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List of abbreviations  
 

LCA Life cycle assessment 

LCIA Life cycle impacts assessment 

PCM Phase changing material 

TCM Titanium composite material 

GWP Global Warming Potential  

PEtot Total Primary Energy  

PENRT Primary Energy not renewable total 

PERT Primary Energy renewable total 
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Introduction 
 

This Userguide helps you understanding the functionality, structure and application of the 

Storage-LCA Tool. The tool constitutes the result of the German funded project Environmental Evaluation 

of Selected Storage Materials and Concepts for Heating and Cooling Applications (Speicher-LCA), funded 

by the Federal Ministry of Economic Affairs and Energy (BMWi). 

The tool shall be understood as software tool for decision makers by providing scientific support in the 

selection of environmental suitable thermal storage materials and concepts within building application 

(Figure 1) on the basis of life cycle assessment (LCA). Comprehensive environmental balances based on the 

LCA software GaBi ts have been integrated on material, component and concept level. Hereby, sensible, 

latent and thermochemical storage concepts have been analyzed, accompanied by simulations on the 

energetic performance. 

 

Figure 1: Environmental assessment levels 

 

Two modes, a basic and an advanced one, have been distinguished (Figure 2).   

Within the Basic Mode the user is able to perform comparisons for storage materials at predefined working 

temperatures. Furthermore, a simplified analysis of innovative storage system layouts on building level can 

be conducted and compared with a reference system. This analysis is based on default storage 

components/combinations as well as default energetic simulations.  

Within the Advanced Mode, default storage components and systems can be customized individually and 

analyzed. In addition, individual energy demand simulations may be integrated and more detailed analysis 

may be performed.  
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Figure 2: Overview on Storage-LCA Tool functionality and methodological background 

 

Both Basic and Advance modes are based on a methodological approach, here below represented in Figure 

3: in a preliminary stage a database containing LCIA analyses results of main materials and components is 

produced. By describing the technical features of the system, the user selects material and components 

from the database. Many declared units and values may be subjected to a transformation in order to carry 

out a final Life Cycle Impact Assessment with declared unit and values. The final results are presented in a 

clear and comprehensive form, with help of tables and graphics.  

 

 

Figure 3: Methodological approach for LCA 

Please note: 

By clicking the button “Info Userguide”, the user can view the chapter of this Userguide, which explains in 

details the selected spreadsheet.  

 

Remarks on LCA analyses 

The LCA (Life cycle assessment) analyses have been carried out with help of GaBi software in according to 

the standard ISO 14040-14044. For the specification of building- component level the following information 

have been taken into account: 
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o DIN EN 15804: Sustainability of Buildings – Environmental Product declarations - Core rules 
for the product category of construction products; 

o DIN EN 15978: Sustainability of construction works - Assessment of environmental 
performance of buildings - Calculation method; 

o DIN EN 15643-2: Sustainability of construction works –. Assessment of buildings –. Part 2: 
Framework for the assessment of the environmental quality; 

o EeBGuide (EU-FP7): Operational Guidance for Life Cycle Assessment Studies of the Energy 
Efficient Buildings Initiative.; 

o ILCD Handbook: The International Reference Life Cycle Data System. 

The specifications of LCA analyses are available in further publications1; here below a quick overview on 

system boundaries and functional unit is provided.  

 Since different subsystems are defined, a common functional unit cannot be given: however, the 

tool is conceived in order to carry out analyses into the higher-level system without conversion 

steps.  

By material properties a "Declared Unit" is established and scaled by the mass of the storage 

material [kg]. This means that the specific storage capacity in [J / kg] of the respective storage 

material is included in the evaluation of the storage component. Their function is a time, namely 

the stored thermal energy [kWh]. At the concept level, a storage component is used as an element 

for heat and / or cooling supply and coupled with other systems for energy supply. The assessment 

at the conceptual level is based on the functional equivalences [m² NGF * a]. 

 The tool focused mainly on the constructional aspect of the selected product, i.e. how is the 

material/product is produced (A1-A3, see Figure 4) as well as its End of Life (C + D phases). This, in 

order to evaluate the own product value, by excluding how it would be used during its service life. 

