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Abstract 

Carbon Footprints, as an indicator of climate performance, help identify major GHG emission 
sources and potential areas of improvement. In the context of greatly expanding sub-national 
climate efforts, research on Carbon Footprint accounting at municipality level is timely and 
necessary to facilitate the establishment of local climate strategies. This study aims at 
exploring the methodologies for Carbon Footprint assessment at municipality level, based on 
the case study of Haninge municipality in Sweden. In the study, a Greenhouse Gas inventory 
of Haninge is developed and it is discussed how the municipality can reduce its Carbon 
Footprint. The Carbon Footprint of Haninge is estimated to be more than 338,225 tonnes CO2 

eq, and 4.5 tonnes CO2 eq per capita. These numbers are twice as large as the production-
based emissions, which are estimated to be 169,024 tonnes CO2 eq in total, and approximately 
2.3 tonnes CO2 eq per capita. Among them the most important parts are emissions caused by 
energy use, and indirect emissions caused by local private consumption. It is worth noting that 
a large proportion of emissions occur outside Haninge as a result of local consumption. 
Intensive use of biomass for heat production and electricity from renewable sources and 
nuclear power have significantly reduced the climate impact of Haninge. The major barrier 
for Carbon Footprint accounting at municipality level is lack of local statistics. In the case of 
Sweden, several databases providing emission statistics are used in the research, including 
KRE, RUS, NIR and Environmental Account.  

Key words: Carbon Footprint, Greenhouse Gas emissions, inventory, municipality, Haninge.   
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Abbreviation  

CF ------ Carbon Footprint 

GHG ------ Greenhouse Gas 

IPCC ------ Inter-governmental Panel of Climate Change 

SEPA ------ Swedish Environmental Protection Agency 

ICLEI ------ Local Governments for Sustainability 

NIR ------ National Inventory Report 

WRI ------ World Resource Institute 

WBCSD ------ World Business Council for Sustainable Development 

IEAP ------ International Local Government GHG Emissions Analysis Protocol 

GHG Protocol ------ The Greenhouse Gas Protocol, a corporate accounting and reporting 
standard. 

PAS 2050 ------ PAS2050 2050: 2008 Specification for the assessment of the life cycle 
greenhouse gas emissions of goods and services 

SEI ------ Stockholm Environment Institution 

KRE ------ Municipal and regional energy statistics / Kommunal och regional energistatistik 
(in Swedish) 

RUS ------ Regional Development and Co-operation in environmental system / Regional 
Utveckling och Samverkan i miljömålssystemet  

SMED ------ Swedish Environmental Emissions Data / Svenska MiljöEmissions Data (in 
Swedish) 

BSI ------ British Standards Institution 

LULUCF ------ Land use and land use change 
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1. Introduction 

With  growing concern over climate change globally, emission control of Greenhouse Gases 
(GHGs) has been put on the agenda of both developed and developing countries. Despite the 
great difficulty in achieving sufficient agreement in  international climate negotiation, cities 
have realized that they can actually proceed faster than the international climate negotiation 
with more flexible ways of corporation. Actions are taken at sub-national levels to mitigate 
climate change. At COP 16 in Cancún, local governments were for the first time recognized 
as key governmental stakeholders in climate change efforts (ICLEI, 2010a). As a key 
component of the Mexico City Pact which is signed by 138 cities around the world, the 
Carbonn Cities Climate Registry has been launched as an official reporting mechanism for 
cities to register their GHG reduction commitment (ICLEI, 2010b).  As the initial step of 
action, GHG accounting supports policy making process since it gives an overall picture of 
the city's emission situation, helps identify major emission sources and potential areas of 
improvement. It is also an essential tool to assess the performance of local climate actions, 
and to support improvement of policies. To ensure local climate action is "measurable, 
reportable, and verifiable", feasible ways of assessing local GHGs emissions are called for. 
Hence research on assessment of local Carbon Footprint is timely and necessary in assisting 
assist the expanding sub-national climate efforts.   

This thesis explores the methodology and feasibility of municipal Carbon Footprint (CF) 
accounting, and its implications on local climate efforts.  A case study of Haninge in Sweden 
is conducted. The report constitutes five chapters: chapter 1 gives a overall picture of the 
study as well as background information of CF; in chapter 2 different methodologies are 
discussed and compared, accordingly approaches applied in this research are selected and 
described; in chapter 3 Greenhouse Gas emission inventories of Haninge from both 
production and consumption perspectives are presented and analyzed; the last two chapters 
present discussion of results and conclusions. The research was undertaken at the Kungliga 
Tekniska Högskolan (KTH) as a thesis for the master’s programme in Sustainable 
Development in Uppsala University.  

1.1. Definition of Carbon Footprint 

There is no exact academic definition of Carbon Footprint yet, and debate continues 
(Wiedmann & Minx, 2008). The concept of Carbon Footprint derives from the concept of 
Ecological Footprint raised by Wackernagel and Rees in 1996. As one part of Ecological 
Footprint, the land area needed to sequester CO2 emitted from burning fossil fuel is measured 
to estimate the land requirement for energy use (Wackernagel & Rees, 1996). However, with 
increasing public and political concern of climate change, Carbon Footprint has been 
developed into a separate concept with extended scopes.  

Although no common definition has been provided by the academic world, there are many 
definitions in wider literature. As can be seen from the summary of "Carbon Footprint" 
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definitions from the grey literature by Wiedmann and Minx (2008), several key elements that 
formulate a valid CF concept have not been agreed on: Should the calculation include carbon 
dioxide exclusively or other GHGs as well? Should it be measured in CO2 equivalent or 
hectares as in Ecological Footprints?  Should the indirect emission be considered? How can 
the temporal as well as spatial boundaries be set?  

The definition proposed by Wiedmann answers some of these questions: "The carbon 
footprint is a measure of the exclusive total amount of carbon dioxide emissions that is 
directly and indirectly caused by an activity or is accumulated over the life stages of a 
product." (Wiedmann & Minx, 2008, p.4) Though there are difficulties regarding 
methodology, the author holds that indirect emissions should also be included in CF 
inventories. It has been demonstrated by some case studies that indirect emissions constitute 
the majority of Carbon Footprint of a functional unit (Larsen & Hertwich, 2009a). Exclusion 
of indirect emissions arising from the upstream supply chain as well as downstream disposal 
is very likely to bring about considerable underestimation. Furthermore, in the context of 
ethics and equity, inclusion of indirect emissions includes the environmental impact of 
manufacturing nations into the account of consuming nations, therefore avoiding an unfair 
shift of responsibility from rich countries to developing countries in the globalizing economy. 
Inclusion of indirect emissions is in accordance with the definition used in a case study of 
York neighborhoods, where Carbon Footprint is defined as the total amount of CO2 emissions 
which result directly and indirectly from the individual use of goods and services, covering 
both individuals’ immediate emissions and emissions arising during the production process 
(Haq & Owen, 2009). 

An open definition that attempts to allow for applications at varied scales is provided by 
Peters (2010, p.245): "The ‘carbon footprint’ of a functional unit is the climate impact under a 
specified metric that considers all relevant emission sources, sinks, and storage in both 
consumption and production within the specified spatial and temporal system boundary." This 
definition offers large flexibility on both objects and emission categories of interest. It also 
covers the main stages of the carbon cycle related to anthropogenic activities. The 
disadvantage is that this definition is too broad to help set research boundaries for a specific 
case study.   

Given the need of a well-defined scope for the study, the following definition of Carbon 
Footprint is applied here: “Carbon footprint is the life-cycle GHG emissions caused by the 
production of goods and services consumed by a geographically-defined population or activity, 
independent of whether the GHG emissions occur inside or outside the geographical borders 
of the population or activity of interest.” (Larsen & Hertwich, 2009a, p.792) According to this 
definition, CF refers to GHG emissions based on the consumption of a defined population, 
therefore calculation of the CF of a city or municipality should not be limited to its 
geopolitical boundaries. 
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1.2. Previous studies on Carbon Footprint 

Research on Carbon Footprint are conducted at various scales from national to municipal 
levels, from industries to certain kind of products. As this study focuses on municipal climate 
impact, this literature review includes only studies on national and municipal Carbon 
Footprints. Nevertheless, one should bear in mind that efforts at carbon accounting are also 
common in private and industrial sectors as a result of widespread climate concern.  

Besides governmental reporting mechanisms under the UNFCCC system academia also 
shows great interests in exploring the underlying rules of dynamic Carbon Footprints.  A 
cross-country analysis of the CF of consumption using a multi-regional input-output (MRIO) 
model based on Global Trade Analysis (GTAP) database (Hertwich & Peters, 2009) shows 
that per capita CF increases as countries become wealthier. Meanwhile, consumption pattern 
changes with rising income: food is of more importance in the expenditure of low-income 
countries. The study also concluded that indirect impact in the supply chain is more important 
than direct impact: shelter, food and mobility are the most important consumption categories. 
Furthermore, as developed countries are shifting their carbon-intensive industries to less 
developed countries, an increasing proportion of indirect emissions tend to occur outside the 
borders of consumption countries. The significant impact of importing in developed countries 
has been demonstrated by some studies. In UK, over half of the average households' Carbon 
Footprint comes from embedded CO2, of which 40 % took place outside UK in 2004. The 
proportion has been continuously rising since 1990 (Druckman & Jackson, 2009).  In general, 
it has been widely accepted that income level and international trade play important roles in 
the country's CF status. 

There is an increasing trend towards applying consumption-based inventories to municipal 
Carbon Footprint accounting instead of the traditional production-based method, as it has 
been widely accepted that indirect emissions actually dominate local emission categories 
especially in cities of developed countries. A case study of a Norwegian city indicates that 
approximately 93% of the CF of municipal services is indirect emissions from upstream 
procedures, "underlying the need of introducing consumption-based indicators that take into 
account upstream GHG emissions" (Larsen & Hertwich, 2009, p.791).  In the same year, 30% 
of total US household CO2 emssions occurred outside the US as a result of growing 
international trade, with household income and expenditure recognized as the best predictor of 
both domestic and international portions of total CO2 impact (Weber & Matthews, 2007). In 
light of the fact that indirect emissions are becoming increasingly important, a shift of 
research interest from a production perspective to consumption perspective is observed.  

Carbon Footprint accounting is applied as a useful tool to help municipalities develop local 
climate strategies. For example, SEI conducted Carbon Footprint analysis for the 
neighborhoods of York and the surrounding area in the UK (Haq & Owen, 2009). With an 
average CF of 12.58 tonnes of CO2 per capita per year, housing and transport accounted for 
nearly 60% of the total emissions and were identified to be the key sectors to work on. 
Analysis of CF together with other factors such as ‘green’ attitudes and local infrastructure 
over different districts of York also helps select the pilot neighborhood for promoting green 
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lifestyle. At a larger scale, Carbon Footprint assessment is used as an indicator of community 
planning. A comparison of the CF of 429 Norwegian municipalities (Larsen & Hertwich, 
2009b) shows that CF changes significantly with size and wealth. 500,000 inhabitants is 
recognized as a possible size of municipality to achieve the optimal municipal CF. It is 
explained that up to  a certain size, the efficiency of provision of public service increases with 
population density. On the other hand, larger municipalities could encounter other social 
problems which require additional public service.  

While policy makers and practitioners are striving for improved local GHG inventories to 
support climate mitigation strategies, academia has started to take the challenge of developing 
and implementing calculation tools for embedded municipal Carbon Footprint. Hogne and 
colleagues developed a specific consumption-based municipal GHG inventory based on 
environmentally input-output analysis (EEIOA), which has been implemented in several 
Norwegian municipalities (Hogne et al., 2010).  REAP is another tool developed by SEI 
which allows consumers to calculate the full supply chain emissions as a result of individual 
consumption simply by putting in expenditure data on different product categories (Paul et al., 
2010). This tool is being developed for the UK and Sweden with country-specific databases.  

