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Presentation of key results from the different WP5 tasks

Task 5.1: Economic impact in 2030/2050 power grid and power mix—electricity and H2

Lead: EMD (contact: Anders Andersen)
Co-lead: DTU (contact: Matti Koivisto, Sumanth Yamujala)

Task 5.2: Environmental assessment including LCA
Lead: DTU (contact: Alexis Laurent, Hannah Marie Huth, Aude Bechu)

Task 5.3: Stakeholders mapping and value proposition analysis
Lead: CNRS (contact: Céline Verchere)

Task 5.4: Social acceptance and recommendation for integration of SOLARX system
Lead: CNRS (contact: Céline Verchere)
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Task 5.1: Economic impact in 2030/2050 power
grid and power mix: electricity and H2
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» Decarbonisation pathways towards 2050, technologwise dispatch and electricity prices
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» Gives the VRE time series - Open-source energy system

and capacity factors { optimization model
= Uses 40 years of historical | = Bottom-up and
weather data from ERA5 | deterministic approach
and GWA . = Optimizes energy system
= Only one weather yearis ' investments while
used for Balmorel studies at accounting for CAPEX,
this point (computational . OPEX, and energyspeCIfIC
complexity) \‘constralnts

https://corres.windenergy.dtu.dk/
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Represents diverse
outlooks and perspectives

Each scenario describes a
pathway under the
restrictions/assumptions
under study

Hourly schedules,
electricity and H, prices

https://www.balmorel.com/
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Regions in Balmorel Energy System
Model
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Level of Sector Coupling

Scenarios
Electricity and Heat Electricity Heat and Full Sector
(EH) Transport (EHT) Coupling FullSC)
LC-Wind and HC-Wind and : High Storcost
SEEE HC-Solar LC-Solar High NGP (X5)
Base 1 1 1 1
LC-Wind and 0.7 1.3 1 1
HC-Solar
HC-Wind and 1.3 0.7 1 1
LC-Solar
High NGP 1 1 5 1
High Storcost 1 | | 5
(x5)
5



Solar PV
Onshore Wind
Offshore Wind

Run-of-River Hydro
Hydro Reservoirs

Heat Pump Demand (Electric)
EV Demand

ST Storage Discharge [ Power-to-Gas Demand
CHP Back Pressure Fuel Cells Distribution Losses
CHP Extraction I Net Export ST Storage Charging
Condensing Pl Exogenous Demand
Electricity Balance (eEnnuaI Aggregates)

7500 1
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2500 1

Energy (TWh)
o

—2500 1
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= Electricity demand is expected to double between 2030 =

2040
Year

2030 2035

and 2050

= Electrification of heat, transport, and H2 contributes to it =
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2045

2050

Energy (TWh)

I Heat Pumps
CHP Back Pressure
I CHP Extraction

I Boilers

SOLAR

ST Storage Discharge
I LT Storage Discharge
Solar Heating

E Exogenous Demand
ST Storage Charging
LT Storage Charging

Heat Balance (Annual Aggregates)

6000 1

4000 {

2000 {

—2000 1

—4000 1

—6000 1

2030

2040 2045 2050

Year

2035

VRE sources meet at least 60% of electricity needs

starting in 2030

Heat pumps play a significant role in the heat sector




Solar-Price Correlations
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= Under low levels of sector
coupling, Solar shows a
strong negative
correlation to electricity
prices towards 2050

= More pronounced in
southern regions

= As the level of sector coupling
Increases, Solar-Price
correlations improves, but
remains negative

= Due to sectoral alignment —
EV charging and H2
production
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» VRE, due to their lower operating costs, cause the Merdrder effect and selfcannibalisation

= Market value

- average price that a generator is capturing (Euro/MWh)

» Value Factor — Ratio of Market value to average wholesale prices (capture rate)
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Market value (text) and Value factor (colour) of solar in the Fully Sector-coupled Scenario
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By 2030, solar technologies,
especially n Southern
Europe, can only capture
as low as 20% of average
electricity prices

With stronger sector
coupling, the VF increases to
at least 50%, with greater
improvements in the South
MV  decreases towards
2050, especially due to
declining average wholesale
electricity prices



Parameters Usecase 2: Electricity and H2 Usecase 1: only Electricity
(Units) Market Market
Denmark | Germany ‘ Spain Denmark | Germany ‘ Spain
Performance Metrics — Finangial and Technical
NPV/CAPEX 0.53 0.19 m -0.52 -0.57 0.05
NPV [ME€] 32.75 12.22 \{ 162 y -43.45 5237 | 5.71

N

SOLAR

* The economic viability of SOLARX is the strongest when it can generate hydrogen, switching
optimally between producing electricity and hydrogen

* Spain showed the strongest business case for SOLARX, offering higher NPV/CAPEX, revenues,
electricity and hydrogen production

SOLARX Deliverable D6.9

© SolarX
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- identify environmental benefits and potential environmental trade-offs of scaled systems compared to existing technologies.

