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Hydrogène

▪ Context = Cop 21 + Nuclear Regulation 
(ex France = 63GW cap + 50% share)

▪ 3 « Pilars » of Deep Decarbonization [1] 
:
▪ Energy savings
▪ Energy switch toward Low CO2 

vectors
▪ Decarbonization of vectors 

▪ Energy mix diversity 
= Diversity of paths

▪ Time Horizon Diversity
▪ Investissements = decades
▪ Usage / Production < hours 

[1] http://deepdecarbonization.org/ 

http://deepdecarbonization.org/
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POLES : « Prospective Outlook on Long Term Energy System » 
partial equilibrium model of world Energy System

2 Nuclear technologies simulated : Thermal Neutron Reactors using natural U and Fast Neutron 
Breeders using recycled TR used fuels as startup inventories
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Breeders

LWR –Enriched U

130 $/kg >1000 $/kg

“ultimate resources”  Unat price ($/kg)

€/kWh

➢Not starting FR (by building a 
demonstrator called ASTRID = 10* Long 
Lived High activity = 2 * underground 
repository > 20G€ ? 
➢FR can be seen as « dynamical » storages 
of Pu and maybe Minor Actinides...

➢ FR need a critical mass of fissile materials 
➢ => In France, those materials should come 

from used MOX fuels (« matières 
valorisables »).

Nuclear Generations Fight each other ?

See A. Baschwitz yesterday or GLOBAL 2015
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S shapes Supply curves (A. Monet et al. [PHYSOR 2015 IAEE 2016])
➢130$/kg used to be the end of « known reserves »
➢>6MT, jump in the unkown ? growning slope
➢ technology rupture (phosphate, sea water J. Guidez [PHYSOR 2015]), lower slope

Iden
tifie

d

Specul
ative

Unknwon

Uranium Long Term Supply Curves depend on cumulated uranium used

What lies beyond the little 
red book ? 

At what speed could those 
(non conventional) 
resources be developed ? 
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Olympic Dam (3kt/y) = 5% or world 
uranium but mainly a copper mine ! 
Capacity (kt/y) depends more of 
copper price than uranium price

Many resources envisionned : 
Phosphates.
But uranium contained in phosphate 
flows < 10kt Unat/y (cf AIEA, I-
TESE).
Coal mines < 1kt/y
Others…

==> uranium price should become 
dependent on annual production 
volumes  

Proposed uranium cost model:
Low production rates : uranium 
cost= separation of uranium from 
raw material flows
High production rates (> primary co 
products), uranium price must cover 
most of mine costs

What is the cost of uranium as a coproduct ?
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➢ Strong long lasting 
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❖ FR initial inventory halved => FR 
doubled

❖ Breeding gain + 5% => FR + 5 %
❖ TR almost unchanged

FR physical parameters and synergetic strategies

❖ Synertic scenario : FR have access to a 
« world TR used fuel bank »

❖ FR growth rate almost doubled during 
early deployment phase

❖ TR almost unchanged
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Nuclear Generations fight together ?
Investment = f(LCOE)

 Nuclear (New build > 60%)

 Variable Renew (80-100 %)

Operation based on marginal 
cost

Nuclear (New build  < 20%)

Variable Renew (0-10 %)

Even without priority access, 
new renewables may force 
base load techs like nuclear, 
out of the market

(at least for some sunny / windy hours)

12

Union of Concerned Scientits

ADEME 100% renewable scenario study (2015)Expected evolution of Wind energy LCOELCOE = Levelized Cost of Electricity
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Nuclear Load Following capacity 
Dispachable units need to cope 

with variable demands and 
renewable productions at ALL 
time scales (season, week, day, 
hours, minutes, seconds)

Large interconnections are helpful

French Nuclear fleet do it !

