or large biomass waste. 

ii. Chop the biomass materials into small pieces in order to enhance their workability and 
compactness and mix them. This step depends on the type of feedstock. 

iii. Add an appropriate binder in addition to biomass mixing; the most common is clay or starch. 
iv. Add water to the mixture. 
v. Compact the feedstock and dry for up to a week. 

Operation and maintenance 

Briquettes can be used in all the traditional stoves except gasifiers, which require wood.  
Briquettes have to be stored in a dry place because moisture can be a problem. 

Morphological features and size 

Briquettes can be made with different types of biomass waste, from saw dust to maize cobs and charcoal 
dust. Mixing a range of different feedstock can be useful to  optimize the burning characteristics of the 
final fuel (e.g. biomass with high ash content could be mixed with a biomass material of low ash content; 
biomass with low energy content can be mixed with biomass of high energy content). 
 

Feedstock Amount of Ash 

Corn cobs Low 

Sawdust Low 

Bagasse Low 

Ground Nut Shell Medium 

Rice husk Very High 
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Examples of biomass waste: 
 

Field residues, such as: 

 banana leaves 

 reed and sedge, weeds 

 sorghum straw 

 cotton residues 

 maize, wheat, rice, 
millet 

 forestry residues like 
dead trees, leaves and 
branches 

 

Process residues, such as: 

 coffee and rice husks 

 shells 

 coconut and groundnut 

 tree barks, saw dust and 
charcoal dust 

 shavings 

 sugar-cane bagasse 

 coir dust 
 

Domestic and industrial organic 
waste, such as: 

 furniture waste 

 waste paper and 
cardboard 

 

Warning notes 

Briquettes compressed by hand are smoky and not as suitable for cooking. 

Technical and economic features 

Non-carbonized briquettes have an energy content similar to wood (16MJ/kg) while charcoal ones have 
an energy content, which exceeds 30 MJ/kg. 
As regards the economic features, the major cost is the press (70$ if manual) because the feedstock 
content comes from waste biomass. Major costs have to be added in the case of the transport of materials 
and packaging. 

Application sample 

Refugees from Myanmar located in camps in Bangladesh during the 1990s experienced using briquettes 
from rice husks thanks to a UNHCR programme that purchased large quantities of charred rice husk 
briquettes from the local mills and distributed them to the refugees. It was not the most appropriate 
solution because a significant number of the briquettes were resold by the refugees to local merchants at 
a very low price and because of their continued involvement in commercial lumbering. 
In Thailand, the briquette supply started in 1995. Some 17% of the briquettes were produced from sawdust 
and carbonized in kilns by a number of private companies in western Thailand under contract with the 
Burmese Border Consortium (BBC), a network of refugee support agencies. The charcoaled briquettes had 
a high-energy content (29MJ/kg) and little ash (6%). 
The remaining 83% of the briquettes were derived from raw material, which was already carbonized 
before being briquetted (e.g. types of charcoaled waste from industrial operations in central Thailand, 
predominantly derived from bamboo from village industries). There was widespread use of both types of 
briquette among the refugees, who adapted their traditional stoves to use them. The ration averaged 6-
7kg/person/month, which met up to half of total demand. 
 
Details and technical information concerning briquette production are available in “Small Scale Briquetting 
and Carbonisation of Organic Residues for Fuel by Dr.-Ing. Heino Vest (2003)” (available at 
http://www.gate-international.org/documents/techbriefs/webdocs/pdfs/e019e_2003.pdf).  

 

http://www.gate-international.org/documents/techbriefs/webdocs/pdfs/e019e_2003.pdf


 

133 
 

Comparative tables 

 Strengths Weaknesses Opportunities Threats 

B
IO

G
A

S 

 Versatile 
technology for a 
renewable source 
of fuel and 
organic  fertilizer 
production 

 Relatively simple 
to  install, operate 
and maintain 

 Modular design 

 Higher efficiency 
fuel compare to 
charcoal, 
firewood and 
even kerosene 

 Reduced risk of 
spread of 
pathogens 

 Sanitation 
improvements 

 Relatively high  
investment cost  

 Environmental 
temperature 
dependent 

 

 Increasing cost of 
conventional fuels 
(petroleum based 
fuels) 

 Climate change 
mitigation 
strategies 

 High cost of 
organic fertilisers 

 Need for 
sustainable 
management of 
human and animal 
waste 

 Cultural barriers 
linked to animal 
and human waste 

C
H

A
R

C
O

A
L 

 Charcoal burns 

more efficiently 

 Higher energy 

content than 

wood 

 Easily produced 

with local scrap 

material 

 If not properly 

produced, the 

energy balance on 

the total supply 

chain of charcoal  

often causes a 

greater 

consumption of 

wood 

 Shortage of wood  
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 Strengths Weaknesses Opportunities Threats 
B

R
IQ

U
ET

TE
S 

 Uniformity 

 They are tailored 

to the particular 

usage: i.e. long 

burning time, 

stove types 

(institutional or 

household) 

 Lower overall fuel 

costs for users  

 Longer burn time 

 It requires low 

technical skills 

 Production and 

sale could be a 

source of income 

 Agricultural and 

forestry waste 

recycling 

 Funding is needed 

 Cost of investment 

(manual press) 

 Shortage of wood  
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6.4 Technologies for food preservation 

Mechanical/Vapour Compression Refrigeration / Freezing  

Technology description 

The mechanical compression or vapour compression cycle is widely used in refrigeration systems, including 
refrigerators and freezers. In this cycle, a circulating refrigerant enters a compressor as low-pressure 
vapour at or slightly above the temperature of the refrigerator interior; the vapour is compressed 
mechanically by the compressor, and becomes a high-pressure superheated vapour. The superheated 
vapour travels under pressure through the condenser, which is made of coils or tubes that, by exposure to 
ambient air or water, cool the vapour thus liquefying it and transferring the heat to the external 
environment. As the liquid refrigerant leaves the condenser it is forced through an expansion valve, which 
lowers its pressure and makes it vaporize, drawing heat from the thermally insulated volume through the 
internal evaporator.  
The mechanical work required to run the cycle is typically provided by an electrical compressor, but in 
some cases there could be a direct coupling of the compressor with an engine or another source of 
mechanical work (direct-coupled systems).  

 

The main components of a vapour compression system are: 

 a hermetic thermal insulated case, with a variable insulation level depending on environmental 
and boundary conditions; the thickness of the insulation, which can be made with polystyrene or 
other insulating materials, varies usually from 3-4 cm in grid-connected home refrigerators to 10-
15 cm in standalone solar refrigerators/freezers. The envelope has to be waterproof, especially 
inside, because condensation water or ice will be present on cold internal surfaces; a drainage 
system has to be present in order to channel the condensation water outside the case. In some 
conditions such water can be evaporated using the heat produced by the external condenser or 
the compressor; 

 a refrigerant fluid, which is necessary to operate the vapour compression cycle; the most 
commonly used refrigerant gases are R134a and R22, but also new refrigerants with low or zero 
GWP, like HFO-1234yf or iso-butane (R600a), are starting to be successfully used in commercial 
products;   
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 a compressor, which pushes the refrigerant fluid in the cycle; the most promising types are 
currently scroll compressors, because of their efficiency and reliability, but these are typically used 
in large systems; in some cases screw compressors can also be used, while in many commercial 
products reciprocating compressors are applied. Small-size compressors usually integrate an 
electric motor, which can be directly powered in AC (grid-connected) or also in DC (with variable 
voltage and current). In general, compressors need an external source of energy (electricity or 
mechanical work);  

 
 an evaporator (internal to the insulated case), which exchanges heat with the internal volume, and 

a condenser, which exchanges heat with the external environment (air is typically used but water 
can also be considered); to increase the convection thermal exchange and to produce more 
compact systems, in many cases air-cooled condensers can be equipped with a fan for forced 
ventilation; 

 a control system, whose main function is to maintain the desired temperature level inside the 
insulated case; the simplest solution is a thermostat which regulates the operating mode of the 
compressor (on-off or varying the speed). This way, the compressor work is not continuous but is 
needed just 8-12 hours/day, depending on specific operating conditions;  

Moreover, off-grid systems have to be designed to face a discontinuous power supply, they therefore, in 
many cases, integrate a thermal storage (ice or phase-change materials) in order to maintain an internal 
set point temperature even when the compressor is not working, or a battery, in order to ensure the 
proper functioning of the compressor with no power supply. Among off-grid systems, vapour compression 
solar refrigerators/freezers are those directly powered by a photovoltaic panel; in this case the power 
supply can be in DC from PV panels to the compressor, increasing the efficiency of the system. The sizing 
of the PV generator has to be carefully carried out considering operational and environmental conditions.   
The average COP (Coefficient of Performance) of vapour compression refrigerators/freezers varies 
typically from 1.5 to 3.5, depending on size, load conditions and working temperatures.   

Utilization requirements 

All vapour compression systems have to be placed in a space where the heat produced by the condenser 
and the compressor can always be dissipated to the external environment; moreover, good ventilation of 
the heat exchanger (condenser) must be ensured during operating time. In the presence of high levels of 
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relative humidity, a drainage and disposal system for condensation has to be considered. In addition, the 
installation site has to be selected bearing in mind that all compressors are noisy (the noise level depends 
on technological components and on the level of the acoustic insulation). 
In general, grid-connected AC solutions without storage require a continuous and stable electricity supply 
while off-grid systems with electrical or thermal storage can support a discontinuous power supply (e.g. 
PV) but a detailed assessment of the boundary conditions has to be carried out in order to ensure their 
applicability in a specific context.  

Local construction materials and indications 

Generally, commercial vapour compressor refrigerators/freezers are produced by companies as ready-to-
use components. However, in order to use local labour and materials, it is possible to assemble the 
mechanical/electrical part of the systems and the insulated case on site. 
Usually no or few mechanical/electrical parts can be constructed using readily available local resources, 
while, in some particular cases, the insulated case of the system can be built with local raw materials, such 
as thermal insulating materials. 

Operation and maintenance 

Vapour compression refrigerators/freezers with electrical compressors are extremely reliable because the 
moving parts and fluids are sealed with limited possibility of leakage or contamination. In comparison, 
mechanically-driven refrigeration compressors can present leakage of fluid and lubricant through the shaft 
seals.  
In general a few recommendations of correct O&M can be listed: 

 keep the external heat exchanger clean and free from obstructions;  

 periodically check the correct functioning of the moisture drainage system;  

 check the proper functioning of the envelope’s latch mechanism;  

 if the compressor continuously operates without stops, check the charge status of the refrigerant;  

 keep the freezer free of ice accumulation and keep the food storing volume clean. 

Morphological features and size 

Refrigerators and freezers are typically all-in-one products integrating in a cubic or parallelepiped volume 
both the insulated case for food conservation and the generation/control systems. Larger systems usually 
need remote compressors and condensers. All-in-one systems have a natural or forced ventilation 
condenser, typically placed on the back of the envelope, which has to properly exchange heat with the 
environment. The case opening can be vertical (on the front side) or horizontal (on the top). 
The capacity and size of vapour compression refrigerators and freezer differ greatly. Typically, portable 
systems have a refrigerated volume starting from 30-40 litres and larger refrigerators for centralized use 
can store several cubic metres of food.  

Warning notes 

Some application warnings have to be taken in account: 

 avoid placing the refrigerator/freezer in an overly hot place (tamb>45°C) or close to heat sources; 

 avoid placing the refrigerator/freezer anywhere with direct exposure to solar radiation or rain;  

 avoid opening the door frequently and introducing hot substances; 

 avoid frequent power disconnections and grid voltage fluctuations if the system is not designed 
for discontinuous operation. 

Technical and economic features 

The electrical power needed varies typically between 30-40 W for small portable systems to several kW 
for larger centralized systems. The installation cost of commercial products is between a minimum of 
approximately 0.5 €/litre for large-sized cold rooms to over 10 €/litre for low consumption DC solar 
systems. 
The average lifespan of vapour compression systems is about 15 years but in optimal working conditions 
it can reach over 30 years.  
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Application sample 

There are several examples of vapour compression 
refrigerators and freezers for off-grid application; in particular, 
the SolarChill project can be mentioned: promoted by the 
Danish Technological Institute, this allowed the production of 
an affordable PV-powered vapour compression refrigerator for 
off-grid applications without batteries (www.solarchill.org). 
 
 
 
 
 
 

 

  

http://www.solarchill.org/
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Sorption Heat Driven 

Technology description 

Sorption refrigeration technologies are thermally driven systems, in which the conventional mechanical 
compressor of the common vapour compressor cycle is replaced by a "thermal compressor" and a sorbent. 
There are currently two main cold production processes based on sorption: the absorption and adsorption 
techniques. These systems are being developed for coupling with thermal heat sources, such as waste heat 
in cogeneration systems as well as renewable energy sources such as solar, geothermal and biomass. A 
recent area of study is small size applications such as ice making and food storage in less developed areas 
of the world. 
The main components of a sorption system are: 

 a sorbent, which acts as a "chemical compressor" driven by heat; sorbents are insoluble materials 
or mixtures of materials used to recover liquids through the mechanism of sorption. Absorbents 
pick up and retain liquid causing the material to swell (50% or more) and adsorbents are insoluble 
materials that are coated by a liquid on their surface. The commonly used working pairs in 
absorption cycles are aqueous solutions of lithium bromide water (LiBr/H2O) or ammonia water. 
The most industrial adsorbents are silica gel, zeolites, activate carbon and graphite. 

 a condenser, which rejects the desorption heat in the cycle; in general, when the vaporized 
sorbent flows to the condenser through a copper tube it gets cooled because of air applied on the 
condenser fins, thus the vaporized sorbent is converted into liquid materials, which go to the 
evaporator; 

 an evaporator (inside the insulated case), which exchanges heat with the condenser; the 
evaporator must have sufficient volume to collect the entire condensed sorbent. To increase 
convection thermal exchange and to produce more compact systems, in many cases air-cooled 
condensers can be equipped with a fan for forced ventilation; 

 a thermal insulated box; with a variable insulation level depending on environmental and 
boundary conditions; the thickness of the insulation, which can be made with polystyrene or other 
insulating materials, usually varies from 10-15 cm. The envelope has to be waterproof, especially 
inside, because condensation water or ice will be present on cold internal surfaces; a drainage 
system has to be present in order to channel the condensation water outside the case. In some 
conditions, such water can be evaporated using the heat produced by the external condenser or 
the compressor. 

An absorption machine uses a liquid-gas working pair, i.e. a working fluid that is a mixture of a refrigerant 
and an absorbent. An absorption cycle consists of four main components: 

 a desorber in which (solar) heat is 
supplied to the working fluid. This 
fluid increases in temperature and 
releases the refrigerant (vapour) 
which flows into the condenser, 
while the absorbent obtained 
circulates to the absorber. 

 a condenser  which receives the 
vapour and condenses it, sending out 
drops to the evaporator. 

 an evaporator in which the liquid 
resulting from the condensation 
drops is heated by the load and 
returns as vapour. 

 an absorber that absorbs the vapour 
produced in the evaporator and 
circulates the resulting mixture to 
the desorber. 
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Single-effect absorption systems have COPs of approximately 0.6-0.8 out of an ideal 1.0. Since the COPs 
are less than one, they are normally used in applications that recover waste heat such as waste steam 
from power plants or boilers. Double and triple-effect absorption systems (with high and low-temperature 
condensers and generators) have higher COPs (1.0-1.6).  
Absorption refrigeration has been most 
frequently adopted for solar refrigeration. For 
the same capacity, the physical dimensions of 
an absorption machine are smaller than those 
for adsorption machines due to the high heat 
transfer coefficient of the absorbent. 
An adsorption cycle is similar to that of 
absorption, but the sorbent is a solid. A 
continuous process requires simultaneously 
four components that operate alternatively. 
Due to the fact that there is no circulation of the 
solid adsorbent, various adsorption cycles are 
intermittent and operate with two 
components: 

 an adsorber that operates also as a 
desorber in charging mode; 

 a condenser that operates also as an evaporator in discharging mode. 
In comparison with mechanical vapour compression systems, adsorption systems have the benefits of 
saving energy if powered by waste heat or solar energy, simpler control, no vibration and lower operation 
costs. In comparison with liquid absorption systems, adsorption ones have the advantage of being able to 
be powered by a large range of heat source temperature (50-100 °C vs 75-120°C). 
Solar powered refrigerators have been designed using different adsorption pairs such as calcium chloride 
and ammonia, Zeolite and water or activated carbon and methanol. In this case, the refrigeration circuit 
consists of a solid adsorbent bed, a condenser, and an evaporator ice-box.  
The current technology of adsorption solar powered icemakers allows a daily ice production of between 4 
and 7 kg per m2 of solar collector with a solar COP of between 0.10 and 0.15.  

Utilization requirements 

The utilization requirements for a sorption machine are quite different depending on the process used. 
The common heat source for sorption units in developing countries is the sun, but also natural gas, GPL 
and kerosene flame can be used. In the first case, the machine will be placed in direct contact with the 
solar radiation and this could be a problem for the insulated box where the cold is produced.  In the second 
case, we can find the direct-fired absorption chillers, powered by natural gas or GPL, which are traditionally 
used in applications requiring high reliability and continuity of service in case of a power failure. The 
machines in which the heat source is a heat transfer fluid (water, thermal oil, hot fumes, steam), on the 
other hand, are called indirect-supply machines; these are the subject of renewed interest, because they 
can be fed with any type of heat source, including renewable energy or waste heat from a CHP. There are 
also hybrid systems that combine gas absorption systems with an electric vapour compression system. 
Then, other new technology for ice-makers uses water as the cooling agent instead of CFC (or any toxic 
gas) and ice instead of a lead battery to provide autonomy; it is more efficient as it transforms sun heat 
directly into cold, without any intermediary steps such as conversion of sun to electricity. 
All sorption machines, however, have to be placed in a space where the heat produced by the condenser 
can always be dissipated to the external environment; for this reason too, the machines are normally 
placed outside. 

Local construction materials and indications 

Generally, sorption heat driven coolers are produced by companies as ready-to-use components. 
However, in order to use local labour and materials, it is possible to assemble on site the 
mechanical/electrical part of the systems and the thermal insulated box. Usually no or few 
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mechanical/electrical parts can be constructed using readily available local resources, while in some 
particular cases the thermal insulated box of the system can be constructed with local raw materials.  
Whether or not it is possible to build a sorption machine on site therefore depends on the type of fridge 
and on its main components; for example, absorption machines are normally more complex than 
adsorption ones. A simple ice-maker, thus, can be built on site more easily. New solar ice-makers can 
provide new job opportunities because they are assembled, installed and maintained by the local working 
population, also in developing countries.  

Operation and maintenance 

Sorption Refrigerators are easy to produce because they have no or few moving parts (especially 
adsorption machines), thus no or very little maintenance is required. Since there is no moving part, no 
additional electricity supply is required and there is no operating cost.  
In general, a few recommendations of correct O&M can be listed: 

 keep the condenser clean and free from obstruction;  

 keep the outer surface of the solar panel clean; 

 keep the freezer free from any ice accumulation. 

Morphological features and size 

Sorption refrigerators provide small refrigeration power but are very bulky, which makes transportation 
difficult.  
Morphological features can be very different depending on the type of process, but the most common 
system used is made with solar panels (one or more) and the cold space, which is just a box for the ice or 
a larger space for storing the food. Normally they are placed in an outdoor area. 
Other machines can be "all-in-one" products, like the sorption chiller. 

Warning notes 

The use of kerosene or flammable fluids can result in serious consequences if not properly used; in this 
case, the machine must be located outside.  
The use of natural gas, however, requires a good ventilation system in case of leakage.  
Aqueous solutions of either lithium bromide water or ammonia water are characterized by corrosion, 
crystallization, high working pressure, and toxicity, which are their major disadvantages in industrial 
applications.  

Technical and economic features 

The primary energy benefit of gas cooling systems is a reduction in operating costs by avoiding peak 
electric demand charges and time-of-day rates. The use of gas absorption chillers eliminates the high 
incremental cost of electric cooling.  
An industrial machine (with a capacity of 1-5000 kW) can cost 200-600 €/kW. This is the main constraint 
on the widespread adoption of absorption chiller systems. The low COP of single-effect absorption systems 
has made them non-competitive except in situations with readily available free waste heat. Small power 
units (1-10 kW) can be a good solution, even in economic terms, when there are special conditions (e.g. in 
developing countries): these systems are normally used for health related applications (vaccines and drug 
storage) because they are still too expensive for an effective market introduction and large scale 
utilization.  
The cost of a commercial small unit can be around €200  for a capacity of 35 l (about 5-10 €/l). SOLAREF, 
an autonomous solar ice fridge, costs about 20-40 €/l.  
The average lifespan of sorption units is about 20 years (15 years in the case of an absorption machine and 
25 years for adsorption one). 
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Application sample 

The most widely used sorption process in developing 
countries is the solar powered sorption refrigeration 
technology; successful experiments have been carried out for 
solar ice makers and solar refrigerators in Africa. SOLAREF 
was awarded a special prize by the national federation of 
French inventors association (FNAFI) and a special prize for 
innovation by the European Business Network (EBN, BIC 
Thesame France) at the same event 
(http://www.ideassonline.org/pdf/br_46_01.pdf). This 
technology is produced by the SOLAREF company, and it is 
extremely useful where there is no electricity or an 
intermittent supply of electricity (energy). The development 
of the autonomous solar ice fridges started with the CNRS in 
France during the 1980s, continued with HEIG-VD LESBAT in Switzerland in early 2000, and has been taken 
over by CEAS (NGO based in Switzerland) in Ouagadougou in Burkina Faso for the last 3 years. 
 

  

http://www.ideassonline.org/pdf/br_46_01.pdf
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Thermoelectric refrigeration 

Technology description 

Thermoelectric or Peltier cooling is a way to remove thermal energy from a medium, device or component 
by applying a voltage of constant polarity to a junction between dissimilar electrical conductors or 
semiconductors.  
The main components of a thermoelectric refrigeration system are: 

 a hermetic thermal insulated case, with variable levels of insulation depending on environmental 
and boundary conditions; the thickness of the insulation, which can be made with polystyrene or 
other insulating materials, usually varies from 3-4 cm in smaller units (1-5 litres of capacity) to 5-
10 cm in mini-bars or portable refrigerators (5-40 litres of capacity); 

 one or more thermoelectric elements consisting of: 

 a variable number of thermocouples which consist of two electrical conductors with very 
different Seebeck coefficients. The Seebeck coefficient of a material is a measure of the 
magnitude of an induced thermoelectric voltage in response to a temperature difference 
across that material. The material used is most often a semiconductor block and up to now, 
the material most suitable for ambient temperature applications has been bismuth telluride 
in n- and p-doping;  

 an electrical connection which links the thermocouples via a copper bridge; 

 an electrical isolation layer which inhibits the current flow in one direction; the copper bridges 
on each side are thermally bound together by ceramic plates (usually aluminium oxide), but 
electrically isolated from each other; 

 
 one or more heat sinks that thermally couple one or more thermoelectric elements; the electric 

power used to pump is irreversibly converted into heat and must be dissipated effectively. The 
Peltier elements reversibly pump heat from one side to the other depending on the direction of 
the current. 

 one or more heat exchangers or fans which usually divert the heated or cooled air. 
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This technology provides a very simple and reliable solution for cooling, as no fluids are required, but its 
thermal performance is poor compared with a traditional refrigeration system: the COP is only about 1/5 
that of a refrigeration system using a vapour compression cycle. Moreover, since the cooling power 
strongly decreases when the temperature difference between cold and warm plates increases, low cooling 
temperatures are not allowed (e.g. freezing) and an optimal heat exchange with the air has to be ensured 
in order to avoid operating problems. This is achieved using large heat exchangers with fans in most cases. 
However, bear in mind that the same thermoelectric cell can be inversely used to heat the insulated case.  

Utilization requirements 

Peltier systems contain no flammable or toxic refrigerants so it can be placed indoors without any 
problems. It is particularly important to carry the heat (to and from the Peltier cell) efficiently, thus heat 
exchangers and fans have to be kept clean and air flows have to be good at all times.  
In the presence of high levels of relative humidity, a drainage and disposal system for condensation has to 
be considered. In general, grid-connected AC solutions without storage require a continuous and stable 
electricity supply while off-grid systems with electrical or thermal storage allow for a discontinuous power 
supply directly in DC (e.g. PV) but a detailed assessment of the boundary conditions has to be carried out 
in order to ensure their applicability in a specific context.  

Local construction materials and indications 

The possibility of actually building a thermoelectric refrigeration system can be quite realistic: it is possible 
to find many examples of home-made "Peltier fridges". The Peltier modules are easily assembled on site, 
however the manual construction of a good quality insulated case could be more problematic: insulation 
and waterproofing are essential for the proper functioning of the system.  

Operation and maintenance 

In general, Peltier elements are very reliable, low maintenance and durable due to the absence of moving 
parts subject to wear. In addition, they operate quietly and vibration-free, and they are easy and quick to 
replace in case of failure. Nevertheless, fans (if present) have to be periodically checked to ensure their 
operation and the proper maintenance of bearings.  
In general, a few recommendations of correct O&M can be listed: 

 keep the external heat exchanger clean and free from obstruction;  

 keep the food storing volume clean. 

Morphological features and size 

Peltier elements are small and lightweight, even when several modules are combined in one element. The 
size of the insulate case, however, can vary; considering their low cooling power, the typical capacity of 
thermoelectric refrigerators varies between 1 to 50 litres; smaller modules are used to keep medicines at 
low temperature, the medium ones are used as portable refrigerators, while the largest may be used as 
mini-bars. 

Warning notes 

A few application warnings have to be taken into account: 

 avoid placing the refrigerator  in an overly hot place (tamb>35°C) or close to heat sources; 
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 avoid placing the refrigerator anywhere with direct exposure to solar radiation or rain;  

 avoid opening the door frequently and introducing hot substances; 

 even if it is possible to regulate the modules by simply reversing the polarity, when reversing the 
direction of the current before the temperature in the element has equalized, the component is 
exposed to enormous thermal stress. 

Technical and economic features 

The maximum thermal power of a thermoelectric cell is equal to 4-5 W/cm2, but the limiting factor is 
related to the heat transfer capacity of heat exchangers. The total electrical power needed for small 
refrigerators (with capacity varying between 1 and 50 litres) is about 40-100 W.  
On average, most thermoelectric coolers would not cool below 10°C, and 5°C can be considered the 
minimum achievable refrigeration temperature with an outside air temperature equal to or higher than 
25°C; 
The small units can be connected directly to the 12/24 V power sources, in fact, these systems are normally 
used in cars and caravans. The larger units, on the other hand, are normally powered at 110/230 V. 
One advantage of the thermoelectric refrigeration system is that the entire cooling system, with its 
compressor, inductor and large evaporator and condenser components, is eliminated. The final cost, 
however, remains a little high due to the production of small objects and it is around 2.5-5 €/litres. 
However, building a system on site may reduce costs by more than 50%. In conclusion, this system can 
achieve good quality if used in particular conditions:  

 when not too large volumes are required to store the food; 

 for food that does not require very a low temperature; 

 where the cooler can be moved easily. 

Application sample 

In developing countries, thermoelectric refrigeration 
systems are used mostly for medicine storage. 
However, it is possible to find many home-made 
projects of thermoelectric coolers. Using simple 
materials (e.g. wood or polystyrene) to create the cooler 
box, it is possible to build an inexpensive system which, 
despite its low efficiency, is capable of maintaining a 
relatively low temperature for storing food.  
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Zeer pot refrigerator 

Technology description 

Zeer pot cooler technology, also known 
as pot in pot, clay pot cooler, pot in pot 
cooler, desert fridge, ceramic 
refrigerator and clay evaporative cooler 
is a passive refrigeration system which 
consists of two covered earthenware 
pots of different diameters, one placed 
inside the other. The space between the 
pots is filled with wet sand that is kept 
constantly moist, thereby keeping both 
pots damp. Food to be preserved is put 
in the smaller inner pot, which is 
covered with a damp cloth and left in a 
very dry, ventilated place. The water 
contained in the sand between the two 
pots evaporates towards the outer 
surface of the larger pot where the dry 
outside air is circulating. The evaporation process causes a drop in temperature of several degrees, cooling 
the inner container and extending the shelf-life of the perishable food inside. 
The following chart shows the minimum temperature that can be achieved by direct evaporation for a 

given temperature and relative humidity.  

MINIMUM TEMPERATURE POSSIBLE DUE TO EVAPORATION 

 

Utilization requirements 

The success of the pot-in-pot refrigerator is heavily dependent on the surrounding conditions. Due to the 
device's reliance on natural evaporative cooling, it can only be viewed as an appropriate technology for 
regions that demonstrate a suitably low relative humidity, hot temperature and a sufficient level of air 
flow. To investigate the technology properly, it is important to quantify the effects of: 

 relative humidity; 

 air flow characteristics; 

 environmental temperature. 
Moreover, the pot in pot system should be placed in a shaded and well ventilated zone in order to avoid 
the heat from the sun and to get ideal conditions for the evaporation process. 

Local construction materials and indications 

The pot in pot system can be constructed totally with local materials and knowledge.  
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Pots are generally made with clay as a major ingredient that can be intermingled with broken bits of old 
clay pots and water. Depending on the regions, some pot makers add straw or donkey dung to strengthen 
the stability of the clay pots. 
The  space  between  the  two  clay  pots  is  filled  with sieved  sand.  To  achieve  optimal  functionality,  
the sand  has  to  be  sieved  with  two  sieves  of  different mesh sizes. You start sieving with a bigger mesh 
size to filter out grains and small stones that are too big. 
The clay pots should be completely dried, before they can be fired. The duration of the drying process is 
dependent on the local weather conditions (~3-7 days). 
The smaller clay pot should be covered with a thin layer of cement on the inner or outer surface to prevent 
water diffusing through the pores of the smaller clay pot. 
The opening on top of the clay pot should be covered with a lid, a plate or a repeatedly folded wet cloth.  
It is important to note that due to the considerable weight of a completed system, the pot in pot should 
be assembled directly at the place of use. 

