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Basic Design

Due Diligence

Environmental Impact Assessment & Licensing

Master Plans & Policy Studies

Power System Development & Economics

Pre-Feasibility & Feasibility Studies

Digital Tools

Master Plans

Roadmaps

Technical & Regulatory 

Consultancy

Modification, Renovation, Lifetime 

extension

Operation Support Solutions

Simulators & Training

Strategic Operation & Maintenance 
Engineering

Dismantling

Site Redevelopment Studies

Waste Management

Commissioning

Detailed Design

Engineering Procurement 
Construction Management

Front-End Engineering Design

Owner’s or Lender’s Engineer

Project & Contract Management

Quality Assurance

STRATEGY PRE-INVESTMENT

DECOMMISSIONING OPERATION IMPLEMENTATION

  

Training for Planning, Project Management & Operation, Sustainable Development, Risk Management & Safety Consulting
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671 M€
turnover

5,000
employees

+70
presence in more 
than 70 countries

>160
projects in over 
160 countries

0,6
High safety standard : 

frequency rate 0,6
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1. Chapter 1: The vibrant international race for Advanced Nuclear

• SMR design context explanation

• International trends synthesis 

2. Chapter 2: Beyond Baseload electricity production

• Insights from in-depth master plan electric study (Europe)

3. Chapter 3: European Heat Market

• Main heat-intensive industrial sectors characterization

• 100+ identified and screened theoretically compatible sites (Europe)

4. Chapter 4: Low-carbon Hydrogen for eMolecules

• Market drivers for synthetic fuels (eFuel)

• Insight from industrial project prefeasibility (100MW scalable to 1GW)

Tractebel White Paper

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 5

https://tractebel-engie.com/files/attachments/.3456/Tractebel-The-rise-of-nuclear-technology-2-0.pdf

https://tractebel-engie.com/files/attachments/.3456/Tractebel-The-rise-of-nuclear-technology-2-0.pdf
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2. Tractebel Market Study

1. SMR Technologies Overview

Mar-21 6

Tractebel’s Vision on SMR

21st century context and drive

International dynamics

Water type SMR overview

Molten-Salt type SMR overview

High-Temperature-Gas type MMR overview

Recent industry milestones

Heat Market Study

Tomorrow’s European Grid Alternatives
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Small Modular Reactors bring sensible answers 

to crucial questions

• Eliminate the risk of severe accident by making 
them physically impossible 

• Passively cool down the reactor even in the most 

adverse conditions thanks to natural phenomena

• Reach safe state without human intervention

• Eliminate the need for evacuation of population

Inherently safe

• Foster the penetration of intermittent renewables thanks to built-in flexibility

• Better size compatibility with market demand for non-electric usage: district 
heating, hydrogen production, desalination…

• Alternative coolant & higher temperature to enable far-reaching application : 

industrial heat & GWh-scale energy storage

A catalyst for the zero-carbon transition

• Deepen overall sector sustainability with advanced fuel cycles

• Reduce nuclear waste by extracting more energy from same quantity of uranium

• Cut down lifetime of nuclear waste by burning long-lived radioisotopes in Advanced 
fast-neutron reactors

• Provide an alternative route for the radioactive waste produced in the current fleet 

Turning wastes into watts• Alleviate the financial burden of ultra-large infrastructure 
projects by refocusing on smaller projects

• Offset scale economy by mass production of 

standardized and simplified design

• Streamline delivery process

Investment-grade new build projects

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 7
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IMSR (Terrestrial) – TRL4
Thermal molten salt reactor

NuScale (Fluor) – TRL6
Multi-module Pressurized 
Water Reactor

BWX-300 (GE-Hitachi) – TRL6
Boiling water reactor

Caption

Expression of interest

Developer

Demonstrator built

▪ Assessed most promising technologies

▪ Engaged with vendors

▪ Engaged with utilities and key industry

conglomerate

▪ Investigated promising ‘new’ uses of 

nuclear energy

Our approach to date

KLT-40S (Rosatom) – TRL8
Floating nuclear power plant

HTR-PM (CGN) – TRL7
High temperature gas 
cooled reactor

SSR-W (Moltex) – TRL3
Waste-burner molten salt 
reactor

Image source: NuScale Image source: General Electric - Hitachi

Image source: Terrestrial

Image source:
Rosatom

Image source:
CGN

▪ +70 concepts of SMR under development

▪ +6 Technologies

▪ 10 countries leading development

▪ 2 demonstrators built

Key figures

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 8
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Small modular reactors (SMRs) are commonly defined as nuclear reactors 
of 300MWe equivalent or less, designed with modular factory fabrication, 
pursuing economies of series production and short construction times.

