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Transformation of energy pathways*

Introduction

« Energy is generated or utilized from the power % ggr
—n
sector, industry, transport, and households b
« Going forward, all these sectors, including their QoDo - X g
technologies - massive transformations to Rlige 9 ' |
achieve sustainable pathways 4
[a=\
* Prospective life cycle assessment (pLCA) = e%m N
future environmental impacts ofthese TS oz
Current 2030 2050 2100

technologies can be evaluated over their life
Source:*Romain 2021
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Background
« pLCA studies in the literature - Focus on the implementation of future

scenarios either in the foreground or background systems

« Life cycle inventory (LCI) data in the foreground does not change in line

with the background system or vice versa

« Also, PREMISE* does not offer background system data at a country level

for pLCA, offering support only at regional level

Gandhi Pragada, DLR-VE, 03.06.2024 *Premise is an open source software developed by PSI 2 facilitates the creation of prospective inventory databases




Research Question EDLR

* How to carry out pLCA for a specific technology at country level, considering the

approach of harmonizing the foreground with background systems?

Methodology

« Harmonization could be achieved in three steps:
— Step 1 - Identification of key measures in a background scenario
— Step 2 - Design of the foreground system

— Step 3 = Integration of background system data into PREMISE*

Gandhi Pragada, DLR-VE, 03.06.2024 *Premise is an open source software developed by PSI 2 facilitates the creation of prospective inventory databases




Step 1: Identification of key measures in a background EDLR
scenario (1/4)

Some of the key measures identified in an exemplary scenario of IMAGE RCP 1.9*

| A &

Direct use of Energy conservation
renewables — Heat and efficiency

8)

) Vs
Carbon removal
Electrification Material Circularity measures

Technological review at
sectorial level

Gandhi Pragada, DLR-VE, 03.06.2024 *lIASA (2024) RCP Database. https://tntcat.iiasa.ac.at/RcpDb/dsd?Action=htmIpage&page=about
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Step 1: Identification of key measures in a background ‘#DLR
scenario (2/4)

» Sectors like electricity, transport, steel, cement, others

_ « |dentify the technologies at sectoral level responsible for
Technological

review at sectoral energy transition

level  Power sector by 2050 - Renewables (75%), fossil with
CCS (25%)
\ « Heat produced renewable sources like solar, wind,

b ) ’

',(?“ biomass, geothermal

Direct use of . .
renewables — Heat @ + Identify the fuels (possibly greener) that could be used for
heating applications

« Natural gas is replaced by green hydrogen after 2030
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Step 1: Identification of key measures in a background EDLR
scenario (3/4)

» Point out the energy efficiency measures at sectoral

C level to the reduce energy demand
Energy conservation

and efficiency « Most of the technologies across the sectors assumed

to reach optimal efficiency by 2050

* |dentify the sectors that use direct electricity for

end-use applications
Electrification
« Road Transport — EV’s, Steel — EAF

Gandhi Pragada, DLR-VE, 03.06.2024 “EAF —Electric Arc Furnaces




Step 1: Identification of key measures in a background EDLR
scenario (4/4)

Focus on the raw materials as a part of circular
economy practices

Material circularity Q:Q % « Production of steel through scrap = dominates by

2050

» |dentify the sectors that deploy CCS systems
Carbon removal

measures » Sectors deployed CCS include power generation, fuel

production, steel, cement - 2030

Gandhi Pragada, DLR-VE, 03.06.2024 “EAF —Electric Arc Furnaces
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Step 2: Design of the foreground system (LCI)

* Aim is to use the synergies from the measures of a background scenario
« Focus on selection of technology, components, and materials/energy carrier

« Two exemplary use-cases to demonstrate the foreground system design

considering key measures includes:
— Production of liquid hydrogen

— Production of a fuel cell

Gandhi Pragada, DLR-VE, 03.06.2024




Step 2: Design of the foreground system (LCI) ‘#DLR

Assessment Level Status Quo 2030 2040 2050

Technology considered = Align with background scenario

Components considered = Subsystems of a technology

Materials/Energy carriers considered = Substances from which components are made/ to operate

Gandhi Pragada, DLR-VE, 03.06.2024




Step 2: Design of the foreground system (LCI)

i DLR

(Electrolysis)

Assessment Level Status Quo 2030 2040 2050
Technology considered
Natural gas Natural gas Green Green
Production of liguid hydrogen (SMR) (SMR) hydrogen hydrogen