Operation and maintenance 

To be successful, the pot-in-pot refrigerator requires a continuous supply of water. For that reason, the 
sand in between the two clay pots should be irrigated two/three times a day according to the climatic 
conditions. The quantity of water is sufficient when the  water  does  not  seep  away  in  the  sand  within  
a  few  seconds, showing that the small interspaces between the grains of sand are filled with water. Like 
the sand the cloth that covers the pots should also be wet. 
Like any other device for storing food, the clay pot cooler should be kept clean. Therefore, the surface of 
the inner clay pot should be sponged off regularly. 

Morphological features and size 

This type of system is generally 
suitable for household storage. 
The typical size of the clay pots, 
made by local workers, is 
commonly 50 cm wide and 50 cm 
high. 
Each device can store 12 kg of 
vegetables. 
It is important to note that a 
totally spherical shape is not 
advantageous for the clay pot 
cooler, because the opening 
would be too small for an 
adequately sized inner pot. 
Therefore, when the potter arrives at the widest diameter, it is better to stop beating the clay and to 
continue building up vertically by adding new clay. 

Warning notes 

Due to the considerable weight of a completed clay pot cooler, it should be assembled directly at the 
place of use. 
Beyond the limitations concerning the required climatic conditions for the pot-in-pot refrigerator to be 
successful, there is also a need for a continuous supply of water. For many regions, water may be 
prioritized for other purposes, making it difficult for communities to adopt the technology. 

Technical and economic features 

Each rural local pot maker could make between 15 and 20 pots in a day. A zeer costs about 
150 naira (approx. US$1.00 in 2011) to make, and they sell for 180-200 naira (US$1.20 to US$1.30 in 2011) 
according to size. 
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Application sample 

The pot in pot system was applied for the first time in Nigeria, since 
the lack of electricity in most of the rural communities spoiled food 
in few days. Such spoilage caused disease and loss of income for 
needy farmers, who were forced to sell their produce daily. 
In this sense, pot in pot systems have improved the well-being of 
rural dwellers, with great results and high acceptability of the 
technology from local people. It is important to note that one of 
the key reasons for the pot-in-pot’s success in Nigeria is that the 
art of pottery is deeply rooted in African culture. 
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Open sun and solar drying 

Technology description 

In open sun and solar drying, solar energy is used either as the sole source of the required heat or as a 
supplemental source. However, while in sun drying, foods are directly exposed to the sun by placing them 
on the land or leaving them hanging, solar drying makes it possible to speed up the drying process through 
the use of technologies able to increase the heat transfer between the air and the products to be 
preserved.  

 
The air flow can be generated either by natural (passive systems) or forced convection (active systems). 
The heating procedure could involve the passage of preheated air (distributed-type) through the fresh 
product or the direct exposure (integral-type) of the product to solar radiation or a combination of both 
(mixed-mode). Heat can be transferred from the moist products to the surrounding air by convection and 
radiation, mainly from the sun and, to a small extent, from surrounding hot surfaces, or by conduction 
from heated surfaces in contact with the products.  
 

 
 
 
 
 



 

150 
 

Passive solar systems 
Passive solar technology systems can be divided mainly into three categories according to the function and 
main components, as follows:   

 Passive distributed-type or indirect dryer, consists of four basic units: an air solar-energy collector, 
connected to an opaque drying chamber with proper insulated ducting, and a chimney to enhance 
the air flow rate. The preheated air in a solar collector flows in the drying chamber in order to dry 
food. In this way, products are not subjected to direct solar radiation.  

 

 Integral-type natural-circulation solar-energy dryers, consist of a transparent drying chamber, 
whose function is to transmit the highest amount of incident solar radiation onto the crop placed 
inside, at the same time restricting radiative losses, and an optional chimney with the same 
function, as an indirect dryer. These kinds of solar-energy dryers are both simpler and cheaper to 
construct than those of the distributed-type for the same loading capacity. They require no 
elaborate structures, such as separate air-heating collectors and ducting. However, since the flow 
rate in integral-type dryers is relatively lower, the overall drying rates are limited. Two main types 
of the integral system can be identified: Passive solar cabinet dryers and natural-circulation 
greenhouse dryers. The first one is a small unit, without a chimney, used mainly to dry “household” 
quantities of food. The dryer is built with a sloped single or double glazed insulated box with holes 
at the base and in the upper parts. In an optimized passive solar cabinet dryer, temperatures of 
over 80°C can be reached. The second one, also called a tent dryer, is more appropriate for large 
scale drying. It is built like a greenhouse with an adjustable vent able to control the flow rate. 
Although these systems have a higher capacity for drying foods, one of the main drawbacks is the 
uneven heating inside the dryer.  
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 A typical mixed-mode natural circulation solar-energy dryer has the same structural units as the 

distributed-type, a solar air heater, a separate drying chamber and a chimney, however unlike the 
distributed-type, the walls of the drying chamber are transparent in order to combine the action 
of the direct solar radiation with the pre-heated air. Mixed mode dryers are more effective and 
faster than the other methods described above.  

 

Active solar systems 
Active solar dryers exploit solar energy as the heat source and simultaneously control the air flow rate with 
motorized fans for the forced circulation. An active dryer is generally applicable to large scale drying 
operations. It is possible to combine these systems with a conventional dryer for supplemental heating, 
producing a so-called hybrid solar dryer, in which if the warmth supplied by the solar system is enough, 
the heated air could be used directly for the drying process, otherwise the conventional dryer would be 
used to reach the required air temperature. 
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In a similar way to passive solar-dryers, these systems can be classified into integral-type, distributed-type 
or mixed-mode dryers. 

 Distributed-type active solar dryers are built with four basic components: the drying chamber, 
solar air heaters, fan and ducting. Although several typologies exist, all the systems have the same 
structural design and basis components. However, some systems differ for the presence of a re-
circulation duct, which ensures a higher air temperature and greater efficiency. The re-circulation 
duct consists of a black solar absorber tube inside a larger diameter transparent tube in order to 
reduce heat losses. Finally, some distributed dryers differ due to the location of the fan, which is 
not placed, as it commonly is, on the outside, but is located between the air heater and the drying 
chamber. This keeps the collector under negative pressure, ensuring that all air leakages and the 
additional heat generated by the pump go into the system. However, placing the fan at the air 
inlet of the collector involves less elaborate construction details and ensures that each component 
can easily be de-coupled from the system for maintenance and repair.  

 

 Integral-type active solar-energy dryers are a system in which the solar-energy collection unit is an 
integral part of the entire system, thus, no special ducting is required to channel the drying air to 
a separate drying chamber. Three distinct types of integral-type active solar dryers can be 
identified: direct absorption dryers, solar collector-roof/collector-wall dryers and internal-
absorber-chamber greenhouse dryers.  
In the first configuration, suitable for the production of small and large dryers, the fresh products 
absorb solar radiation directly, and only fans are needed to control the air flow rate. In the second 
one, a black painted and glazed wall (or roof) of the dryer chamber acts as a solar collector. The 
building structure can be considered as a thermal storage. Finally, the internal-absorber-chamber 
greenhouse dryers consist of a transparent envelope inside which a rotary or stationary black-
painted drying chamber is arranged that act as an absorber. 
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 Typically mixed mode systems are produced with a solar air heater, a separate glazed drying 
chamber and a fan in a distributed-type dryer. In active types, the mixed mode is quite uncommon.  

 
 

Utilization requirements 

All dryers require appropriate weather conditions, which means that a low humidity content, high solar 
radiation, and high average temperatures can be favourable parameters to enhance thermal drying.  
In fact, if the drying process is too slow, and the ambient conditions are not favourable, the moisture 
content of foods makes their safe storage improper. 
Moreover, while a passive system only needs a solar energy source, the active systems require also an 
electric supply for a fan or pump operation. 

Local construction materials and indications 

All materials used in the construction of a solar dryer should be resistant to heat, dampness and light. In 
particular, synthetics should be resistant to ultraviolet light and high temperatures. The collector should 
be air- and watertight. Moreover, absorber surfaces have to be resistant to both heat and moisture. 



 

154 
 

The key materials used for the development of the low cost solar dryer include, wood, transparent glass 
or any transparent cover, black paint. 

Operation and maintenance 

In sun drying, food must be placed on a clean piece of land or better still on a clean surface placed above 
the ground.  
If a drying system is required (solar drying), it must be oriented to maximize the heat solar gain according 
to the installation site. Furthermore, the transparent surfaces should be periodically cleaned in order to 
minimize any optical losses due to any covered surfaces.. 
In active solar dryers, a periodic maintenance of electric auxiliary parts, such as fans or pumps, ensure the 
correct operation of the whole system. 

Morphological features and size 

The capacity and size of each dryer-type differs greatly.  
Generally, while the passive dryer comes in sizes that can be used both for household demand (few metres 
in length), such as the solar cabinet dryer, and for industrial demand (tens of metres), such as the natural-
circulation greenhouse, in active systems the minimum size requires large spaces and amounts of food.  
Moreover, passive solar dryers are usually higher than active systems due to the presence of the chimney. 

Warning notes 

The temperature inside the dryer chamber should be controlled: it is essential excessive temperatures are 
not reached in order to avoid two main problems: 

 the improper drying of some types of food  that are adversely affected by high temperatures; 

 mechanical damage due to the stagnation temperature being reached in the solar collector. 

Technical and economic features 

Depending on their size and type, the initial capital cost of the drying technologies varies considerably. 
Generally, passive dryers are simpler to construct, because no elaborate structures are required, and they 
are cheaper than active ones, with special reference to industrial systems which are generally capital 
intensive. 
A typical commercial mixed-mode natural circulation solar-energy dryer, built with two solar collectors and 
a chamber of 2 m3 costs about $1500. 
The price depends also on the quality of the construction materials and the origin of the solar dryer 
components. If the installation site is located in a remote area with no road access, the transportation cost 
can also be significant, up to 50% of the hardware cost. 

Application sample 

There have been numerous applications of dryers in developing countries. In particular MS-Uganda 
(Danish Association for International Cooperation) together with Hoima Nursery Schools Development 
Association, Gukvatamanzi Farmers´ Association and its other partners in Uganda, have introduced locally 
made solar dryers for households and community-based farmers. The fruit dryer was designed from basic 
materials available locally and constructed by local craftsmen. 
(http://www.inforse.org/s_e_news_art.php3?id=148) 
 
One of the main applications of a solar dryer in a rural country was developed by the International Center 
for research on women and by the Tanzania Food and Nutrition Centre (TFNC) during 1995 and 1998. Since 
the solar dryer designed was very simple to build, artisans and carpenters were not required in its 
assembling. Moreover the dryers, made of wood which is lightweight and portable, could be constructed 
in one day. The cost of the materials and the artisan’s or carpenter’s labour for a wooden dryer was 
approximately 8000 Tanzanian shillings (US$12), while the bulk purchase of black cloth or plastic sheeting 
was facilitated by TFNC.  
On average, the dryers, with a capacity of 1.5 kg, were used to dry vegetables three times a week, with 
drying times ranging from four to six hours per use, depending on the type of vegetables and intensity of 
the sun. For example, it would take about four hours to dry amaranth leaves on a sunny day, but six hours 
for sweet potato leaves. Drying one kilogram of fresh vegetables would yield approximately 250 grams of 
the dried food product. 

http://www.inforse.org/s_e_news_art.php3?id=148
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Salting 

Technology description 

Salting is a natural type of osmotic dehydration. This methodology could be used as a pretreatment for 
preservation processing in order to improve the shelf life of the product. 
Salting is one of the most common pretreatments and is mostly used to preserve fresh fish or meat, cheese 
or vegetables; it converts fresh food into shelf-stable products by reducing the moisture content and acting 
as a preservative. Salting can be done by placing the food in a liquid solution (called brine) or covering it 
with dry salt. During salting, water is removed from the flesh, salt enters in the tissues, and the body juices 
become a concentrated salt solution.  
The concentration of salt has a great influence on the rate of surface evaporation: salting or solute addition 
affects the air drying process by reducing the water diffusion rate. Moreover most bacteria, fungi and 
other potentially pathogenic organisms cannot survive in a highly salty environment, due to the hypertonic 
nature of salt. 
The salting process is carried out in different ways and temperatures depending on the type of foods to 
be preserved: 

 FISH are salted over the temperature range of 0-38°C. The higher the temperature, the faster the salt 
infusion, and the quicker the process reaches the equilibrium. Fish dry salting consists in covering fish 
with a thin layer of salt (0.6 - 1.2 cm) between layers.  It has the advantage of removing moisture, but 
the disadvantage of uneven salt absorption. In the case of brining, it is best to treat the fish at a cool 
temperature. Using ice in the brine is a good way to accomplish this, but care must be taken to make 
sure that no ice remains in the finished brine. Brining in a cold room is also a good method to keep 
brines cool and it is always advisable for long brining times. 

 MEAT salting not only contributes to improving the shelf life of products but it is also desirable from 
a hygienic standpoint. Pure common salt is used for this purpose, either dry or dissolved in water. 
Dipping the meat into the salt solution serves, first of all, to inhibit any microbiological growth on the 
meat surfaces. Secondly, pre-salting provides protection against insects during drying; in fact meat is 
no longer such an attractive environment for insects after it has been dipped into the salt solution, 
due to the thin layer of crystalline salt on the surface of the meat. The salt solution is prepared by 
adding the necessary amount of edible common salt (approx. 14%) to water and dissolving it by 
intensive stirring. As soon as the salt is dissolved in the water, the meat strips are dipped into the 
solution, soaked for about five minutes and then drained. The salt content of most processed meats 
ranges between 2.5 to 5 % of the final product. A higher salt content would give a salty taste. 

 CHEESE is typically salted with an amount of salt ranging between 1% and 3.5% depending on the 
type of cheese. Salting can be achieved either by adding salt to the curd before moulding, or by the 
diffusion of salt into the cheese after moulding, by immersion in brine or by dry salting. The lactic-
acid bacteria are sensitive to salt and will be severely inhibited if the cheese is salted before 
acidification has finished. For dry salting, the surface of the cheese is rubbed with dry salt or a salt 
paste; for salting in brine, cheese is immersed in brine (approx. 20% of salt) at 10 to 15°C. Salt allows 
the cheese to ripen and at the same time protects it from bacteria. 

 In VEGETABLES the amount of natural juice contained in the products determines whether they need 
to be dry-salted or brined. Vegetables are brined whenever they do not release enough natural juice 
to form the amount of liquid required for salting. Vegetables with plenty of natural juices, like corn, 
green snap beans, greens, or cabbage, can be dry-salted. Vegetables such as cabbage or white turnips 
are often fermented to give them a slightly sour flavour. It is important to note that the smaller 
quantity of salt stimulates the growth of the lactic-acid-producing bacteria that not only cause 
fermentation but also prevent the growth and activity of harmful bacteria. 

Utilization requirements 

The salting components are just salt and, in the case of brine, water; if low temperatures are needed (e.g. 
to speed up the process of salting fish), a refrigerator or simply ice will be required. 
The salting process does not require any machinery or grid-connection, but it is useful to have tools for 
measuring the temperature and humidity of the environment in which the process takes place and also 
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scales to weigh the components (e.g. to produce the required percentage between salt and water, 
adequately).  

Local construction materials and indications 

The salting process can be easily used for the preservation of some foodstuffs in places devoid of grid-
connection; it can be done outdoors and just needs salt, water and, where possible, a clean place. 

Operation and maintenance 

In the salting process, the food must be placed in a clean area, protected from insects; although the 
process acts to protect the food from bacteria and insects, these should not be able to attack the food 
before the start of the process. Since there are no machines, maintenance is limited to keeping the area 
clean. 

Morphological features and size 

The salting process does not require any machines so the morphological features and size of the space 
used depend on the amount and type of food processed. 

Warning notes 

Salting has to be carried out within few hours: 

 in the case of meat, a massive microbiological growth occurs 5 hours after slaughter, which cannot be 
reduced by salt treatment; 

 in salting FISH it is best to standardize brining at a cool temperature (1-2 °C) to achieve consistent and 
predictable results and to discourage bacterial growth. 

Technical and economic features 

The salting process is generally inexpensive. Dry salting is very easy to do and it is cheap because no 
elaborate structures are required, but if low temperatures are needed, this could increase the cost. In this 
case, it is necessary to produce ice or even use a refrigerator. 

Application sample 

Simple salting systems are exploited in poor countries. The chief method of preserving some kinds of fish 
in Bangladesh, is the use of edible salt (sodium chloride). Salting processes, then, are a pre-treatment for 
preserving meat in almost all African States, and in Latin America, particularly in Brazil, a product 
called charqui (see the figure to the side) has long been used to supply remote areas: several large flat 
pieces of beef are salted, piled on top of each other and finally exposed to the sun for drying. After five 
days, the salted meat is ready for the actual drying. Before initiating drying, the meat pieces are washed 
to remove any excess salt adhering to the surface. Due to its low moisture and high salt content (5% and 
more), charque keeps for months under ambient temperature conditions and is resistant to infestation by 
insects and mould growth. The salt must be reduced by immersing the meat pieces in water in order to 
make it palatable for consumption. 
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Smoking 

Technology description 

The use of smoke to preserve foods is one of the oldest techniques applied to meat and fish. Although 
smoking can be considered a pre-
treatment rather than a drying 
process, the heat related to the 
generation of smoke causes a 
reduction of moisture in food. 
The preservation of food by 
means of smoke is related to 
some of the compounds formed 
during smoking with preservative 
effects (bactericidal and 
antioxidant). For this reason, 
some heavily-salted, long-
smoked foods can keep without 
refrigeration for weeks or 
months.  However, smoking does 
have some drawbacks such as 
the slow process and the 
difficulties encountered in 
controlling it. 
There are three main methods of smoking foods: hot smoking, cold smoking and liquid smoking. 
Hot smoking exposes the foods to smoke and heat in a controlled environment. The smoke is created by 
a burning fire or the electric elements of a kiln. Although foods that have been hot smoked are often 
reheated or cooked, they are typically safe to eat without further cooking. Hams and ham hocks are fully 
cooked once they are properly smoked. Hot smoking occurs within the range of 52 to 80°C. Within this 
temperature range, foods are fully cooked, moist, and flavourful. If the smoker is allowed to get hotter 
than 85°C, the foods will shrink excessively, buckle, or even split. On the other hand, intensive or prolonged 
smoking may considerably increase the shelf-life of the product, but it also has an unfavourable effect on 
flavour.  
Cold smoking is a longer method (duration 12-24 hours) that is typically applied to fermented, cured or 
salted products, such as chicken breasts, beef, pork chops, salmon, scallops, and steak. Smokehouse 
temperatures for cold smoking are typically between 20 to 30°C. In this temperature range, foods take on 
a smoked flavour, but remain relatively moist. Cold smoking does not cook foods.  
Finally more modern methods of smoking food use formulations of liquid smoke to provide flavour and a 
range of drying methods (such as curing and salting) to reduce water activity on the surface. Liquid smoking 
has advantages over traditional smoking in that it can be more precisely controlled and the smoke flavour 
is instantaneous. 
 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Ham
http://en.wikipedia.org/wiki/Chicken_(food)
http://en.wikipedia.org/wiki/Pork_chop
http://en.wikipedia.org/wiki/Salmon_(food)
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Despite there being many configurations of smokers depending on the fuel (gas, charcoal or wood) utilized, 
generally all the types consist of:  

 one or more heat sources; 

 a controllable vent or flue at the top; 

 a controllable draft at the bottom; 

 thermostatic control over the oven temperature; 

Utilization requirements 

The appropriate fuel must be available for the type of 
smoker. If wood is used to generate the smoke, it should 
be hardwood. Do not use pine or any other resinous 
wood or sawdust, because the smoke from such wood is 
sooty and strong smelling. It is advisable to use wood or 
sawdust from hickory, apple, plum, oak, maple, ash, or 
any non-resinous wood to obtain satisfactory results. 
Moreover, it is important to measure the temperature 
of the food in order to control the smoking process. 
A long-stemmed thermometer inserted into the food 
through a hole in the smoker wall will allow the 
temperature to be monitored without opening the door. 
 
 
 
 
 

Local construction materials and indications 

Smokers that use wood as fuel can be easily made using cheap, local materials, like bricks or mud. Typically, 
when local materials are used, a system with two boxes connected together, is built: the first is used to 
burn the wood, the second is used to stock and smoke food. Simpler systems, made with only one box, 
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can be built with any local fire resistant materials. In any type of smoker, it is necessary to ensure an outlet 
hole for the smoke. Generally, unmovable systems are called smokehouses.  
 

Operation and maintenance 

The box in which the food is placed and the smoke outlet should be periodically cleaned. Moreover, if 
wooden smokers are used, the combustion chamber must be cleared of any ash and residues.  

Morphological features and size 

Smokers come in all different shapes and sizes depending on their capacity and technologies. While several 
movable, all-in-one and small systems exist on the market, the technologies can reach the size of a room, 
especially in smokehouse systems. These types of systems are often built with a tower like a chimney in 
order to enhance the flow of smoked air. 

 

Warning notes 

First of all only good quality foods can be subjected to the smoking process. Smoking will not improve food 
quality.  
All smoked fish must be stored chilled or vacuum-packed to prolong shelf life. 
Moreover, fish smoked without proper salting and cooking can cause foodborne illness. 
A high concentration of smoke in food can reach levels hazardous for human health, especially when the 
smoking procedure is carried out under uncontrolled conditions. 
The smoking procedure must not be performed in a closed or poorly ventilated area. 

Technical and economic features 

Although a smoking system, such as a smokehouse, is very cheap and easy to build, it is necessary to 
combine the smoking process with other preservation technologies, like curing, refrigeration or freezing. 
The convenience of the process is related to the availability and cost of fuel (e.g. wood, gas or charcoal). 
A commercial, small, movable smoker, with a surface of 0.45 m2, generally costs about €150. 

Application sample 

Developed for use in Ghana, the Chorkor smoker has been accepted in most western, central and eastern 
African countries and has been introduced beyond Africa. The Chorkor smoker has proved a useful 
innovation in both marine and fresh water fisheries, because it is easily adjusted to local needs and 
conditions by the processors themselves. Examples can be found in 
http://stoves.bioenergylists.org/parkerfishsmokers  
and http://tcdc2.undp.org/gssdacademy/sie/docs/vol5/improved.pdf. 

  

http://stoves.bioenergylists.org/parkerfishsmokers
http://tcdc2.undp.org/gssdacademy/sie/docs/vol5/improved.pdf
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Curing  

Technology description 

Curing is a methodology used as a pretreatment in the preservation process in order to improve the shelf 
life of a product. It is normally used for meat, but can also be exploited for fish, vegetables and fruit. 
Curing was originally developed to preserve certain kinds of foods by adding a combination of salt, nitrates, 
nitrites and sometimes, additives. This process is based on chemical changes in food due to the presence 
of curing components. The concentration of each curing agent depends on the nature of the food and on 
the type of curing mixture . 

 While the addition of salt reduces the moisture content of the products and acts as a preservative, 
nitrate effectively delays the development of oxidative rancidity: lipid oxidation is considered to be a 
major reason for the deterioration of quality in meat and poultry products. Moreover, another 
important function of nitrites is the role they play as bacteriostatic and bactericidal agents: sodium 
nitrite is an effective inhibitor of the growth of the bacterium Clostridium botulinum. Nitrate (NO3

-) is 
generally supplied by sodium nitrite (NaNO2) or potassium nitrite (KNO3). One of the most noteworthy 
properties of nitrites is their ability to effectively delay the development of oxidative rancidity. This 
prevention occurs even in the presence of salt, which is a strong oxidant  

 Additives, collectively known as adjuncts, are used in many cured meat products: ascorbates, 
phosphates, glucono-D-lactone, and sugar. Adjuncts are used primarily to obtain or maintain 
desirable changes, the ascorbates in connection with colour and the others in connection with pH, 
texture, and in some cases flavour. They may also affect safety. In the case of fruit or vegetables, one 
of the most commonly used adjuncts is vinegar. 

Curing components may be in either dry or liquid form and are applied either to the surface of food or into 
it by some injection method. 

 The oldest method of curing is dry curing in which the curing ingredients are rubbed onto the surface 
of the food (normally the meat). The curing time is about 7 days per 2.5 cm of thickness and the 
product should be subjected to temperatures between 0-5°C. A simple dry-curing formula needs 
about 3.5 kg of salt, 1.3 kg of sugar, and 85 g of sodium nitrate for 80 kg of food (about 6%). Dry curing 
with sugar can be used under a wider temperature variation and will have fewer spoilage problems 
under unfavourable curing conditions.  

 If the dry cure mix is dissolved in water, it is called brine or pickle: the food can be covered with this 
pickle and the system is known as immersion curing (1 litre of water per 25 g of dry cure mix). This 
method is slower than the dry ones (11 days per 2.5 cm of thickness) but the temperature can be 
higher (13-18°C). To speed up curing (just 1 day), the brine can be pumped or injected into the food. 
The pickle must be about 10% of the food's weight and the product should be kept at 2-4°C. 

Curing may have different connotations depending on the food to be preserved: 

 in MEAT, salt and nitrate are always added: HAM pre-salting, for example, is a short stage during 
which nitrate is added in the form of a curing salt (sodium chloride with a small amount of potassium 
nitrate in order to get a final nitrate concentration of 150 mg/kg inside the ham) for a few minutes. 
This step, however, is normally just a pre-treatment, which is generally done before the smoking or 
drying period. 

 in FISH, salt is always added, but nitrite rarely; sugar can be added particularly in salmon. Adding sugar 
alleviates the flavour of the salt and contributes to the growth of beneficial bacteria like lactobacillus, 
by feeding them.  

 in FRUIT and VEGETABLES curing is less used; treatable foods include for example cabbage, cucumbers 
and olives. Although some fruits can be preserved by curing, this method is most commonly reserved 
for vegetables, since the flavour of many vegetables is fairly compatible with salt and vinegar. The 
major role of preservation is played by sugar and vinegar but also salt is used in the first step. Pickling 
generally makes use of vinegar in place of or along with salt to cure vegetables, although some pickle 
recipes require just brine or vegetable oil. The procedure for pickling is quite similar to brine-curing, 
but requires special spices and slightly different instructions; pickles are produced by salting the 
vegetables in vats, in salt stocks for long-term storage, followed by desalting (in some cases this step 



Technical Sheets – technologies for food preservation 

161 
 

can be skipped), and bottling in sugar and vinegar, with or without spices. Since vegetables are 
generally high acidity and high salt content products, they are generally mildly heat-treated in order 
to sterilize or pasteurized them. 

Utilization requirements 

The curing components are salt, nitrates, nitrites and sometimes additives (ascorbates, phosphates, 
glucono-D-lactone, sugar and vinegar). 
Normally, low temperatures (0-5°C) are preferable (e.g. in dry curing), so a refrigerator or simply a cold 
room may be required. Moreover, it is useful to monitor the temperature and humidity of the environment 
in which the process takes place. Finally, scales are needed for weighing the components (e.g. to produce 
the required percentage between the curing components and water).  

Local construction materials and indications 

The curing process can be easily used for the preservation of some foods in places devoid of grid-
connection. It just needs curing components and can be done outdoors, in a clean space with appropriate 
sheeting for rain protection. 

Operation and maintenance 

In the curing process, the food must be placed in a clean area, protected from rain and insects; although 
the process acts to protect the food from bacteria and insects, these should not be able to attack the food 
before the start of the process. Since no mechanical systems are required, maintenance is limited to 
keeping the place clean. As with all preservation methods, only fresh undamaged products should be used 
in curing. Once selected, the food should be carefully cleaned and either left whole or cut into the desired 
sizes for preservation.  

Morphological features and size 

The curing process does not require any mechanical equipment so the morphological features and size of 
the space used depend on the amount and type of food processed. 

Warning notes 

The use of nitrites in food preservation is controversial; the amount of allowed nitrates and nitrites differs 
according to the requirements prescribed in a country because they may be dangerous to health safety. 

The use of nitrites is not recommended unless supervised by experts. 
In the case of immersion curing, the pickle solution has to be changed every 7 days to prevent spoilage.  
In the curing of acidic foods with salt, spoilage can occur, and precautions should be taken to avoid its 
occurrence.  

Technical and economic features 

The curing process is generally inexpensive. Dry curing is very easy to carry out and cheap because no 
elaborated structures are required, but if low temperatures are needed, the cost can increase.  

