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Preface 
This report describes common methodology for life cycle assessment (LCA) and the basic 
working approach for performing techno-economic analysis as part of the knowledge platform 
(WP1-3) in the project “Establish locally grown textiles in Sweden”.  

LCA is a scientific method for measuring the environmental footprint of materials, products 
and services over their entire lifetime. The international guidelines are general and do not 
provide study-specific guidance on the methodological choices. The common LCA 
methodology decided on for WP1-3 will assure that the LCA case studies performed in each 
technical WP will be performed in a consistent way with compatible results. The report does 
not describe LCA standards and methods in detail as it is directed towards LCA specialists.  
 
Techno-economic analysis is a tool to demonstrate the technical and economic possibilities, 
benefits and technical limits of a given industrial process. It is usually based on a process 
model which generates basic mass and energy balances and serves as a starting point for the 
process optimization, cost calculation and evaluation of the environmental impact. The 
outcome is often used as a basis for the inventory part of LCA studies.  
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1 Introduction 
This document reports the decisions for a common life cycle assessment (LCA) methodology 
and the working approach for performing techno-economic analysis in the project “Establish 
locally grown textiles in Sweden”1. Common methodological choices are used for the 
different LCA studies that are carried out in the different technical work packages (WP). The 
common methodology is developed as part of the knowledge platform (WP1-3). It is possible 
to make deviations from the common LCA methodology, if deemed necessary, in light of the 
specific goal and scope of each study. If such deviations are made, the rationale behind the 
deviation must be clearly described in the concerned LCA report. 

1.1 Current standards and guidelines 

1.1.1 LCA 

LCA is a scientific method for measuring the environmental footprint of materials, products 
and services over their entire lifetime. The global LCA standards ISO 14040 (ISO, 2006a) and 
ISO 14044 (ISO, 2006b) specify the general requirements and the procedures necessary for 
LCA. They do however not provide study-specific guidance on the methodological choices, 
since they are depending on the goal and purpose of the specific study. Several other guidance 
documents have been developed, e.g. the ILCD Handbooks (European Commission, 2011, 
2010), the guidelines for developing Environmental Product Declarations (EPD) (IEC, 2013), 
the Product Environmental Footprint (PEF) recommendations (European Commission, 2014), 
the ISO 16760 standard for LCA on bio-based products (ISO, 2015) and the guidelines for 
building products from the Swedish Robust project (Erlandsson et al., 2013). These guidelines 
are still however general and do not provide study-specific guidance on the methodological 
choices. 

This report does not describe LCA standards and methods in detail as it is directed towards 
LCA specialists. Appendix A provides a schematic figure of the components of LCA. More 
information on LCA and related standards and methods can be found at the European 
Platform on LCA website2. 

1.1.2 Techno-economic analysis 

As far as the techno-economic analysis is concerned, there are no official standards or 
generally accepted guidelines for performing this type of study. The basic laws of 
conservation set the boundaries for mass and energy balance and the technology availability 
sets the limits for the process optimization. The results of a cost evaluation are a direct 
consequence of the calculated resource and energy use, waste generation, plus the assumed 
price levels, the latter being taken directly from the market and/or the equipment and material 
suppliers. The environmental impact is usually presented in a form of simple emission data 
(e.g. flue gas or effluent flow) which too are an output from the mass and energy balance. It 
can therefore be said that the industrial reality is an ultimate verification of the techno-
economic analysis. 

                                                 
1 http://www.swerea.se/en/news/establish-locally-grown-textiles-in-sweden  
2 http://eplca.jrc.ec.europa.eu/  
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1.2 Aim of methodology 
The common LCA methodology will assure that the LCA case studies performed in each 
technical WP will be performed in a consistent way with compatible results. 

The predefined approach for techno-economic analysis will guarantee consistency across WPs 
so that the results from different WPs are directly comparable. It will also give a consistent 
input to LCA studies and assure that collaboration with LCA practitioners leads to synergistic 
effects. 

1.3 Working method 
The LCA work has been based on previous experience from the individual LCA researchers 
participating in the project and performed as literature studies and via a workshop3.  

The workshop assured use of the different competences of the researchers and established 
consensus on the common approach. The resulting methodology is documented in this report. 
The individual LCA researchers will then apply the methodology in the LCA case studies 
performed in each technical WP. 

The approach for techno-economic analysis has been described by Innventia. 

1.4 Background to methodology 
Methodology is the systematic, theoretical analysis of the methods applied to a field of study. 
It comprises the theoretical analysis of the body of methods and principles associated with a 
branch of knowledge. Typically, it encompasses concepts such as paradigm, theoretical 
model, phases and quantitative or qualitative techniques. 

