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Abstract 

The global trend towards urbanization means that over half of the world’s population now lives in cities.  Cities use 
energy in different proportions to national energy use averages, typically corresponding to whether a country is 
industrialized or developing.  Cities in industrialized countries tend to use less energy per capita than the national 
average while cities in developing countries use more. This paper looks at existing World Bank data in respect to 
urban energy consumption, the emissions inventory work done by New York City, and discusses how this data 
highlights the need for a focus on: energy policy for buildings in industrialized cities; masterplanning and new 
construction standards in developing cities; and how urban energy policy can become more effective in reducing 
urban greenhouse gas emissions. 
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Introduction 

The Population Division of the Department of Economic and Social Affairs of the United Nations has, 
since 1988, issued revised and updated biannual estimates and projections of the urban and rural 
populations for all countries and for their major urban agglomerations.  In 2008, the world reached a 
milestone; for the first time in history, more than half its population lived in urban areas (3.3 billion 
people).  This trend has continued and the UN projects that by 2030 this will grow to 60% and almost 5 
billion people [1]. 

Many industrialized nations have already long surpassed over half of their populations living in cities.  
For example, the UK is a highly urbanized country.  In 2001, UK Census data shows that around 80% of 
the population lived in urban areas with around 41% of urban dwellers living in the ten most populous 
urban areas [2].  

Since 1993, the International Energy Agency (IEA) has provided medium to long-term projections 
about global energy use using a World Energy Model (WEM).  The model is a large-scale mathematical 
construct designed to replicate how energy markets function and is the principal tool used to generate 
detailed sector by sector, and region by region projections for various scenarios including the Reference 
Scenario used by the IEA.  The IEA uses the WEM to produce an annual World Energy Outlook which 
uses a scenario approach to examine future trends in energy with a projection period to 2030 [3].  In 2008, 
the World Energy Outlook devoted an entire chapter to ‘Energy use in cities’ as they project that by 2030, 
due to growing urban populations, urban energy use will account for nearly three quarters of total energy 
use worldwide.  They also recognized that the factors that were influencing city energy use were different 
from the energy use profiles of the countries the cities were in as a whole [4]. 

1.1. Definition of terms 

An urban area is a continuously built up landmass of urban development.  National census authorities 
in Australia, Canada, France, the UK and the USA designate ‘urban areas’.  Except in Australia, the 
authorities use a minimum urban density definition of 400 persons per square kilometer (or the near 
equivalent of 1000 persons per square mile in the USA).  Urban areas are generally confined to a single 
nation unless there is freedom of movement and labor between the adjacent nations: for example, as in 
Europe [5]. 

A metropolitan area is different from an urban area as it generally indicates a labor market and 
includes substantial rural or non-urban territory, or areas of discontinuous development [5]. 

A municipality or city is different from an urban area in that they tend to have political boundaries that 
usually only include part of the urban area.  On the other hand, there are also instances where a 
municipality may be considerably larger than an urban area as it may contain rural territory [5]. 

There is no clear and agreed definition of the word ‘city’.  The difference between towns and cities 
often depends on global location and national definition.  In many cases a designated ‘town’ may be 
larger and/or denser than a designated ‘city’.  For the purpose of this paper, the terms ‘city’ and ‘urban 
area’ will be those defined by the specific national guidance for the country of the city or urban area in 
question. 

Use of the terms industrialized and developing countries in this paper are defined by the World Bank 
criteria for classifying economies based on Gross National Income per capita (GNI) and the Atlas 
conversion factor which accounts for fluctuations in exchange rates.  Industrialized countries are 
considered those as high-income (greater than $12,196 per capita) while developing countries are middle-
income ($3,946-$12,195) or low-income (less than $995) [6]. 



466  Kayla Friedman and Alison Cooke / Procedia Engineering 21 (2011) 464 – 472K. Friedman and A. Cooke / Procedia Engineering 00 (2011) 000–000 

1.2. Structure of the Paper 

This paper will examine the patterns of energy consumption in cities for industrialized and developing 
countries.  It will then discuss the standards being used for accounting of city emissions, illustrated with 
data collected by the World Bank.  New York City will be examined as a case study for urban emissions, 
showing how city emissions can be very different from national emissions, and leading to an examination 
of the significance of the building sector in energy related emissions.  The paper will then touch upon the 
implications for urban policy based on the city emissions data for both industrialized and developing 
countries and will end with conclusions and recommendations for the future. 

