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Abstract  
 
Products generate environmental impacts during their life cycle by consuming raw materials 
and energy, releasing emissions and producing waste. A procurement organisation can be a 
considerable driving force for more environmentally friendly products e.g. by requiring that 
products meet certain environmental criteria. The scope for environmental consideration when 
procuring materiel can be limited by lack of reliable information about the environmental 
characteristics of the product or service. Different types of tools (e.g. eco-labels, guidelines, 
checklists and tools for environmental assessment) can contribute some knowledge and help 
identify environmentally preferable products.  
 
This thesis focuses on use of tools for environmental consideration in Swedish defence 
acquisition but the results are also relevant for other organisations, since the procurement 
process analysed is rather general and the legal requirements are similar for other public 
organisations in Europe. A Swedish government decision in 1998 requires the Swedish 
Armed Forces (SAF) and Defence Materiel Administration (FMV) to take environmental 
consideration in all phases of the acquisition process. The importance of a life cycle 
perspective is stressed in several SAF and FMV environmental documents. The starting point 
of this thesis was that environmental consideration should be taken in the Swedish acquisition 
of defence materiel, considering the whole life cycle of products, with the aim of formulating 
proposals on environmentally friendly procurement. Some Ecodesign tools were reviewed and 
evaluated, two methods for simplified Life Cycle Assessment (LCA) were compared, tools 
and methodology were recommended, and used to study military materiel, and environmental 
Life Cycle Costing (LCC) was examined.  
 
In environmental work lacking a life cycle perspective, the most significant aspects risk being 
overlooked. Use of quantitative and/or simplified LCAs and inclusion of environmental costs 
in LCC are therefore recommended. LCA proved an appropriate tool for involving 
environmental consideration in the acquisition process, since it focuses on products and their 
life cycle. The MECO method proved best for simplified LCA. These suggested methods 
were evaluated by interviews with actors in the acquisition process. Four areas for LCA use in 
acquisition were identified: learning about environmental aspects of products; fulfilling 
customer requirements; setting environmental requirements; and choosing between 
alternatives.   
 
The interviewees were interested in using LCA, but there is a need for an initiative by one or 
several actors if the method is to be used regularly and the results must be communicated 
within the organisations involved in procurement. Environmental consideration should be 
taken early in the acquisition process and environmental matters integrated into other 
activities of the organisations involved. Environmental costs are not explicitly considered in 
the LCCs used by the interviewees today, but internal environmental costs should be included. 
Costs likely to be internal can also be included.  
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Sammanfattning  
 
Produkter medför miljöpåverkan under sin livscykel, på grund av konsumtion av råvaror, 
användning av energi, utsläpp av föroreningar och generering av avfall. Genom att ställa 
miljökrav har den upphandlande organisationen möjlighet att påverka att produkter blir mer 
miljöanpassade. En begränsande faktor för miljöhänsyn i upphandling kan vara bristen på 
information om produkters miljöpåverkan. Olika typer av verktyg kan underlätta valet av 
miljöanpassade produkter, genom att bidra med kunskap om produkters miljöpåverkan. 
Exempel på sådana verktyg är miljömärkning, riktlinjer, checklistor och verktyg för 
miljöanalys.  
 
Denna avhandling fokuserar på användning av verktyg för miljöhänsyn vid upphandling i det 
svenska försvaret. Resultaten kan vara intressanta även för andra sektorer, eftersom den 
upphandlingsprocess som analyseras är relativt allmän, och lagkraven är samma som gäller 
för andra europeiska offentliga organisationer. Enligt ett regeringsbeslut 1998 ska 
Försvarsmakten och Försvarets Materielverk i Sverige ta miljöhänsyn i anskaffningens alla 
faser. Vikten av ett livscykelperspektiv i miljöarbetet framgår i flera av Försvarsmaktens och 
Materielverkets miljödokument. Utgångspunkten för den här avhandlingen är att miljöhänsyn 
ska tas i försvarets anskaffning med hänsyn till produkternas hela livscykel. Målet med 
avhandlingen är att föreslå hur detta kan gå till. För att kunna lägga fram detta förslag har ett 
antal Ecodesignverktyg utvärderats, två metoder för förenklad livscykelanalys (LCA) har 
jämförts, verktyg och metodik har rekommenderats och även använts för att studera en typ av 
militär materiel, och livscykelkostnad (LCC) med miljökostnader har studerats.  
 
Om miljöarbetet saknar ett livscykelperspektiv finns en risk att viktiga aspekter inte 
inkluderas. För detta ändamål föreslås att kvantitativa och/eller förenklade LCAer används, 
samt att miljökostnader inkluderas i LCC. LCA är ett lämpligt verktyg för att ta miljöhänsyn i 
upphandlingsprocessen, eftersom det fokuserar på produkten och inkluderar dess livscykel. 
När en förenklad LCA behövs rekommenderas MECO metoden. Förslagen har utvärderats 
genom intervjuer med aktörer i upphandlingsprocessen. Fyra användningsområden för LCA i 
upphandlingsprocessen har identifierats: att lära om produktens miljöaspekter, att uppfylla 
kundens krav, att ställa miljökrav och att välja mellan alternativ.  
 
Aktörerna är intresserade av att använda LCA-metoder, men för att LCA ska börja användas 
regelbundet krävs ett initiativ från en eller flera av aktörerna. Det är viktigt att resultatet 
kommuniceras inom de berörda organisationerna. Miljöhänsyn bör tas så tidigt som möjligt i 
upphandlingsprocessen och miljöfrågor bör integreras i övriga aktiviteter inom de inblandade 
organisationerna. Miljökostnader inkluderas inte i de LCCer som används av de intervjuade 
idag. Interna miljökostnader bör inkluderas i LCCn. Kostnader som kan komma att 
internaliseras kan också inkluderas. 
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1. Introduction 
1.1 Background 
Most products in society generate environmental impacts during their life cycle, as they 
consume raw materials and energy, release emissions and produce waste. A procurement 
organisation can be a considerable driving force for more environmentally friendly products 
through its choice of products and requirements on these products. For example, by requiring 
that products meet certain environmental criteria the procurement organisation has the 
opportunity to influence products so that they are more environmentally friendly. However, a 
number of obstacles make it difficult for procurement to occur in a way that exerts 
environmentally friendly influences. For example, environmental requirements are not always 
stipulated in public procurement (Jonsson, 2004; Naturvårdsverket, 2004) or formulated in an 
adequate way (Jonsson, 2004; Faith-Ell, 2005). The possibility of taking environmental issues 
into consideration when procuring materiel can be limited by lack of reliable information 
about the environmental characteristics of the product or service (OECD, 2000). Different 
types of tools, e.g. eco-labels, guidelines, checklists and tools for environmental assessment, 
can contribute some knowledge and thereby facilitate the choice of environmentally 
preferable products. When stipulating environmental requirements it is important to have a 
life cycle perspective, in order to avoid missing essential aspects in the life of products (e.g. 
COM, 2001b; 2003). Therefore, it is important that the supporting tool also has a life cycle 
perspective. COM (2003) states that Life Cycle Assessments (LCAs) are important support 
tools since they are the best (currently available) frameworks for assessing environmental 
impacts from products. The focus in this thesis is on procurement in the Swedish defence 
sector and the approach adopted for environmentally preferable procurement was to use tools. 
Here the considered organisations in the defence sector are the Swedish Ministry of Defence, 
Swedish Armed Forces (SAF), the Defence Materiel Administration (FMV), and the defence 
industries. 
 
The procurement process considered did not include aspects specific to the Swedish defence 
sector and is therefore likely to be comparable to processes in other countries. Working with 
environmental issues concerning defence materiel sometimes provokes reactions. However, it 
can be noted that for some products, e.g. ammunition, only about 5% is actually used during 
practice in Sweden (J Hägvall, pers. comm.). The remaining 95% (approximation) is sent for 
destruction after storage. In 2003, public procurement in Sweden was 28% of GDP (SCB, 
2004) and Swedish defence procurement was 2% of GDP (Finnveden et al., 2002). The total 
emissions (direct and indirect emissions) from the defence sector (including also the Swedish 
Defence Research Agency, the Swedish National Defence College, and the National Defence 
Radio Establishment) were of the same order of magnitude as from waste treatment 
(approximately 2% of Sweden’s emissions) (Finnveden et al., 2002, 2005). This shows that 
the environmental impact of military procurement deserves to be taken as seriously as that of 
waste treatment. 
 
1.2 Aims of this thesis 
According to a decision by the Swedish government in 1998, the Swedish Armed Forces 
(SAF) and the Defence Materiel Administration (FMV) are required to take environmental 
consideration in all phases of the acquisition process (SAF, 2001). The importance of a life 
cycle perspective is stressed in several SAF and FMV environmental documents (see for 
example SAF 2003). The starting point of the thesis was that environmental consideration 
should be taken in the Swedish acquisition of defence materiel considering the whole life 
cycle of products. The overall objective of the thesis was to make suggestions for how this 
could be achieved. Intermediate objectives were to:  
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• Review Ecodesign tools;  
• Analyse and evaluate some of these tools;  
• Compare methods for simplified Life Cycle Assessment;  
• Recommend suitable tools for environmentally preferable procurement of defence 

materiel in Sweden;  
• Make suggestions on how these tools could be used in the acquisition process;  
• Evaluate these suggestions through dialogue with actors in the acquisition process; 
• Make a demonstration case of an LCA on military materiel;  
• Make suggestions on which environmental costs to include in Life Cycle Costing 

(LCC) for procurement purposes and also how LCC can be included in the acquisition 
process for defence materiel.  

 
In some of the appended papers, there were further intermediate objectives as described in 
Section 5.  
 
1.3 Guidance for the reader 
This thesis is based on the five appended papers and is divided into seven sections. Section 2 
includes a description of public procurement and acquisition in the Swedish defence sector 
(based on Paper IV). Section 3 is a description of some approaches for environmental 
consideration in public procurement (mostly based on Paper IV). Section 4 is a description of 
the tools studied in the thesis (based on Papers I-V). Sections 2-4 should be read as 
background information to the research methodology presented in Section 5, which is based 
on all papers. Results from the research are presented in Section 6 (based on all papers). Final 
discussions and conclusions are presented in Section 7. In order to avoid misunderstandings 
regarding some terminology used, a selection of terms is described in Table 1 and 
abbreviations are explained in Table 2.  Paper I evaluates the support in trade-off situations 
from Simplified Life Cycle Assessments and other Ecodesign tools, while Paper II evaluates 
simplified Life Cycle Assessments in order to find a suitable method for use in the Swedish 
defence sector. Two of the tools evaluated in Paper I are also evaluated in Paper II. Paper III 
is an LCA of a military materiel, a grenade. Paper IV makes suggestions on how to use and 
integrate Life Cycle Assessments in the procurement process of defence materiel. Finally, 
Paper V is a study on environmental Life Cycle Costing in which different approaches are 
described and discussed and the views of different Swedish LCC actors are presented. 
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Table 1. Terminology 
Term Explanation 
Acquisition process The process of acquiring defence materiel. The process includes a phase 

called procurement. For other types of procurement than of defence 
materiel, the term ‘procurement process’ is used. 
 