A methodology does not set out to provide solutions - it is, therefore, not the same as a 
method. Instead, a methodology offers the theoretical underpinning for understanding which 
method, set of methods, or so-called “best practices” that can be applied to a specific case.4 

                                                 
3 Workshop December 3rd 2015, participants: Gustav Sandin, Jutta Hildenbrand and Sandra Roos. 
4 https://en.wikipedia.org/wiki/Methodology  
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2 Recommended methodology 
This section describes the methodological choices that are selected for the project “Establish 
locally grown textiles in Sweden”. It is important to bear in mind that there are no general 
right or wrong methodological choices, the recommendations are valid only in the specific 
context. A conscious choice is however crucial in order to ensure that the LCA results are 
useful for the intended purpose.  

The system boundaries, allocation rules and inclusion on environmental impact categories are 
examples of methodological choices that the LCA practitioner needs to decide on. Another 
much discussed topic in the LCA community is whether to apply the attributional or the 
consequential approach (Erlandsson et al., 2013). The attributional approach is selected here 
as comparability between products and product groups is one of the results sought, and this 
specific methodological issue will not be discussed further.  

The above mentioned ISO standards are to be followed and below are prescribed the detailed 
methodological choices for the specific project. If the study is intended to be used for an EPD 
or a PEF, then these guidelines also apply. 

2.1 System boundaries for circular products 
Regarding system boundaries, two major aspects contribute to the choice. One aspect is the 
consideration that companies should have the opportunity to create EPDs based on these 
results. The other aspect is to simplify the system’s thinking around circular products also for 
non LCA experts and clearly point out environmental gains. 

The General Program Instructions of the International EPD System (IEC, 2013) prescribes a 
“Polluter Pays allocation method” where interlinked product systems are separated at the 
point in the life cycle where they have their lowest market value resulting in a business-
related approach regarding the differentiation of environmental impacts, see Figure 1.  
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Figure 1. The “Polluter Pays allocation method” from the General Program Instructions of the International EPD 
System (IEC, 2013). The “Polluter Pays allocation method” illustrated for the various types of waste treatment 
options included in various process stages. The blue area indicates the environmental impact that has to be carried by 
the waste generator. 

This means that credit for recycling is given to those that use recycled resources rather than 
those that produce recyclable resources. The choice of following the International EPD 
System’s guidelines is made with the dual purpose to encourage making EPDs and to 
encourage products that are made from recycled material, as it is only when the recycled 
material substitute the production of virgin material that environmental gains are made. 
Figure 2 below exemplifies this in a hypothetical case. The primary energy needed to produce 
one kg virgin material is 8 MJ (A). The primary energy needed to produce one kg recycled 
material is 6 MJ (B). If the recycled material does not substitute production of virgin material, 
there is no gain (B). If the recycled material costs more to produce than the virgin material, 
there is no gain (C). If the recycled material costs less to produce than the virgin material and 
substitute the production of virgin material (D), there is an environmental gain (E). A circular 
product will further never risk receiving double recycling credits, see example F in Figure 2.  
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Figure 2. Primary energy loss and primary energy gain in recycling. 

The system boundary setting in the project “Establish locally grown textiles in Sweden” 
follows the International EPD System’s guidelines for the system boundary: the product’s life 
cycle starts and ends at the point of lowest value, i.e. before any waste pre-treatment process 
(production process in the production of recycled feedstock) begins, see Figure 3 below. 

The same system boundaries are chosen for bio-based products, partly to give compatibility 
with the recycling studies, but also as this encourage bio-based products to be compared with 
their fossil equivalents in a fair way. Figure 3 shows how two alternative ways to produce a 
product, 1 and 2, are compared regardless of if the feedstock is fossil, bio-based or recycled. 
Waste pre-treatment processes are thus regarded as production processes in the production of 
recycled feedstock, exactly under the same conditions as any other production process. 

 
Figure 3. Scheme of comparisons. The left figure (A) shows a scheme for comparison of biobased products and fossil 
products. The right figure (B) shows a scheme for comparison of recycled products and virgin products. The system 
boundary follows the International EPD System’s guidelines (IEC, 2013) for the system boundary: the product’s life 
cycle starts and ends at the point of lowest value, i.e. before any waste pre-treatment process (production process in 
the production of recycled feedstock) begins. 
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If the study is intended to be used for an EPD or a PEF, then these guidelines apply. The PEF 
recommends to allocate the impacts and benefits due to recycling equally between the 
producer using recycled material and the producer producing a recycled product: 50/50 
allocation split (European Commission, 2014). 
 

