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Abstract 

The objective of this study is to establish an initial framework to evaluate and improve the 
sustainability of technologies integrating thermal energy storage to come closer to a circular 
economy. This is applied to a case study for a building-like cubicle that includes different options 
of phase change materials. For the construction of a cubicle, materials can come from ores and 
virgin or recycled feedstock. In order to decrease the impact of materials and approach to a 
circular economy, the recycled content of materials at the start of life should be as high as possible. 
This recycled fraction in current supply depends on the available technologies for reintroducing 
the recycled materials in the production processes, together with virgin materials coming from 
primary sources. 
The results of the analysis show that the decrease of the environmental impact of recycling at the 
end of life is lower than 5%, while using recycled materials replacing virgin raw materials could 
reduce the overall impact by up to 30%. Most relevant materials are bricks, steel, and aluminum.  
Thus, reuse and recycling of materials and components must be integrated into the initial design 
in order to come closer to the concept of circular economy. 
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1. Introduction 

The Energy Conservation and Energy Storage Technical Collaboration Program (TCP) of the 
International Energy Agency (IEA) [1] states that storage technologies are a central component 
in energy-efficient systems. Moreover, it highlights that energy storage is a cross-cutting issue 
requiring expert knowledge from many disciplines. Regarding applications, the energy supply 
and all end-use sectors need energy storage. From the point of view of technical disciplines, 
engineering, materials, architecture, and other disciplines are needed. Moreover, the Paris Climate 
Conference [2] agreed upon GHG-emission reduction targets that may only be achieved with a 
global energy system, where energy storage is a key technology. 

According to the IEA energy storage roadmap [3], energy storage is divided basically in electric 
energy storage and thermal energy storage. Electric energy storage (EES) includes pumped 
hydropower, hydrogen batteries, adiabatic compressed air, flywheels, stationary lithium-ion 
batteries, and redox flow batteries. Thermal energy storage (TES) includes technologies such as 
underground TES (aquifer and borehole TES), water storage, latent heat storage, sorption storage, 
and storage using chemical reactions. Although EES attracted much a lot of attention due to the 
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advances in batteries, the importance of TES was also highlighted, with a potential for CO2 
emissions reduction estimated to be 2.6 Gt [4]. 

TES has grown in interest not only at the political level [5][6][7], but also at scientific level. A 
recent study from Calderon et al. [8] showed that in the last 20 years, TES publications grew from 
around 150 in 1998 to nearly 2000 in 2016. However, most research addresses technical aspects 
of TES (new materials, new enhancement technologies, new applications, new control systems, 
etc.).  

An environmental approach of TES research is the use of waste and by-product materials as TES 
materials [9]. Moreover, a few Life cycle assessment (LCA) studies on the topic have been 
published. Only 26 documents can be found in Scopus. A recent review on one of the technologies 
(phase change materials, PCM) is that from Kyriaki et al. [10]. Some of these also include multi-
criteria analysis or a techno-economic analysis [11][12]. Research has focused primarily on the 
entire life cycle of TES systems, including production, operation and end of life. The Life cycle 
impact presented a trade-off between the reduction of energy consumption and the increased 
impact due to the use of TES materials. Nevertheless, a more general approach that includes as 
main approach concepts of circular economy (or recycling and reuse of materials and 
components) has not yet been considered. 

LCA can be used to assess the environmental impacts of these systems. But a full LCA uses to be 
quite complex and time-consuming. A first approach to overcome these issues is a streamlined 
LCA [13][14] which is defined as a shortened form of LCA that may use simplified analytical 
methods. Another approach is presented by the project PROSUITE (“Development and 
application of standardized methodology for the PROspective SUstaInability assessment of 
TEchnologies” [15]). It addresses the need for new methods that can measure, analyze and assess 
new technologies and that takes into account all activities and their effects on the economy, 
environment and society. They propose a sustainability assessment based on five pillars: Impact 
on (1) Human Health, (2) Social Well-being, (3) Prosperity, (4) Natural Environment, and (5) 
Impact on Exhaustible Resources. Nevertheless, these methodologies still have not been used to 
evaluate the sustainability of TES systems.  