Despite of the importance of CF accounting for enhancing municipal climate performance, 
applying Carbon Footprint calculation and analysis on municipality level is uncommon in 
academic research.  

 

1.3. Haninge Municipality 

Located at southern suburban Stockholm, Haninge is a small-sized city covering 2,190 km2, 
with 454 km2 land and 1,736 km2 water (Haninge Municipality, 2010a). Haninge consists of 
both urban districts and suburban areas (see map of Haninge, Figure 1.1).  

With its 75,071 inhabitants (in 2009), Haninge ranks 25th in size among Sweden's 
municipalities. The population structure is relatively young with an average age of 38. The 
municipality is growing at the expected rate of 1000 persons per year, which implies a 
population of 100,000 in 2030. Most of the population (50,000) live in the seven city districts. 
Among the 31,100 dwellings of Haninge, 18,870 are apartments and 12,230 are houses 
(Haninge Kommun, 2010a). 

The small business sector dominates the city's economy and 95% out of the over 4,600 
registered businesses have fewer than five employees. The main industries are logistics, car, 
construction and real estate. Major companies include Coca Cola AB, Recipharm, AVL / 
MTC, Tech Data, Frigo Scandia, Kemetyl, logistics enterprises such as Prologis, Green Cargo 
and Lagena. 77% of the municipality's population aged between 20 and 64 are employed, 
among which 30% work within the city and 47% commute out of Haninge. Meanwhile 
10,300 workers commute in from other parts of the county (Haninge Kommun, 2010a). 
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Figure 1.1 Map of Haninge 

Source: Google map.  

 

As a typical small city in Sweden, there are few carbon-intensive industries within Haninge. 
The only significant emission source registered on the 1 Swedish Pollution Release and 
Transfer Register system1 is the district heating plant in Jordbro district. As is shown in 
Figure 1.2, heat for the area is supplied by the district heating plant and waste generated by 
activities in Haninge are delivered to a waste treating site in Sofielunds outside Haninge. 
Sewage is also sent to Henriksdal sewage treatment plant outside Haninge. 

                                                            

1 http://utslappisiffror.naturvardsverket.se/ 
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Concerned about climatic issues, the municipality has developed its own climate strategy. The 
overall objective to reduce Greenhouse Gas emissions by 90% in 2050 compared with 1990 
while in the short term a 40% reduction by 2020 is expected. (Haninge Kommun, 2010b) 

 

Figure 1.2 Map of Haninge, with Jordbro district heating plant (yellow tag) and Sofielunds 
landfill (green tag) marked.   

Source: Swedish Pollution Release and Transfer Register system 

1.4. Aim 

The hypothesis of the study is that it is possible to calculate Carbon Footprint of a relatively 
small municipality with available data. The overall expectation is that the results can be 
communicated to the public sufficiently, and specific climate strategies aiming at local 
improvements can be established accordingly. Therefore the aim of the study is to identify a 
method for assessing Carbon Footprint at municipal level and to explore how municipalities, 
through relevant planning activities, can reduce their Carbon Footprint. To place this in a 
concrete context the research will be based on a case study of Haninge municipality.  
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2. Methodology for Carbon Footprint accounting 

2.1. GHG accounting based on production or consumption 

Regarding Greenhouse Gas emissions for nations and cities, there are two different ways of 
accounting: one from the perspective of production and, the other from the perspective of 
consumption. Depending on choice of perspective, different results and policy implication 
will be obtained.  

The traditional production-based inventories estimate GHGs emissions from local production 
processes within a geographically defined area, regardless where the output is consumed 
(Larsen & Hertwich, 2009a).  In this case, both upstream and downstream processes outside 
the municipal borders are excluded, while production for exports is included. A production-
based inventory can be developed either by top-down method (allocate national emissions to 
the defined area) or bottom-up modeling (gathering local emission data) (Larsen & Hertwich, 
2009a). Calculation of GHG emissions from a production perspective has been widely applied 
at national scale. For example, the IPCC guidelines are designed to help nations develop their 
GHG inventories from the production perspective with the results reported to UNFCCC. 

The recently emerging consumption-based inventories allocate all upstream GHG emissions 
from the production and delivery processes to the final consumer, namely a defined 
population (nation, city or municipality) (Larsen & Hertwich, 2009a). In contrast to 
production-based accounting, consumption-based accounting includes allopatric emissions 
caused by local consumption while excludes the emissions from local production of exported 
goods. Unlike production-based inventories, no strict geographical borders are set for 
consumption-based methods. A number of tools have been developed for a consumption-
based inventory, including Input- Output Analysis (IOA), Life Cycle Assessment (LCA), and 
the hybrid IO-LCA method.   

The relation between production-based and consumption-based inventories can be expressed 
by Figure 2.1. In an open economy, the difference between the two is derived from import and 
export. In a closed economy where neither import nor export is involved, the two inventories 
could have completely overlapped with each other. At the global scale, what is produced is 
also consumed on the planet as a whole.  The difference between a production perspective and 
consumption perspective is important only when the targeted entity has a considerable amount 
of import and export. With the progress of globalization, there is a trend that consumption-
based emissions increasingly deviate from production-based emissions for nations and cities, 
as what is produced is often exported and consumed in other areas. Thus it is interesting to 
look at the difference between the two types of GHG inventories and the methods generate 
different messages for policy making.  
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Consumption‐based account 
Production‐based account

Emissions from import  Emissions from export 

Common area: emissions from products / services both 
produced and consumed domestically 

Figure 2.1 GHG emissions from production perspective and consumption perspective 

 

Applying a production-based accounting usually aims at actions reducing GHGs emissions 
within geographical borders (Larsen & Hertwich, 2009a), while consumption-based 
accounting  mainly aims at influencing  emissions through out the supply chains by improving 
consumer behaviour. To choose a proper accounting method one should clarify the practical 
objective of the study.  For example, to explore the potential of emission reduction for a 
manufacturing city whose economy is mainly built on export and where production dominates 
consumption, production-based inventories are more likely to help identify the main sections 
for improvement. On the other hand, as is the case of most small-sized municipalities in 
developed countries, local consumption relies heavily on imports from all over the world.  
This is not a rare situation. A number of studies have identified consumption, especially in the 
industrialized world, as the main driver of environmental pressure (Larsen & Hertwich, 
2009a). Consumption-based accounting is thus called for to break through geographical 
boundaries and conduct a comprehensive estimation on the climate impact of a defined 
consumer group. An important target of consumption-based accounting is to identify large 
emitting sectors in the consumption category and explore improvement in consumer 
behaviour. However, when looking at the consumption-based analysis, one should keep in 
mind the drawbacks of this method: firstly, there are great uncertainties in statistics for 
upstream emissions of imported products due to diverse manufacturing parameters in different 
nations such as technology, transport, environmental regulations; secondly, there is a risk that 
policy instruments based on the consumption perspective may be poorly aimed as the nation 
itself does not have control over the upstream procedures that occur in other countries.   

Most industrialized countries are allocated greater emissions from a consumption perspective 
compared with a production perspective (Swedish Environmental Protection Agency, 2010). 
In the case of Sweden, the total production-based emissions were 76 megatonnes CO2 

equivalent in 2003, while the consumption-based emissions were 95 megatonnes CO2 
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equivalent (Swedish Environmental Protection Agency, 2010). This means that 25% of GHG 
emissions from domestic consumption occur in other parts of the world. As a typical small-
sized city in the industrialized world, Haninge’s consumption sector is of larger importance 
than production and the city relies heavily on imports. Therefore, it is appropriate to look at 
the consumption-based inventory, i.e. Carbon Footprint, to identify the global climate impact 
of the municipality's consumption. GHG accounting from both consumption and production 
perspectives will be conducted however in the interests of comparison. Based on this premise, 
currently available methodologies and standards for developing a consumption-based 
accounting (CF) are further discussed in the following section.  

2.2. Methodologies of Carbon Footprint calculation 

Due to the many scales of analysis (global, national, city/county, product), there is no single 
standard methodology for consumption-based Carbon Footprint analysis. However, three 
main methodologies are now under development for cases at varied scales, including 
Environmental Expanded Input-Output (EEIO) analysis, Life Cycle Assessment (LCA), and 
Hybrid IO-LCA methods (Wiedmann, 2009). Choice of method depends on functional unit 
and scale. As illustrated by Figure 2.2, Input-Output models are commonly applied to CF 
calculation at global and national level, hybrid models are applicable at sub-national scale, 
organizations or industrial sectors, while Process-based LCA dominates the CF assessment of 
products and services.    

 

Figure 2.2 Carbon Footprint methods on different scales of application  

Source: (Peters, 2010) 

 

Processed-based LCA provides a comprehensive accounting product CF over its whole life 
cycle. However, the LCA method requires comprehensive and specific data for each product. 
It is therefore too data-demanding for studies on an entire entity such as an organization, a 
city, or a nation, whose operation involves various products and services. EEIO analysis, with 
less demand on specific data, is widely applied at national scale (Minx et al, 2009). The 
hybrid IO-LCA method, combining the advantages of both EEIO and LCA methods, is newly 
proposed and is being increasingly used in practice (Peters, 2010).  The sector with the most 
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potential for application of hybrid method is believed to be sub-national cases such as CF 
analysis of cities, countries or organizations.   

2.2.1. Environmentally Extended Input-Output Analysis 

Principally formulated by Wassily Leontief in the 1930s, economic input-output analysis 
(EIOA) is an economic modelling technique disclosing the interaction between sectors, 
producers and consumers (Wiedmann, 2009). This economic tool was later (1970s) extended 
to cover the generation and elimination of pollution, which were integrated into the economic 
process (Leontief, 1970). This Environmentally Extended Input-Output (EEIO) analysis 
provided an alternative approach for calculating Carbon Footprint when the concept came up 
in 1990s. The IO methodology is based on supply and use tables describing the product flows 
through the economy. In EEIO analysis, related emissions are linked to the input-output tables, 
making it possible to see the direct emissions caused by an entity's production and the indirect 
emissions of its suppliers (Swedish Environmental Protection Agency, 2010). 

Since the IO analysis is based on cash flow, emissions are linked to cash flows. For each unit 
of money spent on a product sector, there is a related emission. Therefore it is possible to 
calculate consumption-based emissions through EEIO analysis. Once an Input-Output table is 
established for an economy, a cost-efficient and consistent analysis of CFs can be conducted.  

The acceptance of EEIO as a method of Carbon Footprinting varies across different scales of 
application. EEIO analysis dominates calculation for national CF (Minx et al., 2009), as it can 
analyze the complex system with many sectors and material flows in a resource-efficient way. 
At organizational level, IO analysis is also considered an optional methodology for 
accounting an entity's upstream emissions through linking IO models with the financial 
accounts (Minx et al., 2009). Despite of increasing demand of CF information for 
municipalities and cities in support of policy making process, CF accounting for small spatial 
areas are still at its infancy stage, and application of EEIO method at this scale remains 
largely unexplored (Minx et al., 2009).  One potential application is that the well-established 
national inventory can be combined with local expenditure or population data to get a general 
estimation of local Carbon Footprint, when the specific data available is not sufficient to 
conduct a local IO analysis. It can be useful considering the fact that many cities and 
municipalities do not have a comprehensive record of economic activities and related 
emissions.  

Despite its wide-ranging application in CF, barriers exist for IOA’s application in certain 
areas. One of the disadvantages is that IOA requires specialist knowledge in economic and 
environmental theory and frameworks (Wiedmann, 2009) in which many practitioners in 
corporations and municipalities are lacking. More importantly, it is often argued that the 
aggregation uncertainty in IOA may lead to less accurate results then Process Analysis 
(Wiedmann, 2009). Therefore, a holistic approach such as hybrid approach is needed to 
reduce the uncertainty. 
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2.2.2. Process Analysis ---Life Cycle Assessment (PA- LCA) 

LCA based on Process Analysis is a bottom-up approach developed for a holistic assessment 
of the environmental impacts of individual products from cradle to grave. As its definition 
usually includes non-carbon Greenhouse Gas emissions and uses CO2 equivalent as the unit of 
measurement, Carbon Footprint is very similar to the Global Warming Potential (GWP) 
indicator in LCA (Weidema et al., 2008). Thus LCA can be used to estimate the CF of 
products throughout their life cycle. It is an efficient method to obtain a comprehensive CF 
for certain products, for which LCA databases have been well established. As a dominant 
method for product CF assessment, some LCA standards have been developed to standardize 
data collection and calculation processes, including ISO 14040 and PAS 2050. The 
standardization makes it possible to compare the CF of similar products, and to provide the 
foundation for CF labelling.  

