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1 Introduction
It is the age of the city. More than half of the world’s population 
lives in cities and another 2.3 billion inhabitants are expected to 
join the urban population by 2050 at a rate of 1.3 million people 
per week (UN DESA 2014).  

While the world’s cities face an array of challenges and 
priorities – which are as diverse as the cities themselves – the 
need to establish a more sustainable footing for urban and 
peri-urban industry is common to many.  Including industry 
in integrated strategies, policies, and planning to manage 
resource use will be crucial for these cities in the pursuit of 
greater environmental sustainability, as well as employment and 
improved living standards.  

Broadly defined, sustainable and green cities are those that 
are committed to becoming more resource efficient, cleaner, 
and environmentally responsible while maximizing the economic 
and social benefits of their growth and improving the wellbeing 
of their current and future residents (see Hoornweg and Freire 
2013; UNEP 2011). 

This briefing note will make the case for why industry 
matters for sustainable, green cities and discuss what cities can 
do to promote industry that is both more productive and less 
resource intensive. Special attention is given to the need to more 
aggressively promote financially-attractive energy efficiency 
measures in industry that benefit both industry and society.
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2 The footprint of industry in cities
Cities bring people, ideas, capital, services, and goods together 
in a way that drives economic growth, innovation, job creation, 
and higher standards of living (Black and Henderson 1999; 
Rosenthal and Strange 2004; Bettencourt et al 2007; Glaeser 
2011). In 2013, around just 770 of the world’s biggest cities 
accounted for nearly 60 percent of global economic output 
while representing only about 35  percent of the world’s 
population and 28 percent of its workforce.1 

The vibrancy of cities goes hand in hand with their hunger 
for energy. Cities are responsible for about three-quarters of 
global energy use and are the source of most of the carbon 
emitted into the atmosphere from burning fossil fuels (Seto et 
al 2014).

Industry has played a notable role in the rise of cities, 
drawing migrants into urban areas with jobs and boosting the 
productivity of capital and labor (Michaels, Rauch, and Redding 
2012). Urban areas, in turn, have provided a fertile environment 

1   Analysis by the authors using city-level estimates of gross value added and 
population from Oxford Economics and national-level data on labor force size 
and activity from the ILO, ILOSTAT.

for industry to grow, offering economies of scale, sizeable labor 
pools, networks for sharing information, and access to a diverse 
array of input and service suppliers (Annez and Buckley 2008). 
The productivity advantages of urban areas for industry have 
been observed in both developing and developed countries.  

The dynamics of the two-way relationship between cities 
and industry will largely persist over the coming decades. 
Despite a structural adjustment in the urban economy toward 
services, industry will continue to have a sizeable footprint. 
According to projections by Oxford Economics for the 770 big 
cities mentioned above, the share of industry in value-added is 
projected to rise slightly from 27 percent in 2010 to 29 percent 
in 2030. Most of this growth will be seen in medium to large-
sized cities with between 1 million and 10 million people (figure 
1). These cities will also account for the majority of population 
increase in urban areas. Industry will continue to employ about 
one-quarter of urban dwellers, or about 1.1 billion people. 
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One of the most striking trends in the projections for the 
upcoming decades is the continuing predominance of industry 
in Chinese cities (figure 2). The forces behind this trend warrant 
a closer look. China’s economic growth over the past decade 
has been fueled by an incredible build-up of fixed assets. 
Outlays on new factories, production line machinery, residences, 
commercial buildings, roads, railways, and other physical assets 
in China comprised about half of GDP in 2011 (World Bank 
World Development Indicators). With such massive investment 
in physical capital, demand for building materials such as steel, 
concrete, aluminum, and glass, along with other manufactured 
inputs, has bolstered the rapid growth of heavy industry and 
had a dramatic effect on energy demand. Since 2000, energy 
demand by four of the most-energy intensive subsectors 
(ferrous metals, non-ferrous metals, non-metallic minerals, and 
chemicals) has increased by nearly a factor of 3. These sectors 
represent over half of industrial energy demand and 40 percent 
of the nation’s total energy demand (China NBS 2013a, 2013b). 

Over the next 10 to 20 years, China’s economy will 
gradually slow, with annual growth in fixed assets expected 
to be about 60 percent of what it was between 2000 and 
2010 (Liu, Chen, and He 2013). The effects of this slowdown 
will hit hardest in the heavy industrial sectors, and with less 
robust demand for building materials and other industrial 

commodities, energy demand by heavy industry is expected 
to plateau by around 2020. However, while heavy industry’s 
percent share in total energy demand and economic output will 
diminish, in absolute terms, it will continue to be the largest 
end-user of energy in China’s economy (Fridley et al 2012). The 
slowdown of heavy industry will require another set of priorities 
–  responsible downsizing and dealing with legacy issues for 
old, environmentally-hazardous heavy industrial plants in urban 
areas,  abandoned as part of this restructuring in favor of higher 
value industry or services. 

