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Abstract 
 
The most environmental threats within the pulp and paper industry are of local or 
regional in character rather than global. The pulp and paper industry requests 
methods for assessment of the impact of specific mills on their local recipients. With 
recipient specific knowledge, taking in account the specific prerequisites of the 
recipient, it is possible to set recipient specific threshold values enabling to reach 
sustainable emission levels. Earlier experiences show that the present Life Cycle 
Assessment (LCA) fails to reach this purpose because it assesses potential impacts 
on a homogenous environment without distinction of the recipient sensitivity. 
Additionally, the present LCA does not differ between local, regional or global 
environmental threats. 
 
This Master’s Thesis composes a second part of an introduction for carrying out 
threshold values for aquatic recipients. The first report was made during a previous 
practice period and consists of a life cycle inventory study of the production at the 
Norrsundet Mill and the Skoghall Mill. The study aims to suggest a method for 
assessing local impacts with life cycle perspective, partly by inventory and 
classification of recipient impact of the two forest industrial mills, and party by an 
analysis of important literature and development directions in the area.  
 
The target audience of this study is an international forest product company, Stora 
Enso, and also governmental and non-governmental organizations who utilize data 
and information for environmental applications, or develop methods and 
methodologies for environmental assessment.  
 
The primary issues of this Master’s Thesis are of practical manner, for instance 
“What environmental data and information of the aquatic recipient is available at 
Skoghall Mill?”, “What are the applications of the data?”, “How should 
environmental data and information be collected from aquatic recipients?”,  "What 
kind of environmental data and information is required for a site-specific LCA study 
to be able to assess local environmental impacts?”, "What are the applications of site-
specific LCA?”, etc. 
 
This study includes an inventory analysis and an assessment of the environmental 
conditions of the aquatic recipient of Skoghall Mill during the period 1980-2000 
according to the Swedish Environmental Protection Agency’s quality criteria for 
classification. A general framework for site-specific LCA is presented including a 
method for inventory and assessment of local environmental impact of the waste 
water from Skoghall Mill on its aquatic recipient. 
 
It is presently not possible to reach such reliability of LCA that is required for an 
assessment of local environmental impacts. To be able to apply site-specific LCA in 
the future is required implemented methods for handling environmental data and 
information internally or externally within the company, or between universities, 
governmental or non-governmental organizations; standardized methods for 
inventory of site-specific data from other systems than the technical system; more 
site-specific data and a higher environmental competence; and also an increased 
cooperation between suppliers, producers, customers, universities, governmental and 
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non-governmental organizations, etc, to make it possible to aggregate different life 
cycle stages and to be able to coordinate the costs that become enclosed. 
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1 Introduction 
 
Stora Enso is an international forest product company producing in 19 countries and 
selling goods in 36 countries, in almost every continent. The company was created in 
turn of the year 1998/99 by a merger between the Swedish STORA (Stora 
Kopparbergs Bergslags AB) and Finnish Enso. The core businesses include 
magazine papers, newsprint, fine papers and packaging boards. Stora Enso also 
conducts extensive sawmilling operations [Environmental Report 1999 and 2000]. 
 
Stora Enso’s Environmental and Social Responsibility Policy states that all 
operations and actions are to work towards ecological, social and economical 
sustainability. In order to continuously strengthen the operations and develop 
environmental and social issues in sustainable way, Stora Enso considers an open 
discussion and interaction with all stakeholders, both governmental as non-
governmental, as fundamental [Environmental Report 1999 and 2000]. 
 
Stora Enso is a forerunner in the forest industry in adopting widely environmental 
management systems. Currently more than 80 % of the company’s pulp, paper and 
board production capacity is registered or certified according to EMAS or  
ISO 14001. The efforts have paid off in the form of less impact on the environment, 
reduced emissions and land filling, and increased levels of confidence with 
stakeholders [www.storaenso.com; Environment; Sustainable Development - speech 
by Björn Hägglund 2001-08-23].    
 
An intensive investment phase to make industrial plants environmentally compatible 
began during the 1970’s. At that time forest product companies were working to 
make extensive reductions in emissions of organic substances, mainly fibre, from 
pulp and paper mills and thereby to recreate good habitats and conditions for life in 
streams and rivers, in lakes and seas. During the 1980’s scientists discovered the 
impact on the environment made by emissions of chlorinated compounds originating 
from, among other sources, the forest industrial mills. This led to considerable efforts 
to identify and implement alternative methods and other chemicals than chlorine to 
use in pulp bleaching processes [www.storaenso.com; Environment; Sustainable 
Development - speech by Björn Hägglund 2001-08-23].   
 
The pro-environmental work focused on pulp and paper mills still continues but the 
era of massive direct investments in environmental improvements is now largely 
behind. After having gradually solved the emission problems that overwhelmed pulp 
and paper mills Stora Enso have been able to widen their perspectives. The new 
perspective is called the product chain perspective and includes own operations, 
suppliers and customers. Stora Enso is working towards a life-cycle focus that 
provides the opportunity for optimisation and improvements in a holistic perspective 
[www.storaenso.com; Environment; Sustainable Development - speech by Björn 
Hägglund 2001-08-23]. This is where Life Cycle Assessment (LCA) provides 
assistance. Stora Enso has been active in this field [Environmental report 1999]. 
 
As a global company the perspective of environmental issues requires global 
thinking but local action [www.storaenso.com; Environment; Sustainable 
Development - speech by Björn Hägglund 2001-08-23]. This means that the 
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principles of sustainability are to be integrated into the company’s day-to-day 
business, on all levels. Efforts made to decrease local impacts have global effects 
since Stora Enso’s units and therefore also their recipients are spread over many 
countries.  
 
The most environmental threats within the pulp and paper industry are of local or 
regional in character, e.g., oxygen depletion, eutrophication, ecotoxicity and 
acidification, rather than global, e.g., climate change (or global warming). The pulp 
and paper industry requests methods for assessment of the impact of specific mills on 
their local recipients. With recipient specific knowledge, taking into account the 
specific prerequisites of the recipient, it is possible to set recipient specific threshold 
values enabling to reach sustainable emission levels. Earlier experiences show that 
the present LCA fails to reach this purpose because it assesses potential impacts on a 
homogenous environment without distinction of the recipient sensitivity 
(vulnerability). Additionally, the present LCA does not differ between local, regional 
and global environmental threats. 
 
This study is an introduction for carrying out threshold values for aquatic recipients 
of waste water from forest industrial mills. The study aims to suggest a method for 
assessing local impacts with life cycle perspective, partly by inventory and 
classification of recipient impact of two forest industrial mills, and partly an analysis 
of important literature and development directions in the area. The study is presented 
in two reports. 
 
The first report was made during a previous practice period and consists of a Life 
Cycle Inventory (LCI) study of the production at Norrsundet Mill and Skoghall Mill. 
The study included no background inventory data. The inventory analysis was made 
in a way where pre- and post-steps can be aggregated to the study to compile an 
LCA. Wastewater data among others was collected for the period 1980-1999 and the 
constituents were classified in impact categories. It included also a proposal of 
delimitation of the two mill’s recipient areas respectively. The aquatic recipient of 
Skoghall Mill consists of the bay Kattfjorden and a delimited area of the lake 
Värmlandssjön [Hälvä 2000]. Appendix A shows an abstract of the practice report.  
 
The following master thesis constitutes the second report of the study. It starts with 
an inventory analysis of the aquatic recipient of Skoghall Mill during the period 
1980-2000 (chapter 2) and an assessment of the environmental conditions of the 
recipient according to the Swedish Environmental Protection Agency’s (EPA) 
quality criteria for classification environmental conditions in lakes (chapter 3).  A 
general framework for site-specific LCA and a method for inventory and assessment 
of local environmental impact of the waste water from Skoghall Mill on its aquatic 
recipient is presented (chapters 4, 5 and 6).  
 
The method is based on the ideas of site-specific LCA presented by Schaltegger 
(1996). Site-specific LCA concentrates on the site-specific information of every life 
cycle stage, for instance a production stage. Therefore no background inventory data 
have to be provided, as was the case of the previous LCI-study. To compile an LCA, 
site-specific data of the life cycle stages of a product are aggregated. The data used 
for decision making are specific, representative, collected individually, and usually 
have a consistent, verified standard of quality. The environmental data and 
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information collected for a site-specific LCA study describes both the production site 
and the local environment. This enables LCA to address time-and location dependent 
effects, to assess actual impacts instead of potential impacts and still preserving the 
life cycle perspective. In this study a site-specific LCA also includes environmental 
data and information from the social system (defined in chapter 4.1) to facilitate the 
collection of site-specific data (defined in chapter 6), and also enable to localise 
those valuations that affect the interpretation of the collected data and impact 
assessment results. This environmental impact assessment differs remarkably from 
the international standard for Life Cycle Impact Assessment (LCIA), ISO 14042 [de 
Haes 1996, EN ISO14042:2000].  
 
The Swedish competence centre CPM (Centre for Environmental Assessment of 
Product and Material Systems) at Chalmers University of Technology in Gothenburg 
has developed the SPINE system model (appendix B). The model classifies 
environmental data and information in three systems, technical, environmental and 
social systems (chapter 4.1). The general framework of site-specific LCA described 
in chapter 4 is based on an extended description of the SPINE system model 
described in this study.   
 
This study presents a method for Inventory Analysis of a Nature System (IANS) for 
the purpose to understand the complexity of a high-level nature system, for example 
an ecosystem or population system, by modelling a data model for the system 
(chapter 5). The nature system model could be used for examining threshold values 
and ecological effect variables (chapter 5.1). It includes a method for collecting 
environmental data and information from nature systems such as an aquatic recipient 
and is analogous with the international standard ISO 14041, which shows a step-by-
step procedure for collecting environmental data and information from product or 
service systems. The method for IANS is regarded to fulfil SPINE documentation 
criteria and data quality aspects defined at the Swedish competence centre CPM at 
Chalmers University of Technology in Gothenburg. Appendix D shows the method 
for IANS.  
 
The target audience of this study is also others than Stora Enso because sustainable 
development issues involve the entire society, among others governmental and non-
governmental organizations who utilize data and information for environmental 
applications (e.g. LCA practitioners), or develop methods and methodologies for 
environmental assessment (e.g. LCA developers). The problem area is observed from 
different points of view depending on the target audience. 
 
From the social perspective, the Swedish government’s dilemma is how to hand over 
to the next generation a society in which the main environmental problems have been 
solved, i.e., by 2020-2025. Considering environmental impact, and indeed the entire 
debate over Sustainable Development1, the hart of the work is to define an acceptable 
level of environmental impact. Hence, the core issue is ”How much environmental 
impact can be tolerated?” . Without an answer on this difficult issue the 15 new 

                                                
1 In 1987 the United Nations published the Brundtland Report, also known as Our Common Future, 
alerted the world to urgency of making progress toward economic development that could be 
sustained without depleting natural resources or harming the environment. The report defined 
Sustainable Development as ”development which meets the needs of the present without 
compromising the ability of future generations to meet their own needs”. 
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national environmental quality goals lose their function [www.doc.mmu.ac.uk; 
Brundtland_Report.html; Sustainable_Development.html; Agenda21.html 2000-11-
09, www.gdrc.org  2000-11-10]. In the government’s view, the new Environmental 
Code, together with the new national environmental quality goals, will increase the 
scope for and stimulate interest in voluntary measures, not least in industry, that will 
improve the environment [www.miljo.regeringen.se 2000-11-10] 2. 
 
The LCA practitioners could in this perspective be regarded to operate in the 
interface between the government and the industry. Hence, the environmental tool 
LCA executives the life cycle thinking concept, which is an idea among others of 
how to achieve ecological, social and economical sustainability. The overall 
objective of LCA is to ensure improvements on a life cycle basis, to identify 
improvement priorities and to understand the environmental profile of a system 
[www.setac.org 2001-05-29].  
 
From Stora Enso’s point of view the results of this study will be an input to the 
OMNIITOX (Operational Models aNd Information tools for Industrial application of 
eco/TOXicologial impact assessments) project. OMNIITOX is an ambitious, 
multidisciplinary and challenging EU-funded project, focusing on new and better 
LCA/LCIA and risk assessment methods and information tools, enhancing the 
capability of the user to make more accurate decisions regarding chemical use. The 
OMNIITOX project is funded by the EU commission in the fifth EU Framework 
Programme "Competitive and Sustainable Growth", key Action 1 "Innovative 
products, processes and organisations". The 40 months project stared in April 
2001.The issue put forward by the pulp and paper industry branch, having one of the 
ten work packages, relates to site-specific environmental impact assessment in LCA 
calculations. LCA studies today generally yield global potential effects presented in 
impact categories or in indexes. That is, they are given as if there were no differences 
in the sensitivity or different sites of regions into which emissions take place. One of 
the purposes of the OMNIITOX project is to influence the method development of 
impact assessment of water effluents. 
 
The primary issues of this study are of practical manner, for instance “What 
environmental data and information of the aquatic recipient is available at Skoghall 
Mill?”, “What are the applications of the data?”, “How should environmental data 
and information be collected from aquatic recipients?”,  "What kind of 
environmental data and information is required for a site-specific LCA study to be 
able to assess local environmental impacts?”, "What are the applications of site-
specific LCA?”, etc. 

                                                
2 On the 1st of January 1999 came to force in Sweden an Environmental Code, which puts more 
emphasis on goal and result management than the previous environmental legislation. This means that 
the licensing and supervision of activities and measures must in the future take the goals of 
environmental policy into consideration. Licensing and supervision work is to be steered by the 
national objectives, specified in the form of regional and sector goals. Environmental quality 
standards are a new feature of the Environmental Code. These are regulations relating to the lowest 
acceptable quality of the soil, water, air and the environment in general. While previous 
environmental legislation was only aimed at minimizing and alleviating environmental disturbances, 
as far as was reasonable, the Environmental Code on the other hand also places direct demands on the 
final result, i.e. on what properties the environment must have for it to be acceptable 
[www.internat.environ.se (2000-11-10)]. 
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2 Inventory analysis of the aquatic recipient of 
Skoghall Mill 

  

2.1 The goal and scope of the inventory analysis 
 
The aim of this inventory analysis is to collect environmental data and information 
from the aquatic recipient of waste water from Skoghall Mill to make it possible to 
assess the environmental condition of the recipient, and if possible assess the local 
environmental impact of the waste water from Skoghall Mill. 
 
Environmental data and information located at the archives of Skoghall Mill is 
collected from the time period 1980-2000. The assessment of metals is not included 
in this study for the reason that no site-specific data of metals in the waste water 
from Skoghall Mill were collected during the previous practice period [Hälvä 2000]. 
 

2.2 Description of the study area 
 
Stora Enso Paperboard AB own and run factories for forest industrial activity at 
Skoghall Mill in Hammarö municipality in Värmland County. Skoghall Mill’s waste 
water flows into the northern part of the lake Vänern. See figure 1. Vänern is the 
biggest lake in Sweden, and the fourth biggest in Europe, with the area of 5 650 km2 
[Nationalencyklopedin (1993)]. Vänern can be divided in two minor lakes: 
Värmlandssjön (up streams) and Dalbosjön (down streams). The aquatic recipient of 
the Skoghall Mill consists of the bay Kattfjorden and a delimited area of the lake 
Värmlandssjön. Kattfjorden is a quite open bay towards Värmlandssjön and therefore 
the water exchange there between should be large. The bay is about 50 m deep in the 
middle (appendix C:1). The river Klarälven flows with two minor rivers called 
Dingelsundsådran and Skoghallsådran into the bay. Waste water from Hammarö 
sewage treatment plant and partly from Akzo Nobel flows into Skoghallsådran. The 
drinking water treatment plant of Karlstad municipality is situated at Sörmon and has 
its intake point in the northwest of Kattfjorden, closed to Randviken. The distance 
from Skoghall Mill to the drinking water intake point is about 9 km (appendix C:1). 
Skoghall Mill’s raw water intake is located about 100 m southeast from the eastern 
point of the island Garpen [Hälvä 2000].  
 
No environmental data and information has been collected from any reference area.  
 
Appendix C shows a more detailed map over the study area than figure 2.1. 
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Figure 2.1  The lake Vänern [www.vanern.s.se 2001-07-01]. 
 
 

2.3 Inventory analysis  
 
The environmental data and information in this study is acquisitioned from the 
archives at the Skoghall Mill. The collected data was in paper form. It has been 
copied to a suitable form for this study. Persons responsible for the data acquisition 
are I, my supervisor Research Engineer Linnéa Lövgren and Environment Engineer 
Rolf Larsson at the mill.  
 
Skoghall Mill’s recipient control was included in the coordinated recipient control 
for northern Vänern during the period 1980-1995 which is performed by ALcontrol 
Laboratories (former KM-lab) in Karlstad. During 1996-2000 the recipient control at 
the mill includes only a control of raw water to the mill.  
 
The recipient control results performed by Skoghall Mill were presented in tables for 
two measurement points, 50 and 90 during the period 1980-1995. As a consequence 
this the inventory analysis of this study was concentrated on collecting data from 
these measurement points. In the 80’s the recipient controls were done by the 
Swedish Environmental Research Institute (in Swedish Institutet för vatten och 
luftvårdsforskning, IVL Svenska Miljöinstitutet AB). The recipient control by IVL 
contained several measurement points, including 50 and 90. Locations of these points 
are shown in the appendices C:1 and C:2.  
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Table 2-1 shows the parameters of the recipient control in the points 50 and 90 
performed by Skoghall Mill. Temperature (?C) and oxygen (mg/l) are needed to 
calculate the amount of relative dissolved oxygen (%). KMnO4 (mg/l) and CODMn 
(mg/l) (Chemical Oxygen Demand) show how much oxygen will be consumed if all 
the organic substances in the water will be degraded. The light conditions or the 
amount of organic and inorganic substances in the water can be described partly by 
the physical parameter Secchi depth (m). The chlorophyll concentration (? g/l) shows 
the amount of plankton algae (phytoplankton) in the surface water.  
 
Table 2-2 and 3 show the including parameters of the recipient control in the points 
50 and 90 performed by IVL. 
 
Samples of temperature, KMnO4 (1995 replaced by CODMn) and oxygen where taken 
in different depths in each point (table 2-1). The recipient control by IVL includes 
also other parameters (table 2-2 and 2-3).  The depths differ between the recipient 
controls performed by Skoghall Mill and IVL. In the recipient control performed by 
Skoghall Mill the different levels were:  
 

o point 50: 0.5 m, 5 m, 10 m, 15 m, 20 m and 1 m.a.b. (meter above bottom),  
o point 90: 0.5 m, 5 m, 10 m, 15 m, 20 m, 30 m, 40 m and 1 m.a.b.  
 

In the IVL reports, 1984-1986 the depths for these two points were: 
 

o point 50: 0.5 m, 5 m, 10 m, 15 m, 20 m, 30 m and 36 m (the bottom), 
o point 90:  0.5 m, 5 m, 10 m, 15 m, 20 m, 30 m and 45 m (the bottom). 
 

In earlier IVL reports (1980-1983) the level 30 m was excluded in the point 50, and 
in the report from 1988 the bottom level on the same point was 34 m instead of 36 m. 
 
Table 2-4 shows the parameters of the raw water quality control in the point R5 
(appendix C:3). 
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Table 2-1. Parameters of the recipient control in the points 50 and 90 performed 
by Skoghall Mill (appendix C:1). 

Parameter Measurement point 50 Measurement point 90 
Temperature (?C) 1980 May-Dec 

1981 May-Oct  
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986 May-Oct 
1987-1989 May-Sept  
1990-1995 May-Oct  

1980 May-Dec 
1981 May-Oct  
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986-1987 May-Oct 
1988-1989 May-Sept 
1990-1995 May-Oct  

KMnO4 (mg/l) 1980 May-Dec 
1981 May-Oct  
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986 May-Oct 
1987-1989 May-Sept  
1990-1994 May-Oct  

1980 May-Dec 
1981 May-Oct 
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986-1987 May-Oct 
1988-1989 May-Sept 
1990-1994 May-Oct  

CODMn (mg/l) 1995 May-Oct  1995 May-Oct 
Oxygen (mg/l) 1980 May-Dec 

1981 May-Oct  
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986 May-Oct 
1987-1989 May-Sept  
1990-1995 May-Oct  

1980 May-Dec 
1981 May-Oct 
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986-1987 May-Oct 
1988-1989 May-Sept 
1990-1995 May-Oct  

Oxygen (%) 1980 May-Dec 
1981 May-Oct 
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986 May-Oct 
1987-1989 May-Sept  
1990-1995 May-Oct  

1980 May-Dec 
1981 May-Oct 
1982 May-Nov 
1983-1984 May-Dec 
1985 May-Nov 
1986-1987 May-Oct  
1988-1989 May-Sept 
1990-1995 May-Oct  

Secchi depth (m) 1980 May-Oct 
1981-1982 May-Oct 
1983 May-Nov 
1984 May-Oct 
1985 May-Nov 
1986 May-Oct 
1987-1989 May-Sept  
1990-1995 May-Oct  

1980 May-Oct 
1981 May-Oct 
1982 May-Oct 
1983-1984 May-Nov 
1985 May-Nov 
1986-1987 May-Oct  
1988-1989 May-Sept 
1990-1995 May-Oct  
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Table 2-1. continues: 
Parameter Measurement point 50 Measurement point 90 
Chlorophyll (? g/l) 1980-1983 No measurements. 

1984 May-Sep and Nov 
1985 May-Nov 
1986 May-Oct 
1987-1989 May-Sept  
1990-1995 May-Oct 

1980-1983 No measurements. 
1984 May-Sep and Nov 
1985 May-Nov 
1986-1987 May-Oct 
1988-1989 May-Sept 
1990-1995 May-Oct  

Note: No exactly date for the parameters is given until 1989, only month and year. 
 

Table 2-2. Parameters of the recipient control in the points 50 and 90, among 
others, performed by IVL (appendix C:2). 

Parameter IVL (Three measurements each year, see date) 
Temperature (?C) 
pH 
Conductivity (mS/m) 
Colour (mg Pt/l) 
Turbidity (FTU) 
Ratio E260/E280 
KMnO4 (mg/l) 
Oxygen (mg/l) and % 
BOD7 (mg/l)* 

1980 (1979) 25-26 March, 10-11 June and 20-21 August 
1981 (1980) 25-26 March, 10-12 June and 18-19 August 
1982 (1981) 23-24 March, 2-3 June and 25-26 August  
1983 (1982) 23 March, 14-15 June and 23-24 August  
 
 
Missing data tables for the report 1982. 

