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Abstract:

Low- and high-enthalpy geothermal resources exist throughout the African continent, but their utilization is still
minimal. The rift valley area includes several high-enthalpy resource manifestations, but numerous medium-
and low-enthalpy resources characterize the mainland. Geothermal resources offer a large energy potential
suitable for several users. The main goal of this article is the assessment of the energy potential of the
geothermal resources in Africa for direct use. The analysis of different types of medium- and low-enthalpy
resources is carried out. The use of absorption cycles for cold production is considered here. A parametric
analysis of the resource conditions, with special reference to the temperature level, allowed the estimation of
the cooling power potential connected to the low to medium geothermal energy resources available in the
African continent. On the other hand, possible end users of this resource are identified cold room storage and
building cooling. The present study covers several aspects, from thermodynamic modelling to environmental
analysis. The mathematical model allows the simulation of the cooling system and, through parametric
analyses, the most suitable cycle characteristics are determined in compliance with the potential of the
available geothermal resource. The Life Cycle Assessment (LCA) methodology is adopted for the sustainability
analysis and the assessment of environmental compatibility of the proposed solutions. A parametric Life Cycle
Inventory (LCI) is developed, modeling the components according to the required size for each use. The main
outcome of the present work is that the low enthalpy Geothermal available in the African continent can offer
significant energy savings and large environmental benefits, which may play a fundamental role in the
sustainable development of this area.
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1. Introduction

Geothermal energy is acknowledged as a renewable source with a very relevant potential, and technologies
to exploit it are at a rather advanced stage of development [1]. The use of this source is mainly classified into
two categories: indirect, in which electricity is produced by power plants; direct, which directly exploits the
geothermal heat flow for several applications, from residential to industrial heating [2]. Over the years, the
installed geothermal powerplant capacity has grown extensively. In 2000, the worldwide installed capacity was
7.97 GWe producing about 49.30 GWhly [3], while at 2020 the installed capacity had roughly doubled to 15.95
GWe producing about 95.10 GWhly electricity [4]. The currently available technologies for electricity production
are dry steam, flash steam and binary cycles, usually for medium-high enthalpy resources ranging from 120°
C to 350° C. On the other hand, in a 20 years range period, the direct use of the resource has also grown
extensively, from 15.14 GWt in 2000 to 107.73 GWt in 2020 installed capacity, with a growth in the produced
heat from 1.9E+5 TJ/y to 1.02E+6 TJ/y at worldwide level [5]. The direct heat uses can vary widely, often
involving space heating and cooling for building or industrial applications: Heat pumps, Heat Exchangers,
Absorption cooling and refrigeration, greenhouses, agricultural drying, fish farming and others. The choice is
highly related to the temperature level of the resource and to that required for the specific applications [6].
Generally, the direct heat use technologies belong to medium-low enthalpy resources, usually ranging between
20° C and 150° C.

The African continent, and in particular the East Area where Rift valley is located, has a very high geothermal
potential (over 15 GW) but the exploitation of this resource is still limited to extremely low fractions [7]. In 2020,
data on the installed geothermal power in Africa amounted to 830 MWe, of which 823 MW in Kenya and 7 MW
in Ethiopia. On the other hand, direct use of geothermal heat in the African continent is about 198 MWHt, shared
between several countries. Direct use applications are more equally distributed across the entire continent
(Algeria, Burundi, Egypt, Ethiopia, Kenya, Madagascar, Malawi, Morocco, Nigeria, South Africa and Tunisia)
[5].

In this context, investigating direct-use applications of geothermal heat for low to medium-enthalpy resources
in the African scenario is of relevant interest. In the 40 — 150 °C heat range, the Absorption Refrigeration
System (ARS) is economically and environmentally promising [8]. Several studies were conducted considering
different conditions of the geothermal resource. Tugcu et al. analysed an ARS with ammonia-water mixture
fed by a geothermal resource at 133°C [9]; Kairouani et al. evaluated an ARS with a mixture of ammonia and
water and the geothermal resource in a range between 72°C and 75°C [10]; Velazquez et al. have designed
a single- and double-effect ARS which utilises a geothermal resource at 80°C and 163°C respectively [11].