The lasting footprint of industry in cities has important 
implications for global energy use. Between 2010 and 2030, 
final industrial energy demand is projected to increase globally 
by anywhere from 1.6 billion tons of oil equivalent (Btoe) per 
year to 4.3 Btoe per year in a baseline scenario (figure 3). By 
comparison, total final energy consumption for the United 
States in 2010 was 1.5 Btoe (IEA World Energy Statistics). 
Industrial energy demand will remain relatively flat in OECD 
countries and in the transition economies of Central and 
Eastern Europe, but it will increase dramatically in the emerging 
economies of Asia, including in China and India, and to a 
lesser extent in the Middle East and Africa (figure 3). Industry 
will continue to be dominant user of dirty fuels such as coal 
(IEA 2014b).

FIGURE 1: Industry will have a greater presence in the fastest growing subset of cities, by population

Source: Estimates for 772 cities; analysis by the authors using data from Oxford Economics.
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FIGURE 2: While cities around the world will shift toward services, industry will remain an important sector of the urban economy

Source: Estimates for 772 cities; analysis by the authors using data from Oxford Economics.

With a continued reliance on fossil fuels, particularly coal, higher 
energy use in cities has translated into increased emissions of 
both local and global air pollutants. While compact, connected, 
and well-managed cities have the potential to be highly efficient 
and reduce their environmental footprint (Glaeser and Kahn 2010; 
Floater and Rode et al 2014a), the opposite has proven true in 
many rapidly urbanizing areas, as cities have required much more 
energy, electricity, and water and emitted more tons of carbon per 
capita than rural areas (UNEP 2011; Grubler et al 2012). Many fac-
tors have contributed to the larger environmental impact of cities, 
including unchecked sprawl, greater demand for energy services, 
such as heating in buildings, and dependency on the use of private 
cars. The diverse challenges faced by cities and the variation in 
urban emissions sources are reflected in figure 4, which shows the 
energy-related GHG emissions profiles of cities around the world. 

Together, the 86 cities included in figure 4 emit around 2.08 billion 
tons of CO2 equivalent each year, of which industrial end users are 
responsible for 940 million tons. The Chinese cities have the most 
dominant industrial sectors (figure 5), with per capita emissions 
higher than many cities in the OECD, due in part to the higher 
carbon intensity of their electricity supply. Urban industry is also the 
largest source of energy-related carbon emissions for cities in other 
East Asian countries and in South Africa (figure 5). Industry plays 
a smaller role in the GHG profiles of the North American, European, 
and Latin American cities, accounting for between 11 percent and 
14 percent of total emissions.
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Given the dominant place of industry in the energy and GHG 
emission profiles of many Asian cities, particularly in China, it 
is no surprise that industry also contributes to the high levels 
of local air pollution in the region (figure 6). According to the 
Global Burden of Disease study, 2.2 million people in East and 
South Asian countries died prematurely in 2010 due to poor 
ambient air quality (IHME). In the northern region of Beijing, 
Tianjin, and Hebei in China, annual exposure to PM2.5 averaged 
108 micrograms per cubic meter (µg/m3) in 2013 – more 
than 10 times the guideline value recommended by the WHO 
(Greenpeace 2014).2  Researchers estimate that steel, cement, 
and brick producers account for 49 percent of PM2.5 emissions 
in the region. Industrial electricity use is indirectly responsible 

2  Average annual exposure to PM2.5 is calculated as a population-weighted 
average of concentrations in 13 cities in the Jing-Jin-Ji region where PM2.5 was 
monitored in 2013.

for another 6 percent of PM2.5 emissions produced by coal-
burning power plants (Guan and Liu 2013). Emissions come 
mainly from burning coal in power plants, large boilers and 
heat plants, and from industrial processes that discharge large 
amounts of dust (e.g., smelting ferrous metals) (World Bank-
MEP 2012; World Bank-DRC 2014). Large industrial facilities 
are not the only culprits. In Dhaka, for example, around 20 
percent of PM2.5 concentrations in the metro area are produced 
by the thousand or so brick kilns that ring the city (Rahman et 
al 2011; Begum et al 2013). Most of the brick makers around 
Dhaka are small, individual operators who fire their kilns by 
burning coal or agricultural residues during the harvest season. 
Emissions from these thousand or so brick kilns kill up to 
500 people and result in 1,700 emergency room visits each 
year (Guttikunda and Khaliquzzaman 2013). Other industrial 
sources of PM2.5 pollution in Dhaka include lead smelters and 
galvanizing factories (Begum et al 2013).

