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Abstract 
 
This thesis gives a systematic description of the Environmental Load Profile (ELP), an 
environmental assessment tool developed for the urban environment. The purpose of the 
work was to improve the stringency of the system boundaries and functional units of the 
tool. This was achieved by putting the ELP structure in the context of Life Cycle 
Assessment (LCA) with a special emphasis on system boundaries. To create an improved 
scientific base for the ELP, a comparative study was conducted using an evaluative 
framework for conceptual and analytical approaches. Here, the ELP tool is compared with 
four similar environmental assessment tools for the built environment.  
 
Since, energy use in the operation phase is an important factor for the overall environmental 
performance of buildings, a sensitivity analysis was performed to investigate how the 
selection of heat and electricity mix affects the results of an environmental assessment of 
buildings. Four modes of electricity production and two modes of heat production were 
applied on three buildings with different technical systems in their heat supply. The results 
show that the choice of electricity mix has a great influence on the outcome of an 
environmental assessment (EA) and it is suggested that both an average and marginal 
electricity mix should be applied in EA´s of the built environment. Further, it is argued that 
consequences of assumptions made should be explicitly communicated in the EA report, to 
allow the decision-makers rather than the analysts to make the final evaluation. 
 
The ELP is primarily developed to follow up the environmental goal ‘twice as good’ and 
assess the environmental performance of Hammarby Sjöstad, a new city-district in southern 
Stockholm. The city-district is built as a continuation of the inner Stockholm and the first 
part of the project, called Sickla Udde, is nearly finished. The ELP tool was applied in a 
first case study to answer the question of how far Sickla Udde has reached in achieving the 
goal. The assessment indicates that compared to a reference district based on the 
technology used in 1990, the environmental performance of Sickla Udde has reached the 
goal ‘twice as good’ for some environmental load categories and 30 percent for others. 
Although these findings are preliminary, they indicate a development in the right direction. 
Measures taken contributing to largest environmental improvements are: a more efficient 
energy production (improved district heating) and use (e.g. lower U-values in the buildings, 
energy efficient appliances, heat exchange of ventilation air) and improved sewage 
treatment. The results also demonstrate that the environmental load from domestic 
transports can be of the same magnitude as from the buildings situated within the city-
district. Hence, resources spent to decrease environmental load in the planning process 
should primarily be divoted to improving domestic transportation systems and on 
optimising the operational phase of the buildings. 
 
 
Keywords: environmental assessment, urban district, environmental load profile, 
Hammarby Sjöstad, life cycle assessment, LCA, environmental management, built 
environment 
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Sammanfattning 
 
Avhandlingen innehåller en systematisk beskrivning av Miljöbelastningsprofilen (MBP), ett 
miljövärderingsverktyg utvecklat för utvärdering av bebyggda miljöer. Syftet med arbetet 
var att förbättra beskrivningen av och stringensen i de systemgränser och funktionella 
enheter som är definierade i MBP. Arbetet har utförts genom att Miljöbelastningsprofilens 
struktur placerats inom ramverket för livscykelanalys (LCA) med speciell tonvikt på 
systemgränser. Ett andra syfte var att skapa en vetenskaplig plattform för 
Miljöbelastningsprofilen. För att åstadkomma det genomfördes en jämförande studie av 
MBP och fyra andra miljövärderingsmetoder inom en värderingsstruktur för konceptuella 
och analytiska angreppssätt. 
 
Vi vet idag att byggnaders energianvändning under driftsskedet har en stor betydelse för 
byggnaden totala miljöpåverkan. För att undersöka hur valet av el- och 
värmeproduktionsmix påverkar resultatet av en miljövärdering utförd på byggnader 
genomfördes en känslighetsanalys. Fyra olika elmixar och två värmemixar analyserades på 
byggnader med tre olika typer av tekniska lösningar i värmeförsörjningen. Analysen visar 
att valet av elmix har en stor betydelse för resultatet av en miljövärdering. För att låta 
beslutsfattaren hellre än analytikerna göra den slutliga värderingen bör konsekvenser som 
uppstår på grund av genomförda antaganden i en miljövärdering uttryckligen 
kommuniceras. Därför rekommenderas det att alltid använda både en genomsnittlig elmix 
och en marginal elmix i samband med miljövärderingar av bebyggda miljöer.  
 
Miljöbelastningsprofilen är i första hand utvecklad för att följa upp miljömålet ’dubbelt så 
bra’ i Hammarby Sjöstad, en ny stadsdel i södra Stockholm. Stadsdelen utgör en naturlig 
förlängning av Stockholms innerstad och ett första bostadsområde inom stadsdelen, kallat 
Sickla Udde, har nästan färdigställts. För att svara på frågan om Sickla Udde nått fram till 
målet ’dubbelt så bra’ utfördes en fallstudie med hjälp av Miljöbelastningsprofilen. 
Analysen visar att jämfört med en referensstadsdel som byggdes med 1990 års teknik har 
Sickla Udde minskat sin miljöpåverkan till hälften för några miljöpåverkans kategorier 
medan andra har minskat med 30 procent. Trots att resultaten fortfarande är preliminära 
indikerar de att utvecklingen gått i rätt riktning. Exempel på viktiga åtgärder som bidragit 
till den positiva utvecklingen är: förbättringar i fjärrvärme produktionen, bättre U-värden på 
fönster, energieffektiva vitvaror, värmeväxling på ventilationsluften och ett nytt 
vattenreningsverk,. Resultatet visar även att miljöbelastningen från persontransporter 
relaterade till stadsdelen kan vara lika stor som miljöbelastningen från byggnaderna inom 
stadsdelen. Detta indikerar att resurser som används för att minska miljöpåverkan redan i 
planeringsskedet, i första hand bör satsas på att optimera energianvändningen i byggnader 
samt förbättra fordon och transportsystem. 
 
 
Nyckelord: Miljöbedömning, stadsdelar, miljöbelastningsprofilen, Hammarby Sjöstad, 
livscykelanalys, LCA, miljöledning, bebyggda miljöer 
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1. Introduction 
 

1.1 Background 
The world is experiencing unprecedented rates of urbanization, this development has resulted in an 
increased stress on ecosystems; locally, regionally and globally. There is a critical need to develop 
e.g. sustainable energy, water and waste management systems. The Brundtland commission on 
Environment and Development defined, sustainability as a form of progress that meets the needs 
of the present generation without compromising the ability of future generations to meet their own 
needs. Countries around the world are faced with this agenda. The built environment1 plays a very 
important part in the progress towards sustainability. 
 