At a glance

Nuclear Core
Contain the uranium assemblies within which nuclear 

reactions occur liberating a large amount of CO2–free heat

Warm coolant rising channel
Guide the natural circulation of the expanding cooling 

water through the heat exchanger to produce steam. 

Reactor Pressure Vessel
Ensure the integrity of the primary circuit

Containment Vessel
Prevent the release of radioactive materials and 

protect from external interaction 

Steam line
Transport the steam toward it’s desired applications: turbine for 

electric generation or heat network for co-generation applications

Water pool
Provide an ultimate heat sink 

that passively cools down the 
reactor and maintains it into a 

safe state for unlimited period
when normal operation 
conditions are not met.

NuScale Power Modules (23m x ⍉4.5m) 
Supply steam independently from the other power modules 

Reactor building
Prevent the release of radioactive 

material into the environment in 
adverse conditions. Protect the 

reactors from external 
interactions (natural disaster, 
industrial hazards…)

Image source: NuScale

Source: NuScale

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 10
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Image source: 
NuScale

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0

Quickly identified as the leading pressurized-water SMR in the West, Nuscale
is a modular and scalable design that typically features 12 modules of 60MW
in a single reactor pool.

It has unique and innovative passive safety features resilient to severe
accidents without relying on external power, operator action or additional

water inventory for the decay heat removal for an extended period of over 30
days.
It has recently overcome one of the key milestone by becoming the first-ever

SMR to be approved by a Western regulator (USA).
The first-of-its-kind is set to be operational in the US around 2026.

At a glance

16
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SMRs News Since September 

Seen in the news:

- UK: gov seeminglyon the verge of announcing plans for multiple Rolls-Royce SMRs

- Poland: Synthos starting official discussions with Polish regulator on SMRs (Tractebel likely involved)

- Canada: OPG officially moving on with the Darlington site for its first-of-a-kind on-grid SMR

- Czech: CEZ signed an MOU with Rolls-Royce and other SMR vendors to explore deployment in Czech

- Netherlands starts officially considering new nuclear

At a glance

https://world-nuclear-news.org/Articles/OPG-plans-SMR-construction-at-Darlington
https://world-nuclear-news.org/Articles/Company-begins-SMR-discussions-with-Polish-regulat
https://www.bbc.com/news/science-environment-54703204
https://world-nuclear-news.org/Articles/Rolls-Royce-and-CEZ-to-explore-SMR-deployment
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SMRs News Since September 

Seen in the news:
- Chinese first SMR progresses on commissioning
- Russian derive land-based SMR from floating

technology
- Canadian makes significant progress with R&D

(Laborelec likelyto be part of it)
- Nuscale announces power uprate that will

improve economics

- French SMR officially unveiled

At a glance
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SMRs News Since September 

Seen in the news:
- US lifts prohibition on funding nuclear projects abroad to compete with

China and Russia… and starts leveraging it to deploy domestic SMR

technologies
- Canada moves on to become international SMR hub with significant

funding awards

At a glance
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2. Tractebel Market Study

1. SMR Technologies Overview

Mar-21 20

Tractebel’s Vision on SMR

21st century context and drive

International dynamics

Water type SMR overview

Molten-Salt type SMR overview

High-Temperature-Gas type MMR overview

Recent industry milestones

Heat Market Study

Tomorrow’s European Grid Alternatives
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100% Renewables
Reference case

0 2000 4000

CAPEX 2016 CAPEX 2050
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+Gen III Nuclear
Mature 

nuclear tech
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+Light-water SMR
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nuclear tech
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5
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2027
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+Molten Salt Reactor
Low maturity

high prospects tech
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2030-2035
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Reactor Heat storage

1GW for 24h

3GW for 8h

Source: MOLTEX Energy



P
U

B
L

IC

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 22

Biomass/gas Hydro Solar Wind H2 / SNG Nuc New  Build Nuc LTO

Country

100% Renewables With Gen III With LW-SMR With MSR
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Reengineering Top-up heat Part supply On-site retrofit Plug-in

<35°C
Not worth

>1000°C
Top-up heat 

required

<1000°C
VHTR compatible

<550°C
MSR Compatible

<250°C
LWR compatible

Desalination

District Heating
Paper

Refineries

Soda ash Chemical clusters

Ceramic

Cu, Ni

Lime

Aluminium

Ammonia

Steel

Cement

Glass

Max 

process t°

Coupling 

easiness

Caption

Immediate canvassing

Gen IV early adopter

Gen IV late adopter

Opportunistic

>40 GWth

>20 GWth

>10 GWth

<10 GWth

Atomistic
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Engineering
a carbon-neutral 
future

