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H I G H L I G H T S

� Cities' climate targets are almost impossible to compare and benchmark.
� There is a need for consistent protocols and frameworks supporting target setting.
� A framework with key methodological considerations for cities' climate targets is identified.
� The framework is used to explore the climate targets for eight European cities.
� The difference between production- and consumption based accounting is illustrated in a new way.
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a b s t r a c t

Climate targets for cities abound. However, what these targets really imply is dependent on a number of
decisions regarding system boundaries and methods of calculation. In order to understand and compare
cities' climate targets, there is a need for a generic and comprehensive framework of key methodological
considerations. This paper identifies eight key methodological considerations for the different choices
that can be made when setting targets for GHG emissions in a city and arranges them in four categories:
temporal scope of target, object for target setting, unit of target, and range of target. To explore how
target setting is carried out in practice, the climate targets of eight European cities were analysed. The
results showed that these targets cover only a limited part of what could be included. Moreover, the cities
showed quite limited awareness of what is, or could be, include in the targets. This makes comparison
and benchmarking between cities difficult.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

During the past decade climate change and urban development
have received increasing attention, spurring a large number of
low-carbon city initiatives. For instance the city of Stockholm
(Sweden) has declared the aim of being fossil fuel-free by 2050,
and Copenhagen (Denmark) has set a target to be carbon-neutral
by 2025. Other examples are Malmö (Sweden), Freiburg (Ger-
many) and Hamburg (Germany), all of which have adopted the
target of reducing CO2 emissions by 40% by 2020. The focus on
cities in relation to climate change is not difficult to understand,
as cities are of fundamental importance for mitigating climate

change. Estimates indicate that cities contribute 80% of global
greenhouse gas (GHG) emissions (Sovacool and Brown, 2010) and
in the light of on-going global urbanisation their contribution can
only be expected to grow. Fortunately, cities are also reported as
having the potential to support more resource-efficient ways of
meeting needs and wants than suburbia or the countryside
(Mindali et al., 2004; Williams, 1999). While this has been
supported by some studies (Dhakal and Shrestha, 2010; Glaeser
and Kahn, 2010), others state the opposite and argue that cities
only appear more resource-efficient as a result of inferior systems
thinking, meaning that many cities actually have a much larger
carbon footprint than is typically accounted for (Heinonen and
Junnila, 2011a; Heinonen et al., 2011; Hillman and Ramaswami,
2010; Kennedy et al., 2010).

One fundamental difference concerns whether the account
only takes into consideration the emissions that occur within the
city’s geographical boundaries, or whether emissions from goods
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and services produced outside but consumed inside the city’s
boundaries are also included. Given the need and in many
countries and cities accepted obligation to decrease such emis-
sions, these differences come with very real implications. For
instance, when it comes to setting climate targets, a 40% decrease
will mean something completely different if based on a
consumption-related accounting approach than if based solely
on emissions resulting from production processes within a city’s
boundaries. However, drawing on methods such as urban meta-
bolism (Baccini and Brunner, 1991), life cycle assessment (Guinée
et al., 1993a, 1993b, 2011; Finnveden et al., 2009), input–output
analysis (Lave et al., 1995) and other environmental systems
analysis tools (e.g. Jeswani et al., 2010; Ness et al., 2006;
Finnveden and Moberg, 2005; Wrisberg et al., 2002), there are
other types of system boundaries and methods of calculations that
also need to be taken into consideration in order to understand
what a climate target implies.

This paper aims to facilitate the understanding, comparison
and setting of climate targets for cities through identifying,
exploring and presenting an overview of these methodological
considerations. The particular considerations in themselves are not
novel, as each of them has been discussed and used in accounting
protocols and methodologies previously. What has been lacking,
however, is a comprehensive presentation and this is where this
paper makes its contribution. To further concretise the reasoning,
the paper also explores how these methodological considerations
have been handled in practice.

The paper is structured into five sections. Section 2 describes
how the methodological considerations were developed. Section 3
presents and discusses the methodological considerations,
describes the literature used and presents the results of the
empirical investigation of the eight cities for each methodological
consideration. Section 4 discusses some considerations that are
important, but for which we did not find the necessary methodo-
logical considerations when setting and discussing city targets.
In Section 5 the findings of the study are analysed and a new way
to illustrate some of the basic considerations is presented, while
conclusions are presented in Section 6.

2. Research process

A starting point for this paper was common experience
regarding the lack of a comprehensive system for setting targets
for cities. However, there was a common understanding within the
research group regarding the general topics that need to be
addressed. With hindsight, the discussions we needed to have in
order to clarify what a target implies can be summarised with four
questions: where (the target applies), when (the target should be
reached), what (should be included in the target) and how (target
fulfilment should be calculated). There are also a number of
additional questions that could be addressed to understand
e.g. why a certain target has been set in a certain way, or how it
could be achieved. However, the aim of the study was not to focus
on the processes or power relations in target setting, but on crucial
points in the formulation of climate targets. With this as the
starting point, our objective was thus to create a detailed system of
methodological considerations based on the four key questions
mentioned above. This process was guided and supported by
literature studies and empirical inquiries, both of which are
further described in the following. To test, consolidate and further
explore the methodological considerations, a review was made of
two main kinds of relevant literature. Publications were selected
on the basis of having a record of alleged high environmental
standards and in one way or another aiming at a comprehensive

approach to GHG accounting. The first was a review of GHG
accounting protocols. The accounting protocols included were:

� The pilot version of Global Protocol for Community-Scale
Greenhouse Gas Emissions (GPC, 2012).

� The draft ICLEI Community-Scale GHG Emissions Accounting
and Reporting Protocol (ICLEI, 2011).

� The 2009 ICLEI International Local Government GHG Emissions
Analysis Protocol (IEAP) (ICLEI, 2009).

� The 2006 IPCC Guidelines for National Greenhouse Gas Inven-
tories (IPCC, 2006, with updates).

� The GHG Protocol Initiative Corporate Accounting and Report-
ing Standard (WRI-WBCSD, 2004).

� The draft Corporate Value Chain (Scope 3) Accounting and
Reporting Standard (WRI-WBCSD, 2011).

The second source of information was a selection of scientific
papers reporting on accounting methodologies for cities (Baynes
et al., 2011; Heinonen and Junnila, 2011a, 2011b; Ramaswami
et al., 2011; Schulz, 2010; Sovacool and Brown, 2010; Dhakal and
Shrestha, 2010; Glaeser and Kahn, 2010; Hillman and Ramaswami,
2010; Kennedy et al., 2010, 2009; Ramaswami et al., 2008; Weber
and Matthews, 2008; Lenzen et al., 2004). These articles were
identified through searches in the scientific publication database
SCOPUS and complemented with additional literature derived
from reference lists and previous readings.