Similarly, some paper in literature analyse the sustainability of geothermal heat for refrigeration and chilling,
evaluating the coupling of the generator to different renewable sources with the Life Cycle Assessment
methodology. Solano-Olivares et al. and Bukoski et al. evaluated an absorption cycle coupled with a solar
system for building cooling [12], [13]. Hamedani et al. analysed the energy and environmental aspects through
LCA of a biomass-fuelled heating and cooling system [14]. On the other hand, Maione et al. and Chaiyat,
assessed the environmental impacts of coupling the ARS to a geothermal resource [15], [16].

In numerous regions of Africa, electricity is not easily accessible and distributed. As a result, geothermal energy
plays a crucial role in the country's development. Thus, investigating systems that harness the existing heat
from geothermal resources facilitates the implementation of multiple systems that would be considerably more
challenging if powered by electricity. The objective of this work is modelling and evaluating the thermodynamic
behaviour and the environmental impact of an ARS for different possible geothermal conditions. It is designed
to cover the cooling load of a cold room (for food storage or other industrial use) or a building. The
thermodynamic performance of an absorption cycle with a mixture of water and ammonia under different
geothermal resource conditions have been evaluated. At the same time, the environmental impact assessment
of the investigated ARS has been carried out by the means of Life Cycle Assessment (LCA), considering the
construction and operation phase of the system.

This work is done in the framework of the European Horizon 2020 project Long-Term Joint EU-AU Research
and Innovation Partnership on Renewable Energy (LEAP-RE) [17].



2. Materials and methods

The analysed ARS is an absorption cycle with a mixture of water and ammonia (NHs/H20 mixture) for the
refrigeration of a cold room or cooling of a building. The proposed mathematical model of the ARS takes into
account the chemical characterization of the mixture, the mass and energy balances. In order to realize a
model suitable and easily applicable to different conditions of the African continent, several wide range variable
parameters were considered. The parametric analyses focused on condensation temperature (Tcond),
evaporation temperature (Tevap), mass ratio of NHs to the whole mixture (y), and finally the temperature of the
geothermal resource (Tgeo).

An environmental analysis was performed by the Life Cycle Assessment of the ARS, following the ISO 14040
and ISO 14044 standards [18], [19] The regulations define 4 key steps in this analysis: Goal and scope
definition, Life Cycle Inventory (LCI), Life Cycle Impact Assessment (LCIA), Interpretation. In this work, the
focus was on the second step, consisting in the development of a parametric LCI representing the construction
phase of the absorption cycle. The goal is to provide the assessment of materials needed for construction in
relation to the cooling power of the ARS, refereed to the installed kW unit. In addition, some parameters used
in the thermodynamic model are set to evaluate the operation phase as well. Then, by combining the results
obtained from the thermodynamic model and using them as inputs of the LCA model, it is possible to perform
a comprehensive analysis of system performance and sustainability. This is done by varying the external
conditions such as outdoor temperatures T, and target temperatures T.im. The next sections describe the
thermodynamic model and the LCA model of the considered plant, outlined in Figure 1.

The mathematical model of the absorption cycle was implemented in Engineering Equation Solver (EES)
software [20], whereas the environmental analysis was conducted with OpenLCA software [21] and Ecoinvent
3.7 datatbase [22].
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Figure 1 - Geothermal absorption cycle for refrigeration, with a mixture of water and ammonia
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2.1 Energy modelling

The ARS is a single-effect cycle, mainly consisting of generator, desuperheater (DSH), condenser, evaporator,
absorber, and heat recovery unit (RH). The system is shifted in two lines, differently modelled according to the
working fluid. At the generator outlet, from point 2 to point 6, the working fluid is pure ammonia starting as
superheated vapor in 2, saturated vapor in 12, saturated liquid in 4 and saturated vapor in 6. From the
generator outlet at point 3 (line 3-8) and the absorber outlet at point 9 (line 9-1) the working fluid is in the liquid
state, consisting in a mixture of NHs/H20 at the concentration y. The working fluid is at a high concentration y
in line 9-1 (strong solution), corresponding to the design concentration of the cycle, and at low concentration



in line 3-8. With reference to the external conditions, two parameters mainly influence the cycle, namely the
temperatures at point 4 (Tcons) and the NHs mass ration at point 9 (y), as they set the two pressure levels of
the cycle:

e High pressure corresponding to the saturation pressure of ammonia at Tcong;
o Low pressure corresponding to the saturation pressure of the mixture evaluated at temperature Tcong
with mass ratio y.

