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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.
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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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Basic Concept level Material Level

Choose following
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characteristics:
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Decision on tool usage

Advanced

Component Level

Choose components and
materials to construct an
individual storage system
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environmental impacts.

Advanced Concept level
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- Storage Concept your energy demand
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Calculation and “advanced” display of results using a
pivot table
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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.
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Figure 3: Methodological approach for LCA

Please note:

By clicking the button “Info Userquide”, 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 publications’; 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 * al.

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

. Material comparison

Performing general settings

Tool - Userguide

PCM - TCM
Material Comparison

Start your building
analysis

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.

Info
Userguide

PCM Comparison

TCM/
PCM Material |
3rd
Material

Distribution System:

Select PCM Operating Temperatures:
Minimum Temp:

Figure 6: Main screen of “Material Comparison” Spreadsheet

Material Il

Maximum Temp:

Show
Results

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.
Info
Userguide
TCM Comparison
TCM / Show
PCM Material | Material Il Results

3rd
Material
Load Temperature source:
Air_Water
Distribution System:

Radiators

Source of Energy:

Air-Water Heat Pump

Select TCM Operating Temperatures:

Adsorption Temp: Condensation Temp:

Evaporation Temp:

Desorption Temp:

Figure 7: TCM input masks.

3. Choose the materials (Material |, Material ll, Material lll) you want to compare by selecting them
from the drop-down menu (Figure 8).

PCM Comparison

Material Il

Material | Material 11l

RT18HC
RT18HC (Encapsulated)
RT21

Distribution System: RT21 (Encapsulated)

Select PCM Operating Temperatures:
Minimum Temp: Maximum Temp:

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).

Heat source: Open/Closed system

Flat Plate Solar Collector

Select TCM Operating Temperatures: Operative temperature range
Adsorption Temp: Desorption Temp: Standard values
Tads B o e
Condensation Temp: Evaporation Temp: Tevp &[CT 10[°cy
Teon) 5] 30y

Tdes 60 [°CT foa [°cy

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

Possible options are shown within following Table 3:

Ambient heat Heat Temperature Source Distribution System

sink/source

Soil Geothermal Underfloor Heating
Air Vacuum  Tube  Solar Cooling Surface
Collector

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.

Evironmental Impact: Evaluation on Material-Level

Material A Material 8 Material C
Materisl Type TCM
Material Name CuBTC MIL-101(Cr) CAU-10-H
Source of Energy Air-Water Heat Pump
Distribution System Radistors
Defined Operative Temperature “Ads; Des: Con Evap; Temp.60; 150; 20; 10 [-C]
Melting Point Temperature na ne ne 5
Volumetric Energy Density 0,1 KWhim® 0,1 KWh/ m? 0,1 KW m?
Gravimetric Energy Density 30,00 KWhi kg 30,00 KWhikg 30,00 KWhikg

Global warming potenttial in kg CO2 eqivalent per kiWh
thermal energy stored

Primary energy not renewabls total demand in MJ per
KWh thermal energy stored

0.1 = 30
= 1
= B
£ Eu.oa - — )
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it 2 Et.
BEoo — I 3
= S® 5
zEoo2 | |- £
w H
0 5 o0
CuBTC  MIL101(CH « CAU-10H CL-BTC  MIL-101ICr + CAU-10H
Fsnres of aasuabs

I ——— ‘

L8 analuni Gal iy Databara L0 anadenis: Gallerdarabars

Encrgstic payback time in number of charging! discharging cycles
The energetic payback-tme displays the minimum number of charging and discharging cycles the material must endure in order to have an
positive environmental contribution.

MIL101(Cr] |
235 |

Cu-BTC |
[

Number of charging cycles: | 732

o T T T

| I A I
| |
Monthly heat Weekly heat storage

|
Seasonal heat

Y
Daily heat storage

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

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

Energetic payback time in number

Product/material properties (temperature ranges, energetic densities, ...)
Environmental analysis (GWP, PENRT)

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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Il. 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 117): 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.

