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Do we have the technology we need for the future 
energy supply? 

 
If not what do we have to do?   

 
For when? 

 
I will mainly focus on nuclear as a supply option.  The 
same questions can be asked much more generally. 

 
 



40$billion$tonnes$of$CO2$will$be$emiDed$this$year.$



Part 1: The Government’s approach to energy and climate change 19 

1.29 The 2050 futures set out a helpful framework 
for developing the Government’s strategy to 
achieve carbon budgets on the way to 2050. In 
each sector, we need to ensure that our strategy 
for meeting the first four carbon budgets puts 
us on a path to deliver this range of ambition in 

2050. Part 2 of this document sets out how we 
will do this in each sector. Part 3 provides a range 
of scenarios for ways in which we could meet the 
fourth carbon budget, all of which would put us on 
track to deliver these 2050 futures.  

Table 1: Summary of 2050 futures 

(All figures 
in 2050) 

Measure Core 
MARKAL 

Renewables; 
more energy 
efficiency 

CCS; more 
bioenergy 

Nuclear; 
less energy 
efficiency 

Energy 
saving per 
capita, 
2007–50 

50% 54% 43% 31% 

Electricity 
demand 
increase, 
2007–50 

38% 39% 29% 60% 

Buildings Solid wall insulation 
installed 

n/a16 7.7 million 5.6 million 5.6 million 

Cavity wall insulation 
installed 

n/a16 8.8 million 6.9 million 6.9 million 

House-level heating 92% 100% 50% 90% 

Network-level heating 8% 0% 50% 10% 

Transport Ultra-low emission cars 
and vans (% of fleet) 

75% 100% 65% 80% 

Industry Greenhouse gas capture 
via CCS 

69% 48% 48% 0% 

Electricity 
generation 

Nuclear 33 GW 16 GW 20 GW 75 GW 

CCS 28 GW 13 GW 40 GW 2 GW 

Renewables17 45 GW 106 GW 36 GW 22 GW 

Agriculture 
and land use 

Bioenergy use ~350 TWh ~180 TWh ~470 TWh ~460 TWh 

16  MARKAL does not provide figures for numbers of specific insulation measures deployed. The 2050 futures figures are taken directly from the 2050 
Calculator, and should be taken as illustrative rather than precise targets for deployment. 

17  Note that the 2050 futures do not assume that existing renewables generation is repowered at the end of its lifetime. The 2050 Calculator assumes that 
wind turbines have a lifetime of 20 years. 

The Carbon Plan:  
Delivering our
low carbon future 

December 2011  

DECC$2011$report$$
2050$scenarios$



Stuart.Haszeldine@ed.ac.uk 

GeoEngineering CDR Global carbon storage 

Calgary Workshop, Carbon Management Canada, 2Oct2014 
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Biomass#not#for#storage,#is#for#BECCS#
Oil+and+gas+fields#are#;ny#

Aquifers#can#hold#all#emissions#to#2050#
Beyond#1#Tn#tonnes##….##VERY+Difficult+++

ScoY#Haszeldine#2014#
Nature#Climate#Change#

ScoY#Haszeldine#2014#
Nature#Climate#Change#



Ultimate fuel resource for different energy systems 

Large resources in coal, fission breeder and fusion. Solar provides a large 
resource as well. Source: WEC, BP, USGS, WNA 
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CAN WE AFFORD TO BURN ALL OF THESE 
 

David$Ward$



World Energy – a three stage problem 

Stage&1.&2015,2024&Keep&the&lights&on.&&Renew$grids,$renew$$
genera:on,$secure$gas$supply$…..$
&
Stage&2.&2024&–&2100&Carbon&emissions&reduc>on,&Transi>onal&&
Technologies.&&Nuclear,$coal$A>$gas,$carbon$capture$and$storage$$
(CCS),$grow$renewables,$CONSERVE,$CONSERVE.$
$
Stage&3.&2100&,,&…..&Sustainable&low&carbon&supply.&&Replace$$
all$fossil$fuels$without$conven:onal$nuclear$and$CCS.$$Land$use$$
limited.$$Renewables&(solar)&+&………&Advanced&nuclear&and&fusion.&



UK Nuclear Plan? 