Defence materiel Material, services and equipment bought for use in the defence sector, for 
example vehicles, clothes, ammunition, maintenance. 
 

Defence sector The Swedish defence sector includes the Swedish Armed Forces (SAF), 
Swedish Defence Research Agency, the Defence Materiel Administration 
(FMV), Swedish Ministry of Defence, the Swedish National Defence 
College, and the National Defence Radio Establishment. Here the 
considered organisations in the defence sector are the Swedish Ministry of 
Defence, Swedish Armed Forces (SAF), the Defence Materiel 
Administration (FMV), and the defence industries, if nothing else is 
indicated. 
 

Ecodesign tools Tools developed for environmental consideration in product development 
or procurement. The concept is used as a wider concept including different 
types of tools; these can be analysing, comparing and/or prescribing. In this 
thesis, some simplified LCAs are referred to as Ecodesign tools. 
 

Environmental aspect Element of an organisation's activities, products or services that can 
interact with the environment (ISO, 2006b).  
 

Life Cycle Assessment, 
LCA 

The compilation and evaluation of the inputs, outputs and potential 
environmental impacts of a product throughout its life cycle (ISO, 2006b). 
Life cycle includes mining of raw material, production, use and disposal of 
a product (i.e. from cradle to grave). The assessment is standardised in the 
ISO 14040-series (ISO, 2006a; b)  
 

Life Cycle Costing 
LCC 

A method for quantifying the costs related to a production system or a 
product during its life cycle (Dahlén and Bolmsjö, 1996).  
 

Life Cycle Perspective The term ‘life cycle perspective’ is used in Paper I to mean the product life 
cycle from extraction of raw materials to recycling and disposal of the used 
product, even if it may not be in full. 
 

Procurement The phase in the acquisition or procurement process where materiel is 
bought. Procurement is also used as a more general term than acquisition. 
 

Procurement process The process for procuring products. This term is used as a more general 
term to describe procurement in sectors other than Swedish Defence.  
 

Quantitative LCA A comprehensive LCA study that generates a quantitative result, e.g. a 
characterised or weighted result. 
 

Simplified Life Cycle 
Assessment 

A simplified variety of detailed LCA conducted according to guidelines not 
in full compliance with the ISO 1404X standards and representative of 
studies typically requiring from 1 to 20 person-days of work (Guinée et al., 
2002). Simplified LCAs can be both qualitative and quantitative.  
 

Tools Means and methods for support in production or procurement. See also 
Ecodesign tools.  
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Trade-off situations/ 
Trade-offs 

Compromise situations where a sacrifice is made in one area to obtain 
benefits in another area. 
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Table 2. List of common abbreviations  
Abbreviation Explanation 
COM Commission of the European Communities 
ERPA The Environmentally Responsible Product Assessment 

Matrix  
EU European Union 
FMV Swedish Defence Materiel Administration 
GDP Gross Domestic Product 
ISO International Organization for Standardisation  
LCA Life Cycle Assessment 
LCC Life Cycle Costing 
MECO Materials Energy Chemicals Other 
SAF Swedish Armed Forces 
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2. Procurement 
2.1 Public Procurement  
Procurement is when products or services are bought, leased or rented. This occurs in both 
public and private organisations. Due to differences in laws and regulations, procurement in 
public organisations and the scope to take environmental considerations into account are 
somewhat different than in non-public organisations. Some of the other differences compared 
with non-public organisations are (OECD, 2000): 

• Public procurement involves many participants in the decision, e.g. the use of the 
product or service may be in a different organisation from the procuring organisation. 

• Considerable quantities may be involved. 
• The process is highly structured and formalised. Public procurement in the European 

Union (EU) over a certain threshold is controlled by EU directives. 
 
The general structure of the process can be summarised in the following steps: Defining the 
subject matter of the contract, drawing up the technical specifications (requirements on 
products or services) and contractual parameters (criteria for selection and award of the 
contract), selecting the right candidate, and awarding the contract (COM, 2004).  
 
2.2 Acquisition of defence materiel 
Acquisition in Swedish defence is an example of public procurement. The acquisition process 
is defined here in seven steps: studies, development, procurement, production, operation, 
phasing out and disposal, see Figure 1. In the first step (studies), requirements on the product 
are set. The process is further described in Paper IV, based on several sources (SAF, 1997; 
OECD, 2000; Defence Acquisition University, 2001) and information from actors in the 
acquisition process. 
 
Defence materiel covers a wide range of different products, such as plants, animals, food, 
refrigerators, office supplies, computers, medicine, tools, engines, GPS, ammunition, 
furniture, clothes, chemicals, vehicles, aeroplanes, ships, boats and tanks. Materiel can be 
bought in the form of ready-made products, so-called direct procurement, or products that are 
developed as part of the acquisition process, so-called step-by-step procurement (SOU, 2001). 
Step-by-step procurement is a special case of procurement, since it includes the actual 
production process (steps 1-7 in Figure 1). Direct procurement does not include development 
and production and can be seen as a more general procurement process (steps 1, 3, 5-7 in 
Figure 1).  
 
The main actors in the Swedish acquisition process are: the Swedish Government (the 
Ministries of Defence, Finance and Foreign Affairs), which controls the acquisition by 
Appropriation Directives; the Swedish Armed Forces (SAF), which orders and uses the 
materiel; the Swedish Materiel Acquisition Agency (FMV), which procures the materiel; and 
industry, which produces the materiel. For more descriptions on the actors and their roles, see 
Hochschorner and Finnveden (2004).  
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Figure 1. Phases considered in the acquisition of defence materiel. 

 

1. Studies 

2. Development 

4. Production 

3. Procurement 

5. Operation 

6. Phasing out 

7. Disposal 
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3. Approaches for environmentally preferable procurement  
As mentioned above, public procurement in the European Union (EU) over a certain threshold 
is controlled by EU directives. The main opportunities for environmentally preferable public 
procurement are when deciding on the subject matter of a contract. These decisions are not 
covered by the rules of the public procurement directives, but are covered by EU Treaty rules 
and principles on the freedom of goods and services, notably the principles of non-
discrimination and proportionality. Contracts that are not covered by the directives have a 
considerably larger freedom to impose desirable requirements. In such cases, the procurement 
authorities are free to impose requirements and define conditions that go beyond what is 
possible under the public procurement directives (COM, 2001a). When deciding on the 
subject of the contract, requirements on the products or services are entered in the ‘technical 
specifications’, which should also include criteria for selection and award of the contract. 
Selection criteria must be based on the economic capability of the bidders and/ or technical 
specifications. These are used to screen bids in a first review process. It is possible to include 
environmental requirements, such as prescriptions of primary materials, production process, 
eco-labels and use of variants in the technical specification, in cases where the subject matter 
of the contract may not be sufficiently precise and clear to all parties concerned. Such 
indications must be non-discriminatory and must always be accompanied by the terms ‘or 
equivalent’. Economic considerations can include aspects of environmental protection, for 
instance the energy consumption of a product (COM, 2001a) 
 
The Commission of the European Communities has issued an interpretative communication 
on the possibilities of integrating environmental considerations into public procurement 
(COM, 2001a), on which this description of environmental consideration in public 
procurement is based. Contracts that are covered by the directives have two options for 
awarding the contract: the lowest price and the most economically advantageous tender. For 
the latter, the principle of non-discrimination has to be observed and the criteria applied must 
generate an economic advantage for the contracting authority (COM, 2001a) .  
 
Costs incurred during the life cycle of a product that will be borne by the contracting authority 
may be taken into account in the assessment of the most economically advantageous tender. 
When evaluating tenders, a procurement organisation can also take into account costs for 
treatment of waste or recycling. As a general rule, externalities are not borne by the procurer 
of a product or service but by the society as a whole, and therefore do not qualify as award 
criteria. The EU Commission notes in this respect that contracting authorities retain the ability 
to take environmental consideration linked to eventual occurrence of external costs into 
account when defining the subject matter of a contract or when imposing conditions relating 
to the execution of the contract (COM, 2001a).  
 
Various strategies or means are available for integrating environmental considerations into 
procurement. Examples include choosing products with eco-labels, requiring that the 
suppliers have Environmental Management Systems (EMS) or using various tools depending 
on circumstances. There are published examples of environmentally preferable procurement, 
for example Chen (2004), Swanson et al. (2005), and Zsidisin and Siferd (2001). Chen (2004) 
presents a framework of guidelines for environmental procurement by supplier selection, 
using environmental management systems and product labelling. Swanson et al. (2005) 
illustrate how product groups for greener state procurement can be prioritised. The life cycle 
environmental impact of product groups is evaluated qualitatively by consensus in the 
research team, by assigning high, medium or low impact for seven categories. Zsidisin and 
Siferd (2001) examine published academic research in environmental procurement and review 
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35 publications from 1977-1998. In the reviewed studies three common approaches for 
environmental procurement are resource reduction, product reuse and recycling. Tools can be 
used in two different ways for procurement purposes, so-called supplier selection or product 
selection (Baumann and Tillman, 2004). In supplier selection suppliers are compared, while in 
product selection tools can be used to analyse and compare products and thereby help the 
procurer choose the supplier. In this thesis a product selection approach considering the life 
cycles of products was assumed. If the former approach had been assumed, the suggestions 
would have been different. 
 
Life Cycle Assessments are considered here, since these analyse products and have a life 
cycle perspective. Since acquisition of defence materiel can include the actual production of 
the materiel to be bought, it is important to use a tool that can also give guidance on 
environmentally preferable production and that considers the whole life cycle of the product. 
LCAs have previously been used for procurement purposes. For example, the use of LCA for 
building materials is described in Baldo et al. (2002) and Lippiat and Boyles (2001). Baldo et 
al. (2002) use LCA to find criteria for eco-labels. In Lippiat and Boyles (2001), a tool 
combining LCA and Life Cycle Costing (LCC) for measuring environmental performance of 
building products is described. In Michelsen et al. (2006) a methodology is presented that 
combines LCA and LCC to provide information that can be valuable for environmental 
procurement or for an extended supply chain (including a life cycle perspective for companies 
involved).  
 