Teond is determined by the external conditions (1), hence the environmental air temperature, while y is set and
evaluated at different level. The reason for setting the temperature To equal to the temperature Tcond is that the
absorber exchanges heat with the outside air. T4 is evaluated from the low-pressure level as the saturation
temperature at low pressure and also defines the aim temperature (T.im) achievable in the cold room or in the
building (e.g. cold utility temperature) (2). Thus, these parameters uniquely set the cycle and a changing one
of them leads to a variation in temperatures and pressures of the other components (Figure 2 - Temperature-
pressure graph with constant water-ammonia concentration curves of the Absorption Refrigeration System),
as will be seen in the Results section.
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Figure 2 - Temperature-pressure graph with constant water-ammonia concentration curves of the Absorption
Refrigeration System

The whole cycle is calculated around these two fixed pressure levels. In Point 1, the water-ammonia mixture
enters into the generator, which is heated by the geothermal resource. The temperature level at the generator
output (point 3) is evaluated according to equation (3), where Ty, is the temperature of the geothermal
resource entering the generator.

I,=T; = Tgeo - ATgen (3)

Thus, from point 2 the ammonia in the superheated vapour state passes through the desuperheater (DSH)
and successively condenses at point 4. Downstream the isenthalpic throttling valve (4-5), the ammonia
evaporates into the evaporator (5-6), providing the required refrigeration effect. At the same time, in point 3
the weak water / ammonia solution under the liquid state releases heat (thus recovered) to the NH3/H20 strong
solution from the absorber. The regeneration level R of this recuperator is defined in equation (4).

_ (hs = hy) / (4)
k= (h1 - h10)
The equations governing the energy balances of the main points of the cycle are given below from (5 to 14).
Qgeo = mgeo * (hys — hye) (5)
Qgeo:mz*h2+m3*h3_m1*h1 (6)

Qpsy = My * (hy; — hy) (7)



Qcona = My * (hy; — hy)

(8)

Qevap = My * (hy — he) (9)
Qaps = My * hg + 13 * hg — 1y * hy (10)
my * (hy — hyp) = Mz * (h; — hy) (11)
Qaps = My * hg + 13 * hg — 1y * hy (12)
W, = 1, * (hyp — ho) (13)
(14)

_ Qevap
cop = (Qgeo + Wy)

The model relies on some fixed parameters set during the analysis, while other ones are allowed to vary. Table
1 shows all fixed and variable parameters and their values or ranges. Tcong and Tevgp are evaluated to analyse
their influence on the Coefficient of Performance (COP) of the whole system. The sensitivity analysis to the
NH3/H20 solution concentration y is carried out to determine the most suitable ammonia concentration for the
cycle in relationship to the available low-temperature level of the geothermal resources. Finally, Tgeo allows
defining the performance level achievable referred to the heat input to the system.

Table 1 - Range of parameters used in the parametric analysis of the system

Name Parameter Unit Value /range
Hot-cold side temperature AT °C 10
difference at the condenser cond
Hot-cold side temperature o
difference at the evaporator ATovap C 5
Hot-cold side temperature o
difference at the generator Ageo C 5
RH regeneration level R - 0.8
Condenser temperature Teond °C 25-50
Evaporator temperature Tevap °C -10-0
Mass fraction Ammonia/mixture y kg nH3/KG mixture 0.3-0.8
Geothermal mass flow rate Mgeo kg/s 0.5-10
Temperature of resources Tgeo °C 50 -120

2.2 LCA Modelling

The surface plant for refrigeration defines the system boundaries of the analysis. Geothermal wells or the
drawdown point are not considered because they are strongly site dependent. The cold room or the building
are as well not considered at the analysis, as out of the focus of this work. The electricity consumption of the
pumps is taken into account, and it's impact is modelled using Kenya's electricity energy mix as a reference.
The assumed functional unit is 1 kW of installed cooling power.

The parametric LCI consisted in two basic steps:

e Finding a reference process representative of the construction materials of the absorption cycle;
e Finding enough data to establish a relationship between the installed cooling capacity and the weight
of the device.



