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IEA: Global primary energy supply (projection to 2050) 

Dominance of renewables  (EJ) 

WWS   Water Wind Solar  
 







Global investment in power capacity, 2008-2015 

Source: BNEF, UNEP 



Asian Supergrid: Proposal from JREF 



 

NEAsian renewable power grid interconnections 

• The need for international renewable power grid 

interconnections – enhancing energy security in China and 

NEAsia generally (where manufacturing is moving) 

• The practice – actual grid connections in NEAsia 

• The feasibility – witness small-scale grid interconnections in 

Europe and elsewhere 

• The promise – falling renewable energy costs and increasing 

reliance on renewable power 



Asia Super Ring proposal   Softbank 
First phase of eventual Asia Super Grid 



 

Global Energy Interconnection 



Power grid connections: The setting 

Industrial dynamics perspective 

 

Dominant global trends 

•Greening of industry 

•Rise of China as manufacturing superpower 

•Power grid interconnections 
 

These are actually linked: 

If China is to successfully industrialize, it cannot do so through 

“business as usual” focus on fossil fuels and unlimited resource 

throughput 

China needs an alternative strategy of green growth –  

 * Renewables in place of fossil fuels, and  

 * Circular flows of materials 

 * Power grid connections for energy security 
 

Need to look for evidence that this is what China is really doing. 
 

 



Shifting Wealth: Manufacturing is shifting East 
    New data from OECD Development Centre 
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The green transition – starts in China 

The green transition – in many ways, the biggest business transition  

there has ever been, the biggest business opportunity of 21st century 

But what dominates debate is a mainstream economics perspective –  

carbon taxes; cap and trade; a cost-based perspective 

Viewing green programmes solely as carbon emissions-reducing vehicles 

is self-defeating – places programmes outside evolutionary and  

entrepreneurial business dynamics, and sets up false dichotomy:  

development vs. zero-growth 

Instead, can view green growth as part of a larger transition 

*Renewables are manufactured devices, and can be utilized anywhere 

-- energy is harvested, and captures increasing returns 

*Renewable power viewed not as a carbon-reducing technology,  

but as based on manufacturing – thereby enhancing energy security 

*The transition viewed as a technoeconomic shift 

*China as the driver, setting example for developing countries 

 
 



Trends in electric generation capacity: China shifting to WWS 



China now a renewables superpower 
China: 496 GW  

Hydropower Wind Solar PV Bio-power

US: 202 GW 

Hydropower Wind Solar PV Bio-power

Germany: 97 GW 

Hydropower Wind Solar PV Bio-power

India: 83 GW 

Hydropower Wind Solar PV Bio-power



China has already overtaken the EU in clean energy investment 

 

 

Source: E3G 



One face of China’s transformation: Chinese power  

generation and rising coal consumption 

Source: Mathews & Tan; primary data: US EIA, 

China Electricity Council 



A different (green) face of China:  

China’s build-up of wind power 

Mathews & Tan: Source of primary data: US EIA; 

World Wind Energy Report 
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China: wind vs nuclear power 
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The issues 

Can China (and then India) scale an industrial production system that 

 will lift not just 1 billion people out of poverty, but 5-6 billion? 

What would be the implications of China following a BAU pathway – using 

coal, oil, gas in the way that Western countries did? 

Can the ‘western’ industrial model scale in this way? Answer: No 

But can an alternative be built, and in time? 

Can China go beyond building the largest renewable energy system on the 

planet? 

Or will ‘carbon lock-in’ doom us all? 

Can carbon taxes and carbon markets make a sufficiently strong difference? 

Can corporate and social responsibility save the system? 

How can state intervention drive the transition?  

Big questions, big issues 

Need ‘big’ social science research, to illuminate the ‘next’ Great Transformation’ 

First question: Is the fossil fuel era coming to an end? 

How can China (and India) gain energy security? 



