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STOP PRESS

Low Carbon New Zealand Economy: Productivity Commission Interim 

Report

Page (iii) of the Terms of Reference:

Exclusions:  This inquiry should not focus on the suitability of New 

Zealand's current, or any future emissions reduction target. In addition, the 

inquiry should not focus on the veracity of anthropogenic climate change, 

and should only consider the implications of a changing climate to inform 

consideration of different economic pathways along which the New 

Zealand economy could grow and develop.

This exclusion prevents one asking the zero order question.  If one is 

trying the enlarge a big hole in the ground using one man and a shovel, 

while ten men with wheelbarrows are filling the hole from the other side, 

how long does it take before one asks ‘Is this futile exercise?’
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STOP PRESS

Fact: The Chinese Government is about to embark on the Belt and Road 

Initiative, simply the largest infrastructure project the world has ever seen.  

Over the next 30 years a major highway and accompanying high-speed rail 

will link Beijing to Vienna, with spurs to Pakistan and India, and to central 

Africa.   As the 2B people along that route rise out of grinding poverty and 

come to enjoy the middle-class urbanisation that has come to 600M of the 

Chinese poor over the last 15 years, it is estimated that the total rise in CO2 

emissions from these regions will add up to twice the current level of the 

Chinese CO2 emissions which themselves are 25% of the world’s emissions 

today.   China’s emission are already at about 275 times that of New Zealand 

today.   As a part of this exercise the Chinese are financing and building 700 

coal fired power stations along the routes.   Even if New Zealand were to 

freeze its emissions at today’s levels, let alone eliminate them by 2050, the 

emissions of the Chinese ‘empire’ external to China will be over 500 times.

New Zealand Must Adapt Not Mitigate
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An EV Fleet in the NZ Tomorrow

Benmore Dam:  Maximum capacity = 540MW, largest dam in NZ

Filling one car at a petrol pump = 17MW of energy (~2 min at pump)

If we can speed up charging car batteries to same as petrol filling,  the 

Benmore Dam at full capacity could supply 32 vehicles simultaneously!

4M road vehicles in NZ.   Total use of liquid fuels/year*= 250pJ= 8GW cts

Current NZ hydro capacity: 3GW continuous: serves 400 cars 

simultaneously, each for 2 minutes.   (In 2014, NZ hydro generation 

produced 24,094 gigawatt-hours).

Electric engines three times as efficient in car as petrol: need 33% of energy

Time between refills: 20,000/3 minutes = 5 days.  

Need to double grid just for vehicles.   Productivity Commission + 45%

* http://www.mbie.govt.nz/info-services/sectors-industries/energy/energy-data-modelling/technical-papers/pdf-library/Liquid-fuel-use.pdf
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1. Introduction

• The Harsh Reality of Global Energy Supply and Demand 1960-2030

• The tension between relieving poverty and reducing CO2 emissions

• Germany’s Electricity Supply 2014  

• Still 83% Fossil Fuel

• Peak winter demand met for extended period by fossil fuels/nuclear

• China – the reality of green energy

• Growth in energy dominated by fossil fuels and nuclear

• Actual Progress on Alternative Energy

• Very slow

6
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The Stark Reality:  BP2015:  Total energy usage is up 40% in 

last 20 years, and predicted up another 40% to 2035! 

http://www.thegwpf.com/reality-check-world-energy-demand-to-rise-by-almost-40/

Middle class: 

1.5B3B 

over last 20 

years

Middle class: 

3B5.5B over 

next 20 years?

Global wind/solar 

2015 equals 

German and 

Japanese nuclear 

turned off!

Middle class = 

running water and 

electricity in the 

home.

<10% renewables

in 2035?
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The Global Middle Class

8http://www.ey.com/GL/en/Issues/Driving-growth/Middle-class-growth-

in-emerging-markets---Entering-the-global-middle-class

Climate scientists simply must be much more certain and quantitative in the time and 

place of their future disasters to put this development in jeopardy.

Middle class: 

1.5B3B 

over last 20 

years

Middle class: 

3B5.5B over 

next 20 years?
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2017 BP Global Data – substantially the same as 2015

9

Renewables/fossils 

still <1/6 in 2035!
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Sign of Progress

10https://ourworldindata.org/energy-

production-and-changing-energy-sources/
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German Electricity Production 2013 (all)
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https://www.ise.fraunhofer.de/en/downloads-englisch/pdf-files-

englisch/news/electricity-production-from-solar-and-wind-in-germany-in-2013.pdf

Monthly Production Averages

Solar 3.5TWh

Wind 3.0TWh

Conventional 30TWh 
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German Total Energy Supply 1960-2014

http://wattsupwiththat.com/2016/01/19/bankers-reaping-

the-rewards-of-german-green-energy-instability/

All the $800B* German effort with

renewables, has produced <5%

average total energy provision.

Simply not value for money under

any circumstances.