On building concept level, analyses may include energy consumption due to usage (B6 phase). B4 

phase is so far neglected, but may be implemented in future improvements. 

 

Figure 4 

 

 

 

                                                      
1 K. Lenz, R. Horn: “Anforderungen und Methodik für die ökobilanzielle Bewertung ausgewählter Speicher Konzepte“ 
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A. Basic Mode 
The basic mode offers following options for assessment: 

- Option 1: Storage material comparison (based on predefined working temperatures) 

- Option 2: Analysis of innovative storage system layouts (based on default storage components and 

their combinations)  and comparison with a reference system 

Once enabled its contents, the tool will address the users automatically to a start page, in which the 

preferred option can be selected (see Figure 5).  

 

Figure 5: A screenshot of the Tool’s start page.  

I. Material comparison 
 

Performing general settings  

 

1. Enter from the start page the button “PCM-TCM Material Comparison” (see Figure 6). The user will 

be addressed to the spreadsheet “Material Comparison”. If a comparison among 3 materials   is to 

be conducted, the button “3rd Material” adds a further box. 

 

Figure 6: Main screen of “Material Comparison” Spreadsheet 

2. Click the button “TCM / PCM” (Figure 7): to choose the material class within which you want to 

compare storage materials. The input mask will change accordingly. 
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Please note: by switching between PCM and TCM, former information defined within the input 

mask will be deleted. 

 

 

Figure 7: TCM input masks.  

3. Choose the materials (Material I, Material II, Material III) you want to compare by selecting them 

from the drop-down menu (Figure 8). 

 

Figure 8: Material selection via Drop-Down Menu 

The available PCM and TCM materials in database are the following in Table 1 

PCM TCM 

RH10HC CAU-10-H (powder/pellets) 

RH11HC SAPO-34 (powder/pellets) 

RH18 Silica gel (macroporus)  

RT18HC (Encapsulated or not) Zeolith 13X (powder/pellets) 

RT21(Encapsulated or not) Y-Zeolith (powder/pellets) 

RT24 (Encapsulated or not)  Zeolith-LiX (powder/pellets) 

RT62HC (Encapsulated or not) Al-Fumarat 

SP15 (Encapsulated or not) Cu-BTC (powder/pellets) 

SP21 EK (Encapsulated or not) MIL-101(Cr) (powder/pellets) 

SP58 (Encapsulated or not Z-4A (powder/pellets) 

Sodium acetate (Encapsulated or not) Salts hydrated (LiBr, CaCl2, NaOH) 

Generic Parafin  

Table 1:PCM and TCM available materials 
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4. Define the operating temperatures in °C as follows: 

PCM TCM 

Minimum Temperature Adsorption Temperature 

Maximum Temperature Desorption Temperature 

 Condensation Temperature 

Evaporation Temperature 
Table 2: Temperatures to be defined for material comparison 

By varying the operating temperatures, the results for analysis will change accordingly. 

In case you are not able to provide detailed operating temperatures, select from the default menu 

for “Distribution System” (PCM/TCM Material), “Load Temperature Source„ and “Source of 

Energy” (only TCM Materials). The nearby table will indicate default operating temperatures. If 

some of the values are out of default range, a warning message will help the user (see Figure 9). 

 

 

Figure 9: Operative standard temperature range for the selected source of energy distribution 
system 

Possible options are shown within following Table 3: 

 

Ambient heat 
sink/source 

Heat Temperature Source Distribution System 

Soil Geothermal Underfloor Heating 

Air Vacuum Tube Solar 
Collector 

Cooling Surface 

 Flat Plate Solar Collector Radiators 

Air-Water Heat Pump 

Table 3: Source of energy and distribution system covered in tool 
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Result presentation and analysis 

1. Select the button “Show Results” to enter the results for comparison. 

2. By clicking the button “Input Screen”, you are able to switch back to the input mask. 

 

 

Figure 10: Results screen of a comparison among 3 PCM materials 

Results are displayed numerical and graphical (Figure 10), which are: 

- Product/material properties (temperature ranges, energetic densities, …) 

- Environmental analysis (GWP, PENRT) 

- Energetic payback time in number of charging cycles: in according to this, the heat storage 

is seasonal, monthly, weekly or daily (best case). 