Other more procurement-specific tools include for example the criteria for green public 
procurement developed by the Swedish Environmental Management Council (Swedish 
Environmental Management Council, 2008) and LCC. These criteria are designed to facilitate 
the use of environmental requirements in procurement, by both public and private users. 
Criteria have been developed for nine different subject areas, for example office supplies and 
vehicles, which further include different product groups. LCC is discussed below in Section 4 
and 6.  
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4. Studied tools 
4.1 Life Cycle Assessment (Papers II, III, and IV) 
Life Cycle Assessment (LCA) is the compilation and evaluation of the inputs, outputs and 
potential environmental impacts of a product system throughout its life cycle (ISO, 2006b). 
The life cycle includes mining of raw material, production, use and disposal of a product (i.e. 
from cradle to grave). The term ‘product’ includes physical products as well as services. 
LCAs are often used as comparative studies. However, it is not the products that are 
compared, rather the function of the products. The assessment is standardised in the ISO 
14040-series (ISO, 2006a, b). A guide to these standards has been produced by Guinée et al. 
(2002). The analysis is performed in four phases (Guinée et al., 2002): Definition of goal and 
scope; inventory analysis (definition of the product system, collection of data and calculations 
of inputs and outputs); impact assessment (classification into impact categories, 
characterisation and the optional phases normalisation, grouping and weighting); and 
interpretation of the results, as illustrated in Figure 2. During the process it can be necessary 
to go back to earlier phases to improve these. The tool is useful for product development and 
procurement purposes, since it focuses on a product. A comprehensive quantitative LCA is 
normally performed using a software programme for LCA. Such programmes often include a 
database that can be used in the inventory analysis.  
 

 

Figure 2. The framework for Life Cycle Assessment, based on ISO (2006a). 

 
A quantitative LCA can be very time-consuming and it can therefore be useful to perform a 
more simplified LCA study in the procurement process. A simplified LCA is, as defined in 
Guinée et al. (2002): “a simplified variety of detailed LCA conducted according to guidelines 
not in full compliance with the ISO 1404X standards and representative of studies typically 
requiring 1 to 20 person-days of work”. There are a large number of simplified LCA 
methods, see for example reviews in Christiansen (1997), Graedel (1998), Todd and Curran 
(1999) and Johansson (2001). Examples of simplified LCAs are the MECO (Pommer et al., 
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2001) described below and in Table 5 and the ERPA (Graedel, 1998; Graedel and Allenby, 
1998) described in Table 5.  
 
4.2 Ecodesign tools (Paper I) 
The term ‘Ecodesign tools’ is used as a wider concept including tools developed for 
environmental consideration in product development or procurement. These are different 
types of tools, for example: matrices, spider webs, checklists, guidelines, cost accounting 
tools, comparing tools and some simplified LCAs. These have been developed for different 
purposes, e.g. assessment of environmental impacts, identification of environmental critical 
aspects, comparison of environmental design strategies, comparison of product solutions and 
prescription of improvement strategies. These tools are intended to be simple to use and do 
not require comprehensive quantitative data. However, some environmental knowledge is 
required in order to monitor relevant data for the tool and to interpret the answers obtained. 
The tools studied in Paper I are presented in Table 5.  
 
4.3 MECO (Papers I-IV) 
The MECO method is an Ecodesign tool and a simplified LCA. The method is described here 
since it is used in Papers I-IV. The name MECO comes from the first letter of the four 
categories (Material, Energy, Chemicals and Others) considered in the method. The method 
focuses on the life cycle stages of material supply, manufacture, use, disposal and transport of 
the product. The original MECO method was developed by The Danish Institute for Product 
Development and dk-TEKNIK in co-operation with a larger Danish project and is described 
in Wenzel et al. (1997), Wenzel (1998) and Pommer et al. (2001). The information is 
structured in a matrix, see Table 3. Materials and energy are given partly as quantity, partly as 
consumption of resources. Chemicals are classified according to their toxicity, with the help 
of EU directives on marking of chemicals (EU Directive 67/548EEG, European Commission, 
1967) and Danish lists (Miljøstyrelsen, 2000a, 2000b, 2000c). A chemical is classified as very 
problematic, problematic or less problematic, depending on whether it is within all, either, or 
neither of these lists. Environmental impacts that do not fit into the other three categories 
should be included in the category ‘Other’. 
 

Table 3. Matrix used in the MECO method (Pommer et al., 2001). 
 Material  Manufacture 

 
Use Disposal Transport 

1.Materials 
 a) quantity  
 
 b) resource 

     

2. Energy 
a) primary 
 
b) resource 

     

3. Chemicals 
 

     

4. Others 
 

     

 
4.4 Life Cycle Costing (Paper V) 
Life Cycle Costing (LCC) is a method of analysis of costs related to a production system or a 
product during its life cycle (Dahlén and Bolmsjö, 1996). It is a cost management method 
with the aim of estimating the costs associated with the existence of a product, and not a 
method for financial accounting (SETAC Working Group on Life Cycle Costing, 2005). It 
must be complemented with estimates, since it is not a detailed calculation (ibid.). The results 
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from the study can be used as support for economic decision-making, e.g. for production or 
procurement.  
 
Since LCC considers costs other than the actual price, it was used already in the 1950-60s by 
the American defence sector (Huppes, 2003). The finding that operation and support costs for 
typical weapon systems accounted for as much as 75% of the total cost stimulated the 
adoption of the method (Aseidu and Gu, 1998). LCCs have also been used for procurement 
purposes in Swedish defence (see for example FMV, 2002) as a basis for general procurement 
requirements, decisions on modifications or reconstructions, for choosing supplier and for 
evaluation of offers. In the methodology presented in FMV (2002) environmental costs are 
not expressly included. 
 
The costs included in LCC are somewhat different depending on the description of the 
method. The life cycle analysed is the economic lifetime for the system. This can be the time 
from development to procurement, use and disposal (Woodward, 1997). It can also be the 
economic lifetime during only the use phase, for example three years for a computer (Norris, 
2001). Reviews of different LCC approaches can be found in Senthil et al. (2002) and Aseidu  
and Gu (1998).  
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5. Research methodology 
The research methodologies used were literature studies, analyses and applications of Life 
Cycle Assessment, Ecodesign tools, Life Cycle Costing and interviews. The literature studies 
included a review of the literature on Life Cycle Assessment, Ecodesign tools, public 
procurement, acquisition in Swedish defence and strategies for taking environmental 
consideration in procurement. Two different analyses of simplified Ecodesign tools were 
made; one of support in trade-off situations (Paper I), the other an evaluation and comparison 
of simplified LCA methods and a quantitative LCA (Paper II). To allow the simplified LCA 
methods to be evaluated, they were used to analyse parts of cars (for a description see below) 
and different fuels. The evaluations were made with the purpose of finding a suitable method 
for use in the Swedish acquisition process of defence materiel. In Paper III LCA is used to 
analyse a grenade. Interviews were carried out with different actors in the Swedish acquisition 
process in order to better understand their roles in the process and to evaluate a suggestion for 
integration of Life Cycle Assessments into the acquisition process (Paper IV). In Paper V 
environmental costs in LCC are studied by literature studies and interviews. The research 
methodology in each paper is further described below.  
 
5.1 Evaluation of support from fifteen Ecodesign tools in trade-off situations (Paper I)  
The potential support from fifteen different types of Ecodesign tools were analysed in three 
different trade-off situations (Paper I), where the choice of tools was based on the level of 
documentation, their use in Sweden and the interests of the authors. For short descriptions of 
the tools see Table 5 in Section 6, where the tools are classified as analysing, comparing or 
prescribing. Table 5 also shows whether a life cycle perspective was considered, whether the 
approach was qualitative or quantitative and whether the tools included general or concrete 
prescriptions on which environmental aspects to consider. The tools were then evaluated to 
find out whether and how Ecodesign tools can support a decision in trade-off situations. By 
trade-off situations is meant compromise situations when a sacrifice is made in one area to 
obtain benefits in another, for examples see below and Figure 3.  
 
The first consideration was whether or not a valuation is included in the tools. The term 
valuation was used in a broader sense, meaning that some criteria or strategies are considered 
more important than others in the tool, but without necessarily including a specific valuation 
method. This first step was used to identify tools that are able to give support in a trade-off 
situation. If nothing is valued then there is no guidance on what to choose when making a 
decision. Tools that do include a valuation were further analysed in the second and third steps.  
 
In the second step, three different types of trade-offs were identified and the way in which 
they guide the user in these situations was described:  
1. Within one environmental aspect. For example: In what way does the tool give guidance 

for a choice between different materials? Between different energy sources?  
2. Between different environmental aspects. For example: In what way does the tool give 

guidance for a choice between strategies that affect different environmental impacts, e.g. 
energy use and level of toxicity? 

3. Between environmental aspects and other criteria. For example: In what way does the 
tool give guidance between strategies that influence the environment and other aspects 
differently, e.g. material use in relation to costs? 

 
Whether the criteria in the tool are weighted or not was also specified. Weighting in this 
context meant that the criteria are evaluated on the same scale and can therefore be compared 
with each other, even if this might not be the purpose.  
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Figure 3. An example of a trade-off situation: The choice is between material A and B for use in the 
product. Material A generates more emissions of the toxic substance X and less of the toxic substance 
Y than material B. Both X and Y are unwanted, but either material A or B has to be chosen.  
  
5.2 Evaluation of two simplified LCA methods (Paper II) 
Two tools for simplified LCA studied in Paper I were further evaluated in Paper II. These 
were the Environmentally Responsible Product Assessment Matrix (here called the ERPA 
method) (Graedel, 1998; Graedel and Allenby, 1995, 1998) and the MECO method (Pommer 
et al., 2001). These two methods were also considered interesting in an earlier analysis of 
different methods for simplified LCA (Johansson et al., 2001). They were chosen since they 
are well documented and basically different. Both MECO and ERPA are presented in Table 5. 
MECO is also described in Section 4. 
 
The purpose of the study was to evaluate these methods and to discuss the usefulness of 
simplified LCA. The methods were used to study parts of cars driven on petrol, ethanol or 
electricity. The products analysed were the driveline (the transmission system), fuel tank, 
catalyst and fuel in petrol and ethanol cars; and the driveline, battery and electricity 
production for electric cars. The results were compared with the results from a quantitative 
LCA (Almemark et al., 1999). The methods were also evaluated considering ten other criteria. 
These criteria were chosen in order to illustrate interesting characteristics of the methods, and 
formulated as questions asked when evaluating the methods. Some criteria were decided 
before the evaluation and some during the evaluation. The questions are presented in Table 4.  
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              Table 4. Questions for evaluation of MECO and ERPA (Paper II) 

Evaluation questions 

What is the method intended for? 

Is it easy to use the method? 

What is the approximate time required for the analysis? 

How flexible is the method? Can it be adjusted to the needs of the user? 

