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compasslexecon.com Confidentiel

Mandate and points of attention

Mandate

▪ Compass Lexecon has been mandated by EDF to analyse the opportunities related to the development of a series of 

NUWARD SMRs in France, as well as to identify associated economic, social and environmental issues in the 

context of the energy transition.

Points of attention

▪ This report describes and assesses the opportunities associated with the use of the energy carriers produced by 

NUWARD SMR (electricity and heat), with a particular focus on the uses of hybrid heat production.

▪ This report does not explore the technical-economic aspects of deploying a series of NUWARD SMRs in France, as 

the current stage of development of the project does not allow for sufficient detailed information to carry out this 

assessment. This report should be completed by a technical-economic study (particularly relating to the comparative costs 

and benefits of decarbonisation solutions) once the project has reached a sufficient degree of development.

▪ The analyses presented in this report are the sole responsibility of the authors and do not necessarily represent those of 

Compass Lexecon, its management, subsidiaries, affiliates, employees or customers (see disclaimer on slide 38).



Objectives and structure of the report
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A fact-based study to inform discussions on the development of NUWARD SMR in the context of the energy transition

Analysis of opportunities related to the development 

of a series of NUWARD SMRs in France

Identification of the socio-economic and 

environmental challenges of NUWARD SMRs in 

France

Conditions for success for the development of a 

series of NUWARD SMRs in France

1

2

3

▪ Achieving carbon neutrality requires the development of 

technologies that can meet evolving energy needs for 

decades to come. 

▪ In particular, many end users and industries are 

interested in low-carbon solutions that provide 

sufficient energy for their applications.

▪ This report focuses on the potential contribution of the 

new nuclear small modular reactor technology, 

NUWARD SMR. 

▪ The report is structured in three parts.

Objectives and structure of the report



Introduction
Background and presentation of NUWARD SMR
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▪ In the wake of the Paris Agreement in 2015,[1] France and the EU are 

aiming for Net Zero emissions by 2050 and have been developing a 

policy and regulatory framework to foster the energy transition.

▪ France's decarbonisation strategy is due to be updated in 2023[3] 

and will have to take account in particular the challenges associated with 

energy independence, as well as enhancing competitiveness and 

economic / industrial sovereignty, the necessity of which was 

highlighted by the Covid crisis and the war in Ukraine.

▪ To achieve Net Zero by 2050, we will not only need to electrify energy 

usages, but also develop other low-carbon energy vectors such as 

heat and hydrogen.

▪ Different technologies for concurrently producing low-carbon 

electricity, heat and hydrogen will be needed.

Sources: [1] Paris Agreements; European Parliament [2] SNBC, [3] MTE  

Emissions trajectories for the SNBC 2020 reference scenario,

in MtCO2eq[2][3]

Context - A pivotal year for the French decarbonisation strategy
France’s national low-carbon strategy (SNBC) will be updated in 2024

-100

0

100

200

300

400

500

600

G
re

e
n

h
o

u
s
e

 g
a

s
 e

m
is

s
io

n
s
 a

n
d

 s
in

k
s
 

[M
tC

O
2
e

q
]

Transport

Residential and
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Agriculture and forestry

https://unfccc.int/sites/default/files/french_paris_agreement.pdf
https://www.europarl.europa.eu/news/en/headlines/society/20190926STO62270/what-is-carbon-neutrality-and-how-can-it-be-achieved-by-2050?&at_campaign=20234-Green&at_medium=Google_Ads&at_platform=Search&at_creation=RSA&at_goal=TR_G&at_audience=carbon%20neutral%202050&at_topic=Carbon_Neutral&at_location=FR&gclid=Cj0KCQjw4NujBhC5ARIsAF4Iv6c_YTuiLa_jpwlQq8qolxu7QRSISX9rESLBrIRtBzwg14sRuK08nFsaAoxyEALw_wcB
https://www.ecologie.gouv.fr/strategie-nationale-bas-carbone-snbc
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Sources: Compass Lexecon analysis based on [1] SNBC

Background - The challenges of decarbonising energy sources in France
Issues related to the development of different technologies for producing electricity, low-carbon heat and other low-

carbon energy carriers such as hydrogen

Electricity generation
Heat production for 

industry

Heat and cooling 

production for buildings
Hydrogen production

The electrification of uses will require a 

substantial increase in the production 

of low-carbon electricity, in a complex 

environment due to: 

▪ The challenge of nuclear power 

plants’ life extension and 

refurbishing,

▪ Challenges linked to the expected 

increase in the rate of deployment 

of low-carbon energies and energy 

efficiency,

• Growing needs for flexibility.

For heat-consuming industries, the 

decarbonization of each process 

requires a case-by-case approach.

▪ As such, the electrification of 

processes needs to be considered 

on an industry-specific basis.

▪ Some industrial applications are 

not suited to total electrification but 

will be able to rely on decarbonised 

heat.

Decarbonising the heating of residential 

and tertiary buildings will rely on:

▪ Electrification, and the efficiency 

gains made possible by heat pumps,

▪ The development of district heating 

and cooling,

▪ Fostering high-performance thermal 

renovation.

The need to produce carbon-free 

hydrogen will increase in the medium 

term, particularly for:

▪ Decarbonising industrial processes,

▪ The production of e-fuels in 

particular for aviation and maritime 

transport,

▪ Providing flexibility and storage for 

electric systems.

A range of complementary low-carbon solutions will be necessary.

H2

The decarbonisation of the economy must take place while considering the specific needs of regions and under both ecological and socio-economic constraints

Biodiversity and 

ecosystems
Soil artificialization

Preservation 

water resources

Industrial competitiveness 

and reindustrialisation

Preservation/ creation of 

jobs
Strategic independence

https://www.ecologie.gouv.fr/strategie-nationale-bas-carbone-snbc


8[1] Based on EDF's assumption of 90% availability, annual production of 0.8 TWh of heat and 2.4 TWh of electricity in 100% hybrid operation or 2.7 TWh of 

electricity in 100% electrical operation. 

[2] Hybrid operation with a single unit is also possible, producing 50 MW of heat and providing close to 100% availability.

Sources: EDF data

Two independent 170 MWe units 

Generation III+ pressurized water reactor

Operational life of 60 years

Designed to recover up to 10% of the thermal energy 

produced in the form of heat[1]

Background - A new technological solution: NUWARD SMR
EDF is developing a model for a small modular reactor (SMR), which could complement other sources of low-carbon 

energy production from 2035 onwards

Decarbonized energy Modular construction
Hybridization option

electricity and heat

Controllable

and flexible unit
Limited land usage

Reactor design with

passive safety

310 MWe

340 MWe

Production of heat and electricity adjustable to client’s needs[2]

Main features of NUWARD SMR
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SOILS

WATER

CARBON-FREE 

HEAT

CARBON-FREE 

ELECTRICITY

CONTROLLABLE 

PRODUCTION

NUWARD SMR will be able to supply decarbonized heat in addition to electricity 

(hybridization), at around a quarter of the cost of electricity according to EDF.

Controllable and flexible electricity generation

NUWARD SMR will produce low-carbon electricityAccording to EDF, NUWARD SMR will target a 

high energy density 

A design that promotes resilience to 

water constraints

▪ Achieving carbon neutrality by 2050 requires the penetration of 

decarbonized energies such as nuclear and renewable energies.

▪ With load ramp-up and ramp-down capabilities, comparable to those 

of the EPR2,[1] the flexibility of NUWARD SMRs could also 

contribute to the integration of intermittent renewable energies.

Environmental 

impact

Product 

characteristics

According to EDF, NUWARD SMR 

will have a carbon intensity 

comparable to that of the nuclear 

industry as a whole, between 4-6 

gCO2eq per kWhe produced.[1][2]

According to EDF, the simplified design 

and modularization should help speed 

up construction work and contribute to 

controlling costs and emissions over the 

life cycle of NUWARD SMR.[1]

▪ The area taken to energy produced ratio 

of NUWARD SMR will be the same order 

of magnitude as that of a large-scale 

nuclear power plant. [1]

▪ This is likely to encourage development 

on former thermal sites or near energy-

intensive industrial sites, contributing to 

limited use of land. 

