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Abstract 

Life cycle assessment (LCA) is a useful method to 

quantify the environmental impacts of a product or 

system for different life cycle stages. In the design 

stage, it can help decision makers to find the most 

sustainable material choices. A novel energy 

generation and heat storage system is under 

development at Rheinland-Pfälzische Technische 

Universität Kaiserslautern-Landau (RPTU). A 

prototype of this system has been developed and 

installed at RPTU for testing and validation purposes. 

This paper depicts the significance of the LCA 

application for the design stage of the prototype. By 

use of LCA, hotspots have been identified and it could 

be shown that potential replacement with better 

material choices result in a reduction of around 21% 

of Global warming potential (GWP) and non-

renewable primary energy consumption (PENRE) in 

the design stage. 
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Introduction 

Buildings as a result of construction, use and 

demolition have a share of around 40% of gross 

energy consumption in the European union (EU) 

(European Comission, 2020). Likewise, 35% of green 

house gases emissions in EU are linked to the building 

sector (European environment agency, 2023). This has 

given rise to several improved practices and building 

concepts such as “Passive houses”, “Low energy 

houses” and “Net zero energy buildings”. In Europe, 

the “Energy performance of buildings directive EPBD 

(2010/31/EU)” introduced a concept of “Net zero 

energy building NZEB” where the operational energy 

consumption is almost brought down to zero by 

improving building construction details and the 

residual energy demand should be met by provision of 

renewable energy generation (Directive, 2010). On the 

contrary, research has shown that achieving low 

consumption in the operational stage is resulting in 

additional resource consumption in other stages and 

thus elevated embodied impacts (Crawford and 

Stephan, 2013). Life cycle analysis (LCA) is one of 

the widely used methods to assess life cycle 

environmental impacts (Means and Guggemos, 2015). 

By using this methodology, the LCA practitioner can 

get a clear depiction of how much impacts, the design 

alternative under question, pose to the environment. 

The German government plans to reach the goal of a 

nearly climate neutral building stock by 2050 

(Bundesministerium für Wirtschaft und Energie 

(BMWi, 2019). In addition to heating, cooling is also 

gaining significant emphasis with respect to the 

building efficiency. Thus, there is a need to develop 

new sustainable solutions. The key target of the 

project “EffKon” at Rheinland-Pfälzische Technische 

Universität Kaiserslautern-Landau (RPTU) is to 

research and develop a novel energy generation and 

thermal storage system for building cooling and 

heating operations (Schröter et al., 2023). The project 

is sponsored by the Federal Ministry for Economic 

Affairs and Climate Action and is being executed 

along with industrial partners Innogration GmbH, 

Panco GmbH, CuroCon GmbH and Betonwerk 

Büchner GmbH & Co. KG. The work presented in this 

paper is a life cycle analysis of the prototype of the 

system aimed to be designed under project EffKon. 

Prototype description 

The Prototype consists of an ‘energy pole’ mounted 

with the help of a foundation (see section in Figure 1). 

The outermost layer of the prototype consists of a 

transparent Plexiglas pipe which is divided by an air 

gap from the solar absorber copper pipes spiral.  

The centre of the pole is insulated by a layer of glass 

wool. In the centre, two hollow steel pipes can be seen 

where copper heat exchanger pipes are immersed in an 

organic wax-based paraffin phase change material 

(PCM). The innermost core consists of the water, 

again immersed in copper heat exchanger pipes. Water 

from the building enters the absorber pipes from the 

bottom and absorbs the heat from the absorber pipes. 

The heated water enters the heat exchanger copper 

pipes surrounded by the PCM, transferring heat 

energy. Afterwards, the water flows through the heat 

exchanger copper pipes surrounded by the water, 
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where more energy can be transferred, and finally 

exits the prototype.   

  

 

Figure 1. Sectional view of the energy pole 

 

The prototype’s foundation consists of wooden plate, 

followed by Aluminium plate fixed to the Extruded 

polystrene XPS insulation board with the help of 

threaded rods. The detailed bill of quantities for 

prototype is listed in Table 1. 

Life cycle analysis of prototype 

Life cycle analysis (LCA) is one of the widely used 

methods to assess the environmental impacts over 

parts of or while life cycles of materials and products 

(Means and Guggemos, 2015). By using LCA, 

different life cycle stages of a product under question 

can be examined. Eventually, its possible to evaluate 

different environmental effects caused by the product 

in its different lifecycle stages, i.e. production, 

construction, operation, disposal.  

This paper reports values for the impact categories 

global warming potential (GWP) and non-renewable 

primary energy (PENRE). The system boundary of the 

LCA is production stage only (A1-A3). Due to lack of 

data available other impact categories such as Ozone 

depletion potential or use of net fresh water are not be 

evaluated. To ensure comparability, only the datasets 

using EN14025 (DIN, 2011) and EN15804:A1 (DIN, 

2019) as core product category rules (PCR) have been 

selected. Omission of components ≤ 1% by mass is 

permissible as per EN15804:A1. As the data for small 

components such as copper connectors and 

nuts/washers were not available, impacts for these 

components have been excluded. As evident from 

Table 2, the major focus has been to shortlist materials 

relevant to geographical regions relevant to Germany. 