= 5 Basic Mode Advanced Mode
Basic Concept Information | |
Building Type Location State of Building

Detached house e phase Storage

Info
Energy Supply Concept Reference Sysiem

Centralised cooling systems ] M

System Info

Storage System Distribution Material R

E— Anaiysis
Advanced

Water-Chiller Type Storage volume Add expert information

[ oo [ o)

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 Detached House
Type Apartment building
Office block
State of | Moderate insulation Little insulation No insulation
Building | Energy efficient building | Moderate insulation Little insulation
Energy efficient building | Moderate insulation
Energy efficient building

Table 4

11
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2.

3.

Basic Concept Information

Building Type Location

Detached house -

Detached house
Appartment buiding
Office block

Storage Concept Reference System
Storage System Distribution

Solar Collector Type Solar Collector Field

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

State of Building

Energy efficient building

Material

Storage Volume

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

supply.

Basic Concept Information

Building Type Location

Detached house

Storage Concept Reference System

Centralised heating systems Gas-DE

Storage System Distribution

Solar Collector Type Solar Collector Field

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

specification

State of Building

Energy efficient building

Material

Storage Volume

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

location, type and energetic state) are:

Supply concept Centralised heating | Centralised
system cooling system

Reference system

Storage system HWT + ST + Gas Water chiller + PCM
PCM + ST + Gas Water chiller + CWT | chiller
PCM-Ventilation systems

Distribution systems

Additional Storage material Storage material
specifications Storage volume Water-Chiller
Solar collector type + | power
field Storage volume

Decentralised heating and

cooling system

Storage material
Water-Chiller Power
Mass Distribution
Storage volume

PCM surface cooling + water

Table 5: Storage system available combinations.

12
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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:

Basic Concept Information

Building Type

Detached house

Storage Concept

Centralised heating systems

Storage System

PCM-Storage + ST + Gas-DE

Solar Collector Type

Flat plate collector

State of Building

Energy efficient building

Location

Strassbourg

Reference System

Distribution

Underfloor heating

Solar Collector Field

Material
RT18HC

Storage Volume

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.

Basic Concept Information

1. Building Type
Office block

4. Energy Storage and Supply Concept

Centralised cooling systems

5. Storage System
Water-Chiller + PCM-5torage

8. Water-Chiller Power

20,00 kW

2. Location

Reference System

‘Water_Chiller

6. Distribution
Surface cooling

9. Storage volume

3. State of Building

Little insulation

7. Storage Material

RT11HC

10. Add expert information

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

13
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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 “ “ you may switch environmental result presentation between

and By clicking the button “ “ results will be
updated, when adapting input parameters on the storage system layout within the input mask of spreadsheet “

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

The storage system layout is divided into three parts:

- Part 1 ( ) includes all innovative storage system components that are
additionally necessary, e.g. the storage material and containment.
- Part2( ) 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 ( ) combines conventional components for distribution during
heat/cold supply.

Global Warming Potential of the Inovative Storage System

10000,0

8000,0

6000,0

4000,0

mA-A3

mBs
EolL

GWP [kg CO2 equi. f kgl

20000 Lifecycle

-
—
—
-

0,0

FCM
Fipewark
Valve:
Fipework
Walves
Gas Boller
Air ducts

-2000,0

Cirulation Purmp

Storage Containment,
Water Re:
Storage Insulation
Ventilation system
Other Elestrical Divices

Condenser

Additional Component ||

Buffer/ Hot Water Storage
Solar Thermal Collectors

Additional Component |

Storsge System Hesting System Distribution
System

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: EolL

14
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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.