1 Collection of life cycle inventory (LCI) data (e.g. materials requirements, energy requirements, waste amounts, efficiencies, lifetimes, etc.)

from the other WPs - development of prospective LCI datasets

2 Prospective LCI modelling & LCA applied to technologies in the project (incl. different alternatives, if relevant, e.g., different materials) =

LCA for optimized SolarX systems defined by Task 4.2

3 Market implemented assessment of Solar-X & comparison with functionally-equivalent systems to identify potential benefits

compared to existing alternatives

© SolarX



Collection of life cycle
inventory (LCI) data
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ACC, F-ISE

UdL, CNRS

CNRS, HYG,
ACC

ACC

U soLar

CCUSor | cNRS, HYG,

Heliostat & biogas ACC
solar tower supply
CPV | Plant | Plant Plant end of | pTU, EMD,
receiver "| construction | operation life HYG
F Y
DTU, EMD,
HYG, UDL,
H2 receiver F-ISE
Y
Electricity,
CST H2, and
receiver heat
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Climate change impacts of the system increase with the
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implementation of SOLARX with hydrogen

1 - 1 1 - - The impact comes mainly from the the Steam Methane

Reforming (SMR) reaction (related to hydrogen production)

Climate change, long term
(kg CO2eq.)
o
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' - - - SolarX without hydrogen slightly decreases the system's
] ] ] climate change impact
7 7 - Fossil fuel (as an example of another midpoint impact category)
is positively influenced by SOLARX
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Other categories were analyzed. For example, water scarcity is

|
Iy
o

H2ElecDK ElecDK ’ H2ElecES Fleces _ H2FlecDE FlecDE |ncreased th rough SOLARX -> trade Off

B H2/Elec (Denmark) B H2/Elec (Spain) B H2/Elec (Germany)
Elec (Denmark) Elec (Spain) Elec (Germany)

- For these impact categories, the impact or benefit comes from

the use phase mainly
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A 350 *
£ - System with hydrogen production is not advisable from a life
S +*
§ 0 ¢ cycle perspective (= does not bring benefits)
""" | ’ | e i - The use phase is a critical hotspot due to the solar receiver:
H2ElecDenmark ElecDenmark H2ElecSpain ElecSpain H2ElecGermany ElecGermany
B Climate change, human health, short term Human toxicity cancer, short term Human toxicity non-cancer, short term . . .
Wateravailabgility, human health Particulate maiterfurmatiun = Other ! red uce the |mpaCtS Of Water and blogas use Could Improve the
| | performance
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Ecosystem quality, PDE.m2.year
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flexibility, it simultaneously introduces higher environmental

HZEIecﬁenmark EIecDénmark HZEIeéSpain Elec!;pain HZEIecc;ermany EIecGérmany impacts. ThiS duality highlig htS the need for fU rther eXpIorationS
M Land transformation, biediversity B Land occupation, biodiversity B Terrestrial acidification
mmm Climate change, ecosystem quality, short term Marine acidification, short term Other of reliable and SUStainable future energy Systems (identifying

situations or contexts, where this may not be the case).
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Project No. 101084158

WP 5 — Economic, environmental and social assessment

Version 1

Authors

Verchére Céline, Abelard Mc Grevy

Lead participant

CNRS

Delivery date

31 October 2024

Dissemination level

SEN = Sensitive

Type

R = Document, report
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Done — M24 (september24)

v Based on a literature review about the following concepts:
Sustainable infrastructure, Eco-design and Benefit management
realization.

v’ Based on a fieldwork done in April24, in Julich, Germany ; in
Arnhem, Netherlands ; in Valencia, Spain ; in Nicosia, Cyprus
and videoconferences (from May to July 24).



GLOBAL ENVIRONMENT = Collaboration

Collaboration
between
countries

v

Geo-political
constraints
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Governmenta Private

i A and Public
Politics
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Solar Exchange Building
) Hydrogen Exchange 4 ) Heating Systems
o Carbon Exchange Sector Manufacturers

Investment funds
Institutional Investors

and Gas Industry Industrial
| Rv"ﬁ . Sector
Ty Technological
advances

—

™
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. . Heating Systems Electricity
; (Refineries, National or | _ _ i Technology
International Oil N Providers

Companies) )
FY Instaliers

Systems
Y, Operators and ),../ ‘
\ et — International
| utilities

( and third party | \ - B2B AND
es |/ \ - b
Cultural S_sevees - e Sllrmnal Supply
differences and hain
Values

Note. Read from the center to the exterior circles. SOLARX is at the center and may rise if driven by
the first circle of stakeholders. The second circle is important to the project for applied research and
to go quicker to market. This connectivity is essential to go further. This is the heart of the project.
Color and thickness- The more important inner connection lines are those in red and green. The
thickness of lines indicates the importance of the links. In red, mostly funding and political. In
green, mostly societal issues. For the outer connection fleches: Blue trends, mostly for constraints.
Yellow trends, for partnership.
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The Stakeholders’ Network Map serves
as a strategic tool for:

Identifying key stakeholders relevant
to a project
- Understanding the dynamics of
interactions within the network.
- Visualizing opportunities for
collaboration and engagement
- Assessing potential risks and barriers
based on stakeholder relationships

This map ultimately helps organizations
navigate complex stakeholder
landscapes, facilitating better decision-
making and enhancing project
outcomes.

