
Carbon Economics

Module 10



Controls on CO2 Emissions

Four factors determine 
fossil fuel emissions:

– Population

– Economic activity

– Energy efficiency of economy

– Carbon efficiency of energy
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Kaya: 2 Sets of Knobs

• CONSUMPTION: Population & per-capita 
income are deeply interconnected through 
the process of economic development

• TECHNOLOGY: Energy efficiency & 
decarbonization of energy are controlled by 
technical & design choices
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World Population

Remember 
“The Population Bomb” ?

• World population has more 
than doubled in my lifetime

• It will never double again

• Population growth rate is 
half  what it was when I 
was a teenager

• Expected to reach zero 
population growth by 2100





Demographic Transition

• Infant mortality falls with economic growth

• Fertility falls a generation later







Population & Kaya
• Population growth has fallen dramatically due to 

economic development! (demographic transition)

• Fertility is now near or even below the replacement rate 
in most of the world

• Rapid population growth is now pretty much limited to 
the poorest 10% of people – they aren’t burning much 
carbon!

• The richest 10% burn a huge amount of carbon, but their 
population is stable or slowly shrinking

• Even as population stabilizes over the coming decades, 
it will have little impact on CO2 emissions
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Extreme Poverty Has Fallen 10-Fold Since 1800



SDG 1: End Extreme Poverty

• < $1.90 / day

• 0.9 billion people 
worldwide 

• Cut in half since 
1990!

• Almost all in 
South Asia & 
Tropical Africa



The Two 
10 Percents
• There are 8 billion 

people on Earth

• 10% of us live well 
beyond the dreams 
of the kings of old

• 10% of us live in 
unbearable poverty
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80% of  People Neither Extremely Rich nor Extremely Poor



Yearly Cost to Eliminate
Extreme Poverty

$17/month

Just $17/month per person transfer 
from the top 10% to the bottom 10%



UN Sustainable 
Development 

Goals
1.Eliminate Extreme 

Poverty

2.Improve Equality of 
Opportunity

3.Don’t Destroy the World



S
D

G
2





Economic Convergence
Rich 
countries 
grow slowly

Middle-
income grow 
faster

Poor 
countries 
grow fastest



Catch-Up Growth
Shanghai 1991 and 2012

• In the 1990s, China began a very rapid 
period of economic convergence with the 
highest income countries

• Adjusted for inflation, per-capita income in 
China has risen 3000% since 1990

• About 18% of people are Chinese



Convergence Arithmetic
A reasonable formula for 

economic convergence (Sachs 2015)

• Income in richest country (US) grows 1%/year above inflation

• Other countries add 1.4% for each factor of  50% below US



The Emerging 
One-Hump World

• From a poor world in 1800

• To a divided world in 1975

• To a middle-income world in 
the 21st Century



Consumption 
& Kaya

• Stabilizing global population is 
important for overall resource 
consumption – especially food!

• Whether population stabilizes at 9 
billion or 11 billion mostly 
depends on economic 
convergence

• The easiest route to population 
stability (at a lower number) is 
rapid elimination of extreme 
poverty 



Energy Intensity

• Low Income Countries
– low energy intensity
– subsistence farming

• Middle Income 
Countries 
– high energy intensity
– heavy industry

• High Income Countries
– low energy intensity
– information economy

kW-hr / $

“How much energy to create $1 of  income?”







Top emitters: Fossil CO2 Emission Intensity

Emission intensity (emission per unit economic output) generally declines over time.
In many countries, these declines are insufficient to overcome economic growth.

GDP is measured in purchasing power parity (PPP) terms in 2010 US dollars.
Source: CDIAC; IEA 2019 GDP to 2016, IMF 2020 growth rates to 2019; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://webstore.iea.org/co2-emissions-from-fuel-combustion-2019
https://www.imf.org/en/publications/weo
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 emission intensity

Global CO2 emissions growth has generally resumed quickly from financial crises.
Emission intensity has steadily declined but not sufficiently to offset economic growth.