FIGURE 3: Industrial energy use will increase in the coming decades, particularly in Asia
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FIGURE 4: Greenhouse gas emission profiles of cities are varied but confirm the importance of urban industry as an end user of 
energy and an emitter of carbon in fast-growing regions

Note: The emissions profiles of nine Latin American cities, though 
surveyed, are not presented here. Emissions inventories surveyed 
generally include direct (Scope 1) and indirect (Scope 2) emis-
sions, though specific methodologies vary from city to city.

Sources: data from carbonn, Wang et al (2012), Zhu et al 
(2012), Ramachandra et al (2014), and Ostojic et al (2013).
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FIGURE 5: The per capita emissions 
of cities in developing countries 
with dominant industrial sectors are 
approaching or exceeding those of cities 
in the OECD countries

Sources: data from carbonn, Wang et al 
(2012), Zhu et al (2012), Ramachandra 
et al (2014), and World Bank (2013).
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FIGURE 6: PM2.5 pollution in Asian cities, and industry’s contribution to emissions  

Notes: Base map shows estimates of PM2.5 concentrations in 
2010, as found by the Global Burden of Disease study (Brauer et al 
2012). Concentrations for individual cities are ground-monitored 
and vary by year. Percentages are industrial share of PM2.5 emis-
sions and may not correspond with the year of concentrations. 
Asterisks (*) indicate the industry share of PM10, not PM2.5.

Source: authors used data from Zheng et al (2009); Guttikunda and 
Jawahar (2012); Brauer et al (2012); Begum et al (2013); Fu et al 
(2013); Guan and Liu (2013); Guttikunda et al (2013 and 2014).

Nanjing (2013) 
75 µg/m3

Tianjin (2013) 
95 µg/m3

Beijing-Tianjin-  
Hebei (2010) 
55% industry

Shijiazhuang 
(2013) 

148 µg/m3

Yangtze River 
Delta (2006) 
56% industry

Beijing (2013) 
90 µg/m3

Shanghai (2013) 
60 µg/m3

Hangzhou (2013) 
66 µg/m3

Guangzhou 
(2013) 

52 µg/m3

Pearl River Delta 
(2006) 

54% industry

Hanoi (2009)  
39 µg/m3 

19% industry

Dhaka (2008)  
86 µg/m3 

30% industry

Chennai (2010)  
24 µg/m3 

29% industry

Indore (2012)  
53 µg/m3 

12% industry*

Delhi (2013)  
153 µg/m3 

29% industry

Ahmedabad (2013)  
100 µg/m3 

45% industry

Rajkot (2010)  
33 µg/m3 

36% industry*

Surat (2012)  
41 µg/m3 

19% industry*

Pune (2010)  
59 µg/m3 

34% industry



12

Institute for Industrial Productivity
The Role of Industry in Forging Green Cities

To mitigate pollution, cities have typically sought to move heavy 
industry away from the urban core.  This migration of industry 
to peri-urban areas has had positive effects but has also come 
at a social cost.  In many developing-country cities, stringent 
limits on density and an inelastic supply of housing have 
boosted housing prices in city centers and have pushed the 
working class out to the suburbs (Hoornweg and Freire 2013). 
The coincident movement of industry and the working class 
to the urban margins is evident in India, for example, where 
manufacturing jobs in rural areas directly adjacent to large 
metro areas grew by 45 percent between 1998 and 2005 –  
far faster than the rate inside the cities (World Bank 2013). 

As the cities continue to expand outward and sprawl ensues, 
more and more people settle in close proximity to industrial 
energy users and emissions sources. In the rapidly urbanizing 
provinces of eastern China, studies have shown that suburban 
townships inhabited by large numbers of migrant workers 
suffer disproportionately high exposure to industrial sources 
of pollution such as factories, waste treatment facilities, and 
power plants (Ma 2010; Schoolman and Ma 2012). The 
impact of industrial pollution on the urban poor is not unique 
to developing countries and has been well-documented in US 
cities, where industrial facilities releasing toxics into the air, soil, 
and water tend to be concentrated in areas with higher numbers 
of low-income and minority residents.3    

3  See Bullard (1993); Daniels and Friedman (1999); Mennis (2005), and 
Abel (2008) for examples.  Note that while the case of US cities and developing 
countries are similar in terms of the higher burden imposed on more vulnerable 
segments of the urban population, the dynamics of this relationship depend on 
differing political, social, and economic forces and the individual circumstances 
of cities.
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3 The benefits of industrial energy efficiency for cities
Putting greater focus on industrial energy efficiency in planning 
and managing cities can benefit both industries and cities – 
improving public health and reducing social, economic, and 
environmental costs.  Globally, the International Energy Agency 
(IEA) estimates that the industrial sector has the potential to 
reduce energy use by 7.4 Btoe between 2012 and 2035 by 
making investments with viably short payback periods (IEA 
2012).4  To put that number in perspective, these energy 
savings would provide an equivalent of more than four years of 
total energy use by the EU. The vast majority of energy savings 
comes from non-OECD countries where cities are expected to 
grow fastest. Seizing these opportunities for efficiency would 
generate an additional $18 trillion in global economic output, 
offering GDP gains of 2-3 percent per year for China and India. 
Without supportive policies, however, more than 60 percent 
of the economically-viable energy savings in industry would go 
unrealized.