When using the method, how do the results differ between the methods and from the 
quantitative LCA? 

How large is the extent of arbitrariness within the method? 

Does the method use any weighting method resulting in one single score as a result? 

Is it possible to include qualitative information in the analysis, when using the 
method? 

Is it possible to include toxicity in the analysis, when using the method? 

Is land use in the analysis, when using the method? 

Is production of consumables in the analysis, when using the method? 

 
5.3 LCA of a grenade (Paper III) 
The grenade is a pre fragmented high explosive shell grenade used in both land and sea 
weapons, primarily against air targets. It is often used in Combat Vehicle 90, for example for 
peace-keeping activities by the United Nations. The grenade has been manufactured by 
Bofors Defence AB since 1975 and about one million have been sold to over 30 nations. The 
grenade consists of four main parts: cartridge, primer, shellbody and fuse. The aims of the 
study were to identify aspects in the grenade’s life cycle that have the largest environmental 
impact, suggest improvement possibilities, make a comparison between different approaches 
for waste management of munitions and perform a demonstrative case of LCA on a munition.  
 
Two different life cycles were studied; one to illustrate the use of the grenade in a peace 
situation (called ‘Peace Scenario’) and one to illustrate its use in a war situation (‘War 
Scenario’). The actual destruction and disaster caused by the grenade in a war situation were 
not considered quantitatively. Instead the quantitative assessment was of detonation outdoors 
of the grenades. The functional unit in both scenarios was 100 grenades, since different 
grenades were not compared, rather different uses and end-of-life phases. Choosing a 
functional unit representing the function of the grenade would be problematic. However, this 
issue is not treated here.  
 
The Peace Scenario was an approximation of normal use of the grenade in Sweden. It  
assumed that 100 grenades are made, five of which are used in a practice situation and 95 are 
stored until demilitarisation. The estimated storage time was 25 years. The storage facility 
was assumed to have climate and humidity control, with energy mainly from electricity 
(Fortifikationsverket, pers. comm.). For demilitarisation a Swedish method was assumed, 
whereby all the materials in the grenade are recycled as much as possible. This means 
reclaiming explosive and propellants and recycling all the material in the grenade, such as 
steel and copper. Only a small amount of the explosive and propellant is not recycled but 
burned (Eriksson, pers. comm.). The remaining five grenades were assumed to be transported 
450 km (estimated value) with a Combat Vehicle 90 and detonated outdoors. It was assumed 
that all materials in the grenade are spread into the environment except the cartridge, which is 
collected and recycled. Propellant and explosives in the grenade are combusted and the gases 
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were assumed to be produced according to the Bang Box experiment (Wilcox et al., 1996). 
The Bang Box is a 950 m3 flexible hemisphere, used for experiments, where the samples are 
burned or detonated. 
 
In the War Scenario 100 grenades were assumed to be made and all of them used and 
detonated outdoors. Nothing is collected for recycling and all materials in the grenade are 
spread into the environment. The War Scenario included impacts from the emissions when the 
grenades explode. No direct impacts from the explosion on humans, society or environment 
(other than the emissions) were included in the quantitative LCA, and are only briefly 
commented on in the qualitative assessment. No parts are recycled or reused except in the 
production phases. The grenades were assumed to be transported 1200 km with truck, 1500 
km with train and 800 km with a Combat Vehicle 90 to the detonation site. Propellant and 
explosives in the grenade are combusted and the gases produced were assumed to be 
according to the Bang Box experiment (Wilcox et al., 1996).  
 
Open Detonation is actually an old type of demilitarisation (still used in some countries, 
Eriksson, pers. comm.). Hence the comparison of the two scenarios is also a comparison of 
two types of demilitarisation. 
 
The methodology for the quantitative LCA is largely based on the ISO standards and the 
Dutch guide to the standards (Guinée et al., 2002). Standards available at the time for the 
study were ISO (1997, 1998, 2000a, b), which were replaced by ISO (2006a, b). For 
calculations, the software programme SimaPro 5.0 (PRe, 2001) was used complemented with 
databases from IVAM (IVAM, 2002) and other data sources. The impact assessment included 
a classification, characterisation and three different weighting methods, Ecotax 02  
(Finnveden et al., 2006), Ecoindicator-99 (Goedkoop and Spriensma, 2000) and EPS 2000 
(Steen, 1999). Normalisation and grouping were not included. The characterisation methods 
used in this study were the baseline methods presented in Guinée et al. (2002) and as included 
in the SimaPro 5.0 programme except for abiotic resources, where a method based on exergy 
content (Finnveden and Östlund, 1997) was used.  
 
The MECO method was used with the purpose of complementing the quantitative LCA and 
therefore only the categories ‘Chemicals’ and ‘Other’ were used. Data used for chemicals 
were the same cradle-to-gate data as in the quantitative LCA. Emissions that occur in the 
production of chemicals were not included. The chemicals were classified as very problematic 
(Type 1), problematic (Type 2) or less problematic (Type 3) according to their environmental 
hazard level with the help of criteria in the Swedish Defence Materiel Administration’s 
(FMV’s) lists of restricted chemicals (FMV, 2003) and risk-phrases (EU directives on 
marking of chemicals) (European Commission, 1967). In the FMV list, chemicals are 
classified by their risk-phrases and their application. In this study we only looked at the risk-
phrases, which were found using the Swedish Klassificeringslistan or the N-Class Database 
(by the Nordic Council of Ministers). The category ‘Other’ included qualitative information 
on: noise, use of the product in a war situation, and components in the product with unknown 
content. 
 
Parts of the life cycle that were excluded from the LCA because of lack of data and because 
these parts were not likely to have a major influence on the results were: 

• Packing of the grenade and packing materials  
• Manufacturing of  the capital goods      
• Support material to the capital goods, manufacturing processes and the use phase.  
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Allocation problems encountered were of two types: multi-output (meaning that a process 
results in several products) and open-loop recycling (a product is recycled into a different 
product). The latter type was solved by system expansion as recommended by the ISO 
standard (ISO, 1998). Recycled materials were assumed to replace virgin materials. For some 
multi-output processes, all environmental impacts were allocated to the main product.  
 
Both national and international data sources were used in this study. Data were taken from the 
original producer in the first instance, from IVAM 4.0 in the second instance and from other 
databases in SimaPro in the third instance. Data for processes are country-specific in the first 
instance, from Sweden in the second instance and any available data were used in the third 
instance. When possible, data for the relevant time period were chosen. For some specific 
chemicals, Life Cycle Inventory (LCI) data were calculated by Griffing and Overcash, 
according to a method described in Gonzales-Jimenez et al. (2000). Methodology and data 
sources are further described in Hägvall et al. (2004). 
 
5.4 Making a suggestion for how to use LCAs for procurement purposes (Paper IV)  
In Paper IV, the MECO method evaluated in Papers I and II was further considered. The aims 
of Paper IV were to recommend suitable tools for environmentally preferable procurement of 
defence materiel in Sweden; to make suggestions for how these tools could be used in the 
acquisition process; and to evaluate these suggestions through interviews with actors in the 
acquisition process. The method consisted of literature studies and interviews with different 
actors in the acquisition process. Literature studies included literature on public procurement, 
procurement in defence and strategies for integrating environmental considerations into 
procurement. Based on a study of the literature, preliminary suggestions on how to integrate 
environmental considerations with a life cycle perspective into the Swedish defence sector 
had been made (Hochschorner and Finnveden, 2003b). Interviews were then carried out with 
personnel from environmental and/or procurement units at the Ministry of Defence, SAF, 
FMV and three defence industries, in order to evaluate the preliminary suggestions and to 
better understand their roles in the acquisition process. In total, eight interviews were carried 
out, during 2002-2003. The interviews were semi-structured with open-ended questions that 
are included in Hochschorner and Finnveden (2004). The responses were analysed according 
to methods for concentrating sentences described in Kvale (1997). The interviews led us to 
the final suggestions presented below. For these final suggestions, experiences from the LCA 
study on a military product (Paper IV) were also used in the process.  
 
5.5 Environmental costs in Life Cycle Costing (Paper V) 
The purpose of Paper V was to study inclusion of environmental costs in LCC, both in the 
literature and in current practice, and to make suggestions for which environmental costs to 
include in LCC procurement purposes, and also how LCC can be included in the acquisition 
process of defence materiel. The study method was literature studies of LCCs with additional 
environmental costs, and also semi-structured interviews and use of questionnaires. The same 
questions (open-ended) were reflected in both interviews and questionnaires. This approach 
was chosen because of the opportunity to include answers from more interviewees (meaning 
both interviewed persons and persons answering the questionnaires) during the given time-
limit. Interviews and questionnaires were used to find LCC practitioners’ point of view on 
LCC and on environmental costs in LCC. Interviewees were from authorities and companies, 
mainly from the defence sector, but also other sectors to broaden the study. Interviews were 
made during 2005 and 2006, with eight interviewees in total. Questionnaires were sent during 
2006 to twelve individuals and responses were received from seven individuals.  
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The interviewees were familiar with LCC, either as LCC practitioners or users of LCC results. 
All interviewees worked in Sweden at: three authorities in the Swedish defence sector: the 
Defence Materiel Administration (FMV), the Swedish Armed Forces, and the Swedish 
Ministry of Defence, two real estate companies: Akademiska Hus and Svenska Bostäder, 
Banverket (the authority responsible for rail traffic in Sweden), Corporate Research at ABB 
AB and Bombardier Transportation (two manufacturing companies), and also 
Avvecklingsgaranti Sverige AB (a company working with end-of-life costs for suppliers and 
procurers). Here too, the responses were analysed according to methods for concentrating 
sentences described in Kvale (1997). 
 
The following questions were reflected:  
 

• By whom (which part of the organisation) is LCC performed and used? 
• Is a specific LCC model used? 
• For what purpose is LCC used?  

o If LCC is not used, why? 
• How are future costs treated in the LCC approach? 

o What discount rate is used?  
• Which environmental costs (direct, indirect, contingent, intangible, external) are 

included in the LCC?  
o If none, why? 
o Are these costs called environmental costs in the model? 

• Do you think that LCC have an influence on the decision? 
• Do you think that environmental costs have influence on the decision? 

 
The differences between the five cost types were explained to interviewees, for explanation 
see below. The results from the literature studies, interviews and questionnaires were used to 
make recommendations for an LCC including environmental costs. 
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6. Results 
6.1 Analyses of tools for environmentally preferable products (Papers I and II) 
Different tools were analysed in Papers I and II and the results of these analyses are presented 
below. 
 
Results from Paper I 
The tools studied in Paper I are presented in Table 5.  
 