The spreadsheet layout is a printable page. By clicking on “Print Results”, the toll will addresses the users 

directly to the print preview.  
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II. Simplified analysis for innovative storage concepts/systems and 
comparison with a reference 

 

For building analysis, please press the button “Start your building analysis” on start page. 

The user will be addresses directly to the spreadsheet “Basic concept information”. Such spreadsheet is 

composed by a mask and a navigator (see Figure 11): the mask reports all the specifications required for 

the analysis; the navigator (here highlighted in red) will guide the user to results and to further spreadsheets. 

In the navigator are specified the functions available for all user and the ones only for experts.  

If you are not an expert user, please click on the button “Basic Mode”. On the top of the spreadsheet “Basic 

Mode”, now appears and all the expert functions are locked.  

 

Figure 11: A screenshot of the spreadsheet “Basic Concept Information” 

Performing general settings: Basic concept information 

1. Enter the spreadsheet “Basic Concept Information” and choose (via the Drop Down menu, see 

Figure 12 ) the desired building type, location and energetic state of the building, within which 

you want to analyse a storage concept.  

Please note the available combinations here in Table 4. If the combination entered is not 

available, a warning message will notify the user.  

 

Location Helsinki Strasbourg Athens 

Building 
Type 

Detached House 
Apartment building 

Office block 

State of 
Building 

Moderate insulation 
Energy efficient building 

Little insulation 
Moderate insulation 
Energy efficient building 

No insulation 
Little insulation 
Moderate insulation 
Energy efficient building 

Table 4  
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Figure 12: Basic concept Information input screen. Building type definition 

2. Define the general building supply concept and specify your reference system for building 

supply. 

 

 

Figure 13: Basic concept Information input screen. Storage concept and reference system 
specification 

3. Define the storage system layout. Available default combinations (depending on the building 

location, type and energetic state) are: 

 
Supply concept Centralised heating 

system 
Centralised 
cooling system 

Decentralised heating and 
cooling system 

Reference system Gas Boiler 
 

Split device 
Water chiller 

Water chiller 

Storage system HWT + ST + Gas 
PCM + ST + Gas 

Water chiller + PCM 
Water chiller + CWT 

PCM surface cooling + water 
chiller 
PCM-Ventilation systems 

Distribution systems Radiators 
Underfloor heating 

Surface cooling 
Fan coil 

Air 

Additional 
specifications 

Storage material 
Storage volume 
Solar collector type + 
field 

Storage material 
Water-Chiller 
power 
Storage volume 
 

Storage material 
Water-Chiller Power 
Mass Distribution 
Storage volume 

Table 5: Storage system available combinations. 
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Please note:  

Since the storage function is not related to PCM/TCM material, HWT (Hot Water Tank) and 

CWT (Cold Water Tank) are not considered innovative storage systems. 

 

Here in Figure 14 an example for the definition of a storage system layout is provided: 

 

 

Figure 14: Basic concept Information input screen. Solar collector features and storage volume. 

 

4. For Basic mode, further information about storage and system components cannot be defined 

(see chapter B-I). The tool will consider a standard system and will provide its information. 

Furthermore, system specification editing won’t be possible: the user can however view 

components and quantities on the spreadsheet “Storage Information” and “System 

Information”. Reference systems are already defined as well.  

5. In many cases via the function “Add expert information” the mask provides further 

specifications, which are intended especially to expert users (see Figure 15). 

Please note: Since this is still a Beta-Version and many innovative and reference systems are not 

yet evaluated, a temporary task bar on the left will notice combination which are available without 

simulation results (see Figure 15). If a simulation is still missing, the results are provided only 

partially.  

 

Figure 15: Check availability of selected systems. In the following example the chosen reference 
system is not available.  
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III. Results presentation  
 

 For result presentation, click the buttons “Show results”/”Analysis” or enter directly the 

spreadsheets: 

- “LCIA results” for numerical results or 

- “Analysis” for visualization of graphical analysis results. 