Possibility of open-circuit cooling, adapted to siting 

NUWARD SMR by the sea or in rivers with suitable 

flow rates[1]

▪ According to EDF, NUWARD SMR's 

water consumption, in relation to the 

energy produced, will be comparable to 

that of a large-scale nuclear plant.

▪ Because of its size, NUWARD SMR will 

require water consumption of around 

0.2 m3/s,[1] which could allow for flexibility 

in the selection of site location and 

resilience during dry periods.

▪ Industrial applications

▪ Heating

▪ Production of H2

▪ Desalination

▪ Temperature: between 150-250°C

▪ Heating capacity: up to 100 MWth

PROPERTIES OF HYBRID 

HEAT[1]

POSSIBLE USES 

FOR HEAT

The water in the cooling 

circuit, with a flow rate of 

around 0.3 m3/s, contains 

residual heat that could be 

recovered for low-

temperature heating 

purposes.[1]

One-page infographic - Presentation of NUWARD SMR

RE: renewable energies

Sources: [1] EDF data [2] ADEME

The efficiency of these last two uses could 

be improved by hybridization.

CO2

https://www.rte-france.com/analyses-tendances-et-prospectives/bilan-previsionnel-2050-futurs-energetiques#Lesdocuments


Market and opportunity analysis

10

2 
A series of NUWARD SMRs in France could contribute to the energy transition 

by producing low-carbon electricity and heat



11

Hydrogen production

Heat

Opportunity 2

Opportunity 1

Opportunity 3

For each energy carrier, we describe the context and outlook, and explore the challenges 

associated with each of the key opportunities for each energy carrier produced by NUWARD 

SMR.

Given the particular interest in the coupled use of electricity and heat for hydrogen and 

desalination, we explore these opportunities individually.

To illustrate certain opportunities in concrete terms, we present examples of potential 

applications for NUWARD SMR.

Methodological approach

Context and perspectives

1

2

3

Energy vectors Opportunity analysis 

Potential application of                         A

Desalination

Examples of potential applications

Introduction: Methodology
We explore the challenges related to opportunities for heat and electricity (including coupled opportunities) and illustrate 

the most promising uses through examples of potential NUWARD SMR applications

Electricity

Issues & externalities Conditions for successOpportunity analysis

H2



Electricity - Challenges of decarbonising the electricity system

12
Sources: [1] Paris Agreements, [2] RTE, Energy Futures 2050

Increasing electricity consumption to decarbonize energy uses 

requires the deployment of new low-carbon production capacity

▪ France has set a target of Net Zero emissions by 2050.[1] Achieving this goal 

will require not only efforts in terms of energy efficiency and sobriety, but also 

the electrification of uses and processes.

▪ The increase in electricity consumption will require a swift development in 

low-carbon electricity production capacity. However, uncertainties remain 

as to the achievable pace of deployment.[2]

▪ In this context, a wide range of solutions are needed: SMRs can 

complement renewable energies and large-scale nuclear power, helping to 

diversify sources of low-carbon energy and securing energy supplies.

▪ This section focuses on some of the key issues associated with the 

decarbonisation of the electricity system, presented on the right.

France is meant to increase further its electricity demand and step up its decarbonisation efforts during the next decades. 

This requires the development of new low-carbon electricity production capacity, of which a part should be controllable

Key issues for electricity system decarbonisation 

Development of clean electricity production capacity 

and integration of variable renewable energies

Congestion and network constraints

Land use and project acceptability

Resilience to water stress in a context of climate change

1

2

3

4

Issues & externalities Conditions for successOpportunity analysis

https://unfccc.int/sites/default/files/french_paris_agreement.pdf
https://www.rte-france.com/analyses-tendances-et-prospectives/bilan-previsionnel-2050-futurs-energetiques#Lesdonnees
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Contribution to managing network constraints

▪ RTE's Energy Futures 2050 scenarios[2] show that structural constraints on the 

transmission network are likely to emerge by 2050. 

▪ The size of NUWARD SMR will open up a broad range of possible locations.

▪ Siting NUWARD SMR in appropriate locations, coupled with the plant operational flexibility, 

could help to alleviate network constraints.

Complementarity with variable renewable sources of electricity

▪ The load ramp-up and ramp-down capacities (5% of rated power/min)[1] targeted by 

EDF for NUWARD SMR will be comparable to those of large and medium-scale reactors.

▪ As a result, NUWARD SMR will be compatible and complement the strong deployment 

of renewable energies on the grid, which will be necessary to achieve carbon neutrality.

▪ NUWARD SMR would complement the EPR2 and other controllable sources by 

diversifying the range of controllable low carbon technologies available.

2035 (all scenarios)

Estimation of structural constraints on the 

transmission network in 2035 and 2050[2]

RE + nuclear scenario

(N02)

2050
2

1

Electricity - The challenge of controllability to support renewable energies
NUWARD SMR could complement other sources of low carbon electricity and help with the management of network 

constraints

Sources: [1] EDF data [2] RTE

Annual overload frequency: Moderate Average Strong

Issues & externalities Conditions for successOpportunity analysis

https://www.rte-france.com/analyses-tendances-et-prospectives/bilan-previsionnel-2050-futurs-energetiques#Lesdonnees


Possibility of reusing industrial sites, contributing to a limited use of land

▪ The reuse of former sites would contribute to the limited use of land and facilitate 

access to the necessary resources (water, transport infrastructure, network 

connections).

▪ It could also facilitate the acceptability of projects locally.

14

Resilience to water stress in a context of climate change

▪ According to EDF, the NUWARD SMR plants will require limited net water 

consumption requirements (through evaporation) of around 0.2 m3/s, 

withdrawing around 0.5 m3/s and returning 0.3 m3/s to the watercourse.[1]

▪ NUWARD SMR will thus benefit from a degree of flexibility in terms of location 

to adapt to water resource constraints.

▪ Its features could contribute to the resiliency of water resources in a context of 

climate change.

3

4

Estimating variations in river flows

by 2046-2065[2]

Sources: [1] EDF data, [2] Veolia and Explore 2070 project

Electricity - Issues of grid integration and land use
According to EDF, NUWARD SMR will require limited water consumption and could be installed on existing industrial 

sites

Variation in mean flow between 1961-1990 and 2046-2065

+10% 0% -10% -20% -30% -40% -50%

Issues & externalities Conditions for successOpportunity analysis

https://www.veolia.fr/gestion-leau-dechets-lenergie-solutions-veolia-territoires/niveau-fleuves-nappes-demain-france-sec
https://professionnels.ofb.fr/fr/node/44


686 TWh

358 TWh

448 TWh

Résidentiel et
tertiaire

Industrie et
agriculture

Transport
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45% of final energy is consumed as heat in France 

▪ In 2020, final energy consumption in France is of 1 492 TWh, of which 45% 

of heat, i.e., 669 TWh, considering all sectors (residential, tertiary, industrial 

and agricultural).

▪ Heating for residential and tertiary buildings account for 478 TWh in 2020.[1]

349 TWh

129 TWh

191 TWh

Résidentiel

Tertiaire

Industrie et
agriculture

Heat

669 TWh

Share of uses in final energy consumption in France in 2020, in TWh[1]

Breakdown of heat 

sources in France in 

2020, in TWh[1]

Renewable 
heat

140 TWh

Gas
268 TWh

Fuel
107 TWh

Coal
33 TWh

Electricity
120 TWh

669 TWh

60% of the heat consumed in France is produced from fossil fuels

Heat - Challenges of decarbonisation
In 2020, almost 45% of the final energy consumed in France went to heating, of which almost 60% is still to be 

decarbonized

Sources: [1] Compass Lexecon analysis based on Carbone4. Renewable heat includes solar, geothermal, heat pumps, biomass (including household wood consumption), UVE 

(Unité de Valorisation Énergétique, unit for measuring the energy produced by waste incineration), biogas and biofuels excluding transport.