Regarding sustainability, the main issue is to define the spatial and time scales in which the system 
will be implemented [16]. In the case of a TES system, the design for the environment is the main 
objective to accomplish. This design approach reduces the environmental and human health 
impact of a product or a system during its lifespan.  

Today, as part of the European Commission continuous effort to transform Europe economy into 
a more sustainable one, a Circular Economy Action Plan is being developed. Its first result is the 
2018 Circular Economy Package [17]. The circular economy is the interaction between 
sustainability, where the value of products, materials, and resources (water, energy, etc.) is 
considered, and the economy. It is based on the principle of “closing the life cycle” of goods, 
services, waste, materials, water, and energy [18]. Therefore, TES is included in this new circular 
economy approach of considering our actions, as energy is part of the concept. Going one step 
further we should consider circular economy principles when developing TES systems or 
materials. Such principles are eco-design, industrial and territorial ecology, “functionality” 
economy, second use, reuse, reparation, recycle, and valorisation. 

The objective of this study is to establish an initial framework to evaluate and improve the 
sustainability of technologies integrating thermal energy storage to come closer to a circular 
economy. This framework is applied to a case study for a building application by the analysis of 
building-like cubicles. Three different scenarios consider different options of recycling. The base 
case uses virgin feedstock and no recycling. The second scenario recycles part of the waste and 
the third one both recycles waste and uses recycled material as part of the feedstock. 
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2. Methods for measuring sustainability and contribution to the circular economy 

strategy 

LCA is among the most adequate techniques to evaluate the sustainability of any technology. This 
includes the assessment of all the inputs and outputs of a product, process, or service, the 
associated wastes, the impacts (human health, and ecological burdens), and interpreting and 
communicating the results to the assessment throughout the life cycle of the products or processes 
under review. Nevertheless, if a LCA is achieved at the beginning of the design process a lot of 
relevant information is not yet available. At the end of the process, when all the relevant 
information is available, most decisions already have been taken and hardly anything can be 
changed [19]. 

On the other hand, due to the lack of data and the difficulty in quantifying some of the impacts of 
the LCA, such as social well-being and prosperity, it is worth to start using a simplified approach 
with few but pertinent indicators. This approach can further become more sophisticated by adding 
other indicators that could provide complementary but not so relevant information for the purpose 
of a general overview of sustainability. 

The European Environmental Agency recently published a report in which stated that circular 
economy aims to increase resource efficiency. Nonetheless, it does not fully address the 
preservation of natural capital and the prevention of environmental risks to human health and 
well-being [20]. Circular economy can be represented as the core of a green economy perspective 
that widens the focus from waste and material use to ecosystem resilience and human health and 
well-being (Figure 1). 

 

Figure 1. Circular economy and green economy [20]. 

 

To monitor progress towards a circular economy, the European Commission has set up a 
framework consisting of ten indicators grouped in four stages and aspects (Figure 2). 
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Figure 2. Circular monitoring framework set up by the European Commission [21]. 

 

Few reviews have been published describing how to measure the effectiveness of the different 
approaches for assessing circular economy strategies. The most recent is that from Elia [22] in 
which a summary of the index-based environmental assessment methodologies is made based on 
the typology of the method and the parameters to be measured.  

 

Table 1. Index-based methodologies for measuring circular economy implementation (adapted 
from [22]). 