 The spreadsheet “Analysis_Basic” indicates 4 diagrams, here below described in detail. 

 
Please note:  

By clicking the button “GWP / PEtot” you may switch environmental result presentation between Global Warming 

Potential (GWP) and Primary Energy Consumption (PEC). By clicking the button “Refresh results”, results will be 

updated, when adapting input parameters on the storage system layout within the input mask of spreadsheet “Basic 

Concept Information” 

 

Diagram 1: The drivers for environmental impacts on component level are identified. 

The storage system layout is divided into three parts:  

- Part 1 (Storage system) includes all innovative storage system components that are 

additionally necessary, e.g. the storage material and containment. 

- Part 2 (Heating/Cooling system) summarizes conventional components for heat /cold supply 

that have to be present due to the specification of the general building supply concept or that 

complement the innovative storage system e.g. by functioning as back-up units. 

- Part 3 (Distribution system) combines conventional components for distribution during 

heat/cold supply. 

 

Figure 16: Diagram 1 example- Basic mode 

For each component (regardless of its classification into a specific system part), environmental results are 

displayed, as specified in the introduction, for the following life cycle modules: 

- Production phase: A1-A3  

- Use phase: B6 

- End-of-Life phase: EoL 
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Positive values indicate hereby a negative effect, resulting in environmental burdens (e.g. production phase) 

whereas negative values implicate environmental credits (e.g. for material recycling within the End-of-Life 

phase). 

Furthermore, a total lifecycle value is provided per each component, aggregating the results from 

Production, Use and End-of-Life phases. 

 

Diagram 2: The drivers for environmental impacts on component level are identified and compared to the 

reference. 

The total lifecycle related environmental impacts are displayed for the innovative storage system and 

compared to its reference system (without innovative storage). The total values are split down to the shares 

of each component.  

 

Figure 17: Diagram 2 example 

 

Diagrams 3 and 4: The drivers for environmental impacts on system part level are identified. 

Relative shares of each system part (storage, heating/cooling, distribution) for the innovative storage system 

on the total lifecycle related environmental impacts are presented in relation with reference system 

(percentage values). Furthermore, the total values for each system part are provided.   

      

Figure 18: Diagram 3 (on left) and Diagram 4 (on right side) 
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 The spreadsheet “LCIA results” indicates numerical values for the innovative storage system and 

the graphical presentation within spreadsheet “Analysis_Basic”. 

 

 

Figure 19: Analysis simplified table. Screen from the concerning spreadsheet 

 The spreadsheet “LCIA results Ref. System” indicates numerical values for the reference system and 

its graphical presentation within spreadsheet “Analysis_Basic”.  

 

 

Figure 20. LCIA results Ref. System. Spreadsheet screen 
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B. Advanced Mode 
For customization and analysis of your individual storage system, following options for analysis are provided 

and indicated in the navigator (see Figure 11): 

Option 1: Customize individual storage components 

Option 2: Customize individual storage concept/system 

Option 3: Integration of individual energy demand simulations within a default storage system or 

your customized storage system  

Following Excel spreadsheets are hereby relevant:  

- Storage information 

- System information 

- Use phase information 

- Analysis_Advanced 

- LCIA results 

- LCIA results Ref. System 

Before start your analysis, click the button “Advanced mode” on “Basic concept information” spreadsheet 

(see Figure 21). All functions are now activated and the user can customize storage system and energy 

supply concept.Figure 21 

 

Figure 21 : A screenshot of the spreadsheet “Basic Concept Information” 
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I. Customize and analyze your individual storage components 
 

Performing general settings  

1. Define your general building storage concept as well as the reference according to section Basic 

Mode, chapter II (steps 1. to 3.) 

Select the button “Storage Info” or Enter the spreadsheet “Storage information” (

 

2. Figure 22). 

 

Figure 22: Settings for customization of storage components – Advanced Mode 

3. Select the “Storage type” (PCM or TCM) and the respective storage material from the default list. 

Define the specific amount of storage material you want to use (in kg), as well as the recycling rate 

(in %). If you like to customize a storage material-mix, click on the button “Add material” and 

specify the second one accordingly. Delete via the button “Delete material”.  

