
ABOUT IIER  
The Institute for Integrated Eco-
nomic Research is a Switzerland 
and U.S. based non-profit orga-
nization focused on developing 
new macroeconomic models for 
academic and policy-making pur-
poses. The objective is to estab-
lish a thorough understanding of 
mechanisms and constraints un-
derpinning human economic ac-
tivity, and turn this knowledge 
into models and policy advice for 
the future. 
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PROJECT SUMMARY 
This document summarises the 
findings from a project funded by 
the UK Department for Inter-
national Development (DFID), 
looking at the potential for 
growing emerging economies 
while maintaining or reducing 
carbon dioxide emissions. The 
findings, views and recommen-
dations contained in the research 
are those of IIER and do not ne-
cessarily represent the views of 
the funders. 
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In December 2009, the 15th Annual UN Climate 
Change Conference ended without a globally 
binding agreement to reduce greenhouse gas 
emissions. The outcomes from the 2010 talks in 
Cancún were equally non-committing. Among 
the reasons for these failures were concerns of 
emerging nations such as India and China that 
limits on carbon-dioxide emissions would impair 
their ability to further grow their economies. 
Given the evidence we outline below, they pro-
bably have a valid point. 
1. The crucial role of energy in growth: On a 
global scale, economic growth has always been 
highly correlated with higher energy con-
sumption. Between 1980 and 2008, to produce 
one additional unit of GDP, 0.55 additional units 
of primary (raw) energy inputs were requiredi. 
When looking at energy that can be directly 
applied to societies, correlations are even 
stronger: during the same period, for one unit of 
GDP, electricity use grew by 0.95 units globally.ii  

 
GDP and primary energy use (1980=100) 
This strong connection between economic 
growth and energy consumption is often 
overlooked. It is based on the key paradigm of 
the industrial age: a significant portion of the 
productivity gains of the 19th and 20th century 
were achieved as greater mechanical energy use 
released human labour capacity. In industrial 
societies, one unit of human labour, measured in 
food intake, was often replaced by 100-1000 
units of mechanical energy, mostly delivered 
from fossil fuels.iii This mechanism produced 
benefits during periods of low energy cost in the 
form of lower prices for goods, higher wages 
and profits. When energy prices rise, this same 
model begins to work against us. IIER research 
shows that a rising manufacturing-related energy 

prices quickly revert benefits for wages and 
profits. Efficiency increases are rarely able to 
offset those productivity losses, as they – for 
most process chains – are typically only in the 10-
30% range.  

2. How advanced economies became more 
energy-efficient: Whilst apparently advanced 
economies have been able to post economic 
growth without growing their energy footprint, a 
significant portion of ’energy efficiency’ gains are 
related to the outsourcing of heavy industrial 
activities to emerging economies. For example, in 
2007, China produced 41% of all iron and steel 
and 37.5% of all aluminium globally, while re-
presenting only 10.8% of global GDP, leading to 
significant embedded energy transfers to 
advanced economies. This reflects overall trends 
in globalisation as supply chains have been 
repeatedly reconfigured to exploit the benefits of 
low-cost labour and energy. When netting out 
these benefits, a majority of energy and carbon 
footprint reductions in advanced economies have 
been due to “energy used elsewhere” from 
global shifts of energy-intensive processes, and 
not related to real efficiency improvementsiv. 

3. Fossil fuels are key drivers:  In order to grow, 
economies not only require more energy, but the 
properties of the energy sources used, such as 
density, cost and manageability, matter a great 
deal. Today, almost unchanged from 1990, coal, 
crude oil and natural gas provide approximately 
85%v of global primary energy.  
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Low Carbon and Economic Growth 

• Economic growth is highly correlated with 
the availability of low-cost, high-quality 
energy 

• Advanced economies may accomplish 
some decoupling based on the outsour-
cing of heavy industrial activity 

• Given the superior characteristics of fossil 
fuels in terms of cost, density and mana-
geability, renewables will offer only limited 
potential to replace them as key drivers of 
industrial output 

• While this limits the chances for middle-in-
come economies to reduce emissions, 
low-income countries have opportunities 
to grow wealth and well-being without 
adding large amounts of CO2 

Are both compatible in developing economies? 