No CO2 reduction for 4 years,

indeed slight increase.

*Bloomberg

https://www.bloomberg.com/news/

articles/2017-09-21/how-merkel-s-

green-energy-policy-has-fueled-

demand-for-coal
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German Electricity:  January 2107

This graph also leaves no doubt about the storage problem. During the 10 days between 16 and 25 January, equivalent to 
240h, the difference between the iRES produced electrical power and the electrical power needs of Germany varied between 
50 and 60GW, i.e. between 12000 and 14400 GWh of electrical energy was missing. German electrical storage systems could 
not have supplied this large amount of energy, as the total storage capacity in Germany is about 40GWh (mainly hydro). The 
missing electrical energy represents thus 300-360 times the German electrical storage capacity. Including also the 12 dark 
and wind still days in December 2016, the missing energy would increase to about 32TWh, i.e. about 800 times the currently 
existing storage capacity in Germany. Note that such long low iRES power production intervals are not an exception; 
similarly, long periods of low combined solar PV and wind power production were observed regularly in the past years, not 
only in Germany but in several EU countries and predominantly simultaneously, 

http://revue-arguments.com/articles/index.php?id=76

Fig. 2: Electrical power production (in GW) by wind (blue) and the sum of solar PV and wind 

(red) compared with maximum and miminum grid load. As the installed renewable capacity 

increases, the minimum grid load is increasingly exceeded, leading to overcapacity and export 

of surplus energy, often at negative prices.[4]

Fig. 1: Electrical power consumption and production in Germany (in MW) by various sources 

for January 2017: grid load (brown), sum of onshore and offshore wind (blue), solar PV 

(yellow), installed iRES capacity (light green background color). Although the iRES capacity 

is exceeding the grid load, it could only provide a fraction of the German electrical power 

needs during this dark period without sufficient wind and most of the power was produced by 

conventional power sources (fossil and nuclear). Especially the period 16 -25 January 2017 

demonstrates the need for large additional backup power systems (that are evidently non-

renewable) or storage.[2]

http://revue-arguments.com/articles/index.php?id=76
http://revue-arguments.com/articles/index.php?id=76#footnote-2
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Renewables and expensive private electricity

http://wattsupwiththat.com/2015/08/03/obama-may-finally-succeed/
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Reality Check:  Chinese Renewables

www.thegwpf.com/reality-check-there-is-no-renewable-energy-revolution-in-china/

Belt and Road project, the biggest civil engineering project the world has ever seen, 

is planned for the coming 20 years.
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China’s CO2 Emissions on the Rise

https://www.ft.com/content/ba4212b6-c63f-11e7-a1d2-6786f39ef675

http://www.climatechangenews.com/2017/12/11/belt-road-

countries-emit-triple-chinas-carbon-warns-official/

Belt and road countries could 

emit triple China’s carbon, 

warns official

China’s CO2 emissions grew by 1.4% 

in 2017 after three years of staying 

flat or falling slightly, according to our 

analysis of preliminary government 

statistics released last month.

https://www.carbonbrief.org/guest-

post-chinas-co2-emissions-grew-less-

expected-2017

http://www.straitstimes.com/asi

a/east-asia/chinese-firms-to-

build-700-coal-plants
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Electricity production 1990-2014

17https://ourworldindata.org/energy-

production-and-changing-energy-sources/
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Renewable Energy Progress

18

http://cait.wri.org/profile/World.

https://wattsupwiththat.files.wordpress.com/2017/11/renewable-slide.jpg
https://wattsupwiththat.files.wordpress.com/2017/11/renewable-slide.jpg
http://cait.wri.org/profile/World
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What does this mean?  The poor lead with biomass.

19
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Introduction conclusions

• Energy equals quality of life and we intervene there only with the most 

convincing of cases.

• Renewables do not come close to constituting a solution to the climate 

change problem for an industrialised world.

• China is not the beacon of hope it is portrayed to be.

• No ground shift in energy sources despite claims to contrary.

20
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2.  Factors of Hundreds, Thousands and Millions

• Materials Profligacy

• Areal Collection Efficiency

• Manufacturing Efficiency

• Energy Storage

21
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Materials for Energy Production: factors of 1000

Profligate use of advanced materials

A Siemens Gas Turbine SGT5-800H weighs 312 tonnes and delivers 600MW 

firm when acting as a combined cycle gas turbine.  That translates to 

1920W/kg of machine providing firm power over a 40-year design life.

A 1.8MW wind turbine weighs 164 tonnes, made up of 56 tonnes nacelle, 36 

tonnes blade, and 71 tonne tower.    That is equivalent to 10W/kg for 

nameplate capacity, but at a typical load factor of 20%, this corresponds to 

4W/kg firm power.   A 3.6MW off-shore turbine, with its 400 tonne above-water 

assembly, with 35% load factor also comes out at 3.2W/kg, over a 20 year life.