*) BOD7 samples were taken in the points 10, 20, 30, 50, 70, 90, 121 and 161 only. 
 

Table 2-3. Parameters of the recipient control in the points 50 and 90, among 
others, performed by IVL (appendix C:1). 

Parameter IVL (Two measurements each year, see date) 
Temperature (?C) 
pH 
Conductivity (mS/m) 
Colour (mg Pt/l) 
Ratio E260/E280 
KMnO4 (mg/l) 
Oxygen (mg/l) and % 
Na (mg/l) 
SO4 (mg/l) 
Alkalinity (meq/l) 
Chloride (mg/l) 

1984 (1983) 27 March and 4/5 September  
1985 (1984) 21 March and 27 August 
1986 (1985) 20 March and 20 August 
1988 (1987) 24 March and 31 August 
(No reports is done by IVL since 1991.) 
 
 
Missing reports by IVL, 1987-1990. (Only the appendix 
of the report 1988 is available at Skoghall Mill.)  
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Table 2-4. Parameters of the raw water quality control in the point R5 
(appendix C:3).  

Parameter Raw water intake point R5 
pH 1984-2000  
Conductivity (mS/m) 1984-2000 
KMnO4 (mg/l) 1984-2000 
Tot-N (? g/l) 1984-1995 
Tot-P (? g/l) 1984-1995 
Colour (mg/l) or (mg Pt/l) 1984-2000  
Temperature (?C) 1996-2000 
Na (mg/l) 1996 
 
 
The environmental condition in Kattfjorden has been assessed by ELK AB and 
commissioned by AnalyCen Nordic AB in 1998. The study was based on the 
Swedish Environmental Protection Agency (EPA) 1991: “Quality criteria for lakes 
and watercourses”, Swedish EPA General Guidelines 90:4. The following 
environmental conditions were assessed in the recipient: 
 

o Acidity/Acidification (1998) 
o Light conditions (1998 compared with results from 1997) 
o Oxygen status and oxygen-consuming substances (1989-1998) 
o Nutrients/Eutrophication (1989-1998) 
o Bottom fauna (1998 compared with results from 1997) 
o Sediment analysis of Mercury (1998). 

 
The study included an assessment of nutrient condition (total phosphorus and 
Kjeldahl-nitrogen) and oxygen-consuming substances (KMnO4) in the river 
Klarälven during the period 1968-1998 [ELK AB 1998]. 
 
Table 2-5 shows the including stations, parameters, frequency and the performer of 
the measurements. Some of the parameters in the points P5, Ka10, Ka20 and Ka90 
and the parameters for bottom fauna are not presented here. 
 
In the appendix C:4 is shown the measurement points presented in table 2-5. The 
points R4, R5, Ka10, Ka20, and Ka90 are the same as 110, R5, 10, 20, and 90 in the 
appendices C:1 and C:2.
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Table 2-5. Recipient parameters in the assessment of the environmental 
condition in Kattfjorden by ELK AB and commissioned by AnalyCen Nordic 
AB in 1998 (appendix C:4). 

Station Parameters Frequency Performer 
P5 pH 

Alkalinity (mekv/l) 
Tot-N (? g/l) 
Tot-P (? g/l) 
Absorbance (420/5) 
KMnO4 (mg/l) 
TOC (mg/l) 

12 times/year SLU 

R4 Temperature (?C) 
pH 
Ca 
HCO3 (mg/l) 
Conductivity (mS/m) 
Turbidity (NTU) 
KMnO4 (mg/l) 
Colour 

Once a week Karlstad municipality 

R5 pH 
Conductivity (mS/m) 
KMnO4 (mg/l) 
Temperature (?C) 
Colour (mg/l) 

Once a week Stora Skoghall 

Ka10 
Ka20 
Ka90 

Secchi depth (m) 
Temperature (?C) 
Colour 
Oxygen (mg/l and %) 
pH 
Alkalinity (mmol/l) 
Tot-N (? g/l) 
Tot-P (? g/l) 
TOC (mg/l) 
CODMn (mg/l) 
Chlorophyll (mg/m3) 

4-5 times/year* AnalyCen 
 
 

Ka10 
Ka34 
Ka44 
Ka63 

Bottom fauna Once a year AnalyCen/ELK AB  

*) Total nitrogen and total phosphorus concentrations in the stations Ka20 and Ka90 was measured 
two times a year during the period 1989-1995 and 4-5 times a year during the period 1996-1998. 
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3 Assessment of environmental conditions 
 
From the collected inventory data of the aquatic recipient, the measurements 
performed by Skoghall Mill and ELK AB including the chemical and physical 
parameters, total nitrogen, total phosphorus, Secchi depth, oxygen concentration, 
CODMn, pH, and one biological parameter, chlorophyll concentration is selected. 
This enables to assess the following environmental conditions of the aquatic recipient 
of Skoghall Mill over a time period according to the Swedish EPA’s quality criteria 
for classification (chapter 6.1) [Swedish EPA 2000]: 
 

o Light conditions  
o Nutrients/Eutrophication 
o Phytoplankton in lakes  
o Oxygen status and oxygen-consuming substances 
o Acidity/Acidification 

 
An assessment of secondary effects of eutrophication was made to examine if it is 
possible to use the Swedish EPA’s method for this purpose.  
 
Environmental data has been compared between the measurement points 50 and 90 
(appendices C:1 and C:2). Comparison has been made in different time, months and 
years, in each measurement point; also the raw water intake point R5 (appendix C:3). 
 
In table 3-1 the assessment of the environmental conditions presented in the 
following chapters is summarised. The primary data is presented in appendix C, 
chapter 3.2. 
 
In appendix C, chapter 3.3, is shown the normal probability plots of the primary data 
material. All the parameters Secchi depth, Chlorophyll concentration (50 and 90), 
total nitrogen and total phosphorus are regarded as normally distributed. It seems to 
be some “outliers” but that is not sure. Therefore all the primary data are included in 
the study. For the statistical analysis was used software called Data Desk  
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Table 3-1. A summary of the assessment of environmental conditions of the 
aquatic recipient of Skoghall Mill. 

Environmental condition Station Time period Assessment results 
50 May-October 

1987-1995 
Class 2. Great Secchi depth 

90 May-October 
1987-1995 

Class 2. Great Secchi depth to 
Class 3. Moderate Secchi depth 

Light conditions 

Ka10, Ka20 
Ka90 

4 /year 
1997-1998a) 

Class 3. Moderate Secchi depth 

R5 May-October 
1984-1995 

Class 3. High total nitrogen 
concentrations 
Class 2. Moderately high total 
phosphorus concentrations 

R5 August 
1984-1995 

Class 1. Low total phosphorus 
concentrations 

Nutrients/Eutrophication 

Ka20  
Ka90 

4-5 
measurements 

per year 
1996-1998a) 

Class 3. High total nitrogen 
concentrations  
Class 2. Moderately high total 
phosphorus concentrations 

50  
 

May-October 
1984-1995 

Class 1. Low chlorophyll 
concentrations except 1985  
class 2. Moderate 

50  
 

August 
1984-1995 

Class 1. Low chlorophyll 
concentrations except 1985 and 
1995 class 2. Moderate 

90 May-October 
1984-1995 

Class 1. Low chlorophyll 
concentrations except 1985, 
1988-89 and 1994-95 class 2. 
Moderate concentrations 

Phytoplankton in lakes 

90 August 
1984-1995 

Class 1. Low chlorophyll 
concentrations except 1985, 
1988-89 and 1994-95 class 2. 
Moderate concentrations 

50 
90 

May-October 
1981-1995 

Class 1. Oxygen-rich  (mg O2/l) 
concentrations in all depths  
Class 1-2 very low or low 
CODMn concentrations in all 
depths 

Oxygen status and oxygen 
consuming substances 

Ka10 
Ka20 
Ka90 

1998a) Class 2. Moderately oxygen-rich 
but close to class 1. Oxygen-rich   
Class 1 and 2. Very low or low 
CODMn concentrations 

R5 1991-2000 Neutral Acidity/Acidification 
Ka10, Ka20 

Ka90 
1998a) Neutral 

a) Ref. Enstedts Limnologiska Konsultbyrå (ELK) AB (1998). 
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3.1 Light conditions 
 
The medians of the Secchi depth (m) in the stations 50 and 90 are separated on 5 % 
significance level (figure 3.1). The standard deviations are assumed not to be equal. 
With 95 % confidence interval the lower bound is 0.318 and the upper bound is 
0.968. Due to possible autocorrelation it is though not sure the medians are 
significantly separated. A check of autocorrelation is estimated to not be necessary 
since the lower bound is not too close to zero. This means then that the median 
Secchi depth in the station 90 has been lower than in the station 50 during the period 
1987-1995. This is verified also by figure 3.2. The figure shows the average of the 
Secchi depth during the period May-October in the figures 3.3 and 3.4. The Secchi 
depth is assessed as great in the measurement point 50 and moderate or great in the 
point 90 during 1987-1995. ELK AB (1998) assessed the Secchi depth as moderate 
during 1997-1998 in the points Ka10, Ka20 Ka90. 
 
 

 
 
Figure 3.1 Box plot (side by side) of Secchi depth in the stations 50 and 90.  

95 % confidence intervals are shown for comparing medians. (The 
shaded areas do not overlap each other.) 
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Figure 3.2 Average of Secchi depth (m) during the period May-October in the 

points 50 and 90 in 1987-1995. 
 
 

 
Figure 3.3 Secchi depth (m) in the point 50 during the period 1987-1995. 
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Figure 3.4 Secchi depth (m) in the point 90 during the period 1987-1995. 
 
 

3.2 Nutrients/Eutrophication  
 
The environmental condition in Kattfjorden has been examined by ELK AB and 
commissioned by AnalyCen Nordic AB in 1998. The environmental condition of 
nutrients/eutrophication was assessed according the total nitrogen and total 
phosphorus concentrations in the measurement points Ka20 and Ka90 (appendix 
C:4) during the period 1989-1998. During 1989-1995 two measurements per year 
was taken and during 1996-1998 four to five measurements per year [ELK AB 
1998]. Since only two measurements were taken per year during the period 1989-
1995 these data was not utilized for assessment of the environmental condition of 
nutrients/eutrophication due to uncertainty in representativity. In this study data of 
the nutrients, total nitrogen (mg/l) and total phosphorus (mg/l) in the raw water 
intake point R5 was selected during the period 1984-1995 (figures 3.6 and 3.8). 
During the period 1996-1998 the results of the assessment in the study by ELK AB is 
utilized.  
 
The Swedish EPA’s scale for concentrations as seasonal mean for the period May-
October based on monthly readings in the epilimnion or, if only one sample is taken, 
surface water (0,5 m) is shown in the figures. The concentration of total phosphorus 
displays little seasonal variation at lower concentration ranges and an assessment can 
also be made of concentrations recorded in August (figure 3.9), although it should 
then be assessed as a mean figure over three years. Total nitrogen is more variable 
during the season than total phosphorus and is therefore unsuitable for assessments 
based on concentrations in August. Inorganic nitrogen (nitrate+ammonium) peaks 
markedly in late winter and organic nitrogen reaches a peak in the summer. It is 
therefore difficult to describe a general pattern of variation for total nitrogen 
[Swedish EPA 2000]. Figures 3.5 and 3.7 show the seasonal variations during 1984-
1995 in the raw water intake point R5. 
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The total nitrogen concentrations were high in the raw water intake point (R5) during 
the period 1984-1995 (figure 3.6). The total phosphorus concentrations were 
moderately high during the period May-October and low in August during the 
studied period (figures 3.8 and 3.9). No change in time was possible to show 
statistically. During the period 1996-1998 the total nitrogen concentrations were high 
and the total phosphorus concentrations were low in the measurement point Ka20 
and Ka90 [ELK AB 1998].  

 
Figure 3.5 Total nitrogen (mg/l) in the point R5 during the period 1984-1995. 
 

 
Figure 3.6 Average of total nitrogen concentrations (mg/l) during the period 

May-October in the point R5 in 1984-1995. 
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Figure 3.7 Total phosphorus (mg/l) in the point R5 during the period 1984-1995. 
 

 
Figure 3.8 Average of total phosphorus concentrations (mg/l) during the period 

May-October in the point R5 in 1984-1995. 
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Figure 3.9 Total phosphorus (mg/l) in August in the raw water intake point R5 

during the period 1984-1995. 
 
The ratio of total nitrogen/total phosphorus (Tot-N/Tot-P) in June-September during 
the period 1984-1995 in the raw water point R5 is in the class 1, Nitrogen surplus 
(?30) according to the Swedish EPA’s quality criteria for classification. This means 
that the availability of phosphorus alone governs biomass production [Swedish EPA 
2000]. See appendix C, chapter 3.2, table 2.  
 
 

3.3 Phytoplankton in lakes 
 
The environmental condition of phytoplankton (plankton algae) in the aquatic 
recipient can be assessed by the chlorophyll concentrations in the points 50 and 90. 
Swedish EPA (2000) classifies the average chlorophyll concentrations in two 
different periods, May-October and August. The seasonal mean values of the period 
May-October (also November but this is not included in the average) in the figures 
3.10 and 3.11 is shown in figure 3.12 during the period 1984-1995. The chlorophyll 
concentrations in August are shown in the figure 3.13 during the studied period. The 
chlorophyll concentrations were low during 1984-1995 except in 1985 they were 
moderate in the point 50 (figures 3.12 and 3.13). In the point 90 the chlorophyll 
concentrations were low during 1984, 1986-1987, 1990-1993 and moderate 1985, 
1988-89 and 1994-95 (figures 3.12 and 3.13).  
 
 
 
 
 
 
 

Total phosphorus (mg/l) in August in the point R5, 1984-1995

0

0,005

0,01

0,015

0,02

0,025

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Year

Total phosphorus, mg/l

August< 0,0125 mg/l Low concentrations

0,0125-0,023 mg/l Moderately high concentrations



Luleå University of Technology 
 

Stora Enso Environment 3-29

 
Figure 3.10 Chlorophyll concentration (? g/l) in the point 50 during the period 

1984-1995. 

 
Figure 3.11 Chlorophyll concentration (? g/l) in the point 90 during the period 

1984-1995. 
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Figure 3.12 Average of chlorophyll concentrations (? g/l) during the period May-

October in the points 50 and 90 in 1984-1995. 

 
Figure 3.13 Chlorophyll concentration (? g/l) in August in the points 50 and 90 

during the period 1984-1995. 
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3.4 Oxygen status and oxygen-consuming substances 
 
The oxygen concentrations have been above 7 mg O2/l in all depths in the points 50 
and 90 during the period 1981-1995, which means oxygen-rich (class 1). (All the 
data where check though only data from the period 1988-1995 is presented for all 
depths in the appendix D.) Since oxygen dissolves more in cold than warm water the 
relative dissolved oxygen (%) is measured. The relative dissolved oxygen is rich in 
the bottom water where the worst case can be expected (figures 3.14 and 3.15). The 
lowest values where observed in August 1989 and 1990 in the point 90 to be 64 % 
and 64,5 % respectively (figure 3.16). ELK AB assessed the oxygen status in the 
points Ka10, Ka20 and Ka90 in 1998 as moderately oxygen-rich but close to oxygen-
rich. 
 
Deep profiles are shown August 1988 and August 1989 in the figures 3.17 and 3.18. 
Since the oxygen curve does not follow the KMnO4 curve in 1988 as it does in 1989 
this indicates horizontally bottom streams. 
 
The KMnO4 concentrations in the points 50 and 90 during 1988-1994 are divided by 
the value 3.95 to achieve corresponding CODMn values for assessment according the 
Swedish EPA’s quality criteria for classification [Swedish EPA 2000]. The oxygen 
consuming substances was presented as CODMn in 1995. The concentrations of 
oxygen consuming substances have been low (4-8 mg/l CODMn or 15,8-31,6 mg/l) 
and occasionally very low (?  4 mg/l CODMn or 15,8 mg/l KMnO4) in all depths in 
the points 50 and 90 during the period 1984-1995. In 1980-1983 in the point 90 a few 
moderately high concentrations (mostly low) was observed, while the concentrations 
in the point 50 were low. (Data is presented only for the period 1988-1995 in the 
appendix D.) ELK AB assessed the oxygen status in the points Ka10, Ka20 and 
Ka90 in 1998 as very low or low CODMn concentrations. 

 
Figure 3.14 Seasonal variations of the relative dissolved oxygen (%) in the point 

50 at 1 m above bottom in 1981-1995.  
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Figure 3.15 Seasonal variations of the relative dissolved oxygen (%) in the point 

90 at 1 m above bottom in 1981-1995.  
 

 
Figure 3.16 Relative dissolved oxygen (%) in August the points 50 and 90 at 1 m 

above bottom in 1981-1995.  
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Figure 3.17 Relative dissolved oxygen (%), KMnO4 (mg/l) and temperature (?C) at 

different depths in the point 90 in August 1988. 
 
 

 
Figure 3.18 Relative dissolved oxygen (%), KMnO4 (mg/l) and temperature (?C) at 

different depths in the point 90 in August 1989. 
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3.5 Acidity/Acidification 
 
The water in the point R5 is neutral during 1991-2000 (figure 3.19). This was also 
the case in 1998 in the points Ka10, Ka20 and Ka90 [ELK AB 1998]. 

 
Figure 3.19 pH in the point R5 during the period 1991-2000. 
 
 

3.6 Assessment of secondary effects of eutrophication 
 
Eutrophication concerns a change towards a nutrient rich condition. Secondary 
effects of eutrophication are increased biomass production, degeneration and oxygen 
consumption, changed diversity, etc. These secondary effects are outside the primary 
definition of eutrophication but compose the central problems of eutrophication 
[Swedish EPA 1999]. 
 
Since phytoplankton reflects impact resulting from eutrofication the assessment 
results of chlorophyll concentrations should correspond the results of the assessment 
of nutrients. The Swedish EPA’s quality criteria for classification are based on a 
linear connection between nutrients and plankton algae (volume) [Swedish EPA 
1999]. In this study it is examined a possible linear correlation between the nutrients 
total nitrogen and total phosphorus and chlorophyll concentrations to show 
secondary effects of eutrophication. These were measured in different measurement 
stations the chlorophyll concentrations in the points 50 and 90 are compared by box 
plots (figure 3.20).  
 
The medians of chlorophyll concentrations (? g/l) in the stations 50 and 90 are not 
separated on 5 % significance level (figure 3.20). The standard deviations are 
assumed not to be equal. With 95 % confidence interval the lower bound is -0.793 
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and the upper bound is 0.182. This means that there is no significant difference 
between the chlorophyll concentrations in the two measurement points.  
 

 
 
Figure 3.20   Box plots (side by side) of the chlorophyll concentrations (? g/l) in the 

stations 50 and 90. 
 
There is no linear correlation between chlorophyll concentration (? g/l) in the point 
50 and the total nitrogen and phosphorus concentrations (mg/l) in the point R5 
(figure 3.21 and tables 3-2a and b). (No better results were obtained with the 
chlorophyll concentrations in the measurement point 90.) 
 
 

 
 
 
Figure 3.21 Scatter plots of chlorophyll concentration (? g/l) in the point 50 versus 

total nitrogen (mg/l) and total phosphorus (mg/l) in the point R5. (See 
also tables 3-2a and b.) 
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Table 3-2a.  Linear regression analysis between chlorophyll concentration (? g/l) 
in the point 50 and the total nitrogen concentration (mg/l) in the point R5. 
 

 
 
 
Table 3-2b. Linear regression analysis between chlorophyll concentration (? g/l) 
in the point 50 and the total phosphorus concentration (mg/l) in the point R5. 
 

 
 
 
Since the EPA’s quality criteria for classification is based upon a linear assumption 
between seasonal mean values in May-October a new linear regression analysis is 
made with averages of May-October values (figures 3.22 and 3.23) [Swedish EPA 
1999]. Figure 3.22 and 3.23 does not show any better linear correlation than the 
previous linear regression analysis with all the data. (No better results were obtained 
with the average chlorophyll concentrations in the measurement point 90.) 
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Figure 3.22 Seasonal mean values of chlorophyll (50) and total nitrogen (R5) 

concentrations in May-October during the period 1984-1995. 
 

 
Figure 3.23 Seasonal mean values of chlorophyll (50) and total phosphorus (R5) 

concentrations in May-October during the period 1984-1995. 
 
 
Including the Swedish EPA’s classes in the figures 3.22 and 3.23 gives two new 
diagrams, the figures 3.24 and 3.25. Moderately high total nitrogen and total 
phosphorus concentrations during May-October are in the interval 300-625 ? g/l 
respectively 12.5-25 ? g/l. Corresponding interval for moderately high chlorophyll 
concentrations during May-October are 2-5 ? g/l [Swedish EPA 2000].  

Seasonal mean values of chlorophyll (50) and total phosphorus (R5) concentrations in May-October

0,0

0,5

1,0

1,5

2,0

2,5

3,0

0,000 0,005 0,010 0,015 0,020 0,025

Total phosphorus, mg/l

Chlorophyll concentration, 
10-6g/l

chlorophyll 50

Seasonal mean values of chlorophyll (50) and total nitrogen (R5) concentrations in May-October

0,0

0,5

1,0

1,5

2,0

2,5

3,0

0,0 0,2 0,4 0,6 0,8 1,0 1,2

Total nitrogen, mg/l

Chlorophyll concentration,
10-6g/l

chlorophyll 50



Luleå University of Technology 
 

Stora Enso Environment 3-38

 
Figure 3.24  Seasonal mean values of chlorophyll (50) and total nitrogen (R5) 

concentrations in May-October during the period 1984-1995. Two 
lines are obtained through the points 2;0.300, 5;0.625 and 12;1.250.  

 
 

 
Figure 3.25  Seasonal mean values of chlorophyll (50) and total phosphorus (R5) 

concentrations in May-October during the period 1984-1995. A line is 
obtained through the points 2;0,0125 and 5;0,025. 

 
Though there is no significant difference between the chlorophyll concentrations in 
the points 50 and 90 there is a difference in time (figure 3.26). For instance a better 
time correlation is obtained between chlorophyll concentrations (? g/l) in the point 90 
and total phosphorus (mg/l) in 1989 (figure 3.25 and 3.27).  
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Figure 3.26  Average of chlorophyll concentrations (? g/l) in the points 50 and 90, 

and average of total phosphorus concentrations (mg/l) in the point R5 
during the period May-October in 1984-1995.  

 
 

 
Figure 3.27 Seasonal mean values of chlorophyll (90) and total phosphorus (R5) 

concentrations in May-October during the period 1984-1995. A line is 
obtained through the points 2;0,0125 and 5;0,025.  