Issues & externalities Conditions for successOpportunity analysis

Residential and 

tertiary

Industry and 

agriculture

Transport

Residential

Tertiary

Industry and 

agriculture

https://www.carbone4.com/files/Publication_Carbone_4_Chaleur_renouvelable.pdf


16[1] CL estimate based on the SNBC reference scenario and assuming a constant need for industrial heat compared with 2020 (economic growth offset by gains in energy efficiency).

[2] Volume of industrial heat from [3], carbon content calculated from [4], [5] and carbon content of electricity in France from [6].

Sources: [3] Carbone4 [4] Bilan énergétique 2020, MTE , [5] INSEE [6] Bilan électrique 2020, RTE [7] Stratégie Nationale Bas Carbone (SNBC) 

Decarbonized
29 TWh

Carbon-
intensive
162 TWh

In 2020, industrial processes mainly used carbon-intensive heat

▪ In 2020, only 15% of the 191 TWh of heat consumed by industry 

was decarbonized.

▪ By 2030, up to 45% of industrial heat could be decarbonized.[1]

Final heat production in French industries in 2020 by type of source, in 

TWh[2]

Industrial heat 

191 TWh 

Energy consumption and GHG emissions in industry in 2015, 2030 and 

2050, in TWh and MtCO2eq per year[7]
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Heat

Electricity

Thermal renewable energy and
waste

Gas

Refined petroleum products

Coal

By 2050, while the SNBC is focusing on electrification, 

decarbonised heat can complement these efforts for specific 

industrial applications, with gains in energy efficiency

▪ Electrification is at the heart of the current decarbonization 

strategy. The SNBC favors decarbonization through electrification, 

with a limited role for decarbonized heat.

▪ However, decarbonized heat could make a significant contribution to 

the energy transition.

Industrial heat - Decarbonized heat can complement electrification 
To date, around 85% of industrial heating needs are covered by carbon-intensive sources. Going forward, decarbonised 

heat could complement electrification efforts

Issues & externalities Conditions for successOpportunity analysis

https://www.carbone4.com/files/Publication_Carbone_4_Chaleur_renouvelable.pdf
https://www.statistiques.developpement-durable.gouv.fr/edition-numerique/bilan-energetique-2020/liseuse/
https://www.insee.fr/fr/statistiques/6326573?sommaire=6326575
https://bilan-electrique-2020.rte-france.com/wp-content/uploads/2021/03/PDF_BE2020-1.pdf
https://www.ecologie.gouv.fr/strategie-nationale-bas-carbone-snbc
https://www.ecologie.gouv.fr/strategie-nationale-bas-carbone-snbc
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Sources: [1] Source EDF [2] Insee [3] COPACEL [4] ECEEE [5] CEFIC [6] OECD/FAO 

Screening criteria Heat consumption Temperature requirements 
Continuity of needs

of industrial heat

▪ Chemical and petrochemical: <250°C, 

used for chemical processes[4]

▪ Paper: <250°C, used for drying, 

bleaching, de-inking, etc.[4]

▪ Food industry: <250°C, used for 

dissolving, pasteurizing, cooking, etc.[4]

▪ Chemicals and petrochemicals: 

outlook for moderate growth 

(+1.6%/year between 2019 and 2030)[5]

▪ Paper: moderate growth outlook (+ 

1.8%/year between 2021-2030)[3]

▪ Sugar: stable outlook (+0.3%/year 

between 2020-2030)[6]

▪ Chemicals and petrochemicals: 1st

steam and natural gas demand in 2020 

(12 - 34 TWh)[2]

▪ Agri-food: 2nd natural gas demand in 

2020 (around 26 TWh)[2]

▪ Glass: 3rd natural gas demand in 2020

(17 TWh)[2]

▪ Paper: 2nd steam demand in 2020 (11-

17 TWh heat)[2][3]

▪ Metallurgy: 4th steam demand in 2020 

(12 TWh)[2]

Heat production of

a NUWARD SMR

0.8 TWhth per year

Features of 

NUWARD SMR[1]

Temperature of heat produced by

NUWARD SMR

150-250ºC

Operational life of NUWARD SMR series

2035-2105

Industrial heat - Sectors whose needs are compatible with the SMR (1/2) 

The chemical, paper and food industries offer opportunities for the heat produced by the hybridisation of NUWARD SMR, 

given the quantities of heat consumed, the temperatures required and the long-term heat needs in these sectors

Issues & externalities Conditions for successOpportunity analysis

https://www.insee.fr/fr/statistiques/6326573?sommaire=6326575&q=Les+consommations+d%27%C3%A9nergie+dans+l%27industrie+en+2021#consulter
https://www.copacel.fr/wp-content/uploads/2022/03/20220216_copacel_feuille_de_route_de_decarbonation_filiere_papier_carton-1.pdf
https://www.eceee.org/library/conference_proceedings/eceee_Industrial_Summer_Study/2012/4-undertaking-high-impact-actions-the-role-of-technology-and-systems-optimisation/industrial-heat-pumps-in-germany-potentials-technological-development-and-market-barriers/
https://www.francechimie.fr/media/f03/factsfigures2021-leaflet-v04.pdf
https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-agricultural-outlook-2021-2030_19428846-en
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Ethylene (petrochemical industry)

▪ Average heat consumption of a large site: 2 - 4 TWh/year[1]

▪ Process: steam cracking

▪ Demand is expected to remain stable up to 2030.[2]

▪ The challenge is to contribute to decarbonization, by developing 

petrochemical processes that can reduce carbon emissions and pollution.

Paper and cardboard

▪ Average heat consumption of a large site: 0.3 - 0.6 TWh/year

▪ Processes: washing, drying, bleaching, de-inking, causticizing, evaporation

▪ Estimated stable heat demand by 2030 (around 26 TWh/year).[3]

▪ The challenge is to supplement, or even replace, biomass in order to direct its 

development towards non-substitutable uses (e.g. production of synthetic fuels).

Sugar (agri-food)

▪ Average heat consumption of a large site: 0.9 TWh/year[4]

▪ Process: transformation by dissolution

▪ Heat demand estimated to be stable between now and 2030 at around 7 

TWh/year.[2]

▪ The challenge is to improve the efficiency of processes and manage energy 

requirements focused on the autumn-winter season.

Industrial parks

▪ Average heat consumption of a large park: 0.8 TWh/year

▪ Process: any geographically concentrated basic heat requirement of 

sufficient volume, requiring a temperature <250°C

▪ Creation of "competitiveness clusters" to encourage innovation and 

synergies in key sectors.

Sources: [1] Compass Lexecon analysis based on L'Elementarium and MTE [2] RTE [3] COPACEL [4] Compass Lexecon analysis based on Cristal Union, SNFS, Bodija, Y. et. al.

Heat production from a NUWARD SMR     

0.8 TWh/year

Industrial heat - Sectors with needs compatible with SMR (2/2)

Three key industries have individual sites with heat requirements that are compatible with the annual output of a 

NUWARD SMR, with industrial clusters also offering complementary opportunities to be explored

Issues & externalities Conditions for successOpportunity analysis

https://lelementarium.fr/focus/vapocraquage-des-hydrocarbures/
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2022-06/datalab_essentiel_279_activite_petrochimie_2021_juin2022.pdf
https://www.concerte.fr/system/files/u12200/2021-03-19-GT2%20Consommation-Trajectoire%20industrie-min.pdf
https://www.copacel.fr/wp-content/uploads/2022/03/20220216_copacel_feuille_de_route_de_decarbonation_filiere_papier_carton-1.pdf
https://www.cristal-union.fr/sites-de-production/site-de-bazancourt-2/
https://www.snfs.fr/site/index.php?option=com_content&view=article&id=79:la-consommation-d-energie-primaire-des-sucreries-en-campagne&catid=19&Itemid=145
https://www.researchgate.net/publication/354355395_On_the_Efficient_Utilization_of_Energy_in_a_Sugar_Refinery


19[1] The steam cracker requires other high-temperature heat sources which are not shown in the diagram.

