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1 INTRODUCTION 

1.1 BACKGROUND 

During the spring 2008, a life cycle assessment of greenhouse gas emissions was performed 

for Borregaard’s products; cellulose, ethanol, lignin and vanillin (Modahl and Raadal, 2008). 

The analysis was based on data for 2007. Thereafter, Borregaard wanted to expand the 

analysis (phase II) in order to consider multiple environmental impact categories. It was hence 

decided to perform a complete LCA1, and develop EPDs2 for the products. The main 

improvements in phase II were that other emissions than those affecting climate change were 

included, in addition to waste treatment, Borregaard’s infrastructure and specific data for the 

most important raw materials and chemicals. The lignin plant was divided in two, meaning that 

liquid lignin and lignin powder were separated, and the accounting of energy was changed in 

order to envisage energy use and energy content of the products. Phase II is documented in 

Modahl, Brekke and Raadal (2009a, b, c). EPDs were developed for cellulose, liquid lignin, 

lignin powder and vanillin, and these can be found at the Norwegian EPD foundation website 

(EPD-Norway, 2015).  

In 2010/11 Borregaard wanted to develop EPDs also for ethanol (both 96% and 99%). 

Connected to this, the LCA model and datasets were updated with 2010 data. From 2007 to 

2010 three major changes had taken place; a new waste incineration plant had been built, the 

aerobic part of the biological effluent plant had stopped due to legionella problems, and use 

and emissions of copper in the vanillin plant had been reduced due to a new recycling process. 

In addition, the LCA model of Borregaard was developed to include parameters representing 

specific values regarding energy and production data. This would make it possible to analyse 

future situations without changing the historical values. The 2010 results are documented in 

Modahl and Vold (2011). 

In 2015 the model has been updated once again in order to be able to distinguish between two 

types dry lignin, to reflect the improvements that have been made in the biorefinery, and by 

using updated energy and production data. The aim of this study is to document the 

environmental profile of Borregaard’s products and to serve as a basis for revising the EPDs. 

The analysis has been based on the latest available specific data (2014). These are the main 

changes since last update (OR 32.10 by Modahl and Vold, 2011):  

                                                

1 LCA = Life Cycle Assessment. Wikipedia: http://en.wikipedia.org/wiki/Life_cycle_assessment . An introduction 
to LCA is presented in appendixes. 

2 EPD = Environmental Product Declaration. Standardised (ISO 14025) method for presentation of LCA results. 
www.environdec.com 

http://en.wikipedia.org/wiki/Life_cycle_assessment
http://www.environdec.com/
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1) The LCA model has been made more detailed by splitting the lignin powder factory in 

two. This was done in order to analyse lignosulfonate powder (commodity) and 

modified lignosulfonate powder (speciality) separately. The results are, however, 

shown aggregated in this report;   

2) A multifuel plant has been installed, which runs mainly on natural gas. Hence, natural 

gas, electricity and biogas has replaced oil as energy source for the steam system. 

3) A new biological treatment plant has been built, which reduces the emissions to water 

and leads to larger production volumes of biogas for internal use.   

4) Updated numbers for steam production have been included. Numbers for hot water, 

gas and electricity use, and production volumes, have also been updated. For example 

is bark no longer used as a fuel. Instead, bark is sold externally. The products most 

affected by updated energy numbers are the ethanols, due to changes in the unit for 

water removal. Here, the distribution of burdens caused by the steam reformer has 

been changed, which affects the results for both ethanols, but also in turn influence 

the other products due to the internal loops in the system.   

5) Some numbers for raw material inputs have been changed (NaOH and NaCl). 

6) Emissions to air and water have been updated. 

7) Production of three more products have been modelled: sodium hypochlorite, sodium 

hydroxide and hydrochloric acid. These products have been documented in the report 

only, and EPDs are not made at this stage.  

8) Because the numbers for steam, hot water and production amounts have been 

changed, the allocation calculations in each process plant have also been updated.  

In addition, new standards and requirements have made it necessary to make several 

methodological changes compared to the 2010 analysis: 

3) Electricity used by the biorefinery is now based on Norwegian production mix instead 

of Nordic production mix (demand by EPD-Norway, 2015). 

4) Infrastructure in the form of production equipment with an expected lifetime over three 

years, buildings and capital goods (biorefinery and upstream processes) is no longer 

included (PCR 2011:17, ver. 2.01 by Environdec, 2016) except for energy carriers 

(PCR 2007:08 by Environdec 2015). 

5) Emissions from combustion of waste are no longer allocated Borregaard as a user of 

the produced heat (demand by the General programme instructions for the 

International EPD system (Figure A3 in EPD International, 2015)). 

6) The distance used for transport of product to customer has increased from 100 km to 

1000 km (PCR 2011:17, ver. 2.01 by Environdec, 2016). 

7) The database for generic data (background data for electricity production, transport 

emissions, and some chemicals) has been updated, both concerning process data and 

allocation procedures inside the generic datasets themselves. The Ecoinvent database 

“Recycled content” (Ecoinvent 3.1) has been used as far as possible. However, some 

processes from Ecoinvent 3.01 (“Allocation default”) and Ecoinvent 2 is still in use 

where no relevant updates have been found. 
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1.2 METHODOLOGY 

The study is carried out using life cycle assessment (LCA) methodology based on the ISO-

standards 14044/483. Life cycle assessment of a product is defined as systematically mapping 

and evaluation of environmental and resource impacts throughout the entire life cycle of the 

product, from ”cradle to grave”. The analysis is based on a product system, and considers 

environmental and resource impacts in relation to a defined functional unit, describing the 

performance of the product according to particular user needs. 

The life cycle assessment shall include all processes and activities that are part of the product 

system, which as a whole contributes to fulfilling the demanded function. 

Three central points in a life cycle assessment are: 

 One considers the entire technical system required to produce, use and dispose the 

product (system analysis), and not just the product itself. 

 One considers the entire material and energy flow through the value chain of the product, 

and not just an isolated process or activity. 

 One considers several relevant environmental impact categories for the entire system, and 

not just one single environmental indicator (e.g. emissions of solvents or dust). 

 

Finally, one should always keep in mind the three following crucial questions: 

- What are the most important environmental problems for this system? 

- Where in the life cycle do the problems occur? 

- What parts of the system have the largest potential for environmental improvement? 

This gives a more holistic approach for health, environmental and resource related problems 

than what has been the procedure earlier, where the focus has been on one single impact 

category or single activities or processes. 

The characterisation methods for the different environmental impact categories are based on 

the following methods: 

 

                                                

3 International organisation for Standardisation; http://www.iso.org/iso/iso_catalogue.htm  
 ISO 14044: Environmental management -- Life cycle assessment -- Requirements and guidelines 
 ISO 14048: Environmental management -- Life cycle assessment -- Data documentation format 

http://www.iso.org/iso/iso_catalogue.htm


The 2015 LCA of products from the wood-based biorefinery at Borregaard, Sarpsborg.  

Results for cellulose, ethanols, lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid. 

 

© Østfoldforskning 6 

 

Table 1 Impact assessment methods used in this study4,5  

Environmental 
impact category 

Impact assessment 
method  

Unit Comment 

Global warming 
potential (GWP) 

IPPC 20136 GWP 100a7, 
V1.00  

kg CO2-eqv. Assuming steady state in biogenic 
systems (not considering uptake of CO2 
in biological systems, nor counting 
biogenic CO2 when burning biological 
matter). 

Acidification 
potential 

CML-IA baseline v3.00 
(april 3013, v4.2). 

kg SO2-eqv.  

Eutrophication 
potential 

CML-IA baseline v3.00 
(april 3013, v4.2). 

kg PO4
-3-eqv.  

Photochemical 
ozone creation 
potential (POCP):  

CML-IA baseline v3.00 
(april 3013, v4.2). 

kg C2H4-eqv 
(ethene/ 
ethylene-eqv.) 

 

Ozone depletion 
potential 

CML-IA baseline v3.00 
(april 3013, v4.2). 

kg CFC-11-eqv.  

ADP elements CML-IA baseline v3.00 
(april 3013, v4.2). 

kg Sb-eqv  

ADP fossil fuels CML-IA baseline v3.00 
(april 3013, v4.2). 

MJ LHV Extended with additional fossil fuel 
substances and values to make the list 
of fossil fuels complete.  

Resource 
consumption in the 
form of cumulative 
energy demand, 
several categories 
(CED) 

CML 1992 V2.06 and  
Cumulative Energy 
Demand V1.09 by 
Ecoinvent. 

MJ LHV Developed by Ostfold Research, based 
on own experience, EPD-guidelines 
from Environdec 2015 (PCR 2007:08, 
CPC 171 v.3.0, 2007-10-31, revised 
2015-02-05: Electricity, Steam, and 
Hot/Cold Water Generation and 
Distribution) and Norwegian 
regulations in addition to the given 
methods.  

Waste (several 
categories) 

EDIP/UMIP 97 V2.03 
(waste). 

kg waste Developed by Ostfold Research, based 
on own experience, EPD-guidelines and 
Norwegian regulations in addition to 
the given method.   

 

                                                

4  An explanation of the environmental impact categories and potential effects is found in Appendix. Caracterisation factors 

are found at the homepage of University of Leiden: http://cml.leiden.edu/software/data-cmlia.html . Here you can find 

the CML-IA database, which can be downloaded free of charge (Universiteit Leiden, 2010). Last update: April 2010.  

5  Some of these impact categories have been analysed and included both in the main part of this report and in the EPDs, 

others (ADP elements and ADP fossil fuels) have been included in the EPDs only.  

6  IPCC 2013 is the successor of the IPCC 2007 method, which was developed by the Intergovernmental Panel on Climate 

Change. It contains the climate change factors of IPCC with a timeframe of 100 years. Contact info: 

http://www.ipcc.ch/contact/contact.htm  

7  The global warming potential is based on a time horizon of 100 years. Gases have different lifetimes in the atmosphere, 

and hence models have been developed for different time horizons. A time horizon of 100 years is most commonly used. 

http://cml.leiden.edu/software/data-cmlia.html
http://www.ipcc.ch/contact/contact.htm
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This analysis has not considered human- and eco toxicity or resource use in form of land use 

and material use.  

The methods are developed according to EPD documentation by Ostfold Research. The last 

updates at Ostfold Research was in January and June 2015. The characterisation methods 

are originally delivered by Pré in the LCA software tool SimaPro (Pré). 

The SimaPro8 8.0.5 Multi user software has been used together with the Ecoinvent 3.1 

database in order to carry out the analyses. 

The database containing generic data from Ecoinvent was last updated in July 2014 

(implemented January 2015). This may have lead to minor changes in the analyses compared 

to earlier analyses due to more updated data for production of raw materials. 

1.3 GENERAL LIMITATIONS OF LCA 

Despite of the holistic approach, the reader of this report should be aware of the following 

limitations of life cycle assessment: 

 The results should not be used for comparison with other products without checking 

system boundaries, allocation and other assumptions carefully. 

 The following environmental impact categories9 has not been included in the study: 

- Human and eco toxicity 

- Resource consumption in the form of area consumption and material 

consumption 

 Human activities have impacts on the environment which may not easily be quantified 

in an LCA. Example of such impacts are: 

- Noise 

- Encroachment during construction periods  

- Effects on the eco systems  

- Ultrasound effects 

- Working environment 

1.4 MANAGEMENT OF THE PROJECT 

This update has been performed in the period March 2015 to January 2016, and is directly 

based on the work done in phase I and II, and the 2010 update (January 2008 to February 

2011). 

                                                

8  SimaPro is developed and sold by Pré Consultants in the Netherlands. See also: http://www.pre.nl/  
9  See explanation of the different environmental impact categories in appendix 8. 

http://www.pre.nl/
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Ostfold Research has worked in close cooperation with Kjersti Garseg Gyllesten for this 

update, and she has been the coordinator of data collection internally at Borregaard. For some 

energy related issues, we have been in direct contact with David Vaaler. Lena Ulvan, Tuva 

Barnholt, Martin Andresen and Guro Elise Fredheim have also been involved. Borregaard has 

performed quality control on all quantity data and the system model.  

In earlier phases of this LCA project (2008-2011), the following persons from Borregaard have 

given valuable input: Tuva Barnholt, Trond Rojahn, Linda Bjørklund, Tore Kristiansen, Anne-

Kate Storheill, Håkon Fensbekk, Erik Karstensen, Øyvind Rognstad, Lena Ulvan, Ellen Jahr, 

Fred Voldset, Per Wergeland, Tone Bredal, Rannveig Bergerød Aase, Ove Bartholsen, 

Thomas Marwedel, Kåre Reknes, Morten Harlem, Gunnar Roen and Klaus Neumann.  

In Ostfold Research, Ingunn Saur Modahl and Ellen Soldal have been working in the project 

in 2015. In the earlier phases of the project, the following persons from Ostfold Research have 

participated: Ingunn Saur Modahl, Hanne Lerche Raadal, Andreas Brekke, Bjørn Ivar Vold, 

Ole Jørgen Hanssen and Kari-Anne Lyng. 

Ostfold Research and Borregaard have had two meetings (11.March 2015 and 13.May 2016) 

during this update, in addition to frequent contact on e-mail and telephone.  
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2 GOAL, SYSTEM BOUNDARIES AND DATA  

2.1 GOAL OF THE ANALYSIS 

The project has through LCA methodology calculated the environmental impacts for nine 

products from the Borregaard factories in Sarpsborg: 

 Cellulose 

 Ethanol 96% 

 Ethanol 99%10 

 Liquid lignosulfonate11 

 Lignosulfonate powder (mix)12  

 Vanillin 

 Sodium hypochlorite 

 Sodium hydroxide 

 Hydrochloric acid 
 

2.2 DECLARED UNIT 

 

The declared unit13 is 1 tonne DM product14 for both cellulose, ethanols and lignosulfonates. 

For vanillin the declared unit is 1 kg DM product, however in the main report 1 tonne DM is 

used to be able to compare the results. 

 

                                                

10  The product is called ’Ethanol (99%)’, however the actual ethanol content is 99.9%. 

11  Named “Lignin (liquid)” in diagrams in this report. 

12  Named “Lignin (powder, mix)” in diagrams in this report. This is a mixture of non-modified (commodity) and modified  

(specialty) lignosulfonate powder. The results for the two lignin powders have been shown aggregated in this report, and 

one common EPD is made, as in 2010/11. 

13  In this analysis the unit does not relate to the function of the product, rather to the product itself. Thus, it is called the 

declared unit, not the functional unit. 