Solar panels for roof-top installation weigh about 16kg/m2, and with about 

40W/m2 firm power provided over a year, that translates to about 2.5W/kg

energy per mass over a 20 year life.

The Finish PWR reactors weigh 500 tonnes producing 860GW equivalent to  

1700W/kg firm over 40 years, and when combined with a steam turbine above 

produces 1000W/kg firm.

. Plinth/base makes comparison worse,    

Advanced versus commodity materials
22
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Areal Collection Efficiency

All 4000km2 of Fenland diverted from food to 

miscanthus grass would produce 2GW, only 

50% more than 1.3GW nuclear energy at 

Sizewell B: (in ~0.1km2)  Area ratio: 40,000:1 

Nuclear power density:

145,000W/m2

Coal plant: 

(including stockyards)

(Drax) 1300W/m2

23
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DRAX Power Station

24

1.5km across, 2.5km top-bottom

Fill factor 70%  

Area = 2.65km2

Max Power:  3.96GW = 4GW
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Workers’ efficiency 2016  (WSJ: ED. 17/09/17)

25
https://www.thegwpf.com/solar-power-death-wish/

http://www.thegwpf.com/solar-power-death-wish/solar-workers/
http://www.thegwpf.com/solar-power-death-wish/solar-workers/
https://www.thegwpf.com/solar-power-death-wish/
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Fuel Energy Density: Millions and Trillions

26

Contrast: petrol 

versus battery 

for automobiles

Factors of ten make or 

break engineering projects, 

let alone millions!
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3  Energy Return on Investment for Modern Living

27

Pedro A Prieto and Charles A S Hall: 

‘Spain’s Photovoltaic Revolution: The 

Energy Return on Investment’, 

Springer 2013,  p7

Activity Minimum EROI Needed from Sweet Crude Oil

Arts and Other 14:1

Health Care 12:1

Education 9/10:1

Support Worker Families 7/8:1

Grow Food 5:1

Transportation 3:1

Refine Oil 1.2:1

Extract Oil 1.1:1

Energy 9% of world economy:  EROI=11:1 on average
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Energy Return on Energy Invested: Spain 2009-12

• Add up all the costs needed to install and deliver electricity
– permissions, rent, roads, fences, surveillance and security, manufacture of panels 

(30% of total), logistics, installation, maintenance, taxes

• Convert cost to energy using ratio of total Spanish energy/Spanish GDP to 

get to energy in.

• Add up all the metered electricity at the grid entry point and extrapolate to 25 

years to get energy out.

• Ratio = energy return on investment (EROI)   EROI~productivity

• Result:  EROI for Spanish solar:  2.5:1  over the 25 year life of the panels, 

i.e. the first ten years of energy generation is still paying back farm creation!   

Contrast: 6-12 months payback for fossil fuel or nuclear energy for 40yr life!

• Costs scale with vast areas, and huge masses of materials

• EROI results bedevilled by the boundary of the systems
28

Pedro A Prieto and Charles A S Hall: 

5:1 if….
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Comparative EROI: The killer blow for renewables

http://theenergycollective.com/barrybrook/471651/catch-22-energy-storage

D. Weißbach, G. Ruprechta, 

A. Huke, K. Czerski, S. 

Gottlieb, and A. Hussein, 

‘Energy intensities, EROIs 

(energy returned on 

invested), and energy 

payback times of electricity 

generating power plants’, 

Energy 2013; 52: 210-221. 

Critiques invalid and 

rebutted: energy in actual 

coal is same as KE in 

wind, or photons in solar.

No decommissioning 

element.

Buffered: backed-up to ensure despatchable supply: more energy needed
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Megacities – self sufficient in food by 2050!

AeroFarms, an aeroponics company that was started in 2004, is 

bringing what is soon to be the world’s largest vertical farm to a 

former steel factory in Newark, New Jersey's Ironbound community. 

The vertical farm will manufacture short, leafy green vegetables 

grown in vertically stacked trays that will fill 69,000 square feet of the 

former Newark factory. Aeroponics is the process of using air or mist 

to grow plants without soil and sunlight. Instead plant growth is 

fostered using LED lights and a nutrient-rich mist. It uses less water 

and fewer nutrients than hydroponics, the process of growing plants 

with hyper-nutrient water without soil. Though the vertical aeroponics

farm is highly efficient — AeroFarms Chief Marketing Officer Marc 

Oshima told Vice that the company is 75 times more productive per 

square foot annually than traditional field farming and 10 times more 

productive than a hydroponic farm — AeroFarms has a larger goal in 

mind for Newark’s aeroponics farm.

http://www.philly.com/philly/blogs/home_and_design/Newark-NJ-to-

get-worlds-largest-indoor-vertical-farm.html

Same for animal protein!