For the first step, a literature review was conducted, and several LCls were compared [12]-[16]. It turned out
that many of them were either incomplete or referred directly to secondary processes in the database. For this
reason, to consider a consistent reference, the process of the Absorption cycle provided by the Ecoinvent 3.7
database [22] was adopted as a reference model. This process was the starting point to obtain the typical
composition of materials for the devices of the case study. Indeed, by neglecting the materials not closely
related to the construction phase of the devices, a relative mass fraction (%) of construction materials was
made per each considered unit. The second step was finding reliable catalogues of Absorber manufacturing
companies. The purpose of this step is achieving information on weight and cooling power. Once obtained the
necessary data, a distribution of points outlining the relationship between the weight of the devices and the
nominal ARS cooling power (kW) may be traced. The World Energy Absorption Chillers Europe Ltd catalogues
available online[23] were used which allowed to obtain 140 number of points.

With the distribution of this data in hands, it was possible to achieve a satisfactory second-degree polynomial
fitting function. The second-degree function was selected in order to limit its complexity, increasing with the
polynomial degree, without entailing an appreciable reduction of the uncertainty. Figure 3 shows the point
distribution and the related 2" degree polynomial power-weight fitting function.
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Figure 3 - Descriptive function of installed cooling power-weight trend

The conducted analysis adopts the Environmental Footprint (EF) 3.0 methodology, adapted to the Ecoinvent
database. Specifically, the analysis develops on two levels: (i) Analysis of the environmental indicator Climate
Change (CC) in terms of kg CO2 equivalent emitted and (ii) analysis of the single score in terms of
Environmental Points (Pt). The latter is achieved following normalization and weighting of all indicators
evaluated by EF3.0, therefore it represents the overall environmental impact of the system.

3. Results

In this section, the results coming from energy parametric analysis and LCA study are presented. In particular:

e The parametric analysis shows the sensitivity of the absorption refrigeration cycle to the ammonia
concentration in the mixture, condensation temperature and geothermal resource temperature.

e The LCA study shows the contributions analysis of the environmental indicator Climate Change (CC),
as well as an analysis of the most impactful categories at single score level.

3.1 Effect of ammonia concentration

Figure 4 shows the temperature trend of the NHs/H20 mixture at the generator inlet T; and the evaporation
temperature Tevqp With respect to different y; levels. In this case, the analysis was carried out by keeping the
Tqeo Set at different temperature levels: a) 120°C; b) 100°C; c¢) 80°C; d) 60°C. The y analysis highlights a key
aspect of low-, and medium-enthalpy geothermal resources and the target temperature. The first aspect that
results is that as y; increases, the temperature T; decreases and Tevap increases. Respecting the constant



concentration curves of the ammonia-water mixture shown in Figure 2, it is denoted that as the selected curve
in the Aborber-Generator stream varies, the temperature levels at the generator and evaporator also vary.
This means that increasing y; allows geothermal resources to be exploited at lower temperatures. However, it
must be considered that the refrigeration effect for cold room can be obtained at most for Tey4p in the order of
5°C while, for the cooling of a building, Tevwsp must be higher than this level. As a reference, it must be
considered that a satisfying refrigeration effect for a cold room can be obtained for Tevs, not higher of 5°C
(while, for the cooling of a building, Tevap could be higher). Taking this graph into account, it is easy to identify
the NH3/H20 concentration y; which allows the required performance to be obtained with respect to the
temperature of the geothermal resource. There is a grey area in the graphs, the low side of this area represents
the temperature level of geothermal resource. This implies that the T, profile is not acceptable when it crosses
this area and it can only assume values below that level. For low-temperature resources, the variation of y; is
very limited and therefore also the terminal uses forcing only one type of application such as the cooling of
buildings. Conversely, for higher temperature levels, such as a) and b), it is possible to choose both
applications of cold storage and building cooling.
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Figure 4 - Parametric analysis of T1 and Tevap as a function of y1 at different level of Tgeo:
a) Tgeo =120°C; b) Tgeo =100°C; C) Tgeo = 80°C; d) Tgeo =60°C.

3.2 Effects of condensation temperature

Through the parametric analysis of Tconq, the trend of the system's COP)is investigated using a function that is
also dependent on y;. In order to explore various Tcong Variations, Tgeo Was set to its maximum level of 120°C.
Figure 5 illustrates the relationship between COP and Tconq at different levels of y;. It can be observed that at
lower levels of y;, higher COP values are achieved with lower Tcong, but as y; increases, the system's
performance tends to decline.