Parameter Single indicator Multiple indicators 

Material flow 

Water footprint (WF) Material flow analysis (MFA) 

Materials inputs per unit of service (MIPS) Substance flow analysis (SFA) 

Ecological rucksack (ER)   

Energy flow 

Cumulative energy demand (CED)   

Embodied energy (EE)  --- 

Emergy analysis (EMA)   

Exergy analysis (EXA)   

Land use and 
consumption 

Ecological footprint (EF)   

Sustainable process index (SPI)  --- 

Dissipation area index (DAI)   

Other life-
cycle based 
parameters 

Carbon footprint (CF) Life cycle assessment (LCA) 

Ecosystem damage potential (EDP) 
Environmental performance strategy map 
(EPSM) 

  Environmental Priority Strategies (EPS) 
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Table 1 shows that current methodologies using single indicators are usually those focused on the 
study of resources and their depletion (material flow, energy flow, or land use and consumption). 
Multiple indicators mainly focus on impacts (climate change, ecosystem damages, human health 
toxicity, etc.). Moreover, LCA is a methodology that can assess both sustainability and 
contribution to the circular economy. 

Circularity can be assessed at different spatial levels using different methods and techniques: 
macro (national, regional), meso (city, industrial park, supply chain) and micro (company, 
product). The Ellen MacArthur Foundation and Granta Design have recently developed a metric 
- and a tool to calculate it - that assesses circularity at product and company level [23]: the Material 
Circularity Index (MCI). The MCI provides an indication of how much a product materials 
circulate, ranging from 0 to 1, in order to allow companies to understand how far they are on the 
transition from ‘linear’ to ‘circular’. Other attempts have been made to assess circularity at a 
product level, such as Cradle to Cradle (C2C) certification framework [24] by Cradle-to-Cradle 
Products Innovation Institute, or the Remanufacturing Product Profile (REPRO2) by Gehin et al. 
[19]. Also, the Eco-costs Value Ratio (EVR), a metric for products based on LCA has been created 
[25], although it has a low construct validity as it does not specifically address circularity. The 
Circular Economy Index (CEI) is a more applicable metric [26], but it only focuses on recycling 
process efficiency. 

 

Evaluation of sustainability and circularity in thermal energy storage systems 

For the evaluation of the environmental impact, the general methodology of life cycle assessment 
(LCA) can be followed using Standard databases (EcoInvent, Gabi, OpenLCA). Approaches as 
ReCiPe [27] can be used for life cycle impact assessment (LCIA). Emissions and resource 
extractions are translated into a limited number of environmental impact scores by means of so-
called characterization factors, and that has have been developed from the EcoIndicator and CML.  

In order to minimize the environmental impact of TES technologies objectives such as 
performance, reliability, quality, and cost should be balanced. Because the actors in the design, 
development and implementation of TES technologies are energy and materials flows, the 
proposed indicators should be based on them.  

Furthermore, to assess how well TES technologies perform in the context of a circular economy, 
new circularity indicators should be considered. In the case of materials, the Material Circularity 
Indicator [23] can measure how restorative are the material flows of a product or company are. 
Additional impacts and risks have to be considered when this indicator is complemented by other 
circularity ones, such as material price variation, material supply chain risks, material scarcity 
and toxicity, energy usage, and CO2 emissions. 

To start the evaluation of the environmental impact and the effectiveness of TES technologies on 
circular economy we need to identify the most relevant properties/parameters of materials and 
system with direct implication on the TES system sustainability. Palomba et al. [28] describe 
performance parameters or indicators (PI). They indicate relevant parameters that are useful to 
characterize the system in a diverse range of aspects such as sustainability. However, more 
information is needed to evaluate the contribution of TES to circular economy thoroughly. This 
could be obtained from the calculation of MCI. For this purpose, a detailed inventory of materials 
for the technology is needed which will depend on the TES technology under consideration. 

 

3. Methodology 

The methodology applied includes, in this first approach towards circular economy, the life cycle 
assessment that considers different options for recycling, including the use of recycled material 
instead of virgin feedstock.  
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Life cycle assessment (LCA) quantifies the potential environmental impacts of goods and 
processes during their life cycle [29][30]. An LCA study consists of four main phases: goal and 
scope definition, life cycle inventory, impact assessment, and interpretation. A detailed 
description is provided by the ISO 14044 standards [29]. Several databases for impact data are 
available, being the most popular Ecoinvent [31]. In the goal and scope, the definition of the 
system to study, its boundaries, and the functional unit are established.  