Energy efficiency of economies ($/GJ of primary energy consumption) and other key factors 
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Fossil fuels are – despite recent price in-
creases – the cheapest and most useful 
fuels, as long as externalities such as 
pollution and environmental issues are 
not factored into their pricing. 

The key challenge in replacing coal, oil 
and gas is that they are formed from his-
toric solar inputs. A barrel of oil contains 
past solar energy from growing plant 
biomass, from biotic or abiotic 
fermentation, and added pressure and 
heat from geological, solar and geother-
mal mechanisms applied over millions of 
years. This process has yielded high 
density energy sources that are easy to 
extract, transport, and handle. To 
accomplish the same, for example with 
biomass, the required “upgrade” from 
plant material to a combustible fuel needs  
additional energetic effort, which adds 
cost and reduces net benefits. This need 
for “upgrading” directly translates into 
higher energy cost for the futurevi. 

Furthermore, alternative sources, like nu-
clear, solar, wind and biomass, are based 
on significant fossil fuels inputs. If solar 
panels were produced with energy  from 
solar panels, their price would be pro-
hibitive, compared to today, where 50% 
of all panels are manufactured in China 
using coal-based inputs. This makes a true 
replacement of fossil fuels extremely chal-
lenging, unless currently unknown new 
technologies come into play. Given the 
“historic energy” embedded in fossil 
fuels, this is maybe an unrealistic 
expectation. 
4. What low carbon translates to: To 
establish a low-carbon economy will re-
quire us to work against the key trend 
that has driven wealth creation during the 
19th and 20th century – the replacement 
of small amounts of expensive human 
labour by large quantities of low-cost 
fossil fuels. Renewable energy sources do 
provide energy, but very likely only with 
reduced benefits, given their higher 
extraction and conversion effort and thus 
higher cost. The same is true for cleaner 

fossil fuel uses. For example, carbon 
sequestration might reduce generation 
efficiency by approximately 24% and lead 
to cost increases of up to 82% over 
regular coal based electricityvii.  

5. The challenge - growing economies: 
Our research indicates that mid-level 
income countries (like China and India) 
have only limited opportunity to continue 
a growth trajectory without significantly 
adding to their carbon footprint, unless 
they too find other places to outsource 
their industrial production – which seems 
unlikely and would not yield a net reduc-
tion in global emissions. This reality is 
likely to be the main driving force behind 
the reluctance of China and India to 
accept clear carbon limits, as this – almost 
certainly – would impose almost impene-
trable ceilings on their growth expec-
tationsviii. 

A closer look at China corroborates this 
view. China procures more than 90% of 
its energy from oil, natural gas and coal. It 
operates with a much lower energy cost 
vis-à-vis OECD countries (3-4 cents/kWh 
of industrial electricity in China vs. 6-
11ct/kWh in most OECD countries)ix. This 
advantage is driven by a number of 
factors, but the most important is the 
predominance of coal in China’s electricity 
mix, which can be exploited at low cost. 
This advantage is further enhanced by 
lower labour cost and different environ-
mental standards in mining and power 
generation. Without the use of coal-based 
electricity, China’s significant competitive 
advantage would shrink, removing an im-
portant driver of its recent growth.  
6. The opportunity – low-income eco-
nomies: In poorer countries, we see a 
much higher potential to combine low 
carbon and welfare-improving efforts. In 
many cases, the benefits of industrialisa-
tion are not widespread and the transition 
from human to mechanical labour hasn’t 
fully taken place yet. At the same time, 
many low-income countries are depen-
dent on patchily available crude oil, 

currently the most costly fossil fuel per 
unit of delivered energy. In 2009, Africa 
(excluding Egypt, Algeria and South 
Africa) consumed 60.3% of its primary 
energy from oil, compared to a 35.5% 
share of oil globallyx.  

This opens a window of opportunity for 
quality-of-life improvement from relatively 
low-yielding sustainable technology solu-
tions. These are not likely to be high-tech, 
but instead simpler approaches based on 
enhancing locally available resources to 
transform solar flows into usable energy 
and other benefits. Examples might be 
simple solar systems, water purification 
solutions, the growing and processing of 
oil seeds from marginal, non-arable land 
for biofuelsxi, simple sanitation app-
roaches and improvements in agricultural 
technology that secure higher yieldsxii. 
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Low-income countries may grow despite carbon reductions 
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Benefits of fossil fuels over renewables – past energy inputs 