14  The analysis is performed on a “dry basis”, meaning that the analysis is done per tonne dry matter (DM) of the products. 
For ethanol (as an example), this means that the environmental impacts are distributed only on the amount of ethanol in 
the product (water contents are 0.1% and 4%).  
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2.3 SYSTEM DESCRIPTION AND SYSTEM BOUNDARIES 

The analysis is a “cradle to gate” analysis, meaning that all upstream processes and processes 

taking place at Borregaard are included. As the analysis stops “at the gate”, the use of the 

products is not included. In order to easily develop EPDs after this analysis, 1000 km transport 

of finalised product to the customer is included in correspondence with requirements in the 

PCR for “basic organic chemicals”15 (Environdec, 2016).  

The analysis is based on modelling of the physical, isolated processing plants. Two exceptions 

are the evaporator/UF process in the ethanol plant and production of lignin. The evaporator 

and the UF-process in the ethanol plant are merged in the LCA model. This means that there 

is no difference between the environmental burdens of evaporated and ultra filtrated 

concentrate from the ethanol plant (which later are used both to produce lignosulfonates and 

vanillin). According to Borregaard this simplification will lead to minimal influence on the results. 

The other exception is that production of liquid lignosulfonate, lignosulfonate powder and 

modified lignosulfonate powder are modelled as only three separate processes. In reality, the 

production of these happens in several parallel processing plants. This simplification avoids a 

model with a large number of different lignosulfonate products. 

Internally at Borregaard’s premises there are many factories and process plants, and the raw 

materials are processed in several installations before they end up as finalised products. The 

products are also mutually dependent on each other in the sense that one co-product 

represents a raw material in the production of one or several other products in other 

installations, creating internal loops in the system. The decision of how much raw material and 

environmental impact each product (and internal co-product) should be responsible for, is 

dependent on allocation of all outflows (also outflows of internal co-products) and the creation 

of a process model based on iterations, or other mathematical solutions, by analysis. The 

following loops have been modelled: 

 Some of the hot water from the digester is returned to the boiler house where steam 

is produced. This steam is, amongst other, utilised by the digester. 

 A similar loop is created by hot water from the ethanol plant (returned to the boiler 

house that produces steam used by the ethanol plant). 

 Some of the cellulose from the drying machine is returned to the bleaching plant, 

which in turn sends bleached substance to the drying machine. 

 Alvamix from the evaporator in the cellulose plant is burnt in the alva combustion 

plant, which produces steam to the cellulose plant and other processes. 

 Vanicell from the vanillin plant goes to the evaporator in the cellulose plant and is 

transformed into alvamix that by combustion (’alva combustion plant’) produces 

steam to the vanillin plant and other processes.  

                                                

15  This PCR is outdated and is being updated, however since the planned publication date (1/3-16) is much later than the 

start of this analysis, we had to use the outdated version. 
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All products are based on the same raw materials (timber and wood chips) and are mutually 

dependent on each other due to use of internal co-products and energy in the internal loops. 

The processes are hence very closely linked, causing a complex process model. Figure 1 

shows a principle drawing of the process model. 

 

 

Figure 1 Principle drawing of the process model at Borregaard 

 

Due to PCR requirements, infrastructure upstream and the biorefinery itself is not included in 

this update (PCR 2011:17, ver. 2.01 by Environdec, 2016).  

It is assumed that waste, waste oil and biogas are delivered without environmental impacts as 

they are waste products. With regards to emissions from combustion, however, these energy 

carriers are treated differently according to the General Programme Instructions of the 

International EPD System (see explanation in figure A3 in EPD International, 2015): 

- Waste: emissions from combustion of waste are allocated the waste 

generator, hence Borregaard is not allocated any emissions. 

- Waste oil: waste oil is regarded as “stabilized waste”, hence emissions from 

combustion is allocated the user (Borregaard).  

- Biogas: biogas is regarded as “stabilized waste” in the same way as waste oil. 

However, since the CO2 emissions are biogenic, these do not contribute to 

global warming according to the chosen characterisation method (IPCC 

100a). Other emissions (methane, NOx, N2O and NMVOC) do contribute to 

the different impact categories.  

Transport to Borregaard is also allocated Borregaard’s products. 

The following production amounts for sale externally have been used (2014 numbers): 

Cellulose (93%)                            149,607 tonnes DM/year 
Ethanol 96%    9,449 tonnes/year (as 100% ethanol) 
Ethanol 99.9% 4,622 tonnes/year (as 100% ethanol) 
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Liquid lignosulfonate (51%) n.a. tonnes DM/year 
Lignosulfonate powder (95%) n.a. tonnes DM/year 
Modified lignosulfonate powder (95%) n.a. tonnes DM/year 
Vanillin (99.9%)   1,110 tonnes DM/year 
Sodium hypochlorite (25%) 29,271 tonnes DM/year 
Sodium hydroxide (50%) - tonnes DM/year (internal use mostly) 
Hydrochloric acid (34%, 35% and 36%) 96,111 tonnes DM/year 

 

2.4 DATASET AND CONDITIONS 

2.4.1 About the datasets 

The LCA model was originally made using data from 2007. In 2010/11 the model was updated 

with data related to the steam producing system and the biological effluent plant. The previous 

studies (phase I and II in 2008-2009 and the 2010 update in 2010/11) have shown which data 

and processes are most important. Hence, also in this update data regarding the steam 

producing system and the biological effluent plant were in focus. The following changes were 

implemented in the LCA model in 2015: 

 The amounts of energy carriers (municipal waste, waste oil, fuel oil, natural gas and 

electricity) consumed directly in each process, or indirectly by the steam system, and 

energy delivered from the steam production system (including the hot water mass 

balance), have been updated to 2014 numbers. Due to the new multifuel plant that runs 

mainly on natural gas (LNG), the amount of heavy fuel oil used to produce steam has 

decreased from 21.000 tonne/year in 2010 to 0 in 2014. 

 Emissions of COD, P-tot, N-tot, SO2 and NOx from the Borregaard plants have been 

updated. In general N-tot have increased somewhat, while the other emissions 

mentioned have decreased. As in 2010, consumption of water and emissions from the 

biological effluent plant have been allocated to the ethanol plant only.  

 The volumes of sold products have been updated. Volumes of intermediates have not 

been updated (except for NaOH).  

 Except for the NaCl and NaOH, raw material volumes have not been updated.  

 In the ethanol plant, the distribution of burdens between ethanol 96% and 99% due to 

the steam reformer has been changed. This will lead to a slightly overestimation of 

burdens for ethanol 96% and a corresponding underestimation of burdens for ethanol 

99%.  

 The allocations in each process plant have been updated based on new numbers for 

production volumes and hot water. 
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Specific data have been used for all activities at the Borregaard site. Consumption data are 

based on Borregaard figures, with basis in material and energy flows through the process 

plants. Borregaard has collected data for use of energy, raw materials, chemicals and internal 

mass flows. Data for emissions to air and water are the same numbers as Borregaard reports 

to the Norwegian Environment Agency and these have been updated to 2014 numbers. 

Amounts and treatment methods for waste were given by Veolia (2008) and have not been 

updated in this report. Production of steam by the waste combustion plants, the multifuel plant, 

the electric steam production unit and the biofuel plant, and the use of energy carriers in each 

of these plants are solely based on numbers from 2014. Information regarding the process 

model, including energy- and mass balance, is given in Appendix 1. 

Emissions from upstream production processes (purchased raw materials and chemicals) are 

mainly given by databases (see chapter 2.4.2). This is also applicable for transport, but specific 

data for transport type and distances are utilised. General data (from databases) has been 

used for emissions from combustion processes at Borregaard. 

Where general data has been used, those are collected from Ostfold Research’s international 

LCA databases. For EPD verification, specific distances and modes for transport of the raw 

materials and chemicals, in addition to data sources for the raw materials and chemicals, can 

be found in Appendix 3 in OR 08.09 (Modahl, Brekke and Raadal 2009a). This information is 

considered as confidential, hence not included in this report. For 5 of the 39 raw materials 

there existed no data in the LCA database. For these raw materials, other chemicals have 

been used by careful judgement. 

2.4.2 Collection of specific data for raw materials and chemicals 

In phase I (Modahl and Raadal, 2008) general data was utilised for all raw materials and 

chemicals. The analysis showed that raw materials and chemicals (including transport to 

Borregaard) contribute to a maximum of 15-23% of the greenhouse gas emissions, depending 

on which product is analysed. At that time, and when making the EPDs in 2010/11, we used 

the PCR “Chemical products, 2005:5” (Environdec, 2008), which stated that specific data shall 

be employed for raw materials for all direct suppliers in the development of an EPD. It also 

stated that processes and activities that contributes to <1% of the environmental impact for the 

final product (all relevant environmental impact categories shall be considered) may be 

excluded. When making the EPD updates in 2015/16, a more updated PCR is used. The EPD 

is made in accordance with PCR 2011:17 v.2.01. PCR 2011:17 v.1.1 and draft PCR 2011:17 

v.2.01 were used as proxy during modelling and draft EPD creation. Before final approval the 

EPD was checked against PCR 2011:17 v.2.01 (Environdec 2016). In this PCR, the data 

requirements for the upstream module are less strict: “Use of specific data for the upstream 

module is encouraged and preferred, but not mandatory. If specific data is not available, 

selected generic data can be applied.” The cut-off criteria is almost the same. As in the 

previous PCR used (Environdec, 2008), it refers to a general 1% cut off rule, based on un-

investigated inputs and outputs (EPD International, 2015).  
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In Phase II, an analysis was carried out, investigating how much the different raw materials 

and chemicals contribute to climate change for the finalised products of Borregaard. For EPD 

verification, this analysis could be found in table 2 in OR 08.09 (Modahl, Brekke and Raadal 

2009a). Because this is considered as confidential information, it is not included in this report. 

The results of the contribution analysis clearly stated that the products of Borregaard have 

several raw materials contributing to <1% of the greenhouse gas emissions; however the total 

contribution was 15-23%. This means that raw materials contributing to <1% anyways have to 

be included in the analysis. At that time (according to the PCR “Chemical products, 2005:5”) it 

also meant that specific data should be collected. According to the PCR used today (“Basic 

organic chemicals, 2011:17 v.2.01” by Environdec, 2016), generic data can be applied for the 

raw materials and chemicals.    

In connection with the LCA/EPD work in 2010/11, a plan for specific data gathering was 

developed. This plan was based on Ostfold Research’s experience with collection of specific 

data from chemical suppliers (difficult) and the fact that the suppliers are numerous. This plan 

was developed:  

1. Ostfold Research develops a data collection questionnaire for collection of specific 

production data from the suppliers of chemicals to Borregaard. 

2. Borregaard sends the questionnaire to the suppliers by e-mail. The addressee should 

be an employee with environmental responsibility. A deadline of 7-10 days should be 

given. The experience of Ostfold Research is that those who respond usually respond 

quickly. 

3. A reminder should be sent out to those who do not respond. 

4. Borregaard will then contact the most important suppliers of raw materials/chemicals 

by telephone. 

5. After the procedures mentioned above, a status meeting will be held where decisions 

shall be made on whether to send out more reminders or evaluation of the possibility 

of using general data where no specific data has been obtained. 

As a basis in the analysis of chemicals’ contribution to greenhouse gas emissions of a product, 

the following preference list for chemicals/raw materials was defined: 

a. Sodium chlorate 
b. Sodium hydroxide 
c. Sodium carbonate 
d. Timber/wood chips 
e. Sodium chloride 
f. Sulphur 
g. Sulphuric acid 
h. Sodium sulphite 

 

In addition, Borregaard performed an evaluation of possible toxicity effect, and selected three 

substances: 

 Copper sulphate 

 Isopropanol 

 Toluene 
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After finalisation of the questionnaire, Borregaard immediately started contacting the suppliers 

to gather specific production data. Not all returned questionnaires were complete enough to 

be included in the study. The reason was that the consumption of raw materials and/or energy 

use was not stated, as some of the suppliers considered the information to be confidential. 

Several of the suppliers were contacted and encouraged to give missing data, or to get 

explanation on the given data, but not all inquiries lead to a satisfactory result. For EPD 

verification, more detailed information can be found in table 3 in the confidential report OR 

08.09 (Modahl, Brekke and Raadal 2009a). 

Hence, the analysis in 2010/11 was based on specific data from four suppliers and a total of 

five raw materials/chemicals. For the remaining, general data was used. These specific data 

have been used in this 2015 study. The same generic datasets have also been used, except 

that these have been updated (from Ecoinvent 2.2 to Ecoinvent 3.0.1/3.1) in accordance with 

the general updating of the LCA tools and databases at Ostfold Research. Hence, we find that 

the data are collected in accordance with the PCR “Basic organic chemicals” v.2.01 

(Environdec, 2016). 

Excluding the purchased energy carriers, Borregaard purchases 30 different raw 

materials/chemicals used in this analysis. Using specific, instead for generic, data for the five 

raw materials/chemicals resulted in both positive and negative influence on the results, 

depending on what environmental impact category is considered, when these datasets were 

investigated in 2010/11. The specific dataset for sodium chlorate was 58-70% lower than 

average data when climate change potential, acidification potential, eutrophication potential, 

photochemical oxidation creation potential and ozone depletion potential were examined. For 

timber and wood chips, the results were similar to the general data (specific data gave 4% to 

2% higher results than generic data). For sulphur, the results from the specific data were from 

15% to 100% higher than the results from the generic data, but here a process step were 

lacking in the general data set, so the comparison was not completely fair. For sulphuric acid, 

the specific results were from 40% below to 14% above the generic results. The influence per 

kilo finalized Borregaard product was considerably less than these numbers because each raw 

material contribute only to a small part of the total environmental impact of each product.  

2.4.3 Infrastructure at Borregaard 

Infrastructure in the form of production equipment with an expected lifetime over three years, 

buildings and capital goods at the biorefinery is no longer included (PCR 2011:17, ver. 2.01 by 

Environdec, 2016). 

In the LCA from 2010 (Modahl and Vold, 2011), infrastructure was included (this was not 

included in the EPD’s, though). The infrastructure burdens can easily be added if needed, as 

they are not deleted from the model database. A description of how these burdens were 

modelled in 2011 follows: 

The data set for infrastructure (buildings, reservoirs, containers and foundation for the 

process plants at Borregaard) was collected from Per Wergeland (2008) at Borregaard. 

