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Abstract. With escalating adverse effects, climate change is, presently, a critical global issue. The primary 
agent is the atmospheric high level of carbon dioxide and other pollutants. Concrete significantly contributes 
to greenhouse gas emissions. Green building is, therefore, a professional responsibility. This analysis briefly 
proposes various possibilities for reverting to green concrete in construction, advising strategies and 
solutions implementable at the several life cycle phases of the construction material. Multi-faceted 
sustainable aspects would pertain to eco-friendly extraction and manufacturing processes, thermal energy-
efficient layout, scrubbing of pollutants, and recyclability. In particular, the study sheds light on an important 
experimental possibility of symbiosing the inert building material with the biological realm: the Living 
Concrete. At Politecnico Di Milano --- Department of Architecture, Built Environment & Construction 
Engineering, we, first, realized a symbiotic concrete tile with macro-algae Ulva lactuca; then, we developed 
the experiment to conceive a novel "living concrete" construction finish material designed to absorb/scrub 
carbon dioxide from the atmosphere. This material consists of concrete blocks with Chlorella vulgaris 
cultivated on their surface. C. vulgaris is common microalgae with photosynthetic activity. This new 
photosynthetic concrete finish material was further developed and realized at the University of Verona --- 
Department of Biotechnology with the help of expert professors. Researching effective negative greenhouse 
gas emissions techniques (NGHGET) from the chemical, physical and/or biological realm presents a valid 
approach to address and solve climate change problem. 

1 Introduction 

Marked by escalating adverse effects, climate change is, 
currently, a global concern. The primary agent is the 
elevated atmospheric level of carbon dioxide (CO2) and 
other pollutants such as methane (CH4) and nitrous 
oxide (N2O) [1]. Concrete, the widely adopted 
construction material, significantly contributes to 
greenhouse gas emissions (GHGE). Therefore, the 
adoption of green concrete building practices becomes 
imperative. Accordingly, this paper briefly presents 
green strategies and solutions implementable across the 
life cycle phases of the construction material to promote 
more sustainable building practices. This aligns with 
scientists’ research for optimal techniques to reduce 
greenhouse gas emissions resulting from concrete 
construction, whether during the manufacturing, the 
built, or the disposal phases [2, 3, 4, 5]. Multi-faceted 
sustainable aspects would pertain to eco-friendly 
extraction and manufacturing processes, thermal 
energy-efficient layout, scrubbing of pollutants, and 
recyclability. In particular, the study sheds light on an 
important experimental possibility of symbiosing the 
inert building material with the biological realm 
producing an innovative photosynthetic construction 
finish material: the “Living Concrete.” 
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2 Methods 

Compared to standard concrete, green concrete is 
defined as eco-friendly concrete used for the same 
purpose. Green concrete produces fewer noxious 
greenhouse gas emissions to the environment; it 
possesses a greener footprint [6], across the life cycle 
phases of the material. The life cycle of concrete extends 
over three phases: the production/execution phase 
(Phase A), the use phase (Phase B), and the end-of-life 
phase (Phase C) [6]. Aiming to define the best 
applicable strategies for greener concrete across the 
three phases, we applied three methods: literature 
review, virtual laboratory setting, and experimentation. 
A thorough literature review was conducted using 
advanced research tools. The virtual laboratory was set 
in COMSOL Multiphysics®, version 6.2, to analyze the 
energy performance of concrete walls layout.  
Experimental studies were conducted, first, on plain 
concrete tiles, then, on concrete blocks which are 
certified according to the standards of the American 
Society for Testing and Materials (ASTM). On plain 
concrete tiles, macro-algae Ulva lactuca was cultivated 
for eighteen days, in a non-controlled environment; on 
the ASTM-certified concrete blocks, micro-algae 
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Chlorella vulgaris was cultivated for eighteen days, 
with technical filming and measurements of the 
photosynthetic activities [7], in dedicated laboratories. 
We conducted the latter experiment at the University of 
Verona, in the Department of Biotechnology, with the 
technical support and guidance of Professors Dr. Matteo 
Ballottari and Dr. Francesco Bellamoli. The 
photosynthetic activities were measured with a closed 
FluorCam FC 800-C instrument [8]. 