 
Since the growth of phytoplankton (plankton algae) reflects impact resulting from 
eutrofication the assessment results of chlorophyll concentrations should correspond 
to the results of the assessment of nutrients. If total nitrogen and total phosphorus 
concentrations are used alone to assess eutrofication the result could be misleading. 
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These parameters describe only concentration levels in the recipient, the primary 
effects of eutrophication. Therefore the assessment of secondary effects of 
eutrophication should be verified by plankton algae volume or chlorophyll 
concentration.  
 
The following disadvantages are observed in the figures 3.24, 3.25 and 3.27. The 
total nitrogen concentration (R5) is assessed to be high but the corresponding 
chlorophyll concentrations (50) are low or moderate (figure 3.24). The total 
phosphorus concentrations (R5) were assessed as moderately high during 1989, 
1990-1992 and 1995 and the corresponding chlorophyll concentrations (50) were 
assessed to be low (figure 3.25). The chlorophyll concentrations in the point 90 were 
assessed as low while the total phosphorus concentrations were assessed to be 
moderately high during 1990-1992 (figure 3.27). The total phosphorus concentration 
(R5) in 1994 was assessed low while the corresponding chlorophyll concentrations in 
the point 90 were assessed to be moderate (3.27). (Note that the measurements were 
taken in different points and with different measurement time and frequency.) 
Summarising, the assessment of seasonal average of total nitrogen concentrations 
during 1984-1995 could be misleading for assessment of secondary effects of 
eutrophication if the corresponding seasonal average chlorophyll concentrations are 
correct. The secondary effects of eutrophication can be assessed correctly for about 
half of the studied period if seasonal average of total phosphorus is used.  
 
Attention should be paid to that the Swedish EPA’s quality criteria for classification 
of environmental conditions are best suitable for shallow lakes. Since Kattfjorden is a 
deep bay the total phosphorus concentrations may be in general higher than the 
corresponding class limits for chlorophyll concentrations in deep lakes [Swedish 
EPA 1999]. Since the nutrient and chlorophyll concentrations are measured in 
different points it is not possible to draw confident conclusions and more site-
specific data is needed for redrawing new classification intervals for the studied area. 
 
Figures 3.24, 3.25 and 3.27 indicate that the availability of phosphorus alone governs 
production in the recipient. Studying the ratio of total nitrogen and total phosphorus 
(Tot-N/Tot-P) it is possible to estimate which is the delimiting nutrient. This ratio 
was assessed earlier (chapter 3.2) to be above 30 which means, according to the 
Swedish EPA’s quality criteria for classification, that the availability of phosphorus 
alone governs production [Swedish EPA 2000]. In August the phosphorus 
concentrations were observed to be low. If the nitrogen fixating cyanobacteria are 
induced by the principle “low total phosphorus concentrations and low Tot-N/Tot-P 
ratios”, this indicates that nitrogen fixating cyanobacteria booms may occur in 
August if the Tot-N/Tot-P ratio is occasionally low. The figure 3.28 show that the 
chlorophyll concentrations occur in ratios ?  30 which indicates that the plankton 
algae are probably not in general nitrogen fixating cyanobacteria. 
 
Studying total phosphorus (mg/l) versus Tot-N/Tot-P, the highest phosphorus 
concentrations occur in the lowest ratios (figure 3.28). This observation is in 
accordance with the Swedish EPA’s observation which included ratios during June-
September [Swedish EPA 1999].  
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Figure 3.28 Scatter plots of total nitrogen (mg/l) versus the ratio of total nitrogen 

and total phosphorus (Tot-N/Tot-P), total phosphorus (mg/l) versus 
Tot-N/Tot-P, and chlorophyll concentration (? g/l) in the point 50 
versus Tot-N/Tot-P. The data is from the period May-November. 
Observations from November are a few. 

 

3.6.1 Conclusion of the assessment of eutrophication 
It is not sure if the Swedish EPA’s quality criteria for classification of environmental 
conditions are suitable for assessing the secondary effects of eutrophication in the 
studied area. The assessment of nutrient concentrations over time can only show the 
primary effects of eutrophication. Since phytoplankton reflects impact resulting from 
eutrofication, the assessment of eutrophication should include a biological parameter 
describing the plankton algae growth, e.g., the chlorophyll concentration. Therefore 
the environmental condition of eutrophication should be assessed by combining the 
results of the assessments of nutrients and phytoplankton instead of only studying 
nutrient levels only to show sensitivity of the recipient. The total phosphorus 
concentrations may be overestimated depending on which time period is studied or 
the chlorophyll concentrations may be underestimated. It was not possible to draw 
conclusions about this in this study partly due to the chlorophyll concentrations and 
nutrient concentrations were measured in different time and locations, and partly due 
to lack of site-specific data in this study. 
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4 Site-specific life cycle assessment 
 
Imagine a situation where two products are compared according to their 
environmental impact. The two products have (theoretically) equal total discharge to 
the environment during their entire life cycle. The question is: “Do they have the 
same environmental impact?”.  
 
According to the present Life Cycle Assessment (LCA) the environmental impact of 
the two products is equal because they are both assessed according to an average 
homogenous environment. If LCA would address time and location dependent 
effects then the environmental impact of the product that has discharge to a more 
sensitive (= vulnerable) environment has a larger environmental impact.  
 
It can be questioned how well the present LCA performs the life cycle perspective. 
To conduct a representative LCA with large quantities of trustworthy, high quality, 
representative specific data and company-external data, data from pre-steps 
(suppliers of the suppliers, etc.) as well as from post-step (distribution, customers, 
disposal, etc.), is much too time-consuming and expensive or even practically 
impossible for a firm3. The LCA practitioner, located at a production site, would 
depend on the total cooperation and dedication of reliable external suppliers and 
customers who were truly motivated to collect data in their firms for him or her. In 
practice, the costs of information collection increase whereas the quality of 
information declines substantially with distance from the firm (figure 4.1) 
[Schaltegger 1996].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 Representativity, quality, completeness, reliability and accuracy of 

information in a LCA [Schaltegger 1996]. The cost of information 
collection is low and the quality of information is high where the LCA 
practitioner is located, for instance at a production site.  

                                                
3 This nomenclature follow Schaltegger (1996). The firm is a producer. 
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To enable LCA studies databases with environmental interventions of pre-steps and 
post-steps have been established. Databases of pre-steps cover commonly used raw 
materials, semi-products and energy (used) whereas databases of post-steps include 
downstream processes. These, so-called background inventory data often represent 
an industry average of environmental interventions which are related to the 
respective material [Schaltegger 1996]. 
 
Figure 4.2 shows the present approach to data collection in conducting LCAs. The 
information of the firm (foreground data) is often specific whereas the information 
about the environmental interventions of pre-and post-steps is taken from 
background inventory data [Schaltegger 1996]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2  Data collection with the present approach of LCA [Schaltegger 

1996]. 
 
 
For practitioners, the representativity and decision-usefulness of the LCA has vastly 
decreased with the simplification of the procedure using publicly available inventory 
data. From an ecological perspective, the present approach of LCA tends to provide 
results that are unrepresentative (i.e., based on background inventory data) and very 
questionable (i.e., global aggregation of interventions with local impacts at different 
places, etc.). Wrong decisions may result from using background inventory data 
(unrepresentative information and low data quality for pre and post-steps). Therefore 
LCA is often taken as a philosophy for strategic management to think about product 
life cycles on principle [Schaltegger 1996]. 
 
Schaltegger (1996) describe a possible strategy of improving LCA from both 
economical and ecological perspective. The proposition is to concentrate on the site-
specific information of every life cycle stage, for instance a production stage (figure 

Pre-steps Post-steps 

+ + 

Background 
Inventory Data 
(Industry average) 

Foreground 
Inventory Data 

(Specific) 

Background 
Inventory Data 
(Industry average) 

“Real” Product Life Cycle 

Calculation of Product Life Cycle 

In
du

st
ri

es
 Industries 

Firm 



Luleå University of Technology 
 

Stora Enso Environment 4-45

4.3). This is in complete contrast to the present LCA, where one firm or a very few 
organizations collecting all data in a centralistic way. Also, no background inventory 
data have to be provided. A certain quality and consistency of data is guaranteed with 
external auditing and verification of site-specific data. The data used for decision 
making are specific, representative, collected individually, and usually have a 
consistent, verified standard of quality. To compile an LCA, site-specific data of the 
life cycle stages of a product are aggregated. This is so-called site-specific LCA.  
 
Environmental impacts are defined by their actual effect on specific eco-systems and 
habitants. All eco-systems have a location and all environmental problems have a 
spatial dimension of which only a few cover the globe (such as the greenhouse 
effect4). Therefore, it does not make any sense ecologically to aggregate 
interventions with local impacts that occur in different eco-systems. Such a life cycle 
perspective does not impede but rather creates ecological suboptimization 
[Schaltegger 1996]. Site-specific data from the environment enables LCA to address 
time and location dependent effects, to assess actual impacts instead of potential 
impacts5. 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3 Collection of data for a site-specific LCA [Schaltegger 1996] . 
 
 
 

                                                
4 Nowadays the impact category for greenhouse effect is climate change. 
5 Potential impacts, i.e., the potency of emissions or extractions as contributions under certain 
conditions to different types of impact. Such potential impacts cannot be related to the magnitude of 
the calculated interventions of the system under study. Neither can measurement of the impacts 
be used to validate the soundness of the underlying assessment models [de Haes 1996]. 
Actual impacts, i.e., contributions to the different types of impacts with higher or lower probability. 
Such actual impacts can in principle be measured in relation to the magnitude of the interventions of 
the system under study, the measurement of which may be used to validate the underlying prediction  
Models [de Haes 1996]. 
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This study was preceded by a life cycle inventory analysis of the production at 
Norrsundet Mill and Skoghall Mill and included among others environmental data 
and information of the waste water from the mill during the period 1980-1999. The 
inventory analysis was made in such way that pre- and post-steps can be aggregated 
to the study to compile an LCA. The aim of the study was to collect site-specific 
LCI-data for two forest industrial mills with the focus on local discharge to the 
aquatic recipients respectively. A sub goal in the study was to provide a suitable 
method for collection of site-specific data to make it possible in the following studies 
to identify the local recipient-specific impacts of the two mills. The effluents to the 
recipient were related to the functional unit “ton90 of end product90”, i.e., ton of the 
mill’s total production of sold products with an average dry content of 90 %. This 
enables to relate an environmental impact to the production, if it first can be related 
to the waste water from the mill (appendix A) [Hälvä 2000].  
 
The collected environmental data and information of the recipient in this study is not 
enough to be able to identify the local recipient-specific impacts of the waste water 
from Skoghall Mill. However, the environmental conditions of the recipient are 
possible to assess according to the Swedish EPA’s quality criteria for classification. 
This makes it possible to compare equally conducted assessments in other recipients, 
but the classification is lacking site-specificity since there is not enough data to make 
a statistically adjustment of the 1 to 5 scale to the study area. To be able to relate the 
environmental effects in the recipient to the waste water from Skoghall Mill, more 
environmental data and information is required, for instance from the Hammarö 
wastewater treatment plant and Akzo-Nobel, data about natural inflows and outflows 
of the recipient, and also about previous emissions to the recipient since they can still 
have effects on the recipient ecosystem, etc.  
 
In the following chapters of this study, a possibility to assess actual impacts in Life 
Cycle Impact Assessment (LCIA) is examined, i.e., to assess localised environmental 
impacts. To differ from the present approach of LCIA (ISO 14042) this is defined as 
site-specific LCIA. For such site-dependent impact assessment site-specific 
environmental data and information is required from three kinds of systems: 
technical, environmental and social systems. The acquisition of site-specific 
environmental data and information from the three systems is defined in this study as 
site-specific Life Cycle Inventory Analysis (LCI). Hence, the general framework of 
site-specific LCA consists of site-specific LCI and site-specific LCIA. This is 
described in detail in chapter 4.2. The system classification is inspired from the 
SPINE system model (1997), described by Raul Carlson during the SPINE course at 
CPM, Chalmers University of Technology, Gothenburg, in May 2000 (appendix B). 
The SPINE system model is shown in figure 4.4 (chapter 4.1). 
 
Before describing the three systems in the SPINE system model, it is time to define 
environmental data and information.  
 
Data is a presentation of facts, concepts or instructions in a form suitable for transfer, 
interpret or treatment by humans or machines, while information is the concept of the 
data, which assume a receiver with ability to interpret the data [Translation, 
Nationalencyclopendien 1993]. 
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Environmental data is defined in this report as the raw data or unprocessed data from 
environmental, technical or social systems for environmental applications. It is 
quantitatively registered values (numerical data) as a result of environmental 
monitoring, results of questionnaires (numerical data or text) and also figures, 
photographs or other forms of structured data.  
 
Environmental statistics consists of environmental data, which have been 
summarised by different statistical methods, i.e. it’s a sort of processed 
environmental data [smn.environ.se 2000-11-02].  
 
Environmental information is defined in this report to consist of processed 
environmental data and all the relevant knowledge, which is needed by the receiver 
to be able to understand and interpret the unprocessed as well as processed 
environmental data in its contextual environment. It is the relevant description of the 
object or system; what data is meant to represent and all the principles, procedures, 
conditions and decisions applied and obeyed when retrieving and translating 
information into the present data representation of the studied object, so-called meta 
data (”data about data”) or explanatory data.  
 
 

4.1 Technical, environmental and social systems 
 
In this study it is proposed that a site-specific LCA requires site-specific 
environmental data and information from three systems, technical, environmental 
and social systems (figure 4.4). 
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Figure 4.4 SPINE system model (1997) [Carlson 2000]. 
 
A technical system concerns humanly created hardware with an activity that 
physically interfaces with the environment, i.e., a product or service system. Hence 
the technical system has environmental aspects, i.e., elements of an organization’s 
activities, products or services that can interact with the environment. The 
environmental data and information acquired from a technical system describes for 
instance the activity (function), material and energy flows of the system [ISO 
14040:1997, Carlson 2000]. A product system can be further defined in subsystems 
such as extraction, production, transport, product use, and waste disposal systems to 
describe the different product life cycle stages. 
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A different definition of the environmental and social systems is given in this study 
than was given by Carlson (2000).  
 
The environmental system is an affected system, i.e. it is affected by the activities in 
the technical system or in other words, the technical system has an environmental 
impact (positive as well as negative) on the environmental system. It is also an 
essential system, i.e. without it we cannot exist. The environmental data and 
information acquired from an environmental system consists of all the relevant 
knowledge of the system for assessing the environmental impact on the system. An 
environmental system can be described, where possible, as a model analogous to the 
technical system with an activity (function) expressed in material and energy flows 
of the system.  
 
An environment is defined in ISO 14001:1996 as ”surroundings in which an 
organization operates, including air, water, land, natural resources, flora, fauna, 
humans, and their interrelation”. The surroundings in which an organization operates 
can be either created or non-created by humans although the ISO 14001 does only 
concern non-created environment.  
 
A created environmental system is for instance  

o a technical environmental system which includes the production or 
service site (consisting of machines, buildings, water pipes, electric 
cables, roads etc.), and also landfills,  

o a system of working environment which includes everything that 
surrounds us at the work, e.g., the room, chair, computer, hammer, etc., as 
well as the people around us, how the work is done and organized, and if 
we can influence or govern our work, etc. 6 [hem.passagen.se 2000-12-
04], 

o a cultivation system which includes for example agriculture and forestry, 
o a system of cultural environment which includes things or places with 

special cultural values or aesthetic qualities for instance old buildings, 
statues and other artifacts and also parks and gardens, and 

o a system of living environment which includes the environment of home 
interior and other created environments where we spend our time and 
does not fit within the other created environmental systems.   

 
A non-created environmental system includes air, water, land, natural resources, 
flora, fauna, humans, etc., and their interrelation. Another term for non-created 
environmental system is nature system 7. A nature system can be further divided in 
aquatic system, terrestrial system and atmospheric system. (Note: A nature system 
can however be created earlier in the history or will be in the future.)  
 

                                                
6 The working environment includes all places with activities in where a worker performs a job on 
employer’s behalf.  With worker is meant also students, persons in institutional care who perform a 
job, person’s liable for military service and others within defense. 
7  The nomenclature follows the present work of developing PHASENS by Raul Carlson et.al. at 
CPM, Chalmers University of Technology, Gothenburg. See appendix B. 
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A social system concerns individuals', groups', or masses' conscious, sub-conscious, 
consequential or causal social attitudes, actions and values [Carlson 2000]. The 
environmental data and information acquired from the social system concern social 
responsibility and economical stability seen from an environmental perspective. Data 
and information from the social system is for instance about legislation, 
environmental goals, stakeholders, political opinions, technical competence, 
economical aspects, etc.  Social responsibility concerns the efforts to identify and 
develop social functions, which guarantees and supports a valuable and meaningful 
life for all humans. Discussing this from an environmental point of view it includes 
the vision of sustainable development, which means ”development which meets the 
needs of the present without compromising the ability of future generations to meet 
their own needs". Economical stability concerns the efforts to guarantee and improve 
different parts economical prerequisites. From an environmental view it includes for 
instance calculation of the eco-efficiency of an environmental management tool.  
 
Eco-efficiency is defined by the ratio between value added and environmental impact 
added, or more generally spoken, by the ratio between an ecological and economic 
performance indicator (economic-ecological efficiency). Hence, eco-efficiency of an 
environmental management tool can be measured by the ratio between the economic 
costs and the ecological benefits emanating from the application of the tool. The 
ecological benefits of an environmental management tool are demonstrated by its 
ability to provide accurate, representative information and to support ecologically 
beneficial decision [Schaltegger 1996].  
 

costs Economical
Benefits Ecological Created

Tool Management talEnvironmenan  of efficiency-Eco ?  

 
 
There are three kinds of interfaces between the systems in the SPINE system model 
in the figure 4.4 due to relations between the systems. 
 
Relations between the technical system and the environmental system [Bengtsson et. 
al. 1998]: 

o Constituted by material and energy flows of the technical system causing 
identified changes in the environmental system: The flows of the 
technical system may be described in accordance with the model of the 
impact categories of the environmental system. One specific flow may 
affect many or no impact categories, while one specific impact category 
may be the consequence of many different flows. Please note that this 
means that the model does not consider environmental impacts caused by 
other sources than technical systems. 

o Constituted by the change of material and energy flows between the two 
systems as implied by changes in the environmental system: Changes in 
the environmental system force changes in the flows of the technical 
system. (Resource depletion enforces substitutions and decrease of certain 
flows). The model considers no other than material and energy flows 
between the technical and the environmental systems.  
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Relations between the technical system and the social system [Bengtsson et. al. 
1998]: 

o Constituted by information flow from the technical system to the social 
system: The social system retrieves information from the technical system for 
evaluating the good supplied by the technical system in relation to the 
environmental changes it causes. This information is generally carried as the 
quality or the value (physical or economical) of the good produced by the 
technical system. In LCA this is an implicit part of the evaluation model, in 
which the goods supplied is the purpose of the technical system and the basis 
for, for example, economical valuation of environmental changes vs. 
produced products. 

o Constituted by information flow from the social system to the technical 
system: The social system controls the technical system by information input, 
as a result of an evaluation process. This is the consequence of an LCA, when 
the result is used to control, manipulate or take any other decision regarding 
the technical system studied. (It should be emphasized that the analyst’s 
information retrieval, for the analysis, is not included in the model, i.e., the 
analyst is not considered part of the social system, which, of course, is a 
simplification. 

 
Relations between the environmental system and the social system [Bengtsson et. al. 
1998]: 

o Constituted by information flow from the environmental system to the social 
system: Environmental change needs to be identified in order to assess its 
weight in relation to other identified environmental changes. 

o Constituted by information flow from the social system to the environmental 
system: The social system has no active relation towards the environmental 
system. The meaning of this relation may be discussed, since the idea of 
’technical system’, implies that any action performed by the social system is 
realised through the technical system. 

 
When all systems, technical, environmental and social systems, interface at the same 
time they all build up the total environmental impact assessment. Environmental 
impact is defined in ISO 14001:1996 as ”any change to the environment, whether 
adverse or beneficial, wholly or partially resulting from an organization’s activities, 
products or services”. Hence, the technical system has an impact on the 
environmental system (a created as well as non-created environmental system by 
humans) and therefore impact assessment requires environmental data and 
information from these two systems. Since impact assessment also includes values, 
e.g. the vision of sustainable development, the social system is also involved. The 
information of ecological sustainability is from the nature system, and the 
information of social and economical sustainability is from social, technical and 
created environmental systems. 
 
In figure 4.5 is given an extended description of the SPINE system model, as 
presented in figure 4.4. The three systems (technical system, social system and 
environmental system) used by SPINE are drawn as cylinders symmetrically oriented 
in a circle. The systems interface each other due to interactions. The systems project 
up their interfaces, which build up the total environmental impact assessment. This is 
the top cylinder in the figure. When environmental impact is studied on a specific 
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level the systems are also studied on the same system level. The size of the system-
cylinders expresses the quality of the environmental data and information to describe 
the system. The quality of the data and information from a system, reflected by the 
cylinder size, affects the quality of environmental impact assessment. This is because 
the total environmental impact assessment is a projection of the three systems, i.e., 
the interface between the technical, social and environmental systems.  
 
This extended description of SPINE system model can be used for handling data and 
information for environmental applications. It aims to see the comprehensive picture 
of the general framework of site-specific LCA as defined in this study. It can be used 
on one or more levels depending on the scope of each studied system (table 4-1). On 
each level, the information required to achieve sustainable development on that level 
can be theoretically described.   
 

Table 4-1. Nomenclature of systems on different levels. 

Level 1 Technical System Environmental System Social System 
Level 2 Product System 

Service System 
Created Environmental 
System by humans (e.g.  
technical environmental 
system, system of working 
environment, cultivation 
system, system of cultural 
environment, and system of 
living environment) 
Nature System 

Management System 

Level 3 Extraction System 
Production System 
Transport System, 
Product Use System  
Waste Disposal 
System 

Aquatic System 
Terrestrial System 
Atmospheric System 

Controller 
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Figure 4.5 Extended description of the SPINE system model (original figure see 

Fig. 4.4). The projected interface between the technical, social and 
environmental systems will build up the total environmental impact 
assessment interface. The three systems defined have subsystems, 
defined as different levels. Environmental system on level 1 can be a 
created environmental system or a nature system on level 2. Moving 
from level 2 to level 3 the nature system can be specified as an 
aquatic system, terrestrial system or an atmospheric system. A 
product system (level 2) can be specified as extraction, production, 
transport, product use, and waste disposal systems (level 3) to 
describe the different product life cycle stages. The system level 
studied will define the level of impact assessment interface. (See also 
table 4-1.) 
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4.2 General framework of site-specific LCA 
 
The framework of the present LCA is shown in the figure 4.6. It includes definition 
of goal and scope, inventory analysis, impact assessment and interpretation of results 
[ISO 14040:1997]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6 Framework of present LCA [ISO 14040:1997]. 
 
