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In recent years, studies and policies have encouraged the diffusion of distributed energy supply tech-nologies and large integration of renewable sources. 
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This increases the need for new professionals in energy planning. Several computational tools for energy planning have been develo
the technical literature. However, energy planners of urban/district areas engaged in the transition to-wards smart systems related
services require well-documented tools to evaluate the combination of available energy sources by proper conversion technologie
scientific review, we selected 17 tools targeted on an urban/districts scale that can evaluate several energy ser-vices, sources and/o
provided with detailed and easily accessible documentation. These tools were classified based on their defined features: analysis typ
scale, outputs time scale, energy service, and licence. Among them, 6 user-friendly tools were identified (energyPRO, HOMER, i
SIREN, WebOpt) that can provide hourly energy calculations and can be considered as viable for widespread use. Specifically, the g

functionalities, structure, graphic user interface, required input data, and outputs were described. Therefore, the energy planners are guided towards 

choosing the most suitable tool based on their skills, aims, and data availability for a specific application.
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term scenario, equilibrium to explain the behaviour of the supply, 
demand, and prices in the entire or partial economy of several 
markets, operation optimisation to optimise the operation of a given 
energy system, investment optimisation to optimise the investments 
in an energy system, top-down when using macroeconomic data, 
ment of district heating and bottom-up when analysing specific energy technologies. Sinha 
renewable energy sources (RES), im

(DH) through RES integration [1] and low-exergy networks [2], 
installation of storages [3], and demand-side management strate-

and Chandel [7] assessed 19 tools for hybrid electric energy system 
planning and, according to Ref. [8], classified them as pre-feasibility 
gies [4]. The transition towards smart energy systems has impli-
cations on several aspects, which should be properly addressed [5]. 
In addition, it implies higher complexity with the need for reliable 
tools to assist the optimisation of related design and operation. 
Technical literature emphasises that existing tools are featured 
with heterogeneous characteristics. For instance, Connolly et al. [6] 
assessed 37 tools for largely renewable integrated energy systems 
by providing useful information to guide decision makers. These 
tools are classified as simulation to simulate the operation of a given 
energy system, scenario to combine a series of years into a long-
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for rough components sizing and comprehensive financial aspects 
analysis, sizing for determining the optimal component size and 
providing detailed information on energy flows, simulation for 
determining systems behaviour based on detailed component 
assessment, and open architecture research for allowing users to 
edit the algorithm and components' interaction. Markovic et al. [9] 
classified 13 tools according to different planning phases: geogra-
phy models for the assessment of resources’ spatial location, dis-
tribution and morphology of the built environment, energy models 
for the construction of consumer demand curves prior to distrib-
uted generation (DG) scenarios, and evaluation models for the 
assessment of energy-related aspects. Tozzi and Ho [10] classified 
12 tools by their scale of application: multi-scale (for utility-scale 
projects), district scale, and regional scale. Manfren et al. [11]
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Fig. 2. Scheme of the method adopted for the classification of the 17 tools.
provided a comprehensive review on distributed generation sys-
tems and also classified 14 models according to their design phase
(preliminary, pre-processing, design, post-processing, and impact
assessment) and main function (accounting simulation, optimisation,
externalities and environmental impact calculation, databases, and
advanced local energy planning).

From previous review studies, a large number of tools are
established as suitable for energy planning at different scales with
heterogeneous characteristics (e.g., performed analysis objective,
required data level of detail, user skills, etc.).

As a development of this field of research, this study aims to
guide energy planners engaged in the transition of urban/district
areas towards smart energy systems and focuses on the need for
matching energy profiles of buildings with flexible and diverse
sources and technologies.

In this framework, 17 tools targeted the urban/district scale to
evaluate several energy services and/or sources and conversion
technologies with detailed and open documentation have been
described and classified based on their most useful features.

In addition, 6 detailed tools with at least an hourly-based time
resolution and a user-friendly graphic interface is focused on. These
tools carried out a good level of usability by energy planners.

Therefore, this survey contributes in choosing the suitable tool
according to the aims and skills of the energy planners and the
available datasets.
2. Methodology

After collecting information on different tools from previous 
review studies and online research, 17 tools that can assess energy 
systems at an urban and/or district scale building sector with 
diverse energy services/conversion systems and a detailed and 
easily accessible documentation were selected for this review study 
(Fig. 1).