Continued improvements in energy efficiency can help 
industries become more competitive by reducing operating 
costs, generating additional value, and mitigating risks 
(Cooremans 2012; IEA 2014b). Investments in energy 
efficiency may generate additional value by boosting productive 
capacity, improving product quality, or enhancing the value 
of the company’s brand among consumers. More efficient 
use of energy mitigates risk by reducing exposure to volatile 
input prices, particularly for the heavy sectors. Industries in 
cities come in many shapes and sizes and span a broad array 
of sectors, so the relative importance of different benefits to 
competitiveness varies from case to case. In some cases, direct 
cost savings on energy may be small compared to other benefits 
(IEA 2014a). One review of energy efficiency upgrades by 
manufacturers of building materials, iron and steel, chemicals, 
and food in OECD countries found that annual productivity 
gains by companies were 1.2 times larger than the value of 
energy savings alone. By including the broader economic 
benefits to companies, the average payback period for projects 

4  In the IEA analysis, energy efficiency investments in industry that are 
economically viable are defined as those with an average payback period of five 
years for OECD countries and three years for non-OECD countries. Payback 
periods are calculated on the basis of direct energy savings over asset lifetimes 
and do not include broader operational and productivity benefits. The industrial 
sectors analyzed include the most energy-intensive sectors (iron and steel, 
chemicals, cement, pulp and paper) as well as other industries (IEA 2012).

falls from 4.2 years to 1.9 years (Worrell et al 2003).
The potential economic benefits of industry efficiency 

to the wider urban economy include job creation, reduced 
infrastructure costs, and avoided costs from air pollution. The 
co-benefits for air quality are especially pronounced in urban 
areas where industry relies primarily on dirty fuels such as coal. 
For example, in China, the economic cost of death, illness, 
and disability associated with particulate matter pollution in 
cities in 2005 was nearly US$ 188.2 billion, or 6 percent of 
GDP (Matus et al 2012).5  Of this, heavy manufacturing in 
and around urban areas was responsible for US$ 121.9 billion 
in annual damages.6  By 2030, progressive improvements in 
end-use energy efficiency for industrial facilities, buildings, and 
road transport could reduce PM pollution costs by around US$ 
33.6 billion (He et al 2010).  But efficiency improvements will 
need to be coordinated with end-of-pipe controls, phasing out 
old coal-fired power plants, switching district heating from coal 
to natural gas, tougher vehicle emission standards, and other 
pollution abatement measures. Together, these abatement 
measures would reduce the cost of PM pollution by another 
US$ 79.3 billion (Ibid).  

Cost-effective efficiency improvements by industry will also 
enable cities to reduce their emissions of greenhouse gases. 
A bottom-up analysis of low-carbon investments in a diverse 
group of six cities in India, Malaysia, Indonesia, Peru, and the 
United Kingdom identified cost-saving solutions that could 
help each city reduce its carbon emissions by 14 percent to 
24 percent in 2025 (Gouldson et al 2014).  Payback periods 
for the suite of investments in these cities ranged from less 
than one year to around four years. While the size, economic 
structure, and income level of these cities run the gamut, 
industrial energy efficiency improvements offered them 
significant carbon and cost savings (figure 7).    

Numerous studies at the national or regional level have 
supported the claim that improvements in energy efficiency can 
spur job growth. The Rhodium Group estimated that doubling 