New Build – once through fission 
Hinkley Point 

“Make$some$money$before$we$worry$about$future$nuclear”$
Probably$a$pragma:c$strategy$

Aim$is$to$install$16GW$conven:onal$nuclear$–$probably$80$year$life:me.$

3.2GW$from$two$EPR$reactors$



“Within$3$of$the$4$key$Carbon$Plan$scenarios,$nuclear$energy$is$envisaged$as$
delivering$a$much$larger$amount$of$generaUon$than$that$available$now,$with$
the$potenUal$to$deliver$up$to$75GW$of$the$UK’s$energy$needs.$
$
In$order$to$potenUally$deliver$against$the$upper$end$of$this$scope$it$is$likely$
that$more$advanced$and$diverse$opUons$will$need$to$be$explored$in$terms$of$
nuclear$technology.$
$
Such$opUons$may$include:$development(of(newer(fission(technologies(such(
as(evolu;onary(LWR’s,(small(modular(reactors((SMRs)(or(Genera;on(IV(;(
op;ons(for(closing(the(uranium(fuel(cycle(and(reprocessing(spent(fuel;(
progressing(the(development(of(fusion;(and(considera;on(of(alterna;ve(
fuel(cycles.(Ensuring$that$these$opUons$are$not$foreclosed$or$essenUal$skills$
lost$will$be$an$important$long$term$objecUve”.$

UK - Long-term Nuclear Energy Strategy 2013 
  



The debate goes on ….. 

Sir$John$Cockcro,$

1947,$1950,$$$reports$from$Harwell$by$R.V.$Moore$on$economics$
of$nuclear$power.$$“170$different$kinds$of$reactor”$
$
•  Recogni:on$that$breeders$were$needed$in$the$long$term$$
because$of$limited$Uranium$supply.$$Technology$was$not$ready,$$
safety$not$understood.$$But$compact$high$energy$density$systems$
$AA$ul:mately$a`rac:ve$economically.$

•  Natural$uranium$reactors$–$near$term,$supply$energy$and$$
Plutonium.$$“Not$compe::ve$with$coal”$but$military$need.$$Large$
low$power$density.$$Calder$Hall$etc.$$MAGNOX.$
$
•  Enriched$uranium$reactors$–$enrichment$was$too$expensive$in$
1950. $$More$compact.$Today’s$reactors$–$enriched$to$3A5%$AA$$
enrichment$is$rela:vely$cheap.$
$
•  First$UK$breeder$(DFR)$opened$1959,$Dounreay$Scotland.$$Last$
one$(PFR)$closed$in$1994.$

Sir$Christopher$Hinton$



Generation IV -- Nuclear 

•  very-high-temperature reactor  

•  sodium-cooled fast reactor;  

•  supercritical-water-cooled reactor;  

•  molten salt reactor;   

•  lead-cooled fast reactor);  

•  gas-cooled fast reactor;  

 

EXECUTIVE SUMMARY 

TECHNOLOGY ROADMAP UPDATE FOR GENERATION IV NUCLEAR ENERGY SYSTEMS – JANUARY 2014 9  

Figure ES.2: System development timelines as defined in the original  
2002 Roadmap (left) and in the 2013 update4 

 

The Fukushima Daiichi nuclear power plant accident has emphasised the importance of 
designing nuclear systems with the highest levels of safety. Lessons learnt from the accident will 
benefit the current operating fleet, as well as future nuclear systems, including Generation IV 
systems. The accident demonstrated in particular the need for reliable residual heat removal 
over long periods as well as the necessity to exclude significant off-site releases in case of a 
severe accident. For the Generation IV systems, an additional set of questions has to be analysed 
in detail and compared to the work on advanced light water reactors. These relate, in particular, 
to: 

x the use of non-water coolants in most Generation IV designs; 

x higher operational temperatures; 

x higher reactor power density; 

x in some cases, the close location or integration of fuel-cycle or chemical facilities. 

In the coming years, GIF will work on demonstrating the capability of Generation IV systems 
to achieve the highest level of safety, taking into account the lessons learnt from the Fukushima 
Daiichi accident. 