The selected tools have been classified according to their out-
put's time resolution (over-hourly based or sub/hourly based out-
puts), ease of use (advanced models mainly targeted on academic 
researchers or models with user-friendly interface), and type of 
licence (subject to payment or not) (Fig. 2). In the following
Fig. 1. Scheme of the method adopted
sections, we outlined 3 tools that report over-hourly output data of 
energy demand-supply that can be adopted at the early stages of 
urban energy planning and among hourly (or sub-hourly) based 
output tools, 8 advanced models and 6 user-friendly tools either with 
a commercial or a free licence. The 6 user-friendly tools are 
described by their general information on the developer affiliation 
and licence access type, including the modules and/or subsections, 
required inputs, and provided outputs. The required energy data to 
accomplish an energy system assessment as well as the required 
economic and environment data have been investigated in detail.
2.1. Tools with over-hourly based outputs

District ECA was developed by the Fraunhofer Institute for 
Building Physics with the IEA-ECBCS Annex 51 partners to support 
the decision makers in the first stage of planning energy-efficient 
districts to quickly evaluate the effects of both the supply and de-
mand side strategies. The software is freely downloadable through 
preliminary registration [12] and comprises a set of tools with 
miscellaneous scopes [13]. The main core is a convenient tool (i.e.,
for the selection of the 17 tools.



2 https://it.mathworks.com/products/matlab.html. 
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5 https://www.postgresql.org/.
Energy Assessment of Districts) for accomplishing a monthly-based 
assessment of energy balance and related emissions of a district. 
Main limitations are: each single building of the district has to be 
modelled, the library includes technologies mainly referred to 
space heating and weather data as well as typical technological 
solutions are related to IEA-ECBCS Annex 51 participating countries 
[14].

OSeMOSYS (Open Source Energy Modelling System) is an open-
source modelling tool for long-term energy assessment and plan-
ning [15] downloadable at [16]. Its most common graphic user 
interface (GUI) is the commercial software LEAP maintained at the 
Stockholm Environment Institute [17] and referred to as a decision 
support software, which enables users to have extensive data 
management and reporting and assessment of medium/long-term 
scenarios, including changes in energy use, related emissions, and 
resources deployment for any economic sector. Most of its calcu-
lations occur on an annual time-step, with an unlimited time ho-
rizon. As examples of its applications, assessments of different 
energy policies implications have been conducted from an energy 
and environmental perspective until 2035 for Tehran city in Ref. 
[18], from also an economic perspective for Taiwan until 2030 in 
Ref. [19], and for the Nigerian system until 2040 in Ref. [20]. Since it 
is a general-purpose tool, the required input data widely depend on 
the case study (e.g., top-down, bottom-up, economic, social data, 
etc.). Concerning energy related data, the annual demand and 
production values by the sector and fuel are required. Additionally, 
systems and energy costs, systems efficiencies and capacities, en-
ergy profiles, emission factors, interest, and inflation rates can be 
indicated.

RETScreen was developed at the Natural Resources Canada as a 
clean energy management software system [21]. Currently, it con-
sists of an Excel-based and a Windows-based software package. 
With this, it is possible to model any scale systems and develop 
different scenarios (energy efficiency measures on buildings en-
velope and systems, various electricity and thermal energy supply 
plants, RES integration, etc.). According to its manuals [22,23], its 
required information includes general data and settings on calcu-
lation, climatic location, type of project, sector, and system 
features, such as capacity, delivered energy, and efficiency. 
Additionally, the CO2 emissions per fuel and financial data (e.g., 
inflation rate, life-time, debt ratio range, initial costs, incentive, 
grants, annual oper-ation, maintenance, and fuel costs) can also be 
added.

2.2. Advanced models with hourly or sub-hourly based outputs

Balmorel supports users in modelling, analysis, and cost-
optimisation of an energy system with emphasis on electricity and 
combined heat and power (CHP) [24]. It allows assessment under 
regional to national energy systems, it develops either long-term or 
short-term scenarios and accounts for hourly variations of energy 
fluxes. It is a freely downloadable open-source model. However, it 
is formulated in the GAMS1 language, which requires commercial 
license.