15
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Literature review Done

Fiedwork about the legal, ethical, social and environmental impacts
of developing SOLARX project (from solar power/ concentrated solar power Done
to synergic production of heat, electricity and hydrogen from solar energy)

Fiedwork analysis Done

Determine relevant criteria for identifying SOLARx impacts and challenges crossing the Done

littérature review and the fieldwork feedback: different scenarios emerging

Deepening development of criteria concerning different scenarios - Analysis and

_ Done

recommendations

Final report End of Sept.25
Due to M36

© SolarX
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Scenario 1: 100% Industrial (B2B) Solar Power Tower System (3-Receiver CSP Technology)

In that scenario, a Concentrated Solar Power (CSP) tower system with three receivers sends all of its energy—
thermal energy, electricity, and hydrogen—directly to local industrial sites. This arrangement only works for
Business-to-Business (B2B) delivery; it doesn't work with networks for homes or public utilities.

Scenario 2: Scenario 2 depicts a fairly ambitious strategy for a dual-market CSP implementation that tries to balance
localized energy distribution to enterprises with planned integration into public infrastructure. In this situation,
thermal energy and electricity always go directly to nearby factories. Hydrogen, on the other hand, is transported to
third-party recipients through a network.

Scenario 3: Scenario 3 is a cornerstone of net-zero solutions, combining private-sector reliability and public-sector
accessibility.

© SolarX 17



CONCENTRATED SOLAR POWER-SOLAR POWER TOWER: A 3-RECEIVERS TOWER

Lifecycle “(From Cradle to Grave)” Extraction and Transportation Stage, Manufacturing and Construction Stage, Use stage, End of life Stage, Disposal and Re-use Stage
Assessment
Potential Targets and Issues Potential OUTCOMES | Infrastructure Potential Social Impacts Potential Environmental Impacts Policies and Regulation Potential Benefits
Business Case Resilience and ethics issues Constraints and Dis-benefits
option
Market Output Greenhouse gases Operability Local Nonlocal Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Region or country
e reduction
Exploitation Resource
Overall aspects Urban Rural Flood, RSE and Assessment Land Use, Green Water Use Wildlife Physical International-regional Net-zero industry,
Hurricane, Social of real RSE | spaces and Wetlands policies, public policies, | region, or country
Storm, acceptanc | application (5 to 10 acres per norms and local
Snowstorm, etc. e to Su',)ply MWocap required for regulations, etc.
chain
CSP)
Thermal Heating Heating Local Raw (scarcity Loss of Water waste Water waste Loss of Fire, Fire,
and Cooling | and Cooling | ial wetlands, for cooling for cooling endangered explosion due | explosion due
. abour, materials of
energy: Industrial Farms ! origins: ) loss of and cleaning and cleaning species, to chemical to chemical
(Technological facilities facilities Culture, Child labor Irequired green wildlife materials materials
issues due to (single or (single or expropriati logi I’ amount spaces, habitat storage storage
the network) network)- on, etc. eco oglca' of land) erosion threat,
Thermal Energy small towns norms, fair management Negative Negative
Storage Type) salary, of new Visual impact | Visual impact
forced species Tower height
expropriatio habitat at or and
n, human around Chemical
And rights etc. facilities, Storage
limitations
100% Electricity:
INDUSTRIAL (Technological
issues due to
(B2B) the
SCENARIO 1 directly to | Thermal Energy
Industrial Storage Type)
nearby
Companies
And
Hydrogen:
(Technological
issues due to
the
Thermal Energy
Storage Type)
Noise
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MV: With Tracking ~ I MV: Fixed Tilt VF: With Tracking VF: Fixed Tilt
» Ex-post analysis of MV and VF forTracking
DK2 DE4-S ES . )
o o 30 071 072 and Fixed tilt
20 . . . .
201 os7 | 0.6 063 » The difference in MV is most pronounced in
5151 [ oat > ’ et 3| 4 1... the near term (2030), PMracking delivers an
s 8> 5 OU> 5 28> .
104 0 10 average gain of +2.6 §,,/MWh.
r0.51 -0.55 r0.44
5 d » The largest benefit is observed in Spain with
r0.48 r0.49 r0.35 . . .
02030 2040 2050 072030 2000 2050 02030 2000 2050 +3.63 €2016/MWha 19% hlghel’ than fixed tilt.
Year Year Year . . . .
UK T R = By 2050, tracking will still provide +1.35
N I o 074 N 1069 €,01dMWh higher MV on average.
20 |/ 0.65 20- r0.65 0.64
215, 0635 2151 0565 2 os8s  w Slight deviation from the standard solar generation
101 st 0.47 053 profile can result in higher revenue and help the
| 51 . .
d > system manage morning and evening ramps.
0 F0.59 0 10.38 0. £0.47 . . .
2030 200 2050 2030 2040 2050 2030 2040 2050 = strong first-mover benefit for tracking

systems/advanced solar technologies, particularly
in solar-rich regions such as Spain.
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