The energy issue and development: China’s (India’s) 

looming oil/energy gap 
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Energy security issues in green growth setting 

The ‘Business as Usual’ approach – reducing insecurity of fossil fuel supplies – 

international agreements, pipelines, military forces, price of oil 

An alternative: once embarked on green growth, energy security concerns reliable 

and cost effective power supplies 

Renewable sources offer reliable power at reducing costs – because generation is 

based on manufactured devices, not drilling, extraction and commodity transfer 

Free trade in fossil fuels (a century of development) now being succeeded by free 

trade in renewable power 

The infrastructure needed for trade in renewable power – international grids 

This is background to discussion on Asia Super Grid, or Global Energy 

Interconnection 

The need for international renewable power grid interconnections 

The practice – actual grid connections in NEAsia 

The feasibility – witness small-scale grid interconnections in Europe and 

elsewhere 

The promise – falling renewable energy costs and increasing reliance on 

renewable power 



Renewable energies as technoeconomic transition 

Six technoeconomic transitions since the Industrial Revolution 
 

1.Factories; steam power (coal) 

2.Railways, coal, iron 

3.Electrification; steel; chemical 

4.Oil; automotive 

5.IT and IT applications 

6.Renewables; smart grid   Sixth Wave 
 

Freeman & Perez: three criteria for shift in technoeconomic paradigm 

The new must satisfy: 
 

a)Pervasive applications 

b)Falling costs 

c)Costs lower than incumbent technology 
 

All previous five TE transitions satisfy these criteria 

What about the 6th – renewables and application of IT to electric grids? 



Reducing costs -- Solar PV and Li-ion battery storage  

Learning curve (BNEF) 



Cost of solar PV electric energy compared with other sources 



Solar PV: Market expansion drives down costs 

 Expansion of the global market for solar PV cells, largely supplied from 

China,  driving down costs by 80% since 2008 

A universal process: as market expands, costs come down 

Nothing new here. The same principle of industrial expansion  

coupled with cost reduction established US supremacy in the  

automotive industry a century ago.  

Between 1909 and 1916, Henry Ford reduced the cost of his  

Model T Ford from $950 to $360, a 266% drop over seven years.  

Each year, sales doubled –  from just below 6,000 in 1908 to  

over 800,000 in 1917. 

Same process is underway with solar PV cells – manufactured devices.  

Market expansion -> manufacturing efficiencies (division of labor) -> cost 

reduction -> further market expansion -> further efficiencies -> 

 further cost reductions 

A chain reaction: Circular and cumulative causation 
 

 



Manufacturing as the way to energy security: 

Solar PV production 



Manufacturing as source of energy security:  

Wind turbine production by company, 2015 
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Costs of renewables now lower than incumbent fossil fuels 

Latest cost reductions mean that costs of renewables now undercutting 

costs of fossil-fuelled power 
 

Auction staged by UAE in March 2015   

Winning bids: 6 cents/kWh 

Lower cost than coal-based power 
 

This trend can only be expected to continue - 

Power of the learning curve 

Renewables now becoming pervasive 

Complemented by equally important  

developments in energy storage 

TeslaEnergy announcement May 2015:  

the 10 kWh Powerwall ESU US$3500 and the 100 kWh Powerpack ESU 

with 100 stacked to create 10 MWh ESU 

Then 2 billion of these utility-scale ESUs would deliver 20 trillion kWh – 

all the world’s electric power system 

 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://inhabitat.com/teslas-powerwall-battery-is-a-stylish-but-expensive-way-to-ditch-the-grid/&ei=zlxHVZDLFI_dau2rgSA&bvm=bv.92291466,d.ZGU&psig=AFQjCNHAM_xZcOkEjNwrWOs0-1uAGbWvJA&ust=1430826573208648


Lithium-ion battery costs plunging 

The rapid reduction in costs of energy storage (e.g. lithium-ion 

batteries) means that the last remaining ‘reverse salient’ 

(Hughes 1983) holding up diffusion of renewables is being closed – 

no more barriers other than vested interests 
 



Passenger- 

dedicated line 

China’s High-Speed Rail plans to 2020:  

North-south and East-west corridors 

 

 

 

Source: Ministry of Railways, China 



FINANCE: Investments needed for a renewable 

energy upsurge 2015-2040 
 A 10 trillion watt expansion 2015-2040 

 Doubling or more of present global electric power levels 

 To be driven by China and Germany (plus Japan?) 