2.2 Functional unit/Unit of analysis 
In Figure 3 it is also illustrated that the selected functional unit/unit of analysis is the 
produced product. The calculations are thus made for production of new products (e.g. 1 piece 
of product/service or 1 kg of material) and the unit of analysis e.g. treatment of waste. The 
choice is made with the dual purpose to encourage making EPDs and to encourage products 
that are made from recycled material. 

2.3 Allocation rules 
When processes have more than one product stream or has one product stream and one or 
several by-product streams, allocation of the environmental impact is necessary. Either this is 
made based on physical quantities, economic value or on some other relationship, or a system 
expansion is made to avoid allocation.  

Economic allocation of by-products was decided to be the most reasonable for this study, 
since this will simplify data collection and since the database Ecoinvent is intended to be 
used. Ecoinvent 3 is consistently using economic allocation, and the study will then perform 
allocation consistently. An example of what this could mean is when lignin is today seen as a 
by-product from pulp mills with low economic value compared with pulp. Instead of dividing 
the environmental impact per kg pulp/lignin, the pulp will bear a higher burden than lignin 
when dividing the environmental impact per SEK pulp/lignin product. A sensitivity analysis 
will be carried out in the WPs to see the influence of this choice. 

If the study is intended to be used for an EPD or a PEF, then these guidelines apply. 

2.4 Data selection 
The database Ecoinvent 3 will be consistently used for background data, and the specific 
datasets that are used in the project will be specified. Here coordination with the Mistra 
Future Fashion programme will be made, since related data selection has already been started 
there (Roos et al., 2015). 
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2.5 Environmental impact categories and models 
The categories and models for environmental impact are shown in Table 1 below. For 
emissions of greenhouse gases, both results when biogenic emissions are included and results 
when biogenic emissions are excluded will be reported. 

Table 1. Selection of environmental impact categories and models 

Impact category  Characterisation method Unit for 

characterisation 

factors  

Reference for characterisation 

method  

Climate change  Global warming potential with 

a 100 year perspective (GWP100), 

both including and excluding 

biogenic CO2 emissions  

kg CO2 equivalent  IPCC (2013) as implemented in 

SimaPro and GaBi 

Acidification  Accumulated exceedence  mole H+ equivalents Seppälä et al. (2006) and Posch et 

al. (2008) as implemented in 

SimaPro and GaBi 

Freshwater 

eutrophication  

Freshwater eutrophication 

potential (EUTREND model) 

kg P equivalents  Struijs et al. (2009) as implemented 

in SimaPro and GaBi 

Freshwater 

ecotoxicity 

Ecotoxicity potential (USEtox 

model)  

Comparative toxic units 

for human (CTUe) 

Rosenbaum et al. (2008) as 

implemented in SimaPro and GaBi 

Human toxicity, 

carcinogenic 

Human toxicity potential 

(USEtox model) 

Comparative toxic units 

for human (CTUh) 

Rosenbaum et al. (2008) as 

implemented in SimaPro and GaBi 

Human toxicity, 

non-carcinogenic  

Human toxicity potential 

(USEtox model) 

Comparative toxic units 

for human (CTUh) 

Rosenbaum et al. (2008) as 

implemented in SimaPro and GaBi 

Photochemical 

ozone formation  

Photochemical ozone formation 

potential (LOTOS-EUROS 

model) 

kg NMVOC equivalent  Van Zelm et al (2008) as 

implemented in SimaPro and GaBi 

Agricultural land 

occupation 

Agricultural land occupation m2*yr (agricultural 

land)  

Guinée et al. (2002) as 

implemented in ReCiPe in SimaPro 

and GaBi 

Freshwater 

consumption 

Consumptive freshwater use 

(Swiss Ecoscarcity model) 

scarcity-weighted 

freshwater consumption 

in litres (litre 

equivalents) 

Frischknecht and Büsser Knöpfel 

(2013) as implemented in SimaPro 

and GaBi 

Non-renewable 

energy resources 

Use of primary energy from 

non-renewable resources 

MJ Primary energy from non-renewable 

resources as implemented in 

SimaPro and GaBi 

 
If the study is intended to be used for an EPD or a PEF, then these categories and models 
apply. 
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2.6 Approach for techno-economic analysis 
Establishing a common approach for techno-economic analysis was intended to assure that 
the results across WPs are consistent and that collaboration with LCA practitioners leads to 
synergistic effects. Currently, techno-economic analysis is included in WP8 only, where it 
will support the LCA work with the inventory analysis of the viscose mill.  