Table 5. Fifteen Ecodesign tools. The tools are described and assessed on the basis of the purpose of 
the tool, whether a life cycle perspective is considered, whether the approach is qualitative or 
quantitative and whether the tool includes general or concrete prescriptions on which environmental 
aspects to consider (Paper I) 
Analysis tools Presentation 
ABC-analysis  
(Tischner et al., 2000 
based on Lehmann, 
1993) 

Purpose: This tool can be used for assessment of environmental impacts of 
a product. The product is evaluated on eleven different criteria and 
classified in one of the following grades; A= problematic, action required, 
B= medium, to be observed and improved, C= harmless, no action 
required.  
Life cycle perspective: Yes 
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: Concrete 

The Environmentally 
Responsible Product 
Assessment Matrix (Here 
called ERPA) 
(Graedel and Allenby, 
1995) 
 
 
 
 

Purpose: The matrix is used to estimate a product’s potential for 
improvements in environmental performance. Each life cycle stage (pre-
manufacturing, product manufacture, product delivery, product use, 
refurbishment/recycling/disposal) is evaluated on five criteria (material 
choice, energy use, solid residues, liquid residues, gaseous residues).  The 
environmental impact for each of the life cycle stages is estimated by 
grading each criterion from 0 (highest impact) to 4 (lowest impact). 
Checklists are developed to grade the criteria.  
Life cycle perspective: Yes 
Qualitative or quantitative approach: The tool generates a quantitative 
result (from 0-100), but no quantitative data are needed to perform the 
grading.  
General or concrete prescriptions: Concrete 

MECO (Pommer et al., 
2001, Wenzel et al, 
1997) 

Purpose: An estimation of the environmental impact for each life cycle 
stage (material supply, manufacture, use, disposal and transport) is made 
by estimations and calculations of the amounts of materials, energy and 
chemicals. Materials and energy are calculated as consumption of 
resources. Environmental impacts that do not fit into the other categories 
should be included in the category ‘Other’.  
Life cycle perspective: Yes 
Some parts of the results are qualitative and some parts are quantitative. 
General or concrete prescriptions: Concrete 

Met-matrix  
(Brezet and van Hemel, 
1997) 

Purpose: The purpose of the tool is to find the most important 
environmental problems during the life cycle of a product, which can be 
used to define different strategies for improvement. The environmental 
problems should be classified into the categories Material cycle (M), 
Energy use (E) or Toxic emissions (T).  
Life cycle perspective: Yes  
Qualitative or quantitative approach: The results and data can be both 
qualitative and quantitative. 
General or concrete prescriptions: General 

Comparing tools  
Philips Fast Five Purpose: The tool is used to judge and compare different product concepts 
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Awareness 
(Meinders, 1997) 

towards a reference product. Five criteria are chosen: energy, recyclability, 
hazardous waste content, durability/reparability/preciousness and 
alternative ways to provide service. 
Life cycle perspective: Yes 
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: Concrete 

Funktionkosten 
(Schmidt-Bleek, 1998) 

Purpose: The Funktionkosten tool identifies cost-effective product 
alternatives to be developed or can be used as an estimation of cost 
changes as a result of an implementation of an ecological design principle. 
General product functions are described and for each function a cost is 
calculated for each alternative solution.  
Life cycle perspective: No 
Qualitative or quantitative approach: Quantitative  
General or concrete prescriptions: General 

Dominance Matrix or 
Paired Comparison 
(Tischner et al., 2000) 

Purpose: The purpose of the tool is to set up a ranking of competing criteria 
or solutions, e.g. competing demands on a product or competing ecological 
requirements, by carrying out a systematic comparison between the 
different alternatives. Each individual alternative is compared qualitatively 
with all other alternatives.  
Life cycle perspective: No  
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: General  

EcoDesign Checklist  
(Tischner et al., 2000) 

Purpose: The checklist helps to identify the main environmental problems 
along a product’s life cycle. The user has to evaluate whether the solutions 
in the checklist are good, indifferent, bad or irrelevant.  
Life cycle perspective: Yes   
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: Concrete 

Econcept Spiderweb  
(Tischner et al., 2000) 

Purpose: Econcept Spiderweb can be used for an estimation to decide 
between design alternatives. The user defines an appropriate set of criteria 
to be used for the estimation. For each solution a qualitative evaluation of 
the criteria is made and gives an environmental profile for each solution.  
Life cycle perspective: No   
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: General 

Environmental 
Objectives Deployment 
(EOD) 
(Karlsson, 1997) 

Purpose: The purpose of the tool is to present the relationships between the 
‘product’s technical description’ (e.g. material, reparability, energy 
efficient) and the ‘environmental considerations’ (material usage, reduce 
weight, use of recyclable materials). The environmental considerations are 
weighted and this is specified by the user. 
Life cycle perspective: No   
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: General  

LiDS-wheel  
(Brezet and van Hemel, 
1997) 

Purpose: A tool to give an overview of environmental improvement 
potential to the designer. Eight environmental improvement strategies are 
chosen in the tool; selection of low-impact materials, reduction of material 
usage, optimisation of production techniques, optimisation of distribution 
system, reduction of impact during use, optimisation of initial lifetime, 
optimisation of end-of-life system and new concept development. Data 
from a reference product are entered into the diagram and according to the 
eight strategies, improvement options for the product should be identified. 
Life cycle perspective: Yes 
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: Concrete 

The Morphological Box Purpose: This is not considered to be a typical Ecodesign tool but can be 
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(Brezet and van Hemel, 
1997) 

useful in finding creative solutions. The existing solution is broken down 
into elements, e.g. product parts. For each element, different proposals are 
described. Then alternative solutions for the product are created by 
combining the proposals for each element.  
Life cycle perspective: No   
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: General 

Prescribing tools  
Strategy List   
(Tischner et al., 2000) 

Purpose: The tool can be used to improve the environmental performance 
of a product concept or to compare different product concepts. The tool 
consists of a list of suggestions for each life cycle phase (product 
manufacture, product use, product recycling, product disposal, distribution) 
to improve the environmental performance. The suggestions are based on 
the criteria: Optimise material input, optimise energy use, reduce amount 
of land use, increase service potential, reduce pollutants, reduce waste, 
reduce emissions, reduce health and environmental risks.  
Life cycle perspective: Yes 
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: Concrete  

10 Golden Rules  
(Luttropp and Karlsson, 
2001) 

Purpose: The 10 Golden Rules is a summary of many guidelines that can 
be found in company guidelines and in handbooks of different origins. 
Before it can be used as a tool in a company, it should be transformed and 
customised to the particular company and its products. The tool can then be 
used to improve the environmental performance of a product concept or to 
compare different product concepts.  
Life cycle perspective: No 
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: Concrete 

Volvo’s Black List  
Volvo’s Grey List 
Volvo’s White List 
(Nordkil, 1998a; b; c) 

Purpose: The purpose is to list chemical substances which must not be used 
(Black List), should be limited (Grey List) in Volvo’s production 
processes, or chemical substances which may be critical from a health and 
environmental point of view (White List). The White List also suggests 
alternatives which according to experiences and assessments made at 
Volvo are potentially less hazardous.  
Life cycle perspective: No 
Qualitative or quantitative approach: Qualitative 
General or concrete prescriptions: Concrete 

 
Since only the ERPA and the MECO are further analysed in Paper II, the following 
presentation focuses on these two tools.  
 
Both the ERPA and the MECO methods include a valuation and were therefore further 
evaluated considering their support in three trade-off situations. Table 6 shows the type of 
guidance obtained from MECO and ERPA in three different trade-offs. The ERPA does not 
give any guidance on aspects other than the environmental. It is possible to include such 
aspects in the MECO method, but there is no guidance on how this should be done. In the 
ERPA, all criteria are weighted quantitatively by grading. The categories ‘Material’ and 
‘Energy’ in the MECO method are weighted quantitatively and the ‘Chemicals’ are weighted 
qualitatively. However, the tools do not give direct support, only guidance to make a decision. 
In the ERPA method, there is no guidance on how to choose between alternatives given the 
same grading but for different aspects, for example an alternative with low grading 
considering use of materials versus an alternative with low grading considering use of energy. 
Both ERPA and MECO have a life cycle perspective.  
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Table 6. Support from ERPA and MECO in three different trade-off situations (based on Paper I) 
Tool Within one environmental 

aspect 
Between different 
environmental aspects 

Between 
environmental 
aspects and other 
aspects 

The 
Environmentally 
Responsible 
Product 
Assessment Matrix 
(ERPA) 

Example of guidance: A 
scarce or virgin material is 
given a lower grade than 
other materials.  
Weighted result: Yes, 
quantitatively 
 

Example of guidance:  
Choice of materials, energy 
use and residues are rated 
differently. 
Weighted result: Yes, 
quantitatively 

No guidance 

The MECO 
Method 

Example of guidance: 
Chemicals are classified as 
‘very problematic’, 
‘problematic’ and ‘less 
problematic’. Materials and 
energy are calculated as 
‘consumption of resources’.  
Weighted result: Yes, 
qualitatively and 
quantitatively 
 

Example of guidance: 
Materials and energy are 
weighted by calculation as 
consumption of resources.  
Weighted result: Yes, 
quantitatively 

Example of 
guidance: Other 
aspects can be 
included. It is up 
to the user to 
decide which other 
aspects to include. 
Weighted result: 
No  

 
Results Paper II 
The results generated from the analysis of parts of cars with the three methods provided 
different types of information. The quantitative LCA generated quantitative results from 
some, but not all, relevant impact potentials. Some toxic effects and effects caused by use of 
land are examples of relevant impact categories that were excluded. It can be noted that this is 
a fairly typical result for quantitative LCAs (Finnveden, 2000). As also mentioned above, the 
results from the MECO method can be quantitative (primarily the use of energy and 
materials) or qualitative (chemicals or others). The ERPA method gives quantitative 
information, by grading environmental impacts. The results from evaluation of the methods 
are summarised in Table 7.  
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   Table 7. Results from the evaluation of MECO and ERPA 
Criteria for the 
evaluation 

MECO ERPA  The quantitative 
LCA 

Qualitative 
information 
 

Yes, under Other No, not in the matrix. No, not in this case. 

Toxicity 
 

Yes Yes Yes, partly.  

Land use 
 
 

Yes, qualitatively under 
Other 

No No, not in this case. 

Production of 
consumables 
 

Yes No Yes 

Weighting 
method 
 
 
 
 

No It is possible to get the 
results as an aggregated 
number for the product’s 
environmental 
responsibility.  

No, not in this case. 

Easiness 
 
 

Good. But, the lists limit 
the user. 

It depends on the 
background information. 

Requires LCA 
expertise. 

Time 
 
 
 
 
 

It depends on the 
availability of 
information and the 
experience of the user. 
In this case 1-2 weeks 
for all four cars. 