[2] Methodology: sizing of the steam cracker according to [4] so that it can absorb at all times all the heat production capacity in the temperature range accessible to NUWARD SMR (assumption of 

base production profile), then calculation of the replacement of an equivalent quantity of energy produced with gas using the carbon intensities of [3].

Sources: [3] ADEME [4] Properties of hydrocarbons

Levels Comments

Annual 

consumption
3 TWhth/year

Corresponding to a production of 

approximately 400-500 ktonnes per year of 

ethylene

Current carbon 

content
100% gas

Methane emanating from the naphtha used 

to sustain combustion

CO2 emissions 

avoided with a 

NUWARD SMR[2]

188 ktCO2/year
Carbon intensity of 240 gCO2/kWhth

[3] for 

gas compared to 1-2 gCO2/kWhth for heat 

produced by NUWARD SMR

Heat

Dimensions of the steam cracker pyroliser and calculation of avoided emissions[2]Simplified diagram of the hybridisation of a NUWARD SMR to 

feed the pyrolysis of an ethylene steam cracker[1]

150 ºC - 250°C

6 bar

Heat 

exchanger

Ethylene
up to

150 ºC - 250 °C

Industrial heat - Example of potential application for
Using the heat generated by a NUWARD SMR plant to preheat a steam cracker used to produce ethylene would avoid 

the emission of around 190 ktCO2/year

Industry opportunities for NUWARD SMR 

- NUWARD SMR could supply base load heat to a large site or 

industrial park.

- It would be particularly suitable in a context of decarbonization 

of industries, for certain energy-intensive thermal uses.

Points of attention for hybridisation with industrial applications

- If the load needs to be reduced (e.g. to balance electricity supply and demand), the 

heat supplied by the SMR could be supplemented by thermoelectric means.

- NUWARD SMR could supply heat up to 250ºC and use decarbonized electricity to 

supplement thermal requirements up to cracking temperature, by means of 

resistors (or heat pumps in the future).

Pyrolizer

100 °C
1

2

3

1 000 °C

Mixing

Preheating

Cracking

Naphtha

Issues & externalities Conditions for successOpportunity analysis

https://base-empreinte.ademe.fr/
https://www.govinfo.gov/content/pkg/GOVPUB-C13-da7a968e895631e1fad8cf9c2aef73e1/pdf/GOVPUB-C13-da7a968e895631e1fad8cf9c2aef73e1.pdf
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19

36

35

36

▪ 10% penetration of district heating

▪ -1.15%/year heating requirement 2020-28

→ Between 31 and 36 TWh/year of 

decarbonized heat delivered

20

In 2020, urban networks will supply 6% of 

residential and tertiary heating in France, or 

30 TWh.[1]

In urban networks, 38% of the total remain to 

be decarbonized (11 TWh).

Energy mix of French heating networks in 

2020, in TWh[1]

* ERU: Energy Recovery Units, considered here as decarbonized. ** Methodology: Compass Lexecon assumption of a 1%/year decrease in heating demand, based on the trend [2] and an increase in the penetration of district heating to 20% of 

residential and tertiary demand by 2050. This CL assumption corresponds to a conservative increase in the penetration rate of district heating (from around 13% in 2028 according to the figures in the PPE to 20% in 2050). The total need for heat 

delivered to the networks is established at 71TWh in 2050, which is the average value between the 'Regulatory' and 'Alternative' ADEME scenarios, which forecast an acceleration in the deployment of district heating (see ADEME, Figure 15).

Source: [1] FEDENE, [2] Residential energy consumption by use, 1990 to 2021, SDES

▪ 20% penetration of district heating (x2)

▪ -1%/year heating requirement 2028-50

→ +35 TWh/year of decarbonized heat beyond the 

PPE targets for 2028**

Today 2028 - PPE objectives 2050 - Compass Lexecon scenario 

20282021 2050

30

71

Additional demand for decarbonized heat beyond the 2028 PPE targets (TWh)

Carbon-free heat supplied by heating networks (TWh)

Carbon-intensive heat supplied by heating networks (TWh)

Biomass
7.6 TWh

ERU* 
7.6 TWh

Geothermal
1.5 TWh

Other
1.7 TWh

Natural gas
10.0 TWh

Other
1.3 TWh

Carbon-
intensive 
energy

11.3 TWh

District heating - Growing demand for low-carbon heat by 2050
By 2050, 35 TWh/year of low-carbon heat would be needed to supplement the needs identified by the PPE, assuming a 

growing development of district heating

44

Estimated growth in heating networks and decarbonized heating needs by 2050 based on 

ADEME scenarios, in TWh**
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t 
[T
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]
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https://librairie.ademe.fr/cadic/4548/reseaux_chaleur_froid_renouvelables_2050.pdf?modal_token=e071f71d38622e1aca501907a454c465&modal=true&cookies_allowed=true&g-recaptcha-response=&open=true&firstname=Florian&lastname=Bourcier&email=fbourcier%40compasslexecon.com&rgpd=on&newsletter=1&submitted=1&g-recaptcha-response=03AL8dmw9R3500QoIZyH6HShmtiEG5j6OPq0j_CdRUrcsmyispKzuSbvxZwIzi1Qs7GDEAbpgeld42_sI-EkEeb7zyc2V2quS_9xrrL7jmCC3R9kv3w5gKkcFyMPf7S3YN2Bu2yFV6tGPnR3IA55LUaDN9A08ESDD-oeefmpndzj33Wna379mpnz5Uw_uxubWj6VRl63D81MBQCkU0Cp1DnVMeMM2wSQ1FvkYqHuqhoArPceSc-JxK4jCO3bAVtXG9Z68XYB6AAmkySZbi5MkQybD1PizkgWQzZDarZSplbXZGClod94u9dmQntc7VMA6J-yw5UBuQn7HXZ9CkfL3zgEaUWowRjatfLsnpPuFbMgEzxMarstMAMU5PBek5-KjW_w5sq0gRIkQ08yQ7U_Xw-2kynX2u23NibdrwrH2bg4r9aCYnN9_DCU_kUN0ECQmr_w-hiM-NmQeEVeAmWHnGgdNhodI9LW-pDjYsIZwC8eYz100wvz5QCS_Aq2KjwucAHM_guO07F-RmobOa-4FvfE_WZ4YOWBTDBcIsPYZPYeAgucAOgTJ26GhYRz7PAXW6GIaQ1qWxbycuX8ATiXPHx3av0KqfXoEv1lTYWkjbiqxE3qJilMDGcB1C_0bBvOjmsWx6nAiU_-1so2LTG8BSJE4M4JVK2pXXLmNOoFplOkmWJbzGU3HDaSbwJ95Z7Ag038j4OH-yzuKmJdcnvYGfOoksu7y-W0goCL1G1FISmRI_ZwHZvpzWUIdZBpLr7DmcbvS4DBe1aN-0oNX-HKsH0tuGxvqJmvaz0jTPi5ZZM2FNPskpbVkB1F0Rjo6QkQSUHQQTPvJTWlvblvYZs9BTmtOtZvEgENXvSTmp-pvoJmkDKiUYEjf9URu5dt3MhplsxPePKUALPH8s8GFpUXK3g39Xglaqh9tzCuEuCDkCziZ0WNiB_Ywtv5cQkVh9xmjfYfPlOf82jCnXoGm1F6ab63qKCHQL1v5o5Rd61FFHgf19V_jfhTxxx9O-EXPq6XG7-BZEBHYAxf9tR7u98rEUPdi3oIILitXQQxVX6ufJjCYMM1_pGm1xovRn_HnHRtaawJjA1LFibQchWMfvr1X5_zPWo33lDZ8BwLLYQW-OLrvKSMvjNBjKPdnc3PFK4AlHSzloTfcrR5bWreOJzB7COxq7EHAS3-wEUb4SvJmudCJX2kAzVzLulI1RX--M1d1gZwPEi3Q_fcgjYgqay_ORoU9TdbCn9zmxVlZhtqaFjbkE4BFpNpuMjMzC2YqYxKsvkwHOJM45EdGNLzoSR8BQ-yWHIwi6RZD-X_BMtVcb7RxP-UAoTH5jV6keUBLM55wvkeo_UTOgriXGyFv7yb18tA_pR5PK1EkVvuMFsO750pJEbx6mq8Fwlah4pALPd-THu1HhB4qs8eF0CEP7Z4SSnDNMTstbT_gL-CDI3RS4yg3u2cqcSBwLNxU
https://www.fedene.fr/wp-content/uploads/sites/2/2023/04/Rapport-de-lenquete-annuel-des-reseaux-de-chaleur-et-de-froid-edition-2022.pdf
https://www.statistiques.developpement-durable.gouv.fr/consommation-denergie-par-usage-du-residentiel


21Note: As shutdowns of SMR plants are traditionally scheduled outside the building's heating periods, we have assumed 100% availability over 6 months. Availability for process heat, calculated over 

the year, takes into account shutdowns for maintenance. 