  

                                                           
4. These timelines are indicative and may change, for example, if structural materials, fuel or 

other important components are not validated at the planned dates. 
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Sodium Cooled Fast Reactor 
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! An architecture with cylindrical internal vessel 
surrounded by the components, called “CICI”, with the 
following objectives: 

–  simplification of the internal vessel and, as a 
consequence, improvement of the accessibility to 
structures in the hot and cold collectors, 

 –  improvement of the robustness of the safety 
demonstration, in particular as regards the following 
points: 

  1)  possible improvement of the reliability of the decay 
heat removal (DHR) function; since the DHR systems 
are located in the cold pool, they are less exposed to 
high temperatures, they are protected against accident 
situations by the internal 

vessel in case of release of mechanical energy, and 
finally they can provide a long-term cooling function 
and improve the reliability of the cooling function of 
the core catcher (if the core catcher is located inside 
the main vessel), 

  2) reduction of the risks of the gas entrainment from the 
free surface, 

 3) protection of the core supporting structures which are 
directly cooled when the DHR exchangers are in-
operation. 

This architecture is promising in terms of safety, but it involves 
technological difficulties, in particular the connection between 
the internal vessel and the intermediate exchanger. 

 
 

 
 

FIGURE 6.4: MAIN INNOVATIVE ARCHITECTURES STUDIED 

Architecture with internal vessel with conical inner 
vessel (redan) 

Architecture with cylindrical internal vessel 
surrounded by the components (CICI) 

Architecture with stratified barrier 
(redan) 

Architecture with cylindrical internal vessel 
containing the components (CICE) 

(Areva NP) 

CEA | DECEMBER 2012 

ASTRID$–$French,$EDF/AREVA$
Fast$reactor$UK$involvement?$$

PRISM$–$US$GE/Hitachi$
Reactor$–$plutonium$burner$
UK$to$buy?$

PROPOSED$

BN600$opera:onal$
Sodium$cooled$
Fast$reactor.$$560MW$
Oblast$AA$$Russia.$



Small Modular Reactors – build in Factory 
exploiting advanced manufacturing. 

We$have$capability$in$UK$–$supply$chain,$factories$and$design.$$Should$we$build$them?$
Decision$process$underway.$

US$design$Mpower$–$two$180Mw$electrical$small$modular$reactors$

Bechtel$

170$reactor$designs?$$Too$many$op:ons$
We$need$some$clear$policy.$



What about fusion – when is it going to 
produce electricity? 

EU$roadmap$to$deliver$first$electricity$before$2050$



16 



Breaking records at Culham 

Currently$the$only$machine$capable$of$fusion$
 

JET$2017/8$$
prediction$



ITER 
First sustained burning 
plasma.  
 
Starts in 2020. 
 
BASIC PARAMETERS: 
 
Fusion Power 500MW 
 
Burn Flat Top >400s 
 
Power Amplification Q>10 
 
Cost is > 12 Billion Euro. 
  



ITER Computer Modeling 

Fusion 
Power (MW) 

Budny$2009$

Heating  
Power (MW) 



EU Demonstration Reactor – start 2040-5. 



2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Disruption mitigation, basic plasma

Advanced divertor, high power H&CD, diagnostics

Advance PFC, steady-state advanced operation

Phase I ˖Q=10, 400s, 500MW, Hybrid burning plasma

Phase I I˖Q=5, 3000s, 350MW, steady-state burning plasma

᷉a2021᷊

I˖Q=1-5, steady state, TBR>1,  >200MW, 10dpa

II˖DEMO validation, Q>10, CW, 1GW, 50dpa

᷉2030 start operation᷊

1GWe, Power
Plant Validation

᷉a2050᷊

Roadmap for ChineseRoadmap for Chinese
MFE DevelopmentMFE Development



Not very clear? 

•  If$Nuclear$is$to$play$more$than$a$transi:onal$role$we$have$to$do$R&D.$

•  There$is$no$consensus$about$Genera:on$IV$projects:$
•  No$priority$
•  Technical$issues$are$cloudy$AA$but$some$technology$has$$
$$$$$been$prototyped$
•  “The$market$will$decide”$

•  Fusion$has$a$clearer$path$–$perhaps$because$we$are$further$away.$
$