5  All costs are adjusted to 2010 US dollars for comparison’s sake.
6  Analysis by the authors, assuming the share of heavy manufacturing in 
mortality and morbidity from PM10 pollution in urban areas as estimated by Fang 
et al (2011) for 2007. Damages from electricity generation in urban areas are 
allocated to industry on the basis of industry’s share in electricity consumption 
(about 70%).
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the energy productivity of the US economy by 2030 would 
generate 530,000 new jobs in manufacturing – net of job 
losses linked to declining revenue in extractive industries and 
other sectors (Rhodium Group and Alliance to Save Energy 
2013). In Europe, every EUR 1 million invested in energy 
efficiency has been estimated to create 11-12 new jobs and 
boost GDP by EUR 1.8 million (IEA 2014a). At the local level, 
the net effects of industrial energy efficiency programs are 
more difficult to judge. Whether more jobs will be created or 
lost depends on the individual circumstances of the city’s 
economy and may be influenced by policy choices made outside 
the city’s control. In China, for example, as many as 400,000 
workers lost their jobs in the iron and steel sector when the 
central government moved to shut down small and outdated 
facilities as part of a massive campaign during the 11th Five 
Year Plan (2006-2010) (IUE-CASS 2010). Additional jobs 
were lost due to closures in the cement sector. Cities such as 
Zibo in Shandong province were particularly hard hit and spent 
millions from local coffers in providing resettlement assistance 
to displaced workers and compensating factory owners (Li et 
al 2009). Other cities have fared better. In the United States, 
the car company Nissan shaved its energy consumption 
by 30 percent and reduced costs by US$ 11.5 million after 
implementing an energy management system, allowing it to 
expand its power train plant in Decherd, Tennessee. In another 
town in Tennessee, Smyrna, Nissan received a loan from the US 
Department of Energy to retrofit its plant and launch production 
of a zero-emission electric vehicle, which will support 1,300 
jobs (Bell 2011). The contrasting experiences of Decherd, 
Smyrna, and Zibo highlight the importance of policy design in 
weighing job growth with energy savings.

Smart policies and integrating industrial energy efficiency 
with other areas of urban planning will also be instrumental 
in reducing infrastructure costs and bridging investment 
gaps. With business-as-usual development in many rapidly-
expanding cities pushing industry out to the margins, the unit 
costs of providing basic services to these areas are amplified. 
Municipal governments tend to only plan the “official city” 
and to ignore areas outside their administrative boundaries. 
The actual growth of the larger metro area is ignored or not 
regulated until later, after the pressure on infrastructure 
services in the city reaches a critical point (Hoornweg and Freire 
2013). As a consequence of fragmented planning and lack of 
allocated resources, service reliability in the urban fringe suffers. 
Energy efficiency can help alleviate the strain placed on service 

supply systems, especially with shortfalls in investment needed 
for new capacity. In South Africa, for instance, peak electricity 
demand is expected to nearly double by 2025. To meet this 
demand, Eskom, the utility company, is currently building two 
new coal-fired power plants, but with rising concerns over 
climate change, the company is facing pressure to not build 
any more (South Africa NPC 2012). Pricing adjustments, 
public financing, and other reforms are needed to overcome the 
challenges faced in South Africa, but cutting demand through 
end-use efficiency investments will certainly help, especially in 
metro areas such as Durban, where heavy industry is the largest 
consumer of electricity (Thambiran and Diab 2011).

Finally, resource-efficient cities may also be more resilient 
to extreme weather and climate change. After Hurricane Sandy, 
schools, hospitals, housing complexes and other facilities with 
combined heat and power systems (CHP) were able to stay 
warm and keep the lights on despite large-scale disruptions 
to the central electricity grid.7  CHP recovers waste heat from 
thermal power production for use in space heating and cooling, 
delivering significant efficiency benefits. President Obama 
has issued an executive order for federal agencies to provide 
incentives and support to manufacturers in installing 40 
gigawatts of new CHP capacity by 2020, potentially saving 
more than $100 million to the economy and generating as 
much electricity as 80 coal-fired power plants could over their 
entire lifetime.8    

7  www.ase.org/resources/chp-kept-schools-hospitals-running-amid-hurri-
cane-sandy
8  www.whitehouse.gov/the-press-office/2012/08/30/executive-order-
accelerating-investment-industrial-energy-efficiency; www.ase.org/resources/
obamas-executive-order-invests-industrial-energy-efficiency; www.greentech-
media.com/articles/read/bending-the-curve-on-industrial-energy-efficiency 

http://www.ase.org/resources/chp-kept-schools-hospitals-running-amid-hurricane-sandy
http://www.ase.org/resources/chp-kept-schools-hospitals-running-amid-hurricane-sandy
http://www.whitehouse.gov/the-press-office/2012/08/30/executive-order-accelerating-investment-industrial-energy-efficiency
http://www.whitehouse.gov/the-press-office/2012/08/30/executive-order-accelerating-investment-industrial-energy-efficiency
http://www.ase.org/resources/obamas-executive-order-invests-industrial-energy-efficiency
http://www.ase.org/resources/obamas-executive-order-invests-industrial-energy-efficiency
http://www.greentechmedia.com/articles/read/bending-the-curve-on-industrial-energy-efficiency
http://www.greentechmedia.com/articles/read/bending-the-curve-on-industrial-energy-efficiency
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FIGURE 7: In five of six cities surveyed, industry 
offers either the most cost-effective mitigation 
options or the largest margin of GHG emissions 
reduction potential in 2025 