It depends on the 
availability of 
information and the 
experience of the user. 
In this case 1-2 weeks 
for all four cars. 
 

Months 

Extent of 
arbitrariness 
 

Somewhat Large Somewhat 

The intention of 
the method 
 

Product development Product development Wide scope 

Flexibility 
 

Somewhat Small Somewhat 

Results 
compared to the 
quantitative 
LCA. 

See text  See text  

 
The results and conclusions drawn from the three methods are partly different. One of the 
conclusions from the quantitative LCA was that an electric car can give significant reductions 
in fossil fuels and CO2 emissions depending on the production of electricity used (Almemark 
et al., 1999). This sort of conclusion cannot be drawn from the ERPA, since the production of 
electricity is not included in the method. In spite of the calculation of energy as oil-
equivalents in MECO, such a conclusion could be drawn from the information under Other or 
from the data of emissions under Chemicals. 
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The MECO method has some positive qualities compared with the ERPA, for example that it 
generates information complementary to the quantitative LCA, that the information needed to 
perform the analysis is not production-specific and that the method provides the potential to 
consider quantitative information when such is available. The extent of arbitrariness in the 
ERPA is large, because of the difficulties in assigning a fair grade. There are no clear 
guidelines on the differences between different grades. In a comparison of two streamlined 
LCA-methods, two of the most important criteria are the field of application and whether the 
method can deliver the required information.  
 
6.2 LCA of a grenade (Paper III) 
The results from the study are interpreted according to the four goals of our study: 
Goal: To identify which aspect of the life cycle has the largest impact on the environment 
The War Scenario: In the War Scenario, the most environmentally hazardous process is the 
actual war process (according to Ecotax 02 max, Ecotax 02 min and Eco-indicator 99), i.e. the 
detonation outdoors, and mining of copper ore (according to EPS 2000). Copper is used in the 
brass in the cartridge case, the shellbody and the primer. After detonation these parts are 
spread into the environment. 
 
The Peace Scenario: In this scenario much fewer grenades are used and detonated outdoors. 
Many of the most environmentally hazardous processes occur in the production of the 
grenades and depend on use of fossil fuels and metals. These are: electricity from coal, 
electricity from the Netherlands, production of steel, primary aluminium production, 
electricity from oil and production of HNO3. Incineration of electronics and use of the 
grenade during practice are also significant processes. 
 
The steel is used in the shellbody. Primary aluminium and electronics are used in the fuse. 
The actual content of the electronics was unknown during the study and is thus an estimation. 
Electricity from oil is used in processing of the ammonium nitrate used in the energetics in the 
shellbody. HNO3 is used in mining of copper and production of octol in the shellbody. It is 
also used for production of lead azide, aluminium and hexogen in the fuse, brass and 
nitrocellulose in the cartridge. Some parts of the grenade are produced in countries outside 
Sweden, for example HNO3, and therefore electricity from the Netherlands was used in the 
study.  
 
The MECO method was used to analyse the chemicals from cradle-to-gate in the grenade. 
Emissions that occur during manufacturing of the grenades were not included. The most 
hazardous substances according to the MECO method are classified as Type 1 (very 
problematic). Some of these substances are not directly used in the grenade, but are used 
during production of the chemicals. Chemicals directly included in the grenade and of Type 1 
are: diphenyl amine, lead azide and lead oxide. The bursting charge in the grenade is octol, 
which consists of octogen and trotyl, both classified as Type 1. A lot of Type 1 substances are 
energy carriers, for example crude oil, heavy fuel oil and petroleum gas. Other chemicals that 
are directly included in the grenade are classified as Type 2 (problematic) or 3 (less 
problematic). Type 2 chemicals that are classified using the risk-phrases or because these are 
included in the list from the Swedish Chemicals Inspectorate (Kemikalieinspektionen, 2004) 
and are directly included in the grenade are: copper, hexogen, tetryl and brass. A lot of 
chemicals were classified as Type 2, since these could not be assigned another type. All 
substances of Type 1 and 2, according to the MECO method, should be analysed further, 
since the use of these should be restricted in the Swedish defence sector (FMV, 2003). 
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Goal: To make a comparison between different end of life scenarios.  
It was assumed that the end of life phase in the War Scenario can be likened to open 
burning/open destruction and in the Peace Scenario materials are recycled as much as 
possible. Comparison of these two scenarios showed that the War Scenario has a higher 
environmental impact on almost every impact category in the different methods. 
 
The total weighted value according to all weighting methods was larger for the War Scenario 
than for the Peace Scenario. The solid emissions from the grenade used in the War Scenario 
are about 3 times as large as those in the Peace Scenario.  
 
The results clearly indicate that the recycling in the Peace Scenario gives a good effect since it 
does not allow environmentally unfriendly substances to be released into the environment. 
The production of recycled materials is also generally less energy demanding than production 
from virgin materials, which explains the lower environmental impacts associated with the 
recycling case. 
 
The comparison of end of life scenarios was not included in the analysis with the MECO 
method. 
 
Goal: Suggest improvement possibilities for the life cycle of the grenade.  
Significant environmental aspects are the metals in the grenade, use of fossil fuels and the war 
process (open detonation). The MECO analysis shows that several unwanted chemicals and 
materials are used in the grenade. Based on these observations, a number of improvement 
strategies are suggested: 
• Change metals to other materials. This has already been done in some countries.  For 

example, the casing could be changed to plastic. Whether these changes result in actual 
environmental improvements needs further investigation. 

• Decrease firing the grenade in use and practice. 
• Increase recycling of the grenade.  
• Increase use of recycled material in the grenade. All materials in the grenade were 

assumed to be virgin material. Substitution by partly or totally recycled material would 
probably decrease the environmental impact.  

• Avoid use of energy generated from fossil fuels. 
• Consider changing hazardous substances in the grenade to other materials if possible.  
 
Goal: To make a demonstration case of LCA on military materiel. 
This goal was fulfilled by this study. Data from this study can be reused in other LCAs on 
munition and form a starting point for building an LCA database for munition.   
 
6.3 Life Cycle Thinking in the acquisition process (Papers II, III and IV)  
The term ‘life cycle’ is used to indicate different things in LCA, LCC and when describing the 
life of a product in the acquisition process. For the sake of clarity, these differences are 
illustrated in Fig. 5. In LCA, the term life cycle means the stages of a product system, from 
raw material acquisition or generation from natural resources to final disposal (ISO, 2006b), 
here illustrated by the phases mining of raw materials, production, procurement, use and 
disposal of a product (see the dashed line in Fig. 5). A different life cycle is often used in 
LCC. In Woodward (1997), the following explanation of the life cycle in LCC is made: ‘LCC 
of a physical asset begins when its acquisition is first considered, and ends when it is finally 
taken out of service for disposal or redeployment (where a new LCC begins).’ For defence 
materiel in particular, research and development costs are often also included. This is 
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illustrated by the unbroken line in Fig. 5. The actual time the product is in use can be called 
the life length of the product (FMV, 2002) and comprises the phases from procurement to 
disposal (see the dotted line in Fig. 5).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4. Life cycles. The steps are examples and simplifications of what can be included (based on discussions 
with M. Overcash). The unbroken line describes typical system boundaries for LCC, the dashed line describes 
typical system boundaries for LCA and the dotted line typical boundaries for life length. 

 
LCAs are not used today in the Swedish defence sector, but LCC is used to some extent as a 
basis for general procurement requirements, decisions on modifications or reconstructions, for 
choosing supplier and for evaluation of offers (FMV, 2002). In the methodology used (FMV, 
2002) environmental costs are not expressly included.  
 
The actors in the Swedish defence acquisition process take some environmental consideration 
today, mostly by following legal requirements. The suggestions below imply taking the 
consideration a step further, by considering environmental aspects in a life cycle perspective. 
Life Cycle Assessments, simplified or quantitative, can be used in different ways in the 
acquisition process. The study can be ordered, made and used by different actors in different 
phases of the acquisition process. Four areas for use of LCA in the acquisition process are:  

• Learning about environmental aspects of the product (useful for the user (here, SAF), 
procuring organisation (here, FMV) and the producer (here, industry)),  

• Fulfilling requirements from customers (useful for the procuring organisation and the 
producer),  

• Setting environmental requirements (useful for the user, procuring organisation and 
producer)  

• Choosing between alternatives (useful for the user, procuring organisation and the 
producer).  

 
The choice of method depends on different factors, such as the economy, time, type of 
product and need for information. A major difference between traditional LCAs and 
simplified LCAs such as MECO is that the former is more suitable when choosing between 

Raw materials Production 

Research 

Development 

Use 

Procurement 

Disposal 

Life length 

LCA 

LCC 
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alternatives, since a quantitative dimension is needed in order to compare. Simplified LCAs 
can primarily be used for identifying critical aspects (Paper II). This latter function is of 
relevance in the acquisition process and the MECO method can be useful when identifying 
critical aspects and setting requirements. When procuring materiel that is developed 
especially for the customer, a quantitative LCA to acquire knowledge of the life cycle 
environmental impact of the product may be useful. If the product resembles a product for 
which an LCA has been performed, the existing LCA can be adjusted for the new product or 
the LCA data can be used in an MECO analysis. When the MECO method is used mainly as a 
complement to a quantitative LCA, the analysis should be made in the same steps as the 
quantitative LCA.  
 
6.3.1 Use of a simplified LCA in the acquisition process 
The study in Paper II shows that a simplified semi-quantitative LCA method, such as the 
MECO method, can provide information that is complementary to a quantitative LCA. The 
MECO method can generate more information on qualitative aspects (for example land use 
and noise) and on toxicity aspects than the quantitative LCA. The assessment can identify 
critical aspects of the product, which is useful when deciding on environmental requirements 
for procurement. Another advantage of the MECO method is that the data needed to perform 
the analysis are not production-specific. This makes it easier for the procuring organisation to 
collect the required data.  
 
When the MECO method is used as a complement to a quantitative LCA, it is recommended 
that the analysis focus on the categories Chemicals and Others, since these categories generate 
information that is complementary to a quantitative LCA. The chemicals included should be 
the same cradle-to-gate data as used in the quantitative LCA (Hochschorner and Finnveden, 
2004). In this case it is not necessary to divide the chemicals into the life cycle stages in the 
original MECO method, since the quantitative LCA will provide a presentation of chemicals 
in that way. The focus should lie on classifying them according to their toxicological effects. 
 
For use of MECO in the acquisition process, other lists are recommended for classification of 
chemicals (FMV, 2003; Kemikalieinspektionen, 2004; Nordic Council of Ministers, 2004). In 
Pommer et al. (2001), there is a recommendation that all energy usage be calculated as oil 
consumption. Here, it is recommended that renewable energy be presented as renewable, 
when such is used, since the environmental impacts from renewable and non-renewable are 
different.  
 