In the life cycle inventory analysis (LCI) the inputs and outputs (mass and energy) of the system 
are quantified. The inventory can be defined as follows: 

𝐿𝐶𝐼 𝐿𝐶𝐼 , ∀𝑖 

where 𝐿𝐶𝐼𝑖𝑇𝑂𝑇 is the total LCI entry corresponding to the elementary flow i which is computed 
as the summation of all the flows i for all the system units j.  

The life cycle impact assessment (LCIA) converts the LCI data into impact indicators. Several 
methodologies exist. In this work, we followed the recommendations of the EU Commission [32] 
(use of the ReCiPe methodology [27]). First, the LCI data are converted into impacts: 

𝐼𝑀𝑃 𝜃 𝐿𝐶𝐼 ∀𝑒 

where θei is the characterization factor. It connects the elementary flow i with endpoint impact 
category e. IMPe is the indicator result for endpoint impact category e. If we aggregate further, 
we obtain three damage categories: human health, ecosystems and resources. Each damage 
category is a combination of different endpoint impacts: 

𝐷𝐴𝑀 𝐼𝑀𝑃
∈

∀𝑒 

IDd indicates the set of endpoint impacts e contributing to damage d.  DAMd is the indicator result 
for damage category d. The ReCiPe methodology incorporates three different time perspectives 
[27]. Here we employ the most commonly used Hierarchist method. In the end, the damages are 
normalized and aggregated into a single final score (RCP): 

𝑅𝐶𝑃 𝛿 𝜉 𝐷𝐴𝑀  

RCP is the ReCiPe aggregated metric. δd and ξd are the normalization and weighting factors, 
respectively. Conclusions from the final interpretation phase provide recommendations for 
improvement. It enables the decision-makers to identify weak aspects of the process where the 
environmental impact can be improved.  

 

Materials can come from primary (virgin) materials created from ores and feedstock or either 
recycled feedstock. In order to decrease the impact of materials and approach to a circular 
economy, the recycled content of the material at start of life (R) should be as high as possible, 
thus decreasing the amount of materials coming from natural resources (1-R). This recycled 
fraction in current supply (R) depends on the available technologies for reintroducing the recycled 
materials in the production processes, together with virgin materials coming from primary 
sources, in a sense that the final properties of the obtained product remain as if it was obtained 
from only virgin materials. After dismantling, at the end of life (EoL), part of the materials can 
be recycled (r fraction), thus returning to recycled feedstock, and the rest (1-r) goes to disposal. 
In this case, r should also be as high as possible, and its limit depends on the capacity of sorting 
the different materials from dismantling the product and reintroduce them into the market. Figure 
3 illustrates these materials flows. 
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Figure 3. Materials flows. 

Therefore, three scenarios have been considered in this study: 
Scenario #1: All materials for construction come from primary (virgin) sources (R=0) and go 

to disposal (landfill) after dismantling the system (r=0), corresponding to a fully 
linear economy approach. 

Scenario #2: All materials for construction come from primary (virgin) sources (R=0) and after 
dismantling the system a fraction goes to recycling processes (r) and the rest (1-
r) goes to disposal (landfill). 

Scenario #3: Part of materials used come from recycling (R) and the rest (1-R) from primary 
sources, and after dismantling the cubicle a fraction goes to recycling processes 
(r) and the rest (1-r) goes to disposal (landfill). 