3 Strategies, solutions, and results 
brief 

Based on the above, two main strategies were assessed 
adequate. The first strategy pertains to a strategy of 
optimization of the GHGE while the second one pertains 
to a strategy of scrubbing the main greenhouse gases 
(GHG) present in the contextual atmosphere. The latter 
strategy can be defined as a strategy of developing 
negative (removal, absorption and/or scrubbing) 
techniques. These techniques can be researched within 
the chemical, physical and/or biological realms. 
Negative thinking would refer to methodological 
research for applicable solutions to scrub CO2 and other 
pollutants from the prevailing atmosphere. It also 
implies the research of efficient and affordable technical 
solutions for this GHG removal. A thorough technical 
literature review is a prime procedure for both strategies. 

Optimization of the GHGE, through Phase A of 
concrete life cycle, refers to an eco-friendlier extraction 
and manufacturing processes, and/or an eco-friendlier 
mixture. The latter may contain one or more recycled 
components such as blast furnace slag, fly-ash, or silica 
fume, and/or may be composed of one or more less 
depletable components such as water. It would also 
involve production using techniques that consume lower 
energy [2]. Through Phase B, optimization of GHGE 
would refer to a thermal energy-efficient layout [9]. This 
can be virtually tested through advanced computerized 
platforms such as COMSOL Multiphysics®; the impact 
of every parametric modification can be assessed to 
infer the optimum contextual solution. These parameters 
encompass studying the impact of various composite 
layering of concrete construction materials, analyzing 
the effect of variations in physical properties, and 
adjusting indoor/outdoor environmental conditions. An 
effective improvement of the building envelope thermal 
performance was assessed by implementing a double-
wall concrete layer instead of a single-layer concrete 
wall [10]. Through Phase C, bacterial treatment can 
reduce the GHGE at the disposal phase [11]. Recycling 
basic concrete components is an efficient procedure, as 
it reduces manufacturing energy consumption from 
1450 °C to 300 °C [12,13]. Through all the three phases 
A, B and C, minimizing transport reduces GHGE [14].  

Negative greenhouse emissions techniques 
(NGHGET) involve methods to remove, scrub, or 
absorb the main GHG present in the atmosphere. These 
techniques may pertain to the chemical, physical or the 
biological realms. Strategically, these NGHGET could 
be considered at Phase B.  From the chemical realms, 
available techniques include the utilization of 

photocatalytic concrete [15] and the natural carbonation 
phenomenon [16].  From the physical realm, electrical 
systems can be devised to draw GHG into porous 
disposable absorbing films. These devices would be 
applied to the concrete building envelope. From the 
biological realms, the “living concrete” is a finish block 
symbiosing the concrete inert material with the living 
micro-algae, resulting in photosynthetic activities with 
increasing amounts [7].  

To test the NGHGET effectivity, within the 
biological realm, we conducted, first, an experiment in 
a non-controllable environment, in an outdoor space, at 
a temperature ranging between 18 ◦C to 23 ◦C. We 
prepared two manually poured concrete tiles - each 
dimensioned 20 cm x 10 cm x 2 cm. The concrete 
composition of each tile was: 11% Portland cement; 40% 
coarse aggregate; 40% fine aggregate; 9% batch water; 
with no admixtures.  The tiles were left to symbiose with 
the macro-algae Ulva lactuca (sea lettuce) [17], in sea-
water aquarium for ten days. One tile was fully 
submerged in the aquarium; the second one was half 
submerged – Fig. 1(a). After ten days, the CO2 level was 
measured using Arduino sensor; the measurement on 
Arduino platform indicated a drop from 430 ppm – 7 m 
away from the aquarium - to around 100 ppm next to the 
aquarium - Fig. 1(b). Fig. 1(c) shows the symbiotic 
concrete tile with Ulva lactuca. 

                 (a)                                                (b) 

 

    (c) 

Fig. 1. (a) The two tiles in the aquarium: one half-submerged 
and one fully submerged (b) Measurements on Arduino 
platform (c) The symbiotic concrete tile with Ulva lactuca. 