The calculations have been done by Ostfold Research in the following manner: 118 
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different buildings and reservoirs have been studied with a view to physical dimension, 

material types of walls, floors, and ceilings. An addition of 30% is added to cover 

buildings, foundations and culverts that are not included. About 8 km of pipe bends 

(external steel pipes and foundation in steel and concrete) has been included. About 

100 kg reinforcement steel has been added for every cubic meter of concrete. A rough 

estimation of the amount of steel in machinery and external reservoirs and tanks has 

been set to about 200% of the steel in the pipe bends. In order to stay conservative, it 

was chosen to use a type of chrome steel with relatively high climate change impact in 

the analysis. Stainless steel (acid proof) has been applied in most of the pipe bends, 

but for panelling and machinery, a steel type with less environmental impact has been 

applied. 

Only the material types concrete, brick, steel and reinforcement is estimated. Insulation, 

asphalt, wood etc. is not included. It is however assumed that the environmental impact 

from these materials is negligible. Based on experience and information about other 

process plants, energy use connected to transport of the materials and the construction 

process of the plant area is neglected. 

The old pier that earlier was used for log driving is not included as it is no longer in use. 

The infrastructure of the electricity grids is not included because this environmental load 

should be allocated to the electricity that is produced. The harbour is not included either, 

since it is included in the analysis through shipping, to avoid double counting. 

The waste treatment of the infrastructure is included. It is assumed that 90% of the steel 

and 85% of all concrete/brick will be reused and/or recycled. The rest of these materials 

and 100% of the reinforcement steel are assumed to be sent to inert landfill, where 50 

km of transport is included. These assumptions are identical with assumptions in 

Modahl et al (2008). 

Mass allocation has been applied for distribution of infrastructure of the different 

products that Borregaard produces. Hence, an evaluation of how much infrastructure 

each product actually utilises has not been carried out, and intermediate products and 

resold electricity and steam has not been charged. The total amount of DM product, to 

which the infrastucure burdens is allocated in the 2010/11 analysis is 412,078 tonnes. 

A life span of 40 years is assumed, leading to a production amount of 16.5 x 106 tonnes 

DM during the lifetime of the infrastructure. 

The reason why infrastructure was included in the 2010 LCA (even though it was not included 

in the EPDs), was to draw a more complete picture of the environmental impacts of the 

products of Borregaard. Another reason to investigate this environmental burden was that 

there were not much data available on infrastructure of biorefineries, and that literature 

recommended inclusion of infrastructure in wood based products (Frischknecht, Althaus, 

Bauer, Doka, Heck, Jungbluth, Kellenberg and Nemecek, 2007). The conclusion from the 2010 

LCA (Modahl and Vold, 2011) was, however, that infrastructure contributes 1% or less for 6 of 

the 7 investigated indicators (global warming, acidification, eutrophication, photochemical 

ozone creation, ozone depletion and cumulative energy demand), and between 2% to 5% in 

the waste category.    
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2.4.4 Electricity model 

Electricity used by the biorefinery is based on Norwegian production mix according to demands 

by EPD-Norway (2015). The EPDs made in 2010/11 used Nordic production mix. 

2.4.5 Transport to customer 

A transportation distance of 1000 km of finalised product to the customer has been included, 

in correspondence with requirements in the PCR “Basic organic chemicals” v.2.01 

(Environdec, 2016). Due to the functional unit in the analysis, which is 1000 kg dry matter 

(100% product, without water content), the transportation to customer has to be corrected to 

account for the burden of transporting water. 

Table 2 shows the DM content in the products and the transport correction factor. The transport 

has also been categorised according to transport means (Table 3). 

 

Table 2 DM content in the Borregaard products 

 

 

 

DM content Water content DM content Water content

kg DM/kg product kg water/kg product kg DM/kg DM kg water/kg DM kg product/kg DM

Cellulose 93.0 % 7.0 % 100 % 7.5 % 1.075

Ethanol (96%) 96.0 % 4.0 % 100 % 4.2 % 1.042

Ethanol (99%) 99.9 % 0.1 % 100 % 0.1 % 1.001

Liquid lignosulfonate 51.0 % 49.0 % 100 % 96.1 % 1.961

Lignosulfonate powder 95.0 % 5.0 % 100 % 5.3 % 1.053

Modified lignosulfonate powder 95.0 % 5.0 % 100 % 5.3 % 1.053

Vanillin 99.9 % 0.1 % 100 % 0.1 % 1.001

Sodium hypochlorite 25.0 % 75.0 % 100 % 300.0 % 4.000

Sodium hydroxide 50.0 % 50.0 % 100 % 100.0 % 2.000

Hydrochloric acid 34.0 % 66.0 % 100 % 194.1 % 2.941

Hydrochloric acid 35.0 % 65.0 % 100 % 185.7 % 2.857

Hydrochloric acid 36.0 % 64.0 % 100 % 177.8 % 2.778

Wet basis Dry basis Transport 

correction factorProduct
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Table 3 Corrected transport distances and distribution on means of transportation 

 

 

2.5 ALLOCATION 

2.5.1 Allocation principles 

In the PCR “Basic organic chemicals” (Environdec, 2012), the following allocation principles 

are listed: 

 For waste treatment, recycling and reuse, the polluter pays principle should be 

applied.  

 In other cases the following stepwise allocation procedure shall be applied for multi-

input/output allocations: 

o If possible the allocation shall be avoided by applying a more detailed system 

description (dividing up the system sub-processes and collecting the input and 

output data related to these sup-processes). 

o Partition the inputs and outputs of the system in to their different products in a 

way that reflects the underlying physical relationship between them. 

o Allocate in a way that reflects other relationships between them (economic 

value of the products shall be used). 

Our interpretation of the details in the PCR are also that: 

 No allocation shall be made for materials subject to recycling. 

 It is only allowed to allocate between products of importance for the turnover of the 

production plant. It shall be taken into consideration whether a product is crucial for 

the choice of production process and/or its future existence. 

 Preferably, the economical value shall be used as base for allocation, referring to the 

market value. 

km km Ship Lorry Rail

Cellulose 1000 1075.3 55 % 40 % 5 %

Ethanol (96%) 1000 1041.7 10 % 5 % 85 %

Ethanol (99%) 1000 1001.0 10 % 5 % 85 %

Liquid lignosulfonate 1000 1960.8 80 % 15 % 5 %

Lignosulfonate powder 1000 1052.6 56 % 44 % 0 %

Modified lignosulfonate powder 1000 1052.6 76 % 24 % 0 %

Vanillin 1000 1001.0 50 % 50 % 0 %

Sodium hypochlorite 1000 4000.0 0 % 100 % 0 %

Sodium hydroxide 1000 2000.0 0 % 100 % 0 %

Hydrochloric acid 1000 2941.2 0 % 82 % 18 %

Hydrochloric acid 1000 2857.1 25 % 35 % 40 %

Hydrochloric acid 1000 2777.8 25 % 35 % 40 %

Corrected 

transport distance
Distribution

Product

Transport 

distance
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 If the market value of the products, for which the environmental impact shall be 

allocated, is in the same range, allocation based on mass can be used. 

This project has as far as possible avoided allocation by analysing and modelling the 

processes of Borregaard on a detailed level (see chapter 2.3). Due to the fact that Borregaard 

produces a large range of main products and that they wish to analyse several of the products 

at the same time, subdividing into unit processes (one for each product) is not applicable in 

this case.  

Even though outlet streams from one process plant are used in other process plants at 

Borregaard, this may not be considered as recycling because they are important raw materials 

in the following process plant. All products are based on the same raw materials (timber and 

wood chips) and the processes are closely linked and mutually dependent on each other 

through use of internal intermediate products and energy in internal loops (see chapter 2.3). 

Hence, no intermediate products have been excluded from allocation. 

Because the project has modelled the Borregaard factory on a detailed level, several of the 

allocations have included products that have no market value, making economic allocation 

unsuitable. 

An evaluation of the market values for the final products has been done, based on the main 

separation in the Borregaard process plant. For EPD verification, more detailed (confidential) 

information could be found in table 7 in OR 08.09 (Modahl, Brekke and Raadal 2009a). The 

main separation for the raw materials happens in the digester, where fibre (unbleached 

cellulose) is separated from lignin and sugar components (sulphite lye). The unbleached 

cellulose is processed and sold as cellulose on the market, while sulphite lye is further 

processed into ethanol, lignin products and vanillin. An analysis of the market value for the 

products shows that allocation between unbleached cellulose and sulphite lye may be done 

based on mass, as the market price for cellulose and total market price for ethanol, lignin 

products and vanillin may be considered to be in the same range. 

In the former PCR (Environdec, 2008) used for making the EPDs in 2010/11, Ostfold Research 

interpreted the allocation rules in such a way that economic allocation was recommended to 

handle problems defining what product is the driving force of a process, to avoid that a co-

product is burdened with all the environmental loads the main product “deserves”. Vanillin has 

a 20 times higher market price than cellulose. However, vanillin is not the driving force of the 

production at Borregaard, hence vanillin should not be burdened based on value, rather based 

on mass. The detailed analysis based on mass will therefore draw a more correct picture of 

the burden distribution for processes and products at Borregaard. In the PCR used for this 

update (Environdec, 2016) physical relationship is ranked before economic correlations. 

Based on this, Ostfold Research has chosen to apply mass allocation for distribution of 

environmental loads internally at Borregaard. 
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2.5.2 Allocation on energy outflows 

In process plants with hot water as an outflow, and where the hot water is exploited in other 

processes, the energy content is calculated into mass through use of the heat value (LHV) for 

biological dry matter. In this way, mass allocation of the environmental loads of the different 

products may be carried out. In reality, this is the same as using energy allocation between hot 

water and mass flows calculated into heat value for dry matter. Table 4 shows heat values 

(LHV) and densities used in the allocation. 

 

Table 4 Applied heat values and densities 

     Heat value (LHV) 

 

Density Reference/comment 

Biological dry 
matter 

6.8 GJ/fm3 0.4 tonnes/fm3 SSB (2006) 

17 GJ/tonnes  - Calculated 

4.7 MWh/tonnes  - Calculated 
Ethanol 29.7 MJ/kg 0.789 kg/l Wikipedia (2008a)  

Waste 10.9 MJ/kg  
 

SFT (1996). For future updates, 12.0 
MJ/kg will be used (Norwegian 
Environment Agency). 

Waste oil 40.6 MJ/kg   SFT (2006) 

Biogas 27 MJ/m3 0.717 kg/m3 
Based on 75% methane. Density from 
Wikipedia (2008 b) 

Methane 50.2 MJ/kg   SFT (2006) 

 

2.5.3 Allocation of energy to mutual functions  

Use of steam and electricity to shared functions such as infrastructure, offices, storage and the 

biological purification plant, have been allocated to the process plants using steam and 

electricity, in relation to the amount of energy used.  

The heat values and densities needed for calculating the energy resources in waste, waste oil 

and biogas are given in Table 4. 

2.5.4 Adaptations in the lignin plant 

The lignin plant has been split in three “theoretical” factories. In reality there are several 

production lines which produces both liquid lignosulfonate and different lignosulfonate powders 

(commodity types and specialities). Borregaard has through evaluation of these lines split all 

consumption of raw materials and energy use between production of liquid lignosulfonate, 

lignosulfonate powder and modified lignosulfonate powder. In that way the model now includes 

three separate lignin factories, allowing liquid lignosulfonate, lignosulfonate powder and 
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modified lignosulfonate powder to obtain different environmental impact as a function of how 

much energy and raw materials they require. The three products are nevertheless mutually 

dependent on each other. 

2.5.5 Adaptations in the ethanol plant 

The allocation of steam used in the ethanol plant and the following water removal unit needs 

to be explained more detailed. Here, the distribution of burdens due to the steam reformer has 

been changed. In the 2010 LCA (Modahl and Vold, 2011), ethanol 99% was allocated a too 

high share of the steam consumption compared with ethanol 96%. In this update, the ethanols 

have been allocated an almost equal share of the burdens, which is clearly wrong according 

to physical laws. However, Borregaard finds this more correct than the former allocation. 

2.5.6 Allocation is affected by mass balances 

Because the numbers for most of the intermediate streams have not been updated, the mass 

balances for the processing units are not necessarily balanced. This leads to small 

disturbances in allocation of burdens between the products, however the total environmental 

burden from Borregaard is not affected.    

2.6 QUALITY CONTROL 

Based on the information from Borregaard, Ostfold Research has made a process flow 

diagram. This is the foundation for the process model created in the software tool SimaPro. 

The base of the model was made in phase I (Modahl et al., 2008) and improvements were 

made in phase II (Modahl, Brekke and Raadal, 2009 abc) and in connection with the 2010 

update (Modahl and Vold, 2011). During the 2015 update, the LCA model has been developed 

even more, and updated, specific parameters have been included. The process flow diagram 

has been quality controlled by Borregaard also in this last update. 

After the finalisation of the greenhouse gas account spring 2008 (phase I), a detailed analysis 

of climate gas emissions and energy use for production of ethanol at Borregaard (Brekke, 

Modahl and Raadal, 2008) and a Competitor Analysis for the products cellulose, ethanol, lignin 

and vanillin (Brekke, Modahl and Raadal, 2009) were performed. Both of these analyses 

served as extra quality checks for the process model.  

A draft of this report has been distributed to Borregaard for quality checks before the project 

was finalised, before the EPD verification, and the results were also presented at a meeting at 

Borregaard 13.May 2016. 
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3 RESULTS 

In the following chapter, the results for the different environmental impact categories are 

shown. Results representing 2010 are also shown for comparison. Due to the development of 

the process model, updating of the databases and methodological changes related to the new 

PCR, not all products could be compared with 2010 results.  

To be able to compare the results on the same basis, the 2010 situation has been analysed 

using the same methodological choices as in the 2015 analysis. This is why the 2010 results 

here are not the same as in the 2010 report (Modahl and Vold, 2011) or in the EPDs from 

2010/11. The changed system boundaries and other methodological changes (affecting the 

electricity model, emissions from waste combustion, infrastructure burdens, transport and 

generic data), have in total reduced the environmental burdens of the products. Hence 

comparing the results from the 2015 analysis with the results in the 2010 report (Modahl and 

Vold, 2011) would not have given a correct picture of the physical changes at the Borregaard 

site.   

To avoid unnecessary work, the modified 2010 results have not been divided into life cycle 

stages in the same way as the 2015 results. Neither are the 2015 results for the lignins.  

An explanation of the commonly used LCA network can be found in the appendices. 