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 24



Back-up Slides

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 25



P
U

B
L

IC

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 26

TECHNOLOGY Integral Pressurized Water Reactor Boiling Water Reactor

REFERENCE 
POWER

Up to 12x 77 MWe 300MWe

CAPEX
3.5B$

4-5000$/kW
<1B$

<3000$/kW

CONSTRUCTION 4.5yrs – factory-built  module 4yrs

DISTINGUISHING 
FEATURES

Triple Crown Safety: 
extended grace period > 30days

1mile EPZ

Safety: extended grace period > 7days
Proven technology – Evolved from ESBWR

Cost

LICENSING Design approved by US NRC Pre-licensing US and Canada

FOAK 2027 - 2029, Idaho - US Not yet announced
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TECHNOLOGY High-Temperature Gas-cooled Reactor Micro-Modular Reactor - HTGR

REFERENCE 
POWER

4x 80 MWe 5 -10 MWe

CAPEX
<1.5B$ (not confirmed)

~5000$/kW 
50 - 100M$ (not confirmed)

>10 000$/kW

CONSTRUCTION 3yrs 1yr

DISTINGUISHING 
FEATURES

Walk-away safety & site-boundary EPZ 
~ 700°C process heat 

Walk-away safety & site-boundary EPZ 
> 600°C process heat 

No refueling – 20 yrs core lifet ime

LICENSING Application to be submitted to US NRC (2021) Licensing CNSC

FOAK 2027 - 2030, US DOE site - USA ~2025-2027, Chalk River - Canada
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TECHNOLOGY Molten Salt  Reactor (fast spectrum) Molten Salt  Reactor (thermal spectrum)

REFERENCE 
POWER

300 MWe 200MWe

CAPEX
<1B$

3000$/kW
0.7B$

<3500$/kW

CONSTRUCTION 5yrs 4yrs

DISTINGUISHING 
FEATURES

Waste burner

Walk-away safety & site-boundary EPZ 
Load-balancing with heat storage

Walk-away safety & site-boundary EPZ 
> 500°C process heat 

(H2, petro-chemical, …)

LICENSING Pre-licensing CNSC Pre-licensing CNSC

FOAK Mid 2030s, New Brunswick - Canada Early 2030s, Canada (site not selected)
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Final-CE4B-Policy-Recommendations.pdf - Google Drive

https://drive.google.com/file/d/140mnBYX5kqzruPEfKK5BQFz0yhyZGYl7/view
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Top-down sectorial analysis

Sectorial characterization through 

literature review from open-source 

document:

• EUROPAIRS report: 

End-Users Requirements fOr
Process heat Application w ith 

Innovative nuclear Reactor for 

Sustainable energy Supply

• Best Available Techniques 

(BAT) Reference Document for 
the relevant Industries (JRC)

Sectorial strategy & 

recommendations

The strategy consists of:

1. The prioritization of the 

industrial sectors to be 

addressed and,

2. Technical recommendations 
in the form of studies to be 

conducted

Bottom-up geographical 

analysis & recommendations

Country-by-country analysis of the 

potentially suitable industrials sites 

based mainly based on the GIS:

1. HeatRoadmap.eu/Peta4 

2. IndustryAbout.com

3. ChemicalPark.eu

4. Endcoal.org/global-coal-plant-

tracker

5. Companies w ebsite

Geographical strategy

The strategy consists of:

1. The prioritization of the 

country to be addressed and,

2. Organizational 

recommendations in the form 
of internal coordination & 

external alliance suggestions 
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Sectorial analysis Geographical analysis