6.3.2 LCAs in the acquisition process 
It would be advantageous if LCAs could be performed during the actual acquisition process, 
so the information could be used directly. However since it can be too time-consuming or too 
expensive to perform a quantitative LCA, it can be useful to use data from existing LCAs. 
Two suggestions on how to use LCAs in Swedish defence are: to make LCAs on reference 
products and use data from these studies in the acquisition process; and to make LCAs during 
the acquisition process. In both cases the LCA reports should be publicly available to allow 
reviews and discussions of results. To make the work cost-effective, international co-
operation should be sought.  
 
The reference products should, in some sense, be typical examples of products in different 
product groups, for example vehicles, ammunition and clothes. Definitions of product groups 
should be made by FMV and SAF in collaboration. Quantitative, comprehensive LCAs or 
simplified LCAs (in this case modified MECOs) should be performed for reference products 
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within each product group. The results should be an identification of critical aspects in the life 
cycles of the products. Since many parts of the products in the same product group can be the 
same or similar (e.g. the same metals in a group of vehicles) the results will form a database 
that can be used when making new analyses. The analyses should preferably be made with 
quantitative LCAs, in order to get an extensive database. The analysis can also be 
complemented with a MECO assessment. The database can then be used when performing a 
new LCA or a MECO assessment, when writing specifications of what to procure and when 
setting up environmental requirements.  
 
LCAs can also be performed and used during the acquisition process. This is preferably done 
using data from LCAs on reference products. Performing a quantitative LCA or an MECO 
assessment in the acquisition process is preferably done in the study phase, since it is easier to 
influence the product and production early in the process. However, the product will 
frequently not be specified in sufficient detail to allow a detailed LCA early in the process. It 
may therefore be necessary to complete or perform the analysis later in the process, e.g. in the 
Development or Procurement step.  
 
Data from quantitative LCAs can be used to facilitate a choice between different alternatives, 
for example materials and processes, in the steps Studies, Development, Production, 
Operation and Disposal. The MECO assessment identifies environmentally critical aspects in 
the product’s life; this information is useful when developing products in an environmentally 
preferable way. When using LCAs in the procurement step, a distinction can be made 
between two cases: 
a) Setting up requirements 
b) Choosing between suppliers 
LCAs can be used for setting up requirements. However, it is not likely that LCAs can be 
used today for choosing between different suppliers. This is because it is not likely that the 
suppliers can provide the relevant information in this step, because of the time constraints 
during the procurement and because of the regulations for public procurement. In identifying 
critical aspects of products, it can be relevant to ask suppliers for specific information in this 
step, e.g. energy use and materials.  
 
A quantitative LCA or an MECO can also be performed in the Disposal step, to analyse 
different disposal strategies.  
 
6.3.3 Summary of findings from the interviews.  
The general reaction to LCA as a tool in the acquisition process was positive. All interviewees 
believed that environmental aspects should be included early in the acquisition process. There 
is currently limited use and experience of LCA within both the defence industry and the 
authorities and both are concerned about the costs of making LCAs. However, the industry is 
positive about performing LCAs or contributing to LCA studies, if the defence materiel 
administration (FMV) were to require it. FMV is also positive, but indicates that the armed 
forces (SAF) have to require the study. SAF is positive about LCA, provided that there is a 
need for an LCA study. If the Swedish Ministry of Defence were to require that SAF demand 
LCA information, then SAF would demand this from FMV. There is thus a need for an 
initiative from one or several actors to get the ball rolling. The leading actor here could be the 
Ministry, but the authorities or the industries could also take the initiative. 
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6.4 LCC with additional environmental costs in the acquisition process (Paper V) 
Different explanations of environmental costs and different environmental LCC approaches 
exist. In the SETAC Working Group on Life Cycle Costing (2005) environmental costs are 
defined as either environmental damage expressed in monetary terms, or as the market-based 
cost of measures to prevent environmental damage. In Norris (2001) and CWRT (2000)  
environmental costs are presented as five different types; direct (e.g. costs for waste disposal 
and raw material), indirect (e.g. costs for environmental management systems), contingent 
(e.g. fines), intangible (e.g. goodwill or badwill), and external costs (costs borne by parties 
other than the company, e.g. the society). Direct, indirect, contingent and intangible costs are 
borne by the company, in contrast to external costs. Examples of LCCs with additional 
environmental costs in the literature are: Life Cycle Environmental Cost Analysis (Senthil et 
al., 2003), eLCC (Bengtsson and Sjöberg, 2004), and Total Cost Assessment (CWRT, 2000). 
Only in Total Cost Assessment are all five types of costs included. In the other LCCs only 
internal environmental costs are included (direct, indirect, contingent and in eLCC also 
intangible costs). One example is the LCECA by Senthil et al. (2002), where the direct costs 
are energy, waste control, waste treatment and waste disposal, the indirect costs are 
environmental management systems, and the contingent costs are eco-taxes and rehabilitation 
after environmental accidents. In one of the tools (TCA) by CWRT (2000), external costs 
were also included. 
 
LCC practice was also studied by interviews with LCC users in different Swedish 
organisations. The performer and user of LCC differ between the organisations. In some cases 
the intention is to perform LCC within the organisation for use by customers (Ravemark; 
Ardefors; Kjellsson, pers. comm.), while in other cases LCC is performed for internal use, by 
consultants or internal personal (Stalnert; Wannheden, pers. comm.). In the defence sector 
LCC is made by the procuring organisation (FMV), sometimes with help of a consultant and 
used as a basis for evaluations of alternatives at FMV. It is also used as a basis for planning in 
the Swedish Armed Forces (Boström; Fjärdhammar, Fridén, Persson, Stark, pers. comm.). 
The Armed Forces can decide that LCC should be used for investments, but there are often no 
formal requirements that LCC should be used (Fridén; Persson, pers. comm.). For example, 
Persson (pers. comm.) only includes the cost for acquisition in his work today and not the 
LCC, since LCC is not a requirement from the Swedish Armed Forces. At present, LCC are 
normally not used for small projects, which comprise about 80% of the total number of FMV 
acquisitions (Boström, pers. comm.). The reasons mentioned for not making LCCs are that it 
is difficult and complicated, too time-consuming, too expensive, that it is difficult to see 
advantages with the method, and that the product is already known and thereby does not need 
to be evaluated.  
 
All interviewees use a company-specific method, adjusted from case to case. Most models are 
Excel-based. Inclusion of future costs and use of interest rate is also decided from case to 
case. In one company only end-of-life costs are considered, and no full LCC is made 
(Ardefors, pers. comm.). Another company was in the process of developing a model, and did 
not use LCC at the time (Teichert, pers. comm.). A handbook on LCC has been developed at 
FMV (FMV, 2002). Depending on the purpose of the study, LCC can be performed using pen 
and paper, with Excel, or with specific computer programmes (Boström; Stark, pers. comm.). 
The time perspective in their LCC is normally 15-20 years, so most of the included costs are 
future costs (Boström; Stark, pers. comm.). No interest rate is used in the LCC (Boström; 
Fjärdhammar; Fridén; Stark, pers. comm.). One explanation is that LCCs are made to 
compare suppliers and not to generate exact numbers (Boström; Stark, pers. comm.). Another 
reason is that FMV cannot save money from one year to another (Nordlund et al., 2005). 
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No costs are explicitly stated as environmental costs within any of the LCC models used. 
Some of the interviewees believed that it would be an advantage if this were the case, others 
did not. If environmental costs are included, it is as internal costs (direct, indirect or 
contingent). Even when internal environmental costs are included in the LCC, not all of them 
are included. For example, in the Swedish defence sector, disposal costs are normally not 
included in the LCCs performed at FMV today, but are included in the general LCC models. 
Environmental costs that are direct, indirect and contingent should be included in FMV’s 
LCC, even though they are not called ‘environmental costs’ (Fjärdhammar, pers. comm.). In 
FMV’s general LCC models, costs for disposal are included, but interviewees working at the 
competence centre for logistics at FMV have not seen any real study including such costs 
(Boström; Stark, pers. comm.). Interviewees working with environmental issues at FMV think 
that intangible costs, such as the costs for badwill, would also be interesting to include in the 
LCC. They also think that it would be difficult to include costs that are not borne by the 
defence sector today (external costs) (Brorson; Hiltula; Thornéus, pers. comm.).  
 
Even though all interviewees believe that LCCs can be important for the decision, LCCs are 
not always performed or used. Most of the interviewees believe that environmental costs, just 
like other costs, have an influence on the final decision. Although many of the interviewees 
emphasised the importance of expressing environmental impacts in monetary terms, they 
questioned whether including environmental costs in LCC was the best way to achieve this. 
All interviewees in the defence sector think that an LCC has an influence on the decision it 
should support, with the restriction that the study is properly done. Boström (pers. comm.) 
reports that it is more common for smaller and less complex projects than for larger, more 
complex projects that suppliers fulfilling all demands and with the lowest LCC are assigned 
the contract. The extent to which LCC influences the decision cannot be specified, but if 
LCCs are used they will have an influence. Ohlin (pers. comm.), working at the Ministry of 
Defence, stressed the importance of including all costs and not only the purchase price in the 
acquisition. 
 
Based on the literature studies and the interviews, recommendations for inclusion of 
environmental costs in LCC are: 

• Include internal environmental costs, such as direct, indirect and contingent, in the 
LCC. Direct and indirect costs can often be drawn from market prices, e.g. the price of 
timber or disposal. Disposal costs are not included in the LCCs performed at FMV 
today, but are included in the general LCC models. Contingent costs are often 
associated with future costs and best described by their probabilistic terms (CWRT, 
2000). Methods for this were not studied in this thesis. 

• Intangible costs may be drawn from methods estimating the value of using an asset. 
Whether these should be included or not can be a subject for future research. 

• External costs are not borne by the procuring organisation and should not be included 
in the LCC for public procurement purposes. However, the risk of external costs being 
internalised, e.g. the risk of taxes for petrol increasing, could be included. Such a 
calculation needs estimations of both the risk and the magnitude of the cost. Methods 
for this can be a subject for future research. 