Site-specific LCA is simply defined in this study as environmental impact assessment 
with site-specific environmental data and information from technical, environmental 
and social systems, where the environmental impact assessment includes a life cycle 
perspective. The general framework of the site-specific LCA is shown in figure 4.7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7 Phases of a site-specific LCA.  
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Compare the figures 4.6 and 4.7. Analogous to the present LCA the site-specific 
LCA is an iterative technique as the arrows illustrates in the figures. All the phases 
shall be made according to the goal and scope of the study.  
 
The present life cycle inventory analysis (LCI) described by the International 
Standard ISO 14041 concerns only the technical system, which can be a product or 
service system. The collected data can be site-specific or general, i.e., background 
inventory data [Schaltegger 1996]. However, environmental data and information is 
not collected from the environmental and social systems it is included in the present 
LCIA phase and also in the interpretation phase as a form of general data and 
information. In site-specific LCA is, in the contrary, all relevant environmental data 
and information according to the goal and scope of the study site-specific. To be able 
to achieve site-specificity the inventory analysis includes collection of three types of 
data and information, from social, technical and environmental systems (chapter 
4.1.). Hence, the inventory analysis phase of the present LCA has been organized in 
three types of inventory analyses which together compose a so-called site-specific 
LCI. These three site-specific life cycle inventory analyses are Inventory Analysis of 
a Social System (IASS), Inventory Analysis of a Technical System (IATS) and 
Inventory Analysis of an Environmental System (IAES).  
 
Since site-specific environmental data and information is collected, the impact 
assessment phase of LCA become site-specific, so-called site-specific LCIA 
(shortened in the figure 4.7 as site-specific impact assessment). Site-specific LCIA is 
regarded to include spatial, temporal, threshold and dose-response information, and 
combines emissions or activities per space and/or time. The site-specific LCIA 
results may predict exceeding of thresholds, safety margins or risks. The site-specific 
LCIA phase in the figure 4.7 is iteratively connected to the goal and scope definition 
phase and the three types of site-specific inventory analyses (IASS, IATS and IAES) 
as the arrows illustrates unlike the figure 4.6. However, it is not shown in the figure 
4.6 that the present LCIA is also iteratively connected to the goal and scope 
definition phase according to the ISO 14042:2000. 
 
Analogous to the present LCA the interpretation phase in site-specific LCA describe 
the final phase of life cycle assessment procedure, in which the results of a site-
specific LCI and site-specific LCIA are summarized and discussed as a basis for 
conclusions, recommendations and decision-making in accordance with the goal and 
scope definition. Due to the iterative nature of LCA the interpretation phase is a 
communicative phase, in which the inventory data and information are systematically 
identified, qualified, checked and evaluated. If it comes out in the iterative phase that 
the definition of goal and scope of the study, the inventory analysis, or impact 
assessment are not performed a new procedure is started. This way the LCA-study 
becomes trustworthy. Unlike the present LCA, where decisions based on technical 
performance, economic or social aspects are recommended, these are included in the 
interpretation phase of site-specific LCA [ISO 14043:2000].  
 
If the site-specific LCIA phase is not conducted in the site-specific LCA then the 
study includes the collection of site-specific environmental data and information 
necessary to meet the goals of the defined study, a site-specific LCI or in this study 
also called as Inventory Analysis of a System (IAS). It is equal to the general 
framework of the present LCI and consists of goal and scope definition, inventory 
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analysis and interpretation phases [ISO 14040, ISO 14041]. The phases are 
iteratively connected to each other as the arrows in figure 4.8 illustrate. In the 
interpretation phase the quality of the collected data and information is assessed 
according to the goal and scope of the study. Since IAS is a collection and analysis of 
site-specific data and information and not an assessment of the environmental 
impacts associated with those data and information it cannot be the basis for reaching 
conclusions about environmental impacts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8 Phases of an Inventory Analysis of a System (IAS) study. 
 
 
The three types of site-specific life cycle inventory analyses, i.e., IASS, IATS and 
IAES, have the same general framework described by IAS (figures 4.7 and 4.8). The 
international standard for the present LCI, ISO 14041, can be used to describe an 
IATS on condition that it includes site-specific environmental data and information 
from the technical system. There is lack of methods for inventory analyses of the 
social and environmental systems (IASS and IAES). 
 
An IASS-study includes environmental data and information from the social system, 
which is for instance about legislation, environmental goals, stakeholders, political 
opinions, technical competence, economical aspects, etc., i.e., all the relevant 
information required for site-specific impact assessment and interpretation. An 
IASS-study includes also information about the responsible persons behind the 
collected data and information from the technical and environmental systems. Since 
any action performed by the social system is realised through the technical system 
and have therefore an environmental impact on the environmental system, it is 
important to localise the origine and the flow of the information from the social 
system. For the purpose to localise and facilitate data and information collection an 
IASS-study could include a communication model8. The international standard ISO 
14001 is useful to compose an environmental management system (figure 4.5 and 
table 4-1, level 2).  

                                                
8 Hint. Annica Taprantzí’s Communication Model [Taprantzí 2001]. 
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This study suggests a method for an Inventory Analysis of a Nature System (IANS). 
See chapter 5. A nature system is a lower level of an environmental system as 
described in chapter 4.1 (figure 4.5).  
 
Site-specific LCA is regarded to be able to replace the present LCA or be used where 
the present LCA or other environmental tools such as Risk Assessment (RA) and 
Environmental Impact Assessment (EIA) fails. For intance when measures shall be 
taken concerning improvements of the technical system to prevent and decrease 
significant environmental aspects as well as improvenments of the environmental 
system to decrease it’s sensitivity, as an example, liming lakes to increase their 
buffering capacity. Site-specific LCA can be useful when new production sites are 
localized, when new decisions of production volumes are taken, or when setting and 
follow-up environmental objects and targets national as well as industrial, etc. 
Additionally, site-specific LCA can be used for assessment of environmental impact 
on human-created environment such as the technical environmental, working 
environment, and cultural environment. 
 

4.2.1 Setting and follow-up of environmental objects and targets 
One of the fifteen Swedish Environmental Quality Goals (EQG) for achieving 
sustainable development is ”Lakes and watercourses must be ecologically 
sustainable, and a variety of habitats must be preserved. The natural productive 
capacity, biological diversity, cultural heritage assets and ecological and water-
conserving function must be preserved at the same time as recreational assets are 
maintained. This means that the load of nutrients and pollutants must not impair the 
conditions for biological diversity. Non-indigenous species and genetically modified 
organisms (GMOs) that may jeopardize biological diversity must not be introduced. 
The great value of lakes, and shores and watercourses as sources of recreation – 
scenic beauty, cultural heritage, bathing and outdoor activities – must be protected to 
the extent possible. Conditions must be conductive to viable stocks of fish and other 
species that live in or are directly depended on lakes and watercourses” 
[www.miljo.regeringen.se 2000-11-10].  
 
Some of the Environmental targets stated by the Swedish Environmental Protection 
Agency (EPA) for this EQG are [www.miljo.regeringen.se 2000-11-10]: 
 

o It must be possible to use lakes and watercourses as sources of water supply. 
o Biotopes that play an important part of the biological diversity of lakes and 

watercourses and in their immediate surroundings should be restored 
wherever possible. 

o Endangered species should be given a chance to spread to new locations in 
their natural areas of distribution so as to ensure viable populations.  

 
Environmental goals make high demands on follow-up. If it is not possible to 
determine when goals have been achieved they loose their function. One way to 
determine this is to specify and quantify national environmental targets related to 
effect variables. (See figure 5.6 in chapter 5.1) 
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Industrial objectives and targets are often formulated as a quantitative value for the 
identified environmentally harmful in- or outflows to a certain product or service 
system. An (hypothetical) example is given for an industry, which has a discharge of 
mercury (Hg) to its aquatic recipient:  
 

o The limit value is 1 g/year or 0,01 mg Hg/ton sold-products and year (with 
reference). 

o By the end of the year 2001 the discharge of Hg should have been reduced to   
0,5 g/year or 0,005 mg Hg/ton sold-products, which means a reduction by 80 
% compared to the 1997 level (with reference). 

 
These objects and targets do unfortunately not say anything about the improvements 
in the environment. The stated environmental object and target, which the industry 
may affect, and limit values should be presented. Therefore it is proposed to relate 
the industrial objects and targets to the local or regional (or national) environmental 
targets (hypothetical example):  
 

o The current situation shows that the mercury (Hg) concentration in pike 
exceeds 1 mg in the aquatic recipient (with reference). 

o The environmental target is set at 1 mg Hg in a 1 kg pike. Higher doses affect 
the fish population’s reproducibility and cause health effects (with reference). 

 
Though the industry succeeds to reduce the discharge of mercury the current 
conditions may remain the same due to other and earlier mercury discharges in the 
history. However, the industry may not be the main mercury source this way of 
presenting industrial environmental objects and targets shows that the industry takes 
its environmental responsibility in a broader sense.  
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4.3 Industrial environmental control system 
 
At a SPINE course at CPM in May 2000 Raul Carlson described an industrial 
environmental control system. This term has been further developed in this study. 
 
An industrial environmental control system can be sketched as a general control 
system: There is an active controller, working with knowledge about which system 
he/she/organization management controls, an environmental goal for that system, a 
perceived environmental impact from the system, and with access to additional 
reference knowledge. The controller gives control signals to the system [Carlson 
2000]. To perceive the environmental impact from the controlled system, the 
industrial environmental controller requires information from three different types of 
systems, and the relations between these system types: the technical system, 
environmental system and social system. An example of a general information model 
for an industrial environmental control system is shown in figure 4.9. It consists of a 
product system and a nature system specified in for instance production and aquatic 
systems, which are controlled by a controller which is the social system at that level 
(figure 4.5 and table 4-1, level 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9 A model of an industrial environmental control system. The thick 

arrows symbolize environmental data and information as a result of the 
environmental monitoring. This information gives a perception of 
current environmental impact due to input and output of the technical 
system. The controller is interested to know his/her (or their since the 
controller can also be a group of persons or also it since it can be an 
organization) environmental impact in this example. The nature system 
can of course be affected by other nature and product system controlled 
by others than the controller. This should be taken into consideration in 
the assessment of the actual environmental impact on the nature 
system. By control of the nature system is meant environmental 
monitoring.  

 
 
Though the controller of an industrial environmental control system never is 
perfectly rational, he/she will be in a better position if the information he receives is 
of high quality, which means that the information well describes what it claims to 
describe, is understandable to the controller, and is relevant for the control situation. 
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PHASES – PHASEs in the design of a model of a System describes in general how 
such high-quality information can be collected and supplied to the controller (figure 
4.10) [Carlson 2000]. See also appendix B. The nature system can include in other 
industrial environmental control systems if other production systems has an 
environmental impact on the system. The control of the nature system 
(environmental monitoring) can be then coordinated. 
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1 Registration of quantitative value1 Registration of quantitative value
3,7 g NO2

0 Definition of quantitative entity0 Definition of quantitative entity

2 Aggregation of quantitative 
   data
2 Aggregation of quantitative 
   data 3,7 g NO 2

3 Relate quantitative data to 
   system models
3 Relate quantitative data to 
   system models

4 Aggregating models of systems4 Aggregating models of systems

5 Communicating and reporting5 Communicating and reporting

 
 
Figure 4.10 PHASEs in the design of a model of a System [Carlson 2000]. 
 
 
At phase 1 a quantitative data item is sampled, based on the description of the 
quantitative entity defined at phase 0 [Carlson 2000]. 
 
At phase 2 a number of quantitative samples are statistically treated to form an 
aggregated quantitative value of some kind [Carlson 2000]. 
 
At phase 3 a number of aggregated quantitative values are related to a model of the 
system [Carlson 2000].  
 
At phase 4 a number of models of systems are aggregated, either by constructing a 
higher-level system model from system model components, or by mathematical 
summation of a number of system models [Carlson 2000]. 
 
At phase 5 the result of a phase is communicated to the one requiring the report. 
Note: phase 5 takes place between each phase 0 to 4, as well as after phase 4 
[Carlson 2000]. 
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5 Inventory Analysis of a Nature System 
 
A site-specific LCIA states direct demands on the site-specific LCI procedure. 
Assessing local environmental impacts requires site-specific environmental data and 
information from the technical, environmental and social systems of the study. The 
inventory analysis of the aquatic recipient of Skoghall Mill consisted of a definition 
of goal and scope of the inventory analysis, a description of the study area and 
inventory analysis results (chapter 2). As a consequence of the rather simple 
inventory the invented data was able to be use for an assessment of environmental 
conditions according to the Swedish EPA’s quality criteria for classification (chapter 
3). The classification was examined not to be suitable for assessing secondary effects 
of eutrophication. However, there was not enough of data to made a statistically 
adjustment of the Swedish EPA’s quality criteria for classification to the study area. 
In this chapter is presented an approach to method for Inventory Analysis of a Nature 
System (IANS) when a local site-specific impact assessment is required. See also 
appendix D. The general framework of IANS is shown in figure 5.1. IANS is a part 
of a site-specific LCA on level 2 (table 4-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1 General framework of IANS. (See also figures 4.5, 4.7 and 4.8.) 
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IANS concern only nature systems (non-created environmental systems by humans) 
and not the total environmental system, including also created environmental systems 
by humans, which is included in an Inventory Analysis of an Environmental System 
(IAES). The general framework of IANS consists of three phases of the site-specific 
Life Cycle Assessment (LCA): goal and scope definition, inventory analysis and 
interpretation (figure 5.1). 
 
The goal and scope definition phase is important because it determines why an IANS 
is being conducted in a site-specific LCA and describes the nature system to be 
studied. The purpose, scope and intended use of the study will influence the direction 
and depth of the study, addressing issues such as geographic extend and time horizon 
of the study and the quality of data which will be necessary. 
 
The inventory analysis involves collection of the environmental data and information 
necessary to meet the goals of the defined study. It is essentially an inventory of data 
with respect to the nature system being studied. The invented data can be generated 
by one inventory or repeatedly done inventories which such time intervals that makes 
it possible to take conclusions of changes of the environmental conditions in the 
system, or in the purpose to follow a change in relation to a earlier inventory, i.e. 
generated by environmental monitoring. Environmental monitoring has a dynamic 
role to play in formulating basis for forming environmental quality goals and criteria. 
The results of environmental monitoring can be used as a base for analysing sources 
for negative environmental impact, and to judgement which measures should be done 
to reach desired effect [www.environ.se 2000-12-21]. 
 
In the interpretation phase of IANS the quality of the collected data and the 
generated nature system model (a data model with related data) are assessed in the 
light of the goal and scope of the study. The interpretation phase also typically results 
in an improved understanding of the nature system. The model could be used for 
examining threshold values and ecological effect variables (chapter 5.1). 
 
IANS has many similarities with the international standard ISO 14041, which shows 
a step-by-step procedure for collecting environmental data and information from 
technical systems, i.e., product or service systems. IANS is regarded to fulfill the 
SPINE documentation criteria and data quality aspects defined at the Swedish 
competence centre CPM. See appendix B. 
 
The IANS procedure consists of eight operational steps outlined in figure 5.2. During 
the iterative work a nature system model is generated which is a data model with 
related data. The nature system model is proposed to be connected to other models 
such as geographical information system models. 
 
Phases 1 and 2 provide the initial plan for conducting an IANS study. The goal and 
scope shall be clearly defined and consistent with the intended application. All 
choices in the study shall be made according to the goal and scope. It should be 
recognized that an IANS study is an iterative technique, and as data and information 
are collected, various aspects of the scope may require modification in order to meet 
the original goal of the study. In some cases, the goal of the study itself may be 
revised due to unforeseen limitations, constraints or as a result of additional 
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information. Such modifications, together with their justification, should be duly 
documented.  
 
Phases 3 and 4 concern collection of data which are related to a nature system data 
model in phase 6. These phases provide the inventory analysis phase . 
 
Phase 5 concerns data quality assessment and phase 7 an interpretation of the nature 
system model including sensitivity analysis. The sensitivity analysis serves to limit 
the subsequent data handling to those input and output data which are determined to 
be significant to the goal of the IANS study. These uncertainties make it necessary to 
refine the nature system boundaries. During the final phase (phase 8) the applications 
of the nature system model is considered according to the goal of the study. A 
completed inventory is achieved when the refining of the nature system boundaries 
results in a model that fulfils the goal of the study. If the model does not fulfil the 
goal of the study it is possible to do another data collection reflecting the iterative 
nature of IANS (back to phase 3), or if necessary revise the nature system data model 
(phase 2) and the target of the nature system model. If the goal cannot be achieved 
due to lack of data, it is possible to either give recommendations to further 
measurements or refine the applications of the study according to the validity of the 
nature system model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2 The eight phases of IANS in the general framework. All iterative steps 

are not shown.  
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Defining a nature system model is an iterative technique starting with a preliminary 
nature system data model to which is related collected and assessed data. A nature 
system model consists of building units which are defined functions or activities 
which characterize the specific nature system designed. These are linked to one 
another by materia or energy flows (appendix D, chapter 4.10). A nature system 
model does not have to be a model in the sense of mathematical model even though 
the IANS method includes phases for developing of such model. Anyhow, a 
mathematical nature system model requires large amounts of environmental data and 
information. Handling such large amount of data could be facilitated by computer-
aided information systems such as environmental databases. 
 
A database consists of actual data, a structure in which the data must be organized, 
and a software system (DataBaseManagementSystem) that manages both the data 
and the structure (figure 5.3). A database can be divided into two parts where the first 
part addresses the data model and the second part addresses the database structure. A 
relational database is organized in tables. Each of them represents a real world entity 
or concept and can be named by a data category. How well a database structure will 
serve its purpose depends to a great extent on how well it corresponds with the real 
world entity it is supposed to represent. The first step in a database design process is 
therefore to identify and understand the real world entity of the actual problem 
domain. To understand a nature system, a data model can be designed for the system 
[Carlson 1995].  
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Figure 5.3 A database design process. (The data model is also shown in the 

figure 5.4.) 
 
 
A data model entity is a model representing a real world entity or concept. This 
model is represented by a nature system data model and can serve a way of 

Real world entities Model world entities Database structure 

Designing a database structure Designing a model of a system 

Datacategory ”Tot-P” 
   
   
   
   

 

Population, land use

Waste source model

Total phosphorus loads

Phosphorus budget model

Inflow                       Outflow

Sediment losses and feedback

Total phosphorus concentration Total phosphorus /
Phytoplankton
regression

Phosphorus / Chlorophyll regression

Chlorophyll concentration

Chlorophyll /
Secchi depth
regression

Chlorophyll /
Primary
production
regression

Secchi depth

Maximum volume of
phytoplankton

Primary production

Oxygen model

Hypolimnetic oxygen concentration

Datacategory 
”temperature” 
   
   
   
   



Luleå University of Technology 
 

Stora Enso Environment 5-65

understanding a database structure and how it can be exploited in different 
applications. The database structure can be designed in phases 3, 4 and 6 when 
collecting and relating environmental data and information to the nature system data 
model (figure 5.2). Hence, a nature system model consists of a data model and the 
related environmental data and information.  
 
Different kinds of software for modeling and simulation can be utilized for 
understanding the nature system. It is then important the data is stored in the right 
data format. 
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5.1 Nature system model 
 
An IANS study includes a model of a nature system. The model may describe a fresh 
water lake, coastal area, forest, troposphere, etc., according to its environmental 
condition, the environmental impact such as acidification, eutrophication and climate 
change. An example of a nature system model (a data model) is given in figure 5.4. 
The model consists of both mass-balance and regression models, e.g. simple linear 
regression and multiple regression models, which may be used for effect-load-
sensitivity (ELS) analysis.  

 
 
Figure 5.4 An example of a nature system model to describe primary and 

secondary effects of eutrophication [Håkanson 1999]. 
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The Phosphorus budget in the figure 5.4 since it is a mass-balance model for the 
flow of total phosphorus (TotP) to and from the lake. A mass-balance model may be 
described by the following differential equation (figure 5.5) [Håkanson 1999]: 
 
V*dC/dt = Q * (Cin - C) – KT * V * C   (1) 
 
where 
V = the lake volume (L3 ; L = length units; generally m3 or km3); 
dC/dt = the change in lake concentration (dC) of the given substance per unit of 

time (dt), dimension, M/(L3*Ti), mass/volume*time; generally g/l*day or 
kg/m3*month; 

C = the concentration of the substance in the lake; often, as here, set equal to 
the outflow concentration, M/L3; 

Cin = the concentration of the substance in the tributary, M/L3; 
Q = the tributary water discharge to the lake, L3/Ti; 
KT = the turnover rate of the given substance C in the lake; this rate has, as all 

rates, the dimension 1/Ti, i.e., per time unit. 
 
Change in lake = inflow – outflow – sedimentation (or velocity*area*concentration) 
 
The lake may be envisioned as a reactor tank with complete mixing during the 
calculation time (dt). The simplest way solving this equation is to assume steady-
state conditions. That means that one conserves mass and puts Qin = Qout = Q 
[Håkanson 1999]. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5 The basic components of the mass-balance equation of a substance of a 

lake. Q is the water discharge to the lake (Qin = Qout).  
 
Differential equations are often used to handle fluxes (e.g. g X / yr), amounts (g X) 
and concentrations (g X/m3) of all types of materials (like gases, carbon, toxins and 
nutrients), but not ecosystem effect variables. Regressions based on empirical data 
are generally necessary to relate concentrations of chemicals to target effect 
variables. In theory, both these model approaches may be used for effect-load-
sensitivity analysis, provided that at least one operationally defined ecological effect 
variable relevant for the load variable(s) in question is included in the model 
[Håkanson 1999]. 
 
Effect-load-sensitivity models may describe ecological effects for entire ecosystems. 
Figure 5.6 gives the principle components of a general ELS-model illustrated as an 
ELS-diagram. From this diagram, important concepts like natural background 

Q*Cin Q*C 

KT*V*C 
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concentration, critical load and environmental goal (liked to defined effect variables) 
can be scientifically defined. Studying lake eutrophication a target effect variable 
may be total phosphorus. A highly sensitive ecosystem for a certain substance has a 
lower critical load or so-called threshold value 9 than a low sensitive ecosystem. 
This supports the argument that Environmental quality standards should be based on 
site-specific threshold values. Håkanson (1999) argues that Environmental goals 
(generally set by National Environmental Protections Agencies) should be related to 
ecological effect variables and not to load variables (threshold values), since one and 
the same load may cause very different effects in ecosystems of different 
sensitivities. Defining effect variables requires large amounts of environmental data 
and information from nature systems. Force should be put on investigating the highly 
sensitive ecosystems for certain environmental threats, such as acidification and 
eutrophication.  
 