GWPin Comparisonto the Reference System in Absolute Numbers

30000

Ventilation system
25000 Cooling device

Underfloor heating
Radistors

Electric heat pump.
20000 Solar Thermal Collectors

Ciruletion Pump
Valves
mExpansion Vessel

mHeat Exchanger
15000 |

Pipework Insulstion
= Storage Insulation
Buffer/ Hot Water Storage

GWP [kg COZeqiv.ikg |

WPCM Conteinment/ Capsules
o000 4 — =Expansion Vessel

m Heat Exchanger
mValves
= Pipework

mlnsulation (Storage)

[
5000 | —
= Storage Conteinment
mPCM
ol

Innovative Storsge System Reference System

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.

Relative GWP of Innovative System Absolute GWP of Innovative System

70% 30000,0
66%

60%

25000,0

50%

20000,0

mStorage System B Distribution System
15000,0

mHeating/Cooling System m Heating/Cooling Syste

0% mDistribution System uStorage System

GWP [k COZ eqiv. { ko |

10000,0 |

20%

5000,0 |
10%

0,0 4
System Part System Part

Figure 18: Diagram 3 (on left) and Diagram 4 (on right side)
15
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= The spreadsheet “LCIA results” indicates numerical values for the innovative storage system and
the graphical presentation within spreadsheet “Analysis_Basic".

System Part

storsge syatem

HeaingSystem

T

EoL Lifecgcle  ALAZ  BS

00 126764
2 HIRA

1522 o797 rerior

System Fart atA3 B8 [ EoL___[-]Lifecyole ALA3 __ BE EoL Lifeeyole
Storage System [ a0 - o2 - a0
Heating System 100z [ oz 2

i = S 0%

00/

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

= = Basic Mode Advanced Mode
Basic Concept Information | |
1. Building Type 2. Location 3. State of Building Storage Info
Office block Little insulation

4. Eneray Storage and Supply Concept Reference System

Central d cooling systems \Water_Chiller

5. Storage System 6. Distribution 7. Storage Material

‘Water-Chiller + PCM-5torage Surface cooling RT11HC

8. Water-Chiller Power 9. Storage volume 10. Add expert information

ool 1000w

Figure 21 : A screenshot of the spreadsheet “Basic Concept Information”

17
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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 Il (steps 1. to 3.)

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

userguide

Matenal Information

Back to
input Storage Type Storage Material Amount Recycling Rate
100 kg
Refresh
Values | |

Storage Information

Storage Components Material: Amount Unit Additional Information

Storage Containment Steel kg | Mass | Delete Material |
Stainless steel kg Mazs

Insulation (Storage) EPDM Foam 50 | kg | Mass
Mineral wool kg Mass

Polypropylene kg [Mass Add Material Delete Material
. m | Lenght

n.a
Valves Brass kg Mazs Add Material | | Delete Material
n.a

Heat Exchanger Spiral tube hest exchanger 200 | Delete Material |

Expansion Vessel Stainless steel Add Material || Delete Material

2. Figure 22).
l.l:emm':ide

Matenal Information

Storage Type Storage Material Amount Recycling Rate

[ oo% |
Binder Material

Storage Information

Storage Components Material: Amount Unit Additional Information

Storage Containment Steel kg | Mass

Stainless steel kg Mazs

Insulation (Storage) EPDM Foam 50 | kg | Mass | Delate Material

Mineral wool kg Mazs

Polypropylene R  —

m | Lenght

kg | Mass Add Material | | Delete Material

n.a.

Heat Exchanger Spiral tube hest exchanger | Delete Material |

Expansion Vessel i 5 kg i Delete Material

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
18
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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
U:emm':ide
Material Information
Back to
input Storage Type Storage Material Amount Recycling Rate

SPZ1EK

[ 20|
Refresh
Values Binder Material
Storage Information

Unit
Mass

Storage Components Material: Amount Additional Information

Storage Containment Steel kg
Stainless steel kg

Mass

Mazs

Insulation (Storage) EPDM Foam kg
Mineral wool kg
Poypropylene 2
n.a o

.8

Mass

kg [Mass
m | Lenght

Valves

Brass kg Mass

n.

Heat Exchanger Spiral tube heat exchanger

Expansion Vessel Stainless steel

Figure 22).