“The built environment is a result of a number of social and economic processes that are central 
to, and determine the rate at which we proceed in the direction of sustainable development.” 
(Smith et al, 1998) 
 
Both the European Union, through its ‘thematic strategy on the urban environment’, and the 
Swedish government, through its environmental goal ‘a good built environment’, has identified the 
urban environment as a key sustainability priority concerning environmental problems. Actors 
within the Swedish building industry have been proactive and in 1994 formed the Ecocycle 
Council for the Building Sector (BYKR). The BYKR is an umbrella organization and includes: 
building contractors, developers, architects, consultants and the building material industry. In 
1995, BYKR published their plan of action and in 2001 they made an ambitious investigation of 
the main environmental aspects of the building sector using LCA methodology (BYKR, 2001). 
Projects within the building sector often involve a multitude of actors, who have to consider a 
great variety of social, economical and environmental aspects. To implement technically sound 
projects that are acceptable to all actors and comply with the principles of sustainable 
development, it is necessary that policy-makers, designers and environmental experts work 
together (Bots and Seijdel, 2002). Introducing environmental assessment tools with a systems 
perspective on the built environment can enhance the collaboration or at least communication 
between these actors. Possibly this could also contribute to the development of a sustainable 
society. 
 

1.2 Hammarby Sjöstad and sustainable building 
The last ten years have witnessed considerable innovation among local authorities in most parts of 
the world with regard to sustainable development. Earlier the majority of environmentally benign 
buildings built in Sweden (and Europe) had been single family houses built in small complexes 
called “eco-villages” often initiated by people with a strong environmental interest e.g. 
Understenshöjden (Stockholm) and Tuggelite (Karlstad) (Thurell, 1996). Today whole city-
districts are constructed whit environmental concern primarily initiated and managed by the local 
authorities. Examples of such district in Europe are: Bo01, Malmö (Sweden, Fossum et al, 2002); 
Viikki, Helsinki (Finland, Helsinki city planning department, 1998); GWL-terrain, Amsterdam 
(the Netherlands; Scheurer, 2001); Greenwich Peninsula Project (England, www.greenwich-
peninsula.co.uk) and Nybodahöjden, Stockholm (Sweden, Levin, 2001). These districts 

 
1 The definition used for the concept of built environment in this article includes residential buildings, estates, the district 
area e.g. roads, parks, energy production plants and sewage treatment plants and transports. 
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demonstrate a Europe-wide trend that both local authorities and private enterprises can take a step 
further concerning sustainable development.  
 
When the city of Stockholm applied for the Olympic Games in 2004 they also proclaimed that 
Hammarby Sjöstad, (which would have provided accommodation for the Olympic athletes) should 
become an ecological fore runner for environmentally sustainable building both at the national and 
international level (City of Stockholm, 1996). The overall environmental goal was to be ‘twice as 
good’ in comparison to the technique used for new city-district during the beginning of the 1990´s. 
To follow up the goals for the district an environmental assessment tool called the Environmental 
Load Profile (ELP) was developed. The tool takes account of: activities of individuals (e.g. 
cooking, laundry); buildings (e.g. materials, domestic heating, commercial electricity), un-built 
real estate area (e.g. materials, working machines) and the common area (e.g. materials, personal 
transports, transports of goods). Aggregated these activities constitute the environmental load from 
a whole city district. 
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1.3 Aim and objectives 
The overall aim of this thesis is to contribute to improved environmental assessments of the built 
environment. Four specific objectives have been identified for achieving the aim: 
 
1. Create a scientific foundation and improve stringency of the system boundaries and functional 
units for the ELP tool. A brief summary of the description of the Environmental Load Profile can 
be found under section 3.1 and a summary of a comparison with five similar tools under chapter 
3.2. For more detailed information relevant to this objective read Paper I for the description of 
ELP and Paper II for comparison with other tools.  
 
2. Analyse the effects of different assumptions concerning choice of data on electricity and heat 
production, when simulating the environmental performance of different choices of technical 
solutions constructed to supply domestic and commercial electricity, and heating of buildings. 
Information relevant to objective 2 can be found under section 3.3 and in the discussion chapter 5. 
More comprehensive text can be found in Paper III. 
 
3. Investigate how choices of system boundaries influence on the result of environmental 
assessments of the urban environment. Particularly, the contribution of environmental load from 
different sub-systems within a city-district e.g. transports and buildings. 
 
4. What technical measures contribute to an improved environmental performance of a city-
district?  
Descriptions of objective 3 and 4 can be found in section 3.4 and in the discussion chapter 5. For 
more complete text read Paper IV. 
 
The target audience of the research and therefore this thesis is, except for other researchers (within 
several scientific fields e.g. building science and environmental systems analysis), city planners, 
contractors, developers and consultants interested in the environmental performance of the 
building sector. The reader is assumed to have a basic knowledge in engineering and 
environmental sciences. 



 4

2. Theory and method 
 

2.1 Method 
The methods used to conduct this research have been related to the objectives stated in section 1.3. 
The stringency of the system boundaries for the ELP tool, as well as the functional units, have 
been enhanced by describing the ELP within the scientific framework of Life Cycle Assessment 
(LCA) (ISO; 1997, 1998, 1999, 2000). By comparing the ELP with four other quantitative 
assessment tools for the built environment, scientific basis has been created. The comparison was 
made using an evaluative framework developed for conceptual and analytical approaches for 
environmental management, adopted from Baumann and Cowell (1999).  
 
Sensitivity analysis was used to study the effects of choosing different modes of electricity and 
heat production in environmental assessments of the built environment. Here, four different modes 
of electricity production and two different modes of heat production were applied on three 
buildings equipped with different technical solutions for their heat an electricity supply. 
 
The influence of choosing different system boundaries in environmental assessment of the built 
environment has been explored by applying the ELP tool in a case study on the city-district Sickla 
Udde in Hammarby Sjöstad, southern Stockholm. Through analysis of the results from the case 
study, conclusions could also be drawn on which technical measures contribute to an improved 
environmental performance of a city-district.  
 

2.2 Theory 
 
2.2.1 Industrial Ecology 
This research is conducted within the framework of a relatively new scientific field called 
Industrial Ecology, which has re-emerged among industrial engineers and the scientific society 
since the 1990s (Erkman, 1997). However the expressions of ‘industrial ecology’ and ‘industrial 
metabolism’ have been in the course for the past 35 years. Erkman (1997) has made a historical 
view of industrial ecology and early references on the concept are Hoffman (1971) and Gussow 
and Meyers (1971). Industrial metabolism is explored by Baccini and Brunner (1991) in the book 
on ‘the metabolism of the anthroposphere’, which aims at understanding the materials and energy 
flows related to human activities. A key element in the theories on industrial ecology/metabolism 
is that they identify possibilities in technology dynamics and industrial economies in the transition 
towards a sustainable industrial ecosystem.  
 