However, when applying LCA to Carbon Footprinting, one might suffer from a system 
boundary problem, which is a major difficulty for LCA. Especially for open-loop systems 
with recycling and reuse processes, designating system boundaries requires practitioners to 
have profound knowledge in LCA. A systematic truncation error is likely to occur when 
system boundaries are defined arbitrarily, causing relevant emissions to be ignored. The other 
limitation is that LCA is not appropriate for estimating CF of larger entities such as 
municipalities, cities or industrial sectors, because it demands a huge amount of data on the 
products and intensive work on information processing. Even though estimates can be derived 
using information available in LCA databases, results will become increasingly patchy as a 
subset of individual products is assumed to be representative for a larger product group and 
information from different databases have to be used, which are usually not consistent 
(Wiedmann & Minx, 2008). 

2.2.3. Hybrid Approaches 

Hybrid approaches integrate IOA and Process Analysis, using both sectorial and process-
specific data. The first hybrid approach combining IOA and Process Analysis was introduced 
by Bullard in 1978 (Bullard et al., 1978), aiming to calculate the energy cost of goods or 
services with a certain degree of accuracy. In a hybrid analysis of target products, IOA can be 
used to determine the total energy cost of input materials which are typical products of IO 
sectors, and further Process Analysis is only demanded for input materials that are atypical in 
IO sectors (Bullard et al., 1978). With the development of research on Carbon Footprinting, 
hybrid approaches are increasingly applied by researchers within the field. Berners-Lee and 
colleagues (2010) created a hybrid model of GHG accounting for small and medium sized 
businesses, where both national Input-Output data and PA-LCA techniques are applied.  

Hybrid approaches can be divided into three categories: firstly, tiered hybrid analysis, in 
which the direct and downstream processes and important lower order upstream procedures of 
a product are examined in detailed Process Analysis, while the remaining parts are covered 
with IOA; secondly, Input-Output based hybrid analysis, in which important Input-Output 
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sectors are further disaggregated if more detailed sectoral monetary data are available; finally, 
integrated hybrid analysis, in which the process-based system is represented in physical units 
while the Input-Output system in monetary units, the two are linked through flows across the 
borders (Suh et al, 2004). 

As its major advantage, the hybrid approach enables IOA and PA-LCA to complement each 
other in the same project. Through applying different approach to different parts of the 
analysis, advantages of both approaches like completeness and specification can be achieved 
while deficiencies of both approaches like aggregated uncertainty and truncation error can be 
reduced. Although hybrid approaches can reduce the systematic truncation problem, the 
question of locating the boundary between the Process system and the Input-Output system 
still remains(Suh et al, 2004). A hybrid analysis deficient in specific analysis of important 
processes may come across the same problem of aggregated uncertainty as IOA, while 
expanding the process segment requires more statistics, time and work. Therefore a trade-off 
between accuracy and resource efficiency should be carefully considered when delineating the 
borderline. Location of the boundary depends on data availability, requirements of accuracy 
and details, and resources like capital, labour and time (Suh, 2004). 

 

2.3. Standardization 

Several standards have been established or are under development to provide guidelines on 
Carbon Footprint assessment at various scales and areas of application, including the 2006 
IPCC guidelines (IPCC, 2006), PAS2050 (BSI, 2008), The Greenhouse Gas Protocol–A 
Corporate Accounting and Reporting Standard (the GHG protocol) (WBCSD & WRI, 2004), 
and the International Local Government GHG Emissions Analysis Protocol (IEAP) (ICLEI, 
2009). Regardless of the different objectives and intended audience behind these standards, 
they are not developed in an isolated way. It is common that the later-developed standards 
refer to the work of their predecessors, and some principals regarding data quality and 
methodological issues are adopted widely. The main distinguishing features among these 
guidelines lie in the aimed scales of application, the application of methodologies, and the 
categorization of emission sources.  

As is illustrated by Figure 2.3, standards have been developed aiming at various scales of 
application from country to product/service. IPCC guidelines provide official methodologies 
for estimating national inventories of anthropogenic emissions. These are developed to assist 
member nations on the reporting of national GHGs inventories in the UNFCCC framework, 
and are therefore applicable at national level. The following are standards aimed at 
organizational and sub-national levels: Greenhouse Gas Protocol–A Corporate Accounting 
and Reporting Standard which is designed to help develop a verifiable GHG inventory for 
companies and other organizations; and International Local Government GHG Emissions 
Analysis Protocol (IEAP) which aims to assist local governments in assessing GHG emissions 
from both their own operations and the whole municipality. The PAS2050 applies at the 
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smallest scale among these standards, assessing life cycle emissions of products and services 
from "business to consumer" or "business to business".  

 

 

Figure 2.3 Greenhouse Gas accounting standards on different scales of application 

In terms of methodological choice, the IPCC guidelines refer to a hierarchy of calculation 
approaches and techniques ranging from application of emission factors to direct monitoring, 
establishing methodological foundation for subsequent efforts at standardization. The most 
common calculation approach recommended by the standards is to obtain the value of  
Greenhouse Gas emission by multiplying  activity data by emission factors,  the amount of 
non-CO2 gases emitted are then converted to CO2 equivalent according to their Global 
Warming Potential (GWP) so that the total climate impact can be aggregated as CO2 

equivalent. Although this common calculation approach is widely applied, requirements on 
data details and accuracy vary across standards due to different levels of application. Both 
IPCC guidelines and IEAP subdivide methods into 3 tiers regarding the levels of data 
accuracy and details, ranging from application of national default emission factors to details at 
individual plant level. PAS 2050, on the other hand, requires acquisition of activity data and 
emission factors specific to the targeted product or service.  

There are also different ways of setting system boundaries corresponding to methods used in 
different standards. The IPCC guidelines look at the national level and the reported inventory 
is thus production-based within the geopolitical boundaries of the country. On the other hand, 
PAS 2050 is based on LCA approaches, and therefore it defines system boundaries by life 
cycle stages of the product/service. In the case of IEAP, a combination of the production and 
consumption perspectives is adopted to develop a complete and inspiring GHG inventory in 
support of local climate efforts. The first criterion for consideration in community inventory is 
geopolitical boundaries. However, it is also considered important to include emissions that 
occur in other areas but are caused by local activities such as purchased electricity, waste 
treatment facilities outside the city, upstream emissions of consumed products etc. Therefore, 
emissions are classified under three scopes according to location and level of controllability. 
Scope 1 equals production-based emissions that are limited within the geopolitical boundaries, 
while Scope 3 considers upstream emissions of local activities, which is based on a 
consumption perspective (see below).It is common that GHG emissions are categorized into 
sectors by their sources, but the way of categorization varies between standards.  The IPCC 
guidelines classify emissions into four sectors: Energy, Industrial Processes and Product Use, 
Agriculture Forestry and Other Land Use, and Waste. The classification is followed by IEAP 
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with more details relating to municipalities added. The GHG protocol identifies emissions 
from industrial sectors including energy, metals, chemicals, waste, pulp and paper, F-gases 
production, semiconductor production and other sectors. Additionally, emissions from sectors 
are allocated to 3 scopes in IEAP and the GHG Protocol. Definitions of the Scopes are similar 
in the two standards with small difference due to different audience targeted.  The ones 
provided by IEAP are applied in this study: 

Scope 1 emissions --- all direct emission sources owned or operated by the local government 

ission sources limited to electricity, district heating, steam 

 embodied emissions over which the local 

n of each standard can be found in Appendix I.  

2.4. Research methodology applied in this thesis  

To obtain comprehensive knowledge and understanding relating to Carbon Footprinting and 

accounting at municipality level, the case study of Haninge 

(government scale) / located within the geopolitical boundary of the local government 
(community scale);  

Scope 2 emissions --- indirect em
and cooling consumption/ that result as a consequence of activity within the jurisdiction's 
geopolitical boundary.  

Scope 3 emissions --- all other indirect and
government exerts significant control or influence / that occur as a result of activity within the 
geopolitical boundary. 

More detailed descriptio

 

its methodologies, a literature review of previous studies and standards of CFs is conducted as 
the first stage of the research. Information is collected from academic journals, scientific 
databases, websites of related institutions, and correspondence with researchers. Acquisition 
of data relating to Haninge is facilitated by the local municipality through statistical support, 
meeting and interviews.   

As it looks at Carbon Footprint 
Carbon Footprint principally follows the guidelines of the IEAP standard. Thus the emissions 
are categorized into four sectors and three scopes. As is described previously, in IEAP, Scope 
1 emissions usually refers to production-based emissions which are limited to the 
jurisdiction's geopolitical boundaries, while Scope 3 emissions refer to upstream emissions 
embodied in the consumed products of the targeted municipality, which is to be accounted 
from a consumption perspective. With the concept of CF based on consumption, it covers 
Scope 2 and Scope 3 emissions, and the part of Scope 1 emissions that is generated as a result 
of the demand of local residents. The methodology applied for calculating Scope 1 emissions 
is a combination of top-down and upstream approaches, which means both local and national 
statistics are to be used. In the case study of Haninge, local energy balance tables and Swedish 
emission factors of different fuels provided by the National Inventory Report (NIR) are used 
to calculate the emissions arising from the energy sector. Regarding the other sectors, the 
national emissions are allocated to the municipality. The methodology applied for roughly 
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estimating Scope 3 emissions of Haninge is based on Input-Output Analysis of the nation's 
consumption. Consumption-based emission statistics available in the Swedish database are 
divided by the municipality’s population size. Databases with varied levels of statistics are 
used for the assessment. The use of these databases is further explained in the following 
passage.  

Activity data and part of the emission statistics are derived from three databases for Sweden: 

ustrated by Figure 2.4: literature review, 

perspectives are analyzed and compared to guide local climate strategies.  
                                                           

Municipal and regional energy statistics (KRE) 2 , the National Emission Database of the 
RUS3, and Environmental Account of Statistics Sweden4. The energy balance table by fuels 
types and sectors from KRE is the base of CF calculation. Multiplying fuel use with 
corresponding NIR emission factors, GHG emissions arising from local fuel and electricity 
consumption can be estimated from the energy balance statistics. The inventory can be further 
divided into different sectors with statistics on final fuel use in each sector. Data of non-
energy-related emissions in other IEAP sectors, including Industrial Processes and Product 
Use, Agriculture Forestry and Other Land Use, and Waste are obtained from the RUS 
database. In opposition to the "bottom-up" approach of KRE, a "top-down" approach is 
applied by RUS to allocate national emissions to counties and municipalities based on 
regional conditions such as population, forest land, number of power plants etc. The RUS data 
come with uncertainties at municipality level, however it is used in this study as sufficient 
data specific to Haninge are not available. The GHG inventory of Swedish private 
consumption is derived from the Environmental Account. It is included in this report with the 
purpose of analyzing the CF of private consumption and exploring ways of minimizing it. 
This is done at national level instead of municipal level because specific data on Haninge 
private consumption is not available. Nevertheless, the analysis is considered representative of 
the case of Haninge and can be adjusted for local social-economic status. Emission values 
from private consumption in the database are calculated using Input -Output Analysis. The 
values are displayed as domestic emissions including direct and indirect parts, or total 
emissions in which external emissions in other countries caused by production of imported 
goods are included.  The direct emissions are emissions from sources owned or directly 
controlled by the studied entity, while the indirect emissions are from related sources 
controlled by other entities such as upstream suppliers.  