 At Euro 2 per Watt ($2.50/W), investment of $25 trillion needed –  

or $1 trillion per year for next 25 years 

 Dwarfs current investment ($310 billion in 2014: BNEF) 

 Dwarfs public resources, e.g. $100 billion committed to  

Global Climate Fund (Cancun 2010) 

 Private sector financial instruments needed on huge scale 

• Climate bonds; Green banks; China Development Bank; 

• Asian Infrastructure Investment Bank (China) 

• Equity finance not helping – Stock Exchanges still promoting BAU  

 BUT: global pension fund system and institutional investors  

 have $71 trillion under management 

 How to tap these funds????????????????? 



Funds available for investment (Institutional investors) 

Source: Andersen (2002) Fig. 1, based on Mitchell, B.R. (1988) British Historical 

Statistics. Cambridge: Cambridge University Press, p. 541. [Data for Ireland are not 

included. The data for 1868–70 are lacking or are problematic.] 



2013: Kexim Green Bond issue 

• March 2013  Korean Export Import Bank 

• Floats $500 million 5-year bond designated for climate investments 

• Targeted at institutional investors (pension funds, SWFs) 

• Oversubscribed 

• Funds to be channelled to green projects, audited by 3rd party  

CICERO (Centre for Int Climate and Env Research, Oslo) 

• US investors took 47%; European 32%; Asian 21% 

• Kexim has AA3 credit rating – bonds carry little risk 

• Projects involving Korean firms around the world 

• Coupon payments to be made from consolidated revenues 

• Follow-up 2015: New $400 m green bond 

Bonds are serious business – if there is default, this would be counted 

as sovereign Korean default 

Strong discipline for holding to green investment promises  



2016: Chinese Green Bond issues 

• April 2015     Green Finance Task Force in China issues report 

 ‘Establishing China’s Green Financial System’ (Ma Jun, PBC) 

•  Investment needed: 2 trillion yuan (US$320 billion) or more  

 than 3% of GDP, for at least the next five years 

• Oct 2015   Agricultural Bank of China floats $1 billion green bond 

• Jan 2016 Shanghai Pudong Development Bank green bond worth 

 20 billion Yuan  (US$4.3 billion) designated for climate investments 

• July 2016 Bank of China issues green bond for $3.03 billion  

    (mix of currencies) 

• $8.9 billion in issuance up to August 2016 

• Targeted at institutional investors (pension funds, SWFs, China 

domestic investors) 



What is driving China’s energy revolution – and 

why can we expect India, Brazil et al to follow? 

Climate change is probably least of China’s concerns 

-- after all, US and Europe created around 80% of the problem 

More pressing as a driver is to clean the skies of smog: BIG problem 

And to solve China’s energy security problem 

Oil, gas etc. – from Russia, Saudi Arabia, Venezuela, Nigeria 

All geopolitical hotspots – threaten war, revolution and terrorism 

Alternative: Use manufacturing industries to build devices that tap into  

renewable energies and resource recirculation 

Apply China’s latecomer catch-up strategy to energy and resources  

Building renewable energy industries creates export platforms 

of tomorrow (13th Five Year Plan) and drives industrial development 

This relieves energy insecurity 

And it clears skies     What is there to lose?  

Oil companies can join the fun! 



NEAsian renewable power grid interconnections 2016 

Asia Super Grid (ASG) driven by Softbank (Masayoshi Son) 

Connecting wind farms in Mongolia (Gobi desert: 7 GW) and solar 

farms in India (20 GW proposed) with China, Jpn, Korea ASG Golden 

Ring Global Energy Interconnection (GEI) – promoted by State Grid 

Corp of China (Dr Liu Zhenya) and now backed by GEID&CO 
 

Mar 2016 MoU signed between four power grid companies: 

China, Jpn, Korea, Russia to create R&D cooperation GEID&CO  

3-phase strategy 

 

   2020  Promote national power grids and some small  interconnections 

   2030  Major power grid connections Mongolia PRC Jpn Ko Ru 

   2050  Completion of the GEI 

http://www.geidco.org/html/qqnycoen/col2015100724/column_2015100724_1.html


NEAsian renewable power grid network 

Russia-Mongolia-PRC-ROK-Japan 



Greening of Capitalism: How Asia is Driving the 

Next Great Transformation 