Figure 5.6 Effect-load-sensitivity diagram. From this diagram natural background 
concentration, critical load and environmental goal or target (linked to 
defined effect variables) can be scientifically defined [Håkanson 1999]. 

 
 
In eutrophication, likely target effect variables are mean, representative ecosystem 
values of chlorophyll (a practical, operational measure of algal biomass and an 
indicator of primary productivity), or Secchi depth (as a general index of lake trophy) 
and oxygen concentration in the bottom water. The concentration of phosphorus in 
lakes can be used to predict all these target variables for lake eutrophication. Hence, 
the total phosphorus concentration is not a biological or ecological effect variable; it 
is a chemical concentration as a response of a certain load. The real interest is not on 
such chemical variables but on biological effect variables, like chlorophyll or 
phytoplankton volume. [Håkanson 1999]. 

                                                
9 A threshold value is defined in the Swedish National Encyclopedia (1993) as the lowest value of a 
factor on which a certain effect occurs, for instance the lowest dose of a toxic substance which can 
give a biological effect, or the lowest irritation which causes a physical effect. 
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A nature system model consisting of mass-balance models shall describe 
environmental conditions on higher system levels preferably on ecosystem level 
since impact assessment concern ecological effects for entire ecosystems. Hence the 
primary interest is not on site-specific conditions (”the sampling bottle”), on the 
lower levels such as individual, organ or cell levels, but on the higher level such as 
ecosystem level, which is the perspective that should be of main interest from a 
management point of view where questions are posed concerning the status of for 
instance larger water bodies (aquatic systems on ecosystem level), and the remedial 
actions that could be used in practice to improve the conditions in such systems 
[Håkanson 1999].  
 
A critical area for environmental protection is the development and implementation 
of general criteria for the dimensioning of environmental problems. Formal tools are 
needed to establish what everybody intuitively understands, that all environmental 
problems are not the same size. The size of a problem demands on many different 
considerations, e.g., on what government level the environmental problem is 
discussed (global, regional or local levels), on what time scale the problem is 
considered (years, the period between general elections, centuries, etc.) or what 
personal perspective is adopted (geographical, biological, political, environmental, 
etc.). From the perspective of the ecosystem scale, relatively little research has been 
devoted to the important but complex problem of developing scientific criteria to 
distinguish between large and small, real and imaginary environmental problems 
related to chemical threats [Håkanson 1999]. 
 
An important step in dimensioning environmental problems is to identify the effects 
associated with various perturbations. If we select the example of different heavy 
metals in fresh waters, one might assume that the mercury problem should have high 
priority in many countries, but one should ask which criteria allow us to make this 
ranking? Can the Hg problem in fresh waters be compared with other national, 
regional and local environmental problems? Probably, we will never know enough to 
have scientifically unassailable criteria for dimensioning all environmental 
disturbances, but we may be able to group disturbances into classes of differ priority. 
It would be of great value if we could, at least, establish a number of priority classes 
and accurately explain the criteria of classification [Håkanson 1999]. For the purpose 
to quantitatively rank various chemical threats to ecosystems, Håkanson 1999 
describes the PER-approach (Potential Ecological Risk factor or Environmental 
Index). For each threat must be defined the effect variable (preferably linked to 
reproduction/survival of key functional organisms), and the geographical and 
temporal extents of the effect variable to be able to calculate the environmental 
index. 
 
Two useful methods for critical model testing are sensitivity tests and uncertainty 
tests. Before it’s meaningful to test a model it should be calibrated and validated. 
Calibration means that a given model set-up is tested against empirical data so that 
the fit between modelled values and empirical data becomes as good as possible. 
When the model is duly calibrated, it should be validated, i.e., test against 
independent data. During validation a coefficient of determination, r2, is evaluated. 
The r2-value is always less than 1 (r2 = the coefficient of determination; r = the 
correlation coefficient). Sensitivity analysis involves the study, by modelling and 
simulation, of how an alteration of one rate or variable in a model influences a given 
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prediction, while everything else is kept constant. Uncertainty tests can be analytical 
methods and statistical methods like Monte Carlo technique. Uncertainty analysis is 
the same as conducting sensitivity analysis for all given model variables at the same 
time [Håkanson 1999]. 
 
It is generally not possible to derive ELS-models which apply with equal success for 
all types of ecosystems. This means that the operational range, the domain, of the 
model must be explicitly given to avoid abuse of the model for higher systems (e.g. 
ecosystems) for which it was never intended to be used. If dynamic (time-dependent) 
mass-balance models can meet these requirements, they would generally be 
preferable to statistical/empirical models because of the fact they can provide better 
understanding of mechanisms and processes [Håkanson 1999]. 
 
Recommended literature for some examples of Nature system models of aquatic 
systems on ecosystem level is Water Pollution by Håkanson, L. (1999).  
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6 Site-specific impact assessment for forest 
industrial mills 

 
Two products produced (theoretically) equal way may have different environmental 
impact due to the differences in sensitivity of the nature system such as a lake. Since 
several impact categories, e.g. eutrofication, ecotoxicological impacts and 
acidification, are more local and regional threats than global this may justify the 
comparing of two LCA-studies [Finnveden et. al. 1999, Molander et. al. 1993, 
Potting et. al. 1998]. The site characterizes environmental impacts, for instance the 
environmental threat eutrophication is different if the site is a terrestrial or aquatic 
recipient [Finnveden et. al. 1999]. Eutrophication can also differ between aquatic 
recipients due to many different factors, e.g. if it is a fresh or saline water recipient, 
has low or high water turnover, if the frequency of discharge is high doses 
momentary or low doses during a long period of time, etc. With this way to consider 
LCIA has consequences on the inventory of data. The invented data should be both 
located and time-specific, defined in this study as site-specific data. 
 
This study focuses on the environmental impact of waste water from forest industrial 
mills to an aquatic recipient. During the previous practice period the chemical and 
physical parameters of the waste water from Skoghall Mill were identified as the 
following: nutrients (Tot-N and Tot-P), suspended solids (SS), oxygen-consuming 
substances (COD, BOD7), acids (pH) and ecotoxicological substances (metals, AOX, 
chlorate, etc.). All these environmental aspects cause local or regional environmental 
impact. The environmental aspects (except pH and metals) were suggested to be 
classified in the following site-specific impact categories: health effects, 
eutrophication in aquatic environment, aquatic toxicity and indirect aquatic toxicity 
[Hälvä 2000]. This way to classify requires a further characterization of the 
environmental aspects, especially SS, COD and BOD7. Table 6-1 shows that, if no 
further characterization is made, it is possible to classify the environmental aspects 
(expect AOX and chlorate) in different environmental conditions according to the 
Swedish EPA (2000). Background to the Swedish Environmental Protection 
Agency’s (EPA) quality criteria for classification of environmental conditions is 
given in the next chapter. 
 
In this study a distinction between environmental condition and environmental 
impact is made as in the following: an environmental condition is described in 
chemical and physical parameters and environmental impact in biological or 
ecotoxicological parameters unlike the nomenclature in the Swedish EPA (2000).  
The difference between an environmental effect and an environmental impact is that 
the word impact is a broad term covering the whole cause-effect chain following the 
extractions and emissions. 
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Table 6-1. Classification of environmental aspects. 

Environmental aspect 
(Wastewater parameter) 

Site-specific 
Impact Category b) 

Environmental condition d) 
(of an aquatic recipient) 

Tot-N Eutrophication in aquatic 
environment 
Indirect aquatic toxicity 

Tot-P Eutrophication in aquatic 
environment 
Indirect aquatic toxicity 

Nutrients/Eutrophication 

SS Health effects 
Eutrophication in aquatic 
environment 
Aquatic toxicity 
Indirect aquatic toxicity 

Light conditions 

COD Health effects  
Eutrophication in aquatic 
environment 
Aquatic toxicity 
Indirect aquatic toxicity 

BOD7 Health effects 
Eutrophication in aquatic 
environment 
Aquatic toxicity 
Indirect aquatic toxicity 

Oxygen status and oxygen-
consuming substances 

pH  - c) Acidity/Acidification 
Metals a) - c) Metals 
AOX Health effects  

Aquatic toxicity 
- e) 

Chlorate Health effects 
Aquatic toxicity 

- e) 

a) For instance Cr, Ni, Cu, Zn, Cd, Pb, Hg, etc. 
b) Reference: Hälvä (2000). 
c) pH and metals were not included in the scope of the study [Hälvä 2000]. 
d) Reference: Swedish EPA (2000). 
e) AOX and chlorate are not included in the Swedish EPA’s quality criteria for classification of 

environmental conditions [Swedish EPA 2000]. 
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6.1 Swedish Environmental Protection Agency’s quality 
criteria for classification of environmental conditions 

 
The Swedish Environmental Protection Agency (EPA) decided in 1994 to develop a 
more comprehensive system for evaluating a variety of ecosystems, under the 
heading of “Environmental Quality Criteria”. This development work has resulted in 
six separate reports on: the Forest Landscape, the Agricultural landscape, 
Groundwater, Lakes and Watercourses (used in this study including lakes only), 
Coasts and Seas, and Contaminated Sites [Swedish EPA 2000].  
 
Environmental Quality Criteria provide a means of interpreting and evaluating 
environmental data which is scientifically based, yet easy to understand. Indicators 
and criteria are also being developed by many other countries and international 
organizations. The Swedish Environmental Protection Agency has followed those 
developments, and has attempted to harmonise its criteria with corresponding 
international approaches [Swedish EPA 2000]. 
 
Development of environmental quality criteria has been carried out in co-operation 
with colleges and universities. The reports generated are based on current 
accumulated knowledge of environmental effects and their causes. But that 
knowledge is constantly improving, and it will be necessary to revise the reports 
from time to time [Swedish EPA 2000].   
 
The purpose with the six reports are to enable local and regional authorities and 
others to make accurate assessments of environmental quality on the basis of 
available data on the state of the environment and thus obtain a better basis for 
environmental planning and management by objectives. Each report contains model 
criteria for a selection of parameters corresponding to the objectives and threats 
existing in the area dealt with by the report. The assessment involves two aspects: (i) 
an appraisal of the state of the environment per se in terms of the quality of the 
ecosystem; (ii) an appraisal of the extent to which the recorded state deviates from a 
“comparative value”. In most cases the comparative value represents an estimate of a 
“natural” state. The results of both appraisals are expressed on a scale of 1-5 
[Swedish EPA 2000].   
 
The parameters considered being most important indicators of water quality of a lake 
in a wide sense has been summarised in table 6-2. For various of reasons it has not 
been possible to include measures of hydrological and substrate conditions. Nor has 
it been possible to formulate instructions for assessing changes in water quality over 
time [Swedish EPA 2000].  
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Table 6-2. A summary of lake parameters [Swedish EPA 2000]. 

Environmental condition Lake parameter 
Total phosphorus concentration 
Total nitrogen concentration 

Nutrients/eutrofication 
 

Total nitrogen/total phosphorus ration (by weight) 
Oxygen concentration 
TOC (Total Organic Carbon) 

Oxygen status and oxygen-
consuming substances 
 CODMn (Chemical Oxygen Demand) 

Absorbency 
Water colour 
Turbidity 

Light conditions 
 

Secchi depth 
Alkalinity 
pH 

Acidity/acidification 
 

(ANC) 
Metals Metals in water, sediment, moss and fish 

Total volume 
Chlorophyll concentration 
Diatoms 
Water-blooming cyanobacteria 
Potentially toxin-producing cyanobacteria 

Phytoplankton in lakes 
 

Biomass Gonyostomum semen 
Aquatic plants in lakes Submerged and floating plants, number of species and 

indicator ratio* 
Shannon’s diversity index in littoral zone 
Danish fauna index in littoral zone 
ASPT index in littoral zone 
Acidity index 
BQI index in the profundal zone 

Benthic fauna 
 

O/C index in the profundal zone  
Naturally occurring Swedish species 
Species diversity of native species 
Biomass of native species 
Number of individuals of native species 
Proportion of cyprinids  
Proportion of Piscivorous fish 
Species and stages sensitive to acidification 
Species tolerant of low oxygen concentrations 
Proportion of biomass comprising aliens species 

Fish 

Composite value derived from (part of) the above 
*) indicator value for assessing deviation from reference value 
 
The assessment procedure according to the Swedish EPA’s method consists of two 
separate parts (figure 6.1).  One part focuses on the effects that observed conditions 
can be expected to have on environment and human health. The second focuses on 
the extent to which measured values deviate from established reference values. 
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Figure 6.1 Assessment procedures according to the Swedish EPA’s method. 
 
 

6.2 Swedish EPA’s method utilized in site-specific LCIA 
 
In this study is suggested to utilize the Swedish EPA’s quality criteria for assessing 
environmental quality in the site-specific impact assessment phase (site-specific 
LCIA phase) in site-specific LCA. Table 6-3 shows how EPA’s effect categories can 
be utilized for classification the wastewater parameters of forest industrial mills. The 
traidional LCIA’s impact categories where not possible to utilize for a site-specific 
LCA including a lake as an aquatic recipient. To avoid the problems of double 
counting and complexity of the impact categories they where devided in three levels. 
As a consequence of this the classification does not result in single impact categories 
which are the case in traditional LCIA. The impact assessment is to be done in three 
levels. The first level describes the environmental condition by interpreting chemical 
and physical recipient parameters. The level 2 and 3 describe the environmental 
impact by biological and ecotoxicological parameters. On level 2 the environmental 
impact is studied on population level (horizontal perspective) and on level 3 is added 
the internal relations between populations to study the impact on ecosystem level 
(vertical or hierarchical perspective). This means that the biomagnification aspects 
on single populations are studied on level 2 while on level 3 the bioaccumulation 
aspects are also in focus in the study.  
 
As a consequence of this grouping of parameters the assessment of phytoplankton 
(which is an environmental condition according to the Swedish EPA 2000) is in this 
study no longer an assessment of environmental condition, but an assessment of 
environmental impact. Assessment of phytoplankton (plankton algae) is also an 
assessment of secondary effects of the environmental condition eutrophication 
(chapter 3.6). According to Håkanson 1999 the real interest is not on chemical 
parameters such as total phosphorus but on biological effect variables such as 
chlorophyll (chapter 5.1). Hence, the environmental impact (levels 2 and 3) is of real 
interest in impact assessment not the environmental condition (level 1). As an 
example the Swedish EPA’s quality criteria for classification of the environmental 
condition nutrients/eutrophication is based on the knowledge of secondary effects of 
eutrophication such as increased algae production (chapter 3.6). 

Measurements/Data 

Assessment of current conditions – 
indicates environmental effects 
associated with current conditions 

Assessments of deviation from reference 
values – indicates environmental impact 
of human activity 
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Table 6-3. Classification of Skoghall Mill’s environmental aspects (wastewater 
parameters). 

Environmental 
aspect 

Environmental 
condition 

Environmental impact 
 

Wastewater 
parameter 

level 1. level 2. 
(population) 

level 3. 
(ecosystem) 

Tot-N 
Tot-P 

Nutrients/ 
Eutrophication 

Phytoplankton in lakes 
Aquatic plants in lakes 

SS Light conditions 
COD 
BOD7 

Oxygen status and 
oxygen-consuming 
substances 

pH  Acidity/ 
Acidification 

Metals a) Metals a) 
AOX - b) 
Chlorate - b) 

 
 

Fish 
Benthic fauna 

Phytoplankton in lakes 
Aquatic plants in lakes 

 

 
 

(Human health) 
Fish 

Benthic fauna 
Phytoplankton in lakes 

 
Aquatic plants in lakes 

Chemical and physical parameters Biological and ecotoxicological parameters 
a) For instance Cr, Ni, Cu, Zn, Cd, Pb, Hg, etc. 
b) EOCl (extractable organically bound chlorine) analysis in sediments exists but it is not 

included in the Swedish Environmental Protection Agency’s quality criteria for classification 
neither in the recipient control program. 

6.2.1 Primary and secondary effects 
On level 1 both primary and secondary effects can be studied (table 6-4). When the 
waste water has a direct effect it is of primary character, e.g. nutrients in waste water 
increase the nutrient concentration in the aquatic recipient. In the same time this has 
an environmental impact on phytoplankton and aquatic plants. Increased growth of 
for instance algae has secondary effects as worse light-conditions and increased 
oxygen consuming substances. This is what eutrophication is associated with. 
Another example is when increased acidification increase leached of metals. Primary 
and secondary effects can also be studied between the level 1 and 2 (table 6-3), for 
intance the secondary effects of eutrophication were described in chapter 3.6. 
 

Table 6-4. Secondary effects. 

Environmental 
condition 

level 1. 
Nutrients/ 
Eutrophication 
Light conditions 
Oxygen status and 
oxygen-consuming 
substances 
Acidity/ 
Acidification 
Metals 

Secondary 
effects 
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6.3 Impact categories in site-specific impact assessment 
 
The selection of relevant impact categories for a site-specific LCA study must be 
cleary definied. General guidelines for selection of site-specific impact categories is 
given in this chapter. As an example, the impact category acidification is shown. 
 
Firstly, the nature system must be specified. A nature system can be a terrestrial, 
aquatic or atmospheric recipient system (chapter 4.1 and 6.4). Assessment of 
environmental impact should concentrate on each system at a time which means that 
combinations of the recipient systems should be avoided. The recipient system is 
then further specified (table 6-5).  
 

Table 6-5. Specification of nature system. 

Nature system 
Recipient system Specification 
Aquatic system Freshwater ecosystem, surface water, oligotrophic lake 
 
Secondly, the environmental aspects must be specified. Emissions can be either 
direct or indirect emissions to an aquatic recipient. Waste water to an aquatic 
recipient is a direct emission and can consist of both acidic and basic solutions. To 
charactierize this the pH of the waste water lieving the product system is often 
measured. Gaseous emissions to air such as SOX and NOX are indirect emissions to 
the aquatic recipient and can be measured as tonnes per year (table 6-6).  
 

Table 6-6. Specification of environmental aspect. 

Environmental aspect Specification Measurement unit 
Waste water Acidic and basic solutions  pH  
Emission to air, the 
atmospheric recipient 

SOX tonnes/year  

Emission to air, the 
atmospheric recipient  

NOX tonnes/year  

 
 
Thirdly, the impact category is specificed in environmental condition and 
environmental impact (including both population and ecosystem levels). Chemical 
and physical parameters describe the environmental condition and biologicial and 
ecotoxicological parameters describe the environmental impact (table 6-7). 
 

Table 6-7. Specification of impact category. 

Impact category 
(Environmental threat) 

Specification  
(Ecological effects) 

Acidification Increased concentration of hydrogen (H+) in 
surface water. Increase in filamentous algae. 
Reduced production of crustaceans, snails, 
bivalves and roach [Håkanson (1999)]. 
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The selected impact category can be further specified in category indicator, target 
organisms and target ecosystems (table 6-8). The target organisms are the most 
sensitive species in the ecosystem, but their roles may be critical in only some 
ecosystems, i.e., in target ecosystems [Håkanson 1999]. 
 

Table 6-8. Specification of the category indicator, target organisms and 
ecosystems for the selected impact category, acidification. 

Acidification 
Category indicatora) Target organismsb) Target ecosystemb) 

pH  Crustaceans, molluscs die at pH 
below 6-7 [Håkanson 1999]. 

Oligotrophic lake 

a) This could also be the target effect variable [Håkanson 1999]. 
b) Nomenclature from Håkanson (1999). 

 
Direct emissions to the aquatic system causes direct impacts and analogously the 
indirect emissions causes delayed-2 (through atmospheric to aquatic system) and 
delayed-3 (through atmospheric to terrestic to aquatic system) impacts. The 
complexity of assessing a certain impact increases from direct impact to delayed 
impact-3.  
 
When several impact categories are studied the serial and parallel mechanisms must 
be considered to avoid double counting. Substances acting in serial way contributes 
to several impacts in different cause-effect chains, one after the other [Almroth 
2000]. Each cause-effect chain may be further divided in primary and secondary 
effects or impacts (chapter 6.2.1). The possibility fraction “%”equals 100. See figure 
6.2. If a substance on the other hand can contribute to several impacts but only act 
once, thus only contribute to one impact, the mechanism is parallel [Almroth 2000]. 
The substance may, for instance on 50-50 %, cause either the first or the second 
impact. To accomplish an allocation either a huge amount of information is needed 
or several assumptions have to be made, causing a lot of work or decreased scientific 
creadibility. In the present LCA all the substances is often treated in serial way. It 
should be then clearly stated that it is the potential impacts that will be classified and 
characterised and there should be an awarness of the fact that this actually leads to a 
double counting to some degree. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2 Primary and secondary effects. 
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NOX gases cause both acidification and eutrophication, the fraction “%” equals 100. 
Each cause-effect chain of acidification or eutrophication may cause primary and 
secondary effects (chapter 6.2.1). Hence, NOX gases are substances acting in serial 
way. To facilitate the impact assessment only primary effects can be selected as 
impact categories. Since primary effects are often described by chemical and 
physical parameters this means that the environmental conditions (level 1) will be 
studied only (table 6-3). 
 
Table 6-9 shows another example of serial and parallel mechanisms. The greenhouse 
gas CFC acts in serial way when it contributes (100 %) directly to both climate 
change and ozone depletion, i.e. these are primary impacts and CFC should then be 
registered under both. Hence, this is not double counting. However, CFC can act in 
parallel way too because CFC may cause health impacts both directly (primary 
impact category) and indirectly as a secondary impact due to increased UV-radiation, 
which is an effect of ozone depletion. Health impact is a secondar impact because it 
is a higher order effect due to ozone depletion. Hence, if CFC is classified in health 
impact it leads to double counting. 
 

Table 6-9. Specifying impact categories in primary and secondary impacts. 