The main working procedure for a techno-economic analysis starts with a comprehensive 
technology review, based on various data concerning the technology availability, including 
typical as well as state-of-the-art process solutions applied in a given location. A good 
database of various technical solutions, often constructed in a close cooperation with 
equipment suppliers, is utilized. 

Subsequently, a process model is constructed, preferably with a help of simulation software 
(Berglin et al. 2011). Mass yields, energy yields and stage efficiencies are evaluated and a 
suitable process layout is chosen. The results from this stage include mass and energy 
balances at a complexity level chosen by the user as relevant for the project. If a pulp mill is 
taken as an example, a simple mass balance may include water, fibre and basic elements of 
pulping chemicals, i.e. Na and S, while a detailed balance will encompass even the low-
concentration non-process elements, like Cd. There are no standards for constructing a mass 
and energy balance; the basic conservation laws will eventually verify its correctness. 

In the next step, the results are evaluated and the process is optimized if necessary. The 
optimization may include e.g. a pinch analysis5 followed by recommendations for energy 
integration. If appropriate, another technical solution may be suggested.  Finally, the 
evaluation of costs and the basic environmental impact is performed. For the economic 
assessment, a database of investment and operational costs, developed in cooperation with the 
suppliers and by closely monitoring the market, is used. The prices for the raw materials, 
chemicals and energy are updated for every analysis to reflect both the local specifications 
(e.g. the energy mix relevant for the assumed location) and the current market situation. The 
location of the process is one important factor since it influences the prices of both the new 
investments and common utilities, e.g. chemicals. The same pertains to the basic assessment 
of the environmental impact: depending on the location, different types of energy mix can be 
used influencing the emission levels.  

This part of work is often iterative; it is necessary to go back to both technology evaluation 
and simulation several times before a final process scheme is agreed upon. This step requires 
therefore a dialogue with the scientist designing the process and includes a comprehensive 
feedback on which process parameters have greatest impact on the overall process economy 
and its environmental performance. A sensitivity analysis is also performed; the price of the 
crucial components (e.g. key process chemicals) is varied in order to evaluate the process’s 
safety margins with market fluctuations as well as possibilities for improvement. 

The final results are usually presented in an easily quantifiable form, e.g. per unit mass of the 
final product, which allows a direct and fair comparison between different alternatives. 

                                                 
5 Pinch analysis is a methodology for minimising energy consumption of chemical processes by calculating 
thermodynamically feasible energy targets (or minimum energy consumption) and achieving them by optimising 
heat recovery systems, energy supply methods and process operating conditions. It is also known as process 
integration, heat integration, energy integration or pinch technology 
(https://en.wikipedia.org/wiki/Pinch_analysis). 
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2.7 Interface between techno-economic analysis and LCA 
Techno-economic analysis and LCA have different purpose and scope. Techno-economic 
analysis looks at the technical and economic feasibility of different process routes, starting 
from simple physical and chemical constraints such as mass balances and thermodynamic 
driving force for chemical reactions, followed by economic considerations such as investment 
and operational costs. Techno-economic analysis that builds on a process simulation usually 
includes detailed modeling of internal process flows. Simple estimations of environmental 
impact parameters, such as flows of effluent or waste to landfill are also included.  

LCA on the other hand aims to quantify the environmental impact and include the most 
environmentally relevant flows regardless of size or economic value. Small emissions of 
highly toxic substances are crucial for LCA but often irrelevant for systems analysis. 
Depending on scope of the LCA, modeling the process as a “black box” can be sufficient, e.g. 
if the process is one of the production processes in a long supply chain of a product. In other 
studies the LCA inventory includes detailed modeling of internal process flows, e.g. if LCA is 
used for eco-design of the specific process.  

The conclusion is that techno-economic analysis can support but not replace life cycle 
inventory in LCA and vice versa. A comprehensive techno-economic analysis can 
nevertheless be a practical, if not necessary, foundation for an LCA study as it provides a 
detailed quantification of the relevant process parameters. 
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Appendix 1 – Components of LCA 
The different components of the LCA work are described in the figure below. The real 
product life cycle is modeled, either with generic data from LCA databases or specific data 
inventoried for the study. The real environmental impact from resource extraction and 
emissions is modeled, either with generic data from LCA databases or specific data 
inventoried for the study. The inventory is matched with impact data, most commonly using a 
specific LCA software. 

 

 
Figure A1. Components of life cycle assessment (LCA). Image produced for the strategic innovation program Metallic 
Materials. © Sandra Roos, 2014.  
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