27% 

11% 

29% 

34% 

Cost savings 

33% 

7% 
30% 

30% 

GHG 
reduction 

Industry 

Transport 

Commercial 

Domestic 

Leeds City, UK

72% 

11% 

14% 
2% 

1% 

Cost savings 

18% 

52% 

1% 

20% 

9% 

GHG 
reduction 

Industry 

Transport 

Commercial 

Domestic 

Waste

Johor Bahru and 
Pasir Gudang

74% 

18% 

0% 

4% 4% 

Cost savings 51% 

9% 
1% 

24% 

16% 

GHG 
reduction 

Industry 

Transport 

Commercial 

Domestic 

Waste

Palembang, 
Indonesia

8% 

79% 

8% 
6% 

0% 

Cost savings 

24% 

43% 

11% 

15% 

8% 

GHG 
reduction 

Industry 

Transport 

Commercial 

Domestic 

Waste

Lima-Callao, Peru

18% 

50% 

19% 

10% 
4% 

Cost savings 

28% 

9% 

25% 

15% 

23% 

GHG 
reduction 

Industry 

Transport 

Commercial 

Domestic 

Waste

Kolkata, India

Source: Gouldson et al (2014).



16

Institute for Industrial Productivity
The Role of Industry in Forging Green Cities

4 What cities can do to boost low carbon industry
In response to the enormous challenge posed by growing 
urban energy demand, a number of authors have pointed to the 
need for sustainable, green cities to be more compact, better 
connected, and better managed (Grubler et al 2012; Floater and 
Rode et al 2014; GCEC 2014). More compact cities are better 
able to reap the economic benefits of bringing people, ideas, 
information, and activities together while also reducing overall 
energy requirements, particularly for road transport. Better 
connected cities can provide basic infrastructure services at 
a lower cost and with greater reliability while also recycling 
waste streams. And better managed cities have the technical, 
institutional, and financial capacity to control the social 
and environmental costs of urban density, including traffic 
congestion and pollution.  

The push for more compact, better connected, and better 
managed cities has made industrial energy efficiency all the 
more important for the sustainability agenda of many of the 
world’s cities. Industrial energy efficiency does not begin and 
end at the factory door, and neither do the effects of industrial 
energy use. Realizing the economic potential for reducing 
industrial energy use and lightening the environmental footprint 
of cities will involve enterprises, local city governments, financial 
institutions, technical service providers, and higher levels of 
government alike. Thankfully, much of the know-how is already 
in place to stimulate deeper gains in efficiency.9  

Proven technologies are available that can reduce energy use 
in manufacturing facilities while also cutting the flow of waste 
and pollution in urban areas. The high density of urban energy 
demand and the proximity of industry to other end users in some 
cities, for example, make it possible to recycle lower-grade heat 
and other waste energy from industrial operations in the form of 
clean district heating and cooling services (Grubler et al 2012). 
Cities in Sweden offer compelling examples of the possibilities. 
In the northern city of Lulea, residual gases produced by a 
steel mill are used to fire a nearby CHP plant, satisfying the 
heating needs for most of the buildings in the city in addition 
to providing sufficient electricity to power the mill’s operations. 
Consumers in Lulea enjoy some of the lowest tariffs for district 
heating in the entire country (Grip et al 2010). In Gothenburg, 

9  www.greentechmedia.com/articles/read/bending-the-curve-on-industrial-
energy-efficiency

oil refineries provide the base-load for the municipally-owned 
district heating system (Holmgren 2006), serving the second 
largest municipality in the country. Opportunities for waste 
heat recovery within industrial plants are also substantial. The 
US EPA estimates that improved waste heat recovery (WHR) 
could reduce energy use in industrial facilities by 10-50 percent 
(US EPA 1998). In the cement sector, the IFC and IIP estimate 
that the worldwide market potential for WHR is around US$ 
5 billion, representing about 1.6 GW to 2.9 GW in electricity 
generating capacity (IFC-IIP 2014) – the equivalent of the 
Hoover Dam in the United States.

The potential for reducing waste while saving energy works 
in other ways too. With many kinds of industrial producers 
clustered in cities, manufacturers can save energy by reutilizing 
municipal waste or byproducts from other industrial operations. 
As a case in point, in the European Union, about 17 percent 
of the thermal energy used by cement producers comes 
from incinerating municipal solid waste (MSW) and sewage 
sludge in kilns (with appropriate emissions controls for dioxins, 
furans, and other toxics) (IPCC 2014: 755). In India, less than 
1 percent of cement manufacturers use alternative fuels and 
raw materials (AFR) at present (IIP 2013b), but the Cement 
Manufacturers’ Association of India plans to raise this figure 
to 15 percent by 2020. Achieving this target will involve 
substituting coal for such fuels as MSW and reducing the 
amount of clinker in finished cement. If this target is met, Indian 
cement-makers would save nearly US$ 2.5 billion in cumulative 
fuel costs and reduce their CO2 emissions by 16.2 million tons 
(IIP 2013b).