Research methods adopted in this study are ill
interviews, and survey of methodologies and standards are conducted at the first stage; IEAP 
standards and calculation methods from both consumption and production perspective are 
then carefully chosen for the compilation of the GHG inventory; the next stage involves 
statistic collection, processing and calculation, which are based on several energy and 
emission databases in Sweden; finally results from both production and consumption 

 

2 http://www.h.scb.se/scb/mr/enbal/guide2/en_frame.htm 

3 http://www.rus.lst.se/kartfunktion.html 

4 http://www.mirdata.scb.se/MDInfo.aspx 
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Figure 2.4 Methodological choice of the case study of Haninge GHG accounting 

 

. Results and analysis:  Carbon Footprint of Haninge 

 

ccording to IEAP is presented in table 3.1. In 
le, emission sources are categorized into four sectors and three scopes.  

ity is recorded 
for each sector: agriculture, forestry and fishing, industry and construction, public service, 

3

3.1. Greenhouse Gas inventory of Haninge 

A comprehensive GHG inventory formulated a
the tab

Calculation for the energy sector is based on the Haninge energy balance table by final use 
(see Appendix II) for 2008, where consumption of each fuel type and electric

transport, household and other use. Swedish national average emission factors for each fuel 
type and the Global Warming Potential (GWP) of non-CO2 Greenhouse Gases provided by 
the IPCC are applied here. During the calculation, the amount of energy produced from each 
type of fuel is firstly multiplied by corresponding emission factors to estimate emissions of 
the three major Greenhouse Gases (CO2, CH4, and N2O).  Then the amount of non-CO2 gases 
emitted is converted into CO2 equivalent by multiplying by their GWP. The total GHG 
emissions are a sum of all the emissions as CO2 equivalent.  
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As is shown in the table, emissions from final energy use amount to 155,740 tonnes CO2 eq 
for Scope 1 and 16,228 tonnes CO2 eq for Scope 2, dominating the entire GHG inventory. 

ope 2 emission source, result in nearly 10% of the 

ant amount of 

wn approach is applied in this database, 

Emissions from transport are the largest part of those from the energy sector. An intensive 
consumption of diesel and gasoline is recorded in the transport sector, as well as a small 
amount of electricity use (see Appendix II). Gasoline and diesel, mainly used as vehicle fuels, 
are the largest non-biogenetic contributors to GHG emissions, resulting in over 80% of the 
Scope 1 emissions. While 100% of power and heat are produced from renewable sources, the 
transport sector still relies heavily on fossil fuels. There is a low proportion (approximately 
5%) of ethanol blended in gasoline, but emissions from these biofuels have been deducted 
from the emission of gasoline (SMED, 2009). The low consumption of biofuels in transport 
indicates a potential area of improvement. 

Electricity is supplied by the national grid; therefore the resulting emissions are categorized 
into Scope 2. Purchased electricity, as a Sc
total emissions from local energy use. The percentage is very small considering the fact that 
purchased electricity constitutes almost half of the total energy supply of Haninge. The low 
carbon intensity of Swedish electricity is due to the fact that electricity production in Sweden 
is dominated (96%) by sources free of greenhouse emissions, with 85% - 90% by 
hydroelectric and nuclear power generation (Sweden energy, 2010). A small amount of GHG 
emission from household energy use can be seen in the table. This does not necessarily mean 
that energy consumption in households is small; but is rather due to the fact is that heating 
produced from biomass and electricity from renewable sources and nuclear power are 
supplied to households. It is not recorded in the inventory that more than 8,600 tonnes of 
biogenetic CO2 is released due to biomass combustions for household energy.   

Additionally, as can be observed in the local energy balance table (Appendix II), a large 
amount of biomass is used for production of district heat. Although a signific
CO2 emission is caused by the combustion of biomass, it is not included in the inventor as 
they are biogenice emissions from natural sources.  

Emission statistics in the industrial processes, agriculture and waste sectors are derived from 
the National Emission Database of RUS.  A top-do
dividingnational emission data to make it applicable at the municipality level. Emissions 
attributed to the industrial processes sector are non-fuel related emissions. A small amount of 
CO2 and F-gases are recorded arising from the industrial processes of Haninge. This small 
climatic impact is in accordance with the lack of industries in Haninge. Beside use of energy, 
the agriculture sector mainly generates CH4 and N2O emissions from stock raising. Emissions 
from waste treatment as a result of local activities are allocated to the municipality from 
national GHG emissions data based on population ratio. A more site-specific estimation could 
be conducted if detailed data for Sofialund landfill and Stockholm sewage treatment were 
obtained. For a further study data could be obtained from Henriksdal sewage treatment plant. 
Emissions from waste treatment should be counted as Scope 3 emissions as both municipal 
solid waste and sewage are delivered to handling facilities outside Haninge.   
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The overall GHG emissions of Haninge from a production perspective, namely Scope 1 
emissions, are 169,000 tonnes of CO2 equivalent for the whole municipality, and 
approximately 2.3 tonnes CO2 eq per capita. The external emissions arise from production of 
purchased electricity and waste treatment equal to 18% of the production-based emissions. 
Additionally, one should keep in mind that a significant amount of Scope 3 emissions is not 
included in the table due to lack of Input-Output statistics of consumer products for Haninge. 
The critical part of Scope 3 emissions in Haninge lies in the indirect emissions caused by 
imported goods in support of local consumption. Since specific data for local consumption is 
not available, the analysis of consumption pattern in the following section is based on 
Swedish national statistics on emissions caused by private consumption. It is believed that the 
national average data is sufficient to represent the consumption pattern of Haninge residents, 
and the pertinence of this analysis can be improved through qualitative adjustment based on 
local social-economic statistics.  

 

    



Table 3.1(1) Greenhouse Gas Inventory of Haninge Municipality (Scope 1), 2008 
 

 Scope 1  
Sector CO2(t) CH4(t) N2O(t) HFC(t CO2 eq) PFC(t CO2

eq)
SF6 (t CO2 

eq)
Sum(t CO2 eq) 

Energy 154,029.742 21.392  4,066.7     155,739.632 
Agriculture, forestry, fishing 2,861.154  0.0243  0.054    2,878.427 
Industry, construction works 2,907.094  0.0288  0.065    2,927.935  
Public sector 707.891 0.008  0.017     713.329 
Transport 143,191.670 212.754  3.270     144,652.199  
Other services 3,054.859  0.0377 0.078     3,079.731 
Household 1,307.071  0.0172  0.583     1,488.013 
Industry processes 111.730   4,874  10.2  72.178 5,068.108 
Mineral industry 4.730       
Metal industry 107       
F-gases use    4,874 10.2  72.178  
Agriculture 0.0  85.7  20.7     8,216.7 
Ruminants  76.3       
Animal manure  9.4  2.5      
Other agricultural emissions   18.2      
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Table 3.1(2) Greenhouse Gas Inventory of Haninge Municipality (Scope 2,3), 2008 

 Scope 2 Scope 3 
Sector CO2(ton) CH4(ton) N2O(ton) Sum(ton CO2 eq) CO2(ton) CH4(ton) N2O(ton) Sum(ton CO2 eq) 
Energy (purchased 
electricity) 

15491.904 6.455 1.937 16227.769     

Agriculture,forestry, 147.120 0.061  0.018 154.108     
Industry, construction 892.128  0.372  0.112 934.504      
Public sector 809.736  0.337 0.101  848.199      
Transport 78.504  0.033  0.010  82.233      
Other services 6,677.280 2.782 0.835 6,994.451      
Household 6,887.136 2.870  0.861  7,214.275     
Waste      992.301 601.034 4.293 14,944.681 
Landfill     / 567.260 / 11,912.468 
Incineration     / 33.773 4.131 1,989.692 
Sewage treatment     992.301 / 0.162 1,042.521 

 
Source: Secondary data from Energy balance table, KRE; National emission database, RUS.   

Scope 1 emissions from energy sector are caused by stationary fuel combustion, while Scope 2 emissions are from grid electricity. 

Emissions value from the waste sector is derived from NIR data according to population ratio. 

These are classified as Scope 3 emissions as major waste treatment facilities are located outside Haninge 

Population of Sweden is 9,456,347 in 2008, population of Haninge is 74,968.  Original data source: SCB http://www.scb.se/Pages/TableAndChart____262455.aspx 

 

 
 
 
 
 

http://www.scb.se/Pages/TableAndChart____262455.aspx


3.2. Swedish private consumption based GHG inventory 

As is mentioned above, specific data on consumption by Haninge residents are not available, 
The Greenhouse Gas emissions from private consumption within the municipality therefore 
need to be estimated based on Swedish national statistics.  

In order to get a general picture of the Swedish pattern of private consumption and its climatic 
effect, an analysis of emissions from different product categories is conducted. Table 3.2 
shows the GHGs emissions of 38 product groups, which are further aggregated into four large 
sectors including eating, housing, travelling and shopping. The classification of products is 
based on the COICOP Category. 104 products in the category are aggregated into the 38 
product groups in Table 3.2 according to functional similarity. Details of the aggregated 
product groups can be found in Appendix III. Both per capita emissions at Swedish average 
and total emissions by Haninge residents are presented in the table: The former is estimated to 
be 5.3 tonnes of CO2 eq per person per year, while the latter totaled 398,000 tonnes CO2 eq 
for year 2008.  

The relations among total emissions, direct and indirect emissions, domestic and external 
emissions are illustrated by Figure 3.1. The GHG protocol (WBCSD & WRI, 2004) defines 
direct and indirect emissions as following: Direct GHG emissions are emissions from sources 
that are owned or controlled by the reporting entity; indirect GHG emissions are emissions 
that are a consequence of the activities of the reporting entity, but occur at sources owned or 
controlled by another entity. Domestic emissions in this table refer to both indirect and direct 
emissions that occur within geographical boundaries of Sweden due to Swedish private 
consumption. External emissions refer to those arising outside Sweden as a result of imported 
goods for Swedish private consumption. All external emissions belong to indirect emissions 
in this table.  

 

 

Figure 3.1 Composition of total emissions by Swedish private consumption 

 
  

 



 

 

Table 3.2 Emission inventory of Haninge based on private consumption (year 2008) 

Sector Subsector Total GWP 
per capita 

Domestic GWP 
per capita 

Share of external 
emission 

Total GWP of 
Haninge  

Eating 
(Indirect) 

Meat 0.28  0.17  0.39  21,234.97  
Fish and seafood 0.02  0.00  0.84  1,851.29  
Dairy 0.28  0.19  0.34  20997.71  
Vegetables 0.19  0.07  0.65  14,163.09  
Fruit 0.16  0.02  0.89  12,277.66  
Bread and cereal 0.13  0.06  0.53  9,494.15  
Oils and fats 0.04  0.02  0.56  2,692.72  
Sweets 0.10  0.04  0.60  7,409.68  
Beverages 0.14  0.04  0.71  10,279.56  
Tobacco 0.01  0.01  0.61  976.91  
Food products n.e.c. 0.05  0.01  0.82  3,441.75  
Catering services 0.17  0.09  0.46  12,555.24  
Eating total 
(Indirect) 

1.57  0.70  0.55  117,374.73  

Housing 
(Indirect) 

Investment and 
maintenance 0.41  0.29  0.30  30,506.94  

Electricity 0.31  0.26  0.15  23,025.20  
Heating 0.12  0.11  0.09  9,179.12  
Fuels (gas, liquid, 
solid) 0.03  0.01  0.55  2,132.17  

Furniture 0.08  0.02  0.77  6,175.67  
Utensils and kitchen 
appliances 0.04  0.01  0.76  2,925.59  

Tools and 
accessories 0.01  0.00  0.76  1,018.45  

Non-durable 
household goods 0.02  0.01  0.77  1,676.23  

Gardening 0.10  0.04  0.65  7,692.86  
Domestic and 
household services 0.01  0.00  0.33  520.29  