2. Exploring Urban Emissions and Energy Consumption 

Understanding energy use in cities is complex.  According to the IEA, indicative data suggests that in 
2006, about two-thirds of the world’s energy was consumed in cities, accounting for over 70% of global 
greenhouse gas (GHG) emissions, even though only around half of the world’s population lived in urban 
areas [4].  City residents consume more coal, gas, and electricity than the global average, but less oil.  To 
provide their populations with the myriad of services demanded, cities need large amounts of energy 
which is predominantly fossil fuel based.  Globally, the natural gas and electricity consumed in cities is 
higher than the average of all fuels, and much higher than the share of the world’s population living in 
cities.  This is due to the more extensive infrastructure required in cities for energy distribution and higher 
appliance ownership rates in developing cities relative to rural areas.  The oil consumed in cities is 
smaller than the average of all fuels due to higher penetration of electricity for heating and cooking and 
wider use of urban public transportation networks [4]. 

However, these global trends do not clearly express what is happening in cities country by country.  
The IEA also suggests that in industrialized countries, the energy use per capita of city residents tends to 
be lower than the national average; for example, in the Unites States, most of the European Union, 
Australia, and New Zealand.  By contrast, urban residents in China use almost twice as much energy per 
capita as the national average due to higher average incomes and better access to modern services [4].  In 
industrialized countries where most citizens already have a high standard of living, city energy 
consumption per capita tends to be less than the national average.  In developing countries where citizens 
may have a lower national standard of living, residents tend to have higher per capita energy consumption 
than the national average, probably because of a higher standard of living which is reflected in residents’ 
use of technology [4].  

2.1. Accounting City Emissions, World bank data 2010 

The World Resources Institute (WRI) and World Business Council for Sustainable Development have 
developed the most widely used international accounting tool for understanding, quantifying, and 
managing GHG emissions; the GHG Protocol.  It defines ‘3 scopes’ of emissions: Scope 1 GHG 
emissions are those directly occurring from the organization or entity being considered; Scope 2 GHG 
emissions are indirect emissions associated with the generation of electricity, heat, or steam purchased for 
consumption by the organization or entity being considered; and, Scope 3 emissions are all other indirect 
emissions, “such as those associated with the extraction and production of purchased materials and fuels, 
transport-related activities in vehicles not owned or controlled by the reporting company [or entity being 
considered], electricity-related activities (e.g., transmission and distribution losses) that are not covered in 
Scope 2, outsourced activities, or waste disposal.” [7].  It is not easy to isolate emissions for cities due to 
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the fact that some emissions are generated outside of the urban area for goods or services that are used 
within the city, and vice versa.  There is also irregularity in the accounting of Scope 3 emissions [8].   

The World Bank has developed a standardized system of accounting for city GHG emissions.  All 
Scope 1, Scope 2, and Scope 3 emissions are reported but in such a way that there is no double-counting.  
The system designated specific scope 2 and scope 3 emissions that are to be accounted so as to avoid 
double counting while getting the most holistic view of city emissions as possible.  The World Bank has 
been collecting and assembling data that has been peer reviewed and is considered comparable, and now 
has around 50 cities reporting.  This work shows that there are clear and often substantial differences 
when considering national GHG per capita emissions compared to corresponding cities. Table 1 is an 
extract from this work by the World bank and alphabetically lists the GHG emissions for 36 cities [9]. 

 
Table 1. World Bank: Representative GHG Baselines for Cities and their Respective Countries [9] 