However, for higher levels of y; ranging from 0.5 to 0.6, it appears that Tcong has minimal influence on COP.
Since Tcond is influenced by external air temperatures, this indicates that these particular cases are minimally
affected by external temperature changes, maintaining their performance almost unchanged within the typical
temperature ranges of the African continent. Conversely, for cases where y; is below 0.45 to 0.35, variations
in external temperatures significantly impact the system's performance, leading to a drastic drop in COP.

Another consideration is that the different y; levels correspond to a specific Tevsp level, which are presented in
Table 2. The cases relevant to refrigeration purposes focus on y; = 0.5. Realistically, considering the outdoor
temperatures commonly encountered in East Africa, the design Tcons would fall within the range of 30-40°C
[24], where the COP exhibits a declining phase. Furthermore, it should be noted that a slight increase in Tevap
can slightly enhance the system's performance, but it may require applications beyond refrigeration, such as
building cooling. Thus, considering all the aforementioned factors, the performance of the system is highly



dependent on its final application, as well as the external temperatures prevailing at the specific African site
where the geothermal resource is located.
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Figure 5 - Parametric analysis of COP as a function of Tcond and Tevap

3.3 Geothermal resource

The parametric analysis performed on the geothermal resource explores the trends of the COP at various y;
levels. Figure 6 depicts the overall pattern, characterized by a substantial performance increase until reaching
the temperature that maximizes COP, followed by a gradual decline. The lowest point of each curve
corresponds to the geothermal resource temperature at which the absorption cycle initiates operation.
Considering the values presented in Table 2 and setting y; to 0.5 as the threshold for applications related to
food refrigeration, it becomes evident that the minimum geothermal resource temperature is 83°C (lowest point
of ys = 0.5 curve). As y; increases, corresponding to lower Tevp temperatures, the required geothermal
resource temperature approaches the maximum value at a medium-low enthalpy level. In essence, lower y;
levels in the cycle necessitate higher geothermal resource temperatures. This highlights the fact that
refrigeration-type applications demand minimum temperatures around 80°C, which are only available in select
regions of Africa, particularly in the East Africa Rift Valley (EARV) area.

Conversely, for higher y; levels, corresponding to higher Tevap temperatures, lower-temperature resources
can be exploited, which are present in both the EARV and North Africa (e.g., Algeria and Morocco).

Hence, it is crucial to determine the optimal ammonia concentration, ys, that maximizes COP as a function of
the geothermal resource. For this reason, Table 2 provides the respective COPmax and Tgeo values for each yy
level.
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Figure 6 - Parametric analysis of COP as a function of Tgeo and y1



Table 2 - Evaluation of the maximum COP with respect to the temperature of the resource and the resulting cooling

power
y1
0.35 0.40 0.45 0.50 0.55 0.60 0.65
Tgeo [°C] 140 137 121 106 94 83 76

Tevap[°C] -20.00 -1256  -5.34 1.50 7.85 13.60 18.63
COPmax 0.41 0.45 0.48 0.52 0.57 0.62 0.65

3.4 Final application

Two cases are taken as reference: a) the first has the conditions set at y;=0.5 and therefore Tey5,=1.5° C for
the refrigeration of a cold room for food storage purposes; b) the second has the conditions set at y,=0.6 and
therefore Tevap=13.60° C for the cooling of a building. In Figure 7 an analysis is shown on the heat loads of the
main components, as the geothermal resource variations. As the two graphs show, for the cooling of the
building it is possible to exploit a resource at temperatures above 70°C, while for the cold room it must be
above 85°C. Analysing the point at which COP is maximum for both configurations show that for case a) the
cold load is 21.34 kW while for load b) it is 22.27 kW.
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Figure 7 - Evaluation of heat level of two different cases: On the left a) for the application of a cold room, on the right b)
for the cooling of a building

A preliminary dimensioning of a cold room was carried out to evaluate the output of the refrigeration and cooling
system. Using equation 15 to estimate the annual cooling energy (Ecooling) in terms of kWh/y in a cold room for
food storage. Where CF. is the total number of hours per years of about 8000 [25], and F: is a reduction factor
of about 0.5. The results obtained for the reference case is approximately 85.360 MWh. Given data from
literature 73 kWh/m? per year [26] for cold room is required, so a hypothetical cold room that is met by this
system is 1169 m3. At the same time, approximately 0.21kW/m? of cooling power is required for cooling a
building with an internal temperature of 23°C [27]. Therefore, it can be estimated that with the analysed system
a building of approximately 106 m? can be cooled. To make a point in support of these results, consider the
case of the cold room. Taking as reference the results obtained from Evans et al. 2014 [28], an estimation can
be made that suggests the consumption of around 56 kwWh/m3 per year for cold room. It is crucial to emphasize
that the availability of electricity poses challenges in numerous African regions, which underscores the
necessity to devise a system that ensures access to electricity. In this context, the utilization of the geothermal
resource in Africa assumes even greater significance.

