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• Environment and Energy/Electricity 
• Climate 
• Health impacts 

• Nuclear Power Expansions 
• Sweden 
• France 

• Replacing fossil fuelled electricity 
• Future nuclear energy

Todays program
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Future climate

3



Climate forcing (W/m2)

Climate forcing agents in the industrial era.  �Effective� forcing accounts for 
�efficacy� of the forcing mechanism 
 

Source: Hansen et al., JGR, 110, D18104, 2005. 4



Earth energy imbalance

• GHG forcing is reasonably well quantified (~3 W/m2)

• Aerosol forcing is not (-3-0 W/m2)

• Resulting most likely earth energy imbalance is 1-2 W/m2

IPCC (2007) 5



The Carbon Cycle

• Land and ocean sinks 
currently take more of the 
CO2 than the atmosphere 

• Oceans are rapidly 
acidifying, threatening 
calcifying life forms 

• If current trends continue, 
this will eventually 
threaten the entire marine 
life cycle
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Cumulative emissions (what’s “fair”?)

Cumulative emissions (1870–2013): 
• USA (26%),  
• EU28 (23%), 
• China (11%), 
• India (3%) 
• The above covers 63% of the total share

Cumulative emissions (1990–2013): 
• USA (20%),  
• EU28 (20%), 
• China (14%), 
• India (5%) 
• The above covers 59% of the total share

• Fossil fuels built the wealth of the west

• Asia (mainly China) is now responsible for the growth

7



Carbon intensity trends
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GHG emissions from energy

• Land-use change dominant until ~1900

• Coal and land-use change dominant until ~1950

• Oil & gas >1940

• Current emissions 

growth rates:

• Cement: 4.7%/y

• Coal: 3%/y

• Gas: 1.4%/y

• Oil: 1.4%/y
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GHG emissions from electricity

Vattenfall LCA Study (July 2012)

• Nuclear typically 5-50 gCO2/kWh

• Coal at 800-1300 gCO2/kWh
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Mortality of electricity production

Markandya, A.; Wilkinson, P. Electricity generation and health. 
Lancet 2007, vol. 370, p. 979−990.

• Wide disparity of data, figures used are best-estimate mean 
• Coal mortality data for China has been excluded (much higher)

• Air pollution kills ~7 million people annually (WHO)
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European electricity grid

• Electricity produced is consumed somewhere in the grid

• Non-emitting sources effectively displace emitting sources
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The politics of climate insanity
Name Bełchatów Coal Power Plant Ringhals Nuclear Power Plant

Installed power 5420 MWe 3707 MWe

Generation y-1 26 TWh 25-30 TWh

Emissions gCO2/kWh ~1150 ~5

Emissions tCO2/y ~30,000,000 ~3-4000

Status Most polluting power station in 
Europe

Largest clean power station in 
Northern Europe

Prospects Recently upgraded Being forced out of operation

Elektrownia Bełchatów, Poland Ringhals NPP, Sweden 13



The politics of climate sanity

1. Don’t shut down any existing low-emissions production 

2. Make pollution expensive 

Include external costs in the price of coal, oil and gas 
3. Build new low-emission energy production, by either: 

A. Implementing (a rational) national strategy 
B. Let a free (actually free) market system decide what to build 

4. Fund research on low-emissions technology 

Including the modern versions of the most successful historical pathway 
to de-carbonization in history: nuclear energy. 
5. Transition to electric (and biogas) driven transportation
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The Swedish Nuclear Program

‣ Original Swedish nuclear policy (“The Swedish Line”) 
focused on heavy water reactors using natural uranium, 
started in 1950s


‣ 1 PHWR built in 1963 (Ågesta NPP)  
10 MWe + 55 MWt district heating


‣ HWR-line officially abandoned with the failure of the 
Marviken reactor in the early 1970s


‣ Competing line focused on Boiling Water Reactors, 
started in early 1960s


‣ A total of 11 Swedish-designed BWR plants were put 
online in 1972-1986 (9 in Sweden, 2 in Finland)

‣The Swedish LWR program is the most rapid expansion of GHG-free electricity 
the world has ever seen, normalised by either population or GDP.
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The Swedish Nuclear Program
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Steady state rate

Initial construction lag

• Steady-state rate of addition: +25 kWh/y/y/1000$-GDP* 

• Adjusting to global GDP: 1500 TWh/y/y (10% of fossil electricity)

*USD in 2005 16



Energiewende?

German “Energiewende” 
Most ambitious renewable 
expansion program ever
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Low Emissions Expansion Rate

• Total rate in Swedish nuclear ~5 times that of Energiewende, 
(Period: 1999-2014 for EW, 1966-1986 for SN)


• Lowest value from Swedish data (ave. 1962-1986) is almost 
twice the peak year so far of Energiewende (2010-2011)
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Swedish Energy and Emissions
• Up until 1972: Intensity constant, emissions rapidly increasing

• 1972 and on:  Intensity rapidly falling, emissions falling

• Per capita emissions down by 75% from 1970 by ~1990
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Swedish Energy and Emissions

• Emissions were reduced due to the closing of fossil power plants 

and the electrification (by nuclear power) of heating and industrial 

processes that were previously fossil powered.  