Application sample 

The simple curing process has been employed in poor 
countries since time immemorial. For instance, curing 
is a widespread method used in Southeast Asia, 
applied to meat and fish preservation. In particular, 
before the drying process the meat is usually pre-
treated, for example, by soaking it in a salt or sugar 
solution. A well-known example is the Chinese 
sausage, which contains a mixture of minced pork, fat, 
salt, spices and sugar filled into small casings. Stored 
under ambient temperatures (10-30°C) without 
further treatment, the sausages are shelf-stable for a 
few days. Sugar replaces part of the product's water 
and makes it more stable from the microbiological 
point of view.                                              
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Home canning 

Technology description 

Canning is a thermal treatment of 
food products to render them free of 
pathogenic microorganisms. More 
precisely, home canning consists in 
heating the food (i.e. fruits, 
vegetables, and meats) in order to kill 
the organisms that would otherwise 
create spoilage, and storing it in 
sterile jars with seals. The 
temperature that must be reached in 
order to preserve the products 
properly is related to the acid content 
of each kind of food. In particular, 
while acidic foods can be heated by 
the boiling water bath method and 
preserved for a long time in sealed 
jars or bottles, to kill the 
microorganisms in foods with a pH 
higher than 4.6, the food needs to be 
heated to higher temperatures than 
can be achieved with boiling.  This is 
achieved by using pressure canners 
that heats the food inside bottles to 
hotter than boiling point to kill 
bacteria. 
The higher the canner temperature, 
the more easily Botulinum spores are 
destroyed. The time generally needed
  to destroy bacteria in low-
acid canned food ranges from 20 to 100 minutes. The exact time depends on the kind of food being canned, 
the way it is packed into jars, and the size of the jars. The time required to process low-acid foods safely 
in a boiling-water canner ranges from 7 to 11 hours; the time required to process acid foods in boiling 
water varies from 5 to 85 minutes. 
After canning, the boiled food must be placed in a jar (a container) and the juice, syrup, or water to be 
added to the food should also be heated to boiling before adding it to the jars.  
This practice helps to remove air from food tissues, it shrinks food, helps keep the food from floating in 
the jars, increases vacuum in sealed jars, and improves shelf life.  
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The unfilled space above the food in a jar 
and below its lid is needed for the 
expansion of food as jars are processed, 
and for forming vacuums in cooled jars. 
The extent of expansion is determined by 
the air content in the food and by the 
processing temperature. Air expands 
greatly when heated to high 
temperatures; the higher the 
temperature, the greater the expansion. 
Foods expand less than air when heated. 
The suggested space is about 0.5 cm for 
jams and jellies, 1.25 cm for fruits and 
tomatoes to be processed in boiling 
water, and from 2.5 to 3 cm in low acid foods to be processed in a pressure canner.  
Since the jar should be a container that is designed and intended to be safe against the entry of 
microorganisms and to maintain the sterility of its contents after processing, it should be heated at boiling 
temperature too. The container is an essential factor in the preservation of foods by canning because after 
canned foods are sterilized, it is the container that protects the canned food from spoilage by 
recontamination with microorganisms.  
Food may be canned in glass jars or metal containers. However, since metal containers can be used only 
once, and require special sealing equipment, they are much more costly than jars. Jars can be divided into 
two main types according to their closure: 

 screw topped jar with a rubber seal built into the lid (e.g. kilner) 

 clip jar, with a separate rubber ring gasket (e.g. le parfait). These rings should be used only once, 
since they tend to stretch and deteriorate during use. 

Utilization requirements 

The required tools to perform a well-done home canning are jars and canners (pots). Of course, an 
appropriate heat source to reach the boiling temperature of water is also necessary. 
It is important to note that using the process time indicated for canning food at sea level may result in 
spoilage if you live at altitudes of 1000 feet or more. Water boils at lower temperatures as altitude 
increases. Lower boiling temperatures are less effective for killing bacteria. Increasing the process time or 
canner pressure compensates for lower boiling temperatures. 
At altitudes below 300 m, boil foods for 10 minutes. Add an additional minute of boiling time for each 
additional 300 m in elevation. 

Local construction materials and indications 

Jar, seal and pressure canners are generally produced by specialized companies. However, the canning 
pot required for the water bath method can be made by local labour with local materials or the pot 
already used for cooking can be utilized. 

Operation and maintenance 

Before each use, wash empty jars in hot water with detergent and rinse well by hand, or wash in a 
dishwasher. Submerge the clean empty jars in enough water to cover them in a large stockpot or boiling 
water canner. Bring the water to a simmer and keep the jars in the simmering water until it is time to fill 
them with food. 
With careful use and handling, jars may be reused many times, requiring only new lids each time. When 
jars and lids are used properly, jar seals and vacuums are excellent and jar breakage is rare. 
Glass jars should be carefully checked before any process because seemingly insignificant scratches in 
glass may cause cracking and breakage while processing jars in a canner. 

Morphological features and size 

Commercial glass jars are available in 1/2 pint, 1 pint, 1.5 pint, and 1/2 gallon sizes. The standard jar mouth 
opening is about 3.5 cm.  
A commercial canner is designed to hold seven quart jars or eight to nine pints.  
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Small pressure canners hold four quart jars; some large pressure canners hold 18 pint jars in two layers, 
but hold only seven quart jars. Pressure saucepans with smaller volume capacities are not recommended 
for use in canning.  

 
 

Warning notes 

The advantages of home canning are lost: 

 when you start with poor quality fresh foods;  

 when jars fail to seal properly;  

 when food spoils;  

 when flavours, texture, colour, and nutrients deteriorate during prolonged storage. 
Open-kettle canning and the processing of freshly filled jars in conventional ovens, microwave ovens, 
and dishwashers are not recommended, because these practices do not prevent all risks of spoilage. 

Technical and economic features 

Canning can be a safe and economical way to preserve quality food at home in relation to the energy 
that must be used to increase the water temperature.  

Application sample 

Home canning as a means of food preservation has been practised for generations all over the world.  It is 
an excellent way of preserving the freshness of food products and increasing their conservation time. 
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Vacuum Packing  

Technology description 

Vacuum packing is a process to increase the shelf life of food products. 
The product is placed in an air-tight pack, the air is sucked out and the 
package is sealed. By removing the air around the product, the levels 
of oxygen in the packaging are reduced, impeding the ability of oxygen-
breathing microorganisms to grow and spoil the product. The lack of 
oxygen also reduces the amount of spoilage due to oxidation. This 
system is eminently suitable for rural villages and small towns in many 
developing countries. This well-proven traditional method functions 
satisfactorily because in the short period between slaughtering and 

consumption, microorganisms cannot increase to the extent of spoiling the food and making it inedible.   
The main components required in vacuum packing are: 

1) a vacuum machine which generally consists of: 

 a vacuum chamber with a removable lid in order to 
place the vacuum bag inside the chamber; 

 an electrically driven vacuum pump which 
evacuates the chamber: by closing the lid, air can 
be drawn out from the chamber and also from the 
open bag. Simple vacuum machines can also be 
constructed with a mechanical or a manual vacuum 
pump. The vacuum capacity, and the quality of the 
seal in this case, are difficult to control. They can be 
used for certain foodstuffs, such as coffee, fruit or 
vegetables. The absolute pressure range used in 
vacuum food preservation systems is around 10-1-
102 Pa (101 kPa is the ambient atmospheric 
pressure). An industrial electrically driven vacuum 
pump works at 40 kPa while a small electrically 
driven vacuum machine (Home Consumer Duty) 
works at 75 kPa. 

 an electrically heated sealing device which 
hermetically closes the bag by heat sealing while 
still in the vacuum chamber. 
Vacuum sealers can be divided into three 
typologies: 

- Chamber Vacuum Sealer (Commercial Duty –top figure); 
- External-Vacuum Sealer (Commercial Duty+Snorkel- middle figure); 
- External-Vacuum Sealer (Home Consumer Duty –bottom figure).  

2) a vacuum bag which has high resistance to oxygen, water vapour and puncturing, and high seam 
strength. Normally it is also resistant to kink breaking and is multilayered. Films made of PVC, 
polyethylene (PE) or polypropylene (PP) have a relatively higher oxygen permeability, whereas 
polyvinylidenchloride (PVDC), polyester (PETP), polyamide (PA) and cellulose film (ZG) are less or 
almost non-permeable to oxygen. However, the materials in the first group are frequently used as 
laminates with materials in the second group in order to achieve special effects regarding 
mechanical strength, heat sealing properties or making the package practically impermeable to 
both oxygen and water vapour. These characteristics may differ in relation to the amount of 
moisture in the food. For most solid foods, reducing the pressure to 0.5-5 kPa and then sealing the 
bag will produce a tightly sealed package. At 5 kPa, about 95% of the atmosphere has been 
removed; at 0.5 kPa about 99.5% of the air inside the chamber and packing is gone. Fragile foods 
that can be damaged by the contracting bag can be sealed for storage at 20-50 kPa. 
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Vacuum bags for manual vacuum pumps are normally fairly different: they are not sealed by heat 
but only with pressure, and there is usually a hole in the bag inside a plastic socket which stops air 
from entering during and after the vacuum action. 

The vacuum packing process can be used to preserve food with or without other processes (e.g. 
refrigeration). The shelf-life can change considerably; for example cured food (such as Chinese sausages) 
can have a shelf-life of 2-3 months in ambient temperature, or 4-5 months if vacuum packaged. Storage 
time, thus, varies between food typologies and process combinations.  
Vacuum packing with refrigeration, compared to simple refrigeration, doubles the conservation time 
(average value). After the vacuum packing process, dry food such as bread, rice, pasta and coffee are 
generally stored at ambient temperature (23-27°C), while meat, fish, cheese, fruit and vegetables, which 
contain moisture, are stored at a low temperature (3-7°C).  

Utilization requirements 

Vacuum machines are normally placed indoors, or at least in a protected space. These machines require 
an energy supply, usually electricity, in order to function. A stable grid-connection, however, is not 
required because the machine does not work continuously: therefore, renewable energy systems like PV 
can be used to provide the electricity. Small and medium size machines work at 110-220 V. 
In the case of a manual vacuum pump, energy is not required. 

Local construction materials and indications 

Generally, vacuum machines are produced by companies 
as ready-to-use components. Due to their chemical and 
physical characteristics, the vacuum bags are not easily 
made on-site either. However, in order to use local labour 
and materials, it is possible to assemble the 
mechanical/electrical part of the systems on site as well as 
the machine envelope. Usually no or few 
mechanical/electrical parts can be constructed using 
readily available local resources, in particular, 
components of the vacuum machine (pump and sealer). 
These components, however, can be reduced to just a 
manual vacuum pump, which is easier to assemble, and a 
plastic bag. Simplified systems, however, do not preserve 
the food for as long as electrically driven vacuum pumps.  

Operation and maintenance 

Each time the machine is used, a new bag is needed. Manual and small size vacuum machines/pumps 
require very little maintenance. Normally, when they break it is not worth repairing them.  
In general, a few recommendations of correct O&M can be listed for medium and large vacuum pumps:  

 check the oil level daily;  

 check the intake filter weekly;  

 clean the oil filter monthly and change it with every oil change; 

 change the oil after 500 operation hours (first time) and 1000 operation hours or 6 months later; 

 keep the motor fins clean and free from obstruction. 
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Morphological features and size 

Vacuum machines are typically all-in-one products. The capacity and 
size of a vacuum machine differs especially due to the vacuum pump 
used. The weight of vacuum machines with an electrically driven 
vacuum pump ranges from 0.5 kg to 200 kg (but industrial machines 
can exceed 300 kg) and the common dimensions are not more than 1 
m3. 
External-vacuum sealers also come in different sizes but small 
machines like the one in the picture (around 2-5 kg) are preferable for 
non-industrial use. 
 
 
 
 

Warning notes 

 A few application warnings have to be taken into account: 

 avoid placing the vacuum machine in a potentially explosive room; 

 pay attention to smoking oil or very hot pumps; 

 pay attention to the sealer, which can hurt your hands. 

Technical and economic features 

Manual vacuum pumps cost about € 5-10 and vacuum bags are around € 20 for 15 bags. For a constant 
use, therefore, manual vacuum pumps are not cheap. Small size machines with external-vacuum sealers 
for home consuming cost about € 50-100 and the bags are sold in rolls (€ 5-10 for about 18 bags of the 
size of 5 cm x 28 cm). This system is more economical in the long run and technically better compared to 
the manual vacuum pump process. An "industrial" vacuum machine with an electrically driven vacuum 
pump and electrically heated sealing device, however, costs around € 500-800 with a motor power of 
around 400 W (1.7 €/W) and sealing power of 700 W.  
The energy cost depends on the number of times of use since it does not require a continuous operation. 
For a single family, energy consumption will be low as the process will be used few times a day.  

Application sample 

A Ugandan project, Fresh Vacuum Sealed Matooke 
(FREVASEMA project: www.afribananaproducts.com), 
has started packing peeled matooke (small kind of 
banana), increasing its shelf-life to up to one month:  
during production the product is packed and vacuum 
sealed in a plastic vacuum bag (in accordance with both 
domestic and international food grades). During 
transportation the product is either chilled or frozen 
depending on the shelf-life of the product. Unlike the 
matooke which is currently exported and consumed 
within Uganda, this product has a shelf life of over 6 
months when frozen (-4 to -18°C) and one month when 
chilled (0 to -4°C). 
 
 

  

http://www.afribananaproducts.com/
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Comparative tables 

 Strengths Weaknesses Opportunities Threats 

SA
LT

IN
G

 

 Can be totally 

carried out with 

local materials and 

knowledge 

 Simple process 

 Low or no cost 

 No energy 

consumption 

 Improved taste 

properties of food 

and shelf-life 

 After salting, 

proper food 

storage should be 

considered 

 Necessity to 

control physical 

conditions 

(temperature and 

humidity) to ensure 

proper chemical 

transformation of 

the food 

 Impossibility of 

regulating the 

process 

 It is sometimes a 

lengthy process 

 Modification in 

physical, chemical 

and nutritional 

properties of food 

 Wrong amount of 

salt does not 

extend the food's 

shelf-life 

 Easily diffused in 

local customs 

 High ambient 

temperature 

 Rainy location 

 Air humidity 

content 

C
U

R
IN

G
 

 Simple process 

 Low or no cost 

 No energy 

consumption 

 Improved taste 

properties of food 

and shelf-life 

 After curing, 

proper food 

storage should be 

considered 

 Necessity to 

control physical 

conditions 

(temperature and 

humidity) to ensure 

proper chemical 

transformation of 

the food 

 Wrong amount of 

nitrate could be 

dangerous to 

health safety 

 It is sometimes a 

lengthy process 

  High ambient 

temperature 

 Rainy location 
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 Strengths Weaknesses Opportunities Threats 
V

A
P

O
U

R
 C

O
M

P
R

ES
SO

R
 

 On site assembly 

 Possibility to be 

directly powered 

by PV system 

 Low or no effect on 

a food's taste or 

texture 

 High efficiency 

 Possibility to reach 

very low 

temperatures 

 Freezing possibility 

 Relatively high 

power absorption 

 Medium-high cost 

 Electrical energy is 

needed 

 Heat production 

towards external 

environment 

 Food management 

and possible cost 

saving 

 Poor economic 

opportunities 

 Requires proper 

use by the user 

SO
R

P
TI

O
N

 

 Few or no moving 

parts and simple to 

manufacture 

 Different energy 

sources can be 

used (waste heat, 

solar and thermal 

energy or 

traditional fuels) 

 A number of self-

produced 

prototypes in 

developing 

countries 

 Low or no effect on 

a food's taste or 

texture 

 Lower costs than  

vapour compressor 

 Can be operated 

with relatively low 

temperature heat 

sources 

 Energy 

consumption (sun 

or fuel; no 

electricity) 

 Flammable fluids 

could result in fires 

and burns  

 If kerosene or 

flammable fluids 

are used the 

machine must be 

located outside 

 Medium-high cost 

 Relatively lower 

efficiency than 

vapour compressor 

 Maximum cooling 

temperature is 

limited to 30°C 

below the external 

air temperature 

 Different sources 

can be used 

 Food management 

and possible cost 

saving 

 High possibility to 

use solar energy 

source 

 Cloudy location (if 

solar energy is 

used) 

 Sun exposure and 

hot season 

 Requires proper 

use by the user 

 High ambient 

temperature 
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 Strengths Weaknesses Opportunities Threats 
TH

ER
M

O
EL

EC
TR

IC
 

 Lightweight, 

portable system 

 On site assembly 

 Low maintenance 

 Compactness and 

durability 

 No flammable or 

toxic refrigerant 

used 

 Low or no effect on 

a food's taste or 

texture 

 Possibility to be 

directly powered 

by PV system 

 Lower cost than 

vapour compressor 

 Exploitable for 

heating and cooling  

 Lower efficiency 

than other 

refrigeration 

systems 

 Energy 

consumption  

 Electrical energy is 

needed 

 Maximum cooling 

temperature is 

limited to 30°C 

below the external 

air temperature 

 Applicable only to 

small systems 

 Food management 

and possible cost 

saving 

 Sun exposure and 

hot season 

 Requires proper 

use by the user 

 High ambient 

temperature 

P
O

T 
IN

 P
O

T 

 Can be totally built 

with local materials 

and knowledge 

 Very simple to use 

 No energy 

consumption 

 No mechanical 

components are 

required 

 Very low 

construction cost 

 Impossibility to 

control the inside 

temperature  

 Low temperature 

difference between 

external 

environment and 

internal pot 

 Continuous supply 

of water needed 

 Preservation 

outside the home 

 High availability  of 

construction 

materials 

 No access to clean 

and affordable 

energy systems 

 Production could 

become a 

livelihood activity 

for local people 

 Diffusion in local 

customs 

 Acceptability 

 Waste availability 

 Air humidity 

content 

 Cloudy and rainy 

location 

 Scepticism 

concerning 

functionality 
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 Strengths Weaknesses Opportunities Threats 
H

O
M

E 
C

A
N

N
IN

G
  Lightweight, 

portable system 

 Simple to carry out 

 Not dependent on 

weather conditions 

 Low equipment 

cost 

 No mechanical 

components are 

required 

 Energy source is 

needed to heat the 

water to boiling  

 Sealed jars are 

needed 

 Modification in 

physical, chemical 

and nutritional 

properties of food 

 Fuel consumption 

 System is not 

affected by 

weather conditions 

 Users’ acceptance 
V

A
C

U
U

M
 P

A
C

K
IN

G
 

 Low or no energy 

consumption 

 Very simple to use 

 Low maintenance 

 Low-medium cost 

 Not dependent on 

weather and local 

conditions 

 Improved shelf-life 

with no nutritional 

change in food 

 Low or no effect on 

a food's taste or 

texture 

 After packing, 

proper food 

storage should be 

considered 

 Impossible to build 

on site 

 Vacuum packages 

are disposable 

 Not or little 

affected by 

weather conditions 

 Users’ acceptance 
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 Strengths Weaknesses Opportunities Threats 
SU

N
 A

N
D

 S
O

LA
R

 D
R

Y
IN

G
 

 Low or no energy 

consumption 

 Simple 

construction and 

possibility to carry 

out process locally 

 Low maintenance 

 Small systems can 

be portable 

 A number of self-

produced 

prototypes in 

developing 

countries 

 Modification in 

physical, chemical 

and nutritional 

properties of food 

 Difficulty in 

regulating drying 

rate 

 It takes a long time 

to dry food 

 Food must be 

rehydrated before 

consumption 

 After drying, 

proper  food 

storage should be 

considered 

 Use is dependent 

on the weather  

 Hand-made 

process can result 

in an inaccurate 

design  

 It is a lengthy 

process 

 Food drying could 

become a 

livelihood activity 

for women 

 Air humidity 

content of the 

location 

 Cloudy and rainy 

location 

SM
O

K
IN

G
 

 Smokers can easily 

be made using 

cheap, local 

materials 

 Smoking imparts 

desirable flavour 

and colour to some 

foods 

 Different energy 

sources can be 

used 

 In common 

smokers fuel is 

required 

 Difficulty in 

controlling the 

process 

 It is a lengthy 

process 

 After smoking,  

proper  food 

storage should be 

considered 

 High risk of fires 

and burns  

 Very limited 

portability 

 Hand-made 

process can result 

in an inaccurate 

design  

  Air humidity 

content of the 

location 

 A high 

concentration of 

smoke in food can 

reach levels 

hazardous for 

human health 
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6.10 Technologies for electrical power generation 

Internal Combustion Engine Generators 

Technology description 

Internal combustion engine generators convert mechanical energy into electrical energy through the 
combustion of fuel. There is a wide range of engine-driven generators available, from portable units 
capable of supplying a few hundred watts of power to enormous, multi-megawatt units capable of 
supplying grid power for a small city. The growing demand for autonomous power supplies has led to 
advances in the technology and generally lower prices, particularly in the portable generator market.  
For the purpose of refugees and IDP camps the attention is focused primarily on smaller to mid-size 
generator applications. 
The best way to classify internal combustion engines is to relate them to the fuel they use: 
 

 Gasoline Engines: these are the most familiar type of 
engine. While 4-stroke engines carry the lubricating oil in 
the crankcase of the engine, separate from the combustion 
chamber, 2-stroke engines mix the lubricating oil in the 
fuel, which partly accounts for their higher levels of harmful 
emissions. 
Regardless of the engine cycle: 

 The combustion of gasoline requires a spark-type 
ignition system. Gasoline is introduced into the engine 
finely mixed with air at a 15:1 ratio via a carburettor 
(common to smaller engines) or fuel injection.  

 Gasoline is rated by octane, a measure of the ignition quality of the fuel. The higher the octane 
number, the more controlled the burn rate becomes (less explosive combustion). 

 Gasoline is quite volatile and can be problematic to store in large quantities. The shelf life for 
gasoline is typically about 6 months before it begins to degrade.  

 

 Diesel engines: these do not require a spark-type ignition 
because diesel fuel is injected into the compressed air in 
the combustion chamber, where it ignites spontaneously. 
To supply the heat for combustion, a diesel engine runs a 
much higher compression ratio than a gasoline-fired 
engine. As a result: 

 They tend to be of much heavier construction and 
longer lived than gasoline engines of a similar output.  

 They tend to be appreciably more fuel-efficient than 
gasoline engines and require less maintenance.  

Other characteristics: 

 The vast majority of diesel engines are of the 4-stroke design.   

 Diesel fuel is heavier and less volatile than gasoline and stores well for periods of up to 2 years in 
temperate climates.  

 Diesel fuel is principally rated by the cetane number, a measure of the ignition quality of the fuel, 
which influences starting as well as combustion roughness.  

 

 Gaseous Engines: most 4-stroke, spark-ignited engines can be converted to run on the common 
gaseous fuels including liquid propane (LP) and natural gas (methane) with relatively little 
modification. Natural gas is typically only available through a pipeline infrastructure and is therefore 
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not suitable for most off-grid applications. LP is the most 
suitable gaseous fuel for use in off-grid applications. It 
burns cleanly, thereby resulting in fewer harmful 
emissions than gasoline or diesel, and stores well in 
specialized pressure tanks or cylinders. However, all 
gaseous fuels have a lower energy density than gasoline. 
That is, if a gasoline engine is converted to run on propane, 
it must be de-rated by 15%. In other words, a generator 
rated for 5kW output on gasoline would be capable of only 
a 4.25kW output when fuelled with LP.  

 
Most engine-driven generators produce AC. The frequency a generator produces is determined by the 
speed of rotation (engine RPM) and the number of electrical poles (p) in the rotor. A two-pole rotor 
requires a 3000 RPM rotational speed to produce the standard frequency of 50 Hz (AC). Similarly, a four-
pole generator needs to rotate at half the speed, or 1500 RPM, to produce a 50 Hz frequency. In equation: 

𝑓(𝐻𝑧) =
𝑝 ∙ 𝑅𝑃𝑀

120
 

 
Engine speed, and therefore output frequency, is controlled by the governor, which may be a:  
 Mechanical-type governor: which typically relies on a system of weights and springs, which work 

against one another to reach a dynamic balance. Although this happens quite rapidly, there is still an 
appreciable time lag, and precise frequency regulation is somewhat more difficult to maintain.  

 Electronic-type governor: which continuously monitors engine RPM and can respond much more 
rapidly to changing loads. It also maintains a much tighter frequency control, which can be important 
for very sensitive electronic devices. In general, electronic governors are found only on larger 
stationary generators. 

The vast majority of smaller generators are single-phase units, since residential households are normally 
in single phase, with 120 Voltage Alternating Current (VAC) and 240 VAC available. On the other hand, a 
three-phase AC system has three individual circuits or phases and it is commonly found in industrial 
settings where very large loads must be started. Three-phase power is typically found in large generators 
and only very rarely in units under a 10-kilowatt output rating. 

Utilization requirements 

The second criterion in selecting an engine generator should be the utilization conditions: 
 If the generator needs to be transported by hand across difficult 

terrain, a portable, gasoline-fired model is ideal since a lightweight 
model and easy-to-handle fuel takes priority (figure on the right). 

 If the application is to be semi-permanent, an efficient diesel engine 
might make more sense. This type of engine, while significantly 
heavier, will also have a much longer service interval and produce 
more power per litre of fuel used.  

 If exhaust emissions are a concern, then a propane-powered unit 
may be the best choice since it produces the least toxic type of 
emissions of any hydrocarbon fuel, and when equipped with a 
catalytic exhaust system, the pollution emitted is fairly benign.  

Regardless of the type of engine generator selected, it is wise to go 
with a reputable manufacturer. Inexpensive generators tend to have much poorer reliability and lower 
efficiencies. They are also typically louder, have greater vibration, and produce a less stable voltage and 
frequency than premium units. 
 
Normally, electrical power requirements for an off-grid application tend to be fairly modest, requiring only 
a small fraction of the generator rated power. Thus, it is generally impractical to run a generator capable 
of a several thousand watt output continuously to support only small and/or intermittent loads. It is not 
only incredibly inefficient, but fuel storage and maintenance issues become major concerns. A more 
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efficient solution is to run the generator only when it is necessary to charge a battery bank and/or supply 
power for intermittent large loads. When sized appropriately, the battery bank can absorb the full output 
capability of the generator via a battery charger (in the figure). Moreover, when combined with one or 
more renewable energy technologies (PV or wind power), the engine run time can be reduced even 
further, saving fuel and extending battery lifetime. 

Operation and maintenance 

Several practical notes need to be taken into account when installing an internal combustion engine 
generator: 
 Installation place: the power source can be located a significant distance away from the loads. AC 

power travels fairly well over long distances with minimal voltage drop. Increasing the voltage via a 
transformer system or increasing the size of the conductor will reduce the amount of voltage drop. 

 Servicing periods: engine generators require maintenance when some prescribed hours of operation 
are reached, in particular: 
o Oil change: most portable generators need their engine oil changed, this operation is more 

frequent in hot conditions, for example: 

 Below 35°C: every 250 hours; 

 Above 35°C: every 125 hours. 
o Clean or change air filter: more frequently in dusty conditions, for example: 

 Clear air: every 500 hours; 

 Moderate dust: every 125 hours; 

 Sever dust: check every day. 
o Drain and change fuel filters: all fuels should be clean and free of water. Water gets into fuel in 

several ways: condensation, loose caps or fittings. The operation should be done more frequently 
if the fuel quality is poor, for example: 

 Clean fuel: every 500 hours; 

 Dirty fuel: every 250 hours. 
o Overhaul: every 10000 hours of operation it is advisable to carry out a major overhaul on the whole 

engine. 
 Grounding: the earth ground must be bonded to every metal electrical box or component enclosure, 

receptacle, and bare metal frame. Most engine generators provide a clearly identified grounding point. 
 Overcurrent protection: it is wise to include adequate circuit protection. Breakers and fuses serve to 

protect the equipment, provide safety, and allow for easier maintenance of the system. Breakers are 
typically considered preferable, as they can simply be reset, whereas a blown fuse must be replaced. 

Morphological features and size 

Considering an average specific weight of 20 kg/kW for small size engines (2-10 kW) the weight of an 
internal combustion engine generator is not negligible, hence it is advisable to consider this aspect in the 
transport and installation phases. Regarding the specific size, it could be approximately of about 0.05 
m3/kW, giving a high volume power density of 20 kW/m3 to this power technology.  

Warning notes 

Installing internal combustion engine generator systems brings its own potential hazards. The possibility 
of an electrical shock is quite real. Generators can and have caused electrocution. Moving parts such as 
fans and belts have the potential to cause mechanical injury. Exhaust emissions are toxic and can lead to 
asphyxiation in enclosed spaces. 

Technical and economic features 

In this technical sheet, internal combustion engine refers to any engine utilizing the combustion of a fuel 
to push a piston within a cylinder. This reciprocal motion is changed into a more useful rotary motion by 
the crankshaft. Finally, the mechanical energy is converted into electrical energy by the generator coupled 
to the crankshaft. 
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Engines are generally rated in horsepower (1 horsepower is 
equivalent to 746 Watts) at a specific altitude, and power must be 
de-rated for gains in elevation by 2% for every 300 metres above 
sea level. 
Regarding the conversion efficiency from fuel to electrical energy, 
given one litre of diesel fuel carrying an energy content of about 
10 kWh, an engine generator will produce between 2.5 to 4 kWh 
per litre. Thus, the conversion efficiencies of internal combustion 
engines range from 25% to 40%. 
The categorized costs of a typical small-medium size internal 
combustion engine generator are: 

 Installation costs: around 400-600 €/kW; 

 Running costs: 0.30-0.45 €/kWh (assuming the fuel price 
ranges between 1-1.2 €/l),  

 Operation and maintenance costs: € 0.05 for each hour of 
operation;  

 Overhaul costs: about 15% of the capital cost. 

 Replacement costs: the lifetimes for engine generators are 
quite short, at about 20,000 hours of operation (for diesel 
units). Thus, if the generator is a component of a more 
complex power system with a longer expected lifetime, one or 
more replacements of the engine generator need to be taken 
into account. 

Summarizing, internal combustion engine generators have a reputation for high reliability as long as 
minimum maintenance requirements are met. 
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Micro hydro power plants 

Technology description 

Micro-hydro plants are small power generating plants, between 10 kW and 100 kW, that change the 
potential energy of water moving from higher to lower elevations into mechanical or electrical energy. A 
micro hydro plant can provide mechanical power directly from its turbine, or produce electricity from a 
generator coupled to the turbine. The power generated can be used for electrification, post-harvest 
processing of agricultural products, or small industrial applications in remote areas. This simple and 
matured technology can easily be applied to generate power for rural villages, refugees and military camps 
located in areas with available water resources.   