3.1 GLOBAL WARMING POTENTIAL (GWP) 

Figure 2 shows the contribution to the global warming potential in kg CO2-equivalents per tonne 

finalised product, transported to customer. The figure also shows GWP divided into the 

different raw materials, the different processes at Borregaard, and transportation to customer 

for some results. More details are shown in the LCA network (Figure 3), where the relative 

contribution from different processes are shown for production of cellulose. 
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Figure 2 The global warming potential from cradle to gate for cellulose, ethanol, 

lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid 

from Borregaard (kg CO2-eqv. per tonne DM). The contribution from transport of 

finalised product to customer (1000 km) is also shown. The “2010 rev” is the results 

from the 2010-analysis with the changed system boundaries and other methodological 

modifications. This is included for comparison.  

 

 

 

2010 2014 2010 2014 2010 2014 2010 2014 2010 2014 2010 2014 2010 2014 2010 2014 2010 2014

1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne

Cellulose Ethanol (96%) Ethanol (99%) Lignin (liquid)
Lignin (powder,

mix)
Vanillin

Sodium
hypochlorite

Sodium
hydroxide

Hydrochloric
acid

Transport of product to customer 66 66 34 34 32 32 58 58 57 57 75 75 552 552 276 234 234

Various 778 25 298 24 575 11 226 218 1103 692 720 43 117 3 3 116 3

Other internal processes at the bio refinery 0 24 0 23 0 25 0 0 0 0 0 3 0 0 0 0 0

Combustion of gas at the bio refinery 0 98 0 44 0 44 0 0 0 0 0 77 0 4 4 0 4

Combustion of oil at the bio refinery 0 156 0 69 0 69 0 0 0 0 0 123 0 6 6 0 6

Combustion of waste at the bio refinery 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The biorefinery's infrastructure (not included) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Production and transport of timber, wood chips and chemicals 0 201 0 74 0 85 0 0 0 0 0 361 0 66 66 0 66

Production and transport of energy carriers 0.0 50.6 0.0 20.7 0.0 21.3 0.0 0.0 0.0 0.0 0.0 50.7 0.0 19.8 19.8 0.0 19.7
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Figure 3 The global warming potential from cradle to gate, shown as an LCA network, for 

cellulose from Borregaard (kg CO2-eqv./tonne cellulose DM). The contribution from 

transport of finalised product to customer (1000 km) is also included. 6.4% cut off is 

applied to make the figure readable (the system consists of 8028 active processes).  

 

From cradle to customer the 2015 numbers for global warming potential is: 

Cellulose 622 kg CO2-eqv./tonne DM 
Ethanol (96%) 288 kg CO2-eqv./tonne DM 
Ethanol (99%) 286 kg CO2-eqv./tonne DM 
Liquid lignosulfonate 276 kg CO2-eqv./tonne DM 
Lignosulfonate powder (mix) 749 kg CO2-eqv./tonne DM  
Vanillin 733 kg CO2-eqv./tonne DM 
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Sodium hypochlorite 650 kg CO2-eqv./tonne DM 
Sodium hydroxide 374 kg CO2-eqv./tonne DM 
Hydrochloric acid 332 kg CO2-eqv./tonne DM 

   

The relative contributions from production of energy carriers, timber/wood chips/chemicals, 

combustion of oil and gas, other internal processes at Borregaard and transport are quite 

similar for the analysed systems, except for the products from the chlor alkali unit (sodium 

hypochlorite, sodium hydroxide and hydrochloric acid). For these three products, transport to 

customer contributes to most of the GWP burden. This is because they have a relatively low 

DM content, and a lot of water is transported as well. The GWP burden related to transport is 

also increased by the fact that lorry is used to a larger extent, and ship to a lesser extent, than 

for the other products. 

Ignoring the chlor alkali products, production and transport of timber, wood chips and 

chemicals is generally the most important life cycle phase with regard to global warming 

(contributes 26% - 49% for the four analysed products). The second largest contributors are 

combustion of waste oil (17% - 25%) and fossil gas (11% - 16%). Transport to customer 

represents 10% - 21%, while production and transport of energy carriers contributes 

approximately 7%.  

In the 2010 analysis (Modahl and Vold, 2011), oil combustion was the most important 

contributor.  

If transport to customer is excluded, the chlor alkali products (sodium hypochlorite, sodium 

hydroxide and hydrochloric acid) have the lowest global warming potential of the analysed 

products, followed by liquid lignosulfonate and the ethanols. The chlor alkali products are 

produced “early” in the process chain of Borregaard, hence they have lower impacts at the 

factory gate than the other products.    

One of the explanations why liquid lignosulfonate has a lower global warming potential than 

lignosulfonate powder (mix), cellulose and vanillin is because no energy is used for removal of 

water. Liquid lignosulfonate is sold with 49% moisture on wet basis, hence almost as much 

water as dry matter, while the other products have a moisture content of 7% (cellulose), 5% 

(lignosulfonate powder) and 0.1% (vanillin). Lignosulfonate powder (mix) and vanillin has 

highest impacts of all the analysed products, both due to large steam consumption and use of 

chemicals in the last process step.  

Due to the coarse mass balance, especially significant for liquid lignosulfonate, liquid 

lignosulfonate has a lower global warming potential than the ethanols (see chapter 2.5.6).  

For all products, the GWP has decreased from 2010 to the 2015 analysis. The GWP has 

decreased between 3% and 35%, depending on the product (excluding the ethanols and liquid 

lignosulfonate due to allocation issues). The reason is that fuel oil has been replaced by natural 

gas, electricity and biogas for production of steam (waste oil is still used, however).   
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3.2 ACIDIFICATION POTENTIAL (AP) 

Figure 4 shows the contribution to acidification in kg SO2-equivalents per tonne product 

produced and transported to customer. The figure also shows the acidification potential divided 

into the different raw materials, the different processes at Borregaard, and transport to 

customer for some results. More details are shown in the LCA network in Figure 5 (for 

cellulose). 

 

 

Figure 4 The acidification potential from cradle to gate for cellulose, ethanol, lignosulfonates, 

vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid from Borregaard 

(kg SO2-eqv. per tonne DM). The contribution from transport of finalised product to 

customer (1000 km) is also shown. The “2010 rev” is the results from the 2010-

analysis with the changed system boundaries and other methodological modifications. 

This is included for comparison. 
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rev

2014

1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne

Cellulose Ethanol (96%) Ethanol (99%) Lignin (liquid)
Lignin

(powder, mix)
Vanillin

Sodium
hypochlorite

Sodium
hydroxide

Hydrochloric
acid

Transport of product to customer 0.35 0.35 0.20 0.20 0.19 0.18 0.51 0.51 0.33 0.33 0.36 0.36 1.92 1.92 0.96 0.98 0.98

Various 8.62 0.21 4.98 0.18 7.54 0.07 5.24 2.88 11.25 8.59 8.68 0.25 0.71 0.08 0.08 0.71 0.04

Other internal processes at the bio refinery 0.00 1.04 0.00 0.23 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00

Combustion of gas at the bio refinery 0.00 0.35 0.00 0.15 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.00 0.00

Combustion of oil at the bio refinery 0.00 0.95 0.00 0.42 0.00 0.42 0.00 0.00 0.00 0.00 0.00 0.75 0.00 0.04 0.04 0.00 0.04

Combustion of waste at the bio refinery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

The biorefinery's infrastructure (not included) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Production and transport of timber, wood chips and chemicals 0.00 3.93 0.00 2.44 0.00 2.56 0.00 0.00 0.00 0.00 0.00 5.22 0.00 0.34 0.34 0.00 0.37

Production and transport of energy carriers 0.00 0.28 0.00 0.11 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.11 0.11 0.00 0.11
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Figure 5 The acidification potential from cradle to gate, shown as an LCA network, for cellulose 

from Borregaard (kg SO2-eqv./tonne cellulose DM). The contribution from transport of 

finalised product to customer (1000 km) is also included. A 4.9% cut off is applied to 

make the figure readable (the system consists of 8028 active processes). 

 

From cradle to customer the 2015 numbers for acidification potential is: 

Cellulose 7.1 kg SO2-eqv./tonne DM 
Ethanol (96%) 3.7 kg SO2-eqv./tonne DM 
Ethanol (99%) 3.7 kg SO2-eqv./tonne DM 
Liquid lignosulfonate 3.4 kg SO2-eqv./tonne DM 
Lignosulfonate powder (mix) 8.9 kg SO2-eqv./tonne DM 
Vanillin 7.4 kg SO2-eqv./tonne DM 
Sodium hypochlorite 2.5 kg SO2-eqv./tonne DM 
Sodium hydroxide 1.5 kg SO2-eqv./tonne DM 
Hydrochloric acid 1.5 kg SO2-eqv./tonne DM 
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The relative contributions from production of energy carriers, timber/wood chips/chemicals, 

combustion of oil and gas, other internal processes at Borregaard and transport are quite 

similar for the analysed systems, except for the chlor alkali products (sodium hypochlorite, 

sodium hydroxice and hydrochloric acid). This was also the case for the GWP indicator. For 

the three chlor alkali products, transport to customer contributes to most of the acidification 

potential. This is because of the relatively low DM content, hence a lot of water is transported 

as well. In addition, lorry is used to a larger extent, and ship to a lesser extent, than for the 

other products. This is also contributing to increasing the transport burdens for these products. 

Ignoring the chlor alkali products, production and transport of timber, wood chips and 

chemicals contribute the most (55% - 70%) to the acidification potential for the four products 

which are analysed in detail. The second largest contributor is combustion of waste oil (10% - 

13%), then come fossil gas (4% - 5%) and transport to customer (5%), while production and 

transport of energy carriers contributes approximately 4%. 

Even if transport to customer is included, the chlor alkali products have the lowest acidification 

potential of the analysed products, followed by liquid lignosulfonate and the ethanols. This is 

the same picture as for GWP, and the explanation is the same; products produced “early” in 

the internal process chain at Borregaard have lower impacts than the more processed 

products. Products with low DM content has also generally lower processing burdens than dry 

products, since less energy is used to remove water. Lignosulfonate powder (mix) has the 

highest impact among the analysed products, mostly caused by high chemical consumption in 

the last process step. 

Due to the coarse mass balance, especially significant for liquid lignosulfonate, liquid 

lignosulfonate has a lower acidification potential than the ethanols (see chapter 2.5.6).  

For all products, the acidification has decreased from 2010 to the 2015 analysis. The AP has 

decreased between 6% and 23%, depending on the product (excluding the ethanols and liquid 

lignosulfonate due to allocation issues). The reason is that fuel oil has been replaced by natural 

gas, electricity and biogas for production of steam (waste oil is still used, however).  

The annual acidification potential from Borregaard’s “other internal processes” (excl. 

combustion) is dominated by the biological effluent plant and the bleaching plant (Figure 6).  
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Figure 6 The annual acidification potential, shown as an LCA network, for “other internal 

processes at Borregaard” (kg SO2-eqv./year). The figure shows all process emissions 

from Borregaard that do not come from the combustion processes. A 0.01% cut off is 

applied in the figure. 

 

3.3 EUTROPHICATION POTENTIAL (EP) 

Figure 7 shows the contribution to eutrophication potential in kg PO4
-3-equivalents per tonne 

product produced and transported to customer. The figure also shows the eutrophication 

potential divided into the different raw materials, the different processes at Borregaard, and 

transportation to customer for some results. More details are shown in the LCA network in 

Figure 8 (for cellulose). 
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Figure 7 The eutrophication potential from cradle to gate for cellulose, ethanol, lignosulfonates, 

vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid from Borregaard 

(kg PO4
-3-eqv. per tonne DM). The contribution from transport of finalised product to 

customer (1000 km) is also shown. The “2010 rev” is the results from the 2010-

analysis with the changed system boundaries and other methodological modifications. 

This is included for comparison. 
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1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne

Cellulose
Ethanol
(96%)

Ethanol
(99%)

Lignin
(liquid)

Lignin
(powder,

mix)
Vanillin

Sodium
hypochlorite

Sodium
hydroxide

Hydrochloric
acid

Transport of product to customer 0.06 0.06 0.08 0.08 0.08 0.08 0.07 0.07 0.05 0.05 0.06 0.06 0.38 0.38 0.19 0.23 0.23

Various 3.05 0.05 2.59 0.25 3.02 0.19 2.64 1.64 4.90 3.13 2.56 0.21 0.28 0.01 0.01 0.28 0.01

Other internal processes at the bio refinery 0.00 1.91 0.00 1.24 0.00 1.27 0.00 0.00 0.00 0.00 0.00 1.48 0.00 0.01 0.01 0.00 0.01

Combustion of gas at the bio refinery 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00

Combustion of oil at the bio refinery 0.00 0.03 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00

Combustion of waste at the bio refinery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

The biorefinery's infrastructure (not included) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Production and transport of timber, wood chips and chemicals 0.00 0.37 0.00 0.08 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.81 0.00 0.17 0.17 0.00 0.17

Production and transport of energy carriers 0.00 0.15 0.00 0.06 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.06 0.06 0.00 0.06
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Figure 8 The eutrophication potential from cradle to gate, shown as an LCA network for 

cellulose from Borregaard (kg PO4
-3-eqv./tonne cellulose DM). The contribution from 

transport of finalised product to customer (1000 km) is also included. A 1.3% cut off is 

applied to make the figure readable (the system consists of 8028 active processes). 

 

From cradle to customer the 2015 numbers for the eutrophication potential is: 

Cellulose 2.6 kg PO4
-3-eqv./tonne DM 

Ethanol (96%) 1.7 kg PO4
-3-eqv./tonne DM 

Ethanol (99%) 1.7 kg PO4
-3-eqv./tonne DM 

Liquid lignosulfonate  1.7 kg PO4
-3-eqv./tonne DM 

Lignosulfonate powder (mix) 3.2 kg PO4
-3-eqv./tonne DM 

Vanillin 2.8 kg PO4
-3-eqv./tonne DM 

Sodium hypochlorite 0.6 kg PO4
-3-eqv./tonne DM 

Sodium hydroxide 0.4 kg PO4
-3-eqv./tonne DM 

Hydrochloric acid 0.5 kg PO4
-3-eqv./tonne DM 
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The relative contributions from production of energy carriers, timber/wood chips/chemicals, 

combustion of oil and gas, other internal processes at Borregaard and transport are quite 

similar for the analysed systems, except for the chlor alkali products (sodium hypochlorite, 

sodium hydroxice and hydrochloric acid). This was also the case for the GWP and acidification 

indicators. For the three chlor alkali products, transport to customer contributes to most of the 

eutrophication burden. This is because of the relatively low DM content, and a more 

burdensome mode of transportation (lorry is used to a larger extent, and ship to a lesser extent 

than the other products). 

