
Energy 
Transitions:
An 
Economists 
perspective



The push for 
renewable energy



Questions 
we’ll look at

This will not be a comprehensive 
review of energy transitions.

We will examine a few highlights of 
energy transitions from an 
economist’s perspective.

In particular, we will ask a few 
questions:
1. What have energy transitions looked 

like in the past?
2. Why might an economist argue for a 

transition to renewable energy 
sources?

3. What does energy use look like today 
and what policies could facilitate a 
renewable energy transition?
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Energy use and 
energy 
transitions Before we can talk about an 

energy transition toward 
renewable energy, we first need 
to look at the past.

So here is a brief history of energy 
use and energy transitions and a 
few key insights.
• Smil (2016)
• https://www.sciencedirect.com/science/

article/pii/S2214629616302006

https://www.sciencedirect.com/science/article/pii/S2214629616302006


01
History of energy use and 

energy transitions



History of 
primary energy 
consumption

What is an energy transition?
• A structural change in the energy system
• Typically involves changes to the 

demand or supply of energy source

We are going to focus on primary 
energy sources. 

A primary energy source is any 
naturally occurring energy source.
• Eg. Biomass, natural gas, solar, etc.
• As opposed to secondary energy (eg.

Electricity) which acts as a carrier and is a 
converted form of a primary energy 
source.

Consumption levels across 
different primary energy sources 
has changed significantly over the 
past two centuries.
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Insights from 
the past

Here are a few insights from the 
past:
1. Global energy transitions have 

been slow.
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Insights from 
the past

Here are a few insights from the 
past:
1. Global energy transitions have 

been slow.
2. The speed of national energy 

transitions is more varied.
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Insights from 
the past

Here are a few insights from the 
past:
1. Global energy transitions have 

been slow.
2. The speed of national energy 

transitions is more varied.
3. Today’s energy consumption is 

still highly dependent on fossil 
fuels



0

10

20

30

40

50

60

70

80

90

100

1830 1850 1870 1890 1910 1930 1950 1970 1990 2010

Sh
ar

e
 o

f 
P

ri
m

ar
y 

En
e

rg
y 

U
se

 (
%

)

Year

Primary Energy Consumption (% Total)

Coal

Crude Oil

Natural Gas

Nuclear

Hydro

Biomass/Bio
fuels

Renewables



Insights from 
the past

Here are a few insights from the 
past:
1. Global energy transitions have 

been slow.
2. The speed of national energy 

transitions is more varied.
3. Today’s energy consumption is 

still highly dependent on fossil 
fuels

4. Little evidence that push for 
renewables is accelerating or 
changing carbon intensities
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Insights from 
the past

Here are a few insights from the 
past:
1. Global energy transitions have 

been slow.
2. The speed of national energy 

transitions is more varied.
3. Today’s energy consumption is 

still highly dependent on fossil 
fuels

4. Little evidence that push for 
renewables is accelerating or 
changing carbon intensities

5. Renewables transition has been 
slow even in countries with 
determined efforts
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Why is there a push for a 
clean energy transition?



Economic 
Arguments for  
clean energy 
transition

Our goal is economic efficiency

As we’ve seen, the basis for 
government intervention would 
be market failure.

So where might there be a case 
for market failure around energy 
production/consumption?

Where are there externalities?



Fossil fuels are 
depletable

Fossil fuels, the top 3 primary 
energy sources, are natural 
resources.
• Petroleum
• Natural Gas
• Coal

Specifically, these are 
depletable resources.

A key source of market failure 
for depletable resources was 
the opportunity cost of 
depleting a resource
• Scarcity cost



Fossil fuels release 
greenhouse gases 
(GHG)

Fossil fuels, the top 3 primary 
energy sources, are natural 
resources.
• Petroleum
• Natural Gas
• Coal

Burning these resources to 
produce energy releases 
GHGs as a byproduct.

GHGs are the driver of climate 
change, which has associated 
economic damages
• Public good problem



Development 
of innovative 
technologies

Research and development 
(R&D) for innovative 
technologies is costly
• E.g. Development of more 

efficient solar panels

However, innovators only 
receive a fraction of the benefits
• Others benefit from new 

technology

Thus, innovators will 
underinvest in R&D.