Almost all micro hydro power plants are of the run-of-river type as shown in the figure. In the run-of-river 

scheme, a part of the river flow is diverted into a channel and pipe and then through a turbine. This scheme 

does not stop the river flow. Advantages of this layout are that it is simple, can be built locally at low cost, 

and it offers long term reliability. The use of the pipe (e.g. PVC pipe), to divert water from the main river 

and transport it to the micro hydro turbine is referred to as closed diversion system. On the contrary, in an 

open diversion system (e.g. canal), the water is directly exposed to gravity along the entire diversion 

system.  

 
The main components of a micro hydro power plant are: 

 A weir and intake, which extract water from the river in a reliable and regulated way.  

 A channel, consisting of a structure designed to create a head through which the water falls and 
also to conduct the water from the intake to the forebay tank. 

 A settling basin used to settle the suspended particles and flush them out in the water drawn 
from the river. 

 Spillways which are structures designed to permit controlled overflow at certain points along the 
channel.  

 A forebay tank, which forms the connection between the channel and the penstock. 

 A penstock which is the pipe  that conveys water under pressure from the forebay tank to the 
turbine 

 A tailrace used to discharge water back into the river. 
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 A turbine used to convert energy from the falling water into rotating shaft power. 

 A drive system, which transmits power from the turbine shaft to the generator shaft or the shaft 
powering other devices. It also has the function of changing the rotational speed from one shaft 
to another when the turbine speed differs from the required speed of the alternator or device. 

 An electrical system converts mechanical power into electric power. This consists of a generator 
and a control panel 

 
Four types of standard turbines that are most adaptable to micro hydro systems are:  

 small impulse-type turbine (e.g. Pelton turbine),  

 small Francis-type turbine (e.g. Vertical Samson turbine),  

 small propeller-type turbine, and  

 Cross flow (or Banki) turbine. 
 
The classification of turbine types is summarized in the table below: 

Turbine Type Available Site Head 

High (H>150m) Medium (20≤H ≤50) Low (2 ≤H ≤20) 

Impulse 

Pelton Cross flow (Mitchel/Banki) Cross flow (Mitchel/Banki) 

Turgo  Turgo   

Multi-jet Pelton Multi-jet Pelton  

Reaction 
- Francis Propeller (axial flow) 

- Pump-as-turbine (PAT) Kaplan  (modified propeller) 

 
In general, impulse turbines are more suitable for micro hydro applications compared with reaction 
turbines because of their greater tolerance to sand and other particles in the water, better access to 
working parts, lack of pressure seals around the shaft, ease of fabrication and maintenance, and better 
part-flow efficiency. The figure below shows common types of impulse turbines for micro hydro plants. 
 

  

 

Pelton turbine Turgo turbine Cross flow turbine 

An alternative design of micro hydro turbines uses standard pumps as turbines (PAT). This option can 
help to minimize initial investment costs for a micro hydro plant. The main advantages of using standard 
pumps as turbines for micro hydroelectric plants compared to standard hydro turbines are: 

 Integral pump as motor can be purchased for use as a turbine and generator set 

 Available for a wide range of heads and flows 

 Available in a large number of standard sizes 

 PATs have a competitive maximum efficiency when compared to conventional turbines. 
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 Comparatively much more cost-effective than conventional turbines due to mass production of pumps. 

 Short delivery time 

 Spare parts such as seals and bearings are easily available 

 PATs are relatively simple and easy to install and maintain 
 
However, the choice of the correct pump for a particular micro hydro plant is challenging due to the 
difficulties in obtaining the pump characteristics in turbine mode. 

Utilization requirements 

Micro hydro plants generate electrical or mechanical power for productive and consumptive use. The 
application flow is shown in the following scheme: 

 
The layout of existing micro hydroelectric plant electricity generation is shown in two existing cases 
presented in the figures below: 

  
Location: Costa Rica 
Rated Output: 14 kW 
Turbine Type: Twin-Nozzle Pelton 
Generator: 14 kW synchronous  
Drive: Direct 
A variable needle nozzle makes it possible to adjust for 
changes in stream flow without shutting down the turbine.   
The turbine intake was custom designed to fit in an existing 
powerhouse. 

Location: Ethiopia 
Rated Output: 15 kW 
Turbine Type: Cross flow 
Generator: 15 kW synchronous generator 
Drive: Belt-drive 
It is currently supplying power for grinding grains and 
providing lighting to the houses in the immediate 
surroundings. 

Water mills have been in use for many years. Most of them used locally manufactured turbines to produce 
energy from the falling water. Improved Water Mill (IWM) is an intermediate technology, mainly for 
grinding, based on the principle of existing traditional water mills. The traditional water mill has been 

Micro Hydro Plant 

Conventional Turbines,

Pump as Turbine (PAT), 

Peltric set

I mproved Water Mill 
(IWM)

Productive Use

Mechanical 
Agro_processing  Timber 

sawing    Operation of 
Appliances: beater, 

grinder Pulping, Cooling, 
Pumping

Electrical Agro_processing  
Timber sawing    Operation 

of Appliances: beater, 
grinder Pulping, Cooling, 

Pumping

Consumptive Use

Electric: Domestic  lighting,  
Cooking,  Cooling,  Heating,  Radio,  

Television
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improved by replacing the traditional wooden runner with a hydraulically better-shaped metallic runner 
with cup-shaped blades.  Apart from the runner, other components of the traditional mill have also been 
improved. 
A modified version of IWM enables multiple end uses of hydro power such as agro processing and 
electricity generation. A multi-purpose power unit (MPPU) is a micro-hydro scheme with several types of 
machinery connected to it. It was developed in Nepal. The concept of the MPPU is basically the same as 
that of the IWM made of a vertical axis runner with a fixed and a rotating grinding stone (for grinding 
operations), and with belt and pulley arrangements to deliver power to other applications. 

The three figures below show a layout of IWM running multiple machines and MPPU, which generates 
additional mechanical power for grinding grains in a village in Ethiopia, near Jimma. The power generated 
does not only supply domestic electrical loads such as lighting loads, but is also used to drive a small-scale 
milling centre. This application is especially efficient when the electricity generated is not always used to 
its fullest capacity  

 

 
 

 

Micro hydro is one possible source of power in remote areas, which are not connected to the main grid. 
Their construction, operation and maintenance are simple and can be adopted well by local technicians. 
However, due to lighting being the major demand for electric power in most rural areas, low load factor 
affects the sustainability of this technology. To make a micro hydro plant sustainable, it is necessary to find 
alternative economic end-uses of electricity. One recommended option is to use electricity to drive milling 
equipment. This option can be justified if the electric power generating plant is at a distance from the 
required location of the milling or food processing centres. Another option is to design a hybrid system 
with direct mechanical drives coupled to the milling equipment. The milling machine should be used during 
the off peak hours while the electric generator is turned off. 

Local construction materials and indications 

Most components of a micro hydro plant can be obtained or constructed locally. Induction generators, 
which can be easily purchased as motors, are increasingly being used in micro hydroelectric plants (below 
25kW they are less costly than synchronous generators). They are the preferred type of generator in micro 
hydroelectric plants because they are easily and cheaply available (as motors), they are robust, reliable, 
require little maintenance, and can operate at variable speeds with constant frequency. However, 
induction generators are incapable of providing their own excitation current. For off-grid systems, 
capacitors connected at the terminals of the induction generator act as the source of excitation current. 
Cross-flow turbine is the best machine for construction by a user. The figure shows a 5kW cross flow 
turbine manufactured by Arusha Technical College (ATC) in Tanzania. In Nepal, local artisans are trained in 
producing metal runners for improved water mills.  
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Cross-flow turbine runner manufactured at ATC (Tanzania) 

In addition, dummy loads, which are resistive loads such as air cooled or water cooled heaters used to 
dissipate excess power from the micro hydroelectric generator, can be found locally or assembled by a 
local technician. A dummy load governor is suitable for rural electrification by a micro hydroelectric power 
plant due to its simple construction, low cost and high maintainability. 

Operation and maintenance 

The operation of a micro hydroelectric power plant involves all the procedures to control the overall plant 
in order to generate and supply a stable and high quality power to the consumers. Also, it is of equal 
importance to ensure that the plant is maintained to a standard condition. These procedures are 
determined by the plant’s level of automation. A micro hydroelectric plant with no automatic control 
system requires an operator for most of its operating time. The operator should carefully follow the 
procedures explained in the operation manual of the plant. Basically they will follow the outline below: 

 Pre-operational assessment  

 Preparing to start the operation  

 Starting the plant operation  

 Operating under normal conditions 

 Shutting down the plant under normal conditions  

 Shutting down the plant under emergency conditions  

 Operation procedures for agro-processing 
 
Safety and First Aid: It is advisable to plan and carry out safety and first aid training for plant operators 
before starting running the plant.  The trainer must ensure that prospective operators are aware of and 
remember safety precautions. More essential is for the operators to know how to perform first aid and 
primary treatment when an accident happens. 
 
The system should be periodically maintained and repaired, if needed, as per the maintenance and repair 
guidelines provided for each component. Sustainable operation of a micro hydro power plant requires:  

1. Technically supported facilities and equipment 
2. Adequate operation and maintenance (O&M) 
3. Proper management of O&M organization 

 
To ensure reliable maintenance, the following points need to be considered during the planning and 
construction of a micro hydro power plant: 

 What skills are available to the plant via the operators themselves? 

 What on-site facilities are available? 

 What access is available to parts of the system? 

 What is, or should be, the O&M budget? 

 What skills and facilities are locally available? 

 Can warrantees be maintained via local maintenance or do they require manufacturer input? 
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 What is the availability and lead time of spares or does the plant need to carry its own? 

Morphological features and size 

The structure layout of a micro hydro power plant depends on the topography and geomorphology of the 
site. The topography and morphology of the site terrain will determine the layout of the canal and whether 
high or low pressure pipes can be used. Also the choice of a suitable site for each structure of the micro 
hydro power plant is based on the site topographical and geological conditions. These conditions 
determine the extent of civil engineering works which, for a micro hydro power plant, is very site 
dependent. It is also advisable to ensure good accessibility for construction, operation and maintenance 
activities. Therefore, a complete study which includes the landform, location of site, slope of river, 
catchment area of proposed site, accessibility, hydrological data, river flow data and rainfall data is 
mandatory for successive designs of micro hydro power plants. 

Economic features 

A micro-hydro system has the advantage that where site specifics are appropriate, it can provide a 
sustainable, reliable and low-cost source of energy in remote and isolated communities where grid-
extension would be cost-prohibitive and fuel transport costs are high. The initial investment costs 
associated with micro-hydro systems are large. Since each site is unique, detailed hydrological studies 
must be carried out before the viability of a micro-hydro project can be determined. As a result, costs 
remain high since the installation process cannot be standardized as in the case of solar PV systems or 
diesel technology. Capital costs typically range from US$1000-2000 per installed kW, £1,200 to £4,000 
per installed kW, depending on the site, for a community project in a developing country. Costs are 
different in each case, and it is impossible to give an accurate figure without knowing the specifics of the 
site. 
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Solar Photovoltaic Generators 

Technology description 

Solar energy, the most plentiful of all the renewable energy resources, is available with higher values 
between the two tropics, in close proximity, that is, to precisely those areas where humanitarian 
emergencies in the form of refugees and IDP camps are concentrated the most. Therefore, technology 
solutions that take advantage of this resource are of extreme importance for such disadvantaged contexts. 
Solar PV generators do exactly that, they utilize semiconductor-based materials, which directly convert 
solar radiation into DC electricity. 
In a PV module, that is the commercial PV unit, numerous PV cells are connected in series and parallel 
circuits in order to obtain the desired output power. A number of solar modules can be combined in order 
to form a PV array with the desired output capacity. This fact gives this technology a high degree of 
modularity making it suitable for a different range of applications. 
The electrical characteristic of the PV cell is generally represented by the current versus voltage (I-V) curve 
shown in the figure below (left) where ISC and VOC are the short circuit current and the open circuit voltage 
respectively. An important point of this characteristic is the maximum power point (MPP) which is located 
on the knee of the curve where the product between voltage and current (i.e. power) is maximum.  
As shown in the figure, the I-V curve and hence the power output of a PV cell is strongly affected by levels 
of radiation (middle) and the cell’s temperature (right). In particular, the amount of available light affects 
current production and the temperature of the cell affects its voltage. 
 

 
 
Not surprisingly, most of the electrical parameters of a PV module closely reflect those of its solar cells. As 
an example it is possible to consider a module containing 72 monocrystalline cells with a peak power rating 
of 180 W (a popular size and power rating). On the back of the module (as on every commercial unit) will 
be shown the following parameters: 
 

Nominal Power 180 W Voltage reduction per °C 0.33% 
Open - circuit voltage (VOC) 43.8 V Length 1600 mm 
Short - circuit current (ISC) 5.50 A Width 804 mm 
Voltage at maximum power point 35.8 V Weight 18 kg 
Current at maximum power point 5.03 A Efficiency 14 % 
Power reduction per °C 0.45%   

 
As guessed, the nominal power of 180 W equals the product of voltage and current at the MPP. The 
efficiency is given by the module power in kW divided by the module area in square metres (assuming a 
solar radiation of 1 kW/m2).  
 

Utilization requirements 

PV generators are generally the fundamental components of photovoltaic systems which typically are 
made of all or part of the following components: 

 Batteries and charge controller: for energy storage and control; 
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 Inverter(s): if AC output is required; 

 Wires/cables and other hardware: for electric connections. 
 
Such systems are generally divided into two major categories:  
1. Grid-connected: systems that are interfaced to an electricity grid. 

The major advantage of this arrangement (configuration A) is that the output from the PV array is fed 
into the grid (under economic compensation) when not required by the loads; conversely, when the 
home needs power that cannot be provided by the PV (for example at night) it is imported from the 
grid at the current electricity price.  

 
Configuration B in the figure shows a hybrid configuration. In this case the excess power from the PV 
is primarily stored in the battery bank to be used at night, and only if the battery bank is full does the 
system exploit the connection with the main grid in order to sell. 
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2. Off-main-grid: self-contained systems which can be classified into two categories: 
 

i) Standalone Photovoltaic (SAPV) systems: systems whose purpose is to meet the needs of an 
individual customer, be it a person, a household or a business activity. According to the size it is 
possible to distinguish between: 

 Pico Solar Systems (which include solar PV lamps): these are defined as small solar systems, 
normally portable, with a power output of 1–10 W, mainly used for lighting, and thus able to 
replace sources such as kerosene lamps and candles. Devices are powered by a small solar 
panel and use a battery, which can be integrated in the device itself. 

 

 

 

 Solar Home Systems (SHS): these consist of a PV module, a charge regulator, a deep-cycle 
battery (normally a lead-acid one), and optionally an inverter. Generally, these systems cover 
a power output of up to some hundred Watts. Configuration A without an inverter makes solar 
home systems very energy efficient. In this case, the charge controller is the core of home-
based systems, since it ensures optimal charging and discharging and avoids damage. 
However, when DC loads are not available, an inverter is required as in configuration B. 
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 Community Based Systems: these are larger Standalone PV systems that provide energy to 
community services such as health centres, schools and factories. In this case, an inverter is 
generally needed. With a typical range from a few hundred to a few thousand Watts output 
power, community systems usually work with a higher DC voltage. 
 

ii) PV Micro-Grids: which are centralized systems that can supply, through a common distribution 
network, the needs of a large number of households and community services. In this case, solar 
panel arrays are assembled in the range of some hundreds of kW, and a distribution network 
provides the electricity to the connected loads. 

The complexity of the system is higher. Essential elements of the system are: 

 PV array. 

 Battery banks for electricity storage. 

 Power conditioning unit (PCU) consisting of junction boxes, charge controllers, inverters, 
distribution boards and necessary wiring/cabling. 

 Power distribution network (PDN) consisting of conductors, insulators, wiring/cabling. 
PV Micro-Grids can give the possibility to electrify rural or peri-urban areas with a centralized 
solution with benefits in terms of reliability and total costs. Moreover, with the appropriate 
precautions, PV Micro-Grids can be designed with the possibility of future main grid 
integration working as building blocks for future system expansion. 
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Local construction materials and indications 

A solar PV lamp can be built and possibly repaired by those who use it. A home-made solar PV lamp costs 
only $2 and the necessary components are a LED, an electrical cable, a cellular phone battery, a switch, a 
PV module (with power rating not above 5 W) and a transparent container (such as used plastic bottles). 
All the materials are easy to find except for the solar cell, the only element that needs to be ordered, but 
the cost of which will soon be repaid thanks to savings in kerosene. 

 

Operation and maintenance 

Several practical arrangements need to be followed in the installation and operation phases of a PV 
system: 
 

1. Orientation: to maximize the collection of the daily and seasonal solar energy, PV modules should 
be oriented geographically. 

 

Time of day most 
favourable in terms of 
insolation 

Recommended 
orientation in the 
Northern hemisphere 

Recommended 
orientation between 
the Tropics 

Recommended 
orientation in the 
Southern hemisphere 

All day South - (flat) North 
Morning South-West - (flat) North-East 
Afternoon South-East - (flat) North-West 

 
2. Tilt angle: the angle between the panel’s surface and the horizontal is the key to an optimum 

energy yield, indeed the cells’ output increases when they are perpendicular to the sun. 
 

Time of the year the 
system is used the 
most 

Recommended Tilt 
Angle in the Northern 
Hemisphere 

Recommended Tilt 
Angle between the 
Tropics 

Recommended Tilt 
Angle in the Southern 
Hemisphere 

All year Latitude Flat Latitude 
Mostly winter Latitude + 15° Flat Latitude + 15° 
Mostly summer Latitude – 15° Flat Latitude – 15° 
Mostly fall or spring Latitude Flat Latitude 
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3. Tracking systems: systems which mechanically move the panels in such a way that they are at the 
best inclination and orientation during the day. 
 

 
 

4. Shading and dust: avoiding shading from surrounding obstructions and cleaning the panels 
frequently to remove dust or dirt that has accumulated, are necessary precautions because 
otherwise the surface area is reduced and, consequently, the power is negatively affected. 

5. PV modules connection: In many applications, the power available from one module is inadequate 
for the load. Individual modules can be connected in series, parallel, or both to increase either 
output voltage or current and hence the output power forming what is called a PV array. When 
modules are connected in parallel, the current increases. For example, three modules which 
produce 15 V and 3 A each, connected in parallel will produce 15 V and 9 A. If the same three 
modules are connected in series, the output voltage will be 45 V, and the current will be 3 A. 

6. Batteries connection: batteries, like photovoltaic modules, can be connected in series to increase 
the voltage. They can be connected in parallel to increase the amp-hour capacity of the battery 
system. Interconnected groups of batteries are usually called battery banks. 

7. Charge controller selection: using a module with a maximum voltage which is too high above the 
system voltage (set by the batteries) should be avoided (nearly as much as using one with a 
maximum voltage which is too low). Charge controllers have the purpose of preventing over-
charge and over-discharge processes. In particular, two products are competing on the market, 
differentiating themselves by their different ability to exploit the energy from the PV generator for 
charging batteries: 

 PWM charge controllers represent the cheaper technology. The attention is focused on the 
voltage required to charge the battery. If the voltage of the PV generator resulting from a 
particular insolation is higher than the voltage required by the battery, the pulse width 
modulation starts to work making sure that the resulting voltage across the battery is actually 
that required. The drawback lies in the fact that the regulator rejects the power of the PV in 
equal proportion to the differences between the PV generator voltage and the voltage 
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required by the battery.  

 MPPT charge controllers shift the focus to the total power from the photovoltaic generator, 
for the purpose of enabling the photovoltaic generator to work in the maximum power point. 
Thus, if a case like the one presented before, occurs in a system with an MPPT charge 
controller installed, the controller then proceeds by reducing the voltage to that required from 
the battery, but at the same time raising the current in order to keep the maximum total power 
from the generator. The negative point in this case is clearly the higher costs so it makes no 
sense to use this technology in small solar systems. 

The table below provides useful information for the installation of off-main-grid systems. In 
particular, it indicates the technology of charge controller, which is best related to the module’s 
number of cells and the battery voltage to be charged. 
 

N° Module’s cells VOC (module) VMPP (module) V (battery) Controller 
30 cells 18 V 12 V 12 V PWM 
36 cells 21 V 12 V 12 V MPPT 
48 cells 30 V 18 V 12-24 V MPPT 
54 cells 33 V 18 V 12-24 V MPPT 
60 cells 36 V 24 V 24 V PWM 
72 cells 42 V 24 V 12-24 V MPPT 

120 cells 72 V 48 V 48 V PWM 
144 cells 84 V 48 V 48 V MPPT 

 
8. Wire connections: PV systems can suffer from a substantial voltage drop between the power 

source and the load. As an extreme example, the available voltage at the photovoltaic array might 
be 16 volts. After travelling through hundreds of feet of undersized wire, it could be as low as 11 
volts, unable to recharge a 12 volt storage battery. Wire runs must be kept as short as possible 
and large enough to minimize the voltage drop. 

9. Grounding: because of the polarity of DC electricity, complete and correct grounding procedures 
must be followed. Especially for systems of certain sizes, all junction boxes, electrical component 
enclosures, metal conduits and connectors, and photovoltaic module frames must be connected 
to an earth grounding system. The connection to the earth is via a grounding electrode (a rod) 
driven into the ground.  

Morphological features and size 

Considering a specific weight of 100 kg/kW for PV modules and 40 kg/kWh for batteries, the weight of a 
photovoltaic system is not negligible, hence it is advisable to consider this aspect in the transport and 
installation phases.  
Regarding the PV array size, local actors may easily find the PV required area in m2 for an assigned daily 
electricity demand from the below table, given the following assumptions:  

 PV modules of 180 W with specifications as displayed in the first section; 

 Global system efficiency of about 75%; 

 Daily solar irradiation to be read from the below map. 
 

PV array  
required area  

[m2] 

Daily electricity demand to be covered [kWh] 
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1,0 – 1,9 3,1 6,2 18,7 31,2 62,5 124,9 312,3 

2,0 – 2,9 1,9 3,7 11,2 18,7 37,5 74,9 187,4 

3,0 – 3,9 1,3 2,7 8,0 13,4 26,8 53,5 133,8 

4,0 – 4,9 1,0 2,1 6,2 10,4 20,8 41,6 104,1 

5,0 – 5,9 0,9 1,7 5,1 8,5 17,0 34,1 85,2 

6,0 – 6,9 0,7 1,4 4,3 7,2 14,4 28,8 72,1 
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Warning notes 

PV systems can have two power supplies, not just one. Both the batteries and the modules in a system can 
deliver substantial current. While the system is small in size, (power supplies voltages under 50 Volts) it 
may be installed by local actors with no particular risks. However, when multiple modules or batteries 
need to be connected to fulfil the rising energy demand, there is also an increase in danger. In this case it 
is advisable to rely on an expert, who can manage the system taking the right precautions. 

Technical and economic features 

As mentioned before, the basic element of a PV module is solar cells, which convert the sunlight energy 
directly to direct current (DC). Despite there being several types of solar material cells and each material 
gives different efficiencies and has different costs, it is possible to define two large families: 

1. The crystalline silicon cells: silicon solar cells have been the workhorse of the PV industry for many 
years and currently account for well over 80% of world production.  

2. Thin films: thin-film solar cell (TFSC) is a solar cell made by thin film materials of a few micrometres 
(thousandths of millimetres) or less in thickness. Thin-film cells cost less than crystalline cells and 
may be deposited on a variety of substrates. 

Type of module Acronym Family 
Efficiency 

[%] 

Specific area 
required 
[m2/kW] 

Specific 
cost [$/W] 

Cell’s 
aspect 

Monocrystalline 
silicon 

c-Si Crystalline 15–19 7 1-1.4 
Black 

Hexagonal  

Polycrystalline 
silicon 

mc-Si Crystalline 13–15 8 0.85-1.2 
Blue 

Rectangular  

Amorphous silicon a-Si Thin-film 5–8 15 0.8 
Black-Blue 

Uniform 

Cadmium Telluride Cdte Thin-film 7-11 11 0.9 
Blue 

Uniform 

Copper indium 
gallium selenide 

CIS or 
CIGS 

Thin-film 8–11 10 0.9 - 
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Application sample 

Village Energy Uganda Ltd works to provide 
solar-based energy solutions to off-grid 
households, small businesses and communities 
in Uganda. The strength of Village Energy is that 
it boasts products assembled in Uganda by 
Ugandan employees. 
In particular, the Musana 100 is a plug and play 
system consisting of a 10 W PV panel and a 
green box that contains a 7 Ah lead-acid battery 
and a built-in charge controller. The system 
allows the use of 3 bright LED lights for 6 hours 
and comes with a multiple pin set to charge one 
phone. The Musana 100 is flexible in that the 
included wires permit the user to move the 
lights from one place to another according to their needs. More information about Village Energy and their 
solution can be found at http://www.villageenergyuganda.com/. 
 

 

http://www.villageenergyuganda.com/
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Wind Generators 

Technology description 

Wind power has become one of the most important primary sources for the production of energy during 
the last decade. Not only large-scale applications, suitable for connection to large power systems are 
adopted today: wind power can also be exploited at a dispersed level to supply single users or small micro- 
or mini- grids, that can eventually be connected to local distribution systems. Micro-wind turbines typically 
range from 100 W to 300 W, while mini wind turbines are available up to 20 kW rated power. Of course, 
more powerful machines are also available, but they are not suitable for applications in refugee camps.  
 
In general, wind turbines can be divided into two classes, depending on the way they rotate: 
 

Vertical axis 

 Savonius turbines: they are slow turbines, efficient with low wind speeds, characterized by low 
power, low efficiency, non controllable blades, no need to be oriented. 
 

        
 

 Darrieus turbines: this type of wind turbine offers higher efficiency than the Savonius turbine, but 
lower than two- and three-blade horizontal axis turbines. They are efficient for low wind speeds 
and when the wind has a vertical component; they have non controllable blades, no need to be 
oriented, and they need a starter device 
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Horizontal axis turbines 
These are the most popular type of wind turbines, with the highest efficiency. They can also produce 
great power due to the large surface that can intercept the wind’s flow. They typically rotate very 
slowly, in order to limit mechanical stress due to the tip speed, and need to be oriented according to 
the wind speed direction to optimize energy production.  

 

A general picture of the efficiency values of different wind turbines can be obtained from the following 
chart: 
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According to its rated power, a wind micro turbine or mini turbine is a wind turbine used for small or very 
small size generationhttp://en.wikipedia.org/wiki/Microgeneration, as opposed to large commercial wind 
turbines, such as those found in wind farms, with greater individual power output. 
Micro turbines can range from 50 W, able to supply very low loads such as chargers, small lighting systems, 
mini-refrigerators etc., up to 400 W, able to provide electricity to larger electric devices up to small houses. 
These kinds of devices are not typically connected to more than one device at a time. They can produce 
power with wind speeds from 1.5 m/s to 25 m/s, and are able to survive wind speeds of up to 70 m/s. 
Rated wind speed ranges from 10 m/s to 12.6 m/s. Power is produced at DC low voltage (12 to 48 V). 
If the load to be supplied is larger, it is necessary to adopt mini turbines, ranging from 500 W up to 10-20 
kW: these machines are able to supply heavier loads and can be used to supply more complex loads, such 
as an aggregate of houses, small workshops, etc., depending on their size. These machines are connected 
to loads by means of a microgrid (distribution cables) and need appropriate controls in order to manage 
the power production and distribution.  The range of acceptable wind speed is approximately the same as 
for micro turbines, while the rated wind speed is a bit higher (about 14 m/s up to 20 m/s). Power can be 
connected either to batteries connected at DC Low Voltage (48 V to 120 V) or, for larger machines, the 
connection is typically to AC microgrids. 
  
Electrical supply 
Depending on the size, the generators for small wind turbines are usually three-
phase AChttp://en.wikipedia.org/wiki/Alternating_current generators (they can be synchronous, 
induction generators, permanent magnet generators). In the mini and micro turbine sector, there are 
options for DChttp://en.wikipedia.org/wiki/Direct_current output for battery charging and power 
inverters to convert the power back to AC at constant frequency for connection to AC grids. Some small-
size wind turbines make use of single-phase generators. Usually the generation is at low voltage. 
For low power turbines, dynamic braking regulates the speed by dumping excess energy, so that the 
turbine continues to produce electricity even in high winds. In this case, the braking resistor may be 

http://en.wikipedia.org/wiki/Wind_turbine
http://en.wikipedia.org/wiki/Microgeneration
http://en.wikipedia.org/wiki/Wind_farms
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Power_inverter
http://en.wikipedia.org/wiki/Power_inverter
http://en.wikipedia.org/wiki/Electrical_grid
http://en.wikipedia.org/wiki/Single-phase_generator
http://en.wikipedia.org/wiki/Dynamic_braking
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installed inside buildings to provide heat (during high winds when more heat is lost by the building, while 
more heat is also produced by the braking resistor).  

Utilization requirements 

Wind power has been exploited for about 100 years, but only in the last decades has it become 
economically sustainable as far as large sizes are concerned. In sites far from the bulk power system and 
for standalone applications, the economical comparison is more favourable for wind energy. The 
applications for grid-connected applications are completely separated today from standalone applications, 
which require completely different solutions from the technical point of view. Wind power is today one of 
the most popular primary sources for the supply of remote areas which are not connected to the main 
grid. 
In order to be able to produce enough energy, the site must be subject to a sufficient amount of wind. 
Actually, wind turbines are able to convert wind energy into electricity only when the wind speed is above 
a threshold, and below some critical values. Depending on the technology adopted for conversion, these 
values are typically between 3 m/s up to 25 m/s. Outside this range, it is neither possible nor convenient 
to install wind turbines.  
Therefore, the first requirement is to carry out a survey of the site in order to understand if it is suitable 
for wind applications.  In this document, the focus is on standalone applications of micro and mini wind 
generators. 
The basics of wind energy come from the technology of aircrafts and the principles of extracting power 
from wind are the same as those, which allow airplanes to fly. The most important formula for 
understanding wind power is the expression of power P that can be taken from wind: 

31

2
PP c Sv  

Where:  

  is the density of air 

 S is the rotor swept area  

 v is the wind speed  

 cP is a coefficient that takes into account the efficiency of energy conversion. 