CEA (City Energy Analyst) was developed at ETH Zurich, it is a 
free open-source GIS-integrated software and is conceived as an 
urban building simulation platform for the design of low-carbon 
and high-efficiency cities [25]. Until now, this software has been 
used for academic and real case studies for the characterisation of 
energy consumption of urban districts [26] and related energy 
production optimisation [27]. Among the constituting modules, a 
library of prototyped buildings, which is mainly based on Swiss 

context with data on envelope and installed systems characteristics

1 https://www.gams.com/.
based on hourly profiles calculated by the tool, is included. The 
modules under development include multi-objective optimisation, 
library of energy supply technologies, sensitivity analysis, and RES 
assessment.

Dieter (Dispatch and Investment Evaluation Tool with Endoge-
nous Renewables) has been developed to study the role of power 
storage and other flexibility options related to high RES penetration 
[28]. The model determines cost-minimising combinations of po-
wer generation, demand side management, and storage capacities 
with their respective dispatch. As an open source model, it can be 
freely used and modified by users, although a paid license for 
GAMS is required to run it.

GridLAB-D was developed by the Pacific Northwest National 
Laboratory as a free open source agent-based tool that can be in-
tegrated with other modules to expand its capabilities [29]. It is 
conceived to model power systems and affect overlying systems 
(e.g., distribution automation technologies, peak-shaving strate-
gies, new rate structures offer, and DG energy technologies, such as 
on-site generation, building CHP, and storages).

HUES (Holistic Urban Energy Simulation) Platform is an open 
source platform of resources to support distributed energy system 
design and control [30]. It includes a set of models for simulation 
and optimisation of building and district energy systems, databases 
of aggregated yearly heat demand and photovoltaic (PV) potential 
in Switzerland, and technical and economic properties of distrib-
uted systems. Its codes are freely accessible and editable; however, 
they must be run on commercial MATLAB2 and Aimms3 models.

INSEL (Integrated Simulation Environment Language) has been 
developed at the Faculty of Physics of Oldenburg University as a 
block diagram simulation system for programming applications 
with RES integration [31].

Oemof is a modular tool for energy system modelling and 
optimisation [32]. It is based on the open source Python4 pro-
gramming language and additionally, uses PostgreSQL5 and Post-
GIS6 for data processing.

Urbs is an open source and free model for multi-commodity 
energy systems modelling and cost-optimisation focusing on stor-
ages [33]. The energy demand and intermittent energy supply are 
modelled through time series datasets, energy supply and green-
house gases (GHG) emissions are defined with both annual and 
time step values and can be limited to investigate the effect of 
policies, and storages are defined by the charging/discharging ef-
ficiency, capacity, investment, and fixed and variable costs.
2.3. User-friendly commercial tools with hourly or sub-hourly based 
outputs

The tool energyPRO, was developed by the Danish company 
EMD International A/S [34] to accomplish techno-economic anal-
ysis and optimisation of energy projects with a combined supply of 
electricity and thermal energy from multiple different energy-
producing units [35]. It is typically used for analysing scenarios 
including district heating (DH), CHP, and combined cooling, heat, 
and power (CCHP), but can also be used for projects including 
geothermal energy, solar collectors, PV, wind farms, hydro pump-
ing stations, and storages. In Ref. [1], energyPRO has been used in 
investigating the long-term improvement on existing district 
heating networks in Helsinki region and Warsaw by integrating
6 https://postgis.net/.

https://www.gams.com/
https://it.mathworks.com/products/matlab.html
https://aimms.com/
https://www.python.org/
https://www.postgresql.org/
https://postgis.net/


biomass, geothermal energy, waste heat, and heat storages from 
energy, economic, and environmental points of view. In Ref. [36], 
the most cost-effective size of gas engine CHP and thermal storage 
in the UK system has been investigated. In Ref. [37], energy sce-
narios to meet the heating and electricity demands in P�ecs City, 
Hungary have been investigated from the energy, environmental, 
and economic points of view.