To explore how these methodological considerations have been
handled in practice when cities set their targets, a questionnaire
(see Appendix A) was sent out to eight of the European Green
Capital award finalists 2010–2013 (European Green Capital, 2012).
These were selected on the basis of having a record of alleged high
environmental standards and also being committed to ambitious
goals for further environmental improvements and sustainable
development. The cities included were Copenhagen (Denmark)
(Copenhagen 2009a, 2009b), Freiburg (Germany) (Freiburg, 2011a,
2011b), Hamburg (Germany) (Hamburg 2011a, 2011b), Malmö
(Sweden) (Malmö 2011a, 2011b, 2011c, 2011d), Münster (Ger-
many) (Münster, 2011a, 2011b), Nantes (France) (Nantes, 2006,
2011), Oslo (Norway) (Oslo, 2009) and Stockholm (Sweden)
(Stockholm, 2010, 2011). These references are used throughout
Section 3, particularly in Tables 2–8. The questionnaires were
complemented with interviews and analyses of official documents,
such as environmental reports, energy plans and the cities'
applications to the Green Capital Award.

3. Methodological considerations

The methodological considerations when setting climate tar-
gets for cities were developed as outlined in Table 1. The first
category “Object for target setting” discusses how to delimit and
define the spatial boundaries and the activities covered by the
target and thus relates to the question “Where”. The second
category “Temporal scope of target” comprises the temporal
aspects of the target in terms of reference year and time frame
and deals with the question “When”. The third category “Unit of
target” deals with the question “What” – i.e. what GHG are
included in the target and whether energy use is also included.
In the fourth category “Range of target”, questions on life cycle
perspectives and consumption-based versus production-based
approaches are discussed so as to answer the question “How”.
In addition, there are a number of other considerations regarding
process and implementation, e.g. what actors should be involved
in the process of target formulation, what actors are responsible
for the achievement of the target, and how radical the target
should be.
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In the following, for each category the empirical data from the
cities are used to illustrate how the relevant issues in this category
have been handled in practice. These data are also summarised at
the end of each section in the form of a table.

3.1. Object for target setting

One of the most critical and difficult parts when setting targets
for cities' environmental performance is to define the boundaries
of the city, i.e. the object to which the target will apply. This
includes the spatial boundaries of the city as well as which
activities to include.

3.1.1. Defining and delimiting the spatial boundaries
All accounting protocols and methodologies comprise discus-

sions and proposals on how to set the spatial boundaries for the
study object. The majority make use of a geopolitical delimitation,
understood as the geographical area over which the city has
jurisdiction. Such geopolitical boundaries can be set for an entire
city, the (usually) larger municipality or region, or for a part of the
city, e.g. a city district. However, the smaller the area, the greater
the probability that people living in the area will travel and
consume services and products outside the area, which causes
some methodological challenges (see Section 3.4.1).

The protocols developed by WRI-WBCSD (2011, 2004) build
upon an organisational delimitation and thus only include

emissions resulting from the specific organisation’s activities.
The ICLEI IEAP (2009) makes use of an organisational delimitation,
but in combination with a geopolitical delimitation.

An alternative way to define a city’s spatial boundaries is to use
a functional area, e.g. a commuter shed, which is the area from
which a workforce commutes or the boundaries of the mass
transit system (Kennedy et al., 2010; Sovacool and Brown, 2010).
For a major city or metropolitan area this approach might be
feasible, but when the object of study is a smaller city or a city
district, this way of defining the activity becomes less useful.

All of the eight cities analysed here use the geopolitical
boundary of the city to delimit the spatial boundary. However, it
is difficult to determine whether and how this delimitation is
reflected in the cities' GHG and energy use data. For instance, in
Stockholm the geopolitical boundary is used, but the different data
sets employed come from local and sometimes regional or even
national accounts, which creates problems for the accuracy of the
emissions.

3.1.2. Defining and delimiting activities
The next step is to decide what activities to include in the

climate target. Even though it might seem self-evident to include
all activities taking place within the geopolitical area, in practice
this is far from the convention. There are many ways of defining
and dividing the activities in a city. As discussed in Section 4.1,
depending on each city’s purpose with its targets, different
approaches are chosen. This can be based on a service approach,
in which the focus is on the functions of activities for the user
(Höjer et al., 2011; Jonsson et al., 2011; Glaeser and Kahn, 2010;
Lebel et al., 2007; Lenzen et al., 2004; Ellegård, 1999; Baccini and
Brunner, 1991), from a sectored perspective (Baynes et al., 2011;
IPCC, 2006), based on an organisational delimitation, i.e. the scope
of influence (Kennedy et al., 2010; Sovacool and Brown, 2010;
ICLEI, 2009; WRI-WBCSD, 2004), or on a combination of these.

The possibilities to define and delimit activities differ depend-
ing on which activity is being considered, as they all have their
specific characteristics concerning the spatial distribution of pro-
duction and consumption. One especially difficult activity to
define and account for is transport because of its mobility over
geopolitical limits. Kennedy et al. (2010) compared three different
ways of estimating the emissions from road transport; based on
fuel sales, vehicle-kilometres travelled, and scaling from a
regional level.

There are both similarities and differences between the activ-
ities the cities studied here have included or not (see Table 2).
All eight cities include emissions from energy, transportation and
waste, although these activities are sometimes framed slightly
differently. Freiburg, Oslo and Stockholm divide energy emissions
into the categories of heating and electricity, while for instance
Copenhagen and Malmö do not make any such division at all.

Table 2
The activities included in the GHG emissions inventories in the eight cities included in the study.

Included activities Copenhagen Freiburg Hamburg Malmö Münster Nantes Oslo Stockholm

Energy a X a

Heating X X X X X X X
Cooling X X X X X X
Electricity X X X X X X X
Gas X X X

Transportation X X X X X X X X
Waste X b

Industry X X X X
Work machines X
Food X

a Hamburg and Münster also distinguish between emissions from energy use by households and by small and medium businesses.
b In Stockholm, waste is part of the heating system and therefore included in the category of heating rather than as a separate item.

Table 1
Methodological considerations when setting climate targets for cities.