Source: [1] ADEME; SDES [2] Compass Lexecon analysis based on Bureau de Recherches Géologiques et Minières

NUWARD SMRs could contribute to the decarbonization of certain district heating networks with needs of the same 

order of magnitude as the heat production capacity of a NUWARD SMR

District heating - SMR would be suitable for large-scale networks

Large network and/or planned expansion

▪ NUWARD SMR's level of production will be particularly well suited to 

large-scale district heating networks, maximizing the value of the low-

carbon heat produced by the plant.

▪ A NUWARD SMR could supply several district heating networks in 

nearby towns, through boiler plants close enough to the SMR. 

High proportion of carbon sources

▪ Achieving the decarbonization targets for district heating networks implies a 

need for decarbonized production, for those networks still largely powered 

by fossil fuels.

▪ NUWARD SMR will be able to contribute to efforts to replace fossil fuels in 

district heating from 2035.

Opportunities for industrial heat recovery

▪ Synergies within the local industrial cluster can be a source of heat 

recovery from a NUWARD SMR in smaller district heating networks.

▪ As demand for district heating is seasonal, the use of hybrid heat by industrial 

consumers would enable the heat produced by NUWARD SMR to be used 

throughout the year.

Limited geothermal potential nearby

▪ The production profile and low-carbon nature of geothermal energy make it 

a suitable energy source for supplying district heating, provided it is 

available locally.[2]

▪ NUWARD SMR would be suitable for areas with no identified 

geothermal potential and would complement geothermal energy where 

the potential is not sufficient to cover needs.

NUWARD SMR heat production during the heating period[1]

440 GWhth in 6 months
(equivalent to the heating needs of 110 to 150 thousand inhabitants)

Criteria for screening district heating networks suitable for NUWARD SMR production

Issues & externalities Conditions for successOpportunity analysis

https://base-empreinte.ademe.fr/
https://www.statistiques.developpement-durable.gouv.fr/catalogue?page=datafile&datafileRid=f8a22527-85f7-4076-a24a-20337828c942
https://www.brgm.fr/fr/reference-projet-acheve/bilan-filiere-geothermie-profonde-production-chaleur-periode-2007-2018


22

[1] Other possible sources of heat are not shown in the diagram.

[2] Methodology: Assumption of operation of the heating network from October to March, substitution of the energy produced by combustion of natural gas with heat by hybridisation of a NUWARD SMR.

Sources: [3] ADEME [4] CEREMA

Levels Comments

Annual 

consumption
600 GWhth/y

Coverage of 15-20% of the population of a 

city of one million inhabitants

Carbon content 75% Gas

CO2 emissions 

avoided with a 

NUWARD SMR[2]

104 ktCO2/y
Avoids 440 GWh of gas consumption 

feeding a boiler with a carbon intensity of 

240 gCO2/kWhth
[3]

Heat

Urban 

heating 

network

Main characteristics of a suitable heating network[2]Diagram of the hybridisation of a NUWARD SMR to supply a 

district heating network[1]

150 ºC

6 bar

Heat 

exchanger City

District heating - Example of potential application for
A NUWARD SMR would produce 440 GWhth over the heating period, which would correspond to almost three quarters of 

the heating needs of a district heating network supplying 150 000 to 200 000 inhabitants.

Coupling opportunities

- NUWARD SMR could be the baseload energy source for a large-

scale heating network, extending/replacing existing resources and 

adapted to sites with no geothermal or renewable potential.

- In summer, NUWARD SMR could power cooling production or 

operate in electric-only mode.

Points of attention for hybridization in heating networks

- NUWARD SMR can be supplemented by thermal peak load sources to 

meet consumption peaks during periods of intense cold.

- The 4th generation of heating networks[4] will see a drop in operating 

temperatures, broadening the range of possible solutions, including 

NUWARD SMR.

Issues & externalities Conditions for successOpportunity analysis

https://base-empreinte.ademe.fr/
http://www.cerema.fr/fr/actualites/fournir-energie-renouvelable-locale-ville-reseaux-chaleur-4e
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Sources: [1] AFP, [2] Agence de l'eau Adour-Garonne [3] BRL ingénierie, [4] European Environment Agency [5] International Atomic Energy Agency (IAEA) 

Several challenges relating to the sustainable use of water have 

already been identified in the South of France

▪ France has large theoretical water reserves but is dependent on 

rainfall to replenish its aquifers.[1]

▪ By 2050, adapting to climate change could require seawater 

desalination capacity. For example, according to studies on the 

hydrology of the Garonne and Rhône rivers, water stress is set to 

increase between now and 2050.[2][3]

▪ Desalination can contribute to resilience during water stress 

situations, contributing to securing drinking water supplies.[5]

▪ However, desalination plants are not exempt from environmental 

impacts, in particular with the issue of treating the brine produced 

by desalination.

▪ Droughts could become 

more frequent in the 

decades to come, which is 

likely to contribute to 

increasing water stress in 

the regions.

▪ For metropolitan France, 

this increase will probably 

be more marked in certain 

parts of the South.

Climate change exacerbates droughts[4]

Increase in the number of droughts per decade over the period 

2041-70, compared with the period 1981-2010

Desalination - The challenges on water resources for 2050
By 2050, adapting to more frequent droughts in France could require seawater desalination capacity

Issues & externalities Conditions for successOpportunity analysis

https://www.france24.com/fr/info-en-continu/20220807-quotas-tarifs-progressifs-de-l-eau-irrigation-raisonn%C3%A9e-des-pistes-pour-pr%C3%A9server-l-eau
https://www.institution-adour.fr/observatoire-de-l-eau/adourthek/details/adourthek-2936.html
https://www.eaurmc.fr/upload/docs/application/pdf/2023-03/a00820_mission1_synthese_vf.pdf
https://www.eea.europa.eu/data-and-maps/figures/projected-change-in-meteorological-drought/projected-change-in-meteorological-drought/Map7.3-103191-Projected-changes-in-meteorological-drought.png.75dpi.gif/download
https://www.iaea.org/topics/non-electric-applications/nuclear-desalination
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Water consumption in the south of France in 2020, in million m3/year [1]

454 

121 

584 

112 

48 256 

Landes, Pyr.-Atl.

Occitania

PACA

477 

235 

438 

Drinking water consumption

Industrial consumption

Irrigation

* Value below which the river decreases for a maximum of 10 days a year, used to assess the minimum flow of a river.

Sources: [1] Eaufrance [2] Adour-Garonne Water Agency 

The hybridization of NUWARD SMR with a desalination plant could 

help to increase the security of drinking water supply

▪ By 2050, the Adour-Garonne Agency predicts that the volume of water 

consumed in the south of France will increase by around 8%, mainly as 

a result of increased irrigation needs due to climate change,[2] while river 

flows could decrease.