Externalities

Fossil fuels are depletable resources
• Negative externality

Burning fossil fuels generates GHGs, driving 
climate change
• Negative externality

Development of innovative technologies
• Positive externality





What are some other 
common arguments 
for clean energy 
transition?

Common arguments

Enhanced energy 
independence
• National benefit

Job creation
• Local/regional benefit

Lower energy prices
• Local/regional/national 

benefit



What does 
security / 
independence 
mean?

What is the goal?
• Insulate from certain trading 

partners
• Protect from price shocks

Let’s consider each fossil fuel 
source

• Natural Gas
• Petroleum
• Coal

We’ll take the US perspective



Natural Gas 
Independence

Consumption

Production

Net Imports



Coal Independence

Exports

Imports



Petroleum Independence



What does 
security / 
independence 
mean?

What is the goal?
• Insulate from certain trading 

partners
• Protect from price shocks

Let’s consider each fossil fuel 
source

• Natural Gas
• Petroleum
• Coal

We’ll take the US perspective
• Largely independent across each 

fossil fuel source



Job Creation

Does a push for a renewable 
energy transition create jobs?

It may create some.

But remember, our economy is 
dynamic.

Net effect is likely to be small.



Job effect
Do you think the effect of environmental regulation on jobs is 
big or small?

Economists usually find the answer is “not much”

What factors might influence the size of the job effect?
- Ability of firms to move location
- Ability of workers to move to other firms

- Size of effect of regulation
- Time scale



Job Losses

Say a regulation causes a 
firm to layoff workers.

What happens to those 
workers? Are they 
unemployed forever?

Probably not.

Economy is dynamic. 
Workers can shift between 
firms.

Net job loss ≠ Gross job loss



Lower energy 
prices

If renewable energy can provide 
energy at a lower price, is there a 
need for regulation to accelerate 
adoption?

If the goal is economic efficiency, it is 
important that fuels be priced at 
their true cost.

Then lowest cost sources will be 
adopted.





Clean transition 
policies



Externalities

Fossil fuels are depletable resources
• Negative externality

Burning fossil fuels generates GHGs, driving 
climate change
• Negative externality

Development of innovative technologies
• Positive externality



What is the 
optimal policy 
response?

Scarcity cost of natural 
resources
• Property rights
• Pigouvian tax
• Permits

Climate change impacts
• Pigouvian tax
• Permits

Development of innovative 
technologies
• Pigouvian subsidy
• Patents



As we’ve seen with climate change, often policy makers do not 
implement tax or cap-and-trade policies, instead opting for second-best 
policies for renewable energy adoption.
• Standards (e.g. RPS)
• Subsidies (e.g. ITC)

So let’s again compare second-best policy to first-best policy.

Second-best policy



S=MC

Taxes vs. Subsidies
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Consider the market for 
energy.

Two suppliers:
• Clean (renewable)
• Dirty (fossil fuel)

Let’s compare outcomes 
when we tax the dirty 
industry vs. subsidizing the 
clean industry



S=MC

Taxes vs. Subsidies
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Consider the market for energy.

Two suppliers:
• Clean (renewable)
• Dirty (fossil fuel)

Tax
• Implement a tax on dirty energy
• Increases the price of energy
• Decreases total quantity of energy
• Decrease the quantity of dirty energy
• Increases the quantity of clean energy
• Raises tax revenues = q’D*Tax

P’m



S=MC

Taxes vs. Subsidies
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Consider the market for energy.

Two suppliers:
• Clean (renewable)
• Dirty (fossil fuel)

Subsidy (so q’c same as tax)
• Implement a subsidy on clean energy
• Decreases the price of energy
• Increases the total quantity of energy
• Decrease the quantity of dirty energy
• Increases the quantity of renewable 

energy
• Subsidy cost of q’C*subsidy

P’m



Attendance activity

Consider the market for energy.
Two suppliers:
• Clean (renewable): MC=Q
• Dirty (fossil fuel): MC=0.5Q
Demand: MB=10-Q