1. Object for target setting – where?
1.1. Defining and delimiting spatial boundaries
What are the geopolitical boundaries of the city or city district?
1.2. Defining and delimiting what activities to include
Should all or a selection of the activities within the boundary be included or
not?

2. Temporal scope of target – when?
2.1. Reference year
Is the target absolute or set in relation to some reference year?
2.2. Time frame
For what year is the target set?

3. Unit of target – what?
3.1. Should the target be formulated in terms of GHG and/or energy use?
3.2. Should the target be set for the city or per person living in the city?

4. Range of target – how?
4.1. Consumer or producer perspective?
Should emissions from production or consumption within the geographical
boundaries be the focus, or is a combination preferable?

4.2. Life cycle perspective or not?
Should emissions from the whole life cycle of the product/service be included?
Single process or production chain?

A. Kramers et al. / Energy Policy 62 (2013) 1276–12871278
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Hamburg and Münster categorise energy emissions by sector
instead, distinguishing emissions from private households, busi-
nesses and industry as separate categories. Waste is another
common activity where the emissions are framed in different
ways. Stockholm views the collection, transportation and treat-
ment of waste as part of transportation or the energy sector, since
household waste is used in that city’s district heating network,
while Oslo sees it as a separate sector. Freiburg is the only city to
include food and Nantes is particular about including emissions
from agriculture and industries, which are not included under the
European trading scheme (ETS).

Just as important as the included activities are the activities
that are not included (Table 3). Not all of the cities studied are
specific about excluded activities, but the most common activities
to be explicitly excluded are those from consumption of imported
goods from outside the geopolitical boundary and long-distance
travel, by air or rail. In cases where the city is a transition hub for
goods – through hosting a major airport or harbour – activities
related to these are also excluded, generally with the motivation
that these services (at least in part) benefit a much larger
geographical area than the city itself.

3.2. Temporal scope of target

By when should the target be reached? In principle, a target can
be set without any precise temporal notions, e.g. “zero GHG
emissions” or “constantly decreasing energy use per capita”. In
practice, more or less all the targets set by the cities studied here
have a target year. For cities with absolute targets (Copenhagen
and Stockholm see Table 5), such as a certain amount of carbon
emissions, a reference year is not really needed. However, most
targets are set in relation to some deadline, in which case the
reference year is of crucial importance.

3.2.1. The reference year
A reference year is used when developing targets, which are

defined in relation to a point in time. By comparing the target or
the current state with the reference year, it is possible to calculate
the scope and pace of change. The state needs to be calculated in
the same way for both the reference year and the target year to be
useful for comparison.

Targets for GHG emissions are often expressed as a reduction in
emissions compared with a baseline or reference year. One reason
to set the reference to a year in the past rather than the present
is that this allows any reductions in emissions resulting from
mitigation actions already taken to be accounted for (ICLEI, 2009).
Drawing on recommendations by IPCC (2006), WRI-WBCSD
(2004) and ICLEI (2009), it is a good practice to establish the
reference year according to the first year for which complete and
accurate data can be compiled, provided that this year can be seen
as representative for the average levels of emissions. The Kyoto
protocol negotiators set the reference year to 1990, primarily
because there is a lack of data before that year.

Targets for energy usage in cities are often expressed in two
ways, as a reduction and/or as a shift towards renewable energy
sources. In the first case, the energy usage may be projected to a
future year with the same increase rate as today. The target is then
to decrease energy use to a percentage of the energy use in the
future target year. In the second case, the target for renewable
energy sources is decided to be a certain percentage of the total
energy in the target year. There is no need for a reference year in
these two cases.

All cities in our study use a reference year for GHG emissions
(Table 4). The most common reference year is 1990, although the
cities do not specify in detail why it was chosen. A suggestion is
that 1990 is a convenient starting year in line with Kyoto protocol
reporting at national level. Stockholm and Copenhagen have
formulated their goals differently than the other cities and are
therefore not using a reference year in the conventional sense (see
Section 3.3.2). In their case, the year entered is the earliest year in
which they conducted measurements of their GHG emissions, in
accordance with their most current reports.

3.2.2. Time frame
Deciding upon a time frame is essential when setting targets, at

least if these are intended to be fulfilled. The appointed time frame
gives an indication of the pace at which changes need to take place
and is thus a prerequisite for planning. The time frame chosen also
influences the need for interim targets, which function as mile-
stones and points for evaluation of policies and other measures
taken.

Shorter and longer time frames each have their respective
benefits and drawbacks. A short time period can force the
formulation of more specific targets and strategies for achieving
these, but at the same time risks becoming subsumed in projec-
tions of contemporary trends, causing the target and strategies to
be delimited to rather incremental change. If instead targets are
developed for more distant futures, the cognitive ability of
deviating from prognosis-based thinking can increase and thereby
also the possibilities of developing more challenging targets
(Dreborg, 1996). However, there is also a risk that the further
away in the future the target is set, the less the sense of urgency,
responsibility and need for immediate action.

One way of dealing with the pros and cons of longer and
shorter time frames is to combine them through using longer time
frames when setting the overarching targets and complement

Table 3
The activities excluded from GHG emissions inventories in the eight cities included in the study.

Excluded activities Copenhagen Freiburg Hamburg Malmö Münster Nantes Oslo Stockholm

Long distance travel
Air X X X
Rail X X

Harbour emissions X
Consumption X
None explicitly stated X X X X X

Table 4
Reference year used when developing targets by the eight cities included in
the study.

City Reference year /starting year
of GHG emission accounting

Hamburg, Malmö, Münster, Nantes, Stockholm 1990
Oslo 1991
Freiburg 1996
Copenhagen 2005
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these with intermittent targets with shorter time frames, which
are compatible with the long-term targets. The short-term targets
may include aspects other than emissions of GHG, for example
targets related to infrastructure, which may be required for the
long-term targets (Persson et al., 2007). This may not solve the
difficulties mentioned above, but has the potential to at least
increase awareness of the differences of short-term and long-term
targets.

Another aspect of the time frame is that city targets are
predominantly based on the emissions in the final year of the
target period. This is problematic, as emissions released early in
the life cycle cause a greater cumulative climate impact than those
released later (Säynäjoki et al., 2012; Schwietzke et al., 2011).
Current emissions contribute to the greenhouse effect hundreds of
years into the future (Schwietzke et al., 2011). There are therefore
good arguments for not only having an end-state target for GHG
emissions, but also annual targets or the like.