 

Please note: 
The Tool only offers analysis for the combination of maximum two materials within the same 
material class. The initial storage material selection within the Basic Mode will be adapted according 
to your customized settings from above. 
 

4. Specify furthermore the storage containment, meaning the individual storage components, with 

which you want to operate/combine your storage material/material-mix. For each single storage 
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component, maximum three materials may be specified. The buttons “Add Material” or “Delete 

material” will support you hereby. Please, indicate also material amounts as well as respective units 

(e.g. mass or volume).  

 

5. For components, that are not active in your storage system layout, please indicate material amounts 

with “Zero”, as it is not possible to delete individual components. 

 

Please note: 
Within this Mode the user can upload components and material quantities from standard cases. Click the 
button “Refresh values” on the link in order to use them.  (

 

Figure 22). 
 

 

 

II. Customize and analyze your energy concept information 
 

Performing general settings  

1. Define your general energy concept as well as the reference in according to section Basic Mode, 

chapter II (steps 1. to 3.) 

 

2. If applicable, customize afterwards your individual component according to section Advanced 

Mode and chapter I (steps 1. to 4.). 

 

3. From “Basic Concept information” click “System Info” or enter the spreadsheet “System 

information” (Figure 23).  
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Figure 23: Settings for customization of storage system – Advanced Mode 

 

 

4. Select additional components for the storage system (System Information), the cooling system 

(Cooling System Information) or the distribution system (Distribution System information). 

Furthermore, define the respective material types for each component, as well as specific amounts 

of material and respective units (e.g. mass or volume). For each single component, maximum three 

materials may be specified. The buttons “Add Material” or “Delete material” will support you 

hereby. Please, indicate also material amounts as well as.).  

As well as in the “Storage Information” spreadsheet, please choose the material within the Drop-

down List before selecting amount and unit (mass/volume/length).  

 

5. For components, that are not active in your system layout, please indicate material amounts with 

“Zero”, as it is not possible to delete individual components. 

Please note: 
Within this Mode the user can upload components and material quantities from standard cases. Click the 
button “Refresh values” on the link in order to use them (Figure 24). Reference systems are meanwhile 
already set up.  
 

 

III. Integration of individual energy demand simulations into analysis 
 

Performing general settings  

1. From “Basic Concept information” click “Use Phase Info” or enter the spreadsheet “Use-phase 

information”. 
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Figure 25: Use phase (yearly energy consuption) specification – Advanced Mode 

 

 

2. As basis for the energy consumption evaluation, the electrical energy source is already provided: 

the results are coming from energy simulation and include auxiliary cooling and heating, ventilation 

systems, circulation pumps. Advance users can freely fill the last box in order to add to the analysis 

further electronic devices.  

 

IV. Result presentation  
By carrying out analyses in Advanced Mode, result presentation is available in both “Basic” and 

“Advanced” representations.  

 Results“Spreadsheet shows exhaustive and detailed information about GWP and PEC Impacts due 

to storage, heating and distribution components only in A1-A3 and EoL stages. 

 “LCIA Results” provided such environmental impacts of heating and storage components, by 

adding the use stage.  

 “LCIA Results Ref. System” provides GWP and PEC impacts of heating and distribution components 

during the life cycle of the building. In the spreadsheet are given different tables (KR1, KR2, etc.), 

in which further relevant reference systems can be saved (see Figure 26). 
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Figure 26: LCIA Results Ref. System criteria definition – Advanced Mode 

 

 By click the button “Analysis Basic” or enter directly the spreadsheet “Analysis_Basic”, the 

visualization is the one already described in the previous section “Basic Mode” (chapter A). Please 

take care to refresh the results via the “Refresh results” button. 

 

 An exhaustive result presentation may be also entered within the button “Analysis Advanced” or 

the spreadsheet “Analysis_Advanced”. Within the spreadsheet a Pivot table with numerical results 

and a diagram with graphical results are presented. For updated result presentation, please update 

first the Pivot table by entering the Microsoft-Excel menu “Data” and click the button “Refresh 

data”. 