The user should select the type of assessment among Design for 
emphasis on energy conversion and operation payments for annual 
calculations, Finance for multi-year investment analysis, Account for 
a more detailed economic assessment, and Operation for optimi-
sation of daily operation. The user can provide information on 
external conditions by adding data, i.e., loads and energy prices, as 
time series. It is possible to assess regional level scenarios by 
defining more interconnected distributed production sites.7 When 
describing the energy exchange among possible sites, the required 
information includes the start and end site, transmission direction, 
energy service (heat, process heat, and cooling), and transmission 
capacity and loss which can be defined by functions or time series. 
Fuels’ calorific values with related unit measure and eventually, the 
maximum useable fuel storage and offered fuel to production units 
per each month can be indicated. An unlimited number of demands 
per service (heat, process heat, electricity, and cooling) can be 
defined. In the tool library, arbitrary profiles as well as profiles from 
national German standards of electric and thermal energy are 
included. Otherwise, it is possible to specify user data both as an 
annual or time series (i.e., hourly or sub-hourly based) amounts, 
both as fixed or dependent on weather data (i.e., average ambient 
temperatures) values, and variable throughout the years by adding 
a defined fixed or variable index to specify the time series devel-
opment over the years. Regarding the energy supply, the included 
units are heat rejection, CHP, electric boiler, absorption/electric 
chiller, heat pump (HP), flat plate/evacuated tubs solar collector, 
PV, wind farms, and storages. The required data depending on the 
technology are the capacity, production, fuel, power curve, inlet 
and outlet temperatures, operation dependence on another unit, 
charging/discharging power, hydro pumping storage reservoirs 
height difference, dimensions, technical features, etc. The operation 
strategy, except for the user-defined one, is driven by the net pre-
sent cost (NPC) minimisation through an assigned priority level to 
the production units. The emissions of CO2, NOx, and SO2 per unit 
mass can also be defined. It is possible to define an electricity 
market by choosing between a fixed tariff and a spot market.

HOMER has been developed at the U.S. National Renewable 
Energy Laboratory to assist the design of micropower systems and 
to facilitate comparison of power generation technologies across a 
wide range of applications [38]. Hitherto, several studies on district 
energy optimisation adopted HOMER.

In Ref. [39], a set of RES-based systems to meet the electric and 
heat energy demand of rural and urban small communities along 
Ireland were investigated. In Ref. [40], the cost-optimal RES-based 
microgrid for Waterloo City, Canada was inspected. In Ref. [41], the 
authors explored a set of grid-connected PV systems with different 
tracking systems from a techno-economic perspective. In Ref. [42], 
the HOMER tool was used to validate the developed model for ur-
ban district energy optimisation.

HOMER can perform three assessments [43]: simulation to 
model the micropower system behaviour on an hourly basis and 
determine the techno-economic feasibility over its life, optimisation 
to simulate different system configurations in search of the one 
that satisfies the technical constraints at minimum NPC, and 

sensitivity

7 A production site is defined as the location that contains the demands, energy 

units, and storages, which can exchange energy with other sites.
analysis to evaluate the impact of changes in input parameters on 
the optimisation results, even from a long-term perspective. First, 
the climatic zone of the context under study must be specified to 
determine the RES availability. Then, four types of energy load are 
considered: the primary load (electric demand), deferrable load 
(electric demand that can be met any time within a time interval 
e.g., water pumps, icemakers, and battery-charging stations), 
thermal load, and hydrogen load. The primary, thermal, and 
hydrogen loads must be featured by indicating the average daily 
energy and power values, peak power, and daily hourly schedule. 
The profiles can be modified either by introducing weekly/monthly 
variations or by adding a percentage of disturbance to randomly 
change the curve. The tool includes default arbitrary hourly pro-
files, which are equal per energy service but different per end-use 
sector and have been used for lacking data such as in slightly 
electrified rural areas [40]; otherwise, it is suggested to use 
external datasets mainly referring to a US context, or if possible, by 
importing the hourly data of the user. There is a wide library of 
supply/conversion/storage units; else, they can be created by the 
user. Generally, the required information includes the system ca-
pacity, plant lifetime, unit costs of investment, replacement, and 
operation and management with related frequency, if the elec-
tricity current is alternating or direct. Fuels can be defined based on 
the library or based on its type, unit price, calorific value, and GHG 
emissions. For modelling RES-based systems, other data regarding 
the supply system efficiencies, technical characteristics, and 
average monthly availability of resources are required. After 
modelling the energy system, the user has to define the settings of 
the system assessment and optimisation. Regarding the economical 
parameters, the nominal discount rate, expected inflation rate, 
project lifetime, system fixed capital, operation and maintenance 
(O&M) costs, capacity shortage penalty, and currency are required. 
To define the optimisation constraints, the maximum annual ca-
pacity shortage, minimum RES fraction, and operative reserve as a 
percentage of the load or RES output are required. Possible eco-
nomic penalties and annual limits of GHG emissions production 
can be set. The main outputs in tabular and graphic form are the 
total and annual cash flows per component either per NPC or per 
annualised costs, electricity production and consumption details 
per component and load types, annual emitted pollutants, possible 
ranking of developed scenarios according to NPC, and sensitivity 
analysis.

