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Nuclear Power Today

Total Number of Operating 

Reactors today is 440 reactor 

with total net electrical 

capacity of 390,000 MWe. 

This is 10% of Global 

Electricity Production 



This is 11% of Global 

Electricity Production 

Second Low-Carbon 

Power Source

(~30%)

Nuclear Power Today

Total Number of Operating 

Reactors today is 440 reactor 

with total net electrical 

capacity of 390,000 MWe. 





Source: OECD, Environmental Outlook Baseline, 2011

Role in Climate Change Mitigation
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Nuclear Cogeneration & SDGs

Recover 
waste 
heat!!!

Rely more on 
non-electric 
applications

Incorporate new 
technologies: heat 
pipes, heat pumps, 
cogeneration…etc





Waste heat from these reactors is
 700,000 ~ 1,000,000 MW(th)!! 

Over 8.4x106  MWh(th) can be available for DH & Desalination at average operating condenser 
temperature.

 

This is equivalent to daily reduction of    
1 - 2 Million tonnes of CO2 emissions

Based on the type of fossil fuel would be used to cover this 
thermal demand

Assume: ~ 25% recovery of waste heat

Role in Climate Change Mitigation
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ROADMAP OF NUCLEAR 
ENERGY INNOVATIONS



STATUS OF 
NUCLEAR 
COGENERATION

• Nuclear cogeneration is a 
well proven technology with 
over 750 reactor years of 
operation in different 
applications. 

• About 15% of the currently 
operating nuclear power 
plants are used to supply 
heat



World energy consumption by 
end-use sector 

POTENTIAL OF NUCLEAR 
COGENERATION 

Data extracted from IEA, 2017

The industrial sector includes mining, manufacturing, agriculture, and construction
The buildings sector includes commercial and residential structures (electricity, heating,..)

The share of electricity used in transportation 
doubles between 2015 and 2040 as more 
plug-in electric vehicles enter the fleet and 
electricity use for rail expands

Nuclear potential is in penetrating 
Transportation and Heat (industrial 
and buildings) sectors using Nuclear 
Cogeneration of Power and Heat



Status of Nuclear 
Cogeneration
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Desalination District Heating Process Heat

Number of Reactors Currenty Operating
Reactor Years of Operation



Plant name Location Gross 
power 
MW(e)

Water 
capacity 
[m3/d]

Reactor type/
Desal. process 

Shevchenko Kazakhstan 150 80000 – 145000 FBR/MSF&MED

Ikata-1,2 Japan 566 2000 LWR/MSF

Ikata-3 Japan 890 2000 LWR/RO

Ohi-1,2 Japan 2 x 1175 3900 LWR/MSF

Ohi-3,4 Japan 1 x 1180 2600 LWR/RO

Genkai-4 Japan 1180 1000 LWR/RO

Genkai-3,4 Japan 2 x 1180 1000 LWR/MED

Takahama-3,4 Japan 2 x 870 1000 LWR/RO

Diablo
Canyon

USA 2 x 1100 2180 LWR/RO

NDDP India 2 x 170 1800 PHWR/RO

Karachi Pakistan 175 1600 MED

Experience on Nuclear Desalination

Aktau, Kazakhstan 

Ohi, Japan

Karachi, Pakistan

Kalpakkam, India
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GHG Emissions for 
Nuclear Desalination 



Future nuclear reactors: 

- Thermochemical/hybrid 
thermochemical cycles,  
efficiency (up to  95%)
✓ Sulfur- Iodine cycle.

✓ Sulfur-Bromine hybrid Cycle cycle

✓ Copper Chlorine cycle 

✓  …. etc

Current nuclear reactors:

- Low-temperature electrolysis

- Off-peak power or intermittent 
- HTSE

Nuclear Hydrogen Production



Maximum temperatures and theoretical electrical energy 
requirements of selected hydrogen production methods



advanced nuclear reactor (Gen-IV) for 
Hydrogen Production 

GEN IV - Advanced Nuclear Technologies
SCWR VHTR SFR GFR MSR LFR
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Efficiency (electric based) % 44 ~ 48 40 ~ 50 38 ~ 42 45 ~ 48 45 ~ 55 42 ~ 45
Thermodynamic power cycle

Brayton Cycle - He S-CO2 He He S-CO2

Rankine Cycle Steam Steam Steam - - Steam
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Electrolysis