 
Depending on the purpose of the LCC, it can be performed and used in different steps in the 
acquisition process, for example in the study step to analyse consequences of requirements, or 
as a basis for choosing systems. According to Forsell (2005), it is best if the LCC activity is 
largest in the beginning of the acquisition process. That is, it is best performed in the study 
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step and can be complemented in later steps. LCC can also be used as a basis for decisions on 
improving systems, to decide when spare parts should no longer should be procured (in the 
phasing out step), or to consider costs for recycling used materiel (Forsell, 2005). No 
discounting rate is used in FMV’s current LCCs. Since LCCs are used to model costs during a 
time series, this practice could be questioned. Reasons for not discounting did not become 
clear during the interviews. It could be because money cannot be transferred from one year to 
another. However since the government, which controls the acquisition, can save money 
between years, discounting could still be relevant. To allow alternatives to be compared in a 
fair way, the present value of future costs or revenues needs to be calculated. The motives for 
discounting (and if so, to what rate) need clarification, and can be the subject of future 
research. 
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7. Discussions and conclusions 
The overall aim of this thesis is to make suggestions on how to take environmental 
consideration with a life cycle perspective in the acquisition process for defence materiel in 
Sweden. Outside the defence sector, it is sometimes seen as strange to take environmental 
consideration for military products and activities, but it would perhaps be even stranger if 
defence organisations were excepted from environmental responsibility. In Sweden today, a 
lot of the materiel is not actually used, but stored until demilitarisation. The materiel used is 
deployed during practice or peace-keeping operations and knowledge of the environmental 
impacts of products can contribute towards reducing their environmental impacts. Different 
tools developed for environmental consideration in product development can contribute some 
knowledge and help to set up feasible requirements on a product. Striving towards the overall 
aim, it seemed reasonable to consider tools with a life cycle perspective, such as quantitative 
LCAs, simplified LCAs and LCCs. Other tools, such as checklists and guidelines, were also 
considered. 
 
The research methodologies used were literature studies, interviews, and analyses and 
application of tools. Both scientific and popular scientific material was reviewed to gain 
knowledge on the research perspectives, mainly: public procurement, defence acquisition, life 
cycle thinking, Life Cycle Assessment, Ecodesign tools and Life Cycle Costing. Interviews 
and questionnaires were chosen to broaden this knowledge and also to study current practice 
of LCAs in the acquisition process, use of LCC in some Swedish organisations, and the points 
of views of the parties concerned (Papers IV and V). Interviews were also carried out to 
evaluate a preliminary suggestion on how to integrate life cycle thinking into the acquisition 
process (Paper IV). In both cases interviews were chosen since they provide the opportunity 
to gather and present information on the same occasion. Two different analyses of simplified 
Ecodesign tools were carried out, one of support in trade-off situations (Paper I), the other an 
evaluation and comparison of simplified LCA methods to a quantitative LCA (Paper II). The 
methods for evaluation were constructed by the authors, because to our knowledge there were 
no other methods available for evaluation of tools addressing criteria of special interest, such 
as support in trade-offs or the level of arbitrariness. LCAs were also used to analyse products, 
in one case as part of evaluation of the tools (Paper II) and in the other case to find the most 
significant environmental impacts during the life cycle of a military object, a grenade (Paper 
III). Of the five appended papers, Paper IV can be seen as a synthesis of Papers I-III, where 
tools are analysed and used. Paper IV presents a suggestion, partly based on results from 
Papers I-III, on how to use LCAs in the procurement process. Another approach could have 
been to include Life Cycle Costing from the start, and to find solutions for an environmental 
LCC with a life cycle perspective. Many of the issues studied in this thesis probably also need 
to be studied in such an approach, such as the acquisition process and tools for environmental 
aspects with a life cycle. If LCCs would have been considered from the start, the suggestions 
and conclusions for taking environmental consideration with a life cycle perspective in the 
acquisition process would probably therefore not differ so much from these presented here.   
 
The importance of environmental consideration in public procurement is emphasised in a 
number of documents (e.g. COM, 2004; Naturvårdsverket, 2008; The Swedish Government, 
2007). Procurement in Swedish defence is an example of public procurement. Among actors 
in public procurement there seems to be an impression that LCAs cannot be used for public 
procurement purposes, depending on current laws. However, there are opportunities to 
include requirements on different parts of the life cycle, such as the production process, the 
materials used etc. according to COM (2001a). No attempt was made in this thesis to further 
study the judicial aspects of use of LCA during the procurement process. The main suggestion 
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here for use of LCA in public procurement is to perform LCAs on reference products. These 
LCAs can be made outside the actual procurement process, but the information should be 
used in the process, for example to set requirements that must of course be formulated in 
accordance with existing legislation on public procurement.  
 
In reviewing published academic research in environmental procurement (e.g. Zsidisin and 
Siferd, 2001), it is not always obvious whether a life cycle perspective is included in the 
different approaches. If environmental procurement lacks a life cycle perspective, there is a 
risk that significant aspects are not considered. This can be illustrated by LCA of a grenade 
(Paper IV). A common belief is that the most significant environmental impact from a 
grenade is the use of explosives. However as shown in Paper IV, another significant aspect is 
the use of copper. If the environmental work lacks a life cycle perspective, there is a risk that 
the use of copper would not be seen as an important aspect and hence requirements on this 
could be missed. 
 
This thesis shows that LCAs can be used for analysing environmental impacts from 
munitions. Swedish acquisition of defence materiel is becoming increasingly 
internationalised. It is therefore an advantage to use internationally accepted methods, such as 
LCA, in order to communicate the results with organisations from other countries. Since 
acquisition of defence materiel can include the actual production of the product, it is also an 
advantage that LCAs are commonly used for environmentally preferable production. For 
quantitative LCAs standard methodology was used and found feasible. When a simplified 
LCA is needed, the MECO assessment is recommended on the basis of the results obtained 
here. However there are some aspects of the LCA on the grenade (Paper III) that exemplify 
specific aspects of performing LCAs on defence materiel. One aspect is the use of specific 
chemicals for which inventory data may be difficult to find. Another aspect is of course use of 
the product in a war situation. It is difficult to analyse products such as munitions in a war 
situation. The destruction munitions can achieve in a war or warlike situation was not 
included quantitatively in the LCA of a grenade. Furthermore, no attempt was made to make a 
sustainability assessment (including environmental, economic and social aspects). Instead an 
environmental assessment was made without including actual war impacts other than the 
emissions. Hence, the impacts from a real war situation would probably be many orders of 
magnitude larger than calculated here. The War Scenario discussed in Section 5.3 focuses on 
the use of the grenades, where no waste treatment is performed. The Peace Scenario is an 
assumption of the normal use of a grenade today. The comparison of the two scenarios 
generates knowledge on environmental impacts from the different life cycle phases and from 
different aspects. This knowledge is valuable when procuring and developing new munitions 
in an environmentally preferable way, and also when using or taking care of existing 
munitions. Other identified areas of use of LCAs in acquisition are: learning about 
environmental aspects of the product; fulfilling requirements from customers; setting 
environmental requirements; and choosing between alternatives. For example if the results 
from an LCA on a product (e.g. a vehicle) show that one of the key aspects is the use of 
consumables (e.g. fuel), then environmental requirements should be made on use of such. If 
the tool does not consider the whole life cycle, these aspects may be missed. To take 
environmental consideration with a life cycle perspective in the acquisition process of defence 
materiel in Sweden, the defence sector is recommended to work systematically through 
different product groups. Quantitative, traditional LCAs or simplified LCAs should be 
performed for reference products within each product group. The results should be an 
identification of critical aspects in the life cycles of the products. This knowledge should then 
be used when writing specifications of what to procure and setting criteria for procurement. 
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The reports should be publicly available to allow reviews and discussions of results. To make 
the work cost-effective, international co-operation should be sought. In addition, LCAs can 
also be performed or complemented as an integral part of the acquisition process.  
 
When choosing tools for life cycle thinking, one of the most important aspects is the area of 
use of the desired information, for example if alternatives are to be compared or if the tool is 
to be used to learn about the environmental aspects of a product. A simplified and semi-
quantitative LCA (such as the MECO method) can provide information that is complementary 
to a quantitative LCA (in this case the MECO method generates more information on toxic 
substances and other impacts than the quantitative LCA). Different approaches exist to semi-
quantify simplified methods in order to make quantitative comparisons possible. The 
recommendation here is to avoid use of fabricated scoring systems because of the difficulties 
in assigning a fair grade. If quantitative information is needed, for example in order to 
compare alternatives, one should consider performing a quantitative LCA instead of a 
simplified LCA.  
 
Both LCCs and LCAs are useful tools for life cycle thinking in environmentally preferable 
procurement. When using results from the tools it is important to know what is included in the 
life cycle, since the term life cycle or life length can be used with different meanings, as 
discussed in an earlier section. For example, results from an LCA can help set environmental 
criteria that can be used together with results from LCC in awarding the contract to the most 
economically advantageous tender. The recommendations for LCCs are to include internal 
costs (direct, indirect and contingent). External costs are not borne by the procuring 
organisation and should not be included. However, the risk of external costs being internalised 
can be included. If the LCC is to be used to estimate environmental costs in a broader sense, 
i.e. with the same system boundaries as in LCA, or for the society, other recommendations 
would probably be relevant. Information from an LCA can be used in the LCC. For example 
LCCs can be used to compare alternatives. The alternatives to evaluate can be chosen to 
reduce significant environmental aspects identified through LCAs. The results from a 
monetary weighted LCA could also be added to the results from an LCC, as in e.g. Carlsson 
Reich (2005) and Michelsen et al. (2006). However, such an approach would include external 
costs and is not the focus here, since external costs should not be included in public 
procurement according to current laws.  
 
Common practice appears to be to use a company-specific LCC model, as became evident 
from both literature studies and interviews. It might be a problem that no standardised LCC is 
used. Since the costs included and discount rates differ between models, results from different 
studies are not comparable or easily communicated to people other than those familiar with 
the specific LCC model. This could result in LCCs that are not sufficiently accurate. Thus, 
there might be a need for a forum for LCC practitioners, where models and results from 
studies could be communicated.  
 
Even though the focus in this thesis is on the Swedish defence sector, most of the results are 
of a general nature and not specific for the defence sector. The most defence-specific aspects 
of the thesis are the grenade studied and one of the recommended lists for use in the modified 
MECO (the FMV list). The other recommendations for life cycle tools could be applied in 
other organisations.  
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Future research 
Further studies are needed on how LCC should be broadened to include environmental costs 
for use in public procurement. As discussed in this thesis, suitable costs are internal 
environmental costs. The risk of external costs being internalised can also be included. To 
develop such a model, further studies are needed on which models to use to estimate different 
types of environmental costs. From the interviews it became evident that environmental and 
acquisition issues were handled with very little interaction in the controlling and ordering 
organisations. This lack of communication makes it more difficult to incorporate 
environmental consideration during the actual acquisition. Further studies are needed on how 
to facilitate integration of environmental and procuring matters. At this time, the suggestions 
presented on how to take environmental consideration with a life cycle perspective in the 
acquisition process have not been further tested or used in the process. In order to further 
elaborate on the suggestions, it would be beneficial to use them in a real case of acquisition.   
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