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The economics of energy transformation: 



• Dynamics of energy Innovation & transformation – general features 

• Why policy, what policy? A Three Domains & Pillars approach to 
innovation

• A practical application: The UK Electricity Transition 

• A model application: transforming DICE

Four topics

The economics of energy transformation: 
the 3-pillar approach, the UK experience, and some global implications



Q: What two things do the following energy technologies have in common?

• Offshore oil extraction 

• Shale gas 

• Combined cycle gas turbines 

• Solar PV 

• Wind energy 

• High efficiency lighting (LED lights) 

[1] They all turned out to be much cheaper than anyone expected 

[2] They all involved government action at scale over many years
- On both technology/resource development, and demand/price



Technology costs decline with both time and investment

… The reality is that most technologies have to evolve through repeated cycles 
of market growth, learning, scale economies and supply chain development 



Major sectoral transitions typically 
occur through logistic (‘S-curve’) 
substitution with self-reinforcing 
induced innovation

With various timescales: 
• Lag from R&D to 10% can be decades
• Energy technologies, historically c. 30 

years from 10 to 90% of penetration in 
natural evolution of markets (may be 
accelerated with policies)

• Key infrastructures may be even slower 
(think cities, roads, buildings)

..process typically culminates with transformation



• Dynamics of energy Innovation & transformation – general features 

• Why policy, what policy? A Three Domains & Pillars approach to 
innovation

• A practical application: The UK Electricity Transition 

• A modal application: transforming DICE
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The economics of energy transformation: 



PE Chapter 9, “Pushing further, pulling deeper”:  Figure 9.7 

… some of the historically least innovative sectors of our economies

Energy-climate challenge – seek radical change in …
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PE Chapter 9, “Pushing further, pulling deeper”:  Figure 9.7 

Energy-climate challenge – need to invest and connect
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Policy pillars

“Other policies such 
as feed-in tariffs, 
industry regulation 
and subsidies, are far 
less economically 
preferable than 
carbon pricing to 
reduce emissions… “ 
(OECD, 2013)

I beg to differ … 

Ideal policy comprises a package …

Key is to match the best instrument to the 
respective domain of decision-making



Induced innovation – example,the Solar Revolution
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Auctions in summer 2019 broke three times the 
world record of cheapest solar PV tariff: 

Los Angeles, USA  - $20/MWh
Brazil  - $17.5/MWh
Portugal  - $16/MWh

Ethiopia Sept 2019, Africa’s cheaper PV to date @ $25/MWh  

Portugal’s July 2019 
world’s cheapest PV.

Global average prices resulting from auctions, 2010-18

Actually, emerging as the cheapest widespread 
high-grade energy source in human history

“Solar power is by far the most expensive way of 
reducing carbon emissions - The Economist, 2014.

“.. in Germany, like growing pineapples in Alaska.” -
J. Grossmann, then CEO of RWE, 2012

Solar: From 15 
to 500 GW in a 
decade 



Innovation – dramatic changes, far faster than projected

Projections for levelized cost of energy for large-scale

solar PV vs realised global average prices from auctions

Source: Authors, from data sources as shown

Evolution of the relative life-cycle cost of new solar PV and coal

plants, 2015-2019 – local learning and efficient policy important

Actual avg PV prices 



Successful innovation must span a complex multi-domain journey
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.. moved through a ‘sea of gas’, now rapidly rising renewables –

UK ‘island of coal in a sea of oil and gas’ – no longer

-
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UK power sector 
emissions halved since 
1990, coal now below 
10% of generation.

C price drives operation and 
closure not new investment 
or efficiency. Impact since 
2014 much bigger than 
before due to price+ and :
• Lower gas – coal price 

differential 
• energy efficiency policies, 

demand declining since c. 
2010

• Rapidly rising share of 
renewables

April 2017 - first hours without coal power for over a Century, driven by rising carbon 
price, declining gas price, and increasing renewables and efficiency.
UK total CO2 emissions now lower than a century ago, all coal to be closed by 2025

UK electricity – carbon pricing and the demise of coal
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Offshore wind: the big breakthrough
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… now c. half industrial elec price and 
around recent wholesale elec price

# Emerging as a UK and North European resource as large and valuable as North Sea Gas

Industrial 
electricity 

price

GB 
Wholesale 

price

Huge gains from long-term contract auctions & pan-European industrial development

Offshore wind contracts under UK EMR



Offshore Wind: north Europe’s new energy frontier

HyWind floating 
turbine 
– capy factor > 50%

‘Shallow’ water? Or floating ? 
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…. seeks to balance abatement costs and climate benefits
Abatement Costs

(of cutting emissions given today’s projections)
Balance Climate Benefits

(of avoided climate damages)

Standard Economic Approach to “Integrated Assessment …”
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80 years to halve global emissions

10 years to 
halve again

…. Classical Computable General Equilibrium model, assumes globally perfect foresight with 
discounted damages.  Attracted huge range of criticisms, for assumptions on damage evaluation

Nordhaus’ DICE model with his “standard“ assumptions



Impact of inertia and induced innovation on global emissions, expenditure, and temperature change in DICE-PACE: 𝒕= 30yrs. 

With high pliability and relatively short ‘half life’ characteristic transition time, the optimal response comprises: 

Abatement: steady reduction 
towards net zero

Effort: about four times bigger 
than in classical case (> 0.3% GDP)

Outcome: stays c. 2 deg.C despite 
weak damage / risk assumption

Source: Grubb and Wieners (2020), Modelling Myths: On the need for dynamic realism in DICE and other equilibrium models 
of global climate mitigation, https://www.ineteconomics.org/perspectives/blog/modeling-myths-of-climate-change

(a) DICE model – standard behaviour over 100 years [Base slide](b) DICE-PACE model – behaviour with pliable abatement system

https://www.ineteconomics.org/perspectives/blog/modeling-myths-of-climate-change


• Dynamics of energy Innovation & transformation – general features
 Logistic substitution with self-reinforcing induced innovation 

• Why policy, what policy? A Three Domains approach 
 Need engagement, market instruments and strategic investment

• A practical application: The UK Electricity Transition 
 A radical transformation, >50% CO2 reduction & major new energy resource

• A model application: transforming DICE
 Dynamics realities including induced innovation transform the global economics 

Four topics: conclusions

The economics of energy transformation
the 3-pillar approach, the UK experience, and some global implications