 
We can evaluate the impacts I of entering and leaving flows i with the corresponding mass mi by:  
 

𝐼 𝑚 1 𝑅 𝑅𝐶𝑃 , 𝑚 𝑅 𝑅𝐶𝑃 , ∀𝑖 

and  

𝐼 𝑚 1 𝑟 𝑅𝐶𝑃 , ∀𝑖 

 

For the different scenarios, the respective values of R and r become:  

 

Scenario #1 #2 #3 

R= 0 0 R 

r= 0 r r 

 

4. Case study 

The approach developed in this paper is illustrated with an application to building-like cubicles 
of an experimental installation in Puigverd de Lleida (Spain). Each cubicle has the same geometry 
with five plain walls of 2.4 m x 2.4 m. Details are given in [33]. As phase change material 
alternatively paraffin (PCM1) or salt hydrate (PCM2) are used. In that previous paper, also a life 
cycle assessment was presented, that included all life cycle stages, yet without including the 
option of recycling or reuse of materials. In this study we retake this analysis, update the 
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references for the materials with the databases from Ecoinvent [34] and the CES Selector 2018 
[35]. The life cycle inventory as a starting point for further analysis is given in Table 2. This 
analysis includes the construction and the end of life, excluding the use phase, in order to focus 
on the relevance of the construction materials.  
 

Table 2. Inventory data and reference for materials. 

Component  Reference material CES Selector2018 Mass used (kg) 
brick brick common hard 5456 
base plaster  plaster of Paris 518 
cement mortar  ordinary Portland 608 
steel bars AISI 1020 (same for all low carbon) 262 
concrete normal (Portland cement) 1240 
in floor bricks brick common hard 1770 
asphalt asphalt concrete 153 
polyurethane on roofs polyurethane foam   9 
polyurethane on walls polyurethane foam 63 
aluminium 1050A, O (building components) 61 
paraffin (PCM1) --- 99 
salt hydrate (PCM2) --- 99 

 
The values of the recycled content of the material at start of life (R) are not exact and can be 
approximated as a range and they are different for each material [35]. Table 3 shows the values 
for R and r considered for impact calculations. For Scenario #3, the maximum values of R have 
been considered. 
 
Table 3. Available values for fraction in current supply (R) and recycled fraction (r) at the EoL. 

 
Material Recycled fraction in 

current supply (R) 
[35] 

Recycled fraction 
at EoL (r) [36] 

Brick 16.5% - 18.2% 95.0% 
Plaster 0.10% - 0.10% 0.10% 
Cement mortar 1.14% - 1.26% 1.26% 
Concrete, beams and slabs 13.0% - 14.4% 90.0% 
Reinforcement steel, beams and slabs 39.9% - 44.0% 90.0% 
In-floor concrete bricks 13.0% - 14.4% 95.0% 
Asphalt 0.00% - 0.00% 0.00% 
Polyurethane foam 0.95% - 1.05% 1.05% 
Aluminium sheet 52.3% - 57.8% 95.0% 

Paraffin (PCM1) 0.00% - 0.00% 0.00% 
Salt hydrate (PCM2) 0.00% - 0.00% 0.00% 

 

5. Results 

From the Ecoinvent database (version 3.5) the specific impact of each material in points per kg is 
obtained and the values are presented in Table 4.  
 
Table 4. Specific impact (ReCiPe points per kg) of materials for virgin and recycled feedstock. 

No data is available for recycled PCMs (paraffin and salt hydrate). 
 

Material Specific impact 



 9 

Virgin feedstock Recycled feedstock 

brick 0.0328 0.0023 
plaster 0.0226 0.0022 
cement mortar 0.0267 0.0030 
concrete, beams and slabs 0.0083 0.0024 
reinforcement steel, beams and slabs 0.5147 0.0081 
in-floor concrete bricks 0.0105 0.0023 
asphalt 0.0608 0.0024 
polyurethane foam 0.6908 0.0452 
aluminium sheet 1.9572 0.0055 
paraffin 0.2498 n.d. 
salt hydrate 0.0580 n.d. 

 
The difference between both feedstocks can be observed in Figure 4 (ordinate in logarithm scale).  
 

 
Figure 4. Specific impact of the raw materials (material market in the Ecoinvent database). 

This figure shows that the highest impact from the raw materials used in the studied system comes 
from aluminum, polyurethane, steel, and paraffin. Salt hydrates have a lower impact than paraffin. 
These differences are is mainly due to the energy requirements in the production processes.  

