
The Scale and Scope of Deep Decarbonization

Dr. Varun Rai
Director, UT Energy Institute

Assoc. Professor, LBJ School of Public Affairs & ME
The University of Texas at Austin

rai@energy.utexas.edu
https://energy.utexas.edu

National Academies Workshop
22-23 July 2019, Washington DC



2

A Global Challenge
Deep Decarbonization of the Global Energy System

• Deep decarbonization is not an option

• Scale, scope, and rapidity of the necessary changes are 
unprecedented, all-encompassing, and truly daunting

• Success in addressing this global challenge requires 
coordination and alignment across geographies, 
governments, and cultures

• In addition to technological solutions, social and institutional 
aspects are also critical
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Deep Energy Transitions Are Prolonged Affairs

• Energy Transitions: Shifts in fuel sources and associated 
technologies…to switch in fuel-dependence of an economic 
system…to shifts in patterns of energy use in the society

• “Energy transitions have been, and will continue to be, 
inherently prolonged affairs, particularly so in large nations 
whose high levels of per capita energy use and whose massive 
and expensive infrastructures make it impossible to greatly 
accelerate their progress even if we were to resort to some highly 
effective interventions …” (V. Smil, 2012.)



Transitions are Inherently Temporal and Spatial 
Processes, involving Long Formative and Diffusion Phases

Source: Grubler etal., Energy Research & Social Science, 2016.
.

Formative phase: roughly from early 
innovation efforts to 1-2% share.
Involves intense experimentation,
refining, and adaption



Larger the Scope of Change, Longer it Takes

Source: Grubler etal., Energy Research & Social Science, 2016.
.

Diffusion durations scale with market size. Notes: X-axis shows duration of diffusion (t) measured in time to grow from 10% to 90% of cumulative total 
capacity; y-axis shows extent of diffusion normalized for growth in system size. All data are for ‘core’ innovator markets. Round symbols denote end-use 
technologies; square technologies denote energy supply technologies; triangular symbol denotes general purpose technologies (steam engines). Arrows show 
illustrative examples of system of systems (refineries describing the rise of multiple oil uses across all sectors, cars describing the concurrent growth of 
passenger cars, roads, and suburbs, and steam engines are a proxy of the growth of all coal-related technologies in the 19th century). Arrows also highlight 
examples of single technologies diffusing into existing systems substituting existing technologies (nuclear power, compact fluorescent light bulbs).

Larger scope implies:
• Diverse set of actors and 

institutions: many competing 
ideas and stronger inertia

• Need to integrate with other 
parts of the system

• Platform to support wider 
diffusion needs to be 
established (actors, resources, 
institutions, and knowledge)



Typically, Growth in Early Phases is Overestimated and 
in Later Phases Underestimated

8/13/2019 6Source:  Rai etal., Energy Policy, 2010; Heguy & Rai, The Electricity Journal, 2013.



Deep Decarbonization Expensive w/o CCS

7Source: IEA.
.

“Without CCS, the transformation of the power sector will be at least USD 
3.5 trillion more expensive. In a “no CCS in power” scenario variant of the 
2DS, deployment of renewable technologies would need to be expanded 
by an additional 1900 GW by 2050 over and above the 2DS requirements. 
This is equivalent to around four times the total wind and solar PV capacity
additions achieved in the last decade.”

To meet CCS targets, investment and deployment needs to be 
ramped up, yet the reality on ground is quite different…
Source: Bistline and Rai, Energy Policy, 2010.



CCS Project Cancellations

8Source: Vogele et al., Applied Energy 214 (2018) 205–218.
.
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With Increasing Unit Size, Cost Reductions May Not 
Automatically Hold For Capital Intensive Technologies
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• Cost increases due to unanticipated technological and regulatory bottlenecks; 
and market structure effects

• Appraisal optimism or “low balling”
– Optimistic forecasts, understatement of costs
– Once support secured and funds sunk, reveal true costs

Source: Rai et al., Energy Policy, 2010.



Photovoltaic (PV) Prices and Installed Capacity

10Source: Creutzig, F., etal. The underestimated potential of solar energy to mitigate climate change. Nature Energy, 2, nenergy2017140.



Changing Global Power Mix: Less Coal

11Source: World Energy Outlook, IEA, 2017.
.
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Concluding Thoughts

• When scaling up, only technological improvements not sufficient. 
Policy, regulatory, business, and public experience with actual 
deployment across markets critical

• Large scale energy transitions are expected to be long affairs. To 
speed things up abnormally, need careful design of technology-
push and demand-pull, coupled with transformed social norms

• Need careful design of learning cycles between generations of     
the technology and across jurisdictions
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