13

RTE (French TSO) 2014 Annual report

OECD NEA Nuclear and RenewablesFleet’s seasonal adjustment to demand by adapted outage planning

+- 7% 
Frequency control 
rotating reserve

+- 70% 
nights / weekends 

load following

1 NPP production history
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Duration curve evolution (ex : France)

Projected nuclear fleet 
reduced (higher 
construction costs now than 
in the 80’s) 

14

2014 2050

Massive evolutions: 
disapearence of base load ! 
increase in peak capacities 

(half the dispatchables) 
disapearence of Nuclear ? 
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Load following capacity extension

15

2100 2100

« Electricity is the future »

-> massive increase in global electricity consumption in 2100

-> need for dispatchable sources still very strong (incl. Nukes)

-> If nuclear can contribute to lower hours investments blocks. 
+10GW of nuclear capacity ! 



A. Bidaud, Dynamic Nuclear Fuel Cycles 

Scenario studies

16



A. Bidaud, Dynamic Nuclear Fuel Cycles 

Scenario studies
4 main scenarios 

No policy  

2°C Climate policy 

Climate policy, No CCS 

Climate policy, No CCS, no new electricity storage 

16



A. Bidaud, Dynamic Nuclear Fuel Cycles 

Scenario studies
4 main scenarios 

No policy  

2°C Climate policy 

Climate policy, No CCS 

Climate policy, No CCS, no new electricity storage 

16

World nuclear installed power (WR + FR)



A. Bidaud, Dynamic Nuclear Fuel Cycles 

Scenario studies
4 main scenarios 

No policy  

2°C Climate policy 

Climate policy, No CCS 

Climate policy, No CCS, no new electricity storage 

Country specific paths (« know your enemy »)

16

World nuclear installed power (WR + FR) Europe nuclear installed power (WR + FR)



A. Bidaud, Dynamic Nuclear Fuel Cycles 

Scenario studies
4 main scenarios 

No policy  

2°C Climate policy 

Climate policy, No CCS 

Climate policy, No CCS, no new electricity storage 

Country specific paths (« know your enemy »)

No « fixed » demand, strong sensitivity to learning curves

16

World nuclear installed power (WR + FR) Europe nuclear installed power (WR + FR)



A. Bidaud, Dynamic Nuclear Fuel Cycles 

Scenario studies
4 main scenarios 

No policy  

2°C Climate policy 

Climate policy, No CCS 

Climate policy, No CCS, no new electricity storage 

Country specific paths (« know your enemy »)

No « fixed » demand, strong sensitivity to learning curves

Uranium resources limits

16

World nuclear installed power (WR + FR) Europe nuclear installed power (WR + FR)
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Typical daily profiles

17

2°C no CCS 2°C

2°C no CCS, no stock innov.

A. Bidaud et al. @ ICAPP 2016
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Europe nuclear installed power (WR + FR)World nuclear installed power (WR + FR)

Extension of Load Following Capacities
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World nuclear Load Factors (WR + FR) Europe nuclear Load Factors (WR + FR)
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❑ Mine	technologies	could	be	the	most	important	technological	transition	in	nuclear	
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industry,	often	different	from	the	TR	market.	Its	growth	depends	on Economics	:
❑ Competition	against	[fossiles	w/wo	CCS,	biomass,	hydro+IRES	with	storage	?]					
==>	importance	of	geography,	geology	and	history	of	each	country

❑ FR	Competition	against	Thermal	Reactors	not	the	main	objective	+	FR	need	TR	for	
core	startup	inventories.

❑ Collaborative	/	synergetic	strategies	have	strong	impacts	by	doubling	FR	growth	
rates	(in	fast	growing	countries)	and	reducing	used	fuel	burdens	(in	stalling/phasing	
out	countries).

❑ =>	Diversity	of	paths
❑ =>	Huge	needs	for	Dynamic	Nuclear	Fuel	Cycle	studies
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❑ Learning	curves	of	Nuclear	and	others	
❑ Build	Carnot	Energies	du	Futur	Prospective	White	Paper	

=>	PhD	position	opening	this	Autumn	(?)/	Winter	

❑ Grenoble	
❑ 150	000	pers	in	a	500	000pers	area	
❑ 50	000	+	Students	
❑ «	Only	»	150	Nuclear	Engineering	Master	diploma	/	y 



A. Bidaud Uranium Resources, Scenarios, Nuclear and Energy Dynamics

Merci de votre attention ! 
Thank you !
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