Ehrenfeldt (2000) presents two elements of industrial ecology; the first one is paradigmatic, 
normative, and metaphorical, while the other is more descriptive and analytical. This research 
belongs to the descriptive/analytical element of industrial ecology and offers a holistic and systems 
approach. The scientific field of industrial ecology embraces concepts such as industrial 
metabolism and environmental systems analysis. Examples of related research conducted within 
the concept of environmental system analysis at the division of Industrial Ecology at KTH are: 

- Municipal Material Flow Analysis (Burström, 1998 and Danius , 2002) 
- Development of the ORWARE model and various sub-models (Mingarini, 1996, 

Björklund, 2000, Eriksson, 2000, and Assefa, 2002) 
- The Combox-model (Burström, 1998 and Danius, 2002) 
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This chapter also introduces two concepts fundamental for the development of the ELP tool: 
environmental systems analysis (ESA) and life cycle assessment (LCA). 
 
2.2.2 Environmental systems analysis 
The method for ESA has been developed from the much broader concept of Systems Analysis 
(SA). Originally, this concept was used by the military to systemize their work and supplies in 
World War II. Today SA has been applied to a variety of problems within many fields e.g. 
strategic studies, development of water resources, spatial planning and in resource allocation 
within national health systems. Since the application of the concept is broad it does not represent a 
specific methodology but rather embodies a principle to focus on the interactions between the sub-
components of a complex system rather than reducing the system into its subcomponents and 
studying them individually. Miser and Quade (1995) give a statement on the character of the 
research field called SA: 
 
“Systems analysis…is not a method or a technique, nor is it a fixed set of techniques; rather it is 
an approach, a way of looking at a problem and bringing scientific knowledge and thought to bear 
on it. That is, it is a way to investigate how to best aid a decision or policy maker faced with 
complex problems of choice under uncertainty, a practical philosophy for carrying out decision-
oriented multidisciplinary research, and a perspective on the proper use of the available tools.” 

 
In SA the system components and their interrelationships are presented in a simplified abstraction 
of the system (Björklund, 2000), usually done by constructing a mathematical computer model for 
the system. 
 
As in the case of the broader field of SA working with Environmental Systems Analysis (ESA) is 
interdisciplinary. ESA narrows the SA scope of analysis to focus on environmental progress within 
the society. The concept of ESA or the more commonly used expression of Environmental 
Assessment (EA) embraces a vast variety of methodologies and tools. Examples of these are 
Environmental Impact Assessment (EIA) (e.g. Glasson et al., 1994), Life Cycle Assessment (LCA) 
(ISO, 1998) and Material Flow Analysis (MFA) (e.g. Baccini and Brunner, 1991). A thorough 
survey of these and several other EA tools can be found in Moberg et al (1999). An example of a 
journal covering the broad scope of EA´s is the Journal of Environmental Assessment Policy and 
Management. 
 
2.2.3 Life Cycle Assessment 
As mentioned, Life Cycle Assessment (LCA) is a method frequently applied within the field of 
environmental systems analysis. The methodology for LCA is defined within a framework 
produced by the International Standard Organization (ISO 1998, 1999, 2000a, 2000b). 
The basic idea of LCA is to evaluate the total environmental impact of the whole life-cycle of a 
product, process or activity. The assessment includes evaluation of environmental impacts from 
generation of raw materials, production, transports, use, reuse, maintenance, recycling and final 
disposal i.e. “from cradle to grave”. 
 
LCA is primarily applicable for comparative studies i.e. the comparison of environmental impact 
from two different products, activities or process with the same function. But also production of 
the same product at two different geographical locations can be compared. Comparisons with a 
”nil” alternative are also possible. LCA includes a step-by-step procedural framework: 
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1. Goal and Scope definition 
2. Inventory Analysis 
3. Impact Assessment 
4. Interpretation 

 
The analysis could also leave out the impact analysis (step 3) and is then called a life cycle 
inventory analysis (LCI). LCA is an iterative methodology, why the scope of the study may need 
to be modified while conducting the study as additional information is gained. 
 
Goal and scope definition includes: a description of the goal of the study, strategy for capture of 
data, decision on which calculation units and functional units to use, and definition of system 
boundaries. According to life cycle methodology, a system is defined by introducing system 
boundaries between the analysed system and the system environment (Consoli et al, 1993). There 
are several types of system boundaries that should be defined while performing a LCA (e.g. 
Finnveden (1996) and ISO 14040:1998): 

- Boundaries between the studied system and the environment system, nature. 
- Boundaries between the system under study and other systems. 
- Cut-off processes, i.e. the boundary between significant and insignificant 

processes. 
- Time horizons 

  
The goal definition should also consider: specific and relevant environmental impact, political 
aspects (e.g. instruments of control) and assumptions concerning technique, transports etc. 
 
The inventory includes, except data capture, a preliminary LCA and possibly adjusting of the work 
plan. Data in this case means data on e.g. energy demand (for production, transports etc) and 
arising emissions, all material flows (chemicals used and different emissions). 
 
In the impact assessment, data from the inventory is categorized into different impact categories. 
Usually the impact categories are divided into three main groups: 

- depletion of natural resources (e.g. extraction of non renewable resources), 
- effects on human health (e.g. toxicological effects) and  
- ecological effects (e.g. global warming, stratospheric ozone depletion, decline of 

biodiversity, spreading of hazardous compounds, acidification, eutrophication 
and photochemical ozone creation). 

 
The impact assessment can also include a further step of aggregation, called weighting. If the 
weighting step is omitted, the methodology is called LCIA (Life Cycle Impact Assessment). The 
weighting process includes a certain amount of subjectivity depending on how the weighting 
criteria are created and what weight different impact categories receive. The weighting may 
depend on geographical location of the emissions or political judgments e.g. environmental goals 
(Erlandsson, 2000). 
 
In the final improvement analysis, possibilities for reduction of environmental impacts are 
identified and evaluated. 



3. Summary of appended papers 
 
Appended papers constitute a first theoretical basis for the ELP tool as well as the authors’ input to 
the knowledge on environmental assessment of the built environment. In addition, to the work 
presented here the author has taken an active part in the development of the ELP assessment tool at 
the consultancy company Carl Bro AB. 
 

3.1 Paper I 
Forsberg, A., Frostell, B., Fyrhake, L., and von Malmborg, F. (2003) The Environmental Load 
Profile for Hammarby Sjöstad and its system boundaries, Manuscript. 
 
The purpose of this paper was to make a state of the art description of the Environmental Load 
Profile, with special emphasis on the system boundaries, in order to make it easier for potential 
users, to better understand the utility of the tool. A city-district is a complex system, which is 
illustrated by the fundamental structure of the ELP tool in Table 1. 
 
Table 1. The fundamental structure of the ELP tool. 