There are two main comments about this formula: 
1. The power depends on the cubic wind speed: this means that if the wind speed is halved, the 

relevant power decreases by a factor 8. In other words, it is worth installing wind turbines only in 
windy sites. 

2.  The coefficient cP is dependent on both the wind speed, which is variable in time, and on the 
rotating speed of the blades. It has a maximum theoretical value of 60% but in practice it can be 
at most around 45%. What is important to understand is, however, that the efficiency of 
conversion can be kept at high values only by varying the rotational speed of the wind turbine 
(speed control) and/or changing the aerodynamics of the blades (pitch control). This makes the 
control of wind turbines very complicated, much more than other generation technologies (hydro 
or thermal, for example) which typically require constant speed of turbines. 

 
To select the site, a detailed analysis must be carried out of the energy that could be produced, starting 
from on-field measurements of the wind speed distribution in one or more years (the best option would 
be to use a proper anemometer). The instantaneous power and the yearly energy that could be produced 
can be calculated from the measurements, looking at the power curve of the wind turbines, and, as a 
result, the most suitable wind turbine can be chosen. 
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The best locations for wind turbines are far away from large upwind obstacles. Experimental tests have 
indicated that significant detrimental effects associated with nearby obstacles can extend the obstacle's 
height downwind up to 80 times. This is why turbines are often mounted on a tower. A rule of thumb is 
that turbines should be at least 9 m higher than anything within 150 m. In any case, the higher, the better, 
but of course also the more expensive.  
 

 
 

Local construction materials and indications 

Besides providing power, developing countries can manufacture and implement the technology. 

Operation and maintenance 

Once put in service, wind turbines have practically no significant maintenance cost. Modern wind turbines 
are designed to work for 120 000 hours in 20 years (by comparison, car engines are designed for 4000-
6000 hours). 
Data provided by manufacturers show that older wind turbines have an annual maintenance cost of, on 
average, 3% of the original cost of the turbine. For modern machines, the estimated maintenance costs 
are in the range of 1.5% to 2% of the original investment per year. 
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Morphological features and size 

Micro turbines: The rotor diameter is about 1 m to about 2 m and the weight of the nacelle is from 10 to 
16 kg. They can be coupled with batteries (1 to 3 banks) in order to accumulate energy when there is wind 
but no load. A charge controller is available to monitor status parameters. 
This type of micro turbine can be mounted on masts from 5 to 12 m high, able to adapt to any local 
condition. 
Mini turbines: The rotor for these machines is from 5 m up to 10 m and the weight ranges from 200 kg up 
to 850 kg. The height of the tower can reach up to 20 m.   
 
Small wind turbines can be installed on roofs. Installation issues then include the strength of the roof, 
vibration, and the turbulence caused by the roof ledge.  

Warning notes 

Wind turbines are characterized by a minimum wind speed (cut-in speed) to produce electricity, and a 
maximum wind speed (cut-out speed), above which the turbine cannot operate safely. Therefore, the 
feasibility and the economic efficiency of the site must be assessed a priori: wind sites with too weak winds 
(under 5 m/s) or too turbulent winds are not suitable for wind production. A good wind speed site is 
defined as a location with an average wind speed equal to 6.9 m/s at a height of 50 m above ground level. 
Medium and low wind speed sites have average wind speeds of about 6.3 and 5.4 m/s respectively. 
 
Wind turbines are also reported to influence the path of migratory birds, whereas in general, livestock 
ignore wind turbine operations. On the other hand, land uses such as agriculture are generally compatible 
with wind turbines. 

Technical and economic features 

The average cost per kW of installed wind power capacity for micro turbines is currently roughly about 
1500 $/kW. 
A 25 kW system is able to supply electricity to many users, and the size is ideal for small communities.  
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Electricity Storage Systems 

Technology description 

Storage systems that can take and release energy in the form of electricity have the most universal value, 
because electricity can be converted efficiently either to mechanical or chemical energy, whereas other 
energy conversion processes are less efficient. Electricity is also the output of three of the most promising 
renewable energy technologies: wind turbines, solar thermodynamics, and PV. Storing this electricity in a 
medium that naturally accepts electricity is the smartest option to avoid conversion penalties. Electricity 
storage technologies can be grouped into three categories: 
 

Categories Technologies 

Direct electric 
 Super-capacitors 
 Superconducting magnetic energy storage 

Electrochemical 

 Batteries (Lead-Acid; NaS; Li-ion; Ni-Cad) 

 Flow batteries 
 Metal-air batteries 
 Electrolytic hydrogen 

Mechanical 
 Pumped hydro 
 Compressed air 
 Flywheels 

 
Every energy storage technology, regardless of its category, can be characterized by a small number of 
parameters: 
 Capacity: The amount of electrical energy stored is measured in watt-hours (Wh) or kilowatt-hours 

(kWh). (Battery capacity may be measured in ampere-hours (Ah), by dividing the capacity in Wh by the 
rated voltage of the battery). 

 Self-discharge time is the time required for a fully charged, non-interconnected storage device to reach 
a certain State of Charge (SOC) or DOD (Depth of Discharge). SOC and DOD are complementary to each 
other and are typically described as a percentage of the storage device’s useful capacity, so that, for 
instance, 90% SOC means 90% of the device’s energy capacity remains and 90% DOD means 10% of 
remaining capacity. Acceptable self-discharge times vary greatly, from a few minutes for some power-
quality applications, to years for devices designed to shape annual power production.  

 Unit size describes the intrinsic scale of the technology. If the unit size is small compared with the total 
required capacity of a project, complexity and supply shortages can increase the cost when compared 
with technologies with a larger unit size.  

 Efficiency is the ratio of energy output from the device, to energy input. The system boundary must 
be carefully considered when measuring efficiency. It is particularly important to pay attention to the 
form of energy required at the input and output interconnections, and to include the entire system 
necessary to attach to those interconnections.  

 Cycle life is the number of consecutive charge–discharge cycles a storage installation can perform. 
Cycle-life specifications are made against a chosen DOD depending on the application of the storage 
device. For most storage technologies, the cycle life is significantly larger for shallow discharges than 
deep discharges. 

 Energy density is the units of energy per mass. The higher the energy density, the lighter the device. 
For applications like distributed generation, energy density is relatively unimportant, except where it 
impacts construction costs.  

 Power density is the units of power per mass. It expresses the capability of the storage system to deal 
with any sudden change in load requirements. 

As represented in the below figure electric storage technologies can be classified according to the rated 
size of application and their storage (charge and discharge) duration. For example, lead-acid batteries 
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show typical power ratings of 0.001–10 MW and storage durations of seconds (automotive) to hours 
(utility).  

 
Direct electric technologies 

 Super-capacitors: A capacitor stores energy in the electric field between two oppositely charged 
conductors. Typically, thin conducting plates are rolled or stacked into a compact configuration with a 
dielectric between them. The dielectric prevents arcing between the plates and allows the plates to 
hold more charge, increasing the maximum energy storage. Super-capacitors’ ability to effectively 
equalize voltage variations with quick discharges makes them useful for power-quality management. 
Super-capacitors can also work in tandem with batteries to relieve peak power needs for which 
batteries are not ideal. This could help extend their overall life and reduce the lifetime cost of the 
batteries. This storage technology also has the advantage of a very high cycle life of greater than 
500,000 cycles and a 10 to 12 year life span. The limitations lie in the inability of super-capacitors to 
maintain charge voltage over any significant time, losing up to 10% of their charge per day. 

 Superconducting magnetic energy storage: a SMES system is well suited to storing and discharging 
energy at high power. It stores energy in the magnetic field created by direct current in a coil of 
cryogenically cooled, superconducting material. The SMES recharges quickly and can repeat the 
charge/discharge sequence thousands of times without any degradation of the magnet. Because no 
conversion of energy to other forms is involved (e.g., mechanical or chemical), the energy is stored 
directly and round-trip efficiency can be very high (97%–98%). 

 
Electrochemical technologies 

 Batteries: they allow electrical energy to be converted into chemical energy, stored, and converted 
back to electrical energy. Batteries are made up of three basic parts: a negative electrode, positive 
electrode, and an electrolyte. The negative electrode gives up electrons to an external load, and the 
positive electrode accepts electrons from the load. The electrolyte provides the pathway for charge to 
transfer between the two electrodes. The different possible chemical reactions identify the different 
types of batteries: 
o Lead-Acid: Lead–acid is one of the oldest and most mature battery technologies. In its basic form, 

the lead–acid battery consists of a lead (Pb) negative electrode, a lead dioxide (PbO2) positive 
electrode and a separator to electrically isolate them. The electrolyte is dilute sulphuric acid 
(H2SO4), which provides the sulphate ions for the discharge reactions. There are three main types 
of lead–acid batteries:  

 The wet cell has a liquid electrolyte that must be replaced occasionally to replenish the 
hydrogen and oxygen that escape during the charge cycle.  
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 The sealed gel cell has a silica component added to the electrolyte to freeze it.  

 The AGM design uses a fibreglass-like separator to hold the electrolyte in close proximity to 
the electrodes, thereby increasing efficiency.  

The lead–acid battery is a low-cost and popular storage choice for power-quality applications. 
However, a typical installation survives a maximum of 1500 deep cycles with an energy density of 
only 30 Wh/kg. 

o NaS: A sodium–sulphur battery consists of a liquid (molten) sulphur positive electrode and liquid 
(molten) sodium negative electrode, separated by a solid beta-alumina ceramic electrolyte. The 
battery operates at about 300°C. NaS batteries have a high energy density of around 240 Wh/kg. 
The efficiency of this battery chemistry can be as high as 90% and would be suitable for bulk 
storage applications while simultaneously allowing effective power smoothing operations. 

o Li-ion: Lithium-ion batteries, although primarily used in the portable electronics market, are likely 
to have future use in many other applications. The cathode in these batteries is a lithiated metal 
oxide and the anode is made of graphitic carbon with a layer structure. The electrolyte consists of 
lithium dissolved in organic carbonates. Lithium-ion batteries have a high energy density of about 
200 Wh/kg and they will achieve efficiencies in the 90% range and above. Their high energy 
efficiency and energy density make lithium-ion batteries excellent candidates for storage in 
applications like distributed generation. The limitation lies in the specific cost, which is well above 
that of its direct competitor represented by lead-acid batteries. 

o Ni-Cad: Nickel–cadmium batteries are not common for stationary applications. They have an 
energy density of about 50 Wh/kg and an efficiency of about 75%. However, resistance to cold and 
a relatively low cost could represent the deciding factors for choosing the Ni-Cad chemistry. As a 
limitation, cadmium is a toxic heavy metal and there are concerns relating to the possible 
environmental hazards associated with them.  

 Flow batteries: these batteries store and release electrical energy by means of reversible 
electrochemical reactions in two liquid electrolytes. Electrolytes flow into and out of the cell through 
separate pipes and undergo a chemical reaction inside the cell, with ion or proton exchange through 
the membrane and electron exchange through the external electric circuit. There are some advantages 
to using the flow battery over a conventional battery. The capacity of the system is scalable by simply 
increasing the amount of solution, this leads to cheaper installation costs as the systems get larger. 
The battery can be fully discharged with no ill effects and has little loss of electrolyte over time. Finally, 
despite their poor energy densities they might be adaptable for distributed-generation use.  

 Metal-Air Batteries: the anodes in these batteries are commonly available metals with high energy 
density like aluminium or zinc that release electrons when oxidized. The cathodes or air electrodes are 
often made of a porous carbon structure or a metal mesh covered with proper catalysts. The 
electrolytes are often a good hydroxide (OH–) ion conductor such as potassium hydroxide (KOH). The 
electrolyte may be in liquid. they are environmentally friendly and have a potential to offer a cost-
effective storage option in the future; however, the major challenge with metal–air batteries is that 
they have a low efficiency (<50%). 

 Electrolytic hydrogen: Diatomic, gaseous hydrogen (H2) can be manufactured with the process of 
electrolysis; an electric current applied to water separates it into components O2 and H2. The oxygen 
has no inherent energy value, but the HHV of the resulting hydrogen can contain up to 90% of the 
applied electric energy, depending on the technology. This hydrogen can then be stored and later 
combusted to provide electricity. The gaseous hydrogen is low density and must be compressed to 
provide useful storage using part of the energy stocked (12% of the hydrogen’s HHV). Alternatively, 
the hydrogen can be stored in liquid form, a process that costs about 40% of the HHV.  
 

Mechanical technologies 

 Pumped hydro: this technology is the oldest and largest of all of the commercially available energy 
storage technologies, with existing facilities up to 1000 MW in size. Conventional pumped hydro uses 
two water reservoirs, separated vertically. During off-peak hours electric pumps move water from the 
lower reservoir to the upper reservoir. When required, the water flow is reversed to generate 
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electricity. Pumped storage plants are characterized by long construction times and high capital 
expenditure. They have the limitation of needing to have a very large capacity to be cost-effective, but 
can also be used as storage for a number of different generation sites with efficiencies that go from 
60% to 80%.  

 Compressed air: A relatively new energy storage concept that is compressed air energy storage (CAES). 
CAES facilities must be coupled with a combustion turbine, so are actually a hybrid storage/generation 
technology. A CAES facility performs the work of the compressor separately, stores the compressed 
air (with an overall efficiency of energy storage of about 75%), and at a later time injects it into a 
simplified combustion turbine. CAES compressors exploit electricity during off-peak times to run the 
compressor, and use the expansion turbine to supply peak electricity when needed. The compressed 
air is stored in appropriate underground mines, caverns created inside salt rocks or possibly in aquifers.  

 Flywheels: Most modern flywheel energy storage systems consist of a massive rotating cylinder that 
is supported on a stator by magnetically levitated bearings that eliminate bearing wear and increase 
system life. To maintain efficiency, the flywheel system is operated in a low vacuum environment to 
reduce drag. The flywheel is connected to a motor/generator mounted onto the stator that, through 
some power electronics, interact with the source of electricity in both directions. Some of the key 
features of flywheels are low maintenance, a cycle life of better than 10,000 cycles, a 20-year lifetime, 
environmentally friendly materials and energy efficiencies up to 90%. 
 

In the below table, flywheel technology is compared with two electrochemical technologies: lead-acid and 
nickel-cadmium batteries. In contrast to a battery, conventional flywheel technology can be used for high 
power density storage applications, while batteries are only suited to high energy storage applications. 
However, the composite rotor flywheel technology promises higher energy densities comparable to the 
levels achieved with batteries. In terms of investment cost, flywheel technology incurs higher costs 
because the technology is still at a relatively early stage in its lifecycle compared to traditional battery 
technologies such as lead–acid or nickel–cadmium batteries. 
 

Parameter Lead-acid battery Nickel-cadmium Flywheel technology 
Storage category Electrochemical Electrochemical Mechanical 
Life (years in service) 3-12 15-20 >20 
Life (deep cycles) <1500 cycles <3000 cycles <107 cycles 
Self-discharge rate Very low Very low Very high 
Tolerance of 
overcharge and deep-
discharge 

Very low Low High 

Energy density 
[Wh/kg] 

30 15-50 5 (steel) 
100 (composite) 

Power density [W/kg] 180 50-1000 1000 (composite) 
Price [$/kWh] 50-100 400-2400 400-800 

 
 

Requirements in emergency context 

Referring to humanitarian emergency areas like refugee camps, selecting the best technology in terms of 
performance and durability is not the top priority, the cost and the availability on site play a more decisive 
role in the final decision. In this case, lead-acid batteries, which have benefited from years of development 
with an inevitable cost reduction and global spread, represent the top choice, leaving little chance to 
competing technologies. In the next sections, performances and other characteristics of this technology 
are investigated. 
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Operation and maintenance: LEAD-ACID technology applications 

Some arrangements need to be followed when lead-acid batteries are integrated in power systems: 
1. Battery connection: Batteries can be connected in series to increase the voltage or in parallel to 

increase the amp-hour capacity. Interconnected groups of batteries are usually called battery banks.  
2. Charging characteristic: the battery voltage changes during a charge-discharge cycle according to 

variation in SOC. This fact has to be taken into consideration when the storage system is necessary for 
backup purposes, with a predefined voltage to be maintained. 
 

State of Charge [%] Voltage per cell [V] Voltage of 12V battery 
100  2.12 12.70 

75 2.10 12.60 

50 2.08 12.45 

25 2.03 12.20 

0 1.95 11.70 

 
3. Water Loss: In an open battery, each Ah of overcharge causes a loss of approximately 0.3 ml of water 

from each battery cell due to gas release. Normally electronics (in a small system the charge controller) 
guarantee the battery protection but a periodical visual inspection of the electrolytes filling level is 
required to ensure long life to the battery. Due to health and safety issues, this operation should only 
be performed by trained service personnel. Maintenance-free lead batteries do not require this type 
of control task. 

4. Sulphation: If a lead-acid battery is left in a deeply discharged condition for a long period of time, it 
will become “sulphated”. Some of the sulphur in the acid will combine with lead from the plates to 
form lead sulphate crystals that are not easy to recharge. Use of an inappropriate battery type can 
result in total battery failure. In view of the above, it is normal to restrict the maximum depth of 
discharge of a lead-acid battery in deep cycle applications to around 60%. 

5. Ventilation: Ventilation is needed for two reasons: 
 Safety: when charging, open batteries will produce hydrogen and oxygen gases. Hydrogen will 

concentrate at the top of the battery enclosure if adequate ventilation is not given. If the 
concentration of hydrogen in the air exceeds 4%, there is an explosion hazard.  

 Cooling purpose: to lose heat, especially the internal heat produced on overcharge. Sealed 
batteries in tightly enclosed surroundings will, in particular, overheat, often disastrously.  

6. Temperature Control: Batteries may need protection from high temperatures or low temperatures, or 
both. Key guidelines for battery environments in different climates are as follows: 
 For a very hot climate: 

 Avoid direct sunlight on the battery enclosure, by shading it if necessary.  

 Use light-coloured enclosures if possible.  

 Allow plenty of air circulation by providing sufficient air space and ventilation. 

 Do not use a heavily insulated enclosure, it retains internal heating.  
 For a very cold climate:  

 Reverse the above guidelines, but be careful of summer temperatures. 

 Use a highly insulated enclosure. 

 Use as little air space as possible around the battery (but do not restrict necessary ventilation). 

Morphological features and size: LEAD-ACID technology applications 

Considering a specific weight of 40 kg/kWh (0.48 kg/Ah at 12 Volts), the weight of a lead-acid battery bank 
must not be underestimated. Hence, it is advisable to consider this aspect in the transport and installation 
phases, since careless handling of the battery may cause backache or other injuries to the operator. 

Warning notes: LEAD-ACID technology applications 

Whenever working on or around a lead-acid battery bank remember three very important points 
1. Even at low voltages, a battery bank may be able to deliver substantial current. Thus, while the system 

is of small size (system voltage under 50 Volts), it can be installed by local actors without particular 
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risks. Otherwise, it is advisable to rely on an expert, who can manage the system with the right 
precautions. 

2. Lead-acid batteries can give small “harmless” shocks, which, however, can still injure. 
3. It is strictly forbidden to smoke or have open flames or sparks around batteries because these can 

ignite the hydrogen gas given off by storage batteries, causing an explosion. 

Technical and economic features: LEAD-ACID technology applications 

Lead-acid batteries have one of the following types of plates (electrode), shown in the below figure: 

 Pasted flat plates. The most common form of lead-acid battery plate is the flat plate or grid. It can be 
mass-produced and it is what is used in car batteries. The active material is applied to the grids by 
pasting and drying. 

 Tubular plates. This design shows a longer cycle life because the active material is more firmly retained 
in woven tubes. Another important benefit is the higher specific energy and the better ability to deal 
with deep charge-discharge cycles, which makes them the right configuration for utility purposes like 
in distributed generations. 

A group of negative and positive plates, with separators, makes up an element. An element in a container 
immersed in electrolyte makes up a battery cell. Regardless of the size of the plates, a cell will only deliver 
a nominal 2 volts. Therefore, a battery is typically made up of several cells connected in series, internally 
or externally, to increase the voltage the entire battery can deliver. This is why 12 volt batteries have six 
cells. 

 

The performance of a lead-acid battery is described two ways: 
1. The Amp-hour capacity: it is simply the number of amps of current it can discharge, multiplied by the 

number of hours it can deliver that current. System designers use amp-hour specifications to 
determine how long the system will operate. This measure of “days of autonomy” is an important part 
of design procedures. Theoretically, a 200 amp-hour battery should be able to deliver either 200 amps 
for one hour, 50 amps for 4 hours, 4 amps for 50 hours, or one amp for 200 hours. This is not really 
the case, since some external factors influence the battery behaviour, such as: 
 Charge and discharge rates: if the battery is charged or discharged at a different rate than 

specified, the available amp-hour capacity will increase or decrease. Generally, if the battery is 
discharged at a slower rate, its capacity will probably be higher. More rapid rates will generally 
reduce the available capacity. The rate of charge or discharge is defined as the total capacity 
divided by some number. For example, a discharge rate of C/20 means that the battery’s capacity 
refers to a discharging current equal to 1/20th of its total capacity. In the case of a 200 amp-hour 
battery tested at C/20, this would mean that it will last 20 hours at a discharge rate of 10 amps. 

 Temperature: another factor influencing amp-hour capacity is the temperature of the battery and 
its surroundings. Batteries are rated for performance at 27°C. Lower temperatures reduce amp-
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hour capacity significantly. Higher temperatures result in a slightly higher capacity, but this will 
increase water loss and decrease the number of cycles in the battery life. 

2. Depth of discharge: it describes how much of the total amp-hour capacity of the battery is used during 
a charge-recharge cycle. As an example, “shallow cycle” batteries are designed to discharge from 10% 
to 25% of their total amp-hour capacity during each cycle. In contrast, most “deep cycle” batteries 
designed for distributed generations are thought to discharge up to 80% of their capacity without 
damage. Even deep cycle batteries are affected by the depth of discharge. The deeper the discharge, 
the smaller the number of cycles the battery will last (and consequently its lifetime in years). 
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Comparative tables 

 Strengths Weaknesses Opportunities Threats 

G
EN

SE
T 

 Available at any 
external 
conditions; 

 High reliability, no 
interruptions; 

 Relatively low 
initial cost. 

 It can be installed 
anywhere 

 Air pollution; 
 Noise pollution; 
 It depends on 

expensive fossil 
fuel; 

 Dangers if certain 
fuels are not used 
with the right 
precautions. 

 Employment 
opportunities for 
generator 
maintenance 
workers. 

 The local 
instability can 
cause a lack of fuel 
supplies; 

 in case of global 
spread, possibility 
of pollution due to 
the  exhausted 
components; 

 Fuel theft on site. 

H
Y

D
R

O
EL

EC
TR

IC
IT

Y
  Locally available 

 It is cost-effective  
 Can be locally 

managed, 
operated and 
maintained by 
local people 

 Organization and 
management cost 
are lower than for 
the other energy 
systems 

 
 

 Small energetic 
potential 

 Energy expansion 
may not be 
possible  
 

 Development of 
technologies less 
harmful for river 
ecosystems. 

 Employment for 
local technicians 
and operators 

 Increase in 
ecological and 
legal restrictions. 

 Unfavourable 
changes in legal 
framework. 

SO
LA

R
 P

V
 

 High degree of 
modularity; 

 Well-known 
design for rural 
electrification 
purpose 

 No pollution. 
 

 Not available at 
night; 

 Not available in 
bad weather 
conditions; 

 Dangers if 
complex system 
voltage is above 
50 Volts 

 Competitive with 
fossil fuels; 

 Economy of scale 
in case of global 
spread. 

 Employment 
opportunities for 
PV systems 
maintenance 
workers 

 High price for 
installation. 

 in case of global 
spread, possibility 
of pollution due to 
the  exhausted 
components 

 Theft on site 
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 Strengths Weaknesses Opportunities Threats 
W

IN
D

 G
EN

ER
A

TO
R

S 
 Flexible. 

Depending on the 
type of electric 
machine 
connected to the 
turbine, either AC 
or DC electrical 
loads can be 
supplied (or even 
a combination of 
them). If a suitable 
set of storage 
devices is added, 
the flexibility of 
the plant is 
significantly 
increased.  

 No significant 
infrastructures are 
needed besides 
the wind turbine 
itself. 

 Clean technology: 
no pollution 
results from the 
electricity 
production. 

 Well-known 
design for rural 
electrification 
purpose. 
 

 Suitable site 
characteristics are 
required: it must 
be characterized 
by enough wind 
for a significant 
number of yearly 
hours. 

 Storage devices 
might be needed, 
in case of 
fluctuating 
production. 

 Usually, voltage 
can reach 
dangerous values, 
in which case, 
attention must be 
paid to people’s 
safety. 

 

 Cheap energy 
source: only 
capital costs 
characterize wind 
power. Once the 
wind turbine has 
been built and 
installed, 
negligible 
maintenance costs 
are the only 
variable costs. No 
fuel is needed. 

 It is a cost-
effective energy 
solution for 
remote locations. 

 Technology can be 
implemented 
locally. 

 Employment 
opportunities for 
PV systems 
maintenance 
workers. 

 High cost for 
installation. 

 At the end of life 
difficult removal of 
the wind turbine 
and of the cables. 

ST
O

R
A

G
E 

SY
ST

EM
S 

 Local availability. 
 Low specific costs. 

 Short lifetime. 
 Polluting 

materials. 

 Job opportunities 
for lead-acid 
batteries 
replacement. 

 Thefts of lead-acid 
batteries for other 
usage purposes 
(automotive). 



 

207 

6.12 Technologies for water pumping 

Hand pumps 

Technology description 

Hand pumps are widely used where there is no access to other potential water pumping power sources 
because there are no available financial resources for the investment, or maintenance is limited and 
domestic water requirement is low. They are simple to install and operate and work thanks to human work 
alone. Hand pumps are used for pumping the ‘groundwater’ that is the water which flows or seeps 
downward through the earth filling up the spaces between soil, sand and rock to form a saturated zone. 
Hand pumps can be divided into three main categories: open well, shallow well and deep well. 

1) Open wells are not actually pumps but represent the simplest and the cheapest method for pumping 
water using a rope and a bucket lowered in the well which is usually lined with stone, brick or concrete. 
These pumps allow water to be collected up to a depth of 100 metres. In order to simplify drawing 
water from the well, a windlass with a winch or a shaduf can be added. 
These pumps work as long as the groundwater is accessible without a borehole and the ground is not 
hard rock. In these cases, the following two hand pumps are need. 
 

 
 

2) Shallow wells are reciprocating suction pumps that consist essentially of a long vertical pipe, which 
extends into an area where a piston moves up and down in a two-valve closed cylinder. Next to the 
bottom of the cylinder, a footvalve (a non-return valve) is placed which allows the water to flow from 
the lower part of the pipe into the cylinder and not the contrary. A second non-return valve is situated 
in the piston (or plunger). When users lower the piston, the footvalve stays closed preventing water 
from being pushed back into the well. The non-return piston valve opens, allowing water to flow 
through the piston until it reaches the end of the cylinder. When the piston is raised, the pressure of 
the column of water above the piston causes the piston valve to close. As a consequence, when the 
user lifts the piston, the water above the piston starts rising, without flowing back into the area under 
the piston, until it reaches the spout; at the same time the water in the well that is still under 
atmospheric pressure is sucked into the cylinder through the footvalve that opens because of the 
vacuum generated by the piston rising. 

 
 
 

Well with a winch Well with a shaduf 
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Because of the limited pressure difference between the inside and outside of the cylinder, the pump 
allows the water to rise up from a depth of 7 metres at most. It requires a relatively simple 
maintenance and it can serve about 50 people/day. 
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3) Deep-well pumps, as the name says, allow water to be drawn from depths of over 7 metres to more 
than 100 metres. There are fundamentally three types of pumps: 

 Direct action pump, which has a piston pump with a hollow plastic pipe instead of the narrow 
pump rod typical of shallow well pump. When the piston is pushed down, this pipe lifts the 
water. During the up-stroke, the valve on the piston closes and water is lifted up. The main 
advantage is that the pipe is hollow and floats so that the handle does not have to be so hard. 
It allows water to rise up from a depth of 12 metres. 

 Rope pump, which is a rotary pump that can lift water from depths of up to 35 metres. It is 
widely used for the supply of water of households and small communities. It is composed of a 
main wheel, which is turned by hand. It feeds the rope and washers (pistons) down the well 
shaft, over the guide pulley and through the riser pipe up to the outlet at ground level. The 
washers are an exact fit with the riser pipe and bring column after column of water to the 
discharge point. 

 Helical rotor pump, which, instead of a piston, has a metal corkscrew-shaped "rotor" that turns 
inside a rubber "stator". The continuous seal between these two components produces a 
turning action, which forces the water upwards. One or two turning handles move the 
mechanism instead of a pump lever. It is suitable for deep well application up to 100 metres 
in depth but it is expensive to manufacture and requires specific skills for maintenance. As a 
consequence, it is not suitable for a village or refugee camp level of organization. 