iHOGA (Improved Hybrid Optimisation by Genetic Algorithm), 
developed at the University of Zaragoza, is a software for the 
simulation and optimisation of hybrid stand-alone systems of 
electric power generation based on RES [44]. An educational 
version is free to download [45]; however, it lacks several func-
tionalities and its computer-related requirements (i.e., internet 
connection and Windows version) widely limit its use. Therefore, it 
was not accounted for in this review. As an example, the tool has 
been used in optimising stand-alone hybrid systems located in 
Zaragoza (Spain) [46] and Kalonge (Congo) [47]. The expected load 
consumption of alternating/direct electricity and hydrogen and/or 
water has to be defined by either adopting monthly average values 
or selecting default profiles, which eventually applies a percentage 
of random variation. The included profiles are from literature and 
stand-alone system case studies; otherwise, the time-step based 
profiles of the user can be adopted by importing the files with rows 
of data referring to the hourly power, hydrogen mass flow rate, and 
water volume flow rate. It is possible to indicate data on solar 
irradiation, wind, and hydrogen either as average monthly values 
from NASA or as own time-step-based files. The simulation time 
step between a minute and an hour and the time horizon must be 
chosen. For the whole system life, the user has to choose between a 
mono-objective (based on net present value minimisation) and a



multi-objective optimisation (based on minimisation of net present 
value, equivalent CO2 emissions, or unmet energy load); else, more 
advanced alternatives can be defined. Regarding the financial data, 
the nominal interest rate, expected annual inflation rate, system 
lifetime/assessment period, currency, installation costs, and vari-
able initial cost, as both fixed cost and percentage to initial cost 
must be indicated. The total cost of different solutions and CO2 
emissions are graphically represented.

2.4. User-friendly freeware tools with hourly or sub-hourly based 
outputs

EnergyPLAN is a deterministic software developed at the 
Department of Development and Planning at Aalborg University 
[48] to assist the design of national energy planning strategies 
based on technical and economic analyses. It is downloadable 
through preliminary registration [49]. Moreover, it has been used 
in several scientific studies. For instance, it was used to investigate 
the optimal RES penetration into the national electricity production 
mix in UK [50] and Italy [51] as well as, in largely RES-based cross-
sector scenarios, including low-temperature DH for the Danish 
cities of Frederikshavn [52] and Aalborg [53].

Two alternative analyses can be performed: technical simulation 
to balance either thermal or electric energy fluxes and market-
economic simulation to assess system feasibility based on annual 
costs. In the electricity, heating, cooling, industrial and fuel, trans-
port, and water subsections, related consumptions can be 
modelled. For all of them, the required input data are the total 
annual energy requirements and related hourly distributions. The 
hourly distribution is the energy consumption profile for a leap 
year, where each value is normalised to the maximum hourly 
value. In the library, the energy demand distributions are included 
at a town level, usually from utility companies for some 
investigated contexts, and at a national level from energy balance 
or STRATEGO project [54]. Additionally, the heating and cooling 
efficiency of the production units must be specified. The 
contribution from solar thermal energy by entering the capacity of 
the heat storage in days of average heat demand, the share of 
consumers with solar thermal collectors, and the related total 
annual production and hourly dis-tribution can also be modelled. 
The option of deferring a share of the electricity consumption is 
also included. The supply side is separately modelled with 
reference to energy service (i.e., sub-sections heat and electricity, 
electricity only, heat only, thermal plant fuel distribution, and 
waste, liquid, and gas fuels) and plants with the required annual 
production and/or capacity, operation efficiencies, and hourly 
production distribution. For more than one DH demand, the data 
must be reported for each defined group. Moreover, the carbon 
dioxide content per kilogram of fuel can be inserted. For 
performing a market-economic analysis, the interest rate, and for 
each plant unit, the investment cost, lifetime, and fixed operation 
and maintenance costs percentage share are required for the 
software to calculate the annual cost. In the subsection ‘Addi-
tional’, as suggested in the manual, other costs can be indicated 
such as that referring to building retrofitting. The hourly energy 
balances, annual/monthly fuel consumptions, CO2 emissions, and 
system costs are provided as the outputs, which can be exported in 
an Excel sheet, and charts of the hourly fluxes can be plotted.