1 2 Σ  1 - 2 3 Σ3 4 Σ4 5 Σ 5 Σ 1 - 5 
Building level
Constructiom

Real estate level
Construction

District level
Construction

Total 
Construction 

Materials
Working Machines
Material transports

Materials
Working Machines
Material transports 

Materials
Working Machines 
Material transports

Individual level Household level Building level 
Operation

Real estate level
Operation

District level
Operation

Total 
Operation 

Personal hygiene 
Laundry 
Cooking 
Waste generation 

Lighting
Other Domesic Heating

Real estate electric.
District cooling

Materials
Working Machines
Material transports
Storm water treatm.

Materials
Working Machines
Material transports
Storm water treatm.
Personal transports
Transport of goods

Building level
Dismantling

Real es tate level
Dismantling

District level
Dismantling

Total 
Dismantling 

Working Machines
Material transports
Reuse 
Recycling
Energy recovery
Landfill 

Working Machines
Material transports
Reuse
Recycling
Energy recovery
Landfill

Working Machines
Materia l transports
Reuse
Recycling
Energy recovery
Landfill

Total 
Individual level Total 

Household level Total 
Building level

Total
Real estate level

Total
District level

Total 

The paper also describes and illustrates the structure of the ELP tool in the context of life cycle 
assessment (ISO, 1998). Defining the system boundaries is crucial while performing a Life Cycle 
Analysis (LCA) (e.g. Finnveden, 1996 and ISO, 1998). System boundaries define the limits of the 
system and the inflow/outflow of process chains in relation to its surroundings. Borderlines can be 
defined by classifying the system into: core system, upstream processes, and downstream 
processes (Björklund and Bjuggren, 1998). The ELP tool is defined using geographical (physical) 
system boundaries, temporal system boundaries and functional units2. A conceptual model of the 
system boundaries in the ELP is presented in Figure 1. 

 7

                                                           
2 The definition of functional unit is according to ISO (1997) the quantified performance of a product system for use as a 
reference unit in a life cycle assessment study. 
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Figure 1. The conceptual model illustrates the system boundaries in the ELP. The cubes in the Figure demonstrate the core 
system (the district) and the various subparts (the individual level, etc) including the three life cycle stages: construction, 
operation and dismantling. The circles symbolise upstream and downstream processes supporting the district. The outer 
limit (dash-dotted line) illustrates how far the flows are followed upstream and downstream. 
 
The article presents the calculation principles (chapter 3) for the ELP tool: these include: the 
principle of the relative comparison of two alternatives (a reference alternative and the actual 
alternative), the energy balance calculation model and life-cycle inventory and driver specific data. 
 
The outcome of the ELP consists of the following environmental impact categories or 
environmental loads: extraction of non renewable resources, water use, global warming potential, 
acidification potential, eutrophication potential, photochemical ozone depletion potential, 
radioactive waste, and use of hazardous compounds. The outcome of a calculation with the ELP 
tool is presented in bar charts. The charts show two bars, one represents the reference case and the 
second the actual project. Results of an ELP analysis can, except the functional unit, be presented 
per various units e.g. per m2 inhabitable floor area and year and for the whole city-district during 
the decided calculation period. 
 
The approach of using a multidimensional framework with a life-cycle perspective on products 
and services to calculate the environmental load on buildings is not unique for the ELP (IEA, 
1999). However, the uniqueness of the ELP is the ambition of grasping a whole city-district and 
not just the buildings or real estates within. This is a very ambitious approach, which in practise is 
almost impossible to account for. Nevertheless, buildings, real estates and areas have 
functionalities that are strongly linked to one another and a comprehensive approach is necessary. 
The discussion of the paper states that there are clear differences when the result presentations of 
ELP are compared with similar tools like EcoQuantum and EcoEffect. While ELP presents the 
results in environmental impact categories, the other tools weigh and aggregate their final results 
into one or more environmental indicators. This can both be an advantage and disadvantage, as the 
results presented in a few indicators are easier to interpret by a user though the interpreter also 
looses information that he/she is unaware of. It is important to emphasize that tools like the ELP 
and other tools also may have an educative purpose and therefore the information given should not 
be over simplified (see also Jönsson and Söderberg, 2002).  
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3.2 Paper II 
Forsberg, A. and Burström von Malmborg, F. (2003) Tools for the environmental assessment of 
the built environment, Submitted to Building & Environment.  
 
This paper has the objective to give an overview of the present status of quantitative tools, as a 
basis for further research and development. The paper describes and compares five different tools 
for the quantitative environmental assessment of the built environment within an evaluative 
framework for conceptual and analytical approaches for environmental management proposed by 
Baumann and Cowell (1999). The five tools compared are: the Environmental Load Profile; Eco 
Quantum (e.g. Kortman et al, 1998); BEE 1.0 (e.g. IEA, 1998); BEAT 2000 (e.g. Holleris 
Petersen, 2000) and EcoEffect (Glaumann, 2000).  
 
As mentioned, the comparison is made according to a framework adapted from Baumann and 
Cowell, covering contextual aspects (i.e. type of decision maker, overall purpose, specific 
objective/primary type of building and object analysed) as well as methodological aspects (i.e. 
investigated dimensions, type of environmental parameters investigated, basis of comparison, 
system boundaries, presentation of results and top level aggregation of results).  
 
The result of the comparison does not give any guidance on how to choose and select tools for a 
certain situation but rather highlights differences between and deficits in the tools. In the 
discussion of the paper, it is stated that while the five tools compared all have a common ambition, 
namely to increase the knowledge about the built environment by giving quantitative information, 
there is a great difference in the level of development of the different tools, which also makes them 
hard to compare.  
 
Lacking parameters identified in the analysis include indoor environment and land use. However, 
these parameters are hard to include using life cycle methodology. The compared tools differ in 
the object analysed (i.e. building, real estate or district) and in the results possible to obtain and 
present. While the outcome of an analysis with the ELP tool can be presented per each defined 
activity level e.g. household, construction of buildings, district operation, can the results from 
EcoEffect and EcoQuantum be presented for parts of the building design, buildings and real 
estates. 
 
Life cycle methodology issues discussed in the paper are definition of system boundaries and 
definition of functional unit(s). These are critical parameters that are hard but necessary to define 
when applying life cycle methodology to the built environment.  
 
 

3.3 Paper III 
Burström von Malmborg, F. and Forsberg, A. (2003) Choice of energy data in environmental 
assessment of the built environment, Journal of Environmental Assessment Policy and 
Management Vol. 5, No. 1 (March 2003) pp. 87–102. 
 
Since energy use in the operation and maintenance phase is an important factor for the overall 
environmental performance of a building, the purpose of this study was to investigate how the 
selection of heat and electricity mix affects the environmental performance of buildings. It also 
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aims to suggest how to choose heat and electricity data in environmental assessments (EA) of the 
built environment in general. 
 
The model used in the paper evaluates four different modes of electricity production and two 
different modes of heat production in a case study of three different buildings with different heat 
and electricity supply systems.  
 