http://sitn.hms.harvard.edu/flash/2018/making-steak-

spinach-bioengineering-change-meat-production/

30

http://aerofarms.com/
http://munchies.vice.com/articles/the-worlds-largest-indoor-vertical-farm-is-coming-to-new-jersey?utm_source=munchiestwitterus
http://www.philly.com/philly/blogs/home_and_design/Newark-NJ-to-get-worlds-largest-indoor-vertical-farm.html
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5  Ten Lessons from Technology Development

1. Successful new technologies improve the lot of mankind 

2. The scale of the decarbonisation problem is unprecedented 

3. Tackle megacities first  

4. Only deploy new energy technologies when they are mature and economic  

5. Salutary lessons from the first round of renewables technologies  

6. Subsidies for premature rollout are a recipe for disaster 

7. Technology developments are not usually pre-programmable  

8. Nothing will happen if the population is not trusting 

9. Finance is limited, so actions at scale must be prioritised 

10. If the climate imperative weakens, so does the decarbonisation imperative

31M J Kelly, ‘Lessons from technology development for energy and 

sustainability’, MRS Energy & Sustainability : A Review Journal 3 1-13, 

(2016)  doi:10.1557/mre.2016.3
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This is mainstream business

getting more sustainable!
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33

Myles Allen, Oxford, quoted in the 

Times, 19/09/17

“We haven’t seen that rapid acceleration 

in warming after 2000 that we see in the 

models. We haven’t seen that in the 

observations.”

Climate Imperative Slowing

Now it turns out the scientists were 

being too pessimistic and had been 

led astray by computer models.

ibid/.
John R. Christy and Richard T. McNider, Asia-Pac. J. Atmos. 

Sci., 53(4), 511-518, 2017

https://wattsupwiththat.files.wordpress.com/2017/11/2017_christy

_mcnider-1.pdf

https://wattsupwiththat.files.wordpress.com/2017/11/2017_christy_mcnider-1.pdf
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Upsides of More CO2:  Greening the Planet

http://www.thegwpf.com/forests-and-fields-in-record-growth-around-the-planet/
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History:  Technology / Mankind / Earth

• Thomas Malthus FRS 1798: “The power of population is so superior to the 

power in the earth to produce subsistence for man, that premature death 

must in some shape or other visit the human race.” 

• 1st Baron Macaulay FRS 1830: “On what principle is it that, when we look we 

see nothing but improvement behind us, we are to expect nothing but 

deterioration before us?” 

• William Stanley Jevons FRS 1868: ‘The Coal Question’: Get off the industrial 

revolution now as the collapse of society when coal is exhausted is too 

terrible to contemplate.

• Club of Rome 1970: Multiple mineral exhaustion by 2000: only helium in fact

• Paul Erhlich 1970: European collapse from overpopulation by 1990

• James Hansen 1988: Continuing temperature rises from CO2 emissions.

35
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Peak Population: A century to survive

36

Wolfgang Lutz et al, ‘The end of 

world population growth’, Nature 

412 543-5 2001

Fred Pearce ‘Peoplequake’ , Transworld, 2011: p 

294

Without change/immigration, by 2100, Italy goes 

from 58M to 8M, Germany goes to Berlin, Ukraine 

loses 43%, …..

What to do then with unwanted infrastructure?

http://news.nationalgeographic.com/ne

ws/2014/09/140918-population-global-

united-nations-2100-boom-africa/
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Latest Estimates

37

https://www.lifesitenews.com/opinion/no-stephen-hawking-population-growth-is-not-going-to-turn-earth-into-a-ball
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6: A New Zealand Coda

• Working Party under Professor Ralph Sims FRSNZ produced a report in 

April 2016 entitled “Transition to a low-carbon economy for New Zealand”

• 45 recommendations under six sectorial headings and three target 

audiences: (A) energy supply, (B) transport and (C) buildings, (D) industry, 

(E) agriculture and (F) forest and land use, and (G) everyone, (H) 

businesses and (I) central and local government.

• Characteristic: almost no numbers.  No-cost-benefit analysis, no estimate of 

the scope for CO2 emissions saving, and no sense of affordability.

• No order of priority - ‘biggest bang for buck’ as a Minister would require.

• Even possibly negligent on the apart of the RSNZ.

• Fake graphs rather than real ones.

38

https://royalsociety.org.nz/assets/documents/Report-Transition-to-Low-Carbon-Economy-for-NZ.pdf
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There is an international benchmark for cost

• 40% of man-made CO2 emissions are in the exhaust stacks from coal 

fired power stations.

• It costs of order US$60-90 to remove one tonne of CO2 from these 

stacks.

• Technology progress in the pipeline suggests a cost of US$25-40 by 

2025.

• Measures which cost twice or more than this per tonne to reduce CO2 

emissions are misusing precious resources that could be more 

effectively deployed in other ways, even to the very same end.

39
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A New Zealand Coda:    Gross emissions

40
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Net emissions

41
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Emissions Projections out to 2030

42
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4.  The RSNZ Recommendations (i) Energy supply

1: Increase the share of renewable electricity to meet the 90% target by 2025

will happen anyway, especially if more geothermal energy is added to the mix.