 Deep-well piston pump, which has a very similar design to that of shallow-well piston pumps. 
The main difference is that the pump cylinder is located below the water table at the bottom 
of the well and connected to the pump handle via a long rod. These types of pumps have no 
depth limit to which they can be used that depends on the pressure people can apply. They 
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are suitable for a wide range of wells over 100 metres deep but their maintenance requires 
specialist lifting equipment for accessing the piston and the valve in depth. 

Utilization requirements 

There are no particular limitations for the use of hand pumps. Because this activity is undertaken by 
women and children, it is important to evaluate if the average and maximum handle forces required are 
realistic for these two groups.  
Groundwater is usually covered by a very rocky soil and a borehole will usually need to be drilled in order 
to reach the source of water. In order to prevent any potential drops in groundwater levels, the choice of 
hand pump should anticipate growth in demand. 
 

Operation and maintenance 

For a community based O&M, the communities need to: 

 contribute to the investment costs; 

 be involved in all stages of the planning, implementation and development of the technology; 

 be trained to do the maintenance; 

 have sufficient funds for maintenance and be willing to pay fully for O&M. 
Hand pumps have to be carefully maintained and the major repairs have to be carried out before existing 
facilities are handed over. Monitoring has an important role and serious problems can be avoided by 
undertaking recurring inspections and servicing of the mechanical parts. 
Since it is in people’s own interest to assume full responsibility for the maintenance of their structures, a 
sense of ownership has to be created. In the camp, people need to understand the need for keeping the 
water systems in working conditions to ensure a water supply and better health. 
Maintenance can be carried out simply by trained people in the camp (in the case of open and shallow 
wells) or requires a specialist in the case of deep well pumps.  
A lifter is suitable and recommended for O&M at village level because it decreases people’s reliance 
upon large institutions. 

Morphological features and size 

Within the three main categories of models, many different models of hand pumps exist and they depend 
mainly on the water needs of the community and the depth of the well.  

Warning notes 

Sand or sediment in water are a problem because they damage the pumps that are sensitive to these 
particles. Therefore, pumps must be fitted with a sieve and strainer that decrease breakdowns.  

Technical and economic features 

In order to install a groundwater pump, the first investment cost concerns the cost of the well.  
For a maximum depth of 20 metres, a hand-dug well can be constructed with simple tools in weathered 
rock, overburden or sedimentary formations with a cost of $900-1500 and low annual maintenance ($10-
20). If the soil is made of sedimentary formations, in order to reach the same depths, hand-drilled 
boreholes are normally made with simple hand-operated drilling equipment with a cost of $800-1200 and 
more expensive maintenance ($40 -50).  
In the case of very deep wells, from 25 to 100 metres, a machine-drilled borehole is needed, with 
construction costs that are estimated to be $4000-15000 in Africa depending on diameter, depths, and 
design. In Asia they are estimated to be lower: in India a 80 m borehole costs $1000. Because the borehole 
might require maintenance about once every ten years, the annual maintenance is cheap, $10-20, but the 
well redevelopment costs every 10 years are high: $500-1200. 
 
The cost of the pump is very low for the open well model but it varies from hundreds of USD for the shallow 
well pumps to USD 2000-5000 for the deep-well pumps. Cost of maintenance is low, from $0.10 to 0.120 
per capita. 

Application sample 

“Human-Powered Handpumps for Water Lifting by Practical Action” and “Water lifting by Erch Bauman” 
provide detailed information about the technical, financial, economic, institutional and social questions 
that need to be considered when selecting a hand pump for a domestic or communal water supply. 
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“Handpumps by WaterAid” (available online at www.wateraid.org/technologies) which provides a 
complete list of the different models of hand pumps.  
 
Hand pumps are the most cost effective solution suggested by UNHCR for supplying water in refugee 
camps (“Access to Water in Refugee Situations - Survival, Health and Dignity for Refugees”). 

 

  

http://www.wateraid.org/technologies
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Mechanical wind pumps 

Technology description 

Wind technology is one of the most 
ancient methods used for pumping water. 
The first claim goes back to the 17th 
century BC up to the end of the 19th 
century with more than 30000 windmills 
installed in Europe, used primarily for 
milling grain and pumping water.  
A multi-blade wind rotor in conjunction 
with a reciprocating or piston pump, 
typically used for borehole water 
pumping, are the most common 
mechanical wind pumping systems. 
The high number of blades (typically from 
15 to 18) causes a reduction in the 
conversion efficiency (with respect to 3 
blades) but it allows a decrease in the cut-
in speed at which the system starts 
working (typically between 2.5 m/s to 3.5 
m/s which is lower than the typical values 
of 4 – 5 m/s required by electrical wind 
pumps).  
A water storage is required to ensure a 
water supply when there is no wind to run 
the pump and to balance the hourly 
fluctuation in demand. 
 

 

Wind pumps work thanks to the rotor 
which is linked to a shaft that has a small 
pinion gear at the other end (drive gear) 
which drives two larger bull gears (driven 
gears), which move pitman arms. The 
pitman arms cause the guide wheel to 
move up and down and consequently to lift 
and drop the attached pump rod. The 
pumping cycle below the ground is the 
same as described in the technical sheet 
concerning the hand pumps.  
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Utilization requirements 

The first important prerequisite for using a wind pumping system is a wide availability of wind even at low 
heights (10 – 20) with mean speeds of higher than 2.5 – 3 m/s. The height of the system depends on the 
wind speeds and the presence of nearby objects. In case of nearby obstacles, the rotor has to be placed 5 
– 6 metres higher than them and 15 to 20 times the height of any far-off obstructions (e.g. a tree).  
A water tank is required in order to guarantee 100% of the daily water demand at least.   

Operation and maintenance 

Although a wind pumping system requires specialized skilled personnel for the construction and 
maintenance, community participation is important in order to: 

 contribute to the investment costs; 

 be involved in all stages of the planning, implementation and development of the technology (e.g. 
the digging of trenches for the distribution network); 

 have sufficient funds for maintenance and be willing to pay fully for O&M. 
Wind pumps can operate with little maintenance but repairs need specialized skilled personnel. 
Monitoring has an important role and serious problems can be avoided by undertaking recurring 
inspections and servicing of the mechanical parts particularly after strong storms.  
This pumping system does not need either consumables or electrical components.  

Morphological features and size 

Wind turbines are usually 10-20 metres high, while the rotors have a typical diameter of 2-5 metres with 
15 to 18 blades but the most modern models can use only 6-8 blades, which decreases the cost but has 
higher cut-in speeds. The heads at which they can be applied are high and vary typically between 10 to 
100 m. 
These systems come in three sizes: light wind pumps normally start pumping at wind speeds of 2–3 m/s 
and they are the most common, medium-sized pumps at 3–4 m/s, and strong pumps at 4–5 m/s and they 
are the most efficient. 
Warning notes 

During storms or too high wind speeds, a system which blocks the blades is needed to avoid breakages. 

Technical and economic features 

Mechanical wind pumps are economically attractive where the mean wind speed is higher than 2.5 – 3.0 
m/s and they perform better at low wind speed (6 – 10 m/s) because of their high solidity due to the high 
number of blades which increases the aerodynamics resistance and limits the piston pump speed to 40-50 
strokes per minute. The water which can be daily pumped is in a range of 3 – 50 m3/day, enough to serve 
500 – 2000 people. Traditional wind pumps have an overall conversion efficiency of 7% - 27%. Wind pumps 
that use the variable-stroke technique with a counterbalance weight on the sucker rod show higher 
efficiencies because the blades are not optimized for a fixed wind speed and they are able to adapt to 
continuous speed changes due to the upstroke and the downwards movement.  
 
The cost of a wind pumping system varies depending on the pumping lift, the type of water storage 
(elevated or ground level tank) and the size of the distribution network (if present). The cost of the system 
can be roughly estimated to be in the region of $35,000 to 60,000 while O&M costs are approximately 
$0.80 to $1.50 per capita and year. 

Application sample 

An application of wind pumping systems and a further survey have been conducted in Botswana by 
Practical Action, which does not report any negative impacts of this technology; on the contrary, it is 
reported that 85% of the households and communities interviewed considered that wind pumps improved 
the scenery of the supply of water. It does mention that one of the problems associated with the use of 
wind pumps is the high frequency of breakdowns due to adverse weather conditions.  
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Hydraulic Ram Pumps 

Technology description 

The technology of the hydraulic ram pump, commonly named hydram, was developed at the end of the 
18th century. It is an automatic pumping system, which works using a small fall of water to lift only a fraction 
of the supply flow but to a greater height. The “falling water” is the motor of the pumping system, which 
transfers more than 50% of its energy to the delivery flow.  

 

  
 

 
It is a simple technology fundamentally composed of two valves called the delivery and impulse valves, 
which are unique moving parts, an air chamber, a drive and delivery pipes. A schematic example of the 
work principle is explained below: 
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1) Water flows through the drive pipe thanks to gravity and out of the impulse valve (#4) which is 
initially opened under gravity. This fraction of water is lost. The pressure is initially too low to open 
the delivery valve (#5). 

 
2) The flow continues to accelerate and increases the static pressure in the body of the pump and 

the hydraulic pressure under the impulse valve. When the resulting forces overcome the weight 
of the impulse valve, it starts to close and the valve aperture decreases causing a rapid build-up of 
water pressure which slams the impulse valve shut. That causes a high pressure spike (red arrows) 
at the closed valve which forces some water (blue arrows) through the delivery valve and into the 
pressure chamber. The pressure in this chamber starts increasing slightly. The pressure spike 
begins backing up the drive pipe (red arrows) and generating a very slow flow of water backwards 
in the pipe. 

 
3) As the pressure spike moves back up the drive pipe, a lower pressure situation (green arrows) is 

created below the impulsive valve which induces the delivering valve to close, retaining the 
pressure in the pressure chamber, which empties, and the water flows into the delivery pipe. The 
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pressure below the impulsive valve continues to decrease until the weight of the valve drops it 
back down, opening the impulsive valve and thereby letting the cycle start all over again. 

 

 

 
A hydram can operate at 30-100 cycles a minute and is mechanically very simple with a very high reliability, 
minimal maintenance requirements and a long operation life.  

Utilization requirements 

The most important utilization requirement for this technology is the availability of a fall of water, that is 
the pump requires some back pressure to start working. This can be natural (e.g. a waterfall) or created 
artificially (e.g. channel, forebay tank and penstock). 
A storage tank is usually required at the top of the delivery pipe to allow a supply of water in variable 
amounts as needed. If the storage tank is for drinking water, a general rule is that the volume of the tank 
can be half the volume of water delivered by the ram pump in one day.  
The hydram body must be firmly fixed to a concrete foundation because the beats caused by the water 
hammer are strong.  
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Finally, fitting a non-return valve in the delivery line near the outlet from the hydram is recommended in 
order not to drain the delivery pipe if the hydram is stopped for adjustment or any other reason. 

Local construction materials and indications 

A hydraulic ram pump can be locally constructed using available fittings and instruments. The technical 
skills required are that typical of a plumber.  A simple scheme and the main components are shown below. 
The assembly instructions can be found in literature reported in the application sample section. 
 

 
 

1)  1 -1/4" valve    10) 1/4" pipe cock  

2)  1 -1/4" tee    11) 100 psi gauge  

3)  1 -1/4" union    12) 1 -1/4"  x 6" bushing  

4)  1 -1/4" brass swing check valve (impulsive valve) 13) 4" x 1 -1/4" bushing  

5)  1 -1/4" valve (delivery valve)   14) 4" coupling  

6)  3/4" tee     15) 4" x 24" PR160 PVC pipe 

7)  3/4" valve    16) 4" PVC glue cap  

8)  3/4" union    17) 3/4" x 1/4" bushing  

9)  1 -1/4"  x 3/4" bushing       
 

Operation and maintenance 

Traditional and robust hydrams are known to function reliably for 50 years or more but they are expensive. 
Lighter designs, fabricated using a welded sheet steel construction in Japan and South East Asia including 
Taiwan and Thailand are cheaper, but they last a decade or so. Nevertheless, they are likely to perform 
reliably if well maintained, mainly to prevent corrosion. 
The pump will have to be manually started several times when first placed in operation to remove the air 
from the ram pump piping by closing the driving pipe and waiting for the impulsive valve to shut.  
The maintenance required by these devices is minimal. However, it is important to check the impulse valve 
occasionally to see that it has not become clogged with dirt and is working properly. 

Morphological features and size 

The morphological features of a commercial hydram usually refer to the dimensions of the drive and 
delivery pipes (e.g. 3/4” x 1/2”; 1” x 1/2”; 1-1/4” x 1/2”; 1-1/2 x 3/4”; 2” x 1”; 3” x 1-1/2”; 4” x 2”; 6” x 3”; 
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8” x 4”). The drive pipe is usually made of steel in order to bear the internal shocks and it should be as long 
as 100 times its own diameter (or around three to seven times the supply head). The delivery pipe could 
be made with plastic, except for very high applications. Like the pipes, the dimensions of the air chamber 
also depend on the diameter of the drive pipe. An indication is shown below: 
 

Drive Pipe Diameter 
[inches] 

Air Chamber Volume Required 
[litres] 

3/4 0.8 

1 2.4 

1 – 1/4 3.8 

1 – 1/2 5.7 

2 12.9 

2 – 1/2 17.0 

3 28.4 

4 56.7 

6 151.2 

8 302.4 
 

The length of the delivery pipe depends on the efficiency of the pump and consequently on the delivery 
head that varies from 3 feet (90 cm) to 10 feet (3 m) of lift for every 1 foot (30.5 cm) of elevation drop 
from the water inlet to the pump.  
Some simple models can be improvised from pipe fittings using scrap materials. 

Warning notes 

If the impulsive valve is not periodically checked, it could become clogged with dirt and the increasing 
pressure could destroy the body of the pump. 

Technical and economic features 

The efficiency of the pump is described as the percentage of the drive water delivered, which varies based 
on the ram construction, vertical fall to pump, and elevation to the water outlet. This percentage may be 
22% when the elevation lift from the ram to the water outlet is double the vertical fall from the water 
source to the pump. On the other hand, it may be as low as 2% or less when the elevation lift from the 
ram to the water outlet is 25 times the vertical fall from the water source to the pump. For a first 
dimensional approach, the following equation is provided: 

F
D  .   Q  

E
  0 6  

where Q is the available drive flow (in litres or gallons per minute), F is the fall (metres or feet) from the 
water source to the ram, E is the elevation from the ram to the water outlet, and D is the estimated flow 
rate of the delivery water (in litres or gallons per minute). The overall mean efficiency can be estimated by 
dividing the obtained D value by Q,.  
Commercial hydram systems typically cost in the range of about $2400 for small 2” drive pipe sizes up to 
as much as $8000 for 4” or 6” sizes.  
If home built, a typical cost for all the fittings is in the range of $120 to $240 (pipes excluded). 

Application sample 

The group Border Green Energy Team had the first ever training on water pumping using a Ram pump in 
Umphiem refugee camp in Thailand in 2006. Details can be found in the group’s website 
(http://www.bget.org/).  
Useful information about homemade ram pumps is provided by Clemson University in Cooperative 
Extension Programme in “Home-made Hydraulic Ram Pump” and in “Hydraulic ram pump system design 
and application by Dr. Abiy Awoke Tessema”                    

(http://www.africantechnologyforum.org/ESME/hydram2/HydRam2.htm). 

http://www.bget.org/
http://www.africantechnologyforum.org/ESME/hydram2/HydRam2.htm
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Comparative tables 

 Strengths Weaknesses Opportunities Threats 

H
A

N
D

 P
U

M
P

S 
 

 The lowest capital 

investment of all 

technologies 

 Can be built locally 

 For open well and 

shallow well pumps 

maintenance does 

not require a 

specialist (but local 

skilled people) 

 Depths of 100 

metres can be 

reached. 

 Deep-well pumps 

require specialists 

for maintenance 

 The simplest and 

cheapest 

technologies are 

limited to 7-12 

metres in depth 

 High maintenance 

is required 

 They can rarely 
serve as many as 
1,000 people 

 Skilled local people  

 Not very populated 

camp/settlement 

 Mistreatment of 
women and 
children 

M
EC

H
A

N
IC

A
L 

W
IN

D
 P

U
M

P
S 

 Do not need any 

consumables 
 Low cut-in speeds 
 Can be built locally 

 Depths of 100 

metres can be 

reached. 

 Cheap to use 

 

 Fairly high cost of 

investment 

 Water tank is 

required 

 Maintenance is 

required for 

mechanical 

components and 

needs specialized 

skilled personnel 

 Mechanical wind 

pump must be 

located directly 

over the borehole 

 Wind turbines are 

noisy and can have 

negative impacts 

on animals and 

birds 

 Skilled local people  

 Not very populated 

camp/settlement 

 Windy location 

 Some communities 

and cultures may 

view wind turbines 

as “monsters” 

 Frequent storms 
rapidly damage the 
structures 
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 Strengths Weaknesses Opportunities Threats 
R

A
M

 P
U

M
P

S 
 

 Low running cost 

 Low maintenance 

requirement 

 Simple and 

reliable 

 Good potential for 

local manufacture 

in the rural 

villages 

 Operation is 

automatic and 

continuous and 

requires no 

supervision or 

human input 

 Availability of 

water falls 

 They pump only a 

small fraction of 

the available flow  

 Fairly high capital 

cost  

 A storage is 

required 

 Hilly areas 

 Presence of 

waterfalls  
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6.13 Technologies for water purification 

Bio-sand filtration 

Technology description 

A Bio-sand filter is an innovative system, which allows water to be treated by filling a small tank with layers 
of gravel and sand. Thanks to its great effectiveness, the ease and low cost of construction, and low 
maintenance, it has become one of the most widespread water treatment systems for households in 
developing countries.  

The water is able to diffuse through the filter while the water drain creates an active bio-film on the surface 
of the sand that efficiently purifies the water, which passes through. The bio-film is the key element of the 
filter. 
It is not able to remove chemical elements or dissolved compounds, but it allows the removal of more than 
90% of faecal coliform, 100% of protozoa and helminths, 95 to 99% of zinc, copper, cadmium, and lead, 
and all suspended sediments, with a flow rate of up to 60 litres of safe water per hour. 

 
 

Utilization requirements 

The selection and preparation of the gravel and the sand is important for the effective and efficient 
operation of the filter because it deeply affects performance. 
Sand and gravel have to be available.  
Since the filter cannot remove 100% of the contaminants, the source should be the cleanest available.  
Water turbidity is required to be less than 50 NTU, which can be tested by pasting an adhesive at the 
bottom and filling a bottle of the contaminated water: if the adhesive is visible through the water by 
looking from the top of the bottle, the water turbidity is less than 50 NTU. 
A sedimentation method is recommended if the source water turbidity is greater than 50 NTU. 
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Operation and maintenance 

Using the filter is very easy, it simply requires removing the lid, pouring a bucket of water into the top of 
the filter and waiting for the water to flow slowly until it passes through both levels of gravel and finally 
propels up and out. The treated water has to be collected in a clean container. 
The Bio-sand filter can be used with deep groundwater, shallow groundwater and also with rainwater or 
surface water such as lakes or rivers. It is advisable to use always the same source of water because 
changes in the level and type of contamination require the bio-film to adapt to the new source and this 
may take some days.  
The bio-film may take up to 30 days to be fully formed; as a consequence, in the first few weeks the water 
can be drunk but further disinfection is recommended.  
Because the filter is most effective and efficient if it operates intermittently, the stop period should be a 
minimum of 1 hour up to a maximum of 48 hours; as a consequence, it is advisable to use the filter at least 
once every 1-2 days, preferably 2-4 times each day.  
A water depth of approximately 5 cm (2”) above the sand during the pause period is required in order to 
maintain the bio-film. 

 
The filter has to be cleaned when the flow rate is slower than 0.1 litres per minute. The maintenance 
involves washing the filter by removing the diffuser, adding about 4 litres of water and moving a clean 
hand in a circular motion (be careful not to mix the layers of sand and gravel). The water used to clean the 
filter has to be thrown away. Chlorine can be used ONLY for cleaning the external storage container, lid, 
and diffuser. After each use, the bio-film is destroyed and it takes some days to develop again. 

Morphological features and size 

Bio-sand filters typically provide 30 to 60 litres of water per hour, which is sufficient for five to ten people. 
The external body can be made with concrete or even with metal (oil drums) or plastic. 
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Carbon filters can be integrated into the bio-sand filter; the result is a Granular Activated Carbon (GAC) 
Sandwich Filter, which is a modified slow sand filter that also removes organic (chemical) material. This 
filter uses an intermediate GAC between the two normal sand layers. This modified slow sand filter 
effectively removes pesticides, total organic carbon, and THM precursors.  
Warning notes 

It is strictly recommended not to store food inside the filter or put chlorine inside because it kills the bio-
film. 
Wash your hands before handling the filter. 

Technical and economic features 

The bio-sand filter is not able to remove chemical elements or dissolved compounds, but it allows the 
removal of more than 90% of faecal coliform, 100% of protozoa and helminths, 95 to 99% of zinc, copper, 
cadmium, and lead, and all suspended sediments with a flow rate of up to 60 litres of safe water per hour. 
 
It has a low cost, approximately US$ 20 – 30.  

Application sample 

Details about how to construct the concrete filter and the mould can be freely downloaded at 
http://www.biosandfilter.org/ 

(http://www.biosandfilter.org/biosandfilter/files/webfiles/BioSandFilter_Construction_Guidelines_180912.pdf and 

http://www.biosandfilter.org/biosandfilter/files/webfiles/BioSandFilter_Mould_Construction_Guidelines.pdf). 

Detailed information about the construction, the sand and gravel preparation, and the morphological 
features is available in BIOSAND FILTER MANUAL DESIGN, CONSTRUCTION, INSTALLATION, OPERATION 
AND MAINTENANCE by CAWST (Center of Affordable Water and Sanitation Technology) and HOUSEHOLD 
SCALE SLOW SAND FILTRATION IN THE DOMINICAN REPUBLIC by MIT (Massachusetts Institute of 
Technology). 
 
In 2003, 200 litres of metal fuel drums were converted into bio-sand filters in the settlements that 
accommodated thousands of local people in Darfur, West Sudan. The strong points were the 
demonstration in the compound by each village chief and the courses on their operation and maintenance.  

Solar distillation 

Technology description 

Solar water distiller (solar still) is a simple technology, which allows water to be decontaminated of salt, 
nitrates, and heavy metals such as arsenic as well as pathogens and other biological contaminants, by 
evaporating and then condensing the water.  
It is a very old technology that dates back to the XIX century. It is an appropriate solution where the solar 
radiation is high and the other solutions such as sand filtration are not available.  
It works thanks to the solar energy: the solar radiation passes through a transparent cover (glass or plastic) 
and is then absorbed by a black surface placed at the bottom of the still. The black plate is heated up and 

http://www.biosandfilter.org/
http://www.biosandfilter.org/biosandfilter/files/webfiles/BioSandFilter_Construction_Guidelines_180912.pdf
http://www.biosandfilter.org/biosandfilter/files/webfiles/BioSandFilter_Mould_Construction_Guidelines.pdf
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transfers the heat to a shallow layer of water that slowly evaporates within the chamber of the still. When 
the vapour comes into contact with the glass, which is at a lower temperature (because the ambient 
temperature is lower than the vapour temperature) it condenses and runs down into a channel and is 
finally transported into a tank. 
The efficiency is quite a bit higher but it requires a large area to produce a sufficient amount of water. On 
a sunny day, an average output of 2.3 – 3 litres/m2/day is typical.  

 

 
 

Utilization requirements 

This system works only if the weather is sunny for almost the whole day.  

Local construction materials and indications 

A water distiller can be easily built with local materials. It is simply a box that can be made of wood, built 
on a basin made of brick, sand or concrete, with a 4mm transparent cover made of glass (for a long life 
period) or plastic, a black iron plate and a notched condensate runoff channel. During construction it is 
important to follow these three practical rules: 

1. The tilt of the glass has to be between 10° and 20°; 
2. The basin and the box have to be insulated; 
3. Fittings and joints have to be well made; 
4. The plate must have a good radiation-absorbing surface and be painted black.  

Operation and maintenance 

How solar stills are used deeply affects their performance. Therefore, some measures have to be adopted:  

 the layer of water on the black plate must be 2 cm deep at most. Not more because it absorbs 
the solar irradiation that then cannot heat the black plate.  

 the transparent surface should be cooled down because the condensing water dissipates heat. 
For example, it can be air or water cooled.  

 in order to maximize efficiency, solar stills should be used when the air temperature is not too 
high. When temperatures are higher than 40 °C, the transparent cover has to be constantly 
cooled. 

Maintenance is important, too: 

 the still has to be cleaned every day after use, especially the internal side of the glass which 
has to be cleaned daily in order to remain transparent. 

 the plate has to be periodically cleaned in order to remove the accumulation of salt and 
contaminants. 

Morphological features and size 

All solar stills have almost the same main features. Only the shape can be different. In order to increase 
their efficiency, some features can be added: 
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 Multiple-effect basin stills: they have two or more chambers. The condensing surface of the lower 
chamber works as the floor of the upper chamber, which is heated by the condensing vapour below 
and provides energy to vaporize 
the feed water above. The 
efficiency is estimated to increase 
greatly. 

 Inverted absorber solar stills: the 
sunrays hit a mirror and are 
reflected directly onto the bottom 
of the black plate. The main 
advantage is that the sun does not 
have to pass through the 
transparent cover, which 
therefore does not heat up and is 
easily cooled.  
Reflectors can also be used to 
increase the concentration of 
solar irradiation power on the 
absorber plate and decrease the 
aperture area. 

 
The size can be 1 m2 to 15 m2 (1 m x 15 
m, the shorter side is obviously the 
height because the drop of water 
cannot slide down 15 m of glass).  
 
 
 

Warning notes 

The water drunk by humans must not be completely distilled (100 to 1000 mg/l of salt at least) to maintain 
its electrolyte levels and for taste. Therefore, a little saline water should be added to the distilled water.  
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Technical and economic features 

The efficiency of the solar stills can reach 50%, but 30% is more realistic. With this efficiency, knowing 
the daily mean irradiation and the aperture area of the still, the mean daily output of distilled water can 
be estimated as: 
 

Daily output [litres] 
Aperture area (e.g. the plan areas) [m2] 
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1,0 – 1,9 0.7 1.4 2.1 2.8 3.5 6.9 10.4 

2,0 – 2,9 1.2 2.3 3.5 4.7 5.9 11.7 17.6 

3,0 – 3,9 1.6 3.3 4.9 6.6 8.2 16.5 24.7 

4,0 – 4,9 2.1 4.3 6.4 8.5 10.6 21.3 31.9 

5,0 – 5,9 2.6 5.2 7.8 10.4 13.0 26.0 39.1 

6,0 – 6,9 3.1 6.2 9.2 12.3 15.4 30.8 46.2 

 

 
In developing countries the sun radiation is generally high, and an average output of 2.3 to 3.0 
litres/m2/day is typical. Since in some critical contexts, the need for distilled water does not exceed 5 
litres/day/person, 2-3 m2 of solar still is required per person. A family of 4 members should require 10 m2 

of solar still at least. This consideration highlights the fact that solar distillation is not the best solution for 
treating water.  
 
From an economical point of view, the unit cost of a solar still is between US$30 – US$50 per m2, depending 
on the availability of the materials. Larger stills enjoy scale economy. 
The life of the still is strongly related to the life of glass, which is usually considered to be 20 to 30 years, 
but it is fragile and can break easily. 

Application sample 

Hundreds of smaller stills are currently operating especially in Africa and India. 
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UV Lamps 

Technology description 

Ultraviolet (UV) Lamps are particular devices that emit 
UV rays that disinfect water when their light comes 
into contact with microorganisms; the light attacks the 
genetic core of the microorganisms and their ability to 
reproduce. They represent a quick, reliable and cost 
effective method, which can destroy 99.99% of 
harmful microorganisms (Bacteria, Mould Spores, 
Algae, Viruses, Yeasts). 
The short ultraviolet waves are produced through the 
conversion of electrical energy accomplished in a 
mercury vapour lamp; this is made of special quartz 
glass that allows 70% to 90% of the short UV rays to 
pass.  

 
 
 
 
 
 
 
 

Utilization requirements 

It is fundamental to use a good pre-filter to remove any dirt or debris from the water because they work 
as a “shield” protecting microorganisms from the UV rays.  

Operation and maintenance 

A filter is vital before putting the water inside the lamp. However, minerals, debris and other materials in 
the water could settle on the quartz sleeve and limit the penetration of UV rays through the sleeve and 
into the water. Therefore, the glass around the lamp must be cleaned regularly in order to maintain high 
clarity.  
For fixed lamps, the UV bulb requires replacing after one year or 9,000 hours of use. Its lifetime is 
significantly affected by frequent turning on and off and it is advisable not to turn the lamp on and off  
more than once every eight hours. It works with electricity.  

Portable lamps have a longer lifetime because they are not constantly switched on and they work with a 
small battery inside; their main limit is the volume, which is usually less than 1 litre. 

Morphological features and size 

Several design features are combined in order to determine the dosage delivered: 
1. Wavelength of the ray emitted by the lamp; 
2. Length of the lamp: when the lamp is mounted in the same direction as the water flow, the exposure 

time of the water is proportional to the length of the lamp; 
3. Design water flow rate: exposure time is inversely related to the linear flow rate; 
4. Diameter of the purification chamber: the delivered dosages decrease logarithmically with the 

distance from the lamp because the water itself absorbs UV energy. 

Water commonly flows through the annular space in the quartz sleeve, which contains the germicidal 
lamp, and leaves through the outlet nozzle once irradiated. 