It is apparent from the conducted analysis that the choice of production technology and therefore 
the input data for heat and electricity production will be vital for the outcome of an EA of 
buildings. This finding raises the question of how to actually choose input data in EAs. In the 
specific case of EAs of buildings and the built environment, what data on heat and electricity 
production should be used? Should we use average or marginal data? The question of using 
average or marginal data for electricity and other production technologies is also a major 
methodological issue in LCA theory and practice (e.g. Frischknecht, 1997; Finnveden & Ekvall, 
1998; Clift et al., 1999; Ekvall, 1999; Finnveden, 2000; Tillman, 2000). As a result, a review was 
made about what is considered an appropriate choice of electricity and heat production mode and 
thus energy data in different LCA applications. The review showed that there are several different 
points of departure concerning when to choose marginal or average electricity mixture. Three 
quotes from the article will be made to illustrate the widespread opinions on the issue.  
 
Dones et al. (1998) argue, in general terms, that every LCA should apply average data to preserve 
consistency and comparability between different studies. However, to analyse the sensitivity of the 
results, they suggest that it is legitimate to use marginal data in studies addressing fundamental 
changes in the electricity supply system (e.g. a major expansion of heat pumps).  
 
Kåberger & Karlsson (1998) argue that data from specific contracted electricity production plants 
would better be used for analysing environmental impacts of electricity consumption in LCA. 
They argue that the traditional reasons for treating electricity as a homogenous product in LCA, 
and thus to use marginal or average data, are unjustified in the case where a competitive market of 
electricity delivery contracts is introduced.  
 
Ekvall et al (2001) argue that the choice between marginal and average data must remain a choice, 
where the most adequate choice depends on the normative point of departure of the audience that 
the LCA is intended to inform. Sketching the normative and ethical implications of different 
choices, they claim that marginal data would be preferable when the analysis aims to describe the 
consequences of a small change in a system, and that average data would better be used when 
using LCA as a bookkeeping model and when one wants to understand the relative contribution of 
different system components to the environmental impacts of a system.  
 
The general conclusion from reviewing standpoints from LCA theorists is that there are many 
advices and angles to this question. LCANET, the European network for strategic life cycle 
assessment research and development, generally recommends use of average data for retrospective 
accounting LCA, and marginal data for prospective LCA where effects of changes are modelled 
(Frischknecht, 1997; Tillman, 2000).  
 
The outcome of the study shows that choices of heat and electricity mix have significant influence 
on the final results of the EA. Regarding the choice of heat and electricity mix in an EA of 
buildings and the built environment, it is argued that in general both average and marginal data on 
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electricity production should be used. As for data on district heat production, it is recommended to 
generally use data on the average production in the specific local district heating system. Finally, it 
is argued that consequences of the assumptions made should be explicitly communicated in the EA 
report, to allow the decision-makers rather than the analysts make the evaluation. 
 
 

3.4 Paper IV 
Forsberg, A., Frostell, B, Fyrhake, L. and von Malmborg, F. (2003) Environmental assessment of a 
city-district: Case of Sickla Udde in Hammarby Sjöstad, Stockholm, Manuscript. 
 
This article is based on a case study performed with the ELP on the city-district of Sickla Udde in 
Hammarby Sjöstad, southern Stockholm. The object analysed is an area which when fully 
constructed will comprise 1200 apartments and house around 3000 citizens. In this study, 767 
apartments are included.  
 
The aim of this study was two-fold: Firstly, how far has this sub-district reached in achieving the 
goal of ‘twice as good’ as the state of the art technology used in 1990? If the results show there has 
been a decrease of environmental load, what measures have resulted in the largest improvements 
of the environmental performance of the city-district and are there still activities where no 
measures have been taken? 
 
Secondly, this article also aims to investigate the nature of and relation in environmental load 
between the activities defined to household activities and the construction and operation of real 
estates compared to the construction and operation of activities related to the common area. More 
specifically, the following questions are analysed:  

- Are the buildings the dominating contributors to the environmental load from a city-
district? 

- Which activities contribute most to the EL in the two life-cycle phase’s construction and 
operation of the city-district? 

 
In the analysis, Sickla Udde is compared to a reference case based on the technique used for 
construction and operation of city-districts in 1990. However, the buildings, un-built real estate 
area and the common area in the reference case are based on the same characteristics as Sickla 
Udde e.g. the building size, window area and area of green surfaces. The structure of the ELP and 
system boundaries are fully described in paper I, however concerning system boundaries and 
functional units specific for this study are included in this paper. The life-cycle phases 
incorporated are the construction phase and the operational phase. There are two kinds of data sets 
used in the analysis: driver specific data and Life Cycle Impact Assessment (LCIA) data. 
Information on data sources, assumptions etc. for driver specific data can be found in Appendix A 
and for LCIA data in Appendix B. 
 
The outcome is presented in four Figures illustrating the environmental load of Sickla Udde 
compared to the reference case of 1990. A fifth Figure presents a sensitivity analysis using 
electricity produced from Danish coal condense power as opposed to the Nordic electricity mix 
used in the rest of the analysis. Figure 2 compares the overall environmental load for the reference 
case of 1990 with the district of Sickla Udde, and is a good example for illustrating distribution of 
the environmental load on the life-cycle stages of construction and operation from the buildings, 
the un-built real estate area and the common area.  
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Figure 2. The ELP presented for the overall environmental load of Sickla Udde distributed on the life cycle stages 
construction and operation, and buildings, un-built real estate area and common area per individual and year. (Observe 
different scales.) 
 
In general, these results indicate a decreased environmental load for the district of Sickla Udde 
compared to the reference level of 1990. Referring to the aims of this study the outcome 
demonstrates that the environmental performance of Sickla Udde has reached the goal of ‘twice as 
good’ for the environmental load categories POCP, AP and EP, while a decreased environmental 
load of approximately 30 percent have been reached for the remaining environmental load 
categories. Measures taken contributing to largest environmental improvements are: a more 
efficient energy production (improved district heating) and use (e.g. lower U-values in the 
buildings, energy efficient appliances, heat exchange of ventilation air) and improved sewage 
treatment. However, there are still areas where little or no improvements have been achieved as 
e.g. amount and kind of building materials used.  
 