Housing total 
(Indirect) 

1.13  0.75  0.34  84,852.51  

Traveling 
(Indirect) 

Petrol and fuels 0.15  0.03  0.78  11,059.13  
Cars  0.11  0.02  0.85  8,482.21  
Package holidays 0.08  0.04  0.57  6,285.02  
Passenger transport  
by bus and railway 0.03  0.02  0.29  2,232.99  

Passenger trans. by 
air 0.16  0.06  0.61  11,688.16  

Passenger trans.by 
sea and inland water 0.04  0.03  0.33  3,154.77  
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Ancillary car 
expenses 0.07  0.04  0.39  5,062.81  

Other trans. and 
services 0.09  0.06  0.30  6,538.37  

Travelling total 
(Indirect) 

0.73  0.30  0.59  54,503.45  

Shopping 
(Indirect) 

Clothing and shoes 0.14  0.03  0.76  10,524.05  
Computers, 
telecommunications 
and TV 

0.08  0.03  0.67  6,324.23  

Beauty products 0.02  0.01  0.41  1,434.59  
Pets 0.05  0.03  0.38  3,854.37  
Recreational 
equipment and 
services 

0.15  0.08  0.47  11,038.55  

Reading materials 
and stationeries 0.03  0.01  0.58  2,191.32  

Pharmaceutical 
products and medical 
services 

0.05  0.02  0.66  4,088.84  

Other goods and 
services 0.14  0.06  0.56  10,518.43  

Shopping total 
(Indirect) 

0.67  0.28  0.58 49,974.38  

 Sum Direct 1.21  1.21  0.00  90,926.65  
 Sum Indirect 4.10  2.03  0.50  307,053.54  
 Total 5.31  3.24  0.39  397,980.19  
 

Source: Secondary data based on national emission data based on private consumption by purpose 
provided by SCB, accessible at: http://www.mirdata.scb.se/MDTblTabs.aspx 

Population of Sweden reached 9,256,347; Population of Haninge reached 74,968 at the end of year 2008. 
Data source: Statistics Sweden, http://www.scb.se/Pages/TableAndChart____262455.aspx, last accessed at 
April 10th, 2011. 

The total GWP of Haninge by private consumption of local residents is estimated by multiplying national 
average per capital emissions with population of Haninge.   
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Indirect emissions arising from various foods and catering services take up the largest 
proportion, reaching 38% of the total emissions by private consumption. This is followed by 
the housing sector, the indirect emissions from which contribute 28% of total emissions. The 
travelling and shopping sectors are responsible for 18% and 16% of the total emissions 
respectively (Figure 3.2). The remaining emissions are direct emissions which are not divided 
into sectors.  The total amount of direct emissions from private consumption is 1.21 per capita 
for 2008, accounting for only 23% of the total emissions. 39 % of the total emissions occur 
outside Sweden as a result of import. In the following section, emissions from the four large 
sectors are further broken down into sub-sectors to obtain more detailed analysis.  

 

 

Figure 3.2 Indirect GHG emissions divided by consumption sectors 

Source: Original data from Statistics Sweden, SCB. 
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3.2.1. Eating 

The eating sector emitted 1.57 tonnes CO2 eq per capita in 2008, and 117,400 tonnes CO2 eq 
for the whole of Haninge. It is the most important contributor of indirect emissions in the 
inventory. As can be observed from Figure 3.3, consumption of animal products (meat and 
dairy) is the most significant source of emissions, responsible for 36% of the sector's total 
indirect emissions. Vegetables and fruits are the second most important food types regarding 
climatic effects; and together they are responsible for 22% of the sector's emissions. As a high 
proportion of vegetables and fruits are imported from other countries, transportation might be 
a major reason for their high carbon intensity. Consumption of fish and sea food, as well as 
tobacco, is estimated to be of the lowest climatic impact among food categories, very likely 
due to the small scale of consumption. Over half of the emissions in the eating sector take 
place in other countries as a result of international trading. The shares of external emissions 
from fruit and sea food are extremely high as Sweden imports most of its fruit and seafood. 

  

 

Figure 3.3 Indirect emissions arising from food consumption 

Source: Original data from Statistics Sweden, SCB. 
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3.2.2. Housing 

The housing sector contributes to a per capita emission of 1.13 tonnes CO2 eq, and a total 
amount of 84,800 tonnes CO2 eq for Haninge. As the second largest contributor in the 
category, it accounts for 28% of total indirect emissions of private consumption. As can be 
observed in Figure 3.4, emissions caused by investment and maintenance of shelters dominate 
the sector, taking up 36% of the sector's total indirect emission. The number might be well 
underestimated as the indirect impact of construction (for instance, use of cement and steels, 
delivery of materials, etc.) is not considered in this subcategory.  Total energy use including 
electricity, heating and fuels are responsible for 41%. Thus household consumption of 
electricity has larger climatic impact than heating and fuels in total. The individual impact of 
the remaining housing products and services are small except gardening, which causes per 
capita emissions of 0.26 tonnes CO2 eq. Among all the sectors, housing has the lowest 
proportion of external emissions (34%). Most of them arise from imported household 
furniture, appliances and tools.   

 

 

Figure 3.4 Indirect emissions arising from housing  

Source: Original data from Statistics Sweden, SCB. 
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3.2.3. Travelling 

The travelling sector emits 0.73 tonnes CO2 eq per capita and 54,500 tonnes CO2 eq for the 
whole of Haninge, responsible for 18% of the total indirect GHG emissions. It is of lesser 
impact than other sectors. As shown in Figure 3.5, the largest emissions in the travelling 
sector are from aviation. 61% of aviation emissions are external, indicating the magnitude of 
impact of international flights. It is worth noting that a significant share of emissions arises 
from use of private cars: mobile combustion of petrol and fuels are the most important 
emission source, followed by upstream emissions of cars and all kinds of ancillary car 
expenses. The three groups together contribute to 45% of the sector's total indirect emissions. 
Package holidays and combined transport and services are of medium significance in the 
sector. As the most common means of transport except private cars, terrestrial public transport 
including bus and rail are of lowest climate impact, corresponding to only 4% of the indirect 
emissions from transport sector. The sector has 9% of its indirect emissions arising outside 
Sweden, and the majority is from cars, vehicle fuels and foreign aviation.  

 

 

Figure 3.5 Indirect emissions arising from travelling 

Source: Original data from Statistics Sweden, SCB. 
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3.2.4. Shopping 

Per capita emissions from the shopping sector amount to 0.67 tonnes CO2 eq and the value for 
Haninge totals 50,000 tonnes CO2 eq, corresponding to 16% of total indirect emissions of 
private consumption. Expenditure on recreational equipment and services contributes the 
highest portion of indirect GHG emissions: nearly 22% of the sector's total. This is closely 
followed by expenditure on clothing and shoes (21%) (Figure 3.6). The impact of consuming 
IT products (computers, telecommunications and TV) is apparently higher than the other 
remaining product groups such as beauty products, pets and pharmaceuticals, between which 
emissions are more or less evenly allocated. Consumption of reading materials and stationery 
is of the least climatic impact in general. Paralleling eating and travelling sectors, the 
shopping sector has a high proportion of external emissions as a result of imports. External 
emissions from clothing and shoes, electronics and pharmaceutical products are especially 
large.   

 

 

Figure 3.6 Indirect emissions arising from shopping activities 

Source: Original data from Statistics Sweden, SCB. 
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3.3. Climatic impact of Haninge and comparison with national data 

As there are few manufacturing industries in Haninge it is considered appropriate to count 
indirect emissions caused by local private consumption into Scope 3 emissions without the 
risk of overlapping with emissions recorded in Table 3.1. Direct emissions from private 
consumption are not to be added to the inventory as emissions arising inside and outside 
Haninge can not be distinguished from existing information, therefore the risk of overlapping 
is high.   

From a consumption perspective, a total Carbon Footprint of Haninge municipality can be 
roughly estimated by summing Scope 2 and Scope 3 emissions including indirect emissions 
from private consumption. The value is estimated to be at least 338,200 tonnes CO2 eq, and 
4.5 tonnes CO2 eq per capita, almost twice as large as the production based emissions for 
Haninge, which are 169,000 tonnes of CO2 equivalent in total, and approximately 2.3 tonnes 
CO2 eq per capita in Sector 3.1. The big difference between production and consumption 
perspectives supports the assumption that private consumption plays an important role in the 
climatic impact of municipalities, especially for those with few industries within their 
boundaries. These results indicate that municipalities should not only examine production-
based emissions within their boundaries but also external emissions caused by local 
consumption and activities, especially upstream emissions arising from private consumption.  

To assess the climatic performance of Haninge municipality, a general comparison between 
local Carbon Footprint and the national statistics is conducted.  Table 3.3 presents the national 
GHG inventory of Sweden by sectors. As is shown, emissions from Energy and LULUCF 
sectors dominate the net climatic impact. Energy production is the major source of GHG 
emissions, while land use, land use change and forestry are the only but significant carbon 
sinks. Average emission per capita is estimated to be 3.5 tonnes CO2 eq, higher than the 
production-based or Scope 1 emissions of Haninge (2.3 tonnes CO2 eq per capita). The lower 
per capita local emissions of Haninge are likely due to the fact that the municipality mainly 
imports products from other cities or countries instead of producing products locally - most 
emissions caused by local consumption arise somewhere else and are not included in the local 
emissions. The situation would be reversed if emissions caused by local consumption but take 
place in other areas are included in the value. This further reflects the significant climatic 
impact of private consumption at municipality level.   

According to the original table which is more detailed, the national average emission from 
energy use for transport is 2.19 tonnes CO2 eq per capita, slightly larger than the value of 
Haninge, which is 1.93 tonnes CO2 eq per capita. The comparison indicates that although 
combustion of vehicle fuels plays a major role in the energy sector’s emissions, the climate 
performance of transport system in Haninge is slightly better than the national average.   

 

 

 

 
30

 
 



 

Table 3.3 National Greenhouse gas emissions of Sweden by sectors (2008) 

Greenhouse Gas source/ and CO2
1 CH4 N2O HFCs 2 PFCs 2 SF6 2 Total  

sink categories  (1000 t ) CO2 equivalent (1000 t ) 
Total (Net Emissions) (1) 19,576.62 5207.04 7,194.05 911.73 225.05 83.87 33,198.35 
1. Energy 44,339.78 20.82 4.23    46,087.45 
2. Industrial Processes 5,241.52 0.74 1.16 911.73 225.05 0.00 6,837.20 

3. Solvent and Other Product Use 172.38  0.40    295.41 

4. Agriculture  151.56 16.48    8,291.71 
5. LULUCF2 -30,299.58 0.63 0.41    -30,159.45 

6. Waste  122.52 74.21 0.53    1,846.02 
Total CO2 Equivalent Emissions including LULUCF (1000 t CO2 eq)33198.35 

Per capita (t CO2 eq)3.5 
Memo Item:  
CO2 Emissions from Biomass 32786.42 
 
Source: Swedish Environmental Protection Agency, 2011. NIR table 2008, table summary 2: summary report for CO2 

equivalent emissions, available at http://www.naturvardsverket.se/sv/Start/Statistik/Vaxthusgaser/Sveriges-rapportering-

till-FNs-klimatkonvention-och-EU/  

1, For CO2 from Land Use, Land-use Change and Forestry the net emissions/removals are to be reported.  For the 

purposes of reporting, the signs for removals are always negative (-) and for emissions positive (+). 

2, LULUCF is short for Land Use, Land-Use Change and Forestry. 
 

3.4. Analysis of influential factors on the Carbon Footprint of Haninge  

As a combined dataset of local and national statistics is used in the analysis, it is necessary 
that the results are interpreted taking into account the specific social-economic status of 
Haninge. A qualitative analysis on the potential difference between national CF and Haninge 
CF is conducted to estimate the uncertainties of the results. The analysis is based on 
influential factors on CF including population, population density, wealth, and transport 
patterns.  