2: Expand the uptake of bioenergy (wood, biogas etc.) to displace coal for providing heat

domestic coal will vanish by 2025, and 4.5% of industrial energy is coal.

3 Improve the efficiency of existing electricity generation plants and turbines

2-3% capacity increase only – 100 years of improving efficiency

4 Increase shares of renewable electricity towards 100% through more flexible smart 

grids and demand-side management.

smart grids only make sense where fossil fuels are used, tariff structures help

coal used to guarantee supply when wind and sun not shining after 3 years 

of drought

43
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The RSNZ Recommendations (ii) Transport

5 Develop infrastructure for cycles and pedestrians

only makes sense for very dense cities – Tokyo, NY, HK

very small saving of CO2 >$500/t

6 Purchase the most fuel efficient vehicle for personal needs 

moving target   

7 Use public transport, especially trains, where available. >$500/t

again only makes sense for very dense cities – Tokyo, NY, HK

8 Maximise vehicle fuel efficiency by driver behaviour, car-pooling, vehicle 

maintenance, correct tyre pressures etc.

5% effect on 35% of all CO2 emissions = 2% >$100/t
44
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The RSNZ Recommendations (iii) Buildings

9 Label low-energy appliances to better inform customers

no intrinsic CO2 emissions saving to be counted here

10 Improve the energy efficiency of new and existing buildings

only about 1% of new buildings erected each year

pay-back for retrofitting buildings >30 years, no-one will finance

11 Remove the most energy inefficient appliances from the market

going on all the time in business as usual  (<1% of NZ energy use)

12 Provide standards and training for the design, installation and use of 

lower energy buildings and equipment. 

no intrinsic CO2 emissions saving to be counted here

45
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The RSNZ Recommendations (iv) Industry

13 Greater focus on energy efficiency in industrial processes

intense focus for over 150 years – energy efficiency = profit

less consideration of stranded assets

14 Increase of renewable heat (solar thermal, geothermal, bioenergy)

small amount of heat in NZ anyway for industry only after 2025

heat grids are very expensive at $2-3M/km

15 Invest in on-site generation of renewable energy

makes no sense in competition with grid which is better able to capture 

economies of scale

makes sense at Kinleith, where local electricity used to make paper

46
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The RSNZ Recommendations (v) Agriculture

16 Increase and accelerate development and adoption of best practices that 

increase the productivity of animals and efficiency of farm systems.

Agresearch aim is to reduce GHG emissions intensity by 1.5% a year

Government policy to double agriculture by 2025: need 14% annual fall!

17 Selectively breed cattle and sheep that emit relatively low volumes of 

methane and modify rumen biology to reduce emissions.

emissions since 1990 grown by 10% (transport by 60%)

food additives to increase productivity have worse CO2 footprint

18 Explore the potential for developing alternative land-uses with lower 

greenhouse gas emissions.

no intrinsic CO2 emissions saving to be counted here

47
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The RSNZ Recommendations (vi) Forestry

19 Convert more marginal land area to forest stands.

scope to make NZ CO2 neutral by trebling re-afforestation and greater returns

from forests than 2nd grade agriculture <$0/t

20 Produce and use low-carbon wood materials for building construction

17-fold growth in log exports during 1987-2014 <$0/t

21 Use more woody biomass residues for bioenergy applications

Limited scope as previously

22 Discourage landowners for converting forest stands to other land uses.

23 Further encourage regeneration of native forests and permanent forest 

sinks.

This is the same as 19 above.

48
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Conclusions on NZ Report

• On the basis that reducing New Zealand’s CO2/greenhouse gas 

emissions is still the target, the following conclusions apply:

1 The case for afforestation and reforestation, at a rate double that at 

present, is so compelling compared with all other investments over the 

next decade, that this should be the main focus of further studies.  

2 The second focus should be the support of R&D to reduce methane 

emissions from ruminants.

3 Increasing the export of processed timber for buildings offers positive 

returns, but the savings of CO2 emissions will be captured within forestry 

per se.

4 A serious national programme to change attitudes on profligate 

consumption of any resources should be launched.

Beware of Futile Gestures i.e most of the RSNZ Report  

49
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7  Concluding Thoughts

• Stay within business as usual with stress on adaptation / energy efficiency

• De-risk infrastructure projects – too serious to get wrong

• Human lifestyle changes have greater and quicker impact if implemented

• Proposal: Spend $1Tpa for 10 years to reduce impact of future climate 

change:  (i) what specific projects, and (ii) what measurable outcomes?

• For £1 devoted to mitigating climate change, how much for mitigating 

Carrington events, pandemics, global financial collapse, volcanoes, 

earthquakes and tsunamis, and other threats?

• What is the appropriate level of global insurance, and indeed insurance for 

poor countries – cf Greenspan?

• Whom do I sue if my pension fund collapses through mis-investment?