The question of time frame also raises the issue of political
commitment and jurisdiction, since all but the shortest of time
frames will include one or more elections, implying the possibility
of a new composition of government. Thus, cross-party agreement
can be beneficial for targets of the more long-term kind. In the
context of climate change, however, it is seldom the issue or target
per se that is politically contested, at least not for the moment, but
rather the strategies and measures for achieving this.

The time frames for the targets chosen by different cities vary
greatly (Table 5). Stockholm and Copenhagen have goals set as close
as 2015, while the majority of the other cities have goals set from
2020 to 2030. It seems that the cities' short-term goals are more
conservative than their long-term goals. Münster is a good example,
as it aims to reduce emissions by 20% by 2020 and by 40% by 2030.
Not all of the cities refer to the European Union’s 20-20-2020 goal,
which would seem like a good common goal for cities within the EU.
However, this might be because it was agreed after the most recent
policy documents and reports were released from the respective
cities. None of the cities is discussing goals set later than 2050.

The formulation of the goals themselves also varies, with most
cities using percentage reduction in emissions relative to the
reference year. Copenhagen and Stockholm have formulated goals
that differ radically from the others. Copenhagen aims to become
the world’s first climate-neutral capital by 2025, while Stockholm
aims to become a fossil fuel-free city by 2050. Stockholm also
stands out since it uses per capita emissions when formulating its
targets, rather than a percentage reduction as in the other cities.

3.3. Unit of target

What sources of emissions should be included in the target?
Should both energy use and GHG emissions be included, and
which GHG are included in the target? How should the energy use
and GHG emissions be allocated – to the cities' residents or the
entire city? These questions are elaborated upon in the following
sections.

3.3.1. GHG and/or energy use?
Targets related to climate change can be formulated on differ-

ent levels. At the global level, two common and related ways are to
define the target either in terms of an acceptable global increase in
average temperature (e.g. 2 1C) or in terms of an acceptable
concentration of GHG in the atmosphere (e.g. 350 or 450 ppm
CO2). Other ways could be to define a limit on acceptable change in
the environment, such as a certain increase in precipitation or sea
level. All these formulations are related and typically defined on a
global scale. For a city, however, such targets are not directly
useful. Instead, a city’s targets need to be related to the pressure
the city places on the environment, either in terms of GHG
emissions or more indirectly in terms of energy use.

When speaking of GHG emissions, these are sometimes,
erroneously, expressed as just CO2 emissions instead of CO2

equivalents (CO2e), which is a way to compare and aggregate the
impact of different GHG on the climate. The GHG accounts tend to
use CO2e, including five of the most important GHG in addition to
CO2 (Murakami et al. (2011); ICLEI, 2009; IPCC (2006); WRI-
WBCSD, 2004). In this respect the methodologies reported in
scientific papers differ, since they typically include only CO2

(Heinonen and Junnila, 2011a; Weber and Matthews, 2008) or
CO2, CH4 and N20 (Kennedy et al., 2010; Sovacool and Brown,
2010; Matthews et al., 2008; Ramaswami et al., 2008). It has been
argued that using CO2 is adequate from a practical perspective
(Kennedy et al., 2010), since emissions of CO2 tend to dominate
when estimating the contribution of cities to global warming if the
target is delimited to GHG emissions within the city boundaries.
The majority of the other GHG emissions are methane from landfill
waste or industrial processes, typically located outside the city
boundaries. Thus, the importance of including more than CO2 is
related to the question of how to calculate the emissions from a
city, an issue further discussed in Section 3.4.1.

On examining how cities set their climate targets, it is easy to
conclude that GHG emissions are commonly included and energy
is omitted. Since it is the GHG emissions that are the direct cause
of climate change, it might seem logical to set climate targets on
these, rather than on energy use. However, maintaining a sole
focus on GHG emissions has some problematic implications, as
discussed in Section 5.

Malmö, Münster, Oslo and Stockholm all use carbon dioxide
equivalents (CO2e), which comprise emissions of carbon dioxide
(CO2), nitrous oxide (N2O) and methane (CH4), while Freiburg,
Hamburg and Copenhagen only account for CO2 (Table 6). Nantes
does most of its emissions accounting as CO2, but includes
emissions from CH4 and N2O in the energy sector. Few of the

Table 5
Target year and target formulation of the eight cities included in the study.

City Target year(s) Target formulation

Copenhagen 2015 20% Reduction
2025 Carbon-neutral

Freiburg 2030 40% Reduction

Hamburg 2020 40% Reduction
2050 80% Reduction

Malmö 2030 40% Reduction

Münster 2020 20% Reduction
2030 40% Reduction

Nantes 2025 25% Reduction

Oslo 2030 50% Reduction

Stockholm 2015 Below 3.0 t CO2e/cap
2050 Fossil fuel-free

Table 6
Unit of the target chosen by the eight cities included in the study.

City Unit of target

Malmö, Münster, Stockholm CO2e (CO2, N2O, CH4)

Copenhagen, Freiburg, Hamburg CO2

Nantes
CO2 except emissions from
energy, where CO2e is used
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cities express any metrics about renewable fuel use in terms of
volume (m3) or energy (kWh) in their current calculations or
targets, not even the cities that explicitly refer to the EU 20-20-
2020 target.

3.3.2. City or per capita target?
Targets can be set either per capita or for an entire city. A per

capita target might appear to facilitate achievement of the target
for growing cities, since the city’s allowance would grow with the
number of people moving in. However, the increased population
requires new investments in infrastructure, which will contribute
to increasing energy use and related GHG emissions. Growing
cities tend to have a growing investment capacity and are thus
equipped for changing e.g. urban form and location of activities in
a way better suited to a city with low energy demands and GHG
emissions. It is also true that for cities with overcapacity in the
systems for service supply, an increased population might render
these more efficient in terms of a lower per capita share of the
‘overhead’ energy use and GHG emissions from these facilities.
A shrinking city, on the other hand, might be better off reaching an
absolute target of e.g. reducing energy use to a specified total level,
while being much worse off with per capita targets.

All of the cities included in the study calculate emissions in
terms of total city emissions (ton CO2/year). Many also use
emissions per capita metric (ton CO2/cap) (Table 7).

3.4. Range of target

The range of the target depends on two considerations. The
first of these is whether the emissions are accounted in accordance
with what is being produced or what is being consumed. The
second consideration concerns whether just a part or the whole
life cycle is included in the calculations. Both these considerations
are important due to the fact that activities within a city are
dependent on goods and services produced outside the city’s
boundaries, causing emissions and energy use outside. They are
explained below and summarised in Fig. 1 (Section 5).