The SIREN (SEN Integrated Renewable Energy Network) 
Modelling Toolkit is developed by the Australian non-profit orga-
nisation called Sustainable Energy Now and is currently freely 
distributed as a beta version [55]. Its goal is to calculate energy 
generation for renewable energy power stations and to develop 
electricity in long-term scenarios. Specifically, it aims to determine 
optimal locations to access RES, minimise grid connection costs, 

and meet the varying grid demand, while achieving the best
efficiency, cost effectiveness, and energy security. The entire soft-
ware is made of a geo-referenced tool (SIREN), an energy calcula-
tion tool (SAM Power Models) provided by the National Renewable 
Energy Laboratory, and Excel worksheets for energy system opti-
misation (Power Balance tool). The project area can be defined 
based on the coordinates and related imported satellite image. The 
satellite maps are used to visualise, locate, and model both the 
existing electricity network and new RES plants. Aside from that in 
Australia territory with available default data, the hourly weather, 
electricity load data, and existing geo-referenced electric network 
layout must be imported. The possible supply technologies are 
biomass, PV (fixed, tracking, or rooftop), geothermal, solar thermal, 
wind, hydro, and wave. The required data are the location, power 
capacity, area, capital, operation and maintenance costs, hourly 
power production, and for wind farm and PV, the type, rotor 
diameter, number of turbines and panels, and orientation. The 
connecting lines regarding the type, cost, and maximum carrying 
capacity must be specified. Using the SAM Power Models, the 
hourly electricity balance is reported and exported to the Power 
Balance tool, which quantifies and cost-optimises various amounts 
of storage and generation technologies to completely balance the 
system. Finally, the CO2 emissions can be calculated as outputs.

WebOpt, which stands for Distributed Energy Resources Web 
Optimisation Service, is an academic online version accessible 
through preliminary registration [56] of the Distributed Energy 
Resources Customer Adoption Model (DER-CAM) software devel-
oped at the Berkeley Lab [57]. Compared to the DER-CAM software 
[58], the browser-based version is limited and is less adopted in 
existing studies for cost optimisation [59] and evaluation of re-
newables integration [60] in CHP-based systems. It is a fairly 
complete tool to assess an integrated energy system; hence, we 
decided to assess it. WebOpt allows modelling and optimisation of 
energy scenarios under the criteria of the economic costs and/or 
carbon dioxide emissions. Three alternative optimisation strategies 
can be accomplished: cost minimisation, CO2 emissions mini-
misation, or multi-objective analysis, which is CO2 minimisation 
with cost constraint, which is required to fix the maximum 
allowable energy cost of buying electricity from the grid. The 
hourly energy loads for electricity, electric cooling, electric 
refrigeration, space heating, water heating, and/or natural gas 
should be im-ported as normalised profiles (distributions) to 1 
GWh. They can be inserted using a one-building default profile 
suggested for the first analysis, or copying and pasting in each cell 
with a user-defined data, or selecting a profile from the ASHRAE 
U.S. climate Regions. If user-defined load data are entered, a 
monthly average hourly value, typical hourly-based weekly profile 
differing if possible, be-tween working and weekend days, and 
peak are required. Specif-ically, the cooling and refrigeration loads 
are always expressed in terms of the consumed electricity of an 
electric chiller with a co-efficient of performance of 4.5. It is 
possible to model in detail the costs of electricity and natural gas, 
by indicating differences of cost on a seasonal/monthly basis, fixed 
and variable costs, and different time of use. The system 
investment, O&M costs, lifetime and maintenance period, 
efficiencies, and capacity must be defined. Moreover, if possible, 
the percentage of schedulable load, solar radiation daily profile, 
and carbon dioxide emissions per energy unit can be established. In 
information regarding the total annual costs, payback time, and 
installed plants capacities, the detailed hourly energy profile is 
provided as simulation results.