Emission/substance Primary impact 
category 

Secondary impact 
category 

CFC Climate Change 
Ozone Depletion 
Health Impact 

Health Impact 

 
The time perspective is important from ecological point of view when studying 
environmental impacts. Impacts are related to changes in the environment, as an 
example changes in the nutrient concentrations indicates eutrophication (chapter 3.2).  
The improvements in the environment do not always follow the improvements made 
in for instance forest industrial mills for many reasons. One reason can be that  
emissions of mercury (Hg) in the past may cause impacts in an aquatic system for 
long time. Hence, the current effects in the environment may not be an effect of the 
present emissions. On the other hand, present emissions may cause effects due to 
older emissions such as mercury. As an example, organic substances may increase 
the organic concentration in an aquatic system and dilute the mercury concentration 
by adsorbing it. Though this might give a positive effect the organic substances may 
cause other negative effects such as oxygen depletion. This emphasizes the 
complexity of interrelations between different environmental impacts. 
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6.4 Identification of system interfaces in site-specific LCIA 
 
Nature systems can be connected by elementary flows (material or energy flows) to 
production systems. See example in figure 6.3. A production system is surrounded by 
a nature system. In the interface between the two systems occur flows of material and 
energy. With focus on the production system there is an inflow of material and 
energy from the nature system to the production system and an outflow of material 
and energy from the production system to the nature system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 Relations between a nature and production systems. 
 
Site-specific Life Cycle Impact Assessment (LCIA) deals with actual emissions and 
impacts. When studying the environmental impact of a production system such as a 
forest industrial mill it is important to identify the emission sources and the recipients 
of the emissions. Environmental impact occurs due to the intake of material and 
energy to the production system and due to emissions and products leaving the 
production system. Emissions are often classified as for instance (A) solid waste, 
waste water and gaseous waste or (B) emissions to the land, emissions to the water 
and emissions to the air. Concerning the later type of classification of emissions the 
nature system can be classified in three recipient systems: terrestrial system, aquatic 
system and atmospheric system. Hence, the figure 6.3 becomes more detailed (figure 
6.4).  
 

Input / Inflow Output / Outflow 

System boundary of a production system 

System boundary of a nature system 



Luleå University of Technology 
 

Stora Enso Environment 6-81

 
 
Figure 6.4 The nature system can be classified in three recipient systems: 

terrestrial system, aquatic system and atmospheric system.  
 
 
Site-specific LCIA deals with identifying system interfaces to be able to aggregate 
systems, for the purpose to localise the cause to the environmental impacts. Figure 
6.5 shows the interface between a production and aquatic system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5 The interface between a production and aquatic system.  
 
 
As an example with Skoghall Mill, the interface between the mill and its aquatic 
recipient was shown in table 6-3 in chapter 6.2, including direct emissions (waste 
water) only. To be able to assess the local environmental impact of the waste water 
from Skoghall Mill in the future, also other system interfaces towards the aquatic 
recipient (the bay Kattfjorden and a delimited area of the lake Värmlandssjön) must 
be identified, e.g. Hammarö sewage treatment plant, Akzo Nobel, the river 
Klarälven, and the water exchange between the bay Kattfjorden and the lake 
Värmlandssjön. 
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7 Discussion and conclusions 
 
The inventory analysis of the aquatic recipient of Skoghall Mill consisted of the 
following phases: definition of goal and scope of the inventory analysis, description 
of the study area and a presentation of inventory analysis results (chapter 2). The 
collected Skoghall Mill recipient data were assessed according to the Swedish 
Environmental Protection Agency’s (EPA) quality criteria for classification. The data 
were presented over time but no trends in the environmental conditions from the 
studied area were possible to show (chapter 3).  
 
Summarising the assessment results from the last two decades: light conditions 
shows moderate to great Secchi depth (class 2 and 3); nutrients and eutrophication 
shows low and moderately high total phosphorus concentrations and high total 
nitrogen concentrations (class 1-3); phytoplankton in lakes shows low and moderate 
chlorophyll concentrations (class 1 and 2); oxygen status and oxygen consuming 
substances shows oxygen-rich and moderate but close to oxygen-rich concentrations 
(class 1 and 2), and very low or low CODMn concentrations (class 1 and 2); and 
finally, acidity and acidification show neutral pH level (chapter 3).  
 
It has been questioned if the Swedish EPA’s quality criteria for classification are 
suitable for the study area. The secondary effects of eutrophication were assessed in 
order to establish this (chapter 3.6). Since the classification of 
nutrients/eutrophication and phytoplankton (plankton algae) is based on a linear 
regression between total phosphorus or total nitrogen and biomass volume or 
chlorophyll concentration, the classes of assessment should correspond each other. 
This study shows that if the Swedish EPA’s quality criteria for classification are used 
for the study area, the total phosphorus concentrations may be overestimated 
depending on which time period is studied or the chlorophyll concentrations may be 
underestimated because there was no perfect matching between the classes of the 
parameters total phosphorus and chlorophyll. This can be explained by storing 
effects. Since Kattfjorden is a deep bay the total phosphorus concentrations may be 
in general higher than the corresponding class limits for chlorophyll concentrations. 
However, no conclusions were possible to make in this study partly due to the 
nutrient and chlorophyll concentrations were measured in different time and 
locations, and partly due to lack of site-specific data in this study. 
 
The collected and assessed site-specific data from Skoghall Mill can introduce a 
method for assessing local environmental impact. To be able to go a step further 
what was possible to reach with the available data, a general framework for site-
specific LCA was presented (chapter 4.2). A site-specific Life Cycle Assessment 
(LCA) requires environmental data and information from technical and 
environmental systems to enable LCA to address time-and location dependent 
effects. In this study a site-specific LCA requires data and information as well from 
social systems to facilitate the collection of site-specific data (defined in chapter 6), 
and also enable to localise those valuations (e.g. economical aspects, legislation, 
political opinions, etc.) that affect the interpretation of the collected data and impact 
assessment results. This places demands on the site-specific Life Cycle Inventory 
Analysis (LCI) procedure. 
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In this study is proposed three levels for assessment (chapter 6.2). The selection of 
the level of site-specific Life Cycle Impact Assessment (LCIA) affects the 
requirements of characterisation of the wastewater from Skoghall Mill (table 6-3). 
The first level concerns chemical and physical parameters, and is an assessment of 
environmental conditions. The assessment on second and third levels concern 
biological and ecotoxicological parameters, and is an impact assessment on 
population and ecosystem levels respectively. As a consequence of this grouping of 
parameters the assessment of phytoplankton (which is an environmental condition 
according to the Swedish EPA 2000) is in this study no longer an assessment of 
environmental condition, but an assessment of environmental impact. Assessment of 
phytoplankton is also an assessment of secondary effects of the environmental 
condition eutrophication (chapter 3.6). According to Håkanson 1999 the real interest 
is not on chemical parameters such as total phosphorus but on biological effect 
variables such as chlorophyll (chapter 5.1). Hence, the environmental impact (levels 
2 and 3) is of real interest in impact assessment not the environmental condition 
(level 1). As an example the Swedish EPA’s quality criteria for classification of the 
environmental condition nutrients/eutrophication is based on the knowledge of 
secondary effects of eutrophication such as increased algae production, expressed by 
the biological parameters chlorophyll concentration or biomass volume (chapter 3.6). 
 
With the present way to characterize the waste water from Skoghall Mill the 
following parameters, total nitrogen, total phosphorus, suspended solids, oxygen 
consuming substances, pH and metals, can be related to the following environmental 
conditions according to the Swedish EPA’s quality criteria for classification 
respectively: nutrients/eutrophication, light conditions, oxygen status and oxygen 
consuming substances, acidity/acidification and metals. The assessment of metals 
was not included in this study for the reason that no site-specific data of metals in the 
aquatic recipient was collected because no metals in the waste water were collected 
during the previous practice period (chapter 2.1). The environmental conditions of 
the wastewater parameters AOX and chlorate cannot be assessed according to the 
Swedish EPA’s quality criteria for classification because these parameters are not 
included in the Swedish EPA’s method, neither in the recipient control program 
(table 6-3).  
 
Presently, the environmental impact in aquatic recipients of waste water from pulp 
and paper industry is assessed on ecosystem level including fish investigations. 
Effects on fish are difficult to relate to wastewater parameters. This requires an 
increased characterization of wastewater parameters and knowledge of the ecosystem 
itself. For instance, the wastewater parameter COD compose many substances which 
can be ecotoxicological though the parameter itself characterize the oxygen 
consuming substances, and the relations between effects on fish on ecosystem level 
and effects on population level, and also between biological and ecotoxicological 
parameters (level 2 and 3) and chemical and physical parameters (level 1), is not 
known (table 6-3).  
 
The issue “How much environmental impact can be tolerated” is of a mutual interest 
for governmental and non-governmental organisations, as well as industry when 
setting-up environmental objects and targets for the purpose to achieve sustainable 
development (4.2.1). This makes high demands on follow-up in the form of 
environmental monitoring. Håkanson (1999) argues that environmental goals should 
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be related to ecological effect variables and not to load variables (threshold values), 
since one and the same load may cause very different effects in ecosystems of 
different sensitivities (chapter 5.1). A correspondence to threshold values is 
environmental quality standards, i.e., regulations relating to the lowest acceptable 
quality of soil, water, air and the environment in general.  
 
In this study I suggest a method for Inventory Analysis of a Nature System (IANS) 
for the purpose to understand the complexity of a high-level nature system, for 
example an ecosystem or population system, by modelling a data model for the 
system (chapter 5). The nature system model could be used for examining threshold 
values and ecological effect variables (chapter 5.1). The method for IANS puts 
demands on the procedures for modelling of nature systems, not what a nature 
system model should include. That is up to the practitioner of IANS to solve. 
 
The Swedish competence centre CPM (Centre for Environmental Assessment of 
Product and Material Systems) at Chalmers University of Technology in Gothenburg 
has developed the SPINE system model (figure 4.4). The model classifies 
environmental data and information in three systems, technical, environmental and 
social systems (chapter 4.1). In this study is done an extended description of the 
SPINE system model (figure 4.5). This extended model aims to see the 
comprehensive picture of the general framework of site-specific LCA as defined in 
this study (chapter 4.2). It can be used on one or more levels depending on the scope 
of each studied system (table 4-1). On each level, the information required to achieve 
sustainable development on that level can be theoretically described. As a global 
company the perspective of environmental issues at Stora Enso requires global 
thinking but local action [www.storaenso.com; Environment; Sustainable 
Development - speech by Björn Hägglund 2001-08-23]. Hence, the model helps to 
see the comprehensive picture of integrating the principles of sustainability into the 
company’s day-to-day business, on all levels.   
 
To achieve sustainable development is required an increased cooperation between all 
parts; industry, governmental and non-governmental organisations. One way is to 
discuss how the needs of environmental data and information, and the environmental 
monitoring can be coordinated.  
 
As far as LCA practitioners are concerned, the question is if the LCA should be or 
not to be site-specific. It can be questioned for instance why not use other 
environmental management tools such as Risk Assessment (RA) and Environmental 
Impact Assessment (EIA) since they are more efficient to take site-specificity into 
account10. An argument is that the weakness of these environmental management 
tools is the loss of the life cycle perspective. The economical and ecological lacks or 
weaknesses in the present LCA illuminated by Schaltegger 1996, are a consequence 
of the adjustment of the present possibilities to assess environmental impact in 
general. The presented approach to a site-specific LCA method, for the purpose to 

                                                
10 According to de Haes (1996) Impact Assessment in the present LCIA are dealing with the 
assessment of potential impacts of non-localised systems. RA and EIA are dealing with actual impacts 
of localised unit operations. de Haes (1996) note that  the terminology of "potential" versus "actual" 
impacts is not completely clear. Also in RA it is often, rightly, stated that this tool deals with  
potential and not with actual impacts. It is indeed a matter of degree, with the Impact Assessment in 
LCA still further removed from the actual situation than RA. 
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overcome the weaknesses, exists only in theory. The case study on Skoghall Mill 
presented in two reports (this master thesis and the previous practice report) shows 
the difficulty to do a site-specific LCA in order to assess local environmental impact.  
 
For site-specific LCA speaks that in the future it is possible to reach a higher 
trustworthiness as site-specific data has a higher data quality than general data 
(according to the data quality aspects of SPINE) and enables to assess local and time 
dependent effects (see figure 2.1 in appendix B). The data quality aspects of SPINE 
also show that it is not enough to increase the transparency of LCA in order to reach 
higher reliability. Site-specific LCA also requires a higher environmental 
competence to assess the site-specific data. 
 
It is presently not possible to reach such reliability of LCA that is required for an 
assessment of local environmental impacts, the Skoghall Mill case, because of at 
least three reasons: (1) there are no implemented methods for handling 
environmental data and information internally or externally within the company, or 
between universities, governmental or non-governmental organizations; (2) neither 
exist standardized methods for inventory (including collection and documentation) of 
site-specific data from other systems than the technical system; (3) and also there is 
not enough of site-specific data and environmental competence for such site-specific 
LCA. 
 
To be able to apply site-specific LCA in the future is also required an increased 
cooperation between suppliers, producers and customers, etc., to make it possible to 
aggregate different life cycle stages. It is also required a cooperation between 
companies, universities and governmental and non-governmental organizations, etc., 
to be able to coordinate the costs that become enclosed. 
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9 Abbreviated terms 
 
AOX Adsorbed organic halogen (X), mainly chlorine 
 
BOD7 Biological Oxygen Demand, 7 days 
 
COD Chemical Oxygen Demand 
 
CPM Centre for Environmental Assessment of Product and Material 

Systems 
 
EIA  Environmental Impact Assessment 
 
EPA Environmental Protection Agency 
 
IAS   Inventory Analasys of a System 
 
IAES   Inventory Analysis of an Environmental System 
 
IANS  Inventory Analysis of a Nature System 
 
IASS   Inventory Analysis of a Social System 
 
IATS  Inventory Analysis of a Technical System 
 
LCA  Life Cycle Assessment 
 
LCI  Life Cycle Inventory Analysis 
 
LCIA  Life Cycle Impact Assessment 
 
OMNIITOX  Operational models and information tools for industrial 

application of eco/toxicologial impact assessments 
 
PHASES Phases in the design of a model of a system 
 
PHASENS Phases in the design of a model of a nature system 
 
PHASESS Phases in the design of a model of a social system 
 
PHASETS Phases in the design of a model of a technical system 
 
SPINE  Sustainable Product Information Network for the Environment 
 
RA   Risk Assessment  
 
Tot-N  Total Nitrogen 
 
Tot-P  Total Phosphorus 
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1 Appendix A – Abstract of the practice report 
 
This study has been done at Stora Enso Environment in Falun, Sweden, during about 
seven months long period of practice in Environmental Engineering with 
specification in applied environmental protection, Luleå University of Technology. 
 
The aim of the study is to collect site-specific LCI-data for two forest industrial mills 
with the focus on local discharge to the aquatic recipients respectively. A sub goal in 
this study is to give a suitable method for collection of site-specific data to make it 
possible in the following studies to identify the two mills local recipient-specific 
impacts respectively. Another sub goal is to find suitable impact categories for 
aquatic recipients. 
 
The following international standards have been used: 
 
o ISO 14040:1997 Environmental management – Life cycle assessment – 

Principles and framework 
o ISO 14041:1998 Environmental management – Life cycle assessment – Goal and 

scope definition and inventory analysis  
o ISO 14042:2000 Environmental management – Life cycle assessment – Life 

cycle impact assessment  
o ISO 14043:2000 Environmental management – Life cycle assessment – Life 

cycle interpretation 
 
ISO/WD 14048 and SPINE have been beard in mind when data has been 
documented.  
 
An inventory analysis of the production at the Norrsundet Mill and the Skoghall Mill 
during the period of 1980-1999 has been done. The inventory concerns the data 
categories wood, raw water, chemical products, sold products (final products), 
intermediate products, and byproducts, e.g. cardboard, CTMP respectively crude tall 
oil, direct effluents to the aquatic recipient and land use. The inventory does not 
concern the entire period of 1980-1999 for all data categories. Data for wood has 
been collected for the period of 1991-1999, data for chemical products only for the 
year 1991, data for raw water at the Norrsundet Mill is missing while for the 
Skoghall Mill is missing such data for the 80’s. For the Skoghall Mill the raw water 
consumption has been calculated from site-specific data of wastewater flow during 
the 80’s. The inventory of the constituents in the wastewater scopes different time 
periods which vary between 7 and 20 years. All these data concerning discharge has 
been collected until the year 1999. 
 
To visualize the environmental impact of wastewater, two alternative classifications 
of the constituents in the effluent is given. The constituents present the following 
seven environmental aspects: suspended solids (SS), Chemical Oxygen Demand 
(COD), Biological oxygen demand (BOD7), Adsorbed Organic Halogen (AOX), 
chlorate, Total Nitrogen (Tot-N) and Total Phosphorus (Tot-P). In the first 
classification alternative the environmental aspects are assigned among the 
environment impact categories: Health effects, Eutrofication and Ecotoxicological 
impacts according to Nordic Guidelines on Life-Cycle Assessment (NG). In the 
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second alternative the environmental aspects are assigned among Health effects, 
Eutrofication in aquatic environment, Aquatic toxicity and Indirect aquatic toxicity. 
All except Health effects are subcategories to the impact categories according to NG. 
The second way of classification visualizes the environmental impact specific for 
aquatic recipients. 
 
The result of this life cycle inventory study is to present an LCA-methodology which 
shows how inventory analysis and assessment of site-specific data could be done to 
make it possible to identify, in the following studies, the environmental impact of a 
mill on it’s local aquatic recipient. Especially characteristic for this LCA-
methodology is that inventory analysis and assessment of site-specific data has been 
described over time. Time is an important parameter when environmental effects are 
studied because the sensitivity of an aquatic recipient may vary over time of several 
reasons. Partly the sensitivity may increase or decrease due to the magnitude of 
discharge varies over time. Old sediments can have an influence on present ecology 
in the recipient and because of this it can take time for ecosystems to recover. 
Discharge that has occurred over a long time period may slowly change the 
ecosystem balance in the recipient, e.g. some species may be encouraged and drive 
others out of competition. Partly the sensitivity may be effected of the character of 
the discharge may change in time due to changes in the production and purification 
at the mill. Partly natural changes in the recipient can vary in time. 
 
The total discharge from the Norrsundet Mill and the Skoghall Mill of SS, COD, 
BOD7, AOX, Chlorate and Tot-N has decreased remarkably during the studied time 
period varying between 7-20 years. At the Norrsundet Mill the effluents of total 
phosphorus has not changed substantially while at the Skoghall Mill has a slight 
increase occurred since the production passed on to concentrate on the production of 
cardboard 1997/98. 
 
Inputs and discharge was related to the functional unit, one ton90 of sold-product90, 
i.e. 1000 kg of the mills total production of sold products with a dry content of 90 %. 
Discharges per sold-product90, as well as total amount, have decreased during the 
studied time period of the respective mill. 
 
By relating the emissions to the functional unit environmental investments and other 
changes in processes, which have had an influence on amounts of discharge, have 
become visible. Environmental investments such as investments in new production 
technology, investments in best available technique (BAT) for new construction, 
investments in new methods for purification of waste water, investments in the form 
of optimation of existing purification plant and investments in the form of intern 
purification of waste water, have been connected to the discharge from respective 
mill during the studied time period. 
 
Other characteristics for this LCA-methodology are the historical descriptions of 
respective mill, which includes besides process changes also a description of the site, 
owner circumstances, name changes, and a general description of respective aquatic 
recipient.  
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2 Appendix B – CPM, SPINE and PHASES  
 
Handling environmental data and information is under development at Swedish 
competence centre CPM (Centre for Environmental Assessment of Product and 
Material Systems) in Gothenburg. CPM is a research collaboration, in the area of 
environmental assessment and informatics, between Chalmers University of 
Technology and several Swedish based multinational companies, among them Stora 
Enso. The competence centre was established in 1996 and it aims at developing a 
comprehensive knowledge base to support the industry needs in the field of 
environmental assessment. CPM deals with data quality aspects in all processes they 
are involved in. 
 
SPINE (Sustainable Product Information Network for the Environment) is a 
relational database structure, designed for storing LCA data. SPINE has been 
developed within CPM collaboration, in order to enable an effective and efficient 
handling of environmental information. The concept involves formats, methods, and 
models and parts of the results are implemented in the data documentation software 
SPINE@CPM Data Tool. The research and development work is currently focused 
on integrating environmental information systems. (The database can be found on the 
web site www.globalspine.com.)  
 
A model called PHASES (PHASEs in the design of a model of a System) model is 
under development at CPM. Three specifications of PHASES are presented by Raul 
Carlson and Ann-Christin Pålsson at CPM: PHASETS (PHASEs in the design of a 
model of a Technical System), PHASENS (PHASEs in the design of a model of a 
Nature System) and PHASESS (PHASEs in the design of a model of a Social 
System) [Carlson 2000]. 
 
 

2.1  Aspects of data quality according to SPINE 
 
Assessment of data quality concerns both qualitative and quantitative aspects such 
as, e.g., to what extent the data describes the studied technology or environment, the 
precision of the data etc., and thus a complex task, where a multitude of aspects must 
be considered. The goal of the study set up the requirements of the data quality.  A 
transparent documentation of data quality is implies a good basis to judge both the 
qualitative and quantitative aspects of data quality. This is only feasible approach to 
consider and ensure that data quality requirements are met [Pålsson 1999]. 
 
The different aspects that should be considered in data quality assessment can be 
categorised into the concepts reliability, accessibility and relevance [Pålsson 1999]. 
See figure 2.1. 
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Precision 

 
Reliability       Transparency 
 
    Credibility 
 
        Competence 
    Data communication 
 
Accessibility   openness (after data acquisition) 
 
    Semantics 
 
 
    General (suited for the environmental tool) 
 
Relevance 
 
    Specific (data suited for the application) 
 
 
Figure 2.1 Dimensions of data quality according to SPINE [Pålsson 1999]. 
 
To be able to draw conclusions from the result when using the data, the data should 
be reliable. The reliability of data depends on the precision of data and the credibility 
of the origin of the data [Pålsson 1999]. 
 
The precision of data concerns the numerical accuracy and the uncertainty of data. 
This quality aspect, though important, is not sufficient if all other aspects of data 
quality are not known [Pålsson 1999].  
 
The credibility of the origin of the data concerns how credible the data may be 
considered. For example, any statement regarding precision is useless, unless the 
data origin may be considered credible. Credibility may be achieved through 
transparency and competence. A data set may only be reached if the data has been 
acquired by someone with competence regarding the system that is described by the 
data [Pålsson 1999].  
 
Accessibility of data has generally not been considered as a quality aspect, but more 
as a general problem in for instance Life Cycle Assessment (LCA). However, if the 
data is not accessible for the data users, the data reviewers etc., no other quality 
aspects can be considered. The accessibility of data concerns data communication, 
openness after data acquisition and semantics [Pålsson 1999].  
 
