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Nuclear Energy & CC: Mitigation - Adaptation 

adaptation 

(2012) 

on-going study 
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Ad hoc Expert Group on CC: Assessment of the Vulnerability of NPPs and 

Cost of Adaptation (Chair: J.Y. Caneill, EDF, France) 
 

 9 NEA countries: Austria, Canada, Czech Republic, Finland, France, Germany, 
Korea, Spain, US + IAEA, EC, IEA, OECD/ENV + consultation with industry 

 Experts from research and academic institutions, technical safety organisations, 
industry as well as international organisations.  

 Expertise in nuclear safety and risk assessment, meteorology, climate change, 
sustainable energy systems, nuclear technology and economics. 

 Cost impact of CC (and in particular extreme weather events - EWE) on operation 
of NPPs and cost of adaptation measures: “cost of inaction vs. adaptation cost” 

 Impact of extreme weather events on NPP operation & safety (case studies):  

 Canada: ice storm (transmission system), cooling from Great Lakes 

 Czech Republic: storms, extreme winds 

 France: heat wave/drought, floods 

 Spain: drought 

 US: floods, heat wave, storms 

 Energy-Water nexus: cooling issues, technologies 

 Regulations & policies (environment and safety) 

 Security of energy supply aspects 

 Recommendations to policy-makers (including R&D aspects) 3 

NEA Project (2013-2014) 



Examples of EWE impacts on NPP 

Storms 
Floods 

Drought / 
heat wave 

Forest fires 

Frazil ice 

Ice storms 
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How can EWE affect a NPP? 
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Role of grid: take 

power from NPP 

and supply NPP 

with power 

Role of Cooling water: 

cool condenser & 

remove decay heat 

Storms (wind, debris), ice 

storms, forest fires, heat wave 

Storms (debris), heavy rain, 

floods, frazil ice, heat wave, 

drought, algae, … 

Role of containment: 

ultimate barrier 

between reactor and 

environment 

Floods, 

heat wave 
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Cooling for thermo-electric power plants 

Fossil Nuclear 
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Shut down  no 

fuel  no 

residual heat 

Same issues: 
Rankine cycle, 

Different cooling 
options (once-

through, closed, 
hybrid…), same 
environmental 

regulations 
(intake, thermal 

releases), etc 

Essential Service Water System (ESWS) to remove 

residual (decay) heat: “Ultimate Heat Sink” 

Circulating Water System (CWS) 
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Cooling for thermo-electric power plants 

Thermal Efficiency decreases with increasing cooling temperature 

(thermodynamics AND environmental regulations) 
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 IAEA Outage data (loss of kWh production) 
according to several classifications 
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What data do we have? (1) 
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What data do we have? (2) 

IAEA PRIS database 

17.7% duration 
2.2% Energy Loss 

9.2% Events 

Outages 

caused by 

environmental 

conditions 



 IAEA/NEA incident database, data from national 
reports, nuclear regulators and operators. 
Examples of shut downs due to external events: 

 Loss of “ultimate heat sink”, Cruas NPP, France, 
December 2009 (due to blockage of ESWS intake by 
massive quantity of algae) 

 CWS water intake blockage, Olkiluoto NPP, Finland, 
January 2008 (due to frazil ice) 

 CWS water intake blockage, Osarshamn NPP, 
Sweden, September 2013 (due to jelly fish) 

 Loss of off-site power, Dungeness B NPP, UK, 
October 2013 (caused by debris landing on power 
lines during storm) 

 Other data provided in the course of the NEA study 
in the form of  “case studies”  

 Data about incidents themselves, but often 
information about measures required by the 
regulators to reduce the risks of similar events. 

What data do we have? (3) 
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What data do we have? (4) 
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 Olkiluoto NPP: 
 Measures to prevent blockage (by snow) of air 

intakes of heating, ventilation and emergency 

diesel generators 

 OL3: heating of air intakes 

 Pumping “warm water” upstream of cooling 

water intake to prevent frazil ice formation 

  Loviisa NPP: 
 Construction of air cooling system 

(tower) to supplement sea cooling in 

case of frazil ice or other pbs with sea 

water 

 Heating water intake grids to prevent 

frazil or pumping warm water upstream 

 Study on building deep water intake in 

case of high sea temperatures (possibly 

economical in the future) 

Adaptation Measures in Finnish NPPs 
(TVO/Pekka Viitanen, Fortum/Reko Rantamäki, FMI/ Pekka Alenius, Hilppa Gregow,  

Milla Johansson, Pauli Jokinen, Kirsti Jylhä, Hanna Mäkelä, Seppo Saku, Aalto U./S. Syri) 

Finnish Case Study (NEA study) 
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 Direct impact: 

 Loss of production due to partial/full outage because of: 

o compliance to environmental regulations (e.g. thermal releases) 
or safety regulations (max. temp. cooling water for safety-related 
cooling systems) or  

o Event affecting the operation of the NPP (for instance the cooling 
system) or 

o Event affecting the transmission grid. 