Please note:  
Results presented within the spreadsheet “Analysis_Advanced” only refer to your individual 
customized storage system with regard to constructive aspects (see   
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Introduction). Information or results on the reference building/system and the use phase are cut 
off.  

 

Within “Analysis_Advanced” spreadsheet the Pivot Table indicates numerical results whereas the Pivot 

diagram presents the results in a graphical manner (Figure 27).  

 

 

Figure 27: Result presentation – Advanced Mode 

 

- For each component of the storage, the heating/cooling and the distribution system, 

environmental results are displayed in detail for the following life cycle modules: 

- Production phase: A1-A3  

- End-of-Life phase: EoL 

Positive values indicate hereby a negative effect, resulting in environmental burdens (e.g. 

production phase) whereas negative values implicate environmental credits (e.g. for material 

recycling within the End-of-Life phase).  

 

- Furthermore, a lifecycle value is provided per each component, by aggregating the results from 

Production and End-of-Life phase. 

- You may customize result presentation via the filter functions, either directly within the Pivot 

table or within the Pivot diagram (highlighted in black within Figure 28). Hereby, you have the 

option to display either single component or single system parts and to filter in the way that it 

is useful for your specific analysis application.   

 



Storage-LCA Tool: Userguide 
(Date 27/09/2019) 
 

24 
 

     

Figure 28: Filter functions within result presentation – Advanced Mode 

 

- In such Advanced Mode representation, results are provided as well for the selected reference 

system. 

The user may customize result presentation through the filter functions: the first one (highlighted 

in black) can select the reference system, in which KR0 is the one related to the selected system 

concept; the second one (highlighted in blue) gives the option to display either single component 

or single system parts (see Figure 29).  

 

 

Figure 29: Filter function with result presentation of reference system – Advanced Mode 
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Results sheet – Basic  

By selecting the spreadsheet “Result sheet-Basic”, a short overview on results is provided.  

 

Figure 30: Main building specifications – Results sheet screenshot 

 The first part of this sheet (Diagrams 1-2) is focused on the whole system level: on the top (see 

Figure 30) the main specification of building and storage system are reported. Below 4 diagrams 

help users for a final evaluation of the building and supply systems impacts.  

 The last part (Diagrams n. 3-4-5) shows the results on the component level of the selected storage 

system.   

 Additional information about total GWP, system features, SEER and utilization degree are provided 

in the boxes next to the diagrams 

 

Diagram 1 (Page 1) 

After evaluating GWP and PEC, they are shown in percentage of Lifecycle impacts due to reference 

system. This leads to a comparative analysis between the 2 different systems (value range from 

“LCIA results” and “LCIA Ref. System results” spreadsheet). 

 

 

Figure 31: Diagram 1 example 
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Diagram 2 (Page 1) 

By focusing on innovative storage system, a more detailed representation of impacts is entered. 

Here are reported as quantities in relationship with the total impact during lifecycle (value range 

from “LCIA results” spreadsheet).  

 

 

Figure 32: Diagram 2 example 

 

Diagram 3 (Page 2) 

With reference on GWP, the diagram shows the distribution of the environmental impact on 

Storage, Heating, and Distribution systems; if considered, the LCIA analysis reports the impacts due 

to the using phase (value range from “LCIA results” spreadsheet).  

 

 

Figure 33: Diagram 3 example 
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Diagrams 4-5 (Page 2) 

The last 2 graphs show the distributions, respectively, of storage system components and the ones 

not belonging to this (peripheral compositions). 

 

 

Figure 34 

Pages 3 – 4 are similar to the second one: with regard to PERT and PENRT, the analyses are provided 

following the same approach.  

Please note at page n. 5 the Button “Print Report” (Figure 35), which opens a print preview. A default 

layout is already provided, but the user can modify this through the printer settings (Figure 36). 
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Figure 35: Print Report Button 

 

 

 

Figure 36: Print preview  
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