3.4.1. Consumption or production perspective
When accounting for emissions in a city, one of the most

fundamental choices is whether to use a consumption-based or a
production-based accounting perspective. With the consumption
perspective, the accounting is based on consumption of products
and services either by citizens or within the city. In the first case,
all consumption by citizens is accounted for, irrespective of where
it takes place. In the second case, only consumption within the city
is accounted for, irrespective of whether it is performed by a
citizen or a visitor.

If, on the other hand, a production perspective is chosen, the
focus is on products and services produced within the city. For
cities inclining towards either net import or net export of GHG
emissions (embodied in goods and services), the chosen way of
attribution can make a huge difference for the outcome of the
city’s GHG account. For example, if there is a paper mill within the
city, all climate impacts from the factory should be included if a
production perspective is used. If a consumption perspective is

used, only the impacts from paper used by the citizens or within
the city limits should be included, irrespective of where the paper
is produced.

All of the literature reviewed for the present study includes
considerations on boundaries of what sources of emissions to
include in the account. Three main types of accounting approaches
can be distinguished within this: direct emissions, indirect emis-
sions accounts, and consumer expenses-based accounts. Direct
emissions are delimited to emissions from within the geopolitical
boundaries, while indirect emissions are defined as emissions
from outside this boundary (GPC, 2012; ICLEI, 2011). When
discussing these, the Scopes 1-3 typology developed and defined
by WRI-WBCSD (2004) can be used to help delineate between
direct and indirect emissions. Scope 1 is delimited to all direct
emissions from sources within the geopolitical boundary. Scope
2 includes single process emissions from the production of
electricity occurring outside the boundary as a consequence of
activities within the geopolitical boundary. Scope 3 comprises
all other emissions that occur outside the boundary, including
product chain emissions not included in Scopes 1 and 2. The direct
emissions include emissions from production processes and pro-
duct use, fossil fuel combustion, landfill and other land use
activities within the geopolitical area (e.g. ICLEI, 2011; Ramaswami
et al., 2011; Kennedy et al., 2010; IPCC, 2006; WRI-WBCSD, 2004).
While the direct emission accounts are rather similar in the different
protocols and methodologies, indirect emissions accounts vary
more widely, especially when considering what is mandatory to
account according to the protocols, or what has been included in
the study at hand. Neither the WRI-WBCSD GHG Protocol Initiative
Corporate Accounting and Reporting Standard nor the ICLEI Inter-
national Local Government GHG Emissions Analysis Protocol
(IEAP) demands more than “Scope 2” emissions to be included
in the account.

Some cities are net importers of embodied energy, carbon and
GHG emissions while others are net exporters, which also creates
problems in comparison and benchmarking. To deal with these
problems, Hillman and Ramaswami (2010) propose a typology
that distinguishes between producer cities, consumer cities and
balanced cities, depending on the relationship between commer-
cial/industrial energy use and residential energy use. The Japanese
framework Murakami et al. (2011) distinguishes between indus-
trial and commercial cities. A commercial city (i.e. a consumer city
according to the Hillman and Ramaswami terminology) uses a
large amount of energy but does not have many production units.
Therefore, the emissions and energy usage in the city are much
lower than in an industrial city. CASBEE-City uses two ways of
assessing environmental loads, the ‘emitter pays’ principle (allo-
cating all GHG to producing areas) and the ‘beneficiary pays’
principle (first deducting all GHG emissions from producing areas
and then reallocating them to consuming areas) (Murakami et al.,
2011). Besides making visible the commercial city’s larger share of
the GHG emissions and energy use, another benefit is that it
removes the possibility of decreasing a city’s accounted carbon
footprint through moving production facilities outside the geo-
political boundaries.

Baynes et al. (2011) compared a regional production approach
with a household consumption approach to measure energy use

Table 7
The perspective on emissions used by the eight cities included in the study.

City City or per capita perspective

Münster, Oslo, Stockholm ton CO2(e)/year and ton CO2(e)/cap

Copenhagen, Freiburg, Hamburg, Malmö, Nantes ton CO2(e)/year
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in Melbourne and concluded that these serve different purposes.
The regional approach allows local authorities to benchmark
their industries with other similar industries elsewhere, while
the consumption approach gives a more realistic picture of the
energy use from an urban area and is therefore useful for
observing impacts from changing household consumption pat-
terns and lifestyles.

Lebel et al. (2007) distinguish between direct emissions
(from goods and services produced and consumed locally),
responsible emissions (produced locally, consumed elsewhere),
deemed emissions (produced elsewhere, consumed locally) and
logistic emissions (from transports passing through). In their
‘metropolitan accounting bubble’ however, only direct emis-
sions and responsible emissions from electricity and fuels are
included.

None of the eight cities included in the present study is actively
using terms such as production or consumption perspective. Most
of the activities included are delimited by the geographical bound-
aries of the particular city and it could be argued that a production
perspective on the city is used in most cases. However, as stated
previously, some activities are not (at least fully) included, such as
emissions from harbours, airports etc., so at least some of the
emissions have a more consumption-based perspective.

One way to avoid the problems associated with comparing
different types of cities is to use a consumer expenses-based
account, as developed and used by e.g. Heinonen and Junnila
(2011a), Heinonen et al. (2011), Höjer et al. (2011), Weber and
Matthews (2008) and Moll et al. (2005). This way of estimating
and accounting for emissions is also proposed by Ramaswami et al.
(2011) and is one of the accounting approaches that will be
supported in the forthcoming ICLEI Community-Scale GHG Emis-
sions Accounting and Reporting Protocol (ICLEI, 2011).

3.4.2. Life cycle perspective or not
Products and services produced or consumed within a city may

cause environmental impacts outside the city. The question of
whether to use a life cycle perspective or not concerns whether
the emissions from the whole life cycle, i.e., from raw material
acquisition, via production and use to waste management, should
be included in the calculations, even if some of these occur outside
the city boundaries. A life cycle perspective can be applied to
both citizen-orientated and city-orientated consumption accounts.
It can also be used for production-based accounts, although in that
case it creates the risk of double accounting. To continue the paper
mill example, if a life cycle production perspective is used, the
impacts from the production of the actual paper within the
city should be included, but also emissions and energy use in
e.g. forestry and power plants serving the paper mill. However,
using a life cycle perspective in this way means that emissions
from e.g. forestry and power plants are accounted for twice,
namely where they are located and where the paper mill is
located. If a life cycle consumption perspective is used, impacts
from the production of all paper used by citizens or within the city
should be included, even if they are produced outside the city.