Ignoring the chlor alkali products, other internal processes at the biorefinery contribute the 

most (54% - 74%) to the eutrophication potential. The second largest contributor is production 

and transport of timber, wood chips and chemicals (6% - 29%). Combustion of waste oil and 

fossil gas contribute less than 1%. Production and transport of energy carriers contributes 4% 

- 6% while transport to customer contributes 2% - 5%. 

Even if transport to customer is included, the chlor alkali products have the lowest 

eutrophication potential of the analysed products, followed by the ethanols and liquid 

lignosulfonate. As for GWP and AP, products produced “early” in the internal process chain at 

Borregaard have generally lower impacts than the more processed products. 

For all products except vanillin (which increases 5%), the eutrophication has decreased from 

2010 to the 2015 analysis. The EP has decreased between 5% and 36%, depending on the 

product (excluding the ethanols and liquid lignosulfonate due to allocation issues). The main 

reason is that the direct COD emissions have decreased (35% reduction in total). The 

eutrophication potential from other internal processes at Borregaard is dominated by COD 

emissions from the different factories at Borregaard (see Figure 9). It is the bleaching plant 

that contributes the most, followed by the ethanol plant (COD from the biological effluent plant 

has been allocated the ethanol plant).  
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Figure 9 Annual eutrophication potential, shown as LCA network, from “Other internal 

processes at Borregaard” (kg PO4
-3-eqv./year). The figure shows all process 

emissions from Borregaard that do not come from combustion processes. A 0.5% cut 

off is applied in the figure. 

 

3.4 PHOTOCHEMICAL OZONE CREATION POTENTIAL (POCP) 

Figure 10 shows the contributions to photochemical ozone creation potential in kg C2H4-

equivalents per tonne product produced and transported to the customer. The figure also 

shows the photochemical ozone creation potential divided into the different raw materials, the 

different processes at Borregaard, and transport to customer for some results. More details 

are shown in the LCA network in Figure 11 (for cellulose). 
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Figure 10 The photochemical ozone creation potential from cradle to gate for cellulose, ethanol, 

lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid 

from Borregaard (kg C2H4-eqv. per tonne DM). The contribution from transport of 

finalised product to customer (1000 km) is also shown. The “2010 rev” is the results 

from the 2010-analysis with the changed system boundaries and other methodological 

modifications. This is included for comparison. 

 

 

2010 rev 2014 2010 rev 2014 2010 rev 2014 2010 rev 2014 2010 rev 2014 2010 rev 2014 2010 rev 2014 2010 rev 2014 2010 rev 2014

1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne 1 tonne

Cellulose Ethanol (96%) Ethanol (99%) Lignin (liquid)
Lignin (powder,

mix)
Vanillin

Sodium
hypochlorite

Sodium hydroxide Hydrochloric acid

Transport of product to customer 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.07 0.07 0.04 0.03 0.03

Various 0.35 0.01 0.20 0.00 0.31 0.01 0.22 0.12 0.46 0.36 0.37 0.01 0.03 0.00 0.00 0.03 0.00

Other internal processes at the bio refinery 0.00 0.04 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00

Combustion of gas at the bio refinery 0.00 0.02 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00

Combustion of oil at the bio refinery 0.00 0.04 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00

Combustion of waste at the bio refinery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

The biorefinery's infrastructure (not included) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Production and transport of timber, wood chips and chemicals 0.00 0.16 0.00 0.10 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.01 0.01 0.00 0.01

Production and transport of energy carriers 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

kg
 C

2
H

4
-e

q
v.

Photochemical ozone creation potential
2010 and 2014



The 2015 LCA of products from the wood-based biorefinery at Borregaard, Sarpsborg.  

Results for cellulose, ethanols, lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid. 

 

© Østfoldforskning 35 

 

 

Figure 11 The photochemical ozone creation potential, shown as an LCA network, for cellulose 

from Borregaard (kg C2H4-eqv./tonne cellulose DM). The contribution from transport of 

finalised product to customer (1000 km) is also included. A 6.0% cut off is applied to 

make the figure readable (the system consist of 8028 active processes). 

 

From cradle to customer the 2015 numbers for the photochemical ozone creation potential is: 

Cellulose 0.29 kg C2H4-eqv./tonne DM 
Ethanol (96%) 0.15 kg C2H4-eqv./tonne DM 
Ethanol (99%) 0.15 kg C2H4-eqv./tonne DM 
Liquid lignosulfonate 0.13 kg C2H4-eqv./tonne DM 
Lignosulfonate powder (mix) 0.37 kg C2H4-eqv./tonne DM 
Vanillin 0.31 kg C2H4-eqv./tonne DM 
Sodium hypochlorite 0.09 kg C2H4-eqv./tonne DM 
Sodium hydroxide 0.06 kg C2H4-eqv./tonne DM 
Hydrochloric acid 0.06 kg C2H4-eqv./tonne DM 
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The relative contributions from production of energy carriers, timber/wood chips/chemicals, 

combustion of oil and gas, other internal processes at Borregaard and transport are quite 

similar for the analysed systems, except for the chlor alkali products (sodium hypochlorite, 

sodium hydroxice and hydrochloric acid). This was also the case for the previous indicators 

anaysed. For the three chlor alkali products, transport to customer contributes to most of the 

POCP burden. This is because of the relatively low DM content and a more burdensome mode 

of transportation (more use of lorry, less use of ship). 

Ignoring the chlor alkali products, production and transport of timber, wood chips and 

chemicals contribute the most (55% - 72%) to the acidification potential. The next largest 

contributors are combustion of waste oil (10% - 14%) and fossil gas (5% - 8%).  Transport to 

customer and production and transport of energy carriers both contribute 4% - 5%. 

Even if transport is included, the chlor alkali products have the lowest POCP potential of the 

analysed products, followed by liquid lignosulfonate and the ethanols. This is the same picture 

as for GWP, AP and EP. Also for POCP, products produced “early” in the internal process 

chain at Borregaard have lower impacts than the more processed products. Lignosulfonate 

powder (mix) has the highest impact among the analysed products, mostly caused by high 

chemical consumption in the last process step. 

Due to the coarse mass balance, especially significant for liquid lignosulfonate, liquid 

lignosulfonate has a lower POCP than the ethanols (see chapter 2.5.6).  

For all products, the POCP has decreased from 2010 to the 2015 analysis. The POCP has 

decreased between 10% and 22%, depending on the product (excluding the ethanols and 

liquid lignosulfonate due to allocation issues).The reason is that fuel oil has been replaced by 

natural gas, electricity and biogas for production of steam (waste oil is still used, however).  

The annual photochemical ozone creation potential from Borregaard’s “other internal 

processes” (excl. combustion) is dominated by the biological eff luent plant and the bleaching 

plant (Figure 12). 
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Figure 12 The annual photochemical ozone creation potential, shown as LCA network, 

from ’Other internal processes at Borregaard’ (kg C2H4-eqv./year). The figure 

shows all process emissions that do not come from combustion processes 

(annual values). A 0.01% cut off is applied in the figure. 

 

It should be noticed that emissions of toluene from the vanillin plant goes to water, and that 

those emissions are not included in the calculation of photochemical ozone creation potential. 

If parts of the toluene emission evaporate to air, this will quickly influence POCP.  

 

3.5 OZONE DEPLETION POTENTIAL (ODP) 

Figure 13 shows the contribution to ozone depletion in kg CFC-11-equivalents per tonne 

product produced and transported to customer. The figure also shows ODP divided into the 

different raw materials, different processes at Borregaard, and transportation to customer for 

some results. More details are displayed in the LCA network in Figure 14 (for cellulose). 
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Figure 13 The potential for ozone depletion from cradle to gate for cellulose, ethanol, 

lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid 

from Borregaard (kg CFC-11-eqv. per tonne DM). Contribution from transport of 

finalised product to customer (1000 km) is also shown. The “2010 rev” is the results 

from the 2010-analysis with the changed system boundaries and other methodological 

modifications. This is included for comparison. 
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Figure 14 The ozone depletion potential from cradle to gate, shown as an LCA network, for 

cellulose from Borregaard (kg CFC-11-eqv./tonne cellulose DM). The contribution from 

transport of finalised product to customer (1000 km) is also included. A 7.4% cut off is 

applied to make the figure readable (the system consists of 8028 active processes). 

 

From cradle to customer the 2015 numbers for the ozone depletion potential is: 

Cellulose 4.6E-05 kg CFC-11-eqv./tonne DM 
Ethanol (96%) 1.9E-05 kg CFC-11-eqv./tonne DM 
Ethanol (99%) 1.9E-05 kg CFC-11-eqv./tonne DM 
Liquid lignosulfonate 2.4E-05 kg CFC-11-eqv./tonne DM 
Lignosulfonate powder (mix) 6.5E-05 kg CFC-11-eqv./tonne DM 
Vanillin 6.4E-05 kg CFC-11-eqv./tonne DM 
Sodium hypochlorite 1.1E-04 kg CFC-11-eqv./tonne DM 
Sodium hydroxide 6.1E-05 kg CFC-11-eqv./tonne DM 
Hydrochloric acid 5.0E-05 kg CFC-11-eqv./tonne DM 

Drying machine
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The relative contributions from production of energy carriers, timber/wood chips/chemicals, 

combustion of oil and gas, other internal processes at Borregaard and transport are quite 

similar for the analysed systems, except for liquid lignosulfonate and the chlor alkali products 

(sodium hypochlorite, sodium hydroxice and hydrochloric acid). For the three chlor alkali 

products, transport to customer contributes to most of the ODP burden, and for liquid 

lignosulfonate transport is responsible for 43%. This is because of the relatively low DM content 

and for the chlor alkali products: a more burdensome mode of transportation (more use of lorry, 

less use of ship). 

Ignoring the chlor alkali products and liquid lignosulfonate, production and transport of timber, 

wood chips and chemicals contribute the most (39% - 47%) to the ODP potential. The second 

largest contributor is transport (17% - 27%), then comes combustion of fossil gas (7% - 14%). 

Production and transport of energy carriers contributes 7% to 10%. 

If transport to customer is excluded, the chlor alkali products (sodium hypochlorite, sodium 

hydroxide and hydrochloric acid) have the lowest ODP of the analysed products, followed by 

the ethanols and liquid lignosulfonate. The chlor alkali products are produced “early” in the 

process chain of Borregaard, hence they have lower impacts at the factory gate than the other 

products. Lignosulfonate powder has the highest impact at the factory gate among the 

analysed products, mostly caused by high chemical consumption in the last process step. 

For all products, the ODP has decreased from 2010 to the 2015 analysis. The ODP has 

decreased between 2% and 42%, depending on product (ethanols and liquid lignosulfonate 

are left out due to allocation issues). The reason is that fuel oil has been replaced by natural 

gas, electricity and biogas for production of steam (waste oil is still used, however).  

3.6 CUMULATIVE ENERGY DEMAND (CED) 

Cumulative energy demand (total energy use) consists of several sub-categories. Figure 15 

shows total primary energy use for production and transport to customer for the analysed 

products from Borregaard. The primary energy use is classified in the categories fossil energy, 

nuclear energy, renewable energy and energy from waste and other energy sources.   “Fossil 

energy” is energy from coal, oil (incl. waste oil), fossil gas, peat and sulphur. “Renewable 

energy” is energy from biomass/biogas, hydropower, wind, solar power, geothermal heat, 

waves and tide. The category “Energy from waste and other energy sources” includes energy 

from waste combustion/waste heat and energy without defined energy source (such as 

hydrogen).  

For the least processed products, the chlor alkali products sodium hypochlorite, sodium 

hydroxice and hydrochloric acid, fossil energy represents between 51% and 69% of the total 

primary energy use from cradle to customer. For the other products, fossil energy contributes 

to 27% - 34%. Ignoring the chlor alkali products, renewable energy represents 50% - 60%, 

nuclear energy (included in electricity mixes) 4% - 9% and waste/others 7% - 10%. 
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Figure 15 Cumulative energy demand (CED) from cradle to customer for cellulose, ethanol, 

lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid 

from Borregaard (MJ LHV per tonne DM). The burden is shown distributed on fossil 

energy, nuclear energy, renewable energy, and waste and other energy sources for 

seven of the nine products. The “2010 rev” is the results from the 2010-analysis with 

updated system boundaries and other methodological modifications. This is included 

for comparison. 

 

Because of the numerous subcategories for primary energy use, CED is not divided on 

different raw materials and processes at Borregaard like the other environmental impact 

categories. Figure 16 shows instead CED from cradle to gate at Borregaard in addition to 

transport to customer. It becomes clear that transport of the products to customer contributes 

only to a small amount for most of the products, the chlor alkali products being an exception in 

this respect. Details are displayed in the LCA network in Figure 17 (for cellulose).  
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Figure 16 The life cycle phases’ contribution to cumulative energy demand (CED) from cradle to 

gate and transport to customer for four different energy categories for cellulose, ethanol, 

vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid from Borregaard 

(MJ LHV per tonne DM). 
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Figure 17  Cumulative energy demand (CED) from cradle to gate, shown as an LCA network, for 

cellulose from Borregaard (MJ LHV/tonne cellulose DM). The contribution from 

transport of finalised product to customer (1000 km) is also included. A 6.5% cut off is 

applied to make the figure readable (the system consists of 8028 active processes). 

 

Fossil energy is closely linked to global warming potential, and the most important contributors 

to total primary energy use from fossil energy is production of timber/wood chips/chemicals 

and combustion of fossil gas at Borregaard, similar to global warming potential. The largest 

contributor to total energy use from renewable energy is production of electricity. 
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From cradle to customer the cumulative energy demand (CED) is: 

Cellulose 21,600 MJ LHV/tonne DM 
Ethanol (96%) 9,050 MJ LHV/tonne DM 
Ethanol (99%) 9,130 MJ LHV/tonne DM 
Liquid lignosulfonate 9,570 MJ LHV/tonne DM 
Lignosulfonate powder (mix) 25.700 MJ LHV/tonne DM 
Vanillin 23.300 MJ LHV/tonne DM 
Sodium hypochlorite 12,800 MJ LHV/tonne DM 
Sodium hydroxide 8.840 MJ LHV/tonne DM 
Hydrochloric acid 8.360 MJ LHV/tonne DM 

 

Hydrochloric acid has the lowest total primary energy use of the analysed products, followed 

by sodium hydroxide, the ethanols and liquid lignosulfonate.  