The role of city governments in encouraging energy savings 
by industry will vary depending on their individual circumstances 
(Ostojic et al 2013; Floater and Rode et al 2014a). Individual 
cities generally have relatively little influence over important 
aspects of upstream energy supply such as the price or fuel 
mix of electricity from the regional grid.10  They also have 
relatively little control over subsidies, taxes, and regulations for 
the energy sector, meaning that higher levels of government 
will need to provide appropriate and sustained support for 

10  That said, larger cities may be able to exercise more influence over power 
suppliers given their sizeable market position and some cities, such as New York, 
have mandated that a certain share of electricity be generated locally.

http://www.greentechmedia.com/articles/read/bending-the-curve-on-industrial-energy-efficiency
http://www.greentechmedia.com/articles/read/bending-the-curve-on-industrial-energy-efficiency
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industrial energy efficiency in these areas. Cities can usually 
control infrastructure contained within their borders, including 
district heating networks and waste treatment facilities; and 
they exercise important influence over certain aspects of energy 
demand – for example by installing electricity meters, reducing 
leakage rates from outdated distribution networks for piped gas 
and heat, or by reducing private vehicle use in scaling up public 
transport. City policies have had both positive and negative 
effects on industry energy use. Land-use planning and zoning 
requirements have exerted a strong influence over the location 
of industrial energy users within or outside the metro area, 
and local bans on the use of dirty fuels in some cities have led 
heavy industries to relocate in suburbs. Cities have also sought 
to attract industries through such incentives as cheap land, 
discounted taxes, loans, paid-for expansions in energy supply 
infrastructure to the factory gate, or rebates on utility bills.  

For the majority of cities, the top priority for managing 
energy use by industry will be to start with the basics by 
laying the technical, institutional, and financial groundwork 
for progressively more ambitious action.11  According to the 
World Bank, less than 20 percent of the world’s largest cities 
have the analytics needed for low-carbon planning.12  In China, 
city governments have struggled to keep up with their rapidly-
increasing responsibility for providing day-to-day oversight and 
enforcement in the country’s massive campaign for industrial 
energy efficiency (Taylor et al 2010). The governments in small 
municipalities may only have one or two people assigned to 
monitor equipment and production standards, meet with local 
plant managers, conduct on-site inspections, and evaluate the 
accuracy and technical rigor of energy use reports submitted 
by firms (see Kostka and Hobbs 2012). For these cities – and 
many others – the first step toward effective management 
of energy use will be investing in monitoring and reporting 
systems, and performing emissions inventories for GHG 
and local pollutants (see Ostojic et al 2013). Financial and 
technical support from higher levels of government as well as 
international networks and organizations will play a vital role in 
this effort.

11  Some cities, such as Chicago, have already set out comprehensive plans for 
reining in energy use and GHG emissions and established their own investment 
platforms to finance energy efficiency and other green projects. 
12  www.worldbank.org/en/news/press-release/2013/09/25/world-bank-
initiative-planning-finance-challenges-300-low-carbon-livable-cities

Cities with greater technical capacity may help promote the 
widespread adoption of energy management systems (EnMS) 
in industry. EnMS provides industries with a set of practices and 
procedures for identifying and implementing energy efficiency 
improvements. For leading companies such as Dow Chemical, 
practicing good EnMS has been fundamental to making 
continuous improvements in energy efficiency (Goldberg, 
Reinaud, and Taylor 2011), allowing them to realize energy 
savings of up to 10-30 percent of total energy use across 
facilities.  Voluntary uptake of EnMS has become widespread 
in Europe, with EnMS-certified industries representing 50-60 
percent of total industrial energy use in Denmark and Ireland 
and 50 percent of total electricity use in Sweden, for example 
(Ibid). EnMS has become mandatory for more than 10,000 of 
the largest industrial energy consumers in China, where local 
governments are now being held accountable for ensuring that 
industries in their jurisdiction have implemented EnMS. While 
such requirements create the risk of perfunctory, compliance-
driven adoption by industries, local city governments can play 
a positive role in encouraging EnMS as a way for industries to 
save costs and enhance their bottom-lines. These governments 
can act as informational clearinghouses in providing training 
and popularizing successful case studies with local industries. 
They may also help connect local industries to a network of 
qualified professional service providers (IIP 2013a).  