▪ In this context, desalination can provide an insurance value to the 

drinking water supply by reducing the pressure on low-water flows,* in 

addition to the adaptation efforts implemented by public authorities.

▪ According to EDF, NUWARD SMR would display an adequate size to 

supply electricity and heat to the desalination industry, which can 

require significant amounts of energy. In addition, NUWARD SMR can 

operate in an open circuit using seawater as a cooling source, with 

minor adaptations.

Desalination - Example of potential application for
Coupling NUWARD SMR with a desalination plant would make it possible to produce drinking water

Issues & externalities Conditions for successOpportunity analysis

https://bnpe.eaufrance.fr/acces-donnees/codeDepartement/09/annee/2020/exclureEcrasants
https://www.institution-adour.fr/observatoire-de-l-eau/adourthek/details/adourthek-2936.html
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Desalination - Example of potential application for
10% of the energy produced by a NUWARD SMR in the form of heat supplied to a distillation plant would cover the 

annual drinking water consumption of around 180 000 citizens

Coupling opportunities

- Reverse osmosis efficiency is improved by preheating the incoming 

water to around 30ºC. Waste heat from the NUWARD SMR cooling 

circuit could be used for this function, improving process efficiency by 

up to 20%.[3]

- Distillation is renowned for its robustness and the quality of the water 

produced, while reverse osmosis is more efficient.

Points of attention for hybridization with desalination

- Reverse osmosis requires occasional shutdowns to clean the 

membranes used to filter the salt from the water.

- The sizing of desalination plants depends on projected demand, losses in 

the network and environmental constraints, particularly with regard to

brine treatment.

* Methodology: estimate based on conservative figures for reverse osmosis and distillation efficiency [1] and [2], distillation mechanical energy consumption not included in the sizing (taken from the electrical 

energy produced by NUWARD SMR). For reverse osmosis, an efficiency factor is applied to take account of water temperature as per [3], brine treatment taken into account as per [4]. Equivalent 

consumption of drinking water by residents according to [5].

Sources: [1] Kim et al, [2] Shahzad et al, [3] Al-Mutaz et al, [4] Navarro et al, [5] EauFrance

Reverse osmosis

Use of electricity and residual heat
Multi-stage distillation (MSF)

Use of heat only

Sizing of the desalination plant*

Electricity

Diagram of possible combinations of NUWARD SMR with desalination plants

Drinking 

water

Heat

Drinking 

water

Distillation
Reverse 

osmosis

10% of a NUWARD SMR

(100 MWth ≈ 25 MWe)         

of hybrid heat 

in MSF distillation

10 Mm3/year

drinking water

Drinking water for around 

180 000 inhabitants

Reverse osmosis, 

4.3 MWe

of electricity required

for the same volume

Residual 

heat
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Sea water

https://www.sciencedirect.com/science/article/abs/pii/S030626191931339X
https://www.nature.com/articles/s41545-018-0028-4#citeas
https://www.researchgate.net/publication/355162533_A_Review_on_Sustainable_Hybrid_Water_Treatment_Processes
https://www.mdpi.com/2073-4441/13/17/2386
https://economie.eaufrance.fr/chiffres-cles/consommation-journaliere-deau-potable-par-francais


26[1 million tonnes H2 ~ 33 TWh in net calorific value (NCV).

Sources: [1] MTE [2] RTE [3] RTE 

Developing the production of carbon-free hydrogen is 

a key challenge for the energy transition

▪ The French industrial hydrogen market is around 1 

million tonnes* a year.[1]

▪ Today, the main energy sources used to produce 

hydrogen in France are fossil fuels, in particular 

natural gas, which accounts for almost 95% of hydrogen 

production.[1]

▪ In 2020, hydrogen production was responsible for 11.5 

Mt of CO2 emissions in France, or around 3% of 

national emissions.[1]

▪ In its reference scenario, based on the SNBC 

trajectories, RTE expects hydrogen consumption to 

grow by around 50% between now and 2050, 

compared with 2020.[2]

Breakdown of H2 consumption in 

France by use in 2020[3]

Breakdown of consumption in 2050 

according to RTE’s Reference scenario[2]

Refining 
(oil)
60%

Ammonia and 
fertilizers

25%

Chemicals
10%

Other
4%

Metallurgy
1%

H2 consumption in France in 2020

29 TWh 

Estimated H2 consumption in 2050[2]

43 TWh

Hydrogen - Challenges of developing decarbonised H2 production 
In 2020, 95% of the H2 consumed in France was produced from fossil sources. RTE anticipates a 50% increase in 

demand between now and 2050, which will require the deployment of new decarbonised H2 production capacity

Ammonia and 
fertilizers

Metallurgy
12%

Industrial heat 
28%

Road freight 
18%

Maritime freight
1%

Methanation 
5%

Air freight
9%

Other 15%
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https://www.ecologie.gouv.fr/sites/default/files/Plan_deploiement_hydrogene.pdf
https://www.rte-france.com/analyses-tendances-et-prospectives/bilan-previsionnel-2050-futurs-energetiques#Lesdocuments
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Main chemical processes for synthesizing fuels from CO2 , H2 and N2
[1]

Kerosene
and other fuels

Methanol Methane
Power-to-Gas

Ammonia

P
ro

d
u
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n
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o
u

te
P

ro
d

u
c
ts

H O2

Electrolysis

H2 + N2CO2

E-Fuels can help reduce carbon emissions from 

transport energy needs that are difficult to electrify

▪ To date, certain modes of transport, particularly 

aviation, have few technological alternatives to fossil 

fuels. Given the imperative of the energy transition,    

e-Fuels, produced with decarbonized and/or 

renewable inputs, could be decisive in 

decarbonizing certain sectors[2] (particularly the 

aviation sector).

▪ The production of inputs for these e-Fuels, through 

CO2 capture and electrolysis, will require not only 

decarbonized electricity but also decarbonised heat 

sources, such as NUWARD SMR. 

▪ Coupling electrolysis with the direct air capture of 

CO2 (using low-carbon energy sources) would 

theoretically make it possible to close the carbon 

cycle.*

Hydrogen - Issues related to the production of e-Fuels
The production of H2 and the capture of CO2 are necessary to produce low-carbon e-Fuels (synthetic fuels) and require 

both electricity and decarbonised heat

* DAC: Direct Air Capture, direct capture of CO2 from the air.

Sources: [1] IFPEN [2] IEA; HIF Global   

Capture of CO2

Low-carbon 

electricity 

and heat

Source CO2

(air for DAC*)
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https://www.ifpenergiesnouvelles.fr/article/tout-savoir-les-carburants-synthese-e-fuels
https://www.iea.org/reports/transport-biofuels
https://hifglobal.com/location/haru-oni/
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Low temperature electrolysis (LTE)

Using NUWARD SMR 100% generator
High temperature electrolysis (HTE)

Use of heat and electricity 
LTE HTE Comments

Power 

consumption

Electricity: 

340 MWe

Electricity: 

310 MWe

Heat: 

100 MWth

For HTE, the heat 

from the SMR heats 

the water entering the 

electrolyzer.

Hydrogen 

production[1]

60

kt H2/year

69

kt H2/year

CO2 emissions 

avoided by 

electrolysis with 

NUWARD SMR 

vs. steam 

reforming of 

natural gas[2][3]

0.51

MtCO2/year

0.6

MtCO2/year

Sizing of the electrolyser and calculation of emissions 

avoided compared with the steam reforming of H2

High-temperature 

electrolysis -

solid oxide

Heat

10%

90%

Water

>700 °C

Low-temperature 

electrolysis -

alkaline

Electricity

100%

Water

<100 °C

Methodology: assumption that all the electricity from an SMR is used for electrolysis, electrolysis efficiencies based on estimates for 2050 from [1]. Avoided emissions calculated based on CO2 

emissions from steam reforming from [2], the carbon intensity of nuclear power from [3] and the efficiency of LTE electrolysis.