For all products except vanillin (which increases slightly), the CED has decreased from 2010 

to the 2015 analysis. Leaving out the ethanols and liquid lignosulfonate because of allocation 

issues, the CED has decreased between 2% and 12% depending on product. The main reason 

for this decrease is the reduced use of fossil energy, which have decreased for all products 

from 2010 to the 2015 analysis. 

3.7 WASTE 

The category waste also consists of several sub-categories. Figure 18 shows waste classified 

by treatment method; waste to material recycling, to energy recovery, to landfill, hazardous 

waste and other waste. The figure shows the amount of waste with the above mentioned 

classifications for all the analysed products from Borregaard. Waste in the category ’hazardous 

waste’ may also be sent to combustion or landfill, but is shown separately due to national 

legislations for handling of waste. ’Other waste’ is waste that has not been categorised and 

waste to incineration without energy recovery. Waste to landfill represent between 95% and 

97% of the total amount of waste from cradle to customer for the nine products.  

 

 

 

 

 



The 2015 LCA of products from the wood-based biorefinery at Borregaard, Sarpsborg.  

Results for cellulose, ethanols, lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid. 

 

© Østfoldforskning 45 

 

 

Figure 18 Waste from cradle to customer for cellulose, ethanol, lignosulfonates, vanillin, sodium 

hypochlorite, sodium hydroxide and hydrochloric acid from Borregaard (kg waste per 

tonne DM), distributed on waste to material recycling, waste to energy recovery, waste 

to landfill, hazardous waste and other waste. The “2010 rev” is the results from the 

2010-analysis with the changed system boundaries and other methodological 

modifications. This is included for comparison.  

Due to the numerous subcategories for waste, waste has not been divided between different 

raw materials and processes at Borregaard in contrast to most of the other environmental 

impact categories. Figure 19 shows instead waste from cradle to gate at Borregaard in addition 

to waste from transport to customer. It is clear that the cradle to gate waste dominates when it 

comes to waste to landfill, and due to the large amounts to landfill, the other waste categories 

are almost not visible.  

There have been no updates of the Borregaard numbers regarding waste, hence the cradle to 

gate changes are solely due to activities upstream the biorefinery. The one dominating source 

for waste to landfill is use of electricity (at Borregaard and for production of chemicals), and 

digging even deeper, we find that the landfill waste is caused by mining of coal for coal power. 

When we compare the amount of waste with the revised numbers from 2010, two of the 

products (ethanol 99% and hydrochloric acid) have less waste than in 2010 and for five of the 

products (cellulose, ethanol 96%, vanillin and sodium hypochlorite), the amount of waste has 

increased (Figure 18). The reason is that the waste results are depending on the types and 

amounts of chemicals allocated each product, and to the electricity mix in the country the 

chemicals are produced. Because most of the chemicals are modelled based on generic data, 

the waste results should not be the main focus in this analysis.  

Compared with the waste results from the original 2010 analysis (not the revised results) 

(Modahl and Vold, 2011), the numbers have decreased substantially. This is mainly because 

the Ecoinvent database for some years included waste from well drilling offshore in the waste 
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to landfill category. This affected processes associated with production of fossil energy carriers 

(oil and gas). In the first LCA of the Borregaard products, Ecoinvent did not include offshore 

well drilling waste. Hence, the waste results are now in the same order of magnitude as in the 

2007 study (Modahl, Brekke and Raadal, 2009 a, b, c). 

 

 

 

Figure 19 The life cycle phases’ contribution to waste from cradle to gate and transport to 

customer, for five waste types for cellulose, ethanol, lignosulfonates, vanillin, sodium 

hypochlorite, sodium hydroxide and hydrochloric acid from Borregaard (kg wate per 

tonne DM). 
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Figure 20 Waste  from cradle to gate, shown as an LCA network, for cellulose from Borregaard 

(kg/tonne cellulose DM). The contribution from transport of finalised product to 

customer (1000 km) is also included. 4.0 % cut off is applied to make the figure 

readable (the system consists of 8028 active processes). 

 

From cradle to customer the amount of waste is: 

Cellulose 118 kg waste/tonne DM 
Ethanol (96%) 43 kg waste/tonne DM 
Ethanol (99%) 44 kg waste/tonne DM 
Liquid lignosulfonate 50 kg waste/tonne DM 

Drying machine

Bleaching plant

Digester

Steam

Biofuel plant

Sodium

chloride

Electricity

production
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Lignosulfonate powder (mix) 168 kg waste/tonnes DM 
Vanillin 160 kg waste/tonnes DM 
Sodium hypochlorite 72 kg waste/tonnes DM 
Sodium hydroxide 69 kg waste/tonnes DM 
Hydrochloric acid 73 kg waste/tonnes DM 
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4 SUMMARY AND CONCLUSIONS 

This study has been carried out using life cycle assessment (LCA16) methodology based on 

the ISO-standards 14044/4817, for the products cellulose, ethanol (96% and 99%), 

lignosulfonates (liquid and powder mix), vanillin, sodium hypochlorite, sodium hydroxide and 

hydrochloric acid from Borregaard’s factories in Sarpsborg, Norway. The functional unit has 

been 1 tonne dry matter.   

The study is a cradle-to-gate analysis, which means that the products are followed from 

extraction of raw materials to the gate at Borregaard and that the use and disposal phases are 

not considered. Because this analysis will be used for developing EPDs18, the impact of 1000 

km transport of product to customer is also shown. The analysis has, as far as possible, 

followed the requirements in the PCR19 for ’Organic chemicals’, and deviations are specifically 

commented on. Most of the data used in this 2015 study is from 2014, and the LCA model has 

been developed in several steps from the first analysis based in 2009 (Modahl, Brekke and 

Raadal, 2009 a, b, c). The data material is provided by Borregaard. Mass and energy has been 

used for allocation of burdens inside the Borregaard factory area. The results are shown in 

Table 5.  

 

 

 

 

                                                

16 LCA = Life Cycle Assessment. See also: http://en.wikipedia.org/wiki/Life_cycle_assessment  

17 International organisation for Standardisation; http://www.iso.org/iso/iso_catalogue.htm  

ISO 14044: Environmental management -- Life cycle assessment -- Requirements and guidelines 

 ISO 14048: Environmental management -- Life cycle assessment -- Data documentation format 

18 EPD = Environmental Product Declaration. Standardised (ISO 14025) method for presentation of LCA-results. 

See also:  http://www-epd-norge.no/ (in Norwegian) and http://www.environdec.com/pageld.asp (in English). 

19 PCR = Product Category Rules. Common and harmonised calculation rules to ensure that similar procedures 

are used when creating EPDs. Groups of products usually differ in their inherent environmental performance 

requiring specific rules to the product group, so-called Product Category Rules (PCR) to be prepared.  

 

http://en.wikipedia.org/wiki/Life_cycle_assessment
http://www.iso.org/iso/iso_catalogue.htm
http://www-epd-norge.no/
http://www.environdec.com/pageld.asp
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Table 5 Environmental burdens from cradle to customer 1) for Borregaard’s products 

 
1 tonne DM3) 

 

Environmental 
impact 
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H
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Global warming 
potential 
(GWP) 

kg CO2-
eqv. 622 288 286 276 749 733 650 374 332 

Acidification 
potential (AP) 

kg SO2-
eqv. 7.1 

         

3.7  

            

3.7  

        

3.4  

             

8.9  

                 

7.4  

                 

2.5  

                 

1.5  

                 

1.5  

Eutrophication 
potential (EP) 

kg PO4
-3-

eqv. 

         

2.59  

       

1.72  

         

1.72  

      

1.70  

          

3.18  

               

2.76  

               

0.63  

               

0.44  

               

0.48  

Photochemical 
ozone creation 
potential 
(POCP) 

kg C2H4-
eqv. 

         

0.29  

       

0.15  

         

0.15  

      

0.13  

          

0.37  

               

0.31  

               

0.09  

               

0.06  

               

0.06  

Ozone 
depletion 
potential (ODP) 

kg CFC-
11-eqv. 4.6E-05 1.9E-05 1.9E-05 2.4E-05 6.5E-05 6.4E-05 1.1E-04 6.1E-05 5.0E-05 

Cumulative 
energy demand 
(CED) 

MJ LHV 21629 9059 9129 9573 25660 23321 12790 8839 8364 

Waste2) 
kg 
waste 

118 43 44 50 168 160 73 69 73 

1) Transport to customer (1000 km) is included. 
2) Solid and non-radioactive. 
3) On dry basis.  

 

 

For all the analysed environmental impact categories except ozone depletion potential, 

lignosulfonate powder (mix) has the highest burden. Ignoring the chlor alkali products (which 

in some cases have high burdens in the transport step caused by high water content), the 

ethanols or liquid lignosulfonate have the lowest burden (see Figure 21). Both ethanol 96%, 

ethanol 99% and liquid lignosulfonate are produced relatively early in Borregaard’s process 

chain, thus the environmental burdens are lower than for the other, more processed products. 

Another reason why liquid lignosulfonate has lower burdens than lignosulfonate powder, 

cellulose and vanillin is that no energy is used to remove water from the product. Liquid 

lignosulfonate is sold with 49% moisture on wet basis, which means that the water content is 

almost equally high as the content of dry matter. The other products have a moisture content 

of 7% (cellulose), 5% (lignosulfonate powder) and 0.1% (vanillin).  
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Figure 21 The environmental impact categories’ relative burden for the products analysed. The 

spider diagram is given in two version to better show the results for the products for 

which EPDs will be made (the lower spider diagram).  

 

Which life cycle phase is most significant varies depending on which impact category in focus. 

The life cycle phases’ relative burden in five of the seven environmental impact categories, for 

four of the six EPD products (the chlor alkali products are left out due to high burdens from 

transport to customer) are shown in Figure 22. The eutrophication potential stands out because 

other internal processes (mainly emissions of COD) contribute with as much as 74% of the 
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total burden. Production and transport of timber, wood chips and chemicals contribute the most 

to the other four impact categories. The second largest contributors are combustion of waste 

oil and fossil gas (except for ODP, where transport to customer is more important).   

 

Figure 22 The life cycle phases’ relative burden for five of the seven impact categories for four of 

the the EPD products (2015). 

 

Borregaard emits toluene, but because these emissions are water born they do not affect the 

photochemical ozone creation potential. If some of the toluene should evaporate, this would 
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quickly affect the photochemical ozone creation potential for all the products analysed and 

vanillin in particular.  

Borregaard also emits compounds not included in this analysis, because they do not affect the 

selected impact categories. Copper, mercury and the grouping of 

arsenic/cadmium/copper/chromium are potentially environmentally relevant, for instance 

related to toxicity. 

For most products, and for all impact categories except waste, the burdens have decreased 

from 2010 to the 2015 analysis (Figure 24). The reason is that fuel oil for production of steam 

has been replaced by less carbon intensive energy carriers like natural gas, electricity and 

biogas.  

 

 

Figure 23 The 2015 results for eight products and for six indicators, compared with the 2010 

results (relative values). The waste indicator is not included because it only displayed 

changed background data. Sodium hydroxide was not analysed in 2010, and could not 

be shown here.  

Use of energy is still important, however production and transport of raw materials is the main 

cause for the environmental burdens of Borregaard’s products. In the future, Ostfold Research 

recommend an investigation into the details of the raw materials, to get better, more specific 

and updated data.    
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APPENDIX 1: 

PROCESS MODEL, ENERGY- AND MASS BALANCE 

 

 

Confidential spreadsheet. 

Could be made available for EPD verification. 

 

Numbers marked with purple are updated from 2010 to 2015. 
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APPENDIX 2 

AGGREGATED RESULTS 

This appendix shows aggregated results for all the environmental impact categories that are 

included in the method of Ostfold Research. 

 

Confidential. For verification purposes only. 
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Global warming (GWP 100a, 
IPCC 2013) 

kg CO2 eq 
6.2E+02 2.9E+02 2.9E+02 2.8E+02 7.5E+02 7.3E+02 6.5E+02 3.7E+02 3.3E+02 

Ozone layer depletion (ODP) kg CFC-11 eq 
4.6E-05 1.9E-05 1.9E-05 2.4E-05 6.5E-05 6.4E-05 1.1E-04 6.1E-05 5.0E-05 

Photochemical oxidation 
(POCP) 

kg C2H4 eq 
2.9E-01 1.5E-01 1.5E-01 1.3E-01 3.7E-01 3.1E-01 9.3E-02 5.8E-02 5.7E-02 

Acidification kg SO2 eq 
7.1E+00 3.7E+00 3.7E+00 3.4E+00 8.9E+00 7.4E+00 2.5E+00 1.5E+00 1.5E+00 

Eutrophication kg PO4--- eq 
2.6E+00 1.7E+00 1.7E+00 1.7E+00 3.2E+00 2.8E+00 6.3E-01 4.4E-01 4.8E-01 

Abiotic depletion, 
elements/non-fossil 

kg Sb eq 
1.3E-03 5.2E-04 5.3E-04 6.8E-04 2.1E-03 1.3E-03 4.9E-04 4.9E-04 4.9E-04 

Energy coal, as energy carrier MJ LHV 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Energy oil, as energy carrier MJ LHV 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
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Energy fossile gas, as energy 
carrier 

MJ LHV 
2.6E+03 1.2E+03 1.2E+03 9.9E+02 3.1E+03 3.1E+03 6.9E+02 5.1E+02 5.4E+02 

Energy peat, as energy carrier MJ LHV 
3.3E+01 3.9E+00 4.0E+00 3.9E+00 1.0E+01 8.9E+00 3.7E+00 3.6E+00 3.6E+00 

Energy sulfur, as energy 
carrier 

MJ LHV 
2.9E-03 8.9E-04 9.0E-04 1.0E-03 2.3E-02 1.0E-02 4.9E-04 4.4E-04 4.3E-04 

Energy nuclear, as energy 
carrier 

MJ LHV 
1.4E+03 4.6E+02 4.5E+02 3.6E+02 1.2E+03 2.2E+03 4.5E+02 4.3E+02 5.8E+02 

Energy biomass, as energy 
carrier 

MJ LHV 
4.0E+03 1.8E+03 1.8E+03 1.5E+03 3.7E+03 3.3E+03 2.2E+02 2.1E+02 2.2E+02 

Energy hydropower (pond) MJ LHV 
8.2E+03 3.2E+03 3.3E+03 4.3E+03 9.9E+03 8.1E+03 3.2E+03 3.2E+03 3.2E+03 