3. Results

The main features surveyed of the preliminarily selected 17 tools
are summarised in Table 1. The type of analysis is distinguished as 

simulation to model the operation of a given energy system on the



Table 1
Main features of surveyed 17 tools.

Tool Type of Analysis Optimal
Spatial Scale

Time Scale of Outputs Energy
Service

Licence

Time Horizon Time-step

Balmorel CostOpt Nation/Area N Years Hourly EH Free eO.S.
CEA Sim City/District 1 Year Hourly EHC Free - O.S.
Dieter CostOpt Power Grid N Years Hourly E Free- O.S.
District ECA Sim District 1 Year Monthly EH Free
EnergyPLAN Sim Nation/Region 1 Year (leap) Hourly EHCTI Free
energyPRO CostOpt Region/District N Years Sub-Hourly EHC Comm.
GridLAB-D Opt Power Grid N Years Sub- Hourly E Free - O.S.
HOMER CostOpt District 1 Year Hourly EH Comm.
HUES Opt District/Building N Years Hourly EHC Free - O.S.
INSEL Sim Any Any Any EH Free - O.S.
iHOGA MultiOpt Power Grid 1 Year Sub- Hourly E Comm.
Oemof Opt Any N Years Hourly EHCT Free - O.S.
OSeMOSYS CostOpt Nation/City N Years Daily EHCT Free.
RETScreen Sim Any 1 Year Monthly EH Free
SIREN CostOpt Power Grid N Years Hourly E Free eO.S.
URBS CostOpt City N Years Hourly E Free - O.S.
WebOpt MultiOpt District N Years Hourly EHCT Free

Legend - Sim: energy system simulation; Opt: energy system optimisation; CostOpt: cost constrained energy system optimisation; MultiOpt: multi-criteria energy system
optimisation; E: electricity; H: space heating; C: space cooling; HC: thermal; T: transports.
I: industry; Comm.: commercial; Free: freeware; O.S.: opensource
supply and demand sides and optimisation to select a better system 
operation/configuration based on one or more criteria (e.g., costs, 
pollution emissions, etc.). We indicated the optimal spatial scale, 
i.e., the one for which they were conceived, according to the 
existing documentation even with viable applications on other 
scales. For instance, EnergyPLAN with optimal national or regional 
application has been used by developers at an urban level [52,53]. 
Regarding the time scale of both the calculations and provided 
outputs, two types of information are reported: the time horizon 
for distinguishing between short-term or long-term tools model-
ling, and the time resolution. Other specifications are regarding the 
energy service and licence type.

A more detailed investigation focused on 6 user-friendly tools is 
summarised in Table 2. These tools have been selected because of 
their user-friendliness and ability to assess energy balance with at 
least an hourly resolution (iHOGA and energyPRO can run with 
time-steps until 1 min). In addition, we noted the easy usage of 
Homer, EnergyPLAN, and WebOpt. However, the online use of 
WebOpt is featured with its slowness and limited basic functions 
(e.g., copy and paste and lack of shortcuts).

Generally, their usage is easier due to good support platforms,
including video-tutorials, lists of related publications, user man-
uals, and guides on the required data resources. The tools,
Table 2
Main features of surveyed 6 user-friendly tools with (sub-) hourly based outputs.