3.4.1. Population and population density 

Haninge has a population of 74,968. The population density of Haninge is 163.9 persons/km2, 
ranking 32nd among Sweden's 290 municipalities. Although higher than most of the small 
municipalities in Sweden (Figure 3.7), the population density of Haninge is relatively lower 
than other nearby municipalities located in the Stockholm region such as Botkyrka (410.9), 
Tyresö (609.3), and Huddinge (717.3). Demand of personal transport and delivery of civil 
services tend to increase with lower population density, consequently the city's Carbon 
Footprint may be increased considerably.  
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Figure 3.7 Number of municipalities located in different intervals of population density (2008) 
Source: Original data from Statistics Sweden, SCB. 

Comparing the population structure by age of Sweden and Haninge (Figure 3.8&3.9), one can 
observe that Haninge has a slightly younger population than Sweden average. The percentage 
of non-adults in Haninge is 3% higher than that of Sweden, while the share of people after 
retiring age (65 years old) is 4% lower than national average. The proportion of people at 
working age (18-64) in Haninge is 63%, 3% higher than Sweden. The younger structure of 
Haninge may raise the local Carbon Footprint since young people, especially people of 
working age, have higher demand for transport and commercial products than the elderly.  

 

   Figure 3.8 Population of Haninge by age                  Figure 3.9 Population of Sweden by age  

Source:  Figure 3.8, population statistics provided by Haninge municipality (2008); Figure 3.9, original 
data from Statistics Sweden, SCB (2008). 
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3.4.2.  Income level 

In 2006, the average income of Haninge residents (20 years and older) is 239,448 Swedish 
Kronor, 4% higher than the national mean (230,076 Kr). Usually, expenditure of households 
of higher income is larger than those of lower income, precipitating greater consumption of 
goods and services per capitaand in turn a higher Carbon Footprint. Moreover, it can be 
observed in Figure 3.10 that income levels of Haninge have been shifting upwards over the 
past years: the number of people earning more than 260,000Kr has increased gradually, while 
the number of people with income between 120,000Kr and 260,000Kr has been decreasing 
continuously. Numbers of people located at the two extremities of income (below 80,000Kr 
and above 800,000Kr) remain stable. This trend of increasing household income indicates 
parallel growth of Carbon Footprint over the years.  

 

Figure 3.10 Trend of income level of Haninge residents from 2006 to 2009  

Source: Original data from Statistics Sweden, SCB.  

3.4.3. Transport pattern  

In the Stockholm region, people living in suburban areas such as Haninge take more car trips 
and fewer SL (Stockholm Lokaltrafik, public transport) trips than inner city residents (Table 
3.4). A trend can be observed that car trips increase with the area's distance from the city 
centre. The fact that residents in suburban areas drive more frequently than those in the city 
would predict a relatively larger per capita CF for Haninge in the transport sector, as is seen.  

For 2006, among trips to the city centre from Haninge, 60% of the market share is taken by 
SL, and 37% by cars. The numbers for the whole of the Stockholm region are 37% of trips by 
public transport, 16% by car and 48% by cycle, foot or scooter. A higher share of trips by SL 

 
33

 
 



 

and car for Haninge are seen  due to its relatively distant location from the city centre. Within 
the municipality, 23% of trips are by public transport, 47% by car and 30% by bicycle, foot or 
scooter. Compared with the regional average shares (25% by SL, 41% by car, 34 % by bicycle, 
foot or scooter), Haninge has a slightly higher rate of car use. The reason might be longer 
distance between facilities as a result of low population density and high rate of car ownership. 
However, there is considerable potential to reduce local CF by promoting public transport and 
cycling/walking for short-distance trips.   

Table 3.4   Number of trips per capita per day by area and means of transport (2008) 

Housing area Public transport (SL) Car 

Inner city 0.95 0.56 

Half-central area 0.78 1.07 

Other parts in the North 0.49 1.47 

Other parts in the South 0.50 1.49 

Entire county 0.67 1.19 

 

Source: Stockholm Local traffic / Storstockholms Lokaltrafik (SL), 2009. Facts about SL and the county, 
year 2008. WWW document 31 May 2010: http://sl.se/sv/Om-SL/Det-har-ar-SL/Rapporter/Fakta-om-SL-
och-lanet/  . Dated visited 19 April 2011.  

 

4. Discussion 

4.1. Reducing climatic impact of the energy sector in Haninge 

Mainly consisting of heat production and vehicle fuels, the energy sector is the dominant 
source of Greenhouse Gas emissions in Haninge municipality. However, biomass has become 
the major feed stock for energy production and there has been an increasing trend towards 
using biomass. Although combustion of biomass releases a large amount of CO2, it is 
considered as biogenetic emissions and not included in the GHG inventory. The intensive use 
of biomass reduces the Carbon Footprint of Haninge. This situation is not restricted to 
Haninge, and biomass as a renewable source has been intensively and increasingly used over 
Sweden as feed stock of heat and power generation. While biomass resources are sufficient in 
Sweden, one must bear in mind that the advantages and disadvantages of biomass are 
continuingly debated elsewhere. The advantages of biomass are that it is arenewable source 
and has less climatic impact than fossil fuels, while its disadvantages involve its negative 
impact on land use and forestry. To meet the growing demand for biomass, a significant 
amount of land is being used worldwide for growing energy plants instead of crops, and 
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forests are cut down for wood. Although new trees are planted, the recovery of carbon emitted 
from combustion of biomass requires a long period. Although carbon dioxide emission from 
biomass are not accounted in the energy sector, its impact on land use and forestry should be 
accounted in the Land Use, Land Use Change and Forestry (LULUCF) sector. Moreover, 
other environmental impacts of biomass use should be noted as its combustion produces air 
pollutants including carbon monoxide, nitrogen oxide, Volatile Organic Compounds (VOCs), 
particulates, etc. The level of pollutant emission might exceed that of fossil fuels due to 
incomplete combustion or technical deficiency. Therefore, it is important that an 
environmental monitoring system is operated in the energy system of Haninge.  

Responsible for over 80% of Scope 1 emissions, vehicle fuels are the largest non-biogenetic 
releasers of GHG. Despite the fact that transport system of Haninge has a slightly better 
climate performance than the national average, there is still considerable space for 
improvement if we look at the analysis of influential factors in Haninge. Due to its lower 
population density and suburban location, Haninge has a higher share of private car 
ownership, and more daily car trips are taken by local residents then in other areas in 
Stockholm region. The climate impact of local transport can be reduced significantly if more 
people use public transport for commuting or local trips, as public transport is far less carbon 
intensive than private car driving if it is fully utilized. Moreover, cycling or walking for short-
distance trips should be facilitated by refined infrastructure such as cycling lanes and service 
points. Additionally it is observed that few biofuels for transport have been introduced to the 
area. As in energy production, properly utilizing biofuels to supplement gasoline and diesel 
can reduce GHG emissions from the transport system. As in some other municipalities in 
Sweden, buses can be converted to biogas fuel as the first step of promoting biofuels in the 
transport sector. The possibility of introducing more biofuels into the area can be discussed as 
part of a local climate action plan.  

 

4.2. Refining local climate strategies 

As a municipality heavily depending on import of goods, Haninge has larger consumption-
based emissions than production-based emissions. Nearly doubling the production-based 
emissions of Haninge, consumption-based emissions play an important role in the 
municipality's climate impact. Thus, focusing only on emission sources within the 
geopolitical boundaries will result in considerable underestimation of municipal emissions, 
and bring about the risk of missing important areas of improvement in policy making. The 
existing climate strategy of Haninge looks at emissions that occur within the geographical 
boundaries and has identified transport as the main field for efforts. However, a significant 
amount of GHG emissions, which are emitted outside the city but result from consumption in 
Haninge, are neglected in the climate strategy. These neglected emission sources are mainly 
Scope 3 emissions including embodied emissions of food, clothing, IT equipment and other 
consumer items which are imported. Emissions from waste treatment (waste incineration, 
landfill, compost) that occur outside Haninge are also an important category. To refine its 
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climate strategy, not only should the municipality look at local emission sources, but also 
make efforts to reduce Scope 3 emissions outside the jurisdiction.   

When making efforts to reduce local emissions, it is critical for the municipality to observe 
the pattern of private consumption and explore ways of improving this. As local statistics on 
private consumption are not available, national statistics are applied in this study for analysis. 
If an Input-Output table of consumer items specific to Haninge can be established, it would be 
possible to conduct a specific analysis of the Carbon Footprint of Haninge, which is a better 
indicator than analysis based at country level. Furthermore trends in consumption patterns 
through time can be tracked to aid policy improvement.  

 

4.3. Reducing the Carbon Footprint of private consumption of Haninge 

Although the analysis of private consumption is based on national data, the consumption 
pattern is considered fairly representative for residents in Haninge. The national average 
pattern is also discussed in the context of the social-economic conditions in Haninge in a 
qualitative manner. One can identify important product categories of private consumption 
from the breakdown of emissions, and deduce feasible ways of reducing personal CF by 
changing consumer behaviour. With regards to the Carbon Footprint of a consumer, there are 
several key elements to be assessed and improved.  

Firstly, consumption of animal products including meat and diary is of high carbon intensity. 
Carbon intensity of meat varies with types and producing area, but it is generally of higher 
intensity than other products at lower levels of the food chain. The difference of emissions 
intensity between vegetables and meat is relatively small due to the fact that the climate is too 
cold to plant sufficient kinds of vegetables and many of them have to be transported from 
other countries over a long distance. One feasible way of reducing the Carbon Footprint from 
eating is to reduce meat consumption and choose meat types with less carbon intensity, such 
as poultry. The other way is to choose seasonal and local vegetables with minimum demand 
of storage and transportation. It could be good practice to encourage residents in Haninge to 
plant their own vegetables in the garden considering the fact that the municipality has lower 
population density and land is available for small-scale cultivation.  

Secondly, how much electricity and heating is consumed in household is of importance. 
Energy use is the major emission source which can be effectively controlled by residents. One 
can reduce household CF by using electricity-saving appliances, reducing unnecessary use of 
electricity and heat, or purchasing renewable electricity.  

Thirdly, choice between private cars and public transportation has significant impact. 
Generally speaking, car driving is far more carbon intensive than passenger trips by bus and 
railway. On the other hand, high ownership of private cars implies lower use rate of public 
facilities, consequently emissions intensity of public transportation might exceed private 
driving due to empty seats. As Haninge is located in a suburban area and is of low population 
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density, private cars are more frequently used than in an urban area. There is  necessity to 
promote public transport through improving facilities and organizing public education 
programs.  

Fourthly, as emissions resulting from consumer products including clothing, shoes, electronic 
and recreational equipment dominate the shopping category, the municipality's total Carbon 
Footprint from the shopping sector can be reduced by establishing a local reuse/recycling 
system. One measure is to organize a regular flea market to help people exchange goods.   

Finally and most importantly, an efficient way of communication should be established to 
delivery the message to the public, as the public should be main body of actions on improving 
consumer behaviour. A communication program is suggested to enhance awareness: how our 
choice of products and personal behaviours could influence Carbon Footprint and climate 
change, and how the residents can contribute to climate mitigation through their achievable 
daily actions.  

To summarize, meat consumption, electricity and private car use are the most important 
elements of personal Carbon Footprint. From the perspective of local government, efforts of 
reducing CF can be made to improve public facilities and to provide platforms for exchange 
and communication. Most importantly, a bridge of communication should be established to 
connect the municipality and the public.  

 

4.4. Establishing a regular statistical collection procedure for long-term monitoring 

Why should a regular monitoring system be established? Firstly, GHG emission inventories 
for a certain year may not be representative, as influential factors change over time. For 
example energy consumption varies significantly between warm years and cold years. 
Therefore, an average value over years can better represent the normal situation. Secondly, a 
time series of Carbon Footprint reflects the trends of local climate impact, helping to identify 
changes in emission sources. Finally, and most importantly, an annual Carbon Footprint is a 
useful indicator of policy performance regarding climate mitigation measures. It helps 
evaluate the effects of climate strategy and its implementation. Accordingly, policies can be 
adjusted to the changing situation.  