Sources: [1] IRENA [2] IEA [3] ADEME

Electricity

Hydrogen - Example of potential application for
Once high-temperature electrolysers are commercially available, the hybridisation of a NUWARD SMR could avoid up to 

600 ktCO2/year by replacing steam reforming, and improving the efficiency of the process

Coupling opportunities

- Coupled with electrolysis, hydrogen can be decarbonised, replacing the 

steam-reforming of methane.

- According to EDF, the hybrid heat produced by NUWARD SMR will be 

able to vaporise the water at the inlet to HTE electrolysers, reducing the 

need for electrical energy for electrolysis.

Points of attention for hybridisation with electrolysis

- LTE electrolysis consumes only electricity, while HTE combines heat and 

electricity to achieve greater efficiency.[1]

- While currently in the technology demonstration phase, high-temperature 

electrolysis could reach technical and commercial maturity around 2030-

2040, which would be compatible with the deployment of the NUWARD SMR 

series.

Diagram of a NUWARD SMR connected to an electrolyser, by technology

H2 H2
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf
https://iea.blob.core.windows.net/assets/29b027e5-fefc-47df-aed0-456b1bb38844/IEA-The-Future-of-Hydrogen-Assumptions-Annex_CORR.pdf
https://base-empreinte.ademe.fr/
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3 
NUWARD SMR aims for an environmental impact comparable to that of the French 

nuclear industry as a whole, with possible positive impacts for employment and industry



Introduction: Methodology

30

Environmental externalities Socio-economic externalities

Carbon intensity

Consumption 

of critical mineral

resources

Effects on 

employment

Polluting emissions

(NOx, SOx, PM...)
Waste management

Development

industrial

Land use Nuclear fuel cycle
Contribution to the 

reindustrialization

Water consumption
Impact on 

human health

Opportunities for 

the titanium industry

We identify the environmental and socio-economic externalities associated with the development of a 

series of NUWARD SMRs in France*

CO2

* The information in this section is based on data and estimates provided by EDF. Some items correspond to targets or objectives for NUWARD SMR and will need to be confirmed in 

subsequent stages of development of the project.

Issues & externalities Conditions for successOpportunity analysis
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Sources: 

[1] Source EDF [2] ADEME [3] UNECE [4] Santé Publique France 

Nuclear power produces low-carbon energy

▪ According to EDF, NUWARD SMR will have a carbon 

intensity comparable to that of the nuclear industry 

as a whole, between 4-6 gCO2eq per kWhe produced.[2]

▪ Similarly, the heat produced by NUWARD SMR will 

have a footprint of around 1-2 gCO2/kWhth  thanks to 

the efficiency of hybridisation (around a quarter of the 

emissions of electricity[1] with respect to the energy 

produced).

▪ SMRs will provide an additional low-carbon option for 

the energy transition, complementing the development of 

intermittent renewable energies and large-scale nuclear.

Nuclear power emits few atmospheric pollutants

▪ According to EDF, NUWARD SMR will produce electricity 

and heat with very low life-cycle emissions of NOx, SOx, 

fine particles and mercury, comparable to the nuclear 

industry as a whole.[3]

▪ The heat produced by NUWARD SMR could replace the use 

of oil or coal-fired industrial boilers, which emit high levels 

of SOx and NOx.

▪ Santé Publique France points out that long-term exposure to 

air pollutants can lead to numerous chronic respiratory and 

cardiovascular diseases.[4]

Externalities

2
Polluting 

emissions 
(NOx, SOx, 

PM...)

1
Carbon 

intensity

Environmental impact - CO2 and air pollutants
NUWARD SMR will produce low-carbon, low-emission, electricity and heat, in line with the nuclear 

industry

CO2
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https://base-empreinte.ademe.fr/
https://unece.org/sites/default/files/2022-04/LCA_3_FINAL%20March%202022.pdf
https://www.santepubliquefrance.fr/determinants-de-sante/pollution-et-sante/air/documents/rapport-synthese/impacts-de-l-exposition-chronique-aux-particules-fines-sur-la-mortalite-en-france-continentale-et-analyse-des-gains-en-sante-de-plusieurs-scenarios
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Externalities

3
Land use

4
Water 

consumption

5
Consumption of mineral 

resources

A design that aims for resilience to water 

constraints[1]

NUWARD SMR will consume resources comparable to the nuclear industry as a whole[1]

* Flow rate and water consumption values for NUWARD SMR closed-cycle configuration.

Sources: [1] EDF data, [2] UNECE, [3] IEA 

▪ According to EDF, an SMR will pump a flow of around 0.5 

m3/s, of which 0.2 m3/s will be consumed by 

evaporation, in a closed circuit, and 0.3 m3/s will be 

returned to the water stream.*

▪ This level of water consumption, along with other possible 

configurations (e.g. open circuit), would allow flexibility in 

the choice of location and could contribute to resilience in 

the context of the multiplication of dry periods.

▪ According to EDF, the environmental impact of 

NUWARD SMR in terms of liquid discharge will be similar 

to that of the existing nuclear industry.

▪ In line with the needs of the nuclear industry, the construction of the NUWARD SMRs will require significant quantities 

of steel and titanium,[1] metals whose supply chain is not at high risk of disruption.[3]

▪ According to EDF, NUWARD SMR will require quantities of critical materials (in relation to the energy produced) 

comparable to the French nuclear industry as a whole,[1] including metals under stress such as copper, nickel and rare 

metals.

In terms of land usage, NUWARD SMR will aim for an 

energy density similar to that of large-scale nuclear[1]

▪ NUWARD SMR will target a high energy density, 

requiring a land area per unit of energy produced of 

the same order of magnitude as large-scale nuclear 

power,[2] and contributing to limited pressure on 

terrestrial ecosystems.

▪ It could be built on dismantled former thermal power 

stations or near energy-intensive industrial sites, 

thereby helping to limit the use of land.

Environmental impact - Footprint on land and resources
Because of its small size, NUWARD SMR will have a limited land footprint, cooling water requirements 

and consumption of critical mineral resources

Issues & externalities Conditions for successOpportunity analysis

[1]

https://unece.org/sites/default/files/2022-04/LCA_3_FINAL%20March%202022.pdf
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* The elements related to technical design and safety of the nuclear power plant are based directly on information provided by EDF.

** 3rd Generation nuclear reactors incorporate safety, fuel utilization and waste reduction systems that meet the highest standards.

Sources: [1] EDF data [2] Ministry of Energy Transition [3] ASN

6
Waste 

management

7
Fuel cycle

8
Impact on

human health

Waste from NUWARD SMR will be treated in a similar 

way to existing nuclear waste*[3]

The fuel cycle for NUWARD SMR will be based on 

that of high-power nuclear power*[2]

▪ The types of waste produced by NUWARD SMR will be 

similar to those produced by reactors operating in 

France.[1]

▪ NUWARD SMR will be able to draw on the expertise and 

industrial facilities for waste management of the French 

nuclear industry.

▪ According to EDF, the current industrial system safely 

manages all waste produced by the pressurized water 

reactor fleet in dedicated facilities.

NUWARD SMR will meet the highest standards in the French nuclear industry in terms 

of radiological impact*

▪ The safety objective for NUWARD SMR will be the same as for high power, but the path to 

achieving it is different and could lead to higher societal acceptability.

▪ According to EDF, NUWARD SMR will meet the highest 3rd generation** standards in terms 

of safety and radiological protection.

Environmental impact - Risks and waste management
According to EDF, NUWARD SMR will be able to draw on the French nuclear industry's experience in 

waste and life cycle management, and implementation of high radiological protection standards*

▪ According to EDF, the fuels used by NUWARD SMR will not 

require any significant changes to the fuel processing plants 

and will benefit from the French nuclear industry’s 

experience on managing the fuel cycle. 

▪ NUWARD SMR will have an in-core fuel management 

period of around two years, with half the core replaced at 

each shutdown, according to EDF.

▪ According to EDF, security of uranium supply will be 

guaranteed in the same way for NUWARD SMR as for the 

high-power nuclear fleet. 