Another useful application consists of a portable water bottle, which has a small UV led inside. It is simple 
and useful: all you have to do is to fill the bottle with water, switch on the led and then shake the bottle 
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for about 60 seconds. This device has a small battery inside which needs to be charged more or less every 
80 cycles.  

 

A third application consists of a UV Pen, which is a simple device that works when it is immersed in water 
(e.g. in a glass, a bottle or a pot) and switched on with the button. It is able to purify one litre of water in 
90 seconds and works with simple AA batteries for about 200 uses.   

 

 

Warning notes 

UV disinfection does not remove dissolved organics, inorganics or particles in the water. 

Technical and economic features 

UV lamps have a high efficiency up to 99.99%, killing bacteria, mould spores, algae, viruses and yeasts. The 
output flow rate is high, too: around 3.5 litres per minute. In the case of portable lamps, the flow rate is 
less than 1 litre per minute. 
 
The cost is high: the lamp has a cost of US$ 50 - 110 and filters almost US$ 10 – 15 (less if coupled with a 
clay filter). In the case of fixed systems, the internal lamp must be replaced every year and it can cost US$ 
30 – 60. 
 
The electrical consumption is low (4-6W) and it can be easily coupled with a PV module or a battery.  

Application sample 

Solar UV is a widely diffused technology in Europe and the USA but it is also considered an appropriate 
household solution for water treatment.  
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Membrane filter 

Technology description 

Membrane filters have become an efficient and reliable technology for water treatment for household 
applications too. Their main strength is the fact that they work without the addition of external substances 
or chemicals, and they do not require the use of energy (only for pumping water in the case of big 
treatment plants).  

 
 
 
The term membrane technology refers to a number of different, very 
characteristic separation processes, which are based on the presence of 
semi permeable membranes that work following this principle: the 
membrane acts as a very specific filter through which the water flows, 
while suspended solids and other substances remain caught. The main 
membrane processes used include microfiltration, ultrafiltration, 
nanofiltration and reversed osmosis. All these processes are pressure 
driven and are used for water purification on a large and small scale, for 
industrial and domestic purposes. In this technical sheet, the focus is on 
technologies that can be used at a household level. 
 
 
 

Utilization requirements 

The membrane filter solutions for domestic use are usually composed of small bottles or tanks and they 
need to be handled with clean hands (e.g. the nozzle on the bottles has to be opened with clean hands or 
teeth at most).  

Operation and maintenance 

All the domestic solutions require proper maintenance with a specific procedure. The common and general 
phases are reported below: 

• filter cleaning: the filter (named cartridge) must be regularly cleaned in order to remove the 
trapped contaminants. The cleaning process usually consists in its immersion in a basin of warm 
water for half an hour where it is gently moved in order to dislodge any dirt or debris.  After that, 
it must be rinsed with clean running water and left to drain for hours in cool conditions.  

• components cleaning: the plastic and external components must be periodically cleaned with a 
soft cloth and a mild detergent solution in warm water. 
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• components substitution: the principal components that must be removed when they  are 
damaged or consumed are the filters and the nozzles, if present. The number of litres that can be 
treated before changing the filters depends on the models; it usually varies from 1000 to 5000 
litres for domestic purposes. 

Morphological features and size 

There are many membrane filter 
technologies for domestic and 
community use. The most common 
models are reported below: 

 Bottles: these are simple bottles 
with an internal filter that is 
permeable to water but not to 
contaminants. Models are usually 
designed to clean water from 
viruses, bacteria, cysts, parasites, 
fungi and all other microbiological 
waterborne pathogens and 
particles down to 15 – 20 
nanometres in size. They allow 
users to process up to 5,000 litres 
of clean sterile drinking water. 

 Jerrycans: these work with the 
same principle and the same 
results as the bottle but their size 
allows users to filter and store up 
to 20 litres of water and they can 
process up to 20,000 litres of 
clean sterile drinking water. 

 Big tanks: these are large storage 
tanks capable of delivering up to 2 
million litres of safe, sterile 
drinking water. They are 
appropriate for hospitals, schools 
and humanitarian contexts. They 
usually contain nano filter 
technology which is able to 
remove all microbiological waterborne pathogens including bacteria, viruses, cysts, parasites and fungi 
from water.  

Warning notes 

It is important to avoid storing water at extremely high temperatures and freezing water inside the device. 

Technical and economic features 
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The most important feature marking every device is the pore size of the filter, which affects its filtration 
ability and the types of contaminants that can be filtered. The table below reports the characteristics of 
the main processes: 
 

Pore 
size 

Molecular 
mass 

Process Removal of 

> 10   "Classic" filter  

> 0.1 µm 
> 
5000 kDa 

microfiltration larger bacteria, yeast, particles 

100-
2 nm 

5-
5000 kDa 

ultrafiltration bacteria, macromolecules, proteins, larger viruses 

2-1 nm 0.1-5 kDa nanofiltration 

viruses, 2 - valent 

ionshttp://en.wikipedia.org/wiki/Membrane_technology 
- cite_note-enf-5 

< 1 nm < 100 Da 
reverse 
osmosis 

salts, small organic molecules 

 
Ultrafiltration is a process reached by the domestic and community devices mentioned above. 
The cost of each system depends mainly on the size of the model: 

- from US$20 – 40 up to US$100 for the bottles; 
- from US$100 to 300 for jerrycans: it depends mainly on the lifespan of the filters; 
- from few tens of thousands US$ for big tank systems. 

Application sample 

Two examples of reliable and efficient models are sold by these two brands: LifeStraw 
(http://www.buylifestraw.com/) and Lifesaver (http://www.lifesaversystems.com/), which offer many 
products that can be appropriate in humanitarian contexts and in developing countries. 

   

http://en.wikipedia.org/wiki/Membrane_technology#cite_note-enf-5
http://en.wikipedia.org/wiki/Membrane_technology#cite_note-enf-5
http://www.buylifestraw.com/
http://www.lifesaversystems.com/
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Comparative tables 

 Strengths Weaknesses Opportunities Threats 

B
IO

 F
IL

TE
R

 

 High effectiveness 

 Removal of 

turbidity, colour 

and odour 

 Can be 

constructed of 

local materials 

 Durable  

 Minimal 

maintenance.  

 No chemical 

treatment  

 Limited portability 

 Limited turbidity 

(50 NTU) 

 Low effectiveness 

the first week 

after maintenance   

 Biologically and 

physically 

contaminated 

water 

 Chemical 
contamination 

SO
LA

R
 D

IS
TI

LL
A

TI
O

N
  Removal of salt, 

nitrates, heavy 

metals, pathogens 

and other 

biological 

contaminants 

 Can be 

constructed of 

local materials 

 Durable  

 Minimal 

maintenance.  

 Low daily distilled 

water per square 

metre 

 Some saline water 

should be added 

 High salt content 

in the water 

 No ground water 

 Chemical 
contamination 

U
V

 L
A

M
P

S 

 Highly effective 

 No addition of 

chemicals such as 

chlorine 

 It does not change 

taste, colour and 

odour 

 Portable 

 Water first has to 

be cleaned of 

turbidity, iron, and 

humic and fulvic 

acids 

  Chemical 
contamination 

 Physical 
contamination 
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M
EM

B
R

A
N

E 
FI

LT
ER

S 
 Highly effective 

 No addition of 

chemicals such as 

chlorine 

 It does not affect 

taste, colour or 

odour 

 Portable 

 No need for 

energy 

 No chemical 

treatment 

 High cost 

 Biologically and 

physically 

contaminated 

water 

 Low temperatures 

 Chemical 
contamination 
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7 Toward innovation in humanitarian contexts 
and informal settlements 

The purpose of this Chapter is to describe the methodology adopted for choosing and implementing 

technological innovations in the pilot projects of the SET4food project. A technical description of the adopted 

solutions is also given. It is shown how innovative solutions can come out from a selection process, when 

cross fertilisation and a multidisciplinary approach are used. The concept of innovation here goes beyond the 

concept of invention and includes any adaptation, improvement, or change that may be implemented. The 

core of the concept is to identify a new solution able to meet a specific local need in a more efficient way, 

thus also new standards or business models could be considered “innovation”. The methodology is people-

centred, meaning that innovation is motivated and promoted by the final user’s need. 

The locations of the three case studies have been chosen among temporary / quasi-permanent / permanent 
camps or informal settlements, but the methodological approach here described can be applied in whatever 
location, provided that location characteristics are given. 

7.1 Methodology 

The appropriate technologies2 chosen for the three case studies represent the results of the methodology 

described hereafter, which has been applied in these specific contexts. The objective of the methodology is 

to provide humanitarian actors with a structured procedure for selecting and introducing appropriate and 

innovative energy technologies for food utilization in temporary / quasi-permanent / permanent camps or 

informal settlements. 

The different solutions depend on local constraints, needs and resources. Some premises regarding the use 
of the methodology need to be underlined to fully understand the aim of this chapter: 

- in different contexts, a number of different innovative solutions can arise, since local needs drive the 
selection; 

- for the same context, the solutions selected by different teams of professionals can differ, since 
innovation is a creative process, which involves people with different ideas and opinions; 

- different time constraints may also lead to different solutions, since the process may require time to 
give best results. 

The methodology used and followed may be summarized by the following steps (Figure 56): 

a) Priorities identification – this phase is necessary to identify the needs and define the priorities in the 

area of intervention. Priorities have to be identified according to the needs of the local community 

in terms of: 

a. basic need for households; 

b. community services; 

c. productive activities for agriculture and rural industries.  

This preliminary information is used by the partners of the project (here Politecnico di Milano and 

COOPI) to start a further and deeper step of data collection. This step is carried out through the 

distribution of appropriate questionnaires to beneficiaries in order to get a specific assessment of 

                                                           
2 A technology should be considered appropriate when it is sustainable from an environmental, ethical, cultural, social, 
political, and economical point of view, depending on the specific context. 

http://www.appropedia.org/Culture
http://www.appropedia.org/Economics
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local priorities and needs. Local staff has to be involved in the process of data collection, including 

interviewing, and in a preliminary debriefing. 

This in-depth analysis allows getting a first assessment about living conditions, priorities, challenges, 

barriers and needs regarding food security in the humanitarian context. 

This phase leads to setting the main goals of the intervention.  

b) Diagnosis – during the diagnosis phase, the energy demand is evaluated according to the needs: the 

calculation of water and food consumptions defines the overall load that the energy solutions have 

to meet. It is important to conduct a baseline assessment to identify the local institutional framework 

and all the stakeholders involved. Any constraint or vinculum given by the specific characteristic of 

the settlement is taken into consideration since this kind of elements can greatly influence the design 

of the solution (household-based and community-based solutions). The above-mentioned 

questionnaires are designed to provide information for this kind of diagnosis too. 

This phase leads to setting the needs to be satisfied and the constraints that the technological 

solution needs to meet and respect. 

 

c) Strategy selection – within this phase, the selection of the intervention strategy is undertaken, 

keeping in mind the information gathered in the previous steps and using a Decision Support System 

(DSS) to facilitate the selection. 

In the SET4food’s pilot projects, the strategy concerns the identification of the areas of intervention 

and the most appropriate technological scenarios. This phase is supported by the DSS developed by 

the Politecnico di Milano, which simplifies the selection of the most appropriate strategy and 

technologies according to the specific context using specific indicators. The main steps followed by 

the DSS are reported hereafter (the tool is available for registered users in the SET4food website: 

www. set4food.org/tools): 

- Macro-areas selection. Five macro-areas have been identified: cooking, food preservation, 

power generation, water supply and water treatment. For each macro-area, the selection is 

carried out through specific questions.  

- Indicators selection. Within each macro-area, selected indicators are evaluated, based on 

the combination of local needs and available resources. These indicators allow defining the 

most appropriate strategy of intervention for the pre-selected areas.  

- Ranking of feasible alternatives. The DSS provides a ranking of the appropriate technologies 

for all of the macro-areas previously selected, thanks to the use of the indicators, which 

permit to assess technological, economic, social and environmental aspects. 

This phase leads to selecting the strategy of intervention by coupling the most appropriate 

technologies with the local needs.  

 

d) Selection of technologies and innovation – This step provides the final choice of the most 

appropriate technologies: the DSS provides a ranking of potentially appropriate technologies, which 

have to be checked against local constraints and opportunities, and the availability and affordability 

of the devices in the local market.  

A process of adaptation can be undertaken, in order to investigate whether the current technology 

may be easily modified to better match with local needs and habits. The next section reports some 

examples of adaptation of pre-existing technologies to local needs. 

This phase leads to the final choice of the most appropriate technologies. 

file:///C:/Users/Jacopo/Desktop/www.%20set4food.org/tools
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In the SET4food project, the main discriminating factors that have led to innovation, according this 

methodology, have been: 

 the multidisciplinary approach and the cooperation between different stakeholders with different 

skills and scientific backgrounds; 

 sound attention to the local framework (priorities, need, and constraints).  

Particularly, the synergy between the Department of Energy and the Department of Architecture, Built 

environment and Construction engineering of Politecnico di Milano, and the staff of COOPI – COOPERAZIONE 

INTERNAZIONALE, has made it possible to share different ideas, different technical know-how and different 

competences.  

 

Figure 56 – Adaptation/Innovation of Technology selection planning. 

7.2 Appropriate technologies identified for the case studies 

The methodology allows designing energy systems following an approach based on the ‘‘Need-Resource’’ 

coupling, based on the local context: behind a demand, there is always a (specific) need, and in order to 

provide a supply, a (specific) resource must be used. This approach leads to the choice of the so-called 

appropriate technologies, which within this project means any technology that leads to: 

- the most cost-effective use of local natural resources and the other resources required, like 

human, economical, technical, etc. 

- an improvement of social aspects; 

- high adaptability to a peculiar social and cultural environment.  

In the following paragraphs, some of the innovative technologies defined for the three pilot projects are 

described under a technological perspective. The most relevant features of the context where they have 

been applied are also highlighted, referring to the five macro-areas of intervention.  
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7.2.1 Case A  

a) Priorities identification 

In the first case study, five nearby settlements have been selected. Their main features and local needs are summarized in Table 10: 

Table 10 - Main needs and resources of CASE A. 

Settlement People Cooking Electric power Food preservation Water supply 

- TYPE: Informal settlement; 
- STRUCTURE: Tents made of 

timber, plywood, and 
plastic/metallic sheets and 
a cement structure of 4 
floors.  

- HHs: 199; 
- PEOPLE: 985; 
- ABILITY: High construction 

ability; 

NEED: to decrease the cost 

and the use of fuel. 

NEED: people need 

electricity for lighting, 

external night lighting, light 

up the common courtyard 

and staircases, charging 

mobile phones. 

NEED: to increase the 

number of people with the 

possibility to preserve fresh 

food.  

NEED: a small fraction of 

people who live in tents 

use contaminated water 

which needs to be treated. 

b) Diagnosis 

The dissemination of the questionnaires have provided the following information concerning the local assessment, the energy demand, the local constraints and 

stakeholders.  

Cooking Electric power Food preservation Water supply Resources Local stakeholders 

- FOOD TYPOLOGY: dry and fresh 
food; 

- FUEL: wood bought in the local 
market and/or gas bought in the 
local market; 

- TECHNOLOGY: Three-stones fire for 
people which use wood and gas 
burners for the others; 

- PLACE: people cook both outdoor 
and indoor; 

- TECHNOLOGIES IN THE MARKET: Gas 
burner; 

-  CONSTRAINTS: community and 
sharing solutions are accepted by 
people who live in the building and 
in some tents. 

- TECHNOLOGY: Grid connection; 
- AVAILABILITY: Illegal connection 
for 6 hours a day for the tents; 
legal connection for 6 hours a day 
for people who live in the building. 

- CONSTRAINTS: community and 
sharing solutions are accepted by 
people who live in the building and 
in some tents. 

-  ESTIMATED ELECTRIC LOAD:  
o 0.18 kWh per day per family 

provided with 2 LED bulb lamps 
and 2 security lights. A 
maximum power of 20 W per 
family is estimated. 

o 0.48 kWh per day per family 
provided with 2 LED bulb 

- FACILITIES USED: 
None; 

- CONSTRAINTS: 
community and 
sharing solutions are 
accepted by people 
who live in the 
building and in some 
tents. 

- SUPPLIER: public well and 
tankers; 

- CONTAMINANT: present, 
biological; 

- ACTUAL TREATMENT: none. 
- CONSTRAINTS: community 

and sharing solutions are 
accepted by people who live 
in the building and in some 
tents.  

- QUANTITY: a quantity of 15 
litres of treated water per 
family is estimated to be 
necessary daily. 

- High solar potential 
(from 2.5 to 8 
kWh/m2/day); 

- High wind potential, 
particularly on the 
roof of the building; 

- Moderate climate 
conditions (from 10 
to 25 °C).  

- People who live in the 
camps; 

- Mayor of the city, who 
expects to be 
constantly informed 
about the 
technologies installed; 

- Local manufactures 
and artisans. 



Innovation Chapter 

239 

- ESTIMATED FIREPOWER: 4 – 6 kW 
per stove per family; this is the 
thermal power that the stove should 
transfer to the pot. 

lamps, 2 security lights and a 
thermoelectric refrigerator. A 
maximum power of 70 W per 
family is estimated. 

o 0.580 kWh per day per family 
provided with 2 LED bulb 
lamps, 2 security lights and a 
thermoelectric refrigerator. A 
maximum power of 90 W per 
family is estimated. 

o 1.8 kWh per day per 
community refrigerator. A 
maximum power of 300 W per 
refrigerator is estimated. 

c) Strategy selection 

On the basis of the previous information, the following strategy has been defined. 

Cooking Electric power Food preservation Water supply 

- Locally made Improved Cook stoves as 
alternative to three-stones fire; 

- Technical add-ons for improving the 
efficiency of gas burners. 

-  Alternative systems with storage for 
decreasing problems due to blackouts and 
for increasing the availability of electrical 
supply; 

-  Exploitation of wind resource. 

- Possible use of passive-refrigeration 
systems thanks to the moderate climate 
conditions; 

- Increase of the number or electric systems.  

- Pumping systems not required; 
- UV systems adopted. 

d) Selection of the technologies and Innovation 

The technologies selected for the CASE A are reported below, as well as the innovative alternatives which are described in the next paragraphs.   

Cooking Electric power Food preservation Water supply 

- Upscaled micro-gasifier; 
 

- Pot-skirt add-on for gas burners; 

 

- Pressure Cooker. 

-  SHS: standalone PV system for lighting 
(indoor and outdoor); 
 

-  Hybrid MICRO-GRID powered by PV – Wind 
- batteries for 8 refrigerators (primary loads) 
and further auxiliary loads (e.g. lighting, ICT, 
pump, etc.). 

- 1 x Vacuum packing (pump) 
- 2 x Vacuum packing (recharge, 15 sacks per 

family);  
 

- Small thermoelectric refrigerator in DC 
(30l). 
 

- Community refrigerator (500l) with multiple 
individual compartments. 

- UV water purifier point-of-use (SteriPEN). 
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For some technological solutions, it has been possible to introduce some adaptations and innovations to 

meet the local need in a more efficient manner compared to a standard commercial technology. They are 

reported below: 

Upscaled micro-gasifier 

Classical model and features – Micro-gasifiers are particular stoves that take advantage of a multistage 

combustion to increse the effciency and reduce the emissions during cooking. Very few commercial models 

of micro-gasifier exist. One is a model realized by Blucomb, an academic spin-off of the Italian University of 

Udine. Bluecomb has developed a small micro-gasifier named ELSA, which is composed by preassembled 

metal sheets (Figure 57). The main features of this model are: 

 the extended shape of its combustion chamber, which allows the multistage combustion and the 

production of wood gas; 

 a very low PM emissions and a high efficiency; 

 1 kW of thermal power transferred to the pot; 

 compatibility with a pot of 0.5 litres capacity; 

 can be fuelled with about 0.3 kg of small pellets.  

Limitations and constraints - This technology has been selected for 

the settlement of the case study A, where people cook only with 

wood burned in very low efficient three-stone fires, causing three 

main negative consequences:  

1) high expenditures for wood purchase; 

2) a lot of time spent for its collection; 

3) health diseases when people cook indoor.  

Micro-gasifier can mitigate these effects by allowing people to 

decrease the consumption of wood and to reduce emissions. The 

knowledge of the local context and the information provided by 

COOPI’s staff have highlighted the incompatibility between the 

features of the classical ELSA and the habits and the cooking needs of 

people in the settlement. As a matter of fact: 

 due to the size of the households (5/6 persons) and the 

amount of food cooked,   pots of 4-5 litres are required; 

 the classical model of ELSA requires small pellets with a length and a diameter of less than 3 cm and 

1 cm respectively, which are not always available, and when available may not be affordable.  

The innovative solution - Given these previous considerations and that people in the settlement show high 

technical and construction abilities, the solution proposed by the Politecnico di Milano has been a homemade 

upscaled model of ELSA. Thanks to the indications and drawings provided by Blucomb, local artisans have 

been trained to build 1:2.24 scale metal moulds of the micro-gasifiers and finally assemble the stove. 

Technical features of the final solutions are reported in Table 11. 

 

 

Figure 57 – Classical ELSA 

model. 
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Table 11 - Technical features of the Update micro-gasifier. 

Name Upscaled ELSA micro-gasifier 

 

Capacity [l] 6 

Power [kW] 5 

Material  Stainless Steel 

Fuel 
Pieces of wood and small 

branches 
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Pot-skirt for gas burner 

Classical model and features – The pot-skirt is a simple device that is usually put around the pot during 

cooking activities for increasing the thermal efficiency of the stove. No standard configuration of a pot-skirt 

exist, because it strictly depends on the type of stove and pots that people use. Pot-skirts are usually applied 

to traditional wood stoves for reducing the heat losses. In most cases, they are simple circular metal rings, 

which are placed on the upper side of the stoves, around the pot.  

Limitations and constraints – Pot-skirts have been selected for people who cook 

with gas burners, with a high expense for the supply of fuel. If applied to gas 

burners, pot-skirts could reduce the heat losses thus increasing the overall 

performances of the stoves and decrease the fuel consumption. The main limits 

of the classical models are: 

 commercial pot - skirts for wood stoves cannot be applied to the gas 

burners used in the settlements due to a different shape; 

 no commercial examples of pot-skirts applied to gas burners have been 

found; 

 during the operation of the stove, this component immediately heats 

up and could be dangerous for people who is not familiar with it. 

Given that, the solution has been an adapted pot-skirt specifically designed for the gas burners used in the 

settlements.  

The innovative solution – The process of adaptation of the pot-skirt has 

followed the following steps: 

 obtaining the information regarding the gas burners used in the two 

settlements (Figure 59) thanks to the analysis of the context through 

questionnaires and photos; 

 analysis of the technical features and design of the gas burners.; 

 design of the adapted pot-skirt, which lies above the supports of the 

burners thanks to five carvings, so that:  

− air is allowed to enter from the bottom,  

− the pot-skirt is firmly placed on the burner, 

− the hot gases produced by the combustion flow through the 

channel between the pot-skirt and the pot; 

 the definition of additional technical improvements for increasing the 

safety of the device: 

− surrounding thermal insulation has been added for avoiding burns 

(Figure 61); 

− small holes have been created from one side of the ring for 

allowing the hot gases to exhaust before reaching the top of the 

pot, where people expose their hands (Figure 60Error! Reference 

ource not found.). 

The pot-skirts have been locally realized exploiting the high construction ability 

of people. 

 

Figure 59 - Gas burner used in the 

settlements of CASE A. 

Figure 58 – Classical pot-skirt for 

wood stoves. 

Figure 60 - Adapted design of the 
set4food pot-skirt. 
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Table 12 – Innovative SET4food pot-skirt 

Name SET4food pot-skirt 

 

Material Stainless Steel 

Cost [$]  

Stove compatibility  Gas burner 

Fuel reduction if applied to a gas-burner  

 

   

Figure 61 – SET4food pot-skirt implemented in the camps of CASE A 

Community refrigerator with multiple individual compartments 

Classical model and features – Mechanical vapour compressor is the most common solution adopted in 

refrigerators and freezers for household applications. Generally, refrigerators and freezers consist in an “all-

in-one system” including an insulated chamber. They may have a variable volume from 30 litres to few cubic 

meters. However, since systems with lower volume have generally a lower efficiency and higher specific cost 

if compared with bigger components, the application of a refrigerator with a volume higher than 200 litres is 

almost often recommended. 

 

Limitations and constraints – The in depth understanding of the local context have shown several constraints 

to the standard application of a classical refrigerator: 

 in the settlement of case study A, people eat mainly dried food, they are not familiar with 

refrigeration systems and thus classical refrigerators are not suitable and oversized; 

 in the settlement, electricity is only supplied for few hours per day and does not reach all the 

households. 

For such reasons, an innovative idea for the introduction of refrigerators is required.  

 

The innovative solution - The application of a “community refrigerator” with small independent 

compartments allows to have a higher efficiency than other smaller system available on the market. The 

refrigerator is specifically characterized by a global capacity of 700 litres and is divided in 8 independent 

compartments of about 90 litres. Each compartment is assigned to a single family, and is lockable with a 

personal key. The community refrigerator is placed in a common space and it is designed to work in case of 
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discontinuous power supply by integrating a eutectic plate, which extends the thermal capacity of the 

system. This thermal storage permits to maintain the internal temperature (set to 8 °C) for about 10 hours 

without power supply. 

 
Table 13 – SET4food refrigerator with multiple compartments. 

Name SET4food refrigerator 

 

Cost [$] 3000 

Type  Vapour compressor 

Dimension 72 x 79 x 205 cm 

Capacity 700 litres 

Temperature controller Digital thermostat 

Temperature -2/+8°C 

Power absorption 350 W 

Voltage 230 V/50Hz 

Thermal storage accumulation 870 Wh 

Thermal storage surface 0.94 m2 

Thermal storage weight 26 kg 

 

Hybrid Micro-grid 

Classical models and features – Traditionally, in rural areas or informal settlements, diesel generators 

(gensets) are the main common options adopted to supply power. They are a familiar technology, highly 

modular in power, they can be easily installed and maintained and their investment cost is limited. 

Nevertheless, they have high running costs and may incur in blackouts due to disruptions in the fuel supply 

chain. Moreover, they contribute to local emission of air pollutants. Besides, since the past decade, the 

application of renewable-based systems has been promoted as innovative, clean, and running cost free 

energy solutions. Solar PV systems coupled with lead-acid batteries are the most ordinary option in this 

framework. When several different loads have to be supplied and power rates of PV panels grow up to some 

kW (> 1-2 kWp) such systems are called micro-grids. 

A PV-based micro-grid has been selected as the best option to supply power to batteries for the community 

refrigerator (with 8 compartments) and further auxiliary loads (e.g. lighting, ICT, etc.) in the targeted 

settlement of case study A. Despite this can be considered an innovative power system in comparison with 

gensets, some limitations have been recognized about the specific context of application and specific 

innovations have been identified and implemented within the project. 

 

Limitations and constraints – Three main issues have been identified by analysing PV micro-grids within the 

targeted context: 

1 preserving batteries life-time via multiple source integration: batteries are among the most expensive 

and delicate devices of a solar PV micro-grid. In order to reduce their total capacity (i.e. to reduce 

the investment costs) and extend their lifetime, an option is to integrate different power sources 

which mutually compensate their own constraints. Adding a further power source generally allows 
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to reduce the battery capacity (reduced battery energy service) if the new source is available when 

the other is not (at night when considering PV systems). Nevertheless, it may occur that adding a 

further energy source leads to higher requirements of power service for batteries, to compensate 

the power fluctuation between sources and loads. 

In particular, for the case study A, wind generation has been identified as possible option to be 

integrated with PV; 

2 assessing wind potential availability: in order to evaluate the wind potential and hence to calculate 

the power rate of the wind systems to be integrated within the PV Micro-grid, wind data are required. 

Nevertheless, campaigns for measuring wind speed are quite rare in emerging countries and 

especially in remote areas; 

3 evaluating micro-grid functioning: the design of micro-grids in a context which does not allow to 

gather all the design data set is a complex task. Therefore, the monitoring of the system functioning 

(energy productivity from the different power sources, load and battery behaviour, etc.) would allow 

to make an ex-post system analysis and, where possible, to implement modification to the micro-

grid. 

 

The innovative solution – at the light of the previous considerations, a number of innovative solutions have 

been identified by the research team of Politecnico di Milano in order to provide the power supply for the 

community refrigerators with 8 compartments and further auxiliary loads. Figure 62 shows the proposed 

architecture of the micro-grid. The system integrates 3kW of solar PV with a 2.5kW horizontal axis wind 

turbine. Moreover, a 25kWh battery bank has been added to assure continuity of the supply. The primary 

loads will result in a peak load of 300W each fridge, with a consumption of about 3600 Wh/day each. 

 
Figure 62 – Proposed architecture of the micro-grid. 

 

Beside the innovative solution of integrating PV and WIND systems, a new feature of the proposed 

architecture relies in the inverter considered in the design. Indeed, it will allow coupling the micro-grid with 
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a further auxiliary power source, being either a diesel generator or a grid. This option has been considered 

in order to face the case of increases in power requirements. Moreover, the inverter should also allow a 

“smart” management of the loads according with two priority levels: the primary loads (i.e. the fridges) are 

always powered, while the auxiliary loads (e.g. lighting, ICT, pumping, etc.) are powered only when the 

battery SOC is within a defined threshold.  

This solution has been considered since the productivity of the wind turbine was in practice unknown at the 

time of the system design, therefore the PV sizing has been accomplished in order to assure power to the 

fridges while the extra energy coming from the wind will support the PV, permitting to supply power also to 

the auxiliary loads. 