Economic activity is measured in purchasing power parity (PPP) terms in 2010 US dollars.
Source: CDIAC; Peters et al 2012; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://dx.doi.org/10.1038/nclimate1783
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 emission intensity

The 10 largest economies have a wide range of emission intensity of economic activity

Emission intensity: Fossil CO2 emissions divided by Gross Domestic Product (GDP)
Source: Global Carbon Budget 2020

http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emissions per capita

The 10 most populous countries span a wide range of development and emissions per capita

Emission per capita: Fossil CO2 emissions divided by population
Source: Global Carbon Budget 2020

http://www.globalcarbonproject.org/carbonbudget/


Kaya decomposition

The Kaya decomposition illustrates that relative decoupling of economic growth from CO2 emissions 
is driven by improved energy intensity (Energy/GDP)

GDP: Gross Domestic Product (economic activity)
Energy is Primary Energy from BP statistics using the substitution accounting method

Source: Jackson et al 2019; Global Carbon Budget 2020

• Energy / $ has fallen 
steadily

• GDP growth has 
outstripped the 
improvement in 
energy intensity

• Carbon intensity of  
energy has been flat 
for decades

https://doi.org/10.1088/1748-9326/ab57b3
http://www.globalcarbonproject.org/carbonbudget/


Carbon Intensity

g CO2 per kW-hr

“How much carbon to create 1 unit of  energy?”



Energy use by source

Renewable energy is growing exponentially, but this growth has so far been too low 
to offset the growth in fossil energy consumption.

This figure shows “primary energy” using the BP substitution method
(non-fossil sources are scaled up by an assumed fossil efficiency of 0.38)

Source: BP 2020; Global Carbon Budget 2020

http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
http://www.globalcarbonproject.org/carbonbudget/


Energy use by source

Energy consumption by fuel source from 2000 to 2019, with growth rates 
indicated for the more recent period of 2014 to 2019

This figure shows “primary energy” using the BP substitution method
(non-fossil sources are scaled up by an assumed fossil efficiency of approximately 0.38)

Source: BP 2020; Jackson et al 2019; Global Carbon Budget 2020

http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://doi.org/10.1088/1748-9326/ab57b3
http://www.globalcarbonproject.org/carbonbudget/


Fossil Fuel Emissions



All the data is shown in GtC

1 Gigatonne (Gt) = 1 billion tonnes = 1×1015g = 1 Petagram (Pg)

1 kg carbon (C) = 3.664 kg carbon dioxide (CO2)

1 GtC = 3.664 billion tonnes CO2 = 3.664 GtCO2

Disclaimer
The Global Carbon Budget and the information presented here are intended for those interested in 

learning about the carbon cycle, and how human activities are changing it. The information contained 
herein is provided as a public service, with the understanding that the Global Carbon Project team make 

no warranties, either expressed or implied, concerning the accuracy, completeness, reliability, or 
suitability of the information.



Carbon, Life, and Energy

• Photosynthesis uses 
energy from the sun to 
convert inorganic air 
(CO2) to living biomass!

• Most of this energy is 
released through 
respiration (back to 
CO2) when plants are 
eaten by animals, 
bacteria, people



Fossil Fuels

Some of  the stored solar energy in biomass 
can be preserved in fossilized remains



Hydrocarbons, Energy, and CO2

We dig this stuff (“fossil fuels”) up and burn it, 
harvesting the stored energy to power civilization
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On a Personal Note

I was a wellsite geologist long ago
I lived and worked on oil rigs for a year

Petroleum production is 
extremely dangerous work!

Scott



Hydraulic Fracturing







Source: Le Quéré et al 2020; https://www.icos-cp.eu/gcp-covid19

UEA Projection: Overall impact of COVID-19 on regional emissions

While China’s emissions declined strongly during February, 
emissions declines in the rest of the world reached their peaks in April.

https://doi.org/10.1038/s41558-020-0797-x
https://www.icos-cp.eu/gcp-covid19


Source: Le Quéré et al 2020; https://www.icos-cp.eu/gcp-covid19

UEA Projection: Overall impact of COVID-19 on emissions by sector

Global emissions from surface transport, especially road transport,
have been affected the most by the restrictions aimed at reducing infection rates.

https://doi.org/10.1038/s41558-020-0797-x
https://www.icos-cp.eu/gcp-covid19


















Major flows from production to consumption

Flows from location of generation of emissions to location of
consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2
Source: Peters et al 2012

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html