Building strong institutional arrangements for managing 
energy use can be a challenge even for technically-
sophisticated cities. But with leadership and political 
commitment, these challenges may be overcome. Traditional 
approaches to urban planning treat infrastructure water supply, 
wastewater treatment, solid waste management, electricity, 
and heating separately, but planning for efficient cities requires 
that these services be coordinated so as to reduce the overall 
energy demand of the urban system. This means integrating 
the authority of different agencies in the city responsible for 
operating and maintaining infrastructure and services, an effort 
that would ideally be led by the mayor’s office or a city-wide 
task force, such as PlaNYC in New York City (see Zhou and 
Williams 2013; World Bank-DRC 2014).

http://www.worldbank.org/en/news/press-release/2013/09/25/world-bank-initiative-planning-finance-challenges-300-low-carbon-livable-cities
http://www.worldbank.org/en/news/press-release/2013/09/25/world-bank-initiative-planning-finance-challenges-300-low-carbon-livable-cities
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Cities with transparent accounting systems, integrated 
authority, and strong leadership will be well-positioned to 
mobilize greater resources for energy efficiency (Floater and 
Rode et al 2014b; GCEC 2014). The fiscal powers of cities 
have traditionally extended primarily to land and property taxes, 
which represent about 70 percent of the tax revenues collected 
in US cities (Ibid). Other important sources of revenue may be 
off-budget, such as fees from converting and leasing land, but 
these have contributed to sprawl and less-efficient urban forms. 
The World Bank estimates that only a small percentage of the 
world’s largest cities are deemed creditworthy, limiting their 
access to financial markets domestically and abroad.13  While 
raising a city’s credit rating is a multi-year effort, it can have a 
substantial payback in allowing cities to leverage more finance 
from the private sector for low-carbon investments, including in 
energy efficiency (Ibid). 

13  www.worldbank.org/en/news/feature/2013/10/24/financing-sustainable-
cities-africa-creditworthy

http://www.worldbank.org/en/news/feature/2013/10/24/financing-sustainable-cities-africa-creditworthy
http://www.worldbank.org/en/news/feature/2013/10/24/financing-sustainable-cities-africa-creditworthy
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5 Conclusion
The world’s cities are as diverse as the challenges that face 
them, but the importance of improving energy efficiency in 
industry is common to many. 

Over the next few decades, industry will remain a vital 
feature of the global urban economy, providing more than a 
billion jobs and generating nearly 30 percent of economic 
output. As industrial energy requirements in rapidly-developing 
regions, such as East and South Asia, will continue to rise, 
any strategy to reduce fossil energy use and greenhouse 
gas emissions in a timeframe that is meaningful to avoiding 
dangerous climate change will have to consider options for 
deepening energy efficiency in urban industry. Many of these 
options are cost-effective and have short payback periods. 

Achieving more of the full potential for cost-effective 
energy savings in industry will deliver benefits to the wider 
city economy. Reduced air pollution, which causes hundreds 
of billions of dollars in damages to public health each year, is 
just one of the benefits. Other potential benefits might include 
reduced infrastructure costs and job creation. 

Capturing these benefits will require smart policy design 
and planning at the city level as well as adequate support 
from higher levels of government. Local governments should 
focus first on laying the technical, institutional, and financial 
groundwork that will enable them to progressively capture 
more of the economic potential that exists for energy efficiency 
in rapidly-growing urban areas. Subsequent measures may 
include land-use planning and zoning requirements to exert 
a strong influence over the location of industrial energy users 
within or outside the metro area; clustering of industries in 
industrial parks to make it possible to recycle lower-grade heat 
and other waste energy, and reutilizing municipal waste or 
byproducts from other industrial operations; and building the 
technical capacity to help promote the widespread adoption 
of energy management systems (EnMS) in industry. Cities 
with transparent accounting systems, integrated authority, 
and strong leadership will be well-positioned to mobilize 
greater resources for cleaner industry, thus enabling their own 
transformation to greener cities.
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7 Glossary

AFR: 	 Alternative fuels and raw materials

Btoe: 	 Billion tonnes of oil equivalent

CHP: 	 Combined heat and power

CO2e: 	 Carbon dioxide equivalent	

EnMS:	 Energy management system

GHG:	 Greenhouse gas

GDP:	 Gross domestic product

GVA:	 Gross value added

IPCC:	 Intergovernmental Panel on Climate Change

MSW:	 Municipal solid waste

OECD:	 Organisation for Economic Co-operation and Development

PM2.5:	 Particulate matter with a diameter of 2.5 micrometers or less

WHO:	 World Health Organization

WHR:	 Waste heat recovery
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