 Loss of efficiency due to higher cooling water temperature (data not 
publically available) 

 Cost of repairs, refurbishment, safety upgrades 

 Indirect impact: 

 Purchase by utility of power on “spot market” to compensate for loss 
of production 

 Compensation of customers (energy-intensive industry) required to 
reduce their electricity consumption (load management/shedding) 

 Cost assessment methodology needed (also for comparison across 
energy sector) – and to make a better case for adaptation! 
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Estimating the cost of ‘inaction’ 
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 Guidelines (e.g. siting), safety 

standards, safety 

assessments and regulations 

 

 Design (e.g. taking into 

account CC risks) 

 

 Technology (e.g. cooling 

technologies) 

 

 Planning and plant 

management (e.g. based on 

demand forecast, outage 

planning) 

 

 Demand-side management 

Dealing with CC in the nuclear sector 
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 Cooling:   (objectives: reduced usage of water / reduced impact) 

 

 Cooling technologies:  

o Closed cooling systems, hybrid systems 

o “low” profile cooling towers (public 

acceptance) 

o Dry cooling 

o More efficient Heat Exchanger equipment 

(e.g. Condensers) 

 

 non-traditional water resources (e.g. Treated 

waste water) 

 

 Innovative reactor designs (e.g. Gen IV, higher 

operating temperatures/efficiency) -  Advanced 

power conversion technologies (e.g. SCO2) 

 

 Modelling of cooling water intakes & thermal 

releases to reduce environmental impact 

Associated R&D needs (1) 
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 Weather forecast:   (objectives: improved management of supply [e.g. Outages] and 

demand) 

 

  Planning based on better assessment of demand. 
o “air temperature” is most important parameter driving electricity demand. 

o predicting consumption with 1 to 2 weeks lead-time can help optimise 

selection of generating units to meet demand. 

 

 Planning outages: 
o planning refuelling and maintenance outages during peak heat periods 

(provided outages can be balanced by increased production at other 

sites or imports) for most vulnerable units (located on rivers) 

o After 2003 heat wave, EDF reviewed its maintenance planning to ensure 

operation of all coastal units during summer 

 

 Improving forecasting tools: 
o to select, size and engineer future plants, test robustness against CC / 

extreme weather events. 

o Multi-scale approaches to combine long-term forecasts (several 

decades, time scale of investment / construction / operation) with short 

term projections (for operational purposes, fleet management) 

 

Associated R&D needs (2) 
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 Safety assessment:   (safety case for NPPs operating for several decades, taking into 

account the possibility of extreme weather events; to help design “barriers”) 

 

 Two types of safety assessment: 

 

o Deterministic (conservative) / based on a realistic “worst case 

scenario” 

 

o Probabilistic safety assessment (PSA) 

 

 

o But PSA methodology requires “historic data”: e.g. “10000 year 

flood”. 

 

o Usually recorded data exists for  100 years. 

o Extrapolation. 

o But what about CC-events for which no data (frequency, 

amplitude) exists, only “projections” (e.g. IPCC) ?  

 

 

 

Associated R&D needs (3) 



Some preliminary conclusions 
 New plants: (typically 60 year lifetime  operation until 2080) 

 Design, siting – take into account CC risks. 

 

 Existing plants: 

 Siting and safety case take into account (known) extreme weather 

events 

 Safety requirements are a driver for change (often, safety upgrades 

improve CC resilience too) 

 For non-safety issues: (e.g. thermal efficiency, outages due to 

environmental reasons), “economical decision” 

 

 

 

 

 

 

 

 

17 

INACTION ADAPTATION 

o cost of adaptation vs. electricity 

market ‘economics’ (wholesale 

price, overcapacity) 

o adaptation can lead to reduced 

power output (e.g. closed cycle vs. 

direct cooling) 

o single plant operator 

o remaining lifetime ( 10y) 

o “low” number of events 

o  safety requirements 

o  security of energy supply 

o  fleet operator 

o  remaining lifetime ( 20-30y) 

o  “high” number of events 

Need to make the economic case for resilience 



Some preliminary conclusions 

 Importance of addressing (generation + grid + consumers) together to 

design resilient energy systems 

 

 (Short term) economics not enough to drive changes: 

 

 Role of governments to put in place investment framework for long 

term 

 Role of regulations to drive technological changes. 

 

 

 In terms of R&D needs / activities with respect to nuclear power & CC: 

 

 Cooling technologies to reduce water dependence 

 Forecasting methods to improve plant/fleet management  

 Safety assessment methods to address future CC events 

 Economic assessment methodology to make a better case for 

adaptation. 

 

 NEA study & recommendations to be published 2nd half 2014. 
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