Il. Customize and analyze your energy concept information

Performing general settings

them.

Add Material
Add Material

Add Material

Add Material

Add Material

Add Material

(

Delete Material

Delete Material
Delete Material
Delete Material

Delete Material

Delete Material

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

chapter Il (steps 1. to 3.)

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

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

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

information” (Figure 23).
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Iserguide

System Information

Unit Additional Information
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Back to Component Materisl/ Type:
” Buffer/ Hot Water Storage
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Values torage Insulation

ipework
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|
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2645552] [Fa [wess ] [ 2000 [ % | Pecemspeorai |

Expansion Vessel Stainless steel
Valves Stainless Steel
Cirulation Punp

Solar Thermal Collectors
Heat Transfer Fluid ropylene Glycol/ Water | Add Material |
___Add Material_]

Very Special Component

Amount

—
—
[o.18575]
—
—
—
—
—

EIEEEB
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BNk 2
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=

Additional Component Il

Cooling System Information

Type Model: Quantity
Cooling device Direct expansion air conditioner m -

[ o] [ Jriees ] | ngamaten AT

Ventilation system

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.

lll. 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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Use Phase - Yearly Energy Consumption

Electrical Energy:
Electricity (Current Grid Mix)

Auxilary Heating System:

Gas low temperatute boiler <20kW (upright unit

Auxiliary Cooling System: Energy Consumption [kWh]
Direct expansion air conditioner

Ventilation System:

Other Electronic Devices
Circulation pumps

Distribution

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:

IV.

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.

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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‘ KFH'

System Part

Component

Nt

Heating System

Buffer ater Storage
Storage Insulation

Pipework

Pipework Insulation
Heat Exchanger
Expansion Vessel

Valves

Cirulation Pump

Solar Thermal Collectors
Heat Transfer Fluid

Gas Boiler

Very Special Component
Additional Component Il
Other Electrical Divices

Distribution System

Radiators
Underfloor heating
Cooling device
Ventilation system
Air ducts

Burr, Matthias:

Hier scllen die eferenzsysteme hinterlegt werden,

System Part

Component

Heating System

Buffer/ Hot Water Storage
Storage Insulation
Pipework

Pipework Insulation
Heat Exchanger
Expansion Vessel
Valves

Cirulation Pump

Solar Thermal Collectors
Heat Transfer Fluid

Gas Boiler

Very Special Component
Additional Component Il
Other Electrical Divices

PENRT

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

22



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

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).

| Production (A1-A3) | End of Life

Description I GYP_Pr FPENRT_Fr FPERT_Pr Summe von GWFPF2 Summe von PENRTZ Summe von PERTZ

=l Distribution System 2935447643 16769.03285 2099400474 -T18.9961265 -3977.210527 -504, 6420011
Air ducts ] ] ] 1] 1] ]
Fadiators 243214634 1339 567057 55, 304353313 216, 2054152 -539,0971992 02313925
Underfloor heating FHLIZEITS 14769 4662 2040436525 SB02 TR Bk Jcioh | eary -B40,ZEE2304