For any specific data set there are two aspects of relevance: the general (suited for 
the environmental tool) and the specific (data suited for the application). If the 
searched data have right data form and is suited for the analysis it is possible to 
determine if the data is relevant for the study [Pålsson 1999]. 
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2.2 PHASEs in the design of a model of a System 
 
PHASES (PHASEs in the design of a model of a System) describes how information 
on an entity representing a parameter of a system (inflow, outflow, internal state, 
etc.) starts existing at the point where the entity is defined, then quantified, 
transformed through analytical treatment, and finally reported. The term phase refers 
to that there are a distinct number of intellectual work-phases through which this 
information management takes place. Each work-phase in itself has an indefinite 
number of variants. The model does not cover them [Carlson 2000].  
 
PHASES have six distinct phases, ranging from 0 to 5 (figure 2.2). Each phase 
makes use of information from the earlier phase and delivers to the next. At each 
phase the information is more and more aggregated, describing a larger domain of 
the system. In sound information system the aggregation from 0 to 5 is preceded by 
the requirement for a report, entering the model at phase 5. From phase 5 a 
requirement is forwarded to phase 4, etc., until phase 0 is reached. PHASES 
describes how a reply to such a requirement is communicated upwards through an 
information system [Carlson 2000]. 
 
At phase 0 an entity is defined, for which quantitative information is to be retrieved. 
This is the most important task of the model, both since data passed upwards through 
the model is based on this definition and is understood on the premises of this 
definition, and because the definition as such requires an overview of the system for 
which the entity should be related [Carlson 2000]. 
 
At phase 1 a quantitative data item is sampled, based on the description of the 
quantitative entity defined at phase 0 [Carlson 2000]. 
 
At phase 2 a number of quantitative samples are statistically treated to form an 
aggregated quantitative value of some kind [Carlson 2000]. 
 
At phase 3 a number of aggregated quantitative values are related to a model of the 
system [Carlson 2000].  
 
At phase 4 a number of models of systems are aggregated, either by constructing a 
higher-level system model from system model components, or by mathematical 
summation of a number of system models [Carlson 2000]. 
 
At phase 5 the result of a phase is communicated to the one requiring the report. 
Note: phase 5 takes place between each phase 0 to 4, as well as after phase 4 
[Carlson 2000]. 
 
 



Luleå University of Technology 
 

Stora Enso Environment 2-8

In
fo

rm
at

io
n 

ag
gr

eg
at

io
n

1 Registration of quantitative value1 Registration of quantitative value
3,7 g NO2

0 Definition of quantitative entity0 Definition of quantitative entity

2 Aggregation of quantitative 
   data
2 Aggregation of quantitative 
   data 3,7 g NO 2

3 Relate quantitative data to 
   system models
3 Relate quantitative data to 
   system models

4 Aggregating models of systems4 Aggregating models of systems

5 Communicating and reporting5 Communicating and reporting

 
 
Figure 2.2 PHASEs in the design of a model of a System [Carlson 2000]. 
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2.3 PHASEs in the design of a model of a Nature System  
 
The PHASENS (PHASEs in the design of a model of a Nature System) model 
structures handling and communication of information of the environmental 
conditions nature systems. Management of information of the nature system in 
accordance with PHASENS gives information quality assurance and enables 
compatibility with data in the PHASETS model [Carlson 2000].  
 
PHASENS can be applied for creating clear senders, receivers and communicating 
channels for reporting environmental data and information; to identify requisite 
documentation for each phase to achieve transparent results; and to create many-
sided utilization of information [Carlson 2000].  
 
The PHASENS model is constituted of six distinct phases, as illustrated in figure 2.3. 
Within each phase is utilized well-defined tasks and the information from previous 
phases is aggregated. Between each phase the results are communicated and 
reported. The complexity of concepts is gradually built up by the passage of 
information and data through the different phases [Carlson 2000]. 
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Figure 2.3  PHASEs in the design of a model of a Nature System [Carlson 2000]. 
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3 Appendix C – Data material 
 

3.1 Study area 
 

Appendix C:1 
Study area, 1984-1988 
 

 
Reference: Lövgren (1985).  
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Appendix C:2 
Study area, 1980-1983 

 

 
 
Reference: Lövgren (1983).  
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Appendix C:3 
Skoghall Mill 

 

 
 
Reference: Rolf Larsson, Skoghall Mill (2000). 

Outlet pipe 

Raw water intake R5 
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Appendix C:4 
Study area, 1998 
 

 
Reference: ELK AB (1998).
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3.2 Primary data 
 
Table 1. Secchi depth (m) in the points 50 and 90 during the period 1987-1995.  
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Table 2. Chlorophyll concentrations (? g/l) in the points 50 and 90 and total 
nitrogen and total phosphorus concentrations (mg/l) in the point R5. 
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Recipient control during the period 1984-1995

Table 1. Chlorophyll concentration (10-6 g/l) 
50 May June July August September October November average May-Oct

1984 0,56 0,98 1,96 1,36 1,3 1,0 1,2
1985 3,8 3,8 2,2 2,6 2,0 1,0 1,0 2,6
1986 1,0 1,0 1,0 1,7 1,0 1,0 1,1
1987 1,6 2,0 1,1 1,9 1,7
1988 2,4 1,5 1,8 1,7 1,7 1,8
1989 1,2 1,7 2,4 0,8 1,2 1,5
1990 0,2 1,6 2,9 0,9 2,6 0,8 1,5
1991 1,0 1,7 1,5 0,6 0,6 0,8 1,0
1992 1,1 0,3 0,6 1,1 1,3 6,8 1,9
1993 2,0 1,8 3,8 0,3 0,1 1,1 1,5
1994 1,0 1,8 3,8 0,3 0,1 1,1 1,4
1995 1,6 1,0 1,5 2,4 1,9 1,4 1,6

Table 2. Chlorophyll concentration (10-6 g/l)
90 May June July August September October November average May-Oct

1984 0,82 1,93 1,66 2,07 1,3 1,0 1,6
1985 4,1 4,1 1,5 2,7 1,0 1,0 1,0 2,4
1986 1,0 1,0 1,0 1,3 1,0 1,0 1,1
1987 1,1 2,5 1,3 1,6 1,0 1,5
1988 3,2 1,0 1,7 2,2 1,8 2,0
1989 1,6 3,3 7,9 3,2 4,0
1990 0,2 3,1 2 0,9 2,5 0,4 1,5
1991 1,0 0,5 1,7 0,8 0,8 1,0 1,0
1992 0,3 0,7 0,4 0,2 2,3 2,3 1,0
1993 2,1 2,8 2,0 1,2 1,2 1,9
1994 0,3 0,6 11,4 2,1 1,1 3,1
1995 2,4 0,6 1,6 3,9 3,9 1,9 2,4

Table 3. Total nitrogen concentration (mg/l)
R5 May June July August September October November average May-Oct

1984 0,7 0,7 0,8 0,8 0,7 0,7 0,7 0,7
1985 0,7 0,7 0,7 0,7 0,7 0,7 0,8 0,7
1986 0,7 0,7 0,8 0,7 0,7 0,7 0,7
1987 0,9 0,6 0,7 0,8 0,7 0,7 0,7
1988 0,7 0,6 0,6 0,7 0,7 0,7
1989 0,6 0,7 0,7 0,6 0,4 0,6
1990 0,3 0,9 0,6 0,7 0,9 0,8 0,7
1991 0,740 0,870 1,100 0,630 0,790 1,630 0,96
1992 0,870 0,860 0,670 0,440 0,800 0,710 0,73
1993 0,630 0,590 0,770 0,720 0,690 0,740 0,69
1994 0,720 0,760 0,750 0,800 0,730 0,730 0,75
1995 1,02 1,02 0,777 0,801 0,796 0,755 0,86

Table 4. Total phosphorus concentration (mg/l)
R5 May June July August September October November average May-Oct

1984 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
1985 0,01 0,01 0,02 0,02 0,01 0,01 0,02 0,01
1986 0,01 0,01 0,01 0,01 0,01 0,01 0,01
1987 0,01 0,01 0,01 0,01 0,01 0,01 0,01
1988 0,01 0,01 0,02 0,01 0,01 0,01
1989 0,01 0,07 0,01 0,01 0,01 0,02
1990 0,01 0,01 0,01 0,01 0,02 0,02 0,01
1991 0,008 0,007 0,008 0,007 0,016 0,043 0,015
1992 0,02 0,03 0,012 0,005 0,016 0,01 0,016
1993 0,009 0,008 0,010 0,009 0,008 0,010 0,009
1994 0,014 0,013 0,015 0,004 0,003 0,014 0,011
1995 0,02 0,024 0,022 0,022 0,014 0,011 0,019
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Table 3. Raw water quality control - Weekly measurements of pH in the point 
R5 during the period 1991-2000. 

year  pH 
1991 Average 6,8

  Min 6,2
  Max 8,4
  Std 0,3
  measurements 50 W 

1992 Average 6,7
  Min 6,3
  Max 7,2
  Std 0,2
  measurements 51 W 

1993 Average 7,0
  Min 6,6
  Max 7,3
  Std 0,2
  measurements 50 W 

1994 Average 7,1
  Min 6,6
  Max 7,6
  Std 0,2
  measurements 50 W 

1995 Average 7,2
  Min 6,8
  Max 9,2
  Std 0,3
  measurements 50 W 

1996 Average 7,0
  Min 6,6
  Max 7,5
  Std 0,2
  measurements 50 W 

1997 Average 7,2
  Min 6,6
  Max 7,5
  Std 0,2
  measurements 50 W 

1998 Average 7,2
  Min 6,8
  Max 7,5
  Std 0,2
  measurements 48 W 

1999 Average 7,3
  Min 7,1
  Max 7,4
  Std 0,1
  measurements 50 W 

2000 Average 7,3
  Min 7,0
  Max 7,5
  Std 0,1
  measurements 52 W 
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These data are not presented in this document because the data were in 
unsuitable format for conversion to pdf: 
 
Recipient control in the measurement point 50, Gässlingegrunden (p 23-24) 
Recipient control in the measurement point 90, Kattfjorden (p 25-26) 
Recipient control in the measurement points 50 and 90, 1981-1995 (p 27) 
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3.3 Normal probability plots 
 

   
 

 
 
 

 
 
Figure 3.1  Normal probability plots of Secchi depth (m), chlorophyll 

concentrations (? g/l) in stations 50 and 90, and total nitrogen and 
total phosphorus concentrations (mg/l) in the station R5.
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4 Appendix D – Inventory Analysis of a Nature 
System 

 

4.1 Introduction 
 
This appendix describes the procedures of an Inventory Analysis of a Nature System 
(IANS). It deals with three phases of site-specific Life Cycle Assessment (LCA): 
goal and scope definition, inventory analysis and interpretation. Note: IANS does not 
include a site-specific Life Cycle Impact Assessment (LCIA) phase. 
 
The goal and scope definition phase is important because it determines why an IANS 
is being conducted in a site-specific LCA and describes the nature system to be 
studied. The purpose, scope and intended use of the study will influence the direction 
and depth of the study, addressing issues such as geographic extend and time horizon 
of the study and the quality of data which will be necessary. 
 
The inventory analysis involves collection of the environmental data and information 
necessary to meet the goals of the defined study. It is essentially an inventory of data 
with respect to the nature system being studied. 
 
In the interpretation phase of IANS the quality of the collected data and the 
generated nature system model (a data model with related data) are assessed in the 
light of the goal and scope of the study. The interpretation phase also typically results 
in an improved understanding of the nature system.  
 
IANS consists of 8 phases which are described in the following chapters (figure 4.1). 
 
IANS has many similarities with the international standard ISO 14041, which shows 
a step-by-step procedure for collecting environmental data and information from 
technical systems, i.e., product or service systems. IANS is regarded to fulfill SPINE 
documentation criteria and data quality aspects defined at the Swedish competence 
centre CPM. See appendix B.  
 
Following references has been used in such way that the nomenclature is suitable for 
nature systems.  
 
Cambell, N., A. (1946-1996). Biology. University of California, Riverside. The 
Benjamin / Cummings Publishing Company, INC. 4th ed. pp.2-13, 26 and 1062-
1063. ISBN 0-8053-1940-9 
 
Carlson, R. (2000). Personal communication 
SPINE course at CPM in May 2000, unpublished documents by him sent by emails 
in October and November 2000, and telephone meetings in October and November 
2000 according to the SPINE course and unpublished documents. Checked in 
September 2001. M.Sc. Raul Carlson, Research leader at CPM, Chalmers University 
of Technology, Gothenburg, Sweden. 
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Environmental management – Life cycle assessment – Principles and framework 
(EN ISO 14040:1997, edition 1). 
 
Environmental management – Life cycle assessment – Goal and scope definition and 
inventory analysis (ISO 14041:1998, edition 1). 
 
Environmental management – Life cycle assessment – Life cycle interpretation  
(ISO 14043:2000, edition 1). 
 
Håkanson, L. (1999).Water Pollution – Methods and criteria to rank, model and 
remediate chemical threats to aquatic ecosystems. Uppsala University, Sweden. 
Backhuys Publishers, Leiden. ISBN 90-5782-024-2   
 
Pålsson, A.-C. (1999). Introduction and guide to LCA data documentation using the 
CPM (Centre for Environmental Assessment of Product and Material Systems) 
documentation criteria and the SPINE format, CPM report 1999:1, Chalmers 
University of Technology, Gothenburg, Sweden. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 Simplified procedures for Inventory Analysis of Nature Systems (IANS). 

All iterative steps are not shown.  
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4.2 Phase 1. Defining goal of the study 
 
The goal of an IANS-study shall unambiguously state the intended application, the 
reasons for carrying out the study and the intended audience, i.e., to whom the results 
of the study are intended to be communicated [ISO 14041:1998].  
 
The target of the nature system model shall be clearly defined [Håkanson 1999]. 
 
 

4.3 Phase 2. Defining scope of the study 
 
The scope should be sufficiently well defined to ensure that the breadth, the deapth 
and the detail of the study are compatible and sufficient to address the stated goal. 
Here are some of the items, which shall be considered and clearly described: 
 
A. A description of the nature system, e.g., name, function, type of nature system, 

owner, geographical location and nature system boundaries 
B. In the case of comparative studies a description of the reference system or 

systems 
C. Assumptions and limitations 
D. Selection of data categories  
E. Data quality requirements 
F. Type of critical review, if any 
G. Scope of site-specific life cycle impact assessment. 
 

4.3.1 A. Description of the nature system 
Before starting a data collection a preliminary nature system data model is to be 
described. When more and more collected data is related to the data model the nature 
system data model pass through several sketches before the final nature system 
model is described. Defining a nature system model (a data model with related data) 
is an iterative technique. The nature system model is proposed to be connected to 
other models such as geographical information system models.  
 
Practically useful nature system models must satisfy some categorical features that 
make them simple and reliable tools for environmental management: 
o They must be characterised by a relevant and simple structure, i.e., involve the 

smallest possible number of driving variables; 
o The values of the necessary driving variables should be easy to access and/or to 

measure; 
o The models must be validated for a variety of circumstances showing a wide 

range of environmental characteristics. 
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The following items shall be documented. 
 
Name 
The most prevalent name of the nature system. The name is preferably descriptive, 
since it should give a first identification on what environmental system that is 
described [Pålsson 1999]. 
 
Description of nature system content (Function) 
Detailed description of the system content and the scope of the nature system that are 
studied. The description should ideally provide an understanding on how reported 
inflows are transformed into the reported outflows [Pålsson 1999]. 
 
System level (Function) 
The system level within the nature system operates in accordance with the general 
function of the system shall be defined. If the model consists of aggregated nature 
systems, there might be several system levels. The system level for the building units 
shall also be defined. (See chapter 4.10 for detailed description.) The system level 
shall be described since it defines the scope of the nature system function and 
therefore the possible application with the model [Pålsson 1999]. 
 
Example 1. : The system level of the nature system model is Population Level and 
describes a population which consists of a group of individuals in a particular 
geographic area that belong to the same species. The building units (species) are on 
the Organismal Ecology Level. The factors that affect population size and 
composition are described.  
 
Example 2. : The system level of the nature system model is Ecosystem level and 
describes an aquatic system, a lake which is divided in the areas of the deep water 
and surface water, or in shallow water and open water. The total phosphorus 
concentrations in these three parts of the lake are described including all the 
relevant abiotic and biotic factors. The building units are on several system levels: 
Community Level, Population Level, Organism Level and Cellular Level. 
 
Type of nature system (Classification of nature systems) 
If the level of the nature system is a high system level then the type of the studied 
nature system can be an atmospheric system, a terrestrial system, an aquatic system 
or a combination of these. If other classification is used this shall be clearly 
described. 
 
Owner 
The owner of the nature system. This is generally only applicable when the owner 
can be easily identified [Pålsson 1999]. 
 
Address is specified by name, mailing address, phone number, facsimile number and 
e-mail address. In the SPINE format this type of information is handled in the 
Juridical Person address register [Pålsson 1999]. 
 
Note: The owner refers to the owner of the system not the owner of the data from the 
studied system [Pålsson 1999]. 
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Geographical location 
The geographical location where the system is situated, i.e., address or geographical 
area [Pålsson 1999]. 
 
If the studied nature system has an owner it possibly has an address, i.e., Mr. 
Svensson owns a fish culture of Salomon which has been studied. The address to the 
juridical person, Mr. Svensson, is given. The addresses are specified by name, 
mailing address, phone number, facsimile number and e-mail address [Pålsson 1999]. 
 
For all the nature systems the coordinates of the studied area shall be given. It’s also 
recommended to give the name of the area (or names of the areas it consists of), 
geographical region and the country [Pålsson 1999]. 
 
Nature system boundaries 
The system boundaries define the building units included in the nature system model. 
Ideally, the nature system should be modelled in such a manner that inputs and 
outputs at its boundary are elementary flows. In many cases there will not be 
sufficient time, data or resources to conduct such a comprehensive study. Decisions 
shall be made regarding which building unit shall be modelled by the study and on 
which system level these building units shall be. Resources need not be expended on 
the quantification of such inputs and outputs that will not significantly change the 
overall conclusions of the study [ISO 14041:1998]. 
 
Following nature system boundaries shall be defined: 
o Building unit boundaries, 
o Geographical nature system boundaries,  
o System boundaries in time, 
o System boundaries towards technical systems (product or service systems), and 
o Other system boundaries, if any.   
 
Building unit boundaries 
The building unit boundaries are the system boundaries inside the studied nature 
system. The criteria for initial inclusion of flows shall be clearly described. The 
inputs (inflows) and outputs (outflows) shall be specified by: 
o Type of flow (material or energy flow) 
o Name  
o Magnitude per functional unit 
o Direction (source and destination) 
 
Geographical nature system boundaries 
This is the geographical extension or geographical limitations of the studied process 
or system. The motives for choosing the geographical system boundaries should be 
described. Also, if subsystems that are included in the technical system operates in 
different geographical places, a description should be given to where geographically 
each included subsystem operates. 
 
System boundaries in time 
System boundaries in time describe different time related aspects of the studied 
environmental system. 
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System boundaries towards technical systems 
The system boundaries towards technical systems, e.g., product or service systems, 
shall be shown when nature and technical systems are aggregated. 
 

4.3.2 B. Reference system 
A reference system is for example the nature system studied in different time, a 
similar nature system closed to the area or further away. The description of reference 
system includes the same items as for description of the nature system.  
 

4.3.3 C. Assumptions and limitations 
Assumptions and limitations shall be clearly described and done according to the 
goal of the study. A sensitivity analysis of the assumptions and limitations on the 
nature system model shall be done.  
 

4.3.4 D. Selection of data categories  
Criteria for including data categories shall be clearly defined. A data category 
consists of similar data. Data categories make it possible to relate the collected data 
to the nature system data model in a transparent way. A data category can be an 
inflow or outflow of a certain building unit. 
  

4.3.5 E. Data quality requirements 
Descriptions of data quality are important to understand the reliability of the study 
results and properly interpret the outcome of the study. Data quality requirements 
shall be specified to enable the goal and scope of the study to be met. Data quality 
should be characterized by both quantitative and qualitative aspects as well as by the 
methods used to collect and integrate those data [ISO 14041:1998]. 
  
Requirements of data quality should include following parameters: 
o time related coverage, and 
o geographical coverage. 
 
Further descriptions which define the nature of data, such as from specific sites 
versus data from published sources, and whether the data should be measured, 
calculated or estimated, shall also be considered [ISO 14041:1998]. 
 
In all studies, the following additional data quality requirements shall be considered 
in a level of detail depending on goal and scope definition [ISO 14041:1998]: 
o precision, 
o completeness, 
o representativeness, 
o consistency, and 
o reproducibility. 
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4.3.6 F. Type of critical review 
A critical review may be carried out internally or externally. Type of critical review 
shall be defined and justified. 
 
The critical review shall ensure that: 
o The methods used to carry out the IANS study are consistent with method for 

IANS 
o The methods used to carry out the IANS are scientifically and technically valid 
o The data used are appropriate and reasonable in relation to the goal of the study 
o The interpretations reflect the limitations identified and the goal of the study 
o The study report is consistent and transparent. 
 
Since this method for IANS does not specify requirements on goals or uses of 
method (these are specified by the practitioner of the method), a critical review can 
neither verify nor validate the goals that are chosen for an IANS, or the uses to which 
IANS results are put [ISO 14040:1997].  
 

4.3.7 G. Scope of site-specific life cycle impact assessment  
The IANS-results, the description of the studied nature system as a model, can be 
used in site-specific Life Cycle Impact Assessment (LCIA) together with 
environmental data and information from technical and social systems to conduct a 
site-specific Life Cycle Assessment (LCA). The scope of the site-specific LCIA 
affects iteratively the scope of IANS and shall be then clearly defined. 
 
The scope of site-specific LCIA concern, among others, the following items: 
o description of selected impact categories, 
o theory, methods and methodologies for assessing the specific environmental 

impact, and 
o description of the desired answer of the specific impact, e.g., a precise number, a 

graph, conclusions in relation to a reference system, etc.  
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4.4 Phase 3. Preparing for data collection  
 
The definition of goal and scope of an IANS study establishes the initial set of the 
building units and associated data categories. Since data collection may span several 
reporting locations and published references, several steps are helpful to ensure 
uniform and consistent understanding of the nature systems to be modelled [ISO 
14041:1998]. 
 
These steps should be included: 

o drawing specific process flow diagrams that outline all building units to be 
modelled, including interrelationships; 

o description of each building unit in detail and listing of data categories 
associated with each building unit; 

o development of a list that specifies the units of measurement; 
o description of data collection techniques and calculation techniques for each 

data category, to assist personnel at the reporting locations to understand 
what information is needed for the IANS study; and 

o provision of instructions to reporting locations to document clearly any 
special cases, irregularities or other items associated with the data provided 
[ISO 14041:1998]. 