Energy PLAN energy PRO

Outputs time resolution hourly sub-hourly
Easy to use yes yes
Good support platform yes yes
Free licence yes no
Language/Currencya EU-DK many
Simultaneous scenarios no no
Spatial representation no yes
Energy demand profiles typeb and source Distributions

, user-defined
, case-studies

Loads
, user-defined
, arbitrary
, standards from Germ

Several energy services yes yes

a EU refers to English language and Euro currency, DK to Denmark language and curr
b Distributions refer to profiles made of hourly values in percentage of the maximum
energyPRO, Homer, and EnergyPLAN, benefit from the mostly
complete training material. The internationality of such tools has
also been assessed based on their languages and currencies. For
instance, energyPRO and HOMER include languages and currencies
from several countries. As an additional value, the integration of
spatial representation, such as georeferenced satellite maps in SI-
REN or network graphical representation in energyPRO and iHOGA,
could allow spatially analysis on the energy fluxes, optimal location
of RES plants, estimation of distributed network losses, etc.
Modelling and comparison of more than one scenario at time is
only possible with Homer, SIREN, and WebOpt. Regarding default
loads, all tools foresee the possibility of importing their own time
series for specific case studies, which is also the most suggested
option; otherwise, default profiles are either arbitrary or con-
strained to specific contexts. We also distinguished between the
demand profiles expressed as ‘distributions’ and ‘loads’. ‘Distribu-
tions’ refer to profiles with hourly values in percentage of the
maximum value. Conversely, ‘loads’ are energy hourly absolute
values that constitute to the profile. HOMER, iHOGA, and SIREN are
more suitable for assessing the electricity supply/demand. In
HOMER, modelling the thermal energy depends on preliminary
modelling of the electric energy. However, it can consider up to two
thermal loads and some heating supply components, with no plant
HOMER iHOGA SIREN WebOpt

hourly sub-hourly hourly hourly
yes yes yes yes (slow)
yes yes no yes
no no (full) yes yes (limited)
many EU US US
yes no yes yes
no yes yes no

any

Loads
, user-defined
, arbitrary from US

Loads
, user-defined
, literature
, case-studies

Loads
, user-defined
, from Australia

Distributions
, user-defined
, from US

z no no yes

ency; US to English language and Dollar currency.
value; Loads refer to profiles made of hourly absolute values.



Table 3
Default energy supply technologies by tool and building energy services.

Energy service Energy supply technology EnergyPLAN energyPRO HOMER iHOGA SIREN WebOpt

ELECTRICITY Power plant/grid x x x
CHP/CCHP x x x x
Hydroelectric x x x x
PV x x x x x x
Wind turbine x x x x x
Biomasses x x
Electric Storage x x x x x x
Others x x x

HEATING District heating x x x
Boiler x x x
HP x x x
Solar thermal x x x
Heat storage x x x
Others x x

COOLING District cooling x
HP/chiller x x x
specifically included for space cooling. In contrast, other tools can 
model more energy services, which allow assessment of the inte-
gration and its flexibility in urban energy systems. The energy 
services that can be modelled are listed in Table 3 with reference to 
the supply technologies provided in the six tools libraries.

4. Conclusions

To support decision makers in urban energy planning, several
tools are currently available, as documented by the technical liter-
ature. Previous studies have concluded that tools able to model
several energy services and to evaluate the economic and envi-
ronmental implications of energy strategies should be preferred.
However, the choice of the tool strictly depends on the specific
project goals, data availability, and skills of the energy planners.
This contribution origins in this framework, bringing a useful
classification of the 17 tools suitable for energy evaluations at an
urban/district level as requested by new energy planning
applications.

To be more direct and effective, synoptic practical tables are
reported to summarise the selected tools’most important features.

To model interactions among variable energy fluxes and to
evaluate the effects of several energy supply units it is essential
adopting tools with at least hourly-based outputs hence a deeper
selection has been accomplished in the present research.

Six tools with user-friendly graphic interface and therefore, a
good level of usability by energy planners, have been evaluated in
detail.

These tools can be used in different applications of energy
planning with the foresight of importing proper data for the
considered case study or adapting embedded default energy pro-
files for a specific application to avoid incorrect estimations during
the energy analysis.

We hope that this contribution can support and guide effective
energy planning experiences at an urban/district level for the
evolution of current energy systems. We believe that the presented
results can promote the widespread use of these tools. Conse-
quently, suggestions for their improvement in the future can be
derived by the analysis of several expected applications.
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NOMENCLATURE

CHP combined heat and power
CCHP combined cooling, heat and power
DC district cooling (network)
DG distributed generation
DH district heating (network)
GHG greenhouse gas (emissions)
GUI graphic user interface
HP heat pump
NPC net present cost
O&M operation and management (costs)
PV photovoltaic
RES energy from renewable sources
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