A simplified way of conducting GHG accounting for Haninge municipality is developed in 
this study. Microsoft Excel spreadsheets have been developed consisting of activities data, 
emission factors, and emissions and are designed to standardize the calculation process. All 
the implementer need do is collect statistics from available databases and fill them in on the 
excel tables according to the reference and instructions presented in the document. An 
example to the Excel sheet can be seen in Appendix IV. The Excel sheet can also be used for 
other municipalities in Sweden with minor adjustment to local situation.  
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4.5. Methodology of Carbon Footprint assessment at municipal scale 

The core of Carbon Footprint calculation at municipal scale is to properly combine national 
statistics with local activity data. A trade-off between data availability and accuracy should be 
carefully considered when deciding which data source to use in the analysis. The advantages 
of using databases at national level are their completeness and higher availability, as 
environmental, social and economic statistics at national scale are well monitored and 
reported in Sweden. By applying national statistics at sub-national level, a rough estimation of 
local situations can be obtained. In terms of Greenhouse Gas emissions, a comprehensive 
inventory by fuel types, sectors as well as gases is provided by the Swedish National 
Inventory Report (NIR) each year. Thus, the Carbon Footprint of Haninge can be roughly 
estimated through disaggregating the national total by population proportion. However, 
considerable uncertainties exist as the municipality has a distinct socio-economic situation. 
For example, even if the city has no industries, emissions from industrial processes are 
allocated to the city as a result of industrial activities occurring in other places within the 
country. This entails the risk that important emitting sectors may not be correctly identified 
for the local situation, and consequential policies poorly aimed.  Uncertainty can be reduced 
by using local statistics. In this bottom-up approach, local activity data and emission factors 
are collected; Greenhouse Gas emissions from all the activities are estimated and aggregated 
to yield the total. The major difficulty of this approach is collection of statistics as local 
environmental data is in general poorly monitored and recorded in many municipalities, and 
the data quality is not as satisfactory as national statistics. Additionally, intensive time and 
work are required for this approach. Combination of the two approaches enables them to 
complement each other, reducing uncertainties and yet enhancing data availability.   

Regarding regional GHG emission accounting, there are four useful data sources available in 
Sweden: KRE, RUS, Environmental Account of Statistics Sweden, and the National 
Inventory Report (NIR). The KRE provides energy balance data by both fuel types and 
sectors on municipality level. Together with corresponding emission factors ranging from 
national to plant level, practitioners can calculate the most important part of GHG emissions 
for municipalities - emissions from energy production or use. Non-energy related emission 
data, such as fugitive gases, F-gases, agricultural emissions from ruminants and manure, and 
gases emitted from waste treatment can be obtained from RUS database. However, the RUS 
statistics at municipality level are not as accurate as the KRE as it applies a top-down 
approach rather than bottom-up. In RUS, only a rough estimation of local emissions can be 
achieved by allocating NIR statistics to counties and municipalities. The database can be used 
as a supplement to the KRE data, which lacks non-energy related data. The Environmental 
Account of Statistics Sweden provides statistics on both production-based and consumption-
based GHG emissions at national level. It helps to analyze the impact of private consumption, 
which cannot be done with KRE or RUS databases. In conclusion, a reasonably 
comprehensive GHG inventory can be established based on combined application of these 
databases.  
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4.6. Limitations and further study 

There are limitations of the study due to restricted time and data availability. Uncertainties of 
the Haninge GHG inventory exist due to use of statistics at national-level. Records of Scope 1 
and Scope 2 emissions are considered complete as all possible sources are covered. However, 
record of Scope 3 emissions is not sufficient due to lack of statistics on local consumption, 
which results in emissions in other areas. National average emission factors provided by the 
Swedish NIR are applied in the calculation for energy sector. Although it is considered 
sufficient to use a national emission factor, the accuracy of results can be improved by 
adopting plant-level emission factors if possible. Another limitation of data is the delayed 
release of annual statistics in databases. The latest statistics available at municipality level in 
the KRE, RUS and Environmental Account databases are for 2008, which implies a two year 
delay if researchers want to use the databases for GHG accounting at municipality level.  

As the basic method used for calculating Carbon Footprint of private consumption is Input-
Output analysis, aggregation uncertainties exist for the results. Further more, it is likely that 
the overall impact of consumption is underestimated compared with Life Cycle Analysis. For 
example, as is mentioned previously, the indirect impact of constructing houses is not 
considered in the analysis of housing sector; consequently the upstream impacts of 
construction such as production and delivery of building materials are  likely to be excluded, 
resulting significant underestimation. As there are research on LCA of building ongoing, it 
might be interesting to compare the results from the two methods, and try to get a more 
comprehensive emission inventory.     

Further improvement of the study would be possible with more time and statistics. Firstly, if 
historical data on waste amount, composition of the landfill, and sewage treatment were 
available, non-biogenic emissions from waste treatment could be estimated through the First 
Order Decay model recommended by IPCC guidelines. In this way, the accuracy of results 
could be enhanced. Secondly, Input-Output data of local consumption could be collected and 
the emissions caused by local consumption could be calculated based on the established 
Input-Output table. Thirdly, a time series of the local Carbon Footprint account could be 
developed to monitor trends,supporting policy making and improvement. Finally, it would 
also be of interest to explore the meaning of Carbon Footprint as a tool and indicator for 
sustainable community planning. What can CF analysis contribute to improvement of the 
municipality, and how can the tool be well applied in practice? 

 

5. Conclusions  

Intensive use of biomass for heat production as well as a high proportion of electricity from 
renewable sources significantly reduces the climatic impact of the energy sector, both in the 
case of Haninge and Sweden. Fuel use for transport is the largest non-biogenic emission 
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source in Haninge. The climate impact of local transport can be reduced by promoting public 
transport.  

Private consumption in Haninge plays a large role in the area's Carbon Footprint. The 
municipality should not only look at emissions within its territory, but also at the indirect 
impact caused by local consumption activities. Climate performance can be enhanced by 
improving consumer behaviour and consumption pattern. The most influential aspects of 
personal Carbon Footprint relate to meat consumption, electricity and private car use. 
Communication is important to get the public engaged to local climate action.  

The comparison between production-based and consumption-based emissions, Haninge and 
national average emissions are summarized in Table 5.1, as are the main activities impacting 
emissions as have been identified in the result analysis and discussion parts. Generally 
speaking, the per capita GHG emissions of Haninge are lower than the national average. 
However, one must bear in mind the uncertainties arising from limited availability and quality 
of local statistics.  

Table 5.1 Summary of key emission values and impacting area of the case study  

 Production-based Consumption-based 
Haninge emissions 
(t CO2 eq per capita) 

2.3 4.5 

National emissions 
(t CO2 eq per capita) 

3.5 5.3 

Main impacting activities Heat and power generation 
Vehicle fuels, 
LULUCF 

Household heat and electricity use 
Private car use, 
Pattern of private consumption 

 

The main barrier to GHG accounting at municipality level is the low availability of local 
statistics. Considerable uncertainties arise from intensive application of national statistics to 
sub-national calculation. The key to GHG accounting at municipality level is a proper 
combination of national and local statistics to achieve a good balance between completeness 
and pertinence. In the case of Sweden, there are four useful data sources for sub-regional level 
accounting: KRE, RUS, the Environmental Account of Statistics Sweden, and the National 
Inventory Report (NIR). The databases are complementary to each other. It is possible to 
establish a reasonably complete and accurate GHG inventory for Swedish municipalities 
based on combined application of these databases.  

Due to constrained time and data availability, there are several limitations of the study 
including lack of specific emission factors, data uncertainties for Scope 3 emissions, and 
delayed release of annual statistics. With more time and statistics available, the research could 
be improved and expanded in the following ways: more accurate estimation of emissions from 
waste treatment, specific analysis of emissions by local private consumption, a time series of 
the local Carbon Footprint, and investigation of application of Carbon Footprinting to 
sustainable community planning.  
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Appendix 

ses are identified in the guidelines, among them GWP of 10 gases are 
available (CO , CH , N O, HFCs, PFCs, SF , NF , SF CF , Halogenated Ethers and Other 

y sector, non-energy use 
of fossil fuels in industrial processes, emissions and sinks from land use and land use change, 

g methodological foundation for all the standards 
of GHG accounting introduced below, the 2006 IPCC guidelines is the most influential 

BSI, PAS2050 – Assessing the life cycle Greenhouse Gas emissions of goods and services.  
The British Standard Institute, 2008. 

Appendix I  Description of GHG accounting standards 

 2006 IPCC guidelines for national greenhouse gas inventories 

The 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 IPCC guidelines) 
provide "official" methodologies for estimating "national inventories of anthropogenic 
emissions by sources and removals by sinks of greenhouse gases". They are developed to 
assist nations on the reporting of national GHGs inventories under the UNFCCC framework. 
The 2006 IPCC guidelines are based on the three-volume 1996 IPCC Guidelines including 
Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (1996 IPCC 
Guidelines), Good Practice Guidance and Uncertainty  Management in National Greenhouse 
Gas Inventories(GPG2000), and Good Practice Guidance for Land Use, Land-Use Change 
and Forestry (GPG-LULUCF). It consists of five volumes: volume 1 provides an overview 
regarding methodologies, quality control and verification, etc. and the other four volumes 
provide guidelines for GHGs accounting in four sectors separately, including Energy, 
Industrial Processes and Product Use, Agriculture Forestry and Other Land Use, Waste. 15 
Greenhouse Ga

2 4 2 6 3 5 3 

Halocarbons).  

Methods introduced in the energy sector were subdivided into three Tiers according the 
accuracy levels of data applied. Tier 1 methods estimates emissions based on the quantity of 
each fuel type combusted, using national energy statistics and average emission factors. The 
IPCC guidelines provide default emission factors at this level. Tier 2 methods use country-
specific emission factors instead of the default value used in Tier 1 method. Tier 3 methods 
require the highest level of data details at individual plant level. Selection of Tiers depends on 
the importance of categories. In most cases, a combined application of three Tiers is necessary 
to perform an analysis.  It is worth noticing that specific issues are covered by the new 
guidelines such as treatment of CO2 capture and storage in the energ

and use of a First Order Decay model to estimate CH4 from landfill. 

Although it was originally developed for national inventories, the methodologies and 
principals dealing with specific issues it recommended have been widely adopted by 
subsequent standardization efforts. Providin

document on Greenhouse Gas accounting.   
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Developed by the British Standard Institute (BSI) in 2008, PAS2050 was designed for 
assessing the life cycle GHGs emissions of goods and services. It is applicable for 
organizations assessing the whole life cycle ("business to consumer") or partial life cycle 
("business to business”) GHG emissions of products. Use of the standard provides a common 
basis for comparison and communication of results. The methodological foundation of 
PAS2050 is existing Life Cycle Assessment standards BS EN ISO 14040 and BS EN 
ISO14044.   

Besides three main Greenhouse Gases CO2, CH4, N2O, another 60 substances under six sub-
categories (Substances controlled by the Montreal Protocol, hydrofluorocarbons, 
perfluorinated compounds, fluorinated ethers, perfluoropolyethers, hydrocarbons and other 
compounds) are also included in the standard. GHGs other than CO2 are converted to CO 2 

equivalent on the basis of their 100-year Global Warming Potentials (GWP) defined by the 
IPCC. Sources of emissions that are specified by PAS2050 are: energy use, combustion 
processes, chemical reactions, fugitive gases, operations, service provision and delivery, land 
use change, livestock and other agricultural processes, waste.  

Rules of using primary activity data and secondary data, data collection and quality control 
are defined. The following method of calculating GHGs emissions are applied by the standard: 
1, GHGs emissions per functional unit of product are obtained through multiplying activity 
data by emission factors; 2, GHGs emissions are converted to CO2 equivalent by multiplying 
individual GHG by its GWP; 3, deduct the impact of carbon storage associated with the 
product; 4, sum all GHG emissions related to a functional unit over the defined life cycle; 5, 
scale the emissions to account for excluded minor raw materials and activities.  