• The total energy supply from crude oil and oil-derivative products 

dropped by 40% (from 350 to 209 TWh/y) in the period 1970–1986.  

• Total electricity consumption doubled and the use of electricity for 

heating expanded by 5.5 times (from 4.7 to 25.8 TWh/y)
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Swedish Energy and Emissions

“The Swedish Nuclear Power Program 
is in many ways the most successful 
climate and environmental project 
that the world has ever seen.” 

Professor James E. Hansen,  
Generally regarded as the worlds leading authority on climate science

DN Debatt (22/5/2015)
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Status of Swedish Nuclear

‣ To date (Oct. 2014) production of 2133 TWh of electricity, 
remaining production potential is 1800-2100 TWh 

‣Swedish nuclear has reached half-way! 

‣ This electricity acts (like all other emissions free electricity) 
to displace fossil production (coal, gas, oil)


‣ To-date emissions prevention is ~2 billions tons of CO2


‣ Future prevention potential is ~2 billions tons of CO2


‣ This production has prevented ~60,000 energy related 
deaths, with the same potential for the future.

Forcing, by excessive taxation, these plants out of operation, puts the 
responsibility of these consequences (2 GT CO2, 60,000 deaths) on the 
individuals that implement and promote such decisions 22



Oskarshamn

Free to download!
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The French Nuclear Program

‣ French civilian nuclear program was implemented 
entirely by the state through the “Messmer Plan”


‣ A direct response to oil crisis of 1973 — France was to 
achieve greater energy independence


‣ France built 56 large plants in the 15 years following the 
decision (today there are 59 plants in operation)


‣ Plants are PWRs of standardized design of three 
generations (900, 1300, 1450 MWe)


‣ New generation is the EPR (1650 MWe)


‣ France is typically the leading electricity exporter in 
Europe

‣The French LWR program is the second most rapid expansion of GHG-free 
electricity the world has ever seen, second only to the Swedish

Pierre Messmer 
Prime Minister of France  

July 1972 to May 1974
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Low CO2 Expansion Summary

• Time it takes to replace all fossil fuelled electricity (+ all currently 
existing nuclear plants), using regional data extrapolated 
globally with the reference scenario of:

Swedish nuclear: 23-27 years

French nuclear:    30-38 years

Energiewende:     61-80 years (if at all possible)
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Free to download!
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Future nuclear, is there enough fuel?

• Total fossil electricity is ~65 EJ/y,  

Total fossil primary energy is ~470 EJ/y 
• Currently known resource base allows current-generation reactors 

to fill current fossil electricity demand for 120 years (7700 EJ)1

• Mining sea-water uranium and implementing modern nuclear 

system expands this to 5 million years 
• All primary energy supplied by fossil fuels could be supplied by 

modern nuclear (at current rate) for ~700,000 years.

• Resource base expands far further with the use of Thorium

➡ There is no lack of fuel, but fuel prices will rise

1IPCC (2001) 28



Future nuclear challenges

1. Public and political acceptance

2. Construction costs 

(transition to factory-produced modular designs)

3. Increased need for enrichment and reprocessing 

(with associated increased “proliferation” risks)

4. Pressure vessel fabrication capacity

5. Disposal of nuclear waste
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Fuel cycle transition
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Gen-IV, only on the drawing board?

• Fifteen fast reactors with power ranging up to 400 MWth 

and six commercial size prototypes with output in the range 

250–1200 MWe have been built — more than 400 reactor-

years of operation to date with fast reactors alone

• “Inherent safety” has been proven in a large series of safety 

tests at primarily the EBR-II reactor in the US
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New Gen-IV reactors

CEFR, China PBFR, India

BN-800, Russia

Gen-IV fast reactors with an 

(eventual) combined power 

rating of nearly 4000 MWth 

were started this year (2015)!
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Gen-IV, only on the drawing board?

BN-600, Russia
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The BN-600 reactor operation

The relative availability of the BN-600 commercial 600 MWe 

Gen-IV fast reactor during the last 10 years is 97%!
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Summary (facts, not opinions)

1. Shutting down existing nuclear power ahead of time is bad 

for the climate, regardless of what it is “replaced” by


2. Prematurely decommissioning the Swedish nuclear plants 

(as is currently being done) will cause an additional 2 GT of 

CO2 emissions and 60,000 energy related deaths


3. Nuclear power has expanded many times faster than any 

renewable program, including the Energiewende


4. The world has little chance in tackling global warming, air 

pollution, resource exhaustion and ocean acidification 

without the use of new nuclear power
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