Max process 

T°
Market size

Average 

plant size

Coupling 

easiness

Nuclear 

industry 

maturity

Nuclear 

Appetite

Co-gen 

potential

Carbon 

footprint**

Engineering

competition

<250°C
LWR* 

compatible
>40 GWth >400 MWth

Plug-in retrofit 
of off-site

plant

Tier 1 supply 
chain

Strong 
political 

leadership
>20 GWth >3t CO2/toe Very low

<550°C
MSR* 

Compatible
>20 GWth >200 MWth

On-site 
boiler/co-gen 

retrofit
Several sites

New build 
program

>10 GWth >2t CO2/toe Low

<1000°C
VHTR* 

compatible
>10 GWth >100 MWth

Part of 
process 
supply

Single 
site/unit

Strong R&D 
and public 

support
> 5GWth >1t CO2/toe Medium

>1000°C
Top-up heat 

required
>5 GWth >50 MWth

Process pre-
heat or 

top-up heat
Research lab

LTOs*
+ Phase-out

Sparce 
application

>0.5t CO2/toe High

<35°C
Not worth

<1 GWth <50 MWth

Important 
effort to re-

engineering

process 

No nuclear
Active 

opposition
No industry <0.5t CO2/toe Very high

Mar-21 31

*Light Water Reactor (LWR); Molten-Salt Reactor (MSR); Very Hight Temperature Reactor (VHTR); Long-Term Operation (LTO) **Carbon intensity of energy carrier in industry
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Reengineering Top-up heat Part supply On-site retrofit Plug-in

>1000°C
Top-up heat 

required

<1000°C
VHTR compatible

<550°C
MSR Compatible

<250°C
LWR compatible

District Heating

Paper

Refineries

Soda ash
Chemical clusters

Ceramic

Cu, Ni

Lime

Aluminium

Ammonia

Steel

Cement

Glass

Max 

process t°

Coupling 

easiness

Caption

LWR early adopters

Gen IV early adopter

Gen IV late adopter

Opportunistic

>40 GWth

>20 GWth

>10 GWth

<10 GWth

Atomistic
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Vendor development program
Architect’s Engineering, R&D, 

Constructability, Operating procedures

Construction, 

Installation, 
Maintenance

Utility development program
Owner’s Engineering, Business Case, 

Operational readiness

Consultancy

From multi-métier
feasibility studies as our 

‘produit d’appel’

to becoming Project 

Developers
Industrial project creation
Business developer, architect’s 

Engineering, Stakeholder Mgt, R&D… 
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CLIENTS MSR Technology Developer - Canada

Fermi Energia – Estonia

District Heating utility – Finland

Engie Corporate - Europe

PERIOD 2018 - 2020

SERVICES 
PROVIDED

Stage-gated delivery plan
• Definition, structuring and planning of project phases up to Final Investment 

Decision
• Requirements and hold points for project phase in diverse workstreams

Technology assessment and selection 
• Comparison of SMR technologies through technical and business-oriented criteria
• Assessment of suitability based on high-level specifications drafted with utilities 

(incl. non-electricyuses)

Integration studies in complex ecosystem
• Continental power market modeling
• Feasibility of SMRs integration for district heating and cooling applications in a 

Northern European city
• Pilot feasibility study for 100MW to 1GW electrolyser coupled to a NPP 
• Market survey of the European industrial heat users compatible with SMRs

Site survey and site selection

Mar-21 BNS Young Generation | The Rise of  Nuclear Technologies 2.0 34
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Attributes

Prospects

Key pre-requisites

• Industrial partners for input parameter collection

• Inductive reasoning rather than deductive: generalise from specif ic case study

Collaboration opportunities

• Pre-project activities: f inancing schemes, regulations, licensing 

• Local industrial partner canvassing (network mutualization)

• Technology developers: technology-related input parameters collection

Proposed

Methodology

Suitability requirements

• Operating constraints (availability, 

reliability, temperature regime…)

• Siting and layout requirements

SMR design screening

• Compatibility w ith requirements

• Candidate or representative design 

selection

System integration

• Technical interface management

• Site specif ic layout influence

Business case demonstration

• Stakeholders structure

• Offtake strategy

• Finance & premium opportunities

e-

Electrons Hot water Steam Hydrogen eFuelSolar salts

• Fungible

• Grid (country)

• Mature

• Room t°

• Locally mutualizable

• Netw ork (city)

• Mature

• 60-120°C

• Locally mutualizable

• Local (industrial site)

• Mature for non-nuclear

• 150°- 580°C

• Transportable

• Netw ork (region)

• Maturing

• Room t° - 950°C

• Transportable

• Trade (w orld market)

• Early pilots

• Various

• Local

• Local (site)

• Mature in CSP

• 450°- 650°C

• Utilities (existing and 

emerging)

• Fossil plants to be 

retrofitted

• Utilities

• Cities

• Petrochemical clusters

• Paper factories

• Soda ash plants

• Aluminium plants

• Steel mills

• Fertilizers plants

• CO2 deposits: 

limestone industries, 

ethylene oxide, 

bioethanol plants… 

• Industrial sites

• High-penetration 

renew able hybrid 

system: ports…

Energy

Vector

IAEA Coordinated Research Project on Economic Appraisal of Small Modular Reactor (SMR) Projects: Methodologies and Applications