Issues & externalities Conditions for successOpportunity analysis

Externalities

https://www.ecologie.gouv.fr/approvisionnement-en-uranium-et-cycle-du-combustible-nucleaire
https://www.asn.fr/l-asn-informe/dossiers-pedagogiques/la-gestion-des-dechets-radioactifs
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Estimated jobs created per year by a series of 10 SMRs in France[1]

Socio-economic impact - Effects on employment
According to data provided by EDF, a series of NUWARD SMRs could create an average of 12 500 jobs per year 

during construction

Methodology: Visualization based on data provided by EDF [2] on direct jobs for an SMR (first-of-a-kind and series model) per year, per phase of project development and per segment in the 

construction phase, indirect job data based on import-export analyses from [3], data on induced effects based on [4]. * FTE: Full-time equivalent

[1] According to EDF, these jobs could be spread over several European countries depending on the NUWARD SMR supply chain strategy.

Sources: [2] EDF data [3] SMR Jobs Study, EDF R&D, 2023 (confidential) [4] Ratios calculated by PwC for EDF's New French Nuclear Plan, 2021 (confidential)

The NUWARD SMR project could generate around 12 500 jobs per 

year during the construction of a series of plants in France[1]

▪ Assuming the commissioning of one NUWARD SMR plant per year from 2035 

to 2044 and based on the data provided by EDF on the jobs generated in the 

various years and development phases of a plant, the construction of a series 

of ten NUWARD SMR plants would employ around 5 500 people (FTE*) per 

year on average from 2030 to 2045 within the EDF Group.

▪ In addition, the construction of a series of SMRs would create jobs at EDF's 

suppliers (known as indirect jobs), and all the direct and indirect jobs will have 

an effect on consumption, leading to the creation of induced jobs.

▪ Based on EDF data for the New French Nuclear Plan and the SMR Jobs study 

by EDF R&D, all these jobs would represent an average of around 7 000 

people (FTE) per year from 2030 to 2045, for a total of around 12 500 jobs per 

year created by the NUWARD SMR project.[3][4]

▪ The operation of a series of NUWARD SMRs would create stable jobs over 

the 60-year operational life of these plants, with a total of around 7 500 people 

employed (FTEs) per year, including direct, indirect and induced jobs. 0
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2
Impact on 

industry

3
Reindustrialization

4
Opportunities for

the titanium industry

NUWARD SMR's modular design could benefit the French 

industry, including in local clusters

NUWARD SMR could contribute to 

reindustrialisation

NUWARD SMR could contribute to the consolidation of a titanium value chain

▪ The innovative design of the NUWARD SMR steam generator will require around 200 tonnes of titanium per power 

plant, according to EDF.

▪ According to the EESC and the Royal Society of Chemistry, titanium is a strategic but abundant metal, with growing 

industrial uses, and whose supply chain is not at high risk of disruption in France and Europe.[2] NUWARD SMR could  

contribute to the consolidation of the titanium industry in France, covering the entire life cycle and exploiting 

synergies with the aerospace industry in particular.[3]

▪ NUWARD SMR will be based on a modular design:[1]

major parts of the plant could be assembled in the factory, 

which could reduce construction times.

▪ The development of a series of NUWARD SMRs would 

provide visibility on industrial activity.

▪ According to EDF, the NUWARD SMR plant could help to 

revitalise some regional industrial clusters and 

strengthen European industrial sovereignty.

▪ According to EDF, a significant part of the NUWARD SMR 

supply chain for the construction of a series of SMRs will 

be located in France, thus contributing to the country's 

efforts to reindustrialise in a low-carbon economy.

▪ According to EDF, NUWARD SMR could produce 

decarbonized heat by hybridization and at a competitive 

cost, which would enable the development of new 

industries using competitive decarbonized heat and 

create opportunities for adapting industrial processes 

(including the production of H2).

Socio-economic impact - Effects on industry 
A series of NUWARD SMRs will have positive economic and industrial effects for France and its 

regions, according to EDF

Sources: [1] EDF data [2] EESC; RSC [3] MTE
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Externalities

https://www.lecese.fr/sites/default/files/pdf/Avis/2019/2019_03_metaux_strategiques.pdf
https://www.rsc.org/periodic-table/element/22/titanium
https://www.mineralinfo.fr/sites/default/files/documents/2021-10/louvigne_titane_rapport_2018-2020_edition_publique.pdf
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4 
The development of NUWARD SMR project will require favorable financial, 

institutional and regulatory conditions
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A regulatory framework providing long-term 

predictability for major nuclear projects 

Public policies to promote industrial development and reindustrialisation in France and Europe

Developing and enhancing industrial skills 

and know-how

€

▪ Consider the opportunities offered by low-carbon heat in 

the updated French decarbonisation policies.

▪ Facilitate the creation of new sites, as well as the re-use of 

former thermal and industrial sites, to speed up deployment.

▪ Implement appropriate contractual and financial 

mechanisms to provide long term predictability.

Conditions for success of 
The development of the know-how of the nuclear industry, an adequate regulatory framework, and 

supportive public policies could foster the development of NUWARD SMR

▪ Launch a specific industrial strategy for the NUWARD SMR to 

anticipate the implementation of the value chain. 

▪ Share the opportunities offered by low-carbon heat and NUWARD 

SMR with local stakeholders, in line with their development projects.

▪ Increase resources for research and development in 

state-of-the-art nuclear power.[1]

▪ Developing training in key nuclear construction skills, in 

particular welding and high-performance steelworking,[2] in 

order to optimize the pace of deployment and the creation 

of high value-added jobs.

▪ Develop industrial expertise in modularisation and in 

manufacture of complex titanium components, based on 

synergies with other industrial sectors, including 

aerospace.[3]

▪ Consolidate a titanium value chain in France, given its importance for 

high-tech products.

▪ Develop a framework for the international commercial promotion of 

NUWARD SMR.

Conditions 

for success

Skills and 

R&D 

Financing 

and 

regulation

Industrial 

policy

Sources [1] MTE [2] MEF [3] MTE 
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https://www.statistiques.developpement-durable.gouv.fr/les-depenses-publiques-de-rd-en-energie-en-2021-hausse-des-financements-alloues-au-nucleaire
https://minefi.hosting.augure.com/Augure_Minefi/r/ContenuEnLigne/Download?id=104AF2DA-FA4D-4BED-B666-4D582E2C7A8A&filename=1505%20-Rapport%20Flamanville%20pdf.pdf
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This presentation was prepared by FTI France SAS under the name of Compass Lexecon ("Compass Lexecon") for the attention of EDF, in 

accordance with the contract signed with EDF (the "Contract"). 

This presentation was prepared based on specific instructions and does not necessarily reflect the views or opinions of Compass Lexecon or 

the author of the presentation. Accordingly, this presentation may not be used to discredit the opinion or testimony, or diminish the credibility, of 

Compass Lexecon or the author of this presentation, in any court of law, arbitration, or other legal proceedings or otherwise.

This presentation and its contents are confidential and may not be copied, reproduced or provided to third parties without the prior written 

consent of Compass Lexecon. Compass Lexecon accepts no liability or duty of care to any person for the content of this presentation. 

Accordingly, Compass Lexecon disclaims all responsibility for the consequences of any person acting or refraining to act in reliance on the 

presentation or for any decisions made or not made which are based upon the presentation and/or its content.  

The presentation contains information obtained or derived from a variety of sources. Compass Lexecon does not accept any responsibility for 

verifying or establishing the reliability of those sources or verifying the information so provided. 

Nothing in this material constitutes investment, legal, accounting, tax or other form of advice, or a representation that any investment or 

strategy is suitable or appropriate to the recipient’s individual circumstances, or otherwise constitutes a personal recommendation. 

No representation or warranty of any kind (whether express or implied) is given by Compass Lexecon to any person as to the accuracy or 

completeness of the content of this presentation.  

All copyright and other proprietary rights in the presentation remain the property of Compass Lexecon and all rights are reserved.

Copyright notice 

2023 FTI France SAS. All rights reserved.
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