The second purpose was to find out the relation in environmental load between the activities 
defined to the real estates compared to the activities related to the common land. Based on the 
analysis of Sickla Udde, the outcome demonstrated that the environmental load from the common 
area and sub-activities allocated for it can be of the same magnitude as the buildings situated 
within. Hence, the building is not necessarily the dominating contributor to environmental load 
from a city-district. Since the results indicate that the buildings and transports of individuals 
generate the main environmental load, resources spent to decrease environmental load in the 
planning process should primarily be diverted to improvements of domestic transportation systems 
and to optimisation of the operational phase of the buildings. 
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4. Discussion 
 

4.1 Assessing environmental load in urban environments 
Developing new signals of urban performance is a crucial step to help cities maintain Earth ´s 
natural capital3 in the long term (Alberti, 1996). The ELP is a tool providing indicators (signals) on 
the environmental performance of city-districts. As shown in chapter 3.4 (or article 4) the ELP and 
other similar assessment tools for the built environment could offer urban planners and developers 
a short-cut in receiving response on the environmental performance of the built environment. This 
is illustrated in Figure 3. 
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Figure 3. The ELP tool laid out into the DPSIR model. Figure adopted from Smeets et al (1999). 
 
When developers prepare terms of reference for contractors and local authorities grant building 
permits, environmental assessment tools can be used for a preliminary analysis and a fast result of 
the expected environmental performance of a building project. This has also been requested in a 
dialogue held between 20 companies within the construction and real estate sector 
(Miljövårdsberedningen, 2000). Since the main environmental load is generated from the 
operational phase of the buildings (Adalberth, 2000; Erlandsson, 2001) and from domestic 
transports, these should be the parameters analysed in the early phases of building projects. The 
local authorities, which have the foremost responsibility for physical planning in Sweden, have a 
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3 The natural resource stocks and environmental services (hydrological cycle, pollution sinks, etc.) from which resource 
flows and services useful for livelihoods are derived.  
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central function in the work for sustainable development (Miljövårdsberedningen, 2000). Planning, 
constructing and operating urban districts are complex processes involving a multitude of 
stakeholders with critical decisions to be taken and issues to be considered (e.g. economical, social 
and environmental). This demands integrated working processes with communication over 
professional disciplines. The ELP is an attempt to overcome the boundaries between natural and 
social sciences in the field of environmental assessment of the built environment. The instrument 
is unique in the sense that it has been developed with a structure adjusted to the actor perspective 
existing within the construction, operation and dismantling of a city-district (see Paper I). The 
efforts of most actors involved in the project cycle can be interpreted in the results of the ELP.  
 
When the environmental performance of a district is measured it can also be of interest to compare 
or relate the outcome of a specific district to other districts. This is an important step in the 
learning process for achieving the best results in environmental performance. Benchmarking is a 
method of performing this comparison (Åberg et al, 2002). The results from environmental 
assessment tools for the urban environment could also work as a basis for benchmarking between 
different districts within a city or between different cities. Here, it is important to remember the 
choice of the functional unit. A district provides many functions, which does not make this an easy 
assignment. Svane (1999) suggested that a small neighbourhood should be the object of the study, 
but wanted to retain it as a place and not a functional unit, while he referred to a study conducted 
by Friend of the earth Sweden, who has used the household as a functional unit. When using LCA 
methodology, the functional unit need to be clearly defined and measurable (ISO, 1999). In the 
ELP tool, the amount of dwellings (individuals) for which the city district is planned defines the 
functional unit as long as the dwellings are liveable according to “normal Swedish conditions” (see 
definition in paper 1). 
 
A no longer unique but at least uncommon possibility that the ELP provides is to assess a whole 
city-district and not just the buildings or real estates. In the Netherlands a tool called DPL or 
‘Sustainability-Profile for Districts’ haven been developed (Kortman et al, 2002). It is based on 
three axes physical features of a district, planning process and sustainability. One of the 
background tools used to calculate environmental impact from materials and energy is the earlier 
mentioned tool Eco Quantum. Another tool of interest (not mentioned earlier) for this field of 
research is the energy and environmental prediction (EEP) model (Jones et al, 2000) developed 
during recent years. The EEP model is constructed with the aim to quantify energy use and 
emissions in cities to assist in planning for sustainable development. Its framework is based on 
geographical information systems (GIS) and primary users inter-face, which guides the user 
through a number of sub models. The focus of this model is energy use of domestic, non-domestic 
and industrial buildings, and traffic flow. These are also the main contributors of environmental 
load as identified in the outcome of article 4. Further, the EEP is an instrument to be used in spatial 
planning as it gives geographical information on where the peak environmental load is to be found 
and consequently where measures should be taken. This could be a track of development for the 
city of Stockholm in their future use of environmental assessment tools for the built environment. 
 
During last years, the Swedish building sector has caused big headlines in the Swedish press due to 
a lack in quality management among the contractors. This has even fallen upon Hammarby 
Sjöstad, when four houses were discovered to have severe mould problems in year 2000 (c.f. 
Svane et al, 2002). Since the formal responsibility and quality management mechanisms in the 
Swedish construction process are based on self-control by the developer, a great responsibility 
falls on their shoulders to also consider environmental aspects. This includes putting demand on 
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consultants, contractors and deliverers. The concept of quality is a subjective issue, hard to 
embrace in an instrument like the ELP. Although instruments like the ELP can never replace or be 
a substitute for dialogue, discussions and controlling mechanisms, it can provide information on 
consequences of actions and no actions. 
 

4.2 Strengths and weaknesses of the ELP 
 
4.2.1 The ELP and other EA tools for the built environment 
Strengths and weaknesses of the ELP tool is here compared to the tools, Eco-Quantum and 
EcoEffect. This comparison is made with the ELP as a basis and consequently not all strengths and 
weaknesses of the other two tools are revealed. 
 
Strengths 
Structure of the tool - ELP is developed with an actor-oriented perspective in the structure of the 
tool and the result presentations. The structure of EcoEffect on the other hand is based on three 
areas of protection: human health, biological diversity and assets of natural resources (Glaumann, 
1999). The results of an analysis are then presented in five main areas: energy use, material use, 
indoor environment, outdoor environment and life cycle cost for a design alternative, buildings or 
real estates. The structure of Eco-Quantum has a strong emphasis on the design of buildings, as the 
target users are architects (IVAM, 2003a). The results presentation is made per building. The user 
can then zoom in on building elements and further on building components by clicking on the bars 
in the chart to receive information on what specific building material generates the greatest 
environmental load (IVAM, 2003b). 
 
Weighting - To use weighting in LCA can be both an advantage and disadvantage depending on 
the audience of the assessment. Eco-Quantum uses a weighting method developed at the CML 
department, University of Leiden, the Netherlands. EcoEffect uses weighting scores based on 
problem and multi-criteria analysis, which have been especially developed for EcoEffct through 
structured questions and defined weighting aspects (KTH, 2003). The ELP on the other hand uses 
no weighting.  
 