For a technical enhancement of the experiment, an 
ASTM-certified concrete blocks of 10 cm x 10 cm x 7 
cm was left to symbiose with micro-algae Chlorella 
vulgaris in a controlled laboratory environment; the 
compressive strength of the concrete blocks is 250 
kg/cm2 in twenty-eight days. Humidity level ranged 
from 40% to 60%; however, the light was maintained at 
23 ◦C. C. vulgaris is common microalgae species 
exhibiting photosynthetic activity. These organisms rely 
on water, light carbon dioxide, and nutrients for 
sustenance while simultaneously producing oxygen. 
The photosynthetic measurements indicated an increase 
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in the photosynthetic activities from Day 0 on [7] – Fig. 
2. 

Fig. 2. Increase in chlorophyll fluorescence on the “wet” 
partially immersed living concrete ASTM-certified finish 
block sample, (a) The “wet” block on Day 0, (b) Day 0 
chlorophyll fluorescence emissions (c), The “wet” block on 
Day 4, (d) Day 4 chlorophyll fluorescence emissions 

4 Discussion 

Greener concrete is the result of the production, the 
construction, the use, and/or the disposal of a concrete 
with lower GHGE than a standard concrete adopted for 
the same usage. It is essential to thoroughly examine 
each stage of the material life cycle to optimize 
greenhouse gas emissions (GHGE). However, given that 
greenhouse gas (GHG) can persist in the atmosphere for 
hundreds of years once released [18], it is imperative to 
develop methods for absorbing the predominant GHGs 
present in the environmental atmosphere, particularly 
the most prevalent ones: these methods are the net 
greenhouse gases emissions techniques or NGHGET. 
These techniques can be researched within the chemical, 
the physical and the biological realms. Concerning the 
biological realm, we conceived at Politecnico Di Milano 
– Department of Architecture, Built Environment and 
Construction Engineering, an innovative efficient 
solution: the Living Concrete experiment. This was 
realized in the laboratories of Verona University, at the 
Department of Biotechnology, with the support of 
expert professors. 

The proposed external application assembly, 
whether integrated into a new or pre-existing building 
envelope, would extend up to a height of three meters to 
mitigate anthropogenic street-level emissions. 
Alternatively, it can be installed horizontally on rooftops. 
This innovative concrete/biological composite material 
effectively scrubs carbon dioxide emissions and release 
oxygen. It, thus, reverses the current CO2 pollution trend. 
Therefore, it offers a promising solution to address 
climate change concerns in urban areas with moderate 
climates. 

The methodology proposed defines the procedure to 
obtain greener concrete. It may very well be applied to 
other materials such as limestone. Taking into 
consideration the ability of limestone (CaCO3) to react 

chemically with the harmful carbon dioxide (CO2) to 
obtain the non-harmful calcium bicarbonate 
(Ca(HCO3)2), in the presence of water (H2O) [19], i.e. to 
abate CO2 into a non-harmful element in the presence of 
water, this applied methodology should shed light on 
this important property. 

This paper addressed strategies concerning the 
environmental sphere. However, achieving a balanced 
solution necessitates not only environmental 
considerations, but also acceptance within the other two 
sustainability spheres: the economic and the social ones 
[20]. Analysing the economic impact of an 
environmental green concrete solution is a well-
established procedure, supported by advanced tools. 
However, evaluating the social aspects of an 
architectural greener concrete building envelope, for 
example, demands a distinct approach. The social and 
architectural significance of the concrete building 
envelope must be thoroughly evaluated before 
implementation. 

Finally, both the field of green concrete and the 
methodology of negative thinking are relatively new 
topics, still in their embryonic stages. Achieving 
satisfactory results in these areas demands global 
significant concerted effort.  

5 Conclusion 

While the scientists and the professionals are 
researching to optimize and to reduce the greenhouse 
gas emissions to the environment, we elaborated a 
further methodological thinking to find practical cost-
effective ways to absorbs those greenhouse gas. These 
techniques would pertain to the chemical, physical, or 
biological realm. Concerning the latter, we conceived a 
living concrete block that we realized at the laboratories 
of Verona, at the Department of Biotechnology with the 
help of expert professors. This concrete/biological 
composite material effectively reverses carbon dioxide 
emissions. Consequently, it is a promising viable 
solution addressing climate change challenges in urban 
areas characterized by moderate climates. 
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