• The Royal Academy of Engineering should own the engineering integrity.

50
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Wisdom

51

The choice of funding buffers is one of the most important decisions that societies must

make, whether by conscious policy or by default. If policy makers, private and public,

choose to buffer their population against every conceivable risk, the nation’s current

standards of living would, of necessity, decline. Funding such “investments” requires

an increase in savings and, accordingly, a decline in immediate consumption.

Resources can be put to active use or on contingency standby status, but not both at

the same time. Buffers are a dormant investment that may lie idle and seemingly

unproductive for much of their lives. But they are included in our total real fixed assets

(and real net worth) statistics. It is no accident that earthquake protection of the extent

employed in Japan, for example, has not been chosen by less prosperous countries

under similar risk of a serious earthquake. These countries have either explicitly or

implicitly chosen not to divert current consumption to fund such an eventuality. Haiti, a

very poor country, has not yet fully recovered from its 2010 earthquake. It has neither

built a protective infrastructure like Japan’s nor has it had resources to recover on its

own. Buffers are largely a luxury of rich nations. Only rich nations have the resources

to protect their populations against events with extremely low possibilities of

occurrence. Alan Greenspan, “The Map and the Territory 2.0: Risk, Human

Nature and the Future of Forecasting”, Penguin, 2013, 2014
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http://www.thegwpf.org/content/uploads/2014/03/Kelly-lessons.pdf
http://www.nscj.co.uk/JECM/PDF/1-3-1-Kelly.pdf
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THANK YOU

Q&A
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A Timely Reminder
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Global Energy Needs

Year 1995 2015 2035 2065

Rich (B) 0.2 0.3 0.4 1.3

Middle class (B) 1.5 3.0 5 9

Poor (B) 5 4.2 3.6 0

Total (B) 6.7 7.5 9 10.3

Total Energy a.u. 11.4 16.8 23.9 40.6
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European rich = 7units/person, middle class =3.5 units/person,  poor = 1 unit per person 

1 Energy unit is approximately 10,000Mtoe.

Compare with Rosling in next slide

My estimates based on World Bank figures and ratios below
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German Electricity Production 2014

www.ise.fraunhofer.de/en/downloads-englisch/pdf-files-englisch/data-nivc-/electricity-

production-from-solar-and-wind-in-germany-2014.pdf

Ave: 

3.5TWh

Ave: 

3.0TWh

Ave: 

30TWh

Q: aggregate 

of <100MW

excluded 

here?
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Areal Comparisons  Wind/Solar/SMR
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UK by 

2035:
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Congressional Testimony
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Energy Futures (The late Hans Rosling)

Democracy Means Votes for Washing Machines

Increase in wealth
http://rogerpielkejr.blogspot.co.uk/2011/11/democracy-means-votes-for-waching.html
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http://www.ise.fraunhofer.de/en/downloads-englisch/pdf-files-englisch/data-nivc-/electricity-production-from-solar-and-wind-in-germany-2014.pdf
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A Recent Puzzle I don’t Understand

62

Understanding future emissions from low-carbon power systems by integration of life-cycle assessment and integrated 

energy modelling.  Michaja Pehl , Anders Arvesen , Florian Humpenöder, Alexander Popp, Edgar G. Hertwich  and Gunnar 

Luderer, Nature Energy 2 939–945 (2017)
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German Solar in December 2017

German solar: 10 hours of sun in December makes 40 
Gigawatts of nothing
Germany needs 80GW of electricity. It has 40GW of installed 
solar PV.
See the graph: The red line is what the country used, and the 
orange bumps are the solar contribution.
Clearly, solar power will take over the world.  Solar Energy, 
Germany, December 2017
In December, Germany got ten hours of sunlight. That’s not a 
daily figure, that’s the whole month. So in summer on a sunny 
day, solar PV can make half the electricity the nation needs for 
lunch. In winter, almost nothing. From fifty percent, to five 
percent.
Imagine what kind of havoc this kind of energy flux can do. Not 
one piece of baseload capital equipment can be retired, 
despite the fact that half of it is randomly unprofitable 
depending on cloud cover. Solar PV eats away the low cost 
competitive advantage. Capital sits there unused, spinning on 
standby, while wages, interest, and other costs keep accruing. 
So hapless baseload suppliers charge more for the hours that 
they do run, making electricity more expensive.
They just need batteries with three months supply. It will be 
fine once Germany turns the state of Thuringia into a redox 
unit.
Read about it:  Dark Days For German Solar Power, Country 
Saw Only 10 Hours Of Sun In All Of December!
It’s rare for Germans to botch up an engineering task on quite 
this scale.
http://joannenova.com.au/2018/01/german-solar-10-hours-of-
sun-in-december-makes-40-gigawatts-of-nothing/

http://joannenova.com.au/2018/01/german-solar-10-hours-of-sun-in-december-makes-40-gigawatts-of-nothing/
https://s3.amazonaws.com/jo.nova/graph/energy/renewables/solar/Dec-2017-solar-output-768x392.gif
https://s3.amazonaws.com/jo.nova/graph/energy/renewables/solar/Dec-2017-solar-output-768x392.gif
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Fossil Fuel Fractional Use Unchanged in 40 Years 