As are often encountered in LCA projects, allocation problems are concerned in the standard. 
Guidelines are provided to help organizations allocate emissions from waste, CHP, transport 
and recycling through division or system expansion.  

To verify a GHGs emissions assessment as being in accordance with PAS2050, three options 
are provided with different requirements and confidence levels: independently third party 
certification, other party verification, or self-verification.  

WRI and WBCSD, The Greenhouse Gas Protocol – A Corporate Accounting and 
Reporting Standard.  2004 

The GHG Protocol Corporate Standard is a joint effort by the World Resource Institute (WRI) 
and World Business Council for Sustainable Development (WBCSD), firstly published in 
2001 and revised in 2004. The standard was primarily designed to develop a verifiable GHG 
inventory for companies. However, it is also applicable to other types of organizations. It 
covers the accounting and reporting of six Kyoto Protocol Greenhouse Gases -carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs), and sulphur hexafluoride (SF6).       

Guidelines are provided to help companies set their organizational and operational boundaries. 
Depending on the various structures of organizations, two approaches are proposed to 
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consolidate GHG emissions within their organizational boundaries: the equity share and the 
control approaches. To set the operational boundaries, the standard defines three scopes to 
categorize emissions associated with companies' operations.  

Scope 1: Direct GHG emissions from company owned or controlled sources. 

Scope 2: Indirect GHG emissions from purchased electricity consumed by the company. 

Scope 3: Other indirect GHG emissions that are a consequence of the activities of the 
company, but occur from sources not owned or controlled by the company.  

According to the GHG Protocol, companies should follow five steps in identifying and 
calculating GHG emissions: Step 1, identify emission sources which typically occur from 
stationary combustion, mobile combustion, process emissions and fugitive emissions, and 
categorize them into the three scopes; Step 2, select a calculation approach. A common 
calculation approach through emission factors is suggested; Step 3, collect activity data and 
choose emission factors; Step 4, apply calculation tools. As complements to the standard, a 
number of cross-sector and sector-specific calculation tools are provided on the GHG 
Protocol Initiative website ( www.ghgprotocol.org ); Step 5, roll up emission data to corporate 
level through a centralized or decentralized approach.  

To help entities track emissions over time, guideline for choosing base year, recalculating 
base year emissions due to structural changes, changes in methodology, and improvements in 
data accuracy are given in the standard. Tracking base year emissions provides base for 
accounting emission reductions, which is instructed in Chapter 8. Requirement on reporting 
and verifying GHG emissions are also stated. As a follow-up step of developing a GHG 
inventory, setting a GHG target is discussed at the end of the GHG Protocol.  

ICLEI, International Local Government GHG Emissions Analysis Protocol, 2009. [16] 

International Local Government Greenhouse Gas (GHG) Emissions Analysis Protocol version 
1.0 (IEAP) was developed by ICLEI in 2009 in order to provide guidelines to assist local 
governments in assessing GHGs emissions from both their own operations and the whole 
community within their jurisdictions. With this specific audience targeted, the protocol was 
designed with consideration of the unique situation of local governments and their concerns. 
However, it is also applicable to other entities.  

IEAP requires measurement of six GHGs’ emissions, including CO2, CH4, N2O, PFCs, HFCs 
and SF6. When counting the total GHGs emissions, each gas is converted to the standard unit 
-carbon dioxide equivalent (CO2eq) according to its Global Warming Potential (GWP). The 
GWP of gases can be obtained from the latest IPCC report.  

The main content of this protocol gives guidelines on developing a GHGs emissions inventory, 
which comprises two parallel analyses: emissions from the internal operation of local 
government (defined by organizational boundaries) and emissions from the local community 
within the geographical boundaries of jurisdiction. As the former is analogous to emissions of 
a complex private sector organization, the emissions inventory requirements approximately 
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follow those stated in the GHG Protocol by WRI and WBCSD.  Meanwhile, the emissions 
measurement at the community level requires a different methodology from what is used for 
developing national inventories.  

Similarly to the GHGs Protocol (WRI, WBCSD), emission sources are categorized into three 
Scopes, with slight difference between government operational context and community-level 
context: 

Scope 1 emissions --- all direct emission sources owned or operated by the local government 
(government scale) / located within the geopolitical boundary of the local government 
(community scale);  

Scope 2 emissions --- indirect emission sources limited to electricity, district heating, steam 
and cooling consumption/ that result as a consequence of activity within the jurisdiction's 
geopolitical boundary.  

Scope 3 emission --- All other indirect and embodied emissions over which the local 
government exerts significant control or influence / that occur as a result of activity within the 
geopolitical boundary. 

Local governments are required to report at least Scope1 and Scope 2 emissions while 
reporting of Scope 3 emissions is considered voluntary. An outline provided by UNFCCC is 
adopted to categorize all emissions into seven sectors: Stationary Energy, Transport, Fugitive 
Emissions, Industrial Processes, Agriculture, Land use Land Use Change and Forestry, Waste.  
This macro outline is supplemented with sub-categories developed by ICLEI. 

The principal formula for GHGs emissions calculation is:  

Activity data * emission factor = emissions 

Activity data measures energy use or other GHGs generating processes. Emission factors are 
used to convert energy usage into the associated emissions. In principal, local government 
should use the specific activity data and local emission factors for their calculation. However, 
due to the difficulty of accessing specific local data, a combination of sub-regional and 
national data is usually applied to finish an emission analysis. IEAP defines three tiers for 
categorizing emission factors and activity data, in terms of methodological complexity and 
data requirement. 
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Appendix II  Tables of energy balance of Haninge (Year 2008) 

Table 1 Energy balance of Haninge by fuel types in 2008 (MWh)  

Fuel types Gross delivery based Final use based 
Gasoline 355,937 355,937 
4 Diesel 212,336 212,336 
Fuel oil 1 26,366 24,196 
Fuel oil >1 968 968 
LPG 3 .. 
Wood fuel 429,487 24,903 
Black liquor 31,525 0 
Others 92,497 .. 
District heating -472,715 0 
Total fuels 676,403 622,402 
Electricity 716,555 645,495 
Total energy 1,392,958 1,267,896 
 

Source: SCB,  www.scb.se  ; 

             KRE database accessible at: http://www.h.scb.se/scb/mr/enbal/guide2/en_frame.htm 

 

Table 2 Final use of fuels by sectors in Haninge in 2008  (MWh)  

Sectors \ Fuel types Gasoline Diesel Fuel oil 
1 

Fuel 
oil >1  

Wood 
fuel 

Total 
fuels ElectricityTotal 

energy 

Total 355,937 212,336 24,196 968 24,903 622,402 645,495 1,267,896 
Agriculture, Forestry 
and Fishing 0 6,801 4,109 0 0 10,911 6,130 17,041 

Industry, 
Construction works 

0 6,243 4,040 762 0 15,105 37,172 52,277 

Public service 0 617 2,050 0 0 2,667 33,739 36,406 
Transport 355,937 196,500 0 0 0 552,437 3,271 555,708 
Other service 0 1,960 9,333 190 0 11,484 278,220 289,703 
Household 0 215 4,665 16 24,903 29,798 286,964 316,762 

 

Source: SCB, www.scb.se.   

             KRE database accessible at: http://www.h.scb.se/scb/mr/enbal/guide2/en_frame.htm 
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Appendix III  Instruction of product groups in Table 3.3  

Diary includes: milk, cheese, eggs. 

Beverages includes:  Coffee, tea and cocoa; mineral waters, soft drinks, fruit and vegetable 
juices; spirits; wine; beer; light beer . 

Investment and maintenance of housing includes: Actual rentals paid by tenants, other actual 
rentals, imputed rentals of owner-occupiers, other imputed rentals, maintenance and repair of 
the dwelling. 

Furniture includes: Furniture and furnishings; carpets and other floor coverings; repair of 
furniture, furnishings and floor coverings; household textile.  

Household utensils and kitchen appliances include: major household appliances whether 
electric or not; small electric household appliances; repair of household appliances; glassware, 
tableware and household utensils. 

Cars include: Motorcars, motorcycles, bicycles, spare parts and accessories for personal 
transport equipment.  

Ancillary car expenses include: maintenance and repair of personal transport equipment, other 
personal transport expenditure, and car rental.  

Clothing and shoes include: clothing materials, garments, other articles of clothing and 
clothing accessories, cleaning, repair and hire of clothing, shoes and other footwear, repair 
and hire of footwear.  

Computer, telecommunications and TV electronics include: telephone and telefax equipment 
and services; equipment for the reception, recording and reproduction of sound and pictures; 
photographic and cinematographic equipment and optical instruments; information processing 
equipment; recording media; repair of audio-visual, photographic and information processing 
equipment. 

Beauty products include: hairdressing salons and personal grooming establishments.  

Pets include: pets and related products, veterinary and other services for pets. 

Recreational equipment and services include: major durables for outdoor recreation; musical 
instruments and major durables for indoor recreation; maintenance and repair of other major 
durables for recreation and culture; games, toys and hobbies; equipment for sport, camping 
and open-air recreation; recreational and sporting services; cultural services; games of chance. 

Pharmaceutical products include: other medical products; therapeutic appliances and 
equipment; medical services; dental services; pharamedical services; hospital services.  

Other goods and services include: postal services; education; accommodation services; 
electric appliances for personal care; other appliances, articles and products for personal care; 
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jewellery, clocks and watches; other personal effects; child care; old age care; personal 
assistant; general care; insurance; financial services n.e.c.; other services n.e.c. 

 

 



Appendix IV Example of  GHG accounting Excel sheet for Haninge  
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Energy balance of Haninge by final use and fuel types 2008 (MWh)
Gasoline Diesel Fuel oil 1 Fuel oil 2-5 LPG wood fuel others Total fuels Electrcity Total energy

Final use total
Agriculture,forestry, fishing
Industry, construction works
public sector
transport
otherservices
household

Data source: KRE, energy balance table, accessiable at http://www.h.scb.se/scb/mr/enbal/guide2/en_frame.htm

Emission factors of fuels for different Greenhouse gases (Kg/Mwh)
Gasoline Diesel Fuel oil 1 Fuel oil 2-5 LPG wood fuel others Electrcity

CO2 259.2 259.2 267.3 274.3 234.4 345.6 216 24
CH4 0.059 0.0014 0.0036 0.0072 0.0036 0.11 0.0036 1.00E-02
N2O 0.0072 0.0036 0.0072 0.018 0.0072 0.022 0.0072 3.00E-03
Data source:NIR, or available at http://www.naturvardsverket.se/sv/Start/Klimat/Utslappsminskning/Berakna-utslapp/Emissionsfaktorer-koldioxid/
Emission factors of Swedish electricity is from report: http://www.svenskenergi.se/upload/Sv%20Energi_milj%C3%B6broschyr_SLUT.pdf

Greenhouse Gas Inventory of Haninge Municipality,2008 (Kg)

Sector Scope 1 Scope 2 Scope 3
Total GHG CO2 CH4 N2O HFC(Kg CO PFC(Kg COSF6(Kg CO2eTotal GHG CO2 CH4 N2O TotalGHG

Energy 0.00 0 0 0 0 0 0 0
Agriculture,forestry, fishing 0 0 0 0 0 0 0 0
Industry, construction works 0 0 0 0 0 0 0 0
public sector 0 0 0 0 0 0 0 0
transport 0 0 0 0 0 0 0 0
otherservices 0 0 0 0 0 0 0 0
household 0 0 0 0 0 0 0 0
Industrial processes 0 0 0 0 0 0 0
Mineral industry 0
Metal industry 0
F-gases use 0
Agriculture,forestry, fishing 0 0 0 0 0 0 0
Ruminant 0
Animal manure 0
Other agri. emission 0  
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