Energy hp (river = tom) MJ LHV 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Energy wind MJ LHV 
1.0E+02 3.5E+01 3.6E+01 4.2E+01 1.1E+02 1.1E+02 3.9E+01 3.8E+01 4.1E+01 

Energy solar MJ LHV 
2.3E-01 1.1E-01 1.1E-01 7.0E-02 2.3E-01 4.9E-01 4.4E-02 2.5E-02 6.1E-02 

Energy geothermal MJ LHV 
3.2E+00 1.0E+00 1.0E+00 1.1E+00 6.5E+00 5.9E+00 6.1E+00 5.5E+00 5.5E+00 

Energy vawe MJ LHV 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Energy tide (tom) MJ LHV 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Energy waste/recovered, 
energy carrier 

MJ LHV 
2.0E+03 8.7E+02 8.7E+02 7.1E+02 2.9E+03 1.6E+03 7.4E+01 7.4E+01 7.4E+01 

Energy undefined MJ LHV 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: coal feedstock kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: oil feedstock kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res: fossile gas feedstock kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: peat feedstock (tom) kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: sulfur feedstock kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: uranium fstock (tom) kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: biomass feedstock kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: other feedstock w 
energy conte 

kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

All res.: aluminium and ore kg 

7.4E+02 7.8E+02 7.8E+02 6.0E+02 9.1E+02 3.8E+02 
-

1.2E+00 
-

1.4E+00 
-

1.2E+00 
All res.: chrom and ore kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: copper and ore kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: iron and ore kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: magnesium and ore kg 

2.5E-01 7.2E-02 7.4E-02 8.9E-02 8.9E-01 1.7E-01 6.2E-02 6.1E-02 6.2E-02 
All res.: manganese and ore kg 

1.2E-01 3.1E-02 3.2E-02 3.8E-02 1.4E-01 7.4E-02 2.5E-02 2.5E-02 2.6E-02 
All res.: nickel and ore kg 

4.7E-01 1.9E-01 2.0E-01 2.6E-01 6.8E-01 4.8E-01 1.9E-01 1.9E-01 1.9E-01 
All res.: silicone kg 

2.1E+00 8.4E-01 8.6E-01 1.0E+00 3.1E+00 2.1E+00 6.9E-01 6.9E-01 7.6E-01 
All res.: zinc and ore kg 

5.2E-08 4.4E-09 4.4E-09 3.5E-09 2.7E-08 7.5E-09 3.5E-10 3.5E-10 3.6E-10 
All res.: calcium/limestone kg 

1.3E-02 5.2E-03 5.3E-03 6.3E-03 1.9E-02 1.2E-02 4.1E-03 4.1E-03 4.4E-03 
All res.: minerals, sand, rock kg 

1.7E-01 6.8E-02 6.9E-02 8.6E-02 2.9E-01 1.7E-01 6.1E-02 6.1E-02 6.3E-02 
All res.: recycled aluminium kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: recycled copper kg 

2.8E-02 1.2E-02 1.2E-02 1.5E-02 4.6E-02 3.0E-02 1.1E-02 1.1E-02 1.1E-02 
All res.: recycled zinc (tom) kg 

8.6E+01 8.0E+01 8.0E+01 6.4E+01 1.2E+02 7.6E+01 1.8E+01 1.8E+01 1.8E+01 
All res.: recycled steel-iron kg 

2.4E+02 5.7E+01 5.8E+01 7.1E+01 2.7E+02 4.5E+02 4.7E+02 4.7E+02 4.7E+02 
All res.: recycled other metal kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: recycled paper kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: recycled other fiber kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: recycled glass kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: recycled plastics kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: recycled others kg 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
All res.: all others (-
wa/air/energy) 

kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Water res.: well m3 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
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Water res.: lake m3 
8.1E-03 1.9E-03 1.9E-03 1.8E-03 1.8E-02 1.2E-02 1.5E-03 1.3E-03 1.6E-03 

Water res.: turbine m3 
3.4E+03 1.4E+03 1.5E+03 1.7E+03 4.3E+03 4.5E+03 1.4E+03 1.4E+03 1.5E+03 

Water res.: river m3 
1.3E+00 5.0E-01 5.0E-01 4.2E-01 2.1E+00 4.0E+00 4.6E-01 3.8E-01 4.8E-01 

Water res.: cooling m3 
8.5E+00 2.4E+00 2.5E+00 2.9E+00 2.1E+01 1.2E+01 8.5E+00 7.7E+00 7.5E+00 

Water res.: process water m3 
1.1E+02 3.9E+01 3.9E+01 3.3E+01 1.3E+02 2.0E+02 4.1E+01 4.1E+01 4.1E+01 

Water res.: other types m3 
1.4E-01 6.4E-02 6.3E-02 5.4E-02 1.8E-01 2.9E-01 1.8E-01 1.0E-01 1.1E-01 

Water res.: unspecidfied m3 
1.4E+00 6.4E-01 6.4E-01 5.9E-01 1.8E+00 2.4E+00 2.1E+00 1.9E+00 1.9E+00 

Water res.: returned/released 
water 

m3 
-2.8E+03 -1.2E+03 -1.2E+03 -1.5E+03 -3.7E+03 -3.0E+03 -1.4E+03 -1.4E+03 -1.4E+03 

Waste to reuse kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste to material recycling kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste to energy recovery kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste to incineration (no 
energy recov) 

kg 
3.3E-01 1.4E-01 1.4E-01 2.1E-01 3.0E-01 6.9E-01 1.1E-01 1.1E-01 1.1E-01 

Waste to biological treatment 
(empty) 

kg 
2.0E+00 9.8E-01 9.8E-01 1.2E+00 1.5E+00 1.6E+00 6.7E-01 6.7E-01 6.7E-01 

Waste to landfill kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste, water kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste, bulk kg 
1.1E+02 4.1E+01 4.2E+01 4.8E+01 1.6E+02 1.5E+02 6.8E+01 6.5E+01 6.8E+01 

Waste, slags/ashes kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste, electronics kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste, hazardous kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Waste, radioactive, LLW, 
conditioned 

m3 
1.4E-01 1.2E-01 1.2E-01 9.3E-02 1.6E-01 8.2E-02 1.1E-03 1.1E-03 1.1E-03 

Waste, radioactive, HLW, 
conditioned 

m3 
2.2E+00 7.1E-01 7.3E-01 9.0E-01 3.6E+00 3.2E+00 3.4E+00 3.2E+00 3.2E+00 

Spent nuclear fuel, energy 
carrier 

kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

...of which uranium, energy 
carrier 

kg 
2.5E-01 2.2E-01 2.2E-01 2.0E-01 2.6E-01 2.3E-01 1.4E-01 1.4E-01 1.4E-01 

CO2 emissions (fossile) kg 
1.0E-05 3.2E-06 3.2E-06 4.7E-06 1.0E-05 1.4E-05 2.6E-05 1.5E-05 1.2E-05 

CH4 emissions kg 
1.1E-06 3.6E-07 3.6E-07 2.6E-07 9.2E-07 1.8E-06 2.7E-07 2.6E-07 4.0E-07 

N2O emissions kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

NOx emissions kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

SOx emissions kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

VOC emissions kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

CO emissions kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Dioxin emissions to air kg 
2.5E-03 8.1E-04 8.1E-04 6.4E-04 2.2E-03 3.9E-03 8.1E-04 7.6E-04 1.0E-03 

PAH emissions to air kg 
2.5E-03 8.1E-04 8.1E-04 6.4E-04 2.2E-03 3.9E-03 8.1E-04 7.6E-04 1.0E-03 

Cr, Cd, Hg and Pb to air kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Particulates kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

COD kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

N-tot kg 
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

P-tot kg 
5.8E+02 2.7E+02 2.7E+02 2.6E+02 7.0E+02 6.8E+02 6.3E+02 3.6E+02 3.2E+02 

Dioxin emissions to water kg 
9.4E-01 3.9E-01 3.9E-01 3.5E-01 1.2E+00 1.2E+00 5.0E-01 3.4E-01 3.4E-01 

PAH emissions to water kg 
3.2E-02 1.4E-02 1.4E-02 1.4E-02 3.8E-02 3.7E-02 1.9E-02 1.3E-02 1.3E-02 

VOC emissions to water kg 
1.9E+00 1.0E+00 1.0E+00 1.1E+00 2.2E+00 2.1E+00 2.8E+00 1.5E+00 1.4E+00 

Cr, Cd, Hg and Pb to water kg 
5.1E+00 2.7E+00 2.7E+00 2.4E+00 6.5E+00 5.3E+00 9.1E-01 6.2E-01 6.8E-01 
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APPENDIX 3: 

EMISSIONS AND WATER CONSUMPTION AT 

BORREGAARD  

Data supplied from Lena Ulvan (2015) and Tuva Barnholt (2010), Borregaard. 

In Norwegian. 

Confidential. For verification purposes only. 

 

 

 

 

Utslepp frå Borregaard 2014
Årsverdiar basert på oversendte døgn- og timesverdiar frå Borregaard

Vannforbruk

KOF BOF S-TS AOX Cu Toluen AUORG Hg
Na-salter 

som Na
Tot P Tot N 

SO2 

prosess

SO2 

totalt
Støv NOX CO2

tonn/år tonn/år tonn/år kg/år kg/år tonn/år t/år kg/år tonn/år kg/år kg/år tonn/år tonn/år tonn/år tonn/år tonn/år tonn/år

Opsund/Renseriet 146 36.5 73 219 548 0 0 0 0 0 211596

Kokeri 2373 876 182.5 657 3176 4.4 4.4 0 0 8498.0 3484463

Blekeri 10658 2883.5 949 98 741          14600 5950 17411 125.3 125.3 0 0 0 13090230

Etanol 8322 1095 182.5  5731 40844 11.0 11.0 0 0 0 3165146

Lignin (tørr) 986 104.03 146 1095 2190 0.9 1.8 50.8 11.4 20660 3548852 0.5

Lignin (flytende) 986 104.03 146 1095 2190 0.0 0.0 0 0 0 0 0.5

Spraytørka (tørr) 117791 Er inkl i Lignin

Spraytørka (flytende) 0 Er inkl i Lignin

Vanillin 694 146 4051.5 157 248 2154 0 0 0 0 0 4647591

Farma 1132 175.2 4 488           69 82892 0 0 0 0 0 8958793  

Kloralkali     1533 0.6 0 0 0 0 0 6644918

Biorenseanlegg   78568.0 Er direkte allokert Etanol

Biokjel   0.0 3.5 0.9 125.3 42189 380665
Utslipp til vann 

allokert til Blekeri

Barkkjel 0.0 0.0 0.0 0.0 0 54748

Barkkjel var ute av 

drift, revet mars 

2015

Fyrhus Multibrenselkjel 0.0 1.8 0.9 11.4 21151 960000
Tidl. 

oljebrenselkjeler

EGK (Energigj.vinningskjel) 0.0 16.6 0.9 23.7 36873 17024

Sum 25294.5 5420 1679 103229 4052 157 1533 0.6 14600 15064 151402 141 164 53 172 129371 45360385

Forskjell 2014-2010 -8870 1267 -219 -21471 -183 8 88 0 -73 -11143 39712 -94 -472 -27 -219 -67743

Delta 2014 -35 % 23 % -13 % -21 % -5 % 5 % 6 % 0 % -1 % -74 % 26 % -67 % -287 % -51 % -128 % ?

Delta 2010 -26 % 31 % -12 % -17 % -4 % 5 % 6 % 0 % 0 % -43 % 36 % -40 % -74 % -34 % -56 %

Rosa verdiar er endra frå 2010 Omrekningsfaktorar

Utslipp merket blått er fra forbrenning 365 døgn/år

24 timer/døgn

149 607 tonn cellulose/år

Kommentar Lena

Fabrikk

Utslipp til vann Utslipp til luft
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Utslepp frå Borregaard 2010 
Årsverdiar basert på oversendte døgn- og timesverdiar frå Borregaard

Vannforbruk

KOF BOF S-TS AOX Cu Toluen AUORG Hg
Na-salter 

som Na
Tot P Tot N 

SO2 

prosess

SO2 

totalt
Støv NOX CO2

tonn/år tonn/år tonn/år kg/år kg/år tonn/år tonn/år kg/år tonn/år kg/år kg/år tonn/år tonn/år tonn/år tonn/år tonn/år tonn/år

Opsund/Renseriet 219         16        110      -             -      0 -         -      0 110           730         0 0 0.0 0 0 211,596             

Kokeri 4,928     2,001  183      -             -      0 -         -      0 767           4,344      9.6 9.6 0.0 0 -            3,484,463         

Blekeri 12,301   1,570  1,022  124,700    0 -         -      0 1,752       13,651   54.3 54.3 0.0 0 -            13,090,230       

Etanol 8,176     259      -      -             -      0 -         -      0 438           4,015      22.8 22.8 0.0 0 -            3,165,146         

Lignin (tørr) 3,614     147      361      -             -      0 -         -      0 8,589       14,447   0.9 0.9 14.0 0 4,003       3,548,852         

Lignin (flytende) 36.5       1.2       4.4       -             -      0 -         -      0 25             117         0.0 0.9 0.0 0 4,003       -                      

Spraytørka (tørr) -         2.6       -      -             -      0 -         -      0 6                80            0.0 42.9 38.5 25 20,393     117,791             

Spraytørka (flytende) -         47        -      -             -      0 -         -      0 104           1,453      0.0 42.9 0.0 25 20,393     -                      

Vanillin 37           85        -      -             1,460  149 -         -      0 183           1,351      0 0 0.0 0 -            4,647,591         

Farma -         23        -      -             -      0 -         -      0 -            6,826      0 0 0.0 0 -                     8,958,793 

Kloralkali -      -              1,445     0.60    0 -            -          0 0 0.0 0 1                6,644,918         

Biorenseanlegg, til fellesbelastning -         -      -             0 -         -      0 -            -          148.0 148.0 0.0 0 -            

Biorenseanlegg, allokert til etanolfabrikken4,855     -      219      -             0 -         -      0 14,235     64,678   0.0 0.0 0.0 0 -            78,568               

Biokjel -         -             0 -         -      14,673     -            -          0.0 5.3 7.0 138 44,885     380,665             

Barkkjel -      -             0 -         -      -            -            -          0.0 11.7 2.6 43 -            54,748               

Fyrhus/oljekjeler -      -             0 -         -      -            -            -          0.0 297.0 18.4 161 94,544     960,000             

Sum 34,164   4,153  1,898  124,700    1,460  149         1,445     0.6       14,673     26,207     111,690 236           636      81        391      188,223   45,343,361       

Utslipp merket blått er fra forbrenning Omrekningsfaktorar

Rosa verdiar er endra frå 2007 365 døgn/år

24 timer/døgn

145,000   tonn cellulose/år

KOF, S-TS og tot-N frå biorenseanlegget skal belastast 100% til etanolfabrikken

Dette fordi det aerobe renseanlegget (trinn 2) er stengt, og det er berre etanol sine utslepp som går til renseanlegget som er i drift i dag (trinn 1).