 
Country/City GHG Emissions 

(tCO2e/capita) 
Year  Country/City GHG Emissions 

(tCO2e/capita) 
Year 

Belgium 12.36 2007  Portugal 7.71 2007 

Brussels 7.5 2005  Porto 7.3 2005 

Brazil 4.16 1994  Slovenia 10.27 2007 

Rio de Janeiro 2.1 1998  Ljubljana 9.5 2005 

Sao Paulo 1.4 2000  South Africa 9.92 1994 

Canada 22.65 2007  Cape Town 11.6 2005 

Calgary 17.7 2003  Spain 9.86 2007 

Toronto Met. Area 11.6 2005  Barcelona 4.2 2006 

China 3.4 1994  Madrid 6.9 2005 

Beijing 10.1 2006  Sweden 7.15 2007 

Shanghai 11.7 2006  Stockholm 3.6 2005 

Tianjin 11.1 2006  Switzerland 6.79 2007 

Czech Republic 14.59 2007  Geneva 7.8 2005 

Prague 9.4 2005  The Netherlands 12.67 2007 

Finland 14.81 2007  Rotterdam 29.8 2005 

Helsinki 7.0 2005  Thailand 3.76 1994 

France 8.68 2007  Bangkok 10.7 2005 

Paris 5.2 2005  United Kingdom 10.5 2007 

Germany 11.62 2007  Greater London Area 9.6 2003 

Frankfurt 13.7 2005  Glasgow 8.8 2004 

Hamburg 9.7 2005  United States 23.59 2007 

Stuttgart 16.0 2005  Austin 15.57 2005 

Greece 11.78 2007  Denver 21.5 2005 

Athens 10.4 2005  Los Angeles 13.0 2000 

Japan 10.76 2007  Minneapolis 18.34 2005 

Tokyo 4.89 2006  New York City 10.5 2005 

Jordan 4.04 2000  Portland, OR 12.41 2005 
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Amman 3.25 2008  Seattle 13.68 2005 

Norway 11.69 2007     

Oslo 3.5 2005     

2.2. Energy use in New York City – a case study 

In 2007, New York City prepared an inventory of its GHG emissions as part of Mayor Bloomberg’s 
effort to develop a comprehensive sustainability plan for the city’s future called ‘PlaNYC’.  PlaNYC has 
the goal of reducing GHG emissions 30% below 2005 levels by 2030.  The emissions inventory 
acknowledged that New York residents were already performing better than the average American in 
regards to their individual GHG footprint at just 29% of the national average.  However, the City 
understood it still had a significant role to play in global emission reductions as its emissions were as 
much as Ireland or Portugal.  New York also saw a role for itself as a leader among cities – that it could, 
and should, lead by example [10]. 

The inventory quantified GHG emissions produced in the city as a whole as well as isolating the 
government operations so the City could be transparent about its own behavior. Calculations were 
produced in the sectors of building energy use, vehicle fuel consumption, solid waste generation and 
management, streetlight and traffic signal energy use, transit operations, and water and sewer facility 
energy use.  Emissions included both direct and indirect emissions.  As agriculture is virtually non-
existent in New York City, CH4  and N2O were not included [10]. 

The inventory showed that in 2005, the total GHG emissions for the City were 58.3 million metric tons 
of CO2e.  Of these, 79% were caused by the consumption of energy in buildings, in contrast to the 
national average of 34% [10].  Significantly, the proportion of emissions attributable to buildings in the 
City is high because the number of cars, which are the main source of emissions in the rest of the country, 
are extremely low in relation to the city’s population [11]. 

In a New York Times article released soon after the inventory was made public, Daniel L. Doctoroff, 
the deputy mayor, was quoted as saying, “We know that we have to dramatically rethink the way we 
work with buildings.” [12].  It is clear from the data collected in New York City that on a per capita basis, 
there is something positive about urban individual emissions when compared to the national average, 
making the urban form of cities something that should be further investigated as a typology towards 
meeting future emissions targets.  However, following from the City’s own initiatives to reduce GHG 
emissions, it is equally clear that there is yet significant change to be made, and that based on the data 
available, this change must take place in the energy use of the existing building stock. 

2.3. The significance of the building sector in energy related emissions 

Emissions from the building sector vary widely by country in both absolute and per capita terms.  This 
is greatly influenced by the degree of electrification, level of urbanization, amount of building area per 
capita, prevailing climate, and national and local policies to promote efficiency.  Different countries also 
have different predominant fuel compositions resulting in different gross emissions which also affect 
building sector emission intensity by comparison  [13]. 

In spite of these variables, there is still a clear correlation between building emissions and socio-
economic development levels as can be seen by the data in Figure 1.  In general, building emissions are 
higher in industrialized countries both in per capita terms and as a percentage of total country emissions 
with variances due to climate, fuel mix, and other factors.  Development has an important effect on 



469Kayla Friedman and Alison Cooke / Procedia Engineering 21 (2011) 464 – 472K. Friedman and A. Cooke / Procedia Engineering 00 (2011) 000–000 

emissions from the building sector implying that building efficiency of buildings becomes more 
significant as countries become more prosperous [13]. 

Fig. 1. World Resources Institute: CO2 from building use, total and per capita 2002 [13]  
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3. Implications for energy policy in cities  

The data shows that there are significant differences between cities and countries in respect to patterns 
of energy use in industrialized and developing nations.  This suggests that governments should consider 
that energy policy be developed specifically for cities and should also be directed towards those specific 
urban features that lead to energy use. 