(Electrolysis)

Components considered

Materials/Energy carriers considered

Use-case: *Production of liquid hydrogen, **Production of a fuel cell

Gandhi Pragada, DLR-VE, 03.06.2024




Step 2: Design of the foreground system (LCI) ‘#DLR

Assessment Level Status Quo 2030 2040 2050
Technology considered
Natural gas Natural gas Green Green
*Production of liquid hydrogen 8 & hydrogen hydrogen
(SMR) (SMR) . :
(Electrolysis) | (Electrolysis)

Components considered

*Carbon capture technology incorporated in

power to liquid - CGS CCS CCS

Materials/Energy carriers considered

Use-case: *Production of liquid hydrogen, **Production of a fuel cell
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Step 2: Design of the foreground system (LCI) ‘#DLR

Assessment Level Status Quo 2030 2040 2050

Technology considered

Natural gas Natural gas Green Green
*Production of liquid hydrogen 8 & hydrogen hydrogen
(SMR) (SMR) . :
(Electrolysis) | (Electrolysis)

Components considered

*Carbon capture technology incorporated in

power to liquid - CGS CCS CCS

Materials/Energy carriers considered

**Fuel cell stack = Bipolar plates Graphite Stainless Steel | Stainless steel | Stainless steel

Use-case: *Production of liquid hydrogen, **Production of a fuel cell
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Step 2: Design of the foreground system (LCI) ‘#DLR

Assessment Level Status Quo 2030 2040 2050

Technology considered

Natural gas Natural gas Green Green
*Production of liquid hydrogen 8 g hydrogen hydrogen
(SMR) (SMR) . :
(Electrolysis) | (Electrolysis)

Components considered

*Carbon capture technology incorporated in

power to liquid ) CGS CCS CCS

Materials/Energy carriers considered

**Fuel cell stack = Bipolar plates Graphite Stainless Steel | Stainless steel | Stainless steel
**Carbon fiber production = Source of heat Natural gas Natural gas Green Green
hydrogen hydrogen

Use-case: *Production of liquid hydrogen, **Production of a fuel cell
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Step 3: Integration of background system data into Premise #
DLR

Scenario Scenario data at Scenario Customized
selection sectoral level generation ecoinvent
REMIND databases
Sectors TNIAGE
Electricity r
L _;}m Scenario 1
Scenario with Fuels Replacement of !
country specific > — > |AM data with | 1
data Transport nari .
scenario data ";\m Scenario 2
Steel v C
"
Source: DLR Internal \_/

* As PREMISE offers scenario data at only the regional level - need for country-specific
scenario

« Scenario data (country-specific) with sectorial level is integrated into PREMISE by using its
External Scenario Framework

* These databases are imported into Brightway or Activity Browser to perform pLCA
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Conclusion ‘#7
DLR

« Harmonization approach stresses the importance and inclusion of background

systems in the design of foreground system

« Decision-makers find it easier to select the prospective technologies, when both

systems are consistent
* It also increases the accuracy of environmental impacts evaluation

« Future work will focus on testing the methodology on a use case

Gandhi Pragada, DLR-VE, 03.06.2024
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THANK YOU
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Premise Framework — External Scenario
DLR

"profile”: “data-package”,
"name™: “ammonia-prospective-scenarios”,
"title": "Ammonia decarbonisation pathways..”, 1\

"description”: "Implementation of.”,
"source”:"Boyce, 1. C. (2822). Ammonia.”,
"wersion®: "@.8.1",
"contributors”:[ ™
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Premise — DLR Scenarios

DLR
Energy System
Modelling REMIND
oL
/ REMix & LENS: \ o
. Technology Breakdown D
External Scenarios? O B )
Electricity and heat generation - ;qment Erom current
Nationally Determined fuel p / to 20XX, NDC
contributions Scenario uel generation Replacement of
sl o --—-»||AM data with DLR}|-- -»>— — === > m
Transport Scenarios
Decarbonized Scenario YN From current to
\_ J Indust "ﬁ“"e"t 20XX, Decarbonized Superstructure
naustry . ] Scenario
Others: Metals, Buildings etc.. &< — —

- /

» Superstructure databases - Imported to activity browser of users to do prospective LCA

» Users could always update scenario data and create a new ecoinvent databases - One individual could control

the versions

» Provides flexibility to all team members to carry-out prospective LCA (using AB) without deep knowledge on

Premise V7 i A BT T - — S