Moreover, in order to optimize the exploitation of the wind resource and its integration with the solar 

systems a metering campaign has been conducted in order to provide a proper samples of wind data. Figure 

63 shows the elaboration of preliminary wind data gathered on-site. It shows the trends throughout 6 days 

of the wind speed averaged on a minute basis. These data will allow characterizing the local wind availability 

and hence to evaluate the power productivity of the wind turbine in order to better set the loads 

management. 

 
Figure 63 - Preliminary gathered wind data. 

Beside the wind resource data, in order to carry out the ex-post micro-grid analysis, monitoring of the micro-

grid is required (that is to evaluate/quantify the effectiveness of the architecture deployed). To this purpose, 

the considered architecture (Figure 62) embraces several power meters: on the DC side of the power sources 

and on the AC side of the two loads level. These data will allow revising the micro-grid design, mainly as 

regards the definition of the set points of the grid control and of the management of power source and 

storage (e.g. SOC thresholds values, MPPT/RPPT PV control, auxiliary loads management, etc.). 

Above all, it is worthwhile to mention as a further innovative element, that the monitoring activities on a 

long-term basis will allow carrying out also a cost benefit analysis. This means that the cost of the supplied 

electricity (the Levelized Cost of Energy) will be computed, and hence the appropriateness of this solution as 

regards other well-known options for the context of intervention will be further assessed. 
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7.2.2 Case B 

e) Priorities identification 

In the second case, one refugee camp has been selected. Its basic features and local needs are summarized in Table 14: 

Table 14 - Main needs and resources of CASE B. 

Settlement People Cooking Electric power Food preservation Water supply 

- TYPE: Refugees camp; 
- STRUCTURE: clay shelters 

or tents that occupy 
between 0.8 and 1.8 m2. 

- HHs: 1250; 
- PEOPLE: 3380; 
- ABILITY: skills of people are 

low and there are very few 
skilled artisans. 

NEED: to decrease the 

consumption of wood and 

the related economic and 

health problems. 

NEED: people need 

electricity for lighting, 

communicating and 

amusement. 

NEED: to improve the actual 

rudimentary systems; 

NEED: almost all the people 

who live in the camp use 

not contaminated water, 

which does not need to be 

treated. 

f) Diagnosis 

The dissemination of the questionnaires have provided the following information concerning the local assessment, the energy demand, the local constraints and 

stakeholders.  

Cooking Electric power Food preservation Water supply Resources Local stakeholders 

- FOOD TYPOLOGY: dry and fresh 
food; 

- FUEL: wood collected in the 
surrounding bushes or in the 
market; 

- TECHNOLOGY: Three-stones fire; 
- PLACE: people cook outdoor; 
- TECHNOLOGIES IN THE MARKET: 

Wood stoves; 
-  CONSTRAINTS: community and 

sharing solutions are not accepted 
by people who live in the camp; 

- ESTIMATED FIREPOWER: 4 – 6 kW 
per stove per family; this is the 
thermal power that the stove should 
transfer to the pot. 

- TECHNOLOGY: PV systems; 
- AVAILABILITY: unreliable, only 
for offices and traders; 

- CONSTRAINTS: sun is the only 
renewable and available 
solution; 

- ESTIMATED ELECTRIC LOAD: 10 
kWh per day for supplying two 
community centres provided 
with 2 indoor lights functioning 
for 6 hours, 2 security lights 
functioning for 12 hours, 2 
freezers consuming 
2400Wh/day. A maximum 
electric power of 1.4 – 1.5 kW 
per day per centre is estimated. 

- FACILITIES USED: drying 
(sun and fires) and 
traditional smokers; 

- CONSTRAINTS: 
community and sharing 
solutions are not 
accepted by people; 

- SUPPLIER: pumped from 
external wells inside the 
camp; 

- CONTAMINANT: not 
present; 

- ACTUAL TREATMENT: none. 

 

- Very high solar 
potential (from 4.6 
to 6.43 
kWh/m2/day); 

- Low wind speed; 
- High temperatures 

all over the year 
(from 24.5 to 29°C); 

- High humidity from 
March to November 
(70% on average) 

- People who live in the 
camps; 

- Local manufactures 
and artisans; 

- Civilians who do not 
accept people in the 
camp; 
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g) Strategy selection 

On the basis of the previous information, the following strategy has been defined. 

Cooking Electric power Food preservation Water supply 

- Commercial models as alternatives to 
three-stones fire; 

-  Sun exploitation: solar systems for 
improving the actual food preservation 
system and provide electricity for lighting; 

- Electric systems; 
- Homebuilt passive systems. 

- Pumping systems are not required; 
- Systems for treating water are not 

required. 

h) Selection of the technologies and Innovation 

The technologies selected for the case B are reported below, as well as the innovative alternatives which are described in the next paragraphs.   

Cooking Electric power Food preservation Water supply 

- Commercial models of ICSs (EcoZoom); - Two standalone solar PV systems to provide 
food preservation and lighting to a part of 
the camp; panels are polycrystalline type 
and CIS/CIGS (thin film); 

- Solar torch or lantern, with solar panel and 
battery integrated in the device 

- SHS: 1 standalone PV for 1 LED 
light/torch/lantern and 1 USB port. 

- Outdoor lighting system: standalone PV 

- Community freezer in DC (240 litres); 
- Homebuilt improved smoker; 
- Homebuilt improved solar drier; 
- Root cellars with iced packages. 
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Stand-alone PV systems 

Classical models and features – in the targeted settlement of case study B, power supply is required for food 

preservation using freezers and for lighting. Two buildings have been selected to be equipped with a supply 

system for powering 2 indoor lights, 2 security lights and 2 freezers. A stand-alone PV system for each building 

generates the required electric power. In this case the configuration of the PV system is standard (Figure 64): 

the PV array supplies power to the batteries, which are coupled with an inverter connecting the DC section 

of the system (PV panels, battery charger and lead acid batteries: generation & storage) to the AC section of 

the system (user loads). 

Figure 64 – Stand-alone PV system configuration 

As regards the application of such a system configuration in remote areas or informal settlements, some 

limitations have been identified with respect to the cost-benefit analysis of different technological solutions 

regarding the PV panels. 

Limitations and constraints – In general, within donor-driven intervention projects in remote areas or 

informal settlement, the selection of the technology is based only on budget constraints with respect to the 

investment costs. Cost-benefit comparative analyses of different PV technologies with different techno-

economic performances are rare. Nevertheless, such analyses would provide additional insights for 

supporting the selection of the most suitable technology option for a given area. For example, the 

comparison among different PV technologies can lead to a different choice: when considering two well-

known commercial PV technologies – namely polycrystalline and thin-film PV cells – the first is supposed to 

be interesting since it is very cheap, while the latter is generally considered a top-notch solution. The choice 

then should not only driven by the investment cost. Moreover, dust/soiling issues, performances decay, 

appropriate maintenance of the system, appropriate operation of the system, etc. are elements that can 

jeopardize the real life-time techno-economic performances of a PV system with respect to the ex-ante 

theoretical analyses. Even the nature of the electric loads for these contexts (uncertainty, rapid changes in 

time, etc.) contributes in limiting the capabilities to develop robust ex-ante cost-benefit analyses. In the case 

study B, in order to check out all this effects in a real-life application, a comparative analysis has been 

proposed in order to calculate the cost of electricity produced over the lifetime of the system (i.e. the 

Levelized Cost of Energy). 

The innovative solution – At the light of the previous considerations, the proposed solution consists in the 

comparative implementation of both the abovementioned solar PV cells technologies (details of the systems 

are reported in Table 15). Accordingly, the main innovative elements are: 

 the comparative monitoring of the two type of technologies. This is accomplished via a meter placed 

on the DC side of the system and on the battery charger (in order to monitor power produced, 

batteries state of charge, loads consumption, etc.). This will allow to perform cost-benefits analyses 

by comparing the two PV cell technologies; 

 the kind of loads management implemented in the systems: the inverters considered in the design 

have two different power outputs on the load side (AC side), thus allowing a “smart” management 

PV Array
Battery 
Charger

Battery 
Bank

Primary 
Loads

Auxiliary 
Loads

Inverter 
DC/AC

AC link 1

AC link 2

DC section
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of the loads. Indeed, loads can be connected according two different levels of priority in order to 

ensure power to the most important loads (the freezer) and supply the eventual excess energy to 

the auxiliary loads.  

 
Table 15 – Details of the loads and standalone PV system for case study B 

B
u

ild
in

g 
1 

Loads 

2 indoor lights functioning for 6 hours - 2 security 

lights functioning for 12 hours 

2 freezers consuming 2400Wh/day 

Stand-alone PV system 

1.5 kW PV panel monocrystalline 

350 Ah @ 24 Volts battery 

1 kW inverter 

60 Ampere Charge Controller 

B
u

ild
in

g 
2 

Loads 

2 indoor lights functioning for 6 hours - 2 security 

lights functioning for 12 hours 

2 freezers consuming 2400Wh/day 

Stand-alone PV system 

1.2 kW PV panel thin-film 

350 Ah @ 24 Volts battery 

1 kW inverter 

60 Ampere Charge Controller 

  



Innovation Chapter 

251 

Freezers, Root cellars and ice box system 

Classical model and features – Root cellar is a very cheap and effective technology for food preservation in 

contexts where electrical power supply is not available and the ambient temperature arises over 30 °C. It 

consists of an underground volume or a partially covered container, which allows keeping food 

approximately at the same temperature of the ground. The root cellar is generally made by waterproof 

materials covered with an insulation layer.  

A first option is to use resistant and waterproof small boxes. In the case this kind of objects is not locally 

available, several commercial solutions characterized by different dimensions and construction materials can 

be adopted. According to the habits of the people in the settlement of case study B, small and movable 

systems are identified to be the best solution. 

 

Limitations and constraints – Generally, small root cellars are realized by placing a commercial box below 

the ground level. The use of this configuration revealed to be not appropriate for the settlement of case study 

B for the following main three reasons: 

 the environment temperature is very high and can arise over 35°C for several days of the year; 

 a partial exposure of the box’s cover to UV radiation can damage the system; 

 there could be some problems regarding theft episodes of stored food, since root cellars are thought 

to be installed outdoor.  This problem can limit the acceptability of the technology and, therefore, its 

effectiveness. 

 

Innovative solution – In order to solve the abovementioned constraints, a synergetic combination of 

different components is realized. More in detail the system consists of the following: 

 a partially buried, high thermally insulated and high resistant commercial icebox (80 litres); 

 an internal compartment, to be filled in with ice packs frozen in 3 centralized freezers (178 litres of 

storage capacity and 155 W peak power). The freezers are fully supplied by a PV array; 

 a vent placed in the bottom of each root cellar for draining moisture; 

 a lockable strap in order to avoid theft episodes and increase the acceptability of the technology.  
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The proposed configuration allows increasing the number of people who can satisfy their need to preserve 

food, although electrical energy is only available for powering the centralized freezer system, while no 

electric supply is available at the household level.  
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7.2.3 Case C 

i) Priorities identification 

In the third case study, one settlement is considered. The basic features and local needs are summarized in Table 16. 

Table 16 - Main needs and resources of case C. 

Settlement People Cooking Electric power Food preservation Water supply 

- TYPE: Camp of Internal 
Displaced Persons; 

- STRUCTURE: shelters made 
of timber, plywood, and 
plastic/metallic sheets. 

- HHs: 390; NEED: decrease in the 

consumption of charcoal. 

NEEDS: lighting, phone 

charging, sometimes water 

pumping. 

NEED: modern energy 

systems for refrigeration; 

NEED: almost all the people 

who live in the camp need 

to treat contaminated 

water.  

j) Diagnosis 

The dissemination of the questionnaires have provided the following information concerning the local assessment, the energy demand, the local constraints and 

the stakeholders.  

Cooking Electric power Food preservation Water supply Resources Local stakeholders 

- FOOD TYPOLOGY: people mainly eat 
dry food because they have no fresh 
food preservation systems; 

- FUEL: 100% of people use charcoal 
bought in the market, considering 
wood and gas as a second and third 
alternative; 

- TECHNOLOGY: Traditional charcoal 
stove; 

- PLACE: people cook indoor; 
- TECHNOLOGIES IN THE MARKET: 

Traditional charcoal stove; 
-  CONSTRAINTS: technologies that do 

not cause an evident reduction in 
the use of charcoal are rejected; 

- ESTIMATED FIREPOWER: 4 – 6 kW 
per stove per family; this is the 
thermal power that the stove should 
transfer to the pot. 

- TECHNOLOGY: Grid connection 
- AVAILABILITY: sometimes they 
use illegal connection; it is 
unreliable and dangerous. 

-  ESTIMATED ELECTRIC LOAD: 
0.32 – 0.45 kWh per day per 
family for 1 thermoelectric 
refrigerator. A maximum electric 
power of 40 – 70 W per day per 
family is estimated.  

- FACILITIES USED: 
nothing, they put food 
in cool places like 
cellars.  

- CONSTRAINTS: 
community and sharing 
solutions are not 
possible. 

- SUPPLIER: Hand pumping 
from wells outside the 
camps, sometimes 
tankering; 

- CONTAMINANT: biological 
and physical; 

- ACTUAL TREATMENT: 
chlorination and boiling. 

 

- Very high solar 
potential (from 4.71 
to 6.27kWh/m2/day) 

- Quite high wind 
speed; 

- Quite high 
environment 
temperatures all 
over the year (from 
24.5 to 26.5°C); 

- High humidity all 
over the year (71.5% 
on average) 

- People who live in the 
camps; 

- Civilians who are 
suspicious about 
people in the camp. 
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k) Strategy selection 

On the basis of the previous information, the following strategy has been defined. 

Cooking Electric power Food preservation Water supply 

- No implementations 

(Stoves which allow to reach a considerably higher 

efficiency are not affordable and sustainable. The 

actual cooking situation will not be changed)  

 - PV panels for powering food preservation 

systems 

- DC refrigerator - Membrane filter systems for treating water 

l) Selection of the technologies and Innovation 

The technologies selected for the case study C are reported below, as well as the innovative alternatives, which are described in the next paragraphs.   

Cooking Electric power Food preservation Water supply 

 - PV panels (220 Wp) - Assembly kit for a refrigerator in DC (240 

litres); 

 

- Point-of-use water ultrafiltration units 
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DC Refrigerator 

Classical model and features – Mechanical vapour compression is the most used cycle worldwide in 

refrigerators and freezers for household applications. Since household appliances are generally connected to 

the AC grid, almost all the available refrigerators on the market run in AC. However, in the case of solar 

applications, a DC/AC inverter is required to convert the DC generated by PV modules in AC in order to 

connect a standard refrigerator. This fact decreases the efficiency of the system and increases the installation 

costs. Some DC solutions exist, but such commercial products are typically expensive and they are not easily 

available in developing countries markets.  

Finally, since small systems have generally a lower efficiency and higher specific cost compared with bigger 

devices, the application of a refrigerator with a volume of at least 200 litres is usually suggested. 

 

Limitations and constraints – The analysis of the local context have shown several constraints for the 

application of a standard refrigeration system in the settlement of case study C, due to the following reasons: 

 since people are not familiar with refrigeration systems, standard household models result to be 

oversized and do not fit with the real needs of people;  

 on the other hand, household may not accept to share the use of a single community refrigerator; 

 the settlement is not provided with safe and reliable electric supply; 

 the price of commercial refrigerators is not affordable compared with the purchasing power of IDPs. 

For such reasons, an innovative refrigeration system is required, in order to meet the needs and overcome 

the constraints of the local context. 

 

The innovative solution – According to the previous considerations, a kit for local self-construction of a viable 

and affordable refrigeration system have been designed. The system is composed by: 

 the refrigerator envelope; 

 the mechanical and electrical components (e.g. compressor and pipes); 

 compartments for food and ice storage. 

While the mechanical and electric components are commercial ones, locals can self-construct the envelope 

and the compartments by using a number of different materials.  

The system of case study C is characterized by: 

 2  refrigerators (of about 250 litres each), each one equipped with a mechanical compressor; 

 a battery and a PV array, connected in parallel with the refrigerators by means of a charge controller.  

The standalone configuration allows the refrigerators to work properly without connection to the electrical 

grid. The battery ensures the continuity of supply when PV modules are unable to cover the entire electricity 

demand. As an alternative, the refrigerator can also be equipped with a thermal storage realized with ice. 
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Figure 65 – Operation of the SET4food DC refrigerator. 

 

The adopted compressor runs in DC: in this way, the connection between the PV system and the refrigeration 

system does not require any DC/AC converter, which decreases the efficiency of the system.  

The most innovative aspect of the proposed system is that the envelope of the refrigerators is realized 

directly in the field with local materials and skills. Two layers of wood are realized, and the interspace is filled 

in with straw, dry leaves, or other insulating materials. Moreover, each refrigerator can be divided into 

compartments with lockable metallic grilles, as shown in figure. In this case, each family can use 

independently one of the compartments. 
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The refrigeration circuit provided in the kit is pre-charged with the appropriate refrigerant and connectors 

are plug-in type, in order to avoid the necessity of specific devices to fill in the circulation pipes, and to reduce 

refrigerant losses during assembly. 
Table 17 - Characteristics of the envelope 

Detailed data   

Possible materials – envelope and insulation - Wood and straw. … 

Volume l 250 

Global heat loss area  m2 2.4 

Suggested U value W/m2K 0.3 

 
Table 18 - Mechanical features 

ELEMENT Main Features Model 

Evaporator 
Roll bond evaporator with thermostat and 
plug-in connectors 

PT13 - Vitrifrigo 

Compressor and condenser 
DC compressor with condenser and plug-in 
connectors 

ND35 OR2-V 12/24V - Vitrifrigo 

Battery Battery 100Ah 12V AGM Solar ENE100-12 - ENERPOWER 

Charge controller Charge Controller 20A with MPPT CIS-MPPT (20 A) - Phocos 

PV panel 240Wp PV panel ND-R240A5 - Sharp 
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Table 19 - Characteristics of the refrigeration group 

MAIN DATA    

Displacement cm3 2 

Motor type . var. speed 

Type of refrigerant - R134a 

Evaporating temperature °C -30 to 0 

Voltage range DC V 10-45 

Min required power (Tevap: -5°C) - 2000 rpm W 41.3 

Max required power (Tevap: -5°C) - 3500 rpm W 75.4 

Min COP (Tevap: -5°C) - 1.62 

Max COP (Tevap: -5°C) - 1.74 
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8 Recommendations on actions regarding energy 
technologies for food utilization 

In the framework of the SET4food project, several field activities were carried out and some lessons learnt 

have been gathered.  Strengths and weaknesses, opportunities and threats related to the introduction and 

use of energy technologies for food utilization in camps and informal settlements were identified and 

discussed in depth. Data collected from reports and scientific papers have been merged with the long-term 

experience of the consortium members in their respective field of action (academia and civil society), as well 

as with some more specific lessons learnt from the SET4food activities. More specifically, the implementing 

phase of the pilot projects gave interesting inputs. Different technologies and different approaches were 

tested in four countries (i.e. Central African Republic, Haiti, Lebanon, and Somalia), dealing with both 

refugees and IDPs, living in camps and informal settlements. 

The following recommendations, far from being final and structured statements, represent a set of general 

considerations that would need further discussion among donors and implementers in order to facilitate and 

improve the effectiveness and the efficiency of humanitarian actors. The SET4food consortium wishes to 

serve as an advisory group of experts, which may capitalize the specific experience of the project for future 

actions. Such considerations are primarily addressed to situations requiring a humanitarian response, like 

relief, post-disaster or protracted crisis. However, they may match, with some obvious adjustments, also with 

other situations more oriented to rehabilitation and development, like rural and remote areas, unplanned 

urbanization and crowded urban settings. 

Recommendations are listed in the following paragraphs, according to the considered food utilization aspect. 

When a technology involves more than one aspect (e.g. refrigeration needs power), recommendations 

related to all the relevant aspects have to be considered. 

 

GENERAL RECOMMENDATIONS 

 Local resources  

Local resources in terms of both materials and capacity are an essential element for long-term 

sustainability mainly as far as development cooperation is concerned. In several humanitarian 

contexts it could on the contrary represents a limiting factor, reducing the quality and reliability of 

the solution introduced. At the end of the day, the overall cost and efforts required could be higher, 

with the same or even reduced output compared to the expected target. For example, this is the case 

of innovative (or even only not standard) systems when a set of challenges could occur (e.g. local 

availability of specific components and their compatibility in the system; limited troubleshooting 

capacity and difficulties in backstopping and communication with external support). Indeed official 

dealers and installers of well-known brands are usually more reliable and use good-quality devices. 

Poor-quality products could require continuous maintenance and replacement, working for a limited 

time and endanger people’s trust and commitment. For such reasons a detailed analysis of the 

application context regarding climate characterization and local habits is suggested in order to tailor 

the technologies according to the user needs. 

In case of innovative systems not available in the local market, the involvement of international 

contractors is strongly suggested. If it is not possible (e.g. due to security reason, impossibility to have 

an in-presence support in case of failures or trouble), a direct involvement of the headquarters of a 

brand with a locally available dealer and installer could be a good solution. The brand can support 
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technology introduction and provide capacity building, as well as backstopping and troubleshooting. 

Possible solutions are suggested hereafter. Often there is some confusion in terminology between 

locally-made and locally-available technologies, and technologies specifically imported for a project. 

Locally-made technologies are manufactured locally, generally using local material, while locally-

available technologies can be bought locally, but are manufactured abroad and imported by a local 

dealer. The presence of a local dealer can entail both the availability of spare parts and the expertise 

in case of need of maintenance, thus it is a completely different situation than technologies 

specifically imported for a project. In such a situation, the official involvement of the manufacturer 

results a cornerstone, in order to guarantee the correct installation and set-up of the apparatus, and, 

last but not least, a correct maintenance program. 

However, it should be noted that it is very important to provide contractors with very detailed 

specifications about the minimum requirements that the system must fulfill in terms of performance 

and product warranty. The compliance of the requirements must be verified by carrying out tests on 

sample systems supplied by the contractor. 

 

 Monitoring 

Monitoring of the installed systems, and in general of the whole pilot action, is particularly important 

for a number of reasons, like: i) to ensure the effective functioning of all the components; ii) to 

compare the actual performances against the envisaged ones; iii) to get a clear understanding of the 

component or system, and immediately identify any unexpected situation or failure; iv) to collect a 

reliable dataset for the calculation of indicators (e.g. efficiency), as well as any other information 

useful for the evaluation of all the components and their installation, which could also be useful for 

further improvements. When it is feasible, the installation of devices for remote monitoring is 

particularly effective, in order to facilitate communication and interaction between local staff and 

technicians in different places (e.g. NGO HQ, installer HQ, system’s components main brand HQ). 

 

 Conflicts 

The introduction of a certain technology should avoid boosting the causes of conflict between host 

and hosted communities. Indeed a new technology should: i) decrease the load of hosted community 

on resources used also by the host community; ii) decrease the overall load on the resources used by 

both host and hosted communities and improve their management. 

The adoption of the following approaches could help in avoiding conflicts: i) introduction of 

technologies already available on the local market (outcome: support to local suppliers and dealers); 

ii) introduction of technologies interesting also for the host community but not locally-available 

(outcome: testing and introduction of a new technology for the area); and iii) introduction of new 

technologies potentially interesting for the local private sector  (outcome: pilot testing of new 

commercial/economical solutions which can improve settlement’s facilities and capacity to support 

displaced people’s life, as well as give a contribution to host community). In case of movable 

solutions, it is possible to support hosted community also in case of eviction, new relocation or new 

displacement.  

In addition, capacity building for both host and hosted communities could improve their integration, 

as well as the success of the project. 

 

 Sharing 

The use of some technologies in sharing mode (e.g. owned and used by different families; owned by 

the community and temporary used by a family) should be carefully evaluated and discussed with 

the community before technology introduction. Indeed this approach could theoretically improve 

the efficiency of a certain technology, but it could not be approved by the community. Some 

precautions (e.g. presence of a responsible person; use of lockable compartments; use of a logbook) 
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may make sharing mode more acceptable. However, a community could accept sharing mode at least 

for some well-defined issues, like water storage, food storage, etc. 

 

 Multiplier effects 

The impact of a certain technology and of the subsequent practices could be larger than expected, 

affecting other aspects of people’s life. Indeed health, economy, safety and social relations could 

change, sometimes quite unexpectedly. Therefore, it is important to be ready to notice and evaluate 

some additional impacts, if they occur. 

 

FOOD COOKING 

 Natural resources 

Technologies for food cooking often entail the use of biomass, generally firewood or charcoal. The 

environment is affected by the use of fuel, and an improved technology can only mitigate such an 

impact. Only a better management of natural resources can effectively preserve the environment. 

An alternative is to move to a different fuel, like biogas, LPG or alcohol, but they should be either 

locally-available or producible. 

 

 Imported improved cookstoves 

International well-known cookstoves are generally more expensive than locally made, but are often 

more robust and efficient. Sometimes they are also locally-available, due to the presence of local 

dealers. Some communities show an interesting willingness to pay for more durable devices with 

better performances, even if they are more expensive. However, such performances have to be 

certified and benefits should be clear to beneficiaries. Affordability needs to be considered and, in 

case, it should be supported with appropriate microfinance mechanisms. 

 

 Complementary technologies 

Some cooking technologies (i.e. solar cookers and haybaskets) are suitable only for specific kinds of 

foods, and they rely on the availability of a resource that is not always available, like sun energy. 

Therefore, they should be considered as complementary technologies. They can be successfully 

introduced only if the technology is compatible with local conditions. 

 

FOOD PRESERVATION 

 Local conditions 

In some contexts, the demand of specific food products or beverages can be particularly high, 

especially in a certain season. For example in hot climates, the demand of cool water and beverages 

is very high. Such a demand should be taken into account during project design, as well as potential 

income generating activity promoted by the use of a new food preservation technology. 

 

 Packaging 

Food packaging is frequently not considered, but it is particularly important to reduce biological and 

physical contamination. Simple practices can also improve conservation of dry food. In all the 

interventions involving food preservation, packaging improvement should be considered. 
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 Behavioral use of technology 

Some technologies could be particularly difficult to introduce, in particular if beneficiaries are not 

used to them. In such a case, a local manager can facilitate the correct use of the technology, in 

particular during the initial period. Electrical consumption and temperature of refrigerators could be 

substantially different from expected due to intensive and sometimes improper use. Frequent 

openings and use of the device for water cooling may force the compressor to work continuously. 

Capacity building, online tutorials and clear rules can improve the use of the refrigerators, as well as 

their lifetime. On top of that, the “human factor” has to be properly taken into account, i.e. the 

installation of a defined technology (e.g. refrigerators) is not sufficient without a proper tutoring to 

the final users in order to promote an effective use of the device. Such a task is particularly 

challenging and requires a close interaction between tutors and final users: the first have evaluated 

the local habits and the requirements of the local context, in order to identify an appropriate 

technology, and the latter have to learn and correctly follow the technology capabilities. 

 

POWER GENERATION 

 Stand-alone systems and micro-grids 

Stand-alone systems are common and used almost everywhere. In particular, some systems are now 

standard and do not required high-level capacity for installation. However it is very important that: 

i) components are appropriate and in good conditions; and ii) components are properly connected 

and set. 

Electrical systems, especially micro-grids, require a high level of expertise, as they have to be carefully 

designed to safeguard users, loads applied and the devices composing the system itself. Despite of 

the configuration, they have to be well-balanced and require appropriate installation, operation and 

maintenance. Therefore system’s designer and installer have to be fully reliable.  

  

 Plug-and-play systems 

Easy-to-install and compact systems (i.e. plug-and-play) can be particularly interesting for 

humanitarian aid, as they require a limited installation, operation and maintenance capacity. 

However, they have to be carefully selected, in order to meet the needs capitalizing on locally-

available resources. Indeed, usually such systems are only partially scalable, and they are neither 

particularly flexible, nor easy to repair (i.e. often parts of the components are installed together and 

cannot be easily separated). 

 

 Hybrid systems 

Interconnection of electric resources in a micro-grid, to obtain an hybrid system, enables a more 

efficient management of energy resources, both from the technical and the economical point of 

view. Nevertheless, such an architecture could result complicated to design and install for a set of 

reasons, among which: i) data regarding some renewable energy sources are usually not readily 

available, thus have to be either collected or estimated, resulting in additional time and efforts 

required; ii) all the components of the systems have to be well-selected in order to be compatible 

and to balance the system; iii) also installation requires specific capacity, including an appropriate 

setting of parameters; iv) energy sources have to provide the energy required by the loads, usually 

with the support of energy storage (i.e. battery bank), considering some fluctuations in both 

production and consumption (i.e. some oversize is usually recommended). 
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 Relevance of lighting systems 

Lighting is often a very important service for people, including communities of refugees and IDPs. It 

is of primary importance for security reasons, but it has an impact also on other aspects. A simple 

public lighting do not only contribute to reduce gender-based violence, but also allows people to 

cook during evening, and to spend more time out of their home. 

 

 Monitoring 

In the case of electrical systems, the implementation of in-presence or remote monitoring is 

particularly affordable and effective. As a matter of facts, it is obviously easier to install devices that 

monitor electric parameters in the framework of a power system, than monitoring other 

technologies such as cook stoves and so on, especially if the technology is movable. Moreover, in the 

case of electric systems monitoring, there is no need for additional sources of energy (batteries or 

external supply) in order to power the monitoring devices. 

 

 Capacity building and maintenance 

Despite of the technology simplicity, capacity building is always required, including operation and 

maintenance procedures, and references for backstopping and repairing. Specific operation 

conditions can require a specific maintenance. In particular, some devices with mechanical 

components (e.g. fans, blowers) or specific functions (e.g. photovoltaic panels) may require 

additional cleaning. 
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