What is the equilibrium quantity 
supplied by Clean and Dirty 
under:
1. No policy
2. TaxDirty = 0.2Q
3. SubsidyClean = 0.2Q



Attendance activity

Consider the market for energy.
Two suppliers:
• Clean (renewable): MC=Q
• Dirty (fossil fuel): MC=0.5Q
Demand: MB=10-Q

What is the equilibrium quantity 
supplied by Clean and Dirty 
under:
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Attendance activity

Consider the market for energy.
Two suppliers:
• Clean (renewable): MC=Q
• Dirty (fossil fuel): MC=0.5Q
Demand: MB=10-Q

What is the equilibrium quantity 
supplied by Clean and Dirty 
under:
1. TaxDIrty = 0.2Q
MC+Tax = 0.412Q = MB = 10-Q
Q’m = 7.08, P’m = 2.92
QC = 2.92, QD = 4.16
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Attendance activity

Consider the market for energy.
Two suppliers:
• Clean (renewable): MC=Q
• Dirty (fossil fuel): MC=0.5Q
Demand: MB=10-Q

What is the equilibrium quantity 
supplied by Clean and Dirty 
under:
1. SubsidyClean = 0.2Q
MC-Subsidy = 0.308Q = MB = 10-Q
Q’m = 7.65, P’m = 2.35
QC = 2.94, QD = 4.71

S=MC

D

Q (kWh)

$

Qm

Pm

MCC

qD

MCD

qC

S’=MC-
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As we’ve seen with climate change, often policy makers do not 
implement tax or cap-and-trade policies, instead opting for second-best 
policies for renewable energy adoption.
• Standards (e.g. RPS)
• Subsidies (e.g. ITC)

So let’s again compare second-best policy to first-best policy.

Comparing tax vs. subsidy
• Tax can achieve same level of clean energy at lower level of dirty 

energy
• Tax brings in revenues, whereas subsidy government must pay

Second-best policy





Problems with 
technology adoption



Problems with 
technology adoption
We saw that putting a tax or cap-and-trade on dirty combined with subsidizing 
R&D is the optimal policy response for the clean energy transition.

Technological innovation (both development and adoption) will be important for 
a clean energy transition.

What are some practical problems around the adoption of clean technology.

We will talk about a few of these:
• Carbon Lock-in
• Energy Ladder
• Valley of Death



In developed economies, fossil fuels 
are by far the majority energy 
source.

This has been the case since as early 
as the 1600-1800s.

This has resulted in a path-
dependence and increasing returns 
to scale.
• Developed countries 

technologies depend on fossil 
fuels, making it harder to break 
from a path dependence even if 
it appears economically optimal

Carbon 
lock-in
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Energy 
ladder

Energy consumption is projected to 
rise by around 50% in the next 25 yrs.

Much of this increased demand is 
expected to come from developing 
countries
• E.g. China, India





Energy consumption is projected to 
rise by around 50% in the next 25 yrs.

Much of this increased demand is 
expected to come from developing 
countries
• E.g. China, India

Some believe that changes in energy 
source follow an energy ladder that 
shows progressive energy sources 
based on income levels.

Energy 
ladder





Energy consumption is projected to 
rise by around 50% in the next 25 yrs.

Much of this increased demand is 
expected to come from developing 
countries
• E.g. China, India

Some believe that changes in energy 
source follow an energy ladder that 
shows progressive energy sources 
based on income levels.

But they have an opportunity to avoid 
the carbon lock-in and leap-frog the 
ladder by adopting newer 
technologies.

Energy 
ladder



leap-frogging example



The process of innovation for a new 
technology can be broken into two 
stages: development and diffusion.

Between the two is what has been 
called the valley of death.

There is often large uncertainties 
around new technologies
• E.g. Cost, effectiveness, demand

During the valley of death the private 
returns to development drop, as 
reducing uncertainties is costly.

Valley of Death can stand as a barrier 
to the wide-spread adoption of new 
technologies.

Valley 
of death





Problems with 
technology adoption

Even if a new technology has been developed (perhaps with the support of 
R&D) subsidies and appears to be the economically optimal choice, there can 
still be barriers to wide-spread adoption.

• Carbon Lock-in
• Energy Ladder
• Valley of Death
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