PEM electrolysis (<100°C) ✓ ✓ ✓ ✓ ✓ ✓

Alkaline electrolysis (~200°C) ✓ ✓ ✓ ✓ ✓ ✓

High temp electrolysis (> 800°C) ✓ ✓ ✓ ✓ ✓ ✓

Thermochemical/Hybrid Cycles

Sulfur Iodine (> 800°C) - ✓ - ✓ - -

Hybrid Sulfur (> 800°C) - ✓ - ✓ - -

Copper Chlorine (> 600°C) ✓ ✓ - ✓ ✓ -
Carbon Based Thermochemical

Steam methane reforming (> 700°C) - ✓ - ✓ ✓ -

Coal/Biomass gasification (> 650°C) ✓ ✓ - ✓ ✓ -
SCWR: Super Critical Water Reactor                  GFR: Gas cooled Fast Reactor

          VHTR: Very High Temperature Reactor              MSR: Molten Salt Reactor

          SFR: Sodium cooled Fast Reactor                      LFR: Lead cooled Fast Reactor



Nuclear Hydrogen Production
coupling nuclear and hydrogen generation plants would serve in 
reducing the carbon emissions accompanied with the currently fossil-
powered steam methane reforming hydrogen plants. 

Conventional Electrolysis

HTSE

H2SO4 →SO2  + H2O + ½ O2

(>800oC)

SO2  + H2O+ ½ O2H2SO4(H2O) 

SO2  + 2H2O +I2 →H2SO4   +2HI

(<120oC)

I2 (H2O) 
2HI (I2, H2O) 

2HI →SO2  + H2+ I2

(>300oC)

H2O½ O2

H2

HEAT

Thermochemical & Hybrid Thermochemical Cycles

SO2 - Depolarized Water 
Electrolysis 
(80-120oC)

H2SO4 Thermochemical 
Decomposition 

(800oC)

SO2  + H2O 
H2SO4

½ O2

H2 H2O

HEAT

ELECTRICITY

HEAT

Step 1
400oC

Step 2
500oC

Step 5
430 – 475oC

Step 4
> 100oC

Step 3
30 – 70oC

H2O CuCl2 

+H2O

CuCl2 

H2O

H2½ O2

S-I

HyS
Cu-Cl



PEM electrolysis



Alkaline Electrolyser



high-temperature steam electrolysis



Nuclear Hydrogen Production

45

Driving Forces:

• Replacement of CO2 emitting fossil fuels

• Saving of resources by 30-40% 

• Securing energy supply by reducing dependency on foreign oil 
uncertainties

Emissions from
Nuclear Hydrogen 
Production! 



Cogeneration for 

District Heating

Recent developments in piping 
insulation allows transfer of heat for 
100 km with only  2% heat loss of the 
transported power

• Heat recovery enhances the plant efficiency and provides a high 
energetic gain (+70%)

• Nuclear heat recovery allows large reduction in CO2 emissions 

• Heat transport line can reach long distances (> 100 km)



Finland

Switzerland

Russian Federations



IAEA Tools and Toolkits
on Cogeneration and Non-Electric 
Applications of Nuclear Energy

- Desalination Economic Evaluation Programme
- Desalination Thermodynamic Optimization Programme
- Hydrogen Economic Evaluation Programme
- Nuclear Desalination Toolkit
- Nuclear Hydrogen Production Toolkit 



performance and cost evaluation 
of various power and seawater 
desalination cogeneration configurations. DEEP

Desalination Economic Evaluation Programme



Modern 
User 

Interface

Bankable 
financial 
analysis

Powerful 
sensitivity 

analysis

Versatile 
scenario 
Manager

Detailed 
Reports

DEEP



models the steam power 
cycle of different WCRs 
coupled with nonelectrical applications

DE-TOP

Desalination Thermodynamic Optimization



DE-TOP



Evaluates the economics of the most 
promising processes for hydrogen productionHEEP 

Hydrogen Economic Evaluation Programme 
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Nuclear Hydrogen Production Toolkit - NPTDS

• Up-to-date information

• Link to IAEA tools

• Highlights of IAEA Publications 

• News on IAEA Activities 

• Newsletter on nuclear hydrogen 

production



Nuclear Desalination Toolkit - NPTDS

• Up-to-date information

• Link to IAEA tools

• Highlights of IAEA Publications 

• News on IAEA Activities 

• Summaries of the TWG-ND

• Newsletter on nuclear desalination



Thank you!
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