In practice, various degrees of life cycle perspective can be used
when assessing the climate impacts of cities. The life cycle can be
included for some products and services but not for others, or the
whole life cycle can be included or only part of it. An example of
the latter is when emissions from power plants for electricity used
in a city are included, but not emissions from extraction of the
fuels used in the power plant.

There are three main methods for handling life cycle perspec-
tives: process LCA, input–output analysis and hybrid LCA
(Finnveden et al., 2009; Suh, 2009). Process LCA is a bottom-up
approach to assess the potential environmental impacts and

resources used throughout a product’s life cycle (including goods
and services ISO, 2006), where the emissions are assessed one
process at a time based on energy and mass flows (Heinonen and
Junnila, 2011a). The bottom-up nature of the approach leads to
substantial data needs and there is also a cut-off problem, since all
processes cannot be included for practical reasons, so some have
to be cut off (Suh et al., 2004).

Input–output analysis is a well-established analytical tool
within economics and systems of national accounts (Suh, 2009;
Miller and Blair, 1985), and uses a nation or a region as the object
of the study. It is a top-down approach and uses national
economic statistics to derive a representation of transactions
between sectors in a national economy, a region or a city.
Combined with information on average resource use and envir-
onmental emissions from each sector and assumptions on the
connections between sectors and product groups, it can be used
to calculate environmental impacts of product groups in a life
cycle perspective (Suh, 2009; Joshi, 1999; Hendrickson et al.,
1998; Lave et al., 1995). Input–output analysis is often used for
studies adopting a consumption perspective by combining data
on consumption expenditure and environmental data for pro-
duct groups (e.g. Huppes et al., 2006; Palm et al., 2006; Tukker
and Jansen, 2006; Weidema et al., 2006). Since the whole
economy is included in the national accounts, the problems with
cut-offs can be avoided (Lenzen, 2000). On the other hand, there
are uncertainties associated with the high level of input data
aggregation, together with a possible temporal (inflation and
currency rate) and regional (industry structure differences)
asymmetry in the data and the model. However, efforts are
being made in terms of databases and methodological develop-
ments to further improve the situation (e.g. Wiedmann et al.,
2011, 2007; Tukker et al., 2009).

Hybrid LCA is a combination of process LCA and input–
output analysis (Suh et al., 2004). For example, process LCA data
can be used for the most important processes where there is
good data availability and input–output analysis data for the
remaining processes. Combinations of input–output data and
other types of data have been used in a number of studies,
including Heinonen and Junnila (2011b), Höjer et al. (2011), and
Moll et al. (2005).

None of the protocols stipulates mandatory calculation of
emissions and energy use from a life cycle perspective, mainly
due to the associated high demand for data. However, WRI-
WBCSD and ICLEI are both developing tools to support such a
Scope 3 account and a pilot study was launched in May 2012
(GPC, 2012). While full accounting is rarely conducted owing to
data limitations and methodological challenges, there are still
good reasons for a life cycle perspective that includes more than
the emissions from energy carrier production (i.e. Scope
2 emissions).

A study on eight cities in the U.S. showed that when emissions
from four “essential” urban material flows (food, water, cement and
fuels for transport) were included together with the Scope 1 and
2 emissions, the GHG footprint increased on average by 47% (Hillman
and Ramaswami, 2010). Matthews et al. (2008) also demonstrated
that only focusing on Scope 1 or Scope 1 and 2 emissions gives
significantly lower results for firms than a full Scope 3 approach.
Besides Hillman and Ramaswami (2010; also reported in
Ramaswami et al., 2008), Kennedy et al. (2010) have developed
methodology which includes all indirect emissions, including
upstream (product-chain) emissions, except from food and materials
consumed in cities and emissions upstream of electric power plants.
Those authors found that on including upstream emissions from
fuels only, the GHG emissions attributable to cities increased by 25%.

Only three of the cities included in the present study, Münster,
Nantes and Stockholm, specify that they are using a life cycle
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perspective and in what way (Table 8). Nantes and Stockholm apply
a LCA perspective on fuels and energy consumed within the city and
Münster aims at using LCA data in all of its emissions accounting.
However, the activities included are very similar to those of the
other two cities, so it is difficult to determine the effect of this.

4. Other considerations

Besides the methodological considerations elaborated upon so
far, there are also a number of other considerations. The metho-
dological considerations are the basic prerequisites for developing
a comprehensive and transparent target, but other considerations
address political and procedural issues influencing e.g. the dis-
tribution of agency and responsibility, the level of the target, and
the development of a strategy or roadmap to reach the target. In
the following we elaborate only on the issue of agency.

4.1. Agency of target

Cities are not self-sufficient when it comes to resources. The
activities taking place in cities have impacts far beyond their
agency and legislative boundaries (Hoornweg et al., 2011). At the
same time, the city as a political and administrative body has
only a limited scope of influence over e.g. citizens' way of life
and the production of goods and services. Nevertheless,
Hoornweg et al. (2011) found that efforts undertaken by cities
in Sweden and Germany between 1967 and 2005 led to major
reductions in GHG emissions. While the provision of urban
infrastructure and policies (e.g. efficient public transport, expen-
sive parking and congestion charging) do have an effect on the
lifestyle of citizens, this influence is mostly of an indirect kind.
The type of influence that a city exerts on its citizens depends on
the political ideology to which the city ascribes, which in many
Western countries means focusing on providing environmen-
tally better alternatives and on using economic incentives and
information to nudge people to take the ‘right’ decisions, rather
than on restrictions.

Among the eight cities investigated in the present study, the
municipal authority is responsible for setting and developing the
targets. However, in practice the current targets were usually

developed jointly by the city council, the mayor’s office and
municipal bodies. In some cases, outside expertise within uni-
versities and consultancy companies was employed in the process
leading up to the target setting itself, but the municipal authority
assumed responsibility for the targets set. The eight cities have set
targets for activities taking place within the city’s geopolitical
boundaries, for which they believe they are responsible and
accountable. Emissions from goods and services that are con-
sumed within the city, but produced elsewhere, are thus typically
not included in the targets.