= Heating!Cooling System 2734244143  114917,1698 188266733 -11890,79017 -47275, 31882 -BE27,55603
Additional Component || 1} 1} 1] a 0 1}
BEsutferd Hot Water Storage AT2NZEAETZ 1531920007 124 BTIBZEG 114229898 SB4T2TTI4 E12B62T194
Cliralation Pump 94,184 25375 2B2EN235S B4 02280208 14 26243175 -BE BIETEIED -5, 77EI99412
Cooling device Z0THE,3A523 21302 44858 12623 55444 -9E33.02351 -ITTTE ARG -424EATTITY
Expanszion Veszel 184 2264672 TROEITE2 100,22E5E2E -4 472054619 -BE 49937931 -3 MHE443T4E
Heat Exchanger BIETI28372 18, 7RE12043 112347807 -3A00302436 A THZ4034T 0645306532
Heat Transfer Fluid fei=he el e 2090226492 151E211ET 0000286257 0001324218 0000227195
Pipewark 40,39930054 141,9752539 20, 74075144 571322685 A7, FEEIG9S A9,1239647
Pipewark Inzulation E.T162TES 241987247 249344302 0092269489 0,2E2261T02 0,03952278E
Solar Thermal Collectors 4710281678 1710324562 4723320462 -1632, TEEA0G -B3E0,28937E 403 63T
Storage Insulation 336,793845 1205 993624 162 4ET2151 4943474427 15, 44252014 19TEIETTAZ
Walues 2022061843 1z, 01498495 17, 290EERGE -23309782 95 42538194 27 04TRERS
‘entilation system 2831863065 1031470755 136, 3085535 -190, 3626266 -B44 B0GTEZ 238532048
Wery Special Component o o o a n o
Elzctric heat pump G20, 4296939 Tz40, 11803 2016093229 153, 9139206 16397 BEOEDE -4 FREA2A9462

Total 27788907 131686,2027 2092607379 -12609, 7863 -51252.52934 -EF32,199121
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-G0000

e ar=———

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.
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Description
= Distribution System

Air ducts
Fadiators
Underflocr heating

= Heating!Cooling System

Additional Component ||
Bufter! Hot Water Storage
Cirulation Fump

Cooling device
Expansion Wessel

Heat Exchanger

Heat Transter Fluid
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Solar Thermal Collectors
Storage Insulation
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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 KRO 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).
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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.

Evironmental Impact: Evaluation on System-Level
Innovative Storage System Reference System
Building Type: Office block Office block
Location: Athens Athens
State of Building: Little insulation Little insulation
Storage Concept: Centralised cooling systems Centralised cooling systems
Storage System: Water-Chiller + PCM- _
Storage Water_Chiller
Storage Material: RT18HC PCM Cold water tank
Energy Density [KWh/kg]: 0,2706 0,897
(Min. Temp ; Max. Temp) = Density:
Temperature range: 21; 40 [°C] 2700[kg/m?]

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).

Environmental impacts in comparison to the reference
160% system
140%
120%
100%
H -
500% - . mA1-A3
40% B6
20%
O% T T T 1
-20%
GWP | Petot GWFP Petot
Innovative System Reference System

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).

Relative environmental impact within the lifecycle
140%

80% m Lifecycle

wAT-AZ

m B6

409, mEoL

GWP PENRT PERT PEC

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).

100%:
Ble
80
T ® Storage System
B0% m Heating'Cooling
Syste
50 yEiEm
E Digtribution Syetem
405
® Uze Phase
30
0% 1
0%
o
GWP

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).

Percentage share of GWP of storage composition

Storage
Containment
68%

Espansion Vessel
5%

Heat
Exchanger

Valves 8%

PCM
Containment/
Capsules

0%

Percentage share of GWP of peripheral composition

Solsr Thermal Cirulation Pump
Collectors b%
75%

Heat Transfer Fluid
0%

Very Special
Component
0%

Andere
11% Expansion Vessel
5%

ditional Component Il
\
Buffer/ Hot Water Pipewark
Storege 1%
6% -

Storage Insulation
%

Pipework Insulation

Hest Exchanger
0%

0%

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
Report of Resuks 05.12.2018
Evironmental Impact: Evaluation on System-Level
fnnovstive Storage Sysiem feference System
Building Type: Dffice block Office block
Location: Athens Athens
State of Building: Little insulation Little insulation
Storage Concept: G ised cooling sy Ci ised cooling
Storage System:
‘Water-Chiller + PCM-Storage Water_Chiller
Storage Material: RT18HC PCM Cold water tank
Energy Density [kWh/kg]: 0.2706 0,597
[Min. Temp; Max. Temp) = Density:
Temperature range: 21; 40[°C] 2700[kg/m3]
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Figure 36: Print preview
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