However, due to unavailability of data for some 

materials, the impacts have been derived for products 

from other European countries i.e., Norway, Sweden, 

Poland etc. Sources of the data inventory have mainly 

been Ökobaudat (Bundesministerium des Innern, 

2018) and Environmental product declarations (EPD). 

Data for PCM has been derived from literature. 

Likewise, data for stainless steel in pipe form could 

not be derived and has only been available for 

products in sheet form. 

Table 1. Bill of quantities for the prototype 

 

Results and discussion 

Figure 2 shows the resulting environmental profile of 

the prototype production. GWP and PENRE both are 

almost in similar proportions for all the materials. In 

the pole, copper pipes and the outer steel pipe are the 

major hotspots followed by PlexiGlas or Polymethyl 

methacrylate (PMMA) pipe and inner stainless-steel 

pipe. Whereas, in the foundation, Aluminium has a 

major impact share. An overview of the impacts is 

listed in Table 3. The GWP and PENRE from the pole 

amounts to be 701 kg-CO2 and 10136 MJ, 

respectively, while the foundation causes GWP and 

PENRE of 326 kg-CO2 and 4719 MJ, respectively. 

After the evaluation of impacts and identification of 

hotspots, the next step has been to explore material 

alternatives with lesser impacts for different 

components. Figure 3 shows an overview of possible 

sustainable alternatives and to what extent of impact  



 

Figure 2. Environmental profile of prototype 

(Original scenario) 

 

 

Table 3. Impact values for prototype (Original 

scenario) 

 

Table 2. Data inventory for production stage of the prototype 



reduction, their substitution causes on a material level. 

The components for pole and foundation are depicted 

by red and blue color respectively. The possible 

alternative in the pole for the glass wool is ‘phenol’ 

bonded glass wool with a glass wool manufacturer 

using a ‘biobased’ binder. The latter has GWP and 

PENRE 11.18 kg-CO2 and 241 kg-CO2 on material 

level which is 29% and 41%, respectively, lesser than 

the former one.  

In the foundation, XPS has several alternative options 

available. In the past, XPS blowing agents consisted 

of chlorofluorocarbons CFCs with a high ozone 

depletion potential and have been eventually 

discouraged especially in the EU. Several innovative 

blowing agents such as Pentane, CO2 and 

hydrofluoroolefin HFO etc. have thus been introduced 

to the market. However, as apparent from Figure 3, all 

blowing agents have almost similar impact on GWP 

and PENRE and cause no significant reduction by 

substitution. However, if the manufacturing of XPS is 

done via Biomass balanced method (BMB), it can 

cause a significant reduction of 73% and 8% GWP and  

PENRE, respectively, on the material level. 

This is because BMB manufacturing involves 

utilization of renewable resources i.e., bio-Naptha  

Biogas along with conventional non-renewable 

resources sourced from the fossil materials. Similarly 

in the foundation, the substitution of Aluminium 

brings down the impact by 66% and 69% GWP and 

PENRE, respectively, on a material level. This is 

because the alternative consists of 95% recycled 

Aluminium. The substitution of the primary 

aluminium with a recycled one has a significant 

influence because extraction of Aluminium from 

Figure 3. Effects of possible material alternatives 

Figure 4. Improved environmental profile after substitution. 



Bauxite ore is an impact intensive process. Likewise, 

the substituted material has coil coating instead of an 

anodized coating, which also further improves the 

environmental profile. 

Figure 4 shows the influence of substitution on the 

product level. The components for pole and 

foundation are represented by red and blue color 

respectively. The black color shows impacts on whole 

product level. The solid line stands for impacts before 

substitution while the hashed line shows the improved 

impacts after substitution .In the pole, as glass wool is 

not a hotspot and it’s used in a small amount in the 

pole, there is almost no improvement in pole i.e. 1% 

GWP and 2% PENRE reduction. Similarly, in 

foundation XPS contributes a small amount of 4% and 

0.4% reduction to GWP and PENRE, repectively. 

However, Aluminium is a hotspot and its replacement 

results in 62% decrease in both GWP and PENRE of 

foundation. So, switching to more sustainable options 

result in 1% and 65% GWP reduction in pole and 

foundation, respectively. On the whole prototype 

level, this GWP reduction is 21%. Similarly, 

replacement generates 2% and 63% PENRE decline in 

pole and foundation, respectively. On the whole 

prototype level, this reduction is 21%.  

Conclusion 

In this paper, the significance of LCA has been 

demonstrated by its application on a prototype. The 

impacts of the production stage (A1-A3) were 

evaluated, and hotspots were identified. Finally, 

substitution with alternative material choices 

improved the GWP and PENRE profile of the 

prototype by 21%. Due to the lack of data available 

other impact categories such as Ozone depletion 

potential or use of net fresh water are not  evaluated. 

In this paper, only the production impact stages have 

been reported. The authors want to emphasize the 

importance on conducting LCA to evaluate the 

environmental  impact of a product. 
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