Ecooling = Qevap * CFa * F (15)



3.5 Life Cycle Impact Assessment

The analysis carried out on the environmental indicator CC, is shown in figure Figure 8. Here it is shown that
the larger the installed cooling power of the device, the more CO2 eq per kW of installed cooling power is
reduced. In particular, the largest contribution of the impact comes from the electricity consumption of the
operation phase, which is in the range of 60-65 % of the impact. In addition, the ammonia mixture makes a
very low contribution ranging from 1.6-3.5 % of the impact. The construction phase results in approximately
1.94E+02-1.89E+021 kg CO2/kW, contributing 33-36% of the impacts.
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Figure 8 - Climate change evaluation

Finally, a single score analysis is shown in Figure 9, highlighting the contribution of the most impactful
categories. The trend that was achieved for the CC indicator also persists at the overall system level. In fact,
even at single score there is a decrease in impacts for systems with higher ammonia concentrations in the
working fluid. Furthermore, globally, the most impactful categories are Resource use, minerals and metals,
which impact in the range of 55-52%%. Two other indicators such as CC and Ecotoxicity, freshwater have a
significant weight of about 9-11% and 11-12% respectively. While acidification, Particulate matter and
Resource use, fossil impact about 3-6%, while the other indicators have negligible impact percentages.
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4. Conclusion

In this paper, an application of direct use of the geothermal resource for medium and low enthalpy is analyzed.
In particular, an absorption refrigeration system using a mixture of NH3/H2O is taken as a reference system for
col room or building cooling. The analysis that has been conducted aims to highlight aspects concerning
achievable thermodynamic performance and aspects concerning sustainability. For this reason, a
thermodynamic model of the system was developed using the EES software to assess the performance of the
cycle with several parametric analyses. From the analysis of the ammonia concentration, it can be deduced
that increasing y; decreases the temperature of the mixture feeding the generator but at the same time
increases the temperature level at the evaporator. This makes it possible to exploit a geothermal resource at
a lower temperature but to increase the target temperature. The condenser temperature analysis shows that
for low y1, the increase in Tcong Strongly reduces COP performance, whereas, for higher levels of y4, the cycle
is not influenced by these effects. The range of air temperatures in Africa limits Tcong to the 30-40°C range
where the COP trend is decreasing. From the analysis of the geothermal resource, the minimum temperature
values Tgeo are set at different values of y;. Furthermore, it is possible to evaluate the Tgeo that maximizes the
CORP for each type of application. In particular, for refrigeration purposes, concentrations below 0.5 are required
and COPmax is obtained for temperatures above 106°C. For the purposes of building cooling, on the other
hand, ys greater than 0.55 is preferred and allows resources to be exploited at temperatures below 94°C. The
results obtained dimension a cold room of 1169 m® at 5°C, using a resource at 106°C, and a building to be
cooled of 106 m? at 23°C, with a resource at 86°C. To analyze the sustainability of the considered system, an
LCA was conducted developing a parametric LCI to represent the construction and operation phase of the
system. It was used OpenLCA software and the EF3.0 methodology adapted to the Ecoinvent 3.7 database.
LCA uses the cooling power installed of the system as functional unit. Only the cooling system is analyzed,
neglecting the entire system outside it (geothermal resource extraction point, cold room, building).

The outputs obtained from the thermodynamic model, in terms of cooling power, energy consumption, mass
flow rate of ammonia mixture, are taking as input for the parametric LCI. The analysis of the environmental
indicator CC shows a reduction in impacts corresponding to the increase in installed cold power of the system.
The main contribution comes from electricity consumption and accounts for about 60-65%, while the
construction phase of the device accounts for 33-36%. The single score analysis determines the same trend
as for CC, and it is also established that the environmental indicator with the highest impact is Resource use,
minerals and metals for about 52-55%. The environmental impact of CC accounts for 9-11%.
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