Apart from this common trait, there are major differences
concerning what activities the eight cities have included in their
targets. While some of these are well-aligned to the agency of the
city, the city has no or only limited agency as regards some other
activities included (Table 9). The level of agency depends on two
main factors; firstly whether the city is the owner of systems
providing or supporting the activity, and secondly the scale of
these systems, i.e. a large-scale system encompassing the entire
city or one of many contributing systems. Public ownership and a
large-scale system increase the level of agency of the city, while
private ownership and small-scale systems decrease it. A general
example of strong agency is a publicly owned district heating
system, where the municipal authority, through policy decisions,
can place requirements on the fuel mix, thereby reducing emis-
sions by forcing a switch from fossil fuels to renewables. An
example of weak agency is the transport mode chosen by the
citizens, since while the city can introduce a number of incentives
to promote “green” cars, it does not have the same direct control
over the emissions resulting from private transport as over the
district heating network in the strong agency example. In many
cases the level of agency also becomes a question of interpretation.
For example, the municipal authority often has strong agency over
the waste treatment process (collection, treatment and disposal),
but very weak agency over the amount of waste generated by
consumption. Thus while the strong agency over the waste
treatment process can be used to reduce emissions, these reduc-
tions can potentially be wiped out by increased consumption
(even if the consumption perspective is not included).

5. Discussion

This paper provides a fairly comprehensive and consistent
overview of important methodological considerations and the
different choices that can be made when comparing and setting
climate targets for cities. Our review of existing accounting
protocols and methodologies reported in scientific papers showed
that there are a number of more or less similar approaches to learn
from. A common trait in the literature is the recognition of some
methodological difficulties associated with setting climate targets
for cities, the two main difficulties being (1) the question of what

Table 9
Agency of the targets. Only the agency of those activities included in the cities' targets are presented.

Agency of activities (S¼strong agency, W¼weak agency) Copenhagen Freiburg Hamburg Malmö Münster Nantes Oslo Stockholm

Energy (public/private) S/W
Heating (public/private) S/W S/W S/W S/W S/W S/W S/W
Cooling (public/private) S/W S/W S/W S/W S/W S/W
Electricity (public/private) S/W S/W S/W S/W S/W S/W S/W
Gas (public/private) S/W S/W S/W

Transportation (public/private) S/W S/W S/W S/W S/W S/W S/W S/W
Waste S/W
Industry W W W W
Work machines S
Food W

Table 8
The LCA perspective chosen by the eight cities included in the study.

City LCA perspective

Münster LCA on all emissions

Nantes, Stockholm LCA on energy

Copenhagen, Freiburg, Hamburg, Malmö, Oslo Not stated
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emissions and energy use to account to a city, i.e., how to set the
system boundaries, and (2) the lack of data.

In the protocols and methodologies described in the literature
these difficulties are dealt with in different ways, mostly through
varied combinations of production- and consumption-based attri-
butions and through excluding activities and LCA perspectives for
which data were unavailable. However, in contrast to previous
practices (ICLEI, 2009; WRI-WBCSD, 2004), an increasing number
of protocols and cities are now starting to attribute more than the
(Scope 1) emissions that occur within city boundaries in their
accounts, although the problem of unaccounted emissions from
consumption goods, national transport services and production
chain upstream processes persists. An acknowledged reason for
the lack of use of LCA perspectives is their high demand for data
and computing capability. For local targets the methodology for
gathering data must be sufficiently specific to respond to local
variations and changes, and thus most national data are insuffi-
cient. For accounts where a life cycle perspective is used, another
reason for the lack of data is that many goods and services used in
a city originate, partially or wholly, from countries in which the
types of data needed are unavailable – due to a lack of procedures
for data generation and reporting or to a lack of transparency.
However, with consumption data, input–output data and data-
bases becoming increasingly available, the possibilities for includ-
ing life cycle perspectives are increasing. For instance, a study by
Stockholm Environmental Institute showed that going from a
conventional production-based accounting approach to a
consumption-based approach increased the carbon footprint of
Stockholm from 2.91 to 15.68 t CO2(e)/capita and year (SEI, 2012).
Similar results have been obtained in Singapore (Schulz, 2010) and
Sydney (Lenzen et al., 2004).

Another potential explanation for the reluctance to include
consumption of goods and long-distance transport could be a
perceived or real lack of agency by the target-setting municipal
body; i.e. these areas are considered to lie outside the perceived
scope of what politics can or should influence. Based on our
analysis of eight European Green Capital Award candidates, the
most common developers of city targets appear to be city councils,
mayor’s offices and municipal departments for the environment.

The city (as a political and administrative body) has only a limited
scope of influence over e.g. citizens' ways of life and the produc-
tion of goods and services. According to Hoornweg et al. (2011),
cities might have greater agency and scope of influence than they
currently believe. Furthermore, it is interesting to note e.g. that
when Larsen and Hertwich (2010) studied and displayed the
magnitude of indirect emissions (Scope 2 and Scope 3 emissions
according to WRI-WBCSD 2004) from the provision of services by
Norwegian municipalities, it became difficult for the participating
municipalities to neglect these.

One reason for the different perspectives, and hence different
ways of accounting for energy use and GHG emissions, is that each
city sets its targets in order to fulfil a certain strategy. Therefore
even if the accounting is done with full accuracy and the necessary
data are available, there will still be difficulties in comparing actual
energy use and GHG emissions between cities because of the lack
of standardised principles for accounting.

As previously discussed, targeting only GHG emissions can be
too narrow an approach. In practice, fulfilling global GHG targets
means reducing the amount of fossil fuels used, which currently
means restricting the amount of available energy. Until viable
and sustainable alternatives exist, energy supply must be treated
as a scarce resource requiring its own targets. A sole focus on
GHG emissions allows these to be reduced these without redu-
cing total energy use – through using a higher degree of fossil-
free energy. This renders it possible for cities to use a higher
share of fossil-free energy than is globally available, which leaves
other cities either with access to less energy or having to use
more fossil fuels. In the first case energy is unevenly distributed
and in the second case the target’s mitigating effect on climate
change is counteracted.

In the present study, we found that the eight cities included
scarcely knew what methodological considerations they had made
when developing their own targets. It is possible that deeper
investigation of some of the target-setting procedures and docu-
ments in the cities would have given more encouraging findings.
However, information was sought both in official documents and
through interviewing city officials. If information regarding what
the target includes and excludes does not show up in such an
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Fig. 1. Relationship between activities, the consumption and production perspectives and the life cycle perspective.
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analysis, then the value of that information is questionable. It is
also possible that another selection of cities would have given
different results. However, the eight cities included here were
chosen because of their high environmental profile and examples
of better communicated methodological considerations were not
found in the literature.