 
Data collection sheet 
A data collection sheet enables for the practitioner to collect the data and the 
necessary information to avoid misinterpretations of the data correctly, also called 
metadata (data about data).  
 
Care and attention should be given to the selection of data categories. The data 
categories sort the data to the nature system data model.  A data category can be an 
inflow or outflow of a certain building unit, and to which can be related variables and 
constants.  
 
A data collection sheet should include a method for assessment of data quality which 
facilitates the data quality assessment after the data collection. (See chapter 4.6.) In 
next chapter 4.5 is presented what shall be documented during the data collection. 
These should be documented in the data collection sheet.  
 
In broad terms, the variables used in nature system models may be divided into two 
categories: 
1. variables for which site-specific data must be available. If the nature system 

model is on ecosystem level such variables are for instance lake volume, mean 
depth, water discharge, amount of suspended particulate matter in water. 

2. variables for which generic (=general) values are used due to the lack of site-
specific data or when site-specific data is not required according to the goal and 
scope of the study. If the nature system model is on ecosystem level such 
variables could be the sedimentation rate and/or rates for internal loading (like 
diffusion and advection rates) [Håkanson 1999]. 

 
The variables belonging to the first category are often called ”site-specific variables”, 
or ”environmental variables” or ”lake-specific variables”. The second category is 
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often called ”model variables” or ”model constants” [Håkanson 1999]. It is important 
to handle these variables separately to keep transparency.  
 
 

4.5 Phase 4. Data collection 
 
The procedures used for data collection vary with each building unit in the different 
nature systems modelled by an IANS study. Procedures may also vary due to the 
composition and qualification of the participants in the study and the need to satisfy 
both proprietary and confidentially requirements. Such procedures and reasons 
should be documented [ISO 14041:1998]. 
 
Data collection requires thorough knowledge about each building unit. To avoid 
double counting or gaps, a description of each building unit shall be recorded. This 
involves the quantitative and qualitative description of the inputs and outputs needed 
to determine where the process starts and ends, and the function of the unit process. 
Where the unit process has multiple inputs or outputs, data relevant for allocation 
procedures shall be documented and reported. Energy inputs and outputs shall be 
quantified in energy units [ISO 14041:1998].  
 
When data are collected from published literature, the source shall be referenced. For 
those data collected from literature which are significant for the conclusions of the 
study, the published literature which supplies details about the relevant data 
collection process, the time when data have been colleted and about further data 
quality indicators, shall be referenced. If such data do not meet the initial data quality 
requirements, this shall be stated [ISO 14041:1998]. 
 
It shall be remembered during the data collection that it shall be possible to follow 
the handling of quantitative data to the origin; in the form it was accessible for the 
person who documented the data [ISO 14041:1998]. 
 
To fulfil the SPINE documentations criteria the following items should be 
documented [Pålsson 1999]: 

o documentation of models,  
o description of models, 
o data for in- and outputs (in- and outflows), 
o descriptions of data acquisition, and 
o instruction for utilization of the model. 

 
Data acquisition includes descriptions of [Pålsson 1999]: 

o choices made during the data acquisition and the objective for the choices  
o persons responsible for the data acquisition. In the modelling, i.e., data 

acquisition, several different persons may have been involved. The person or 
persons that are may be identified as responsible for the information that is 
presented should therefore be specified. 

o methods used to acquire the numerical data, i.e., how the numerical data was 
retrieved. 
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The following items shall be documented 1. 
 
Intended user 
The intended target group for the information [Pålsson 1999]. 
 
General purpose 
The background to why the data acquisition or the study was initiated [Pålsson 
1999]. 
 
Detailed purpose 
The specific objective to why data was acquired or the study was performed [Pålsson 
1999]. 
 
Commissioner 
The person or organisation responsible for initiating or funding the data acquisition 
or study. The commissioner is specified by name, mailing address, phone number, 
facsimile number and e-mail address [Pålsson 1999]. 
 
Practitioner 
The person or persons responsible for the modelling and main part of the information 
that is presented with complication and interpretation. 
 
The practitioner/s is specified by name, mailing address, phone number, facsimile 
number and e-mail address. In the SPINE format this type of information is handled 
in the Juridical Person address register [Pålsson 1999]. 
 
Note: Since several persons may be involved with the data acquisition, the 
practitioner’s role should preferably be specified. For example, the data may not 
have been documented by the person who is responsible for the data acquisition 
[Pålsson 1999]. 
 
Reviewer 
The person or persons responsible for reviewing the data or the data acquisition 
[Pålsson 1999]. 
 
The reviewer/s is specified by name, mailing address, phone umber, facsimile 
number and e-mail address. In the SPINE format this type of information is handled 
in the Juridical Person address register [Pålsson 1999]. 
 
Note: Different types of review may have been performed of the data. Therefore, 
whenever stating a reviewer; also state with regard to what the review was performed 
[Pålsson 1999]. 
 
Time period during which data was acquired 
The time period during which the data and the numerical basis form the data was 
acquired [Pålsson 1999]. 
 

                                                
1 These items can also be partly included in an Inventory Analysis of a Social System (IASS).  
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For example, the basis for the data may be measurements performed during a 
specific time period, such as a month or a year and the value that is presented is an 
average of the measurements. The time period that should be specified is then from 
the time of the first measurements that are included within the average to the time of 
the averaging. 
 
Type of method 
The type of method that has been used to obtain the data [Pålsson 1999].. 
 
Description of method 
The description of the method includes a clear account of the methods that have been 
used and the assumptions and calculations that have been performed to obtain the 
numerical data that are presented. Ideally, the description should be through enough 
to enable a check of the calculations, etc., that have been performed from the original 
source [Pålsson 1999]. 
 
Naturally it should also be described how well the statistical information has 
coverage in the basis for the data, i.e., if minimum and maximum values or standard 
deviations have been given, the basis for the values should be described. This is 
extremely important in order for the data user to be able to interpret the data. For 
instance, a minimum value may be an extreme value, or a calculated minimum value 
[Pålsson 1999]. 
 
Literature and other sources that have been used should be referenced and specified 
in References below [Pålsson 1999]. 
 
Represents 
In some cases, data describing a similar nature system is used to represent the studied 
nature system. For example, the value for a specific parameter of the studied system 
may be estimated using an average value describing several similar systems. This 
may be done in order to avoid data gaps for a specific parameter for the studied 
process [Pålsson 1999]. 
 
If this has been done, a description should be given of relevant aspects of the original 
prerequisites for the data, i.e. what system the data originally represents. It should 
also be argued for how well the assumed value may be considered to correspond to 
the true value [Pålsson 1999]. 
 
Literature and other sources that have been used should be referenced and specified 
in References below [Pålsson 1999]. 
 
References 
References that have been used in the data acquisition (literature or personal 
contacts), and that are referred to in Method or Represents [Pålsson 1999]. 
 
Further notes 
Further information of the data or the flows that are not related to how the numerical 
data for the flows was acquired. For instance, information on how the substances are 
handled before entering or after leaving the studied system can be given [Pålsson 
1999]. 
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4.6 Phase 5. Data quality assessment 
 
The data quality assessment shall be done according to the required data quality 
defined in the scope of the study (phase 2). For this purpose is suggested the aspects 
of data quality according to SPINE. (See appendix B.) Problems may be solved by a 
revised data collection sheet (back to phase 3).  
 
For each data category and for each reporting location where data are identified, the 
treatment of the missing data and data gaps should result in: 

o a ”non-zero” data value which is justified; 
o a ”zero” data value if justified; or 
o a calculated value based in the reported values from building units employing 

similar function. 
 
The treatment of missing data shall be documented. 
 
 

4.7 Phase 6. Relating data to nature system data model 
 
In this phase the collected and checked data are related to the nature system data 
model defined in phase 2, defining the scope of the study. A nature system model is 
generated. 
 
In this study is not examined further what this phase could include. Experiences of 
performed nature system models are few. Recommended literature for this purpose is 
Water Pollution – Methods and criteria to rank, model and remediate chemical 
threats to aquatic ecosystems by Håkanson, L. (1999). In chapter 4.10 is though 
given an approach to standardize the basic of modelling with building units. 
 
It is attended that this phase includes, among others: 

o development of equations for regulators (see chapter 4.10) 
o relating data to building units,  
o relating data to functional units,  
o aggregation of data,  
o aggregation of building units, and if possible 
o aggregation of nature system models. 

 
The PHASENS model, which is under development at CPM, can describe procedures 
for aggregation. (See appendix B.) It is important that the collected data keep its 
location and time dependence also during the aggregation. 
 

4.8 Phase 7. Interpretation of nature system model 
 
The generated nature system model is interpreted according to the quality of the data 
model (phase 2) and the quality of the data assessed in phase 5. Problems may be 
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solved by a revised data collection sheet (back to phase 3) or by a revised nature 
system data model (back to phase 2).  
 
Two useful methods for critical model testing are sensitivity tests (check) and 
uncertainty tests (check). Before it’s meaningful to test a model it should be 
calibrated and validated. Calibration means that a given model set-up is tested 
against empirical data so that the fit between modelled values and empirical data 
becomes as good as possible. When the model is duly calibrated, it should be 
validated, i.e., test against independent data. During validation a coefficient of 
determination, r2, is evaluated. The r2-value is always less than 1 (r2 = the coefficient 
of determination; r = the correlation coefficient). Sensitivity analysis involves the 
study, by modelling and simulation, of how an alteration of one rate or variable in a 
model influences a given prediction, while everything else is kept constant. 
Uncertainty test can be analytical methods and statistical methods like Monte Carlo 
technique. Uncertainty analysis is the same as conducting sensitivity analysis for all 
given model variables at the same time [Håkanson 1999]. 
 
 

4.9 Phase 8. Refining nature system boundaries 
 
During the final phase the applications of the nature system model shall be 
considered according to the goal of the study (phase 1). A completed inventory is 
achieved when the refining of the nature system boundaries results in a model that 
fulfil the goal of the study. If the model does not fulfil the goal of the study it is 
possible to do another data collection reflecting the iterative nature of IANS (back to 
phase 3), or if necessary revise the nature system data model (phase 2) and the target 
of the nature system model. If the goal cannot be achieved due to lack of data it is 
possible to either give recommendations to further measurements or refine the 
applications of the study according to the validity of the nature system model.  
 
The interpretation of an inventory analysis shall consider the following in relation to 
the goal of the study: 

o Whether the definitions of the system functions are appropriate 
o Whether the definitions of the system boundaries are appropriate 
o Limitations identified by the data quality assessment and the sensitivity 

analysis. 
 
During the phase 7, interpretation of the nature system model, was identified the 
sensitivity of the model to determine the significance of each building unit. The 
model may include building units, which have low relevancy to the model, and 
significantly decreases the validity of the model. When refining the nature system 
model these building units should be taken away to achieve a more credible model. 
New building units, inputs and outputs can also be included. The significance of 
these is checked next time the sensitivity analysis is made. Hence, the sensitivity 
analysis serves to limit the subsequent data handling to those input and output data 
which are determined to be significant to the goal of the IANS study. 
 
The results of this refining process and the sensitivity analysis shall be documented.  
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The final report shall give complete and unbiased account of the study. In the 
reporting the interpretation phase, full transparency in terms of value-choices, 
rationales and expert judgements made shall be strictly observed. 
 
According to the CPM documentation criteria following recommendations on the use 
of the model and the data and other relevant information shall be given [Pålsson 
1999]: 
 
Applicability 
Description of an assumed area of application for the described environmental 
system regarding e.g. geographical, technology or other trade specific applicability. 
Also, other general cautions and recommendations may be given regarding how data 
can be used [Pålsson 1999].  
 
About data 
General description of numerical and other qualities, or quality deficiencies in  the 
overall documentation and numerical basis for the data [Pålsson 1999]. 
 
Notes 
Other relevant information about the environmental system and the data that is not 
appropriate in any of the other fields [Pålsson 1999]. 
 
Also general and administrative information shall be reported according to the CPM 
documentation criteria [Pålsson 1999]: 
 
Date completed 
The date when completed data set or the study that is presented was final reported. 
 
Date completed does not necessarily correspond to the time during which data was 
acquired. This is already documented in phase 4 [Pålsson 1999]. 
 
The following format should be used: YYYY-MM-DD 
If only the year is known: YYYY-01-01 
If only the year and month is known: YYYY-MM-01 [Pålsson 1999]. 
 
Publication 
Literature reference to where the complete data set or the study has been published 
(when applicable), or contact person [Pålsson 1999]. 
 
Note: The reference refers to the complete data set, with the complication and 
interpretation [Pålsson 1999]. 
 
Availability 
Prerequisites or agreements regarding how data may be distributed [Pålsson 1999]. 
 
Copyright  
Holder of copyright. Generally only applicable when the data has been published 
[Pålsson 1999]. 
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4.10 Designing a nature system model 
 
Because the properties of life emerge from complex organization, scientists seeking 
to understand biological processes confront a dilemma. One horn of the dilemma is 
that we cannot fully explain a higher level of order by breaking it down into parts. A 
dessected animal no longer functions; a cell dismanted to its chemical ingredients is 
no longer a cell. According to a principle known as holisms, disrupting a living 
system interfaces with the meaningful explanation of its processes. The other horn of 
the dilemma is the futility of trying to analyze something as complex as an organism 
or cell without taking it apart. Reductionalism – reducing complex systems to 
simpler components that are more manageable to study – is a powerful strategy of 
biology. Biology balances the pragmatic reductionist strategy with the longer-range 
objective of understanding how the parts of cells and organisms are functionally 
intergrated [Cambell 1946-1997]. 
 
Ecology is the scientific study of the interactions between organisms and their 
environments. Ecology can be divided into four increasingly comprehensive levels of 
study, from the interactions of individual organisms with the abiotic environment to 
the dynamics of ecosystems. These four levels are organismal ecology, population, 
community and ecosystem. See table 4-1. Using an analysis on the ecosystem level it 
is not possible to explain many phenomena that occur on the individual, organ or cell 
levels [Cambell 1946-1997]. 
 
Organismal ecology is concerned with the behavioural, physiological, and 
morphological ways in which individual organisms meet the challenges posed by 
their abiotic environment. The distribution of organisms is limited by the abiotic 
conditions they can tolerate [Cambell 1946-1997]. 
 
The next level of organization in ecology is the population, a group of individuals in 
a particular geographic are that belong to the same species. Population ecology 
concentrates mainly on factors that affect population size and composition [Cambell 
1946-1997]. 
 
A community consists of all the organisms that in habit a particular area; it is an 
assemblage of populations of different species. Questions at this level of analysis 
involve the ways in which predation, competition, and other interactions among 
organisms affect community structure and organization [Cambell 1946-1997]. 
 
An ecological study of the ecosystem includes all the abiotic factors, such as 
temperature, light, water, and nutrients, in addition to the community of species that 
exist in a certain area. Some critical questions at the ecosystem level concern energy 
flow and the cycling of chemicals among the various biotic and abiotic components 
[Cambell 1946-1997]. 
 
The highest level is the biosphere which is the sum of all Earth’s ecosystems. The 
biosphere is a relatively thin layer consisting of seas, lakes, rivers, and streams; the 
land to a soil of a few meters; and the atmosphere to an altitude of a few kilometres 
[Cambell 1946-1997]. 
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The lower system levels are the organism, organ system, organ, tissue, cellular and 
molecular levels. The environmental data and information from these system levels 
may further explain the environmental impact in the higher levels since the impact 
can be shown as an effect on the lower level. And vice versa the consequences of the 
effects in lower levels are seen in the higher levels. The same occurs when rising in 
system level [Cambell 1946-1997]. 
 

Table 4-1. The hierarchy of biological order. 

High system level 
Biosphere level 
Ecosystem level 
Community level 
Population level 
Organismal ecology level 

Low system level Example 
Organism level  consisting of many organ systems 
Organ system level  digestive system 
Organ level  stomach 
Tissue level  smooth muscle tissue 
Cellular level  smooth muscle cell 
Molecular level  DNA 
 
 
A nature system 2. is a non-created environmental system by humans. The system can 
however be created earlier in the history or will be in the future. A nature system 
includes air, water, land, natural resources, flora, fauna, humans, etc., and their 
interrelation. A nature system can be further divided in aquatic system, terrestrial 
system and atmospheric system.  
 
A nature system model consists of building units which are defined functions or 
activities which characterize the specific nature system designed. These are linked to 
one another by materia or energy flows. (See phases 3 and 4 in the PHASENS model 
in the appendix B.) 
 
A building unit consists of a reservoir, input or inflow to the reservoir and output or 
outflow from the reservoir (figure 4.2). The reservoir is defined according to the 
hierarchy of biological order. If the level of the nature system is on ecosystem level 
then the building units may describe populations and areas of the ecosystem. As an 
example when an ecosystem of an aquatic system is described the reservoir may be 
for instance a fish population, surface water, sediment, etc. If the nature system level 
is on organism level then the building units may describe the tissues of an organism, 
and hence the reservoir is a tissue. The information about the nature system on 
organism level can be then depending on the goal and scope of the study aggregated 
into the nature system model of a higher level. The reservoir activity or function may 
be expressed as a graph.  
 

                                                
2  The nomenclature follows the present work of developing PHASENS by Raul Carlson et.al. at 
CPM, Chalmers University of Technology, Gothenburg. See appendix B. 
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Figure 4.2 A building unit of a nature system on high system level. 
 
The flows incoming a reservoir and leaving a reservoir are depended on the reservoir 
characteristics and variables, e.g. volume, time, pH-value, temperature etc. In other 
words a regulator regulates the flows. The regulator can be expressed as an equation 
with a defined validity range, interval or a degree of probability (%). 
 
Material or energy flows crossing the nature system boundary are so called 
elementary flows. If these flows are connected to a technical system, e.g. product and 
service system, they are so called N-T elementary flows. (Note: though the nature 
system interfaces the social system there does not occur any N-S elementary flows of 
material or energy. But the social system can affect the N-T elementary flows.) 
 
The inputs or inflows and outputs or outflows shall be specified by: 

o Type of flow (material or energy flow) 
o Name  
o Magnitude per functional unit 
o Direction (source and destination) 

 
A nature system consists of several connected, possible-connected and non-
connected building units. The aggregation of building units to a final nature system is 
divided in four phases and is shown in figures 4.3 to 4.6. (The building units are 
simplified versions of figure 4.2.) 
 

Building unit boundary 

Variables or constants 
F 

function 

reservoir input or inflow output or outflow 

regulator regulator 
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Phase 1. Identification of building units for aggregation. See figure 4.3. The 
output/outflow from reservoir A has a possible connection with the input/inflow to 
the reservoir B. (Shortening: connection of output A and input B.) 
 

 
Figure 4.3  Building unit with reservoir A and building unit with reservoir B. 
 
 
Phase 2. Identification of input A and output B and their regulators. Two possible 
matchies:  
 
(1) Total matching of output A and input B. If the regulators have different validities 

then a new justified regulator is built. See figure 4.4a. 
 
(2) Partly matching of output A and input B. The output A may be divided into two 

outputs of which one matches with the input B. Two new regulators are defined. 
See figure 4.4b. (The modelling of figure 4.4b is continued in the next phase.) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4a  Total matching of output A and input B. (This model is finished.) 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 4.4b Partly matching of output A and input B. (This model is not finished. 

See figures 4.5 and 4.6.) 
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Phase 3. Defining nature system boundaries. The aggregation of building units 
results in connected, possibly-connected and non-connected building units. The 
possible-connected building units shall be discussed and showed by dotted lines as 
shown in figure 4.5. The non-connected building units are left out from the nature 
system model. If a group of connected building units is not connected with any of the 
other building units in the nature system model shall this group build up another 
nature system model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5 Defining nature system boundaries.  
 
Phase 4. Identification of elementary flows and their regulators. During the final step 
the flows crossing the nature system boundary are identified for further aggregation 
of nature systems or technical systems, e.g. product or service systems. The 
regulators gives important information for further aggregation but additional 
information may be also given, for example information about changes in the validity 
of elementary flows if other nature system boundaries are chosen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6  Identification of elementary flows and their regulators.  

Reservoir 
A 

 
 

Reservoir 
B 

  

Reservoir 
C 

  

Nature system boundary 

Possible 
connection 

Reservoir 
A 

 
 

Reservoir 
B 

  

Reservoir 
C 

  

Nature system boundary 

Possible 
connection 



Luleå University of Technology 
 

Stora Enso Environment 4-50

4.11 Summary 
 
Summarising, an IANS procedure consists of eight phases iteratively connected to 
each other. During the work is generated a nature system model, which is a nature 
system data model to which is related environmental data and information. The eight 
phases of IANS are shown in the general framework of IANS in figure 4.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7 The eight phases of IANS in the general framework. All iterative steps 

are not shown.  
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The following items shall, if possible, be documented continously during the IANS 
study:   
 
Goal of the study 

o Aim of the study 
o Intended applications of the study 
o Target audiences 
o Target of the nature system model 

 
Scope of the study 
A. Description of nature system model: 

o Name 
o Description of nature system content (Function) 
o System level (Function) 
o Type of nature system (Classification of nature systems) 
o Owner 
o Geographical location 
o Nature system boundaries 

B. In the case of comparative studies a description of the reference system or 
systems: 
o Name 
o Description of nature system content (Function) 
o System level (Function) 
o Type of nature system (Classification of nature systems) 
o Owner 
o Geographical location 
o Nature system boundaries 

C. Assumptions and limitations 
D. Selection of data categories including justification and criteria  
E. Data quality requirements: 

o Time related coverage  
o Geographical coverage 
o Precision  
o Completeness  
o Representativeness  
o Consistency  
o Reproducibility  

F. Type of critical review, if any 
G. Scope of impact assessment  
 
Inventory analysis 

o Data collection sheet including, among others, descriptions and justifications 
of data acquisition: 

o choices made during the data acquisition and the objective for the 
choices,  

o persons responsible for the data acquisition, and 
o methods used to acquire the numerical data. 

o Collected data 
o Nature system model 
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Interpretation 
o Data quality assessment 

o treatment of missing data 
o Interpretation of nature system model 

o Sensitivity check 
o Uncertainty check 
o Calibration 
o Validation 
o Operational range 

o Decisions for refining nature system boundaries 
o Conclusions, recommendations and reporting 

o Applicability 
o About data 
o Notes 
o Date completed 
o Publication 
o Availability 
o Copyright  

 
 
 

  