As it can be observed, the impact of each material is drastically reduced when recycled materials 
are used in the current supply. The highest impacts are still those for polyurethane, steel, and 
aluminum. No data on recycling PCMs can be found so they can not be evaluated.  

If the specific impact is multiplied by the mass, the total impact for the different materials and 
life cycle stages can be calculated using ReCiPe as an indicator. Although some materials in the 
inventory have low specific impacts, their total mass is large. Thus, the total impact becomes 
relevant, as in the case of bricks. The recycled fraction is considered at this stage of the work for 
the stages of the end of life (disposal and recycling). The details are given in Table 5.  

 

 

 

Table 5. Life cycle impact assessment for the different scenarios. 
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The impact for the two extreme scenarios is analysed more in detail: a linear economy approach 
(#1, all virgin materials and no recycling at EoL) and a circular economy approach (#3, including 
the maximum recycled materials in current supply and recycling at EoL). The material flow for 
scenario 3 is presented in a Sankey diagram (Figure 5). On the left, we can distinguish the different 
feedstock: primary sources or recycled. On the right side, the potential for recycling is indicated. 
For scenario 1 only the central part would apply, as all the materials come from primary sources 
and there is no recycling or reuse at the EoL. For scenario 2 we consider the right-hand side with 
recycling, but no reuse.  

Recycling

Rmin Rmax r #1 #2 #3
material market 5456 0.033 178.9 178.9 146.4
recycled waste market 0.002 0.0 0.0 2.3
waste final disposal 0.002 11.5 0.6 0.6
material market 518 0.023 11.7 11.7 11.7
recycled waste market 0.002 0.0 0.0 0.0
waste final disposal 0.002 0.9 0.9 0.9
material market 608 0.027 16.2 16.2 16.0
recycled waste market 0.003 0.0 0.0 0.0
waste final disposal 0.002 1.3 1.3 1.3
material market 1240 0.008 10.3 10.3 8.8
recycled waste market 0.002 0.0 0.0 0.4
waste final disposal 0.002 3.0 0.3 0.3
material market 262 0.515 134.8 134.8 75.5
recycled waste market 0.008 0.0 0.0 0.9
waste final disposal 0.008 2.0 0.2 0.2
material market 1770 0.011 18.6 18.6 16.0
recycled waste market 0.002 0.0 0.0 0.6
waste final disposal 0.002 3.9 0.2 0.2
material market 153 0.061 9.3 9.3 9.3
recycled waste market 0.002 0.0 0.0 0.0
waste final disposal 0.002 0.3 0.3 0.3
material market 72 0.691 49.7 49.7 49.2
recycled waste market 0.045 0.0 0.0 0.0
waste final disposal 0.045 3.3 3.2 3.2
material market 61 1.957 119.4 119.4 50.4
recycled waste market 0.005 0.0 0.0 0.2
waste final disposal 0.005 0.3 0.0 0.0
material market 99 0.250 24.7 24.7 24.7
recycled waste market 0.000 0.0 0.0 0.0
waste final disposal 0.015 1.5 1.5 1.5
material market 99 0.058 5.7 5.7 5.7
recycled waste market 0.000 0.0 0.0 0.0
waste final disposal 0.008 0.8 0.8 0.8

601.8 582.3 421.0

582.1 562.6 401.4

0.00% 0.00% 0.00%

52.30%

0.00% 0.00% 0.00%

39.90% 44.00% 90.00%

13.00% 14.40% 95.00%

0.00% 0.00% 0.00%

57.80% 95.00%

1.14% 1.26% 1.14%

13.00% 14.40% 90.00%

Total paraffins

Total hydrated salts

in-floor concrete 
bricks

asphalt

polyurethane foam

aluminium sheet

paraffins

hydrated salts

0.95% 1.05% 0.95%

cement mortar

concrete, beams and 
slabs

reinforcement steel, 
beams and slabs

brick

ReCiPe impact 
points Scenario

Recipe 
(H,A) 
(V3.5)

Inventory 
(kg)

Recycled fraction 
in current supply

plaster 0.10% 0.10% 0.10%

Material Lifecycle stage

16.50% 18.20% 95.00%
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Figure 5. Sankey diagram for inventory data of scenario 3 (paraffin case). 