Weaknesses 
Parameters lacking – Here follows a list of parameters that are included in either EcoEffect or 
Eco-Quantum and could be of interest to be include in the ELP tool. Location of the buildings 
(Eco-Quantum), land use (EcoEffect), indoor environment in the design stage (Ecoeffect) and 
economical aspects such as life-cycle costing (EcoEffect and Eco-Quantum). The economical 
aspects will be considered in the further evaluation of Hammarby Sjöstad using the results from 
the ELP. This will be done by calculating both life cycle costs and remediation costs for the 
society. 
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Data capture for building components - Eco-Quantum has a well developed design in the 
computer program for entering amount of building materials which uses a bottom up approach 
based on building components, which are gathered into building elements and finally summed up 
to a whole building. The structure for building components in the ELP is not related to building 
elements today. This makes it hard to carry out a good and accurate estimation of the service life 
of building components. However, in the development plan for the ELP, it is recommended to 
develop a structure for building components including building elements. 
 
4.2.2 Personal experiences of working with the ELP tool 
The author’s experiences of working with the ELP tool are here portrayed. The following captions 
have been adopted from Eriksson (2000), but some have been used within a different context: 
enables flexibility, illustrates complexity, a service - not a product and errors. 
 
Strengths 
Illustrates complexity - The structure of the tool illustrates the complexity of the issues involved 
while planning a city district and consequently can effect the environment. This can also be a 
disadvantage as it can scare people from applying the tool. 
 
Actor oriented structure - The structure of the ELP tool is especially constructed with the actor-
oriented perspective. This is to make the structure of the ELP and the results presentations feel 
familiar to the various actors involved in the life cycle phases of a building project. 
 
Expands the information base - As sustainable development and environmental systems analysis 
still are young research fields, new information is continuously needed for these subjects of 
science to develop. Generally, environmental assessment tools are knowledge generators. This is 
also something that the ELP tool can provide. Each time it is applied the knowledge base is 
increasing both concerning data and understandings of the environmental impact from districts.  
 
Enables Flexibility - The ELP structure is still only a tool in Microsoft Excel, which makes it 
unstable and vulnerable to changes. At the same time MS Excel makes it easy to use and modify if 
necessary. An advantage to stay in MS Excel is that there is no need for individuals working with 
the tool to be very qualified concerning computer programming or advanced software programs. 
An attempt was made to convert the structure to Microsoft Access, which failed due to the 
difficulty in translating the flexibility and graphical structure that MS Excel provides. 
 
Weaknesses 
A service - not a product - The ELP tool provides more of a structure to handle environmental 
impacts occurring from a city district, than a fixed computer model. This is also one reason why it 
has not yet been made available for the public to use, although this has been an ambition for the 
owners of the tool (Carl Bro AB and the City of Stockholm). To go public with a tool like ELP can 
both be an advantage and a disadvantage: an advantage as the interested parties then could ‘play’ 
with the inputs and output themselves whenever there is an interest and a disadvantage in that 
environmental assessment tools based on life cycle methodology like ELP, demand a certain 
knowledge base concerning life cycle methodology e.g. choice of LCI data in a specific case or in 
judging the accuracy of the results.  
 
Demands large amounts of input data - A disadvantage is that the ELP demands large amounts of 
quantitative information from the building site. This is both time and cost consuming to gather. 
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Though, the data collection process can be improved by developing input data sheets adjusted to 
information already used at the building site today.  
 
Errors - The complexity of the tool and the amount of data needed for the calculation increase the 
risk of both cumulative and human errors. The cumulative errors occur due to that vast amounts of 
data are gathered form different sources and even a small error can be big in the end. The errors 
occurring due to the human factor are hard to avoid especially when there are many people 
involved. In this case the human errors are due to the large amount of data handled e.g. failure in 
typing the right data and checking of calculations, and also a lack of understanding or knowledge 
from both the data deliverer and the interpreters on what is needed and wanted. 
 
Lack of environmental parameters - As mentioned in article two the ELP does not include all the 
parameters necessary to provide a complete picture on whether a city district is sustainable or not. 
Parameters already mentioned are quality of the land used and indoor environment in the design 
stage. However, there are other parameters that are important to consider when building 
sustainable cities. Two such large fields are economic and social issues. In the follow up of 
Hammarby Sjöstad it will include economical parameters such as a mapping of extra cost due to 
environmental investments and the decreased costs for society due to environmentally friendly 
(reduced remediation costs).  
 

4.3 Further research 
Environmental assessment of the built environment is still a young research field why suggestions 
for further research areas are easy to come across. Here some suggestions are first made 
concerning further research primarily related to the ELP tool and other tools within this area of 
research. Secondly suggestions for further research are made concerning the contribution of 
environmental load from the behaviour of individuals in Hammarby Sjöstad. Thirdly a 
recommendation for further research is made on comparing the environmental performance of 
different city-districts. 
 

Data acquisition from actors involved in the building projects is a major issue to solve 
(Paper III and IV). Here further improvements are needed, specifically on the 
development of data forms, which limits the risks of misunderstandings and filling in 
the forms incorrect. It is also of importance that the forms guide the user, in order to 
sustain the same system boundaries with respect for what is included and what is not. 
There are no possibilities for an analyser to thoroughly go through and check all the 
data handed in from contractors and consultants. Further studies also need to be made 
on what kind of data can be delivered easily and whether this data can be useful or not. 

 
The quality assurance of LCIA data included in the ELP need further refinements. 
Today the data is given scores between 1- 4 within each of the following parameters; 
precision (variability), completeness, and representability (ISO, 1998). Though, no 
statistical value can be presented for a potential user as guidance on how big the limits 
are for case A being better than case B or vice versa. 

 
More in-depth studies need to be conducted to find out whether simplifications can be 
made in the structure and the results presentations of the ELP tool. Paper IV gives some 
guidance on where to start. It would also be of interest to benchmark analysis conducted 
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♦ 

♦ 

with different environmental assessment tools to find out whether they give the same 
results. 

 
Households and behavioural aspects are of great importance in generating 
environmental load. Hence, further research is necessary on the influence of generated 
environmental load from behavioural aspects of individuals. This could preferably be 
studied in the city-district of Hammarby Sjöstad. Today, these aspects are not 
considered in the ELP tool except for a standard individual. Though, the structure is 
built up to handle them. A relevant question to ask is if buildings can be constructed to 
minimize the influences of bad environmental behaviour from individuals?  

 
It is necessary to expand on the knowledge of different construction and operation 
solutions for a city-district and their influence on the environmental performance. This 
was, as mentioned in the discussion, also emphasised by the dialogue held between 20 
different stakeholders within the building sector (Miljövårdsberedningen, 2000). 
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5. Concluding remarks 
 

5.1 Conclusions 
• Unfolding the ELP structure in the context of LCA has created a scientific baseline. The 

system boundaries of the ELP tool have been described using the terms: core system and 
upstream and downstream processes. The functional unit of the ELP has been defined as 
the amount of households or individual for which a city-district has been planned. 

• The choices of heat and electricity mix have a significant influence on the outcome of an 
environmental assessment of the built environment. 