One reason for the lack of knowledge regarding methodological
considerations within the cities may be the difficulty in under-
standing and/or explaining some of these methodological considera-
tions. In order to deal with this, we developed a diagram to explain
three of the most difficult considerations: activities included, con-
sumption/production perspective and life cycle perspective (Fig. 1).

The x-axis in the diagram represents activities. Activities x1–xn
take place within the city, but are related to non-citizens, e.g. hotel
stays or industrial production for an out-of-city market (e.g. the
paper mill), the headquarters of large companies or national
agencies. Activities y1-yo are related to the citizens and take place
within the city, e.g. commuting, energy use in housing and in
buildings for the citizens' services and their shopping and con-
sumption within the city. Activities z1–zp are citizens' activities
outside the city, e.g. long-distance travel and consumption of goods
and services outside the city. The y-axis marks the degree of life
cycle perspective, with the lower part of the scale only including
direct energy use, i.e. in principle electricity and fuel consumption.
The upper part also includes indirect energy use, i.e. energy use for
production of electricity, fuel and goods.

A comprehensive production perspective would include all
activities x1–xn and y1–yo, but only the direct energy use (the
area within the red square). In a comprehensive and consistent
production perspective, indirect energy use cannot be included,
since it would always be defined as direct energy use elsewhere.
However, in practice it can often be reasonable to take full life
cycle perspective even when using a production perspective,
since otherwise there is a risk of effects at the early stages of the
production chain not being counted at all and the effects of
production therefore being underestimated. If the choice is
between double accounting and no accounting, it might be safer
to opt for double accounting.

A consumption perspective is based on the consumption of
products and services either by the citizens or within the city
(Section 3.4.1). A consumption perspective based on citizens
would include activities y1–yo and z1–zp and indirect energy use
in order to make it comprehensive. A consumption perspective

based on the city would include activities y1–yo and some of the x-
activities, e.g. those related to non-citizens consumption within
the city boundaries, but not production of goods for consumption
outside the boundaries. Transport can be used as an example to
illustrate the difference. A city consumption perspective includes
all transport within the city, by both citizens and visitors. A citizen
consumption perspective includes only the transport of citizens,
regardless of whether this is within or across the boundaries of the
city (Fig. 1).

Adding energy use from the whole world in any of these three
ways (excluding the double accounting in the production perspec-
tive) would report global energy use in a consistent way.

There can be a vast difference in energy use depending on
>whether a production or consumption perspective is chosen for
specific cities (see Section 3). In principle, cities with a low
degree of industrial production and with no airport or harbour
within their administrative limits can have rather limited energy
use from a production perspective, but if they are rich can still
have high energy use from a consumption perspective (see
examples in Fig. 2).

6. Conclusions

There are a number of problems making it difficult to compare
and benchmark cities' climate targets. Firstly, different cities use
different system boundaries when setting climate targets. Sec-
ondly, the available information about these delimitations is
incomplete. Thirdly, there is limited awareness among city admin-
istrations and councils about these delimitations and how they
influence the targets.

Together, the plethora of differences and the lack of informa-
tion render it almost impossible to compare the climate targets of
cities. To rectify this, there is a need for comprehensive and
consistent accounting protocols and methodologies, developed
specifically for cities' climate targets. There is also a need for
standardised terminology and clearer application of the terminol-
ogy, so as to enable comparisons between different protocols and
methodologies.

In any analysis, cities only cover a certain part of all climate
impacts. This means that the majority of GHG emissions and
energy use risks being overlooked at the local level, where the
practical changes must occur. Thus, life cycle perspectives and/or

Industrial city Consumer city

Consumption perspective citizens

Production perspective

Consumption perspective city

Fig. 2. Relationship between the consumption and production perspectives for two different kinds of cities.
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consumption-based accounts are important to avoid measures
simply moving emissions outside the city’s geopolitical bound-
aries. It is also important that cities start working towards
including all the impacts caused by their citizens.

The methodological considerations presented in Table 1 can act
as a starting point for work to reduce the current ambiguity in
cities' climate targets.
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Appendix A

1. The target and the baseline
1.1 How is the baseline formulated? How did you estimate the

baseline?
1.2 How is the target formulated?
1.3 Are there any discrepancies between how the baseline was

estimated and how the target is formulated and
followed up?

2. Understanding and setting the context
2.1 Which organisation(s) have been involved in developing

and setting the target?
2.2 What is the time frame for the target and why was this

chosen?
2.3 What is the reason for choosing this target?

� It is an ecologically sustainable level.
� It is a feasible level (politically, economically, techni-

cally, socio-culturally?).
� Other (what?).

2.4 Is the target set according to other targets?
� Local programmes (same level or area of jurisdiction or

not?).
� Regional environmental programmes.
� National programmes.
� EU targets.
� IPCC targets.
� Other (which?)

2.5 How is the area, for which the target is developed,
delimited geographically?
� Politically or administratively (i.e. according to agency

and jurisdiction).
� Functionally (e.g. as when using a commuter shed).
� Other (in which way?).

3. Choosing the unit of measure
3.1 Does the target concern CO2 and/or greenhouse gases (GHG)?
3.2 Does the target concern energy and/or CO2.
3.3 Why was this unit of measure chosen?

4. Defining and delimiting the activities
4.1 Which activities are included in the target (e.g. all trans-

ports, private transports, transports by city employees; all
energy use, energy use for heating, energy use for heating
the city’s amenities; all electricity, household electricity; or
food, leisure, long-distance travels, and so on).
� All activities (which?).
� Some activities (which? And which are excluded)

4.2 Why were these activities chosen?
4.3 How are these activities defined and delimited?

4.4 How are energy use and CO2 emissions calculated? (i.e.
life-cycle or not; energy only, or energy and physical/
technical structures).
� Only direct energy use and CO2 emissions resulting from

included activities.
� Through a life-cycle perspective on the energy used for

the included activities.
� Through a life-cycle perspective on the energy used and

also on the embedded energy in physical/technical
structures used for the included activities.

� Other (how?).
4.5 How are energy use and CO2 emissions allocated?

� To the producing facility.
� To the consuming facility.
� To the end-users in terms of households or individual

consumers.
� Other (how?).

5. Other questions
5.1 In this questionnaire, are there any missing aspects that

you would like to add?
5.2 What are the main strengths with the targets, as developed

for your City?
5.3 What are the main weaknesses with the targets, as devel-

oped for you City?
5.4 If you could change anything in the targets, as developed

for you City, what would this be?
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