 

Table 5 also shows that about 30% of the overall impact (from 602 to 421 ReCiPe points for 
paraffin and from 582 to 401 for salt hydrate) can be reduced, mainly to the impact reduction of 
raw materials (Figure 6). On the other hand, another impact reduction is due to the increase of 
recycling and therefore a decrease in material disposal.  
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Figure 6. Comparison of the impact at the different lifecycle stages for each studied scenario 
(paraffin case). 

As can be seen in Figure 6, the contribution to the decrease of the environmental impact of 
recycling at the EoL (which is reflected in the stage of waste final disposal) is not very significant. 
From scenario 1 to scenario 2 the impact is reduced by 3% from 601.8 to 582.3 (paraffin case). 
However, the use of recycled materials in the start of life of the product (reflected in the stage of 
material market, scenario 3) achieves an important decrease of the total impact of about 30% to a 
value of 421.0.  

This indicates the need for developing new processes to include higher amounts of recycled 
feedstock to current production in order to decrease the reduction of natural resources.  

Considering the high relevance of the raw material, Figure 7 presents the detailed impact of the 
different materials for the three studied scenarios and using paraffin. Besides the materials with 
high specific impact (Al, steel, PU and paraffin) brick has now an important role due to the high 
mass used. Regarding phase change materials, the impact of salt hydrates is significantly lower 
than the one from paraffin.  
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Figure 7. Total impact considering only the raw material (material market in the Ecoinvent 
database). 

 

Finally, Figure 8 shows the contribution of the different materials including the analyzed life cycle 
stages for the two extreme scenarios. The results are presented for paraffin and for salt hydrate as 
phase change material. To reduce the overall impact, different approaches should be carried out: 
use materials with a low impact (mineral salts instead of paraffin), reduction of the mass used 
(especially in materials with a high contribution as bricks), increase the amount of recycled 
fraction in materials supply (increase R), and increase the recycling (increase r), especially of the 
materials with a high specific impact (per kg).  

 

   

   
 

a) Paraffin b) Salt hydrate 

Figure 8. Contribution of the materials to the environmental impact in each scenario. 
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Steel and aluminium can have high recycled fractions in the current supply. Thus, replacing virgin 
materials with recycled feedstock decreases significantly the overall environmental impact. 
Therefore, the relative contribution of the other materials with less or no recycled feedstock 
increases accordingly. Consequently, the biggest potential for the reduction of the overall impact 
can be expected from a reduction of the impact of the virgin raw material. This becomes even 
more important if the specific impact of the material is high. Crucial points here are the reuse and 
the recycling of materials and components. These aspects must already be integrated into the 
initial design in order to come closer to the concept of circular economy.  

 

6. Conclusions 

Although a lot of work has been done on the evaluation of the sustainability of products and 
technologies, circular economy is a relatively new concept, being its implementation still in early 
stages. Indeed, there is a big interest regarding the contribution of new technologies to circular 
economy. One of the main drawbacks is the lack of agreement on how to measure it. Different 
methodologies have been proposed and a framework to monitor progress towards a circular 
economy has already been set up by the European Commission, but there is still a long way to go.  

In our work, we propose the application of life cycle assessment considering different scenarios 
for recycling and reuse based on an inventory analysis. The case study evaluated shows the 
relevance of the impact of the materials that are used in the construction. Recycling and reuse 
have the potential to reduce the overall environmental impact. This has to focus especially on 
materials with a high specific impact. But significant reductions can only be obtained by a 
consequent integration of recycling and reuse of both components and materials. This has to be 
considered in a design based on the concepts of the circular economy, which affects all life cycle 
stages of a product.  

Future work will focus on this concept for systems that integrate thermal energy storage. This will 
include research on materials, components and applications.  
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