• It is recommended that both marginal and average electricity production should be 
applied in general and consequences of the assumptions made should be explicitly 
communicated in the EA report to let the decision-makers rather than the analysts make 
the evaluation. As for data on district heat production, it is recommended to use data on 
the average production in the specific, local district heating system in general. 

• The environmental load from the common area within a city-district (construction and 
operation of the common area and transportations of goods and people) can be of the 
same magnitude as the environmental load from the buildings (construction and operation 
of the buildings including households and individuals) situated within the city-district. 

• When using environmental assessment tools in urban planning, it is of crucial importance 
to consider the environmental aspects of domestic transportation as well as the 
environmental aspects of buildings and primarily the operational phase of buildings. 

• Technical measures identified as important in improving the environmental performance 
of a city-district are: decrease the electricity and heat demand of the buildings, improve 
the production of heat and enhance or change fuel and motor techniques for private cars 
and working machines. 

 

5.2 Remarks 
• The data capturing process has showed to be a more complicated structural process than 

was first expected, partly as data has been hard to receive from different actors involved 
and partly due to the fact that contactors, consultants and architect are not familiar with 
delivering this kind of information. 
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Appendix A: Driver specific data  
 
Appendix A presents driver specific data used in the ELP application on Sickla Udde (section 3.4). 
 
Level and Life cycle stage Activities  Reference 

district  
Sickla 
Udde 

Data deliverers 

Individual and 
Household/Operation 

Personal hygiene, 
Laundry, Cooking, 
Lighting, Others 

Included Included Building contractors and real 
estate owners. 

Individual Operation Waste generation Included Included Sweco Viak, 2001 
Building/Construction  Building materials  Included Included Building contractors and real 

estate owners.  
Building/Construction Working Machines Included Included General data from Andersson, 

1995. 
Building/Construction Material Transports Included Included General data from 

Erlandsson, 2001.  
Building/Operation  Heating, Electricity 

for building services 
Included Included Building contractors and real 

estate owners.  
Building/ Operation 
Building/Dismantling 

Cooling Not 
relevant 

Not 
relevant 

- 

Real estate/Construction  Building materials  Included Included Building contractors and real 
estate owners.  

Real estate /Construction Working Machines Included Included Calculated based on the 
material use. 

Real estate /Construction Material Transports Included Included General data from 
Erlandsson, 2001.  

Real estate/Operation  Building materials, 
Working Machines, 
Material Transports  

Included Included Real estate owners.  

Real estate /Dismantling  Not 
included 

Not 
included 

- 

District/Construction Building materials Included Included City of Stockholm Road and 
Real estate office, 2003 

District/Construction Working Machines Included Included Calculated based on the 
material use. 

District/Construction Material Transports Included Included General data from 
Erlandsson, 2001. 

District/Operation Materials, Working 
Machines 

Included Included Katarina-Sofia public 
administration, 2003. 

District/Operation Individual transports Included Included Estimated from general 
statistics (SIKA, 2002). 

District/Operation Transport of goods Included Included Estimated from general 
grocery consumption per 
Swedish citizen and year, 
Jordbruksverket, 2003. 

District/Dismantling  Not 
included 

Not 
included 

- 
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Appendix B: LCI data  
Appendix B presents LCIA data used in the ELP application on Sickla Udde (section 3.4). 
Activities LCI-data Reference 

district 
Data deliverer Sickla Udde Data deliverer Sensitivity 

Analysis4 
Personal 
Hygiene, 
Laundry, 
Cooking, 
Lighting, Others, 
Electricity for 
building services 

Electricity 
production 

2001 
 (2000-2001) 

LCI data from 
Uppenberg et al, 
(2001) adjusted 
with energy mix 
from Nord Pool 
(2000-2001) 

2001 
 (2000-2001) 

LCI data from 
Uppenberg et al, 
(2001) adjusted 
with energy mix 
from Nord Pool 
(2000-2001)  

Applied 

Personal 
Hygiene, 
Laundry, Others, 
Heating,  

Heat 
production 

1990  
(88-92) 

LCI data from 
Uppenberg et al 
(2001) adjusted 
with energy mix 
and specific prod. 
emissions by 
Fortum (1988-
1992) 

2001 
(1999-2001) 

LCI data from 
Uppenberg et al, 
(2001) adjusted 
with energy mix 
and specific 
prod. emissions 
by Fortum 
(1999-2001) 

Applied in 
the heat 
generation 
processes 

Cooking Biogas 
production 
for 
domestic 
use in 
stoves 

Not relevant - 2002 Swedish Gas 
Center, 2003 

- 

Personal 
Hygiene, 
Laundry, Others 

Drinking 
water 

1990 
(88-92) 

Stockholm Water 
(1988 – 1992) 

2001 
(1999-2001) 

Stockholm 
Water (1999 –
2001)  

Applied in 
the 
processes 

Personal 
Hygiene, 
Laundry, Others 

Waste 
water 
handling 

1990  
(88-92) 

Stockholm Water 
(1988 – 1992) 

2004 Björlenius 
(2001) 
(estimated for 
2004) 

Applied in 
the 
treatment 
processes 

Building/Un-
built property 
area/Common 
area Constr. and 
Oper. Of 
Building 
materials 

Building 
materials 

Data from 
1990 for 
steel, 
concrete and 
Al. Other data 
same as in 
Sickla Udde  

Erlandsson, 1998; 
Erlandsson; 2000; 
Stripple, 2001 

Data from 
1997 and on 
worth 

Erlandsson, 
1998; 
Erlandsson; 
2000; Stripple, 
2001. 

Not 
aapplied 

Building/Un-
built property 
area/Common 
area Constr. and 
Oper./Working 
machines 

Working 
Machines 

Normal 
diesel, 1990 

Stripple, 2001. Environment 
class 1 fuel, 
2000 

Stripple 2001. Applied for 
lighting 

Building/Un-
built property 
area/Common 
area Material 
Transports and 
Area Oper. 
Transp. of goods 

Transport 
of building 
materials 
and goods 

Euro 0 and 
Env.class 1 
1990 for 
trucks. Rail 
transp. uses 
Nordic electr. 
mix 

NTM, 2001 and 
SJ, 2002 

Euro 3 and 
Env.class 1 
2000 for 
trucks. Rail 
tarnsp. uses 
green 
electr.mix 

NTM, 2001 and 
SJ, 2002 

Applied for 
rail bound 
transports 

Common area 
Oper. / Transp. 
of individuals 

Domestic 
transports 

Air transp. -
02; Private 
vehicles 89-
96 

Johansson, 2001; 
SJ, 2002; FOI, 
2002 

Air transports 
2002; Private 
vehicles 2000 

Johansson, 2001; 
SJ, 2002; FOI, 
2002 

Applied for 
rail bound 
transports 

                                                           
4 This column declares for which activities a marginal electricity mix have been applied. 
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