3.1. In industrialized nations 

In many industrialized countries, the physical environment of the cities and centers of urban 
development are already well established.  Demolition rates tend to be low, and even with constant new 
construction, by 2050, numerous studies show that anywhere from 60-80% of the buildings that are 
expected to be occupied are already standing today in industrialized countries.  For example, “The 40% 
House” report suggests that in the UK, 66% of dwellings to be occupied in 2050 exist today [14].  As 
seen from the literature, building energy use in industrialized nations is substantial, and in cities can be 
the primary contributor.  Policy to reduce GHG emissions in industrialized cities should therefore be 
focused on two areas: reducing the carbon intensity of the energy source and reducing the energy demand 
through aggressive building-targeted policy. 

Many industrialized cities have increasingly rigorous planning and sustainability standards using 
certification programs such as LEED (USA and international), BREEAM (UK and international), Green 
Star (Australia), CASBEE (Japan), et al. for new construction to be more energy efficient.  However, it is 
more difficult to address the problem of the retrofit and upgrade of the existing building stock.  Efficiency 
in the building stock needs to be done through technological design and innovation as well as by 
considering the size, type, and location of buildings being provided [14]. 

The first consideration in the building stock in regards to technological energy efficiency is to consider 
the efficiency of the thermal envelope.  New buildings can be built with highly efficient, air-tight 
envelopes with mechanical ventilation systems and heat recovery to minimize heat loss and significantly 
reduce the need for heating or cooling.  For existing buildings, retrofit measures to improve the thermal 
envelope to meet or come close to meeting new-build standards is more difficult technologically and 
financially but often achievable [14]. 

Other approaches to improving overall building efficiency include: increasing the rate of demolition 
and to replace existing inefficient stock with new, efficient buildings; upgrading lights and appliances to 
be more efficient; reducing the demand for and improving the efficiency of space and water heating; and 
developing neighborhood systems for addressing peak demand and stabilizing energy supplies.  
Improvements can also be made in the embodied energy and carbon of the materials of buildings.  One 
consistent quality in the building sector is that it is subject to a high degree of regulation.  Building codes 
often influence material use and appliance standards, both mandatory and voluntary, and have a 
significant effect on energy efficiency.  Regulation can provide a pathway to improve efficiency for 
building construction and retrofit, as well as improving internal energy use by addressing lighting and 
appliances [13]. 

3.2. In developing nations 

In developing nations, the challenge is different.  The influx of new urban residents who will desire 
higher and more energy intensive standards of living will dominate urban emission profiles.  Developing 
countries have an opportunity to create better urban spatial models to address the problems that 
established urban areas now face.  Whilst developing nations should be encouraged to secure zero or low 
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carbon energy sources, as their governments aim to lift more citizens out of poverty, increased energy use 
in some growth economies may be unavoidable without substantial investment and support from the 
developed world. 

In many developing nations, increased urbanization has led to an increase in automobile use.  In 
industrialized cities, retrofitting public transportation networks and good pedestrian and cycle access can 
be challenging.  New cities in developing nations should be built with public transportation provision or 
allowances firmly entrenched within the design.  In addition, provision for good walking and cycling 
routes should be integrated at early design stages.  This requires large-scale masterplanning and 
government intervention to ensure that key routes and access ways are protected and not restricted or 
blocked by individual developments as advocated by the seminal work of Newman and Kenworthy 
looking into the relationship between automobiles and urbanism [15]. 

Increasing urban occupants put high pressure on cities for new urban housing.  Industrialized cities 
show that buildings can have incredibly long life spans and that retrofitting can be costly and difficult to 
achieve compared to ensuring that buildings are constructed well in the first instance.  Developing 
countries should be promoting best practice in energy efficient construction to ensure they are not left 
with the same problems that industrialized cities now face.  An example of a national sustainable building 
rating system in a developing country is the ‘Three Star System’ that has been created in China.   
Although there are costs associated with increased quality of construction, developing nations should also 
strive to take a longer view of the associated costs of less efficient construction and seek partnerships with 
manufacturers or encourage national development of competitive materials.   

4. Conclusions and Recommendations 

This paper has: discussed World Bank city emissions data; examined New York City emissions as a 
case study; discussed World Resources Institute data; and discussed potential implications for urban 
energy policy. The World Bank data shows that the inhabitation of cities or urban areas may have a 
significant impact on energy use due to: significant reductions in energy use from national averages in 
industrialized countries; and significant increases in energy use from national averages in developing 
countries.  If governments are to succeed in managing and reducing energy use and GHG emissions, they 
must strive to understand and to respond to the specific physical aspects that correspond to them.  This 
paper recommends that urban emissions inventories should be more widely undertaken using The World 
Bank standardized metric in order to gain a better understanding of global urban energy issues and to 
therefore develop more effective energy policy.  There are good examples of ways to do this for both 
industrialized and developing countries, but wider awareness and actions are required. 
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