GREEN MEGA-FLOP: FOSSIL FUELS’ SHARE OF TOTAL 
ENERGY USE UNCHANGED IN 40 YEARS
Date: 13/01/18 P Gosselin, No Tricks Zone
Quartz.com here presents an interesting chart which tells us 
the green energy revolution of the past 30 years has resulted 
in practically nothing. It’s been a flop. Fossil fuels remain as 
wildly popular as ever.
Global fossil fuel use as a share of total energy has risen 
since James Hansen’s 1988 testimony. Chart: Quartz.com.
In the 1970s the big worry was that fossil fuels would soon 
run out, and so we should “use them wisely”. But in the 1980s 
the risk changed to one of an overheating planet, and so we 
should not use them at all.
Higher than 1988, when James Hansen testified
We can all recall a sweating James Hansen’s 1988 stage-
crafted testimony before Congress, warning that increasing 
atmospheric CO2 concentrations would lead to spiraling
global warming. And unless action was taken urgently, the ice 
caps would soon melt and the earth would sizzle.
Countries as a result mobilized 100s of billions of dollars to 
eliminate the use of these “dangerous, climate-killing” fossil 
fuels.
Today for all that money you’d think that tremendous 
progress in reducing fossil fuels would be the result. You 
couldn’t be more wrong.
https://www.thegwpf.com/green-mega-flop-fossil-fuels-share-
of-total-energy-use-unchanged-in-40-years/

https://www.thegwpf.com/green-mega-flop-fossil-fuels-share-of-total-energy-use-unchanged-in-40-years/
http://notrickszone.com/wp-content/uploads/2018/01/fossil-fuel-use.png
http://notrickszone.com/wp-content/uploads/2018/01/fossil-fuel-use.png
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Coal Use Growing in Emerging Economies

17:http://iopscience.iop.org/a

rticle/10.1088/1748-

9326/aaa3a2/meta

‘Reports of coal's terminal 

decline may be exaggerated’  

Ottmar Edenhofer et al

Environmental Research 

Letters, Volume 13, Number 

2 024019

https://www.thegwpf.com/use-of-coal-increasing-in-rapidly-

growing-emerging-economies/

http://iopscience.iop.org/article/10.1088/1748-9326/aaa3a2/meta
http://iopscience.iop.org/article/10.1088/1748-9326/aaa3a2/meta
http://iopscience.iop.org/journal/1748-9326
http://iopscience.iop.org/volume/1748-9326/13
http://iopscience.iop.org/issue/1748-9326/13/2
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EIA 2018 for USA

The World’s largest 
economy will still be nearly 
80% fossil fueled in 2050

http://joannenova.com.au/2018/02/eia-estimates-
for-usa-in-2050-the-future-is-fossil-fuels-and-
cheap-electricity/

https://en.wikipedia.org/wiki/List_of_countries_by_GDP_(nominal)
http://joannenova.com.au/2018/02/eia-estimates-for-usa-in-2050-the-future-is-fossil-fuels-and-cheap-electricity/
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What energy has allowed (i)

67https://wattsupwiththat.com/2017/12/08/so

me-of-the-most-encouraging-graphs-

about-the-human-condition-youll-ever-see/

https://wattsupwiththat.files.wordpress.com/2017/12/human-progress.jpg
https://wattsupwiththat.files.wordpress.com/2017/12/human-progress.jpg
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What energy has allowed (ii)

https://wattsupwiththat.com/2017/12/08/som

e-of-the-most-encouraging-graphs-about-

the-human-condition-youll-ever-see/

https://wattsupwiththat.files.wordpress.com/2017/12/world-hunger.png
https://wattsupwiththat.files.wordpress.com/2017/12/world-hunger.png
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What energy has allowed (iii)

69https://wattsupwiththat.com/2017/12/08/some-

of-the-most-encouraging-graphs-about-the-

human-condition-youll-ever-see/

https://wattsupwiththat.files.wordpress.com/2017/12/death-rates-from-energy-production-per-twh.png
https://wattsupwiththat.files.wordpress.com/2017/12/death-rates-from-energy-production-per-twh.png
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What energy has allowed (iv)

• https://wattsupwiththat.com/2017/12/08/some-of-the-most-encouraging-

graphs-about-the-human-condition-youll-ever-see/

70https://wattsupwiththat.com/2017/12/08/some-

of-the-most-encouraging-graphs-about-the-

human-condition-youll-ever-see/

https://wattsupwiththat.files.wordpress.com/2017/12/absolute-number-of-deaths-from-natural-catastrophes-final.png
https://wattsupwiththat.files.wordpress.com/2017/12/absolute-number-of-deaths-from-natural-catastrophes-final.png
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Macroeconomics:

• World Energy represents 9% of GDP: a global systems level ‘EROI’ of 11:1

– 85% of world energy met by fossil fuels

• USA Energy = 9% of USA GDP:’EROI’~11:1  

– US Energy/person = 2 x EU energy / person

• EU Energy = 6.6% of GDP: ‘EROI’~16:1

• UK Energy = 6.8% of GDP: ‘EROI’~15.1

• France Energy ~4% (50% imported for €40B in €2.2T GDP in 2014) ‘EROI’~25:1

• India Energy = 35% of GDP: ‘EROI’~2.8

• Pre-industrial UK:  ‘EROI~2’

– Half the people working to provide food and fuel

Message: ‘EROI’ of renewables must be >11:1 or world economy suffers.
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Why do fossil fuels do so well?

• Answer: the intrinsic calorific value of the fuel: contrast solar/wind

• One tonne of coal costs £42.5 (Wikipedia 13/09) of which 25% is cost 

of transport from mine to power station.

• Old power stations produce 1500kWh/t, newer ones of order 2000kWh/t

• At 20p per kWh the revenue is £300-400/tonne.  ‘EROI’ ~ 10.

• About 30kWh produced per therm of natural gas

• Cost:  40p  / therm Revenue:   600p/therm ‘EROI’ ~15

• These values make the world economy work, and also show how 

energy spikes effect global economic activity.

• GDP Growth: 1950-1975:  5%;   1975-2010:  3%;  2010- 2.5%
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Vindeby – a post mortem

• Vindeby – wind-farm offshore in Denmark: 1991-2017

• First of a kind: 11 turbines, each 0.45MW, so 5MW in total.

• Generated 243GWh of electricity over life time. 

– 22% of nameplate capacity : 243=0.22*(25 X 8760 x 5)

• Average wholesale spot price over lifetime €50/MWh  

• Revenue: €11M or perhaps €15M today

• Stated project cost £7.16M in 1991, ~ £10M/€11M today. 

• Most optimistic ‘EROI’ = 1.4 – further reduced by maintenance

• Lely wind-farm off Netherlands: 1992-2017  ‘EROI’ <1!  Revenue<Cost!
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Hornsea 1 - A pre-mortem

• Hornsea 1  – wind-farm offshore Yorkshire: 2020 - (Assume 25 years)

• Nth of a kind: 174 turbines, each 7MW, so 1218MW in total.

• Stated project cost €3.36B in 2017

• Average wholesale spot price over lifetime €140/MWh  [agreed price]

• Expected revenue at 50% nameplate capacity = £20B

• Most optimistic ‘EROI’ = 6:1 reduced by any costs of maintenance

• Less than half the fossil fuel value today

• Similar arguments for solar photovoltaic given earlier

• No intrinsic worth of the fuel.
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What about new nuclear?

• HINCKLEY CALCULATIONS

• Strike price £92.5/MWh

• Power generation capacity: 3,200MW

• The plant, which has a projected lifetime of sixty years, has an 

estimated construction cost of between £19.6 billion and £20.3 billion.

• 60yr revenue at 90% efficiency = £0.9x3200x8760x60x92.5 =£140B

• ‘EROI’:  7:1

• Better but not enough, but with life extension it gets better.

• Fuel alone: 1kg of enriched U costs $100 and produces $500M of 

electricity!   Whole system EROI moderated by cost of extreme safety 

measures.
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Renewables Scenario

• Suppose in 20 years:  50% renewables at ‘EROI’=5.5 and 50% fossil fuel at 

‘EROI’=11.

• Same investment returns now only 75% of the energy, must lose 25%

• 2% reduction in global energy by severe curtailing each of higher education, 

international travel, the internet, advanced medicine and the high arts, give 

you the first 10% drop – you choose the following 15%!

• Wind/solar renewables = drop in standards of living if ‘EROI’<11:1

• No-one discusses this, let alone how to prepare for it.

• Apollo programme misguided idea – moon-shot was a known engineering 

challenge as all relevant science was clear – here the required successful 

science is not available.
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4. Tackle megacities first  

• >50% of 9B world population in 2050 will live in 

cities/megacities.

• Areal density of energy capture all important.

• Shanghai: 22M and 6000km2 needs >X4 area for wind, 

solar and biofuels for electricity, and >X20 area for 

renewables for all energy, but that land feeds Shanghai!

• The challenge is to power Hong Kong, Singapore, etc in 

2050, also Beijing, Calcutta, Rio, Moscow, London …

• Only nuclear and fossil fuels will actually energise 2050 

megacities.  A science breakthrough tomorrow is too late.

• CCS: Only 20MtCO2 sequestered out of 51000MtCO2 

produced yearly.  Thermodynamic penalty>16% drop in 

plant efficiency.   CCS unproven at scale, progress 

stalled.
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