Det er da logisk at også P-tot frå biorenseanlegget blir belasta etanolfabrikken?

Fiber As, Cd, Cu 

og Cr

Utslipp til vann Utslipp til luft

#VERDI!

Confidential 
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APPENDIX 4: 

MASSES AND TREATMENT OF WASTE FROM 

BORREGAARD  

 

Data from the 2010 analysis have been used. 
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Vareadresse

Varetekst, %kg, kg, kr, ant kg, 

fakturert kg Adresse
Material-

gjenvinning

Energi-

utnytting Deponi

Farleg 

avfall

Anna (inkl. 

forbrenning utan 

energiutnytting)

Material-

gjenvinning 

internt

Energi-

utnytting 

internt

Deponi 

internt

kg/år kg/år kg/år kg/år kg/år

171 Barkforbrenning A2060 - rene masser - blandet 1% 6 100 0 1 184 100 06 100         Bioforbrenning (bark) 6 100            

172 Barkforbrenning A2080 - gips 5% 54 200 0 54 200       Bioforbrenning (bark) 54 200          

173 Barkforbrenning A4020 - aske fra fyringsanlegg, ren 95% 1 123 800 01 123 800 Bioforbrenning (bark) 1 123 800    

1 184 100 Bioforbrenning (bark) -               -            -          -         -                        6 100            -           1 178 000    

212 27501 Cell 3 Blekeri A101 - avfall 71% 45 907 2 188 64 717 2 18845 907       Bleikeriet (Cellulosefabrikken) 45 907      

213 27501 Cell 3 Blekeri A2030 - grus 12% 7 850 0 7 850         Bleikeriet (Cellulosefabrikken) 7 850            

214 27501 Cell 3 Blekeri B3020 - treverk - blandet 9% 5 900 0 5 900         Bleikeriet (Cellulosefabrikken) 5 900       

215 27501 Cell 3 Blekeri P00403- Grp. B folie farget > 10% energi 1% 450 0450            Bleikeriet (Cellulosefabrikken) 450              

216 27501 Cell 3 Blekeri R102 - blandet kontorpapir 2% 1 055 0 1 055         Bleikeriet (Cellulosefabrikken) 1 055           

217 27501 Cell 3 Blekeri R302 - bølgepapp 5% 3 555 0 3 555         Bleikeriet (Cellulosefabrikken) 3 555           

64 717       Bleikeriet (Cellulosefabrikken) 5 060           45 907      -          -         -                        7 850            5 900       -                

121 22900 Etanolfabrikken A101 - avfall 1% 26 721 3 938 1 958 983 3 93826 721       Etanolfabrikken 26 721      

122 22900 Etanolfabrikken A2030 - grus 2% 31 250 0 31 250       Etanolfabrikken 31 250          

123 22900 Etanolfabrikken A2080 - gips 96% 1 881 490 0 1 881 490 Etanolfabrikken 1 881 490    

124 22900 Etanolfabrikken B3020 - treverk - blandet 1% 17 500 0 17 500       Etanolfabrikken 17 500     

125 22900 Etanolfabrikken P00403- Grp. B folie farget > 10% energi 0% 485 0485            Etanolfabrikken 485              

126 22900 Etanolfabrikken R102 - blandet kontorpapir 0% 245 0 245            Etanolfabrikken 245              

127 22900 Etanolfabrikken R302 - bølgepapp 0% 1 292 0 1 292         Etanolfabrikken 1 292           

1 958 983 Etanolfabrikken 2 022           26 721      -          -         -                        31 250          17 500     1 881 490    

223 30100 Melløs Kontor A101 - avfall 0% 585 0 129 785 0 585            Felles 585           

238 35000 Hovedgården A101 - avfall 10% 1 070 0 1 070         Felles 1 070        

191 27200 Forskningsbygg Syd A101 - avfall 26% 7 338 0 28 764 113 9167 338         Felles 7 338        

155 26101 C-port A101 - avfall 3% 435 0 13 965 0 435            Felles 435           

104 16500 Sentralverksted A101 - avfall 37% 26 612 0 72 820 0 26 612       Felles 26 612      

182 26900 Stjernebygg A101 - avfall 45% 5 699 0 12 770 0 5 699         Felles 5 699        

101 15300 Helseavdelingen A101 - avfall 45% 735 0 1 650 0 735            Felles 735           

164 26500 Storkontrollrom A101 - avfall 46% 19 227 0 41 575 0 19 227       Felles 19 227      

234 30103 Melløs Lagerhus A101 - avfall 6% 6 823 2 563 110 113 2 5636 823         Felles 6 823        

142 25500 Tappestasjon A101 - avfall 60% 14 796 1 313 24 803 1 31314 796       Felles 14 796      

230 30102 Melløs Spiselokale A101 - avfall 65% 5 360 0 8 273 0 5 360         Felles 5 360        

55 15100 Bilavdelingen A101 - avfall 66% 67 482 83 000 102 906 292 15267 482       Felles 67 482      

254 80001 Utleiegarderobe/AttfA101 - avfall 66% 8 084 0 12 252 0 8 084         Felles 8 084        

178 26800 HMS-avdelingen A101 - avfall 69% 3 326 0 4 791 0 3 326         Felles 3 326        

96 15200 Kantina A101 - avfall 71% 12 958 0 18 266 0 12 958       Felles 12 958      

187 27000 B-port A101 - avfall 73% 1 200 0 1 200         Felles 1 200        

111 20000 Sentrallager A101 - avfall 8% 850 0 10 461 0 850            Felles 850           

160 26400 Kontor 5 A101 - avfall 81% 7 542 3 688 9 308 3 6887 542         Felles 7 542        

52 14800 Vannverket A101 - avfall 82% 5 480 438 6 660 438 5 480         Felles 5 480        

147 25501 Poval A101 - avfall 88% 24 104 12 625 27 544 12 62524 104       Felles 24 104      

201 27201 Forskningsbygg PilotA101 - avfall 91% 7 922 0 8 691 0 7 922         Felles 7 922        

228 30101 Melløs Kjemikai A101 - avfall 92% 6 323 0 6 873 0 6 323         Felles 6 323        

174 26600 Renseanlegget A101 - avfall 94% 7 218 1 125 7 716 1 1257 218         Felles 7 218        

165 26500 Storkontrollrom A2030 - grus 26% 10 750 0 10 750       Felles 10 750          

105 16500 Sentralverksted A2035 - stein ren 5% 3 800 0 3 800         Felles 3 800            

106 16500 Sentralverksted A2060 - rene masser - blandet 23% 16 400 016 400       Felles 16 400          

224 30100 Melløs Kontor A2060 - rene masser - blandet 59% 76 450 076 450       Felles 76 450          

156 26101 C-port A2080 - gips 94% 13 150 0 13 150       Felles 13 150          

166 26500 Storkontrollrom B2010 - ren flis 4% 1 500 0 1 500         Felles 1 500       

84 15100 Bilavdelingen B3020 - treverk - blandet 100% 6 700 0 6 700 06 700         Felles 6 700       

148 25501 Poval B3020 - treverk - blandet 11% 3 050 0 3 050         Felles 3 050       

53 14800 Vannverket B3020 - treverk - blandet 17% 1 150 0 1 150         Felles 1 150       

107 16500 Sentralverksted B3020 - treverk - blandet 22% 15 800 015 800       Felles 15 800     

167 26500 Storkontrollrom B3020 - treverk - blandet 22% 9 350 0 9 350         Felles 9 350       

231 30102 Melløs Spiselokale B3020 - treverk - blandet 26% 2 150 0 2 150         Felles 2 150       

255 80001 Utleiegarderobe/AttfB3020 - treverk - blandet 31% 3 750 0 3 750         Felles 3 750       

143 25500 Tappestasjon B3020 - treverk - blandet 38% 9 450 0 9 450         Felles 9 450       

225 30100 Melløs Kontor B3020 - treverk - blandet 40% 52 500 052 500       Felles 52 500     

151 26100 Spraytørka B3020 - treverk - blandet 53% 38 700 038 700       Felles 38 700     

239 35000 Hovedgården B3020 - treverk - blandet 76% 8 360 0 10 930 08 360         Felles 8 360       

112 20000 Sentrallager B3020 - treverk - blandet 78% 8 200 0 8 200         Felles 8 200       

192 27200 Forskningsbygg Syd B3020 - treverk - blandet 8% 2 350 0 2 350         Felles 2 350       

229 30101 Melløs Kjemikai B3020 - treverk - blandet 8% 550 0 550            Felles 550           

235 30103 Melløs Lagerhus B3020 - treverk - blandet 92% 101 350 0101 350     Felles 101 350   

56 15100 Bilavdelingen D010F - personbildekk på felg 0% 30 200 30               Felles 30          

188 27000 B-port Grp. B folie farget > 10% energi 2% 30 0 1 640 030               Felles 30                

57 15100 Bilavdelingen P00403- Grp. B folie farget > 10% energi 0% 10 010               Felles 10                

161 26400 Kontor 5 P00403- Grp. B folie farget > 10% energi 0% 10 010               Felles 10                

202 27201 Forskningsbygg PilotP00403- Grp. B folie farget > 10% energi 0% 10 010               Felles 10                

168 26500 Storkontrollrom P00403- Grp. B folie farget > 10% energi 0% 103 0103            Felles 103              

108 16500 Sentralverksted P00403- Grp. B folie farget > 10% energi 0% 197 0197            Felles 197              

183 26900 Stjernebygg P00403- Grp. B folie farget > 10% energi 0% 60 060               Felles 60                

144 25500 Tappestasjon P00403- Grp. B folie farget > 10% energi 1% 127 0127            Felles 127              

97 15200 Kantina P00403- Grp. B folie farget > 10% energi 1% 132 0132            Felles 132              

193 27200 Forskningsbygg Syd P00403- Grp. B folie farget > 10% energi 1% 326 0326            Felles 326              

179 26800 HMS-avdelingen P00403- Grp. B folie farget > 10% energi 1% 45 045               Felles 45                

236 30103 Melløs Lagerhus P00403- Grp. B folie farget > 10% energi 1% 740 0740            Felles 740              

157 26101 C-port P00403- Grp. B folie farget > 10% energi 2% 230 0230            Felles 230              

113 20000 Sentrallager P00403- Grp. B folie farget > 10% energi 2% 233 0233            Felles 233              

175 26600 Renseanlegget P00403- Grp. B folie farget > 10% energi 3% 208 0208            Felles 208              

194 27200 Forskningsbygg Syd P09001- Flasker/kanner/brett (blandet) 1% 150 0150            Felles 150           

58 15100 Bilavdelingen R102 - blandet kontorpapir 0% 175 0 175            Felles 175              

54 14800 Vannverket R102 - blandet kontorpapir 0% 30 0 30               Felles 30                

226 30100 Melløs Kontor R102 - blandet kontorpapir 0% 50 0 50               Felles 50                

98 15200 Kantina R102 - blandet kontorpapir 0% 60 0 60               Felles 60                

169 26500 Storkontrollrom R102 - blandet kontorpapir 0% 90 0 90               Felles 90                

256 Utleiegarderobe/Attf R102 - blandet kontorpapir 1% 100 0 12 252 0100            Felles 100              

145 25500 Tappestasjon R102 - blandet kontorpapir 1% 140 0 140            Felles 140              

158 26101 C-port R102 - blandet kontorpapir 1% 140 0 140            Felles 140              

176 26600 Renseanlegget R102 - blandet kontorpapir 1% 50 0 50               Felles 50                

162 26400 Kontor 5 R102 - blandet kontorpapir 12% 1 105 0 1 105         Felles 1 105           

195 27200 Forskningsbygg Syd R102 - blandet kontorpapir 12% 3 495 0 3 495         Felles 3 495           

240 35000 Hovedgården R102 - blandet kontorpapir 13% 1 450 0 1 450         Felles 1 450           

180 26800 HMS-avdelingen R102 - blandet kontorpapir 15% 710 0 710            Felles 710              

203 27201 Forskningsbygg PilotR102 - blandet kontorpapir 2% 210 0 210            Felles 210              

Opp-

rinneleg 

rekkefølge

Intern avfallsbehandlingEkstern behandling
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189 27000 B-port R102 - blandet kontorpapir 24% 390 0 390            Felles 390              

184 26900 Stjernebygg R102 - blandet kontorpapir 36% 4 595 0 4 595         Felles 4 595           

109 16500 Sentralverksted R102 - blandet kontorpapir 4% 2 995 0 2 995         Felles 2 995           

102 15300 Helseavdelingen R102 - blandet kontorpapir 52% 860 0 860            Felles 860              

232 30102 Melløs Spiselokale R102 - blandet kontorpapir 7% 600 0 600            Felles 600              

114 20000 Sentrallager R102 - blandet kontorpapir 8% 880 0 880            Felles 880              

185 26900 Stjernebygg R102M - sams kontorpapir 9% 1 211 0 1 211         Felles 1 211           

159 26101 C-port R302 - bølgepapp 0% 10 0 10               Felles 10                

59 15100 Bilavdelingen R302 - bølgepapp 0% 150 0 150            Felles 150              

227 30100 Melløs Kontor R302 - bølgepapp 0% 200 0 200            Felles 200              

241 35000 Hovedgården R302 - bølgepapp 0% 50 0 50               Felles 50                

237 30103 Melløs Lagerhus R302 - bølgepapp 1% 1 200 0 1 200         Felles 1 200           

190 27000 B-port R302 - bølgepapp 1% 20 0 20               Felles 20                

146 25500 Tappestasjon R302 - bølgepapp 1% 290 0 290            Felles 290              

149 25501 Poval R302 - bølgepapp 1% 390 0 390            Felles 390              

170 26500 Storkontrollrom R302 - bølgepapp 1% 555 0 555            Felles 555              

110 16500 Sentralverksted R302 - bølgepapp 10% 7 016 0 7 016         Felles 7 016           

6 10400 IT-avdelingen R302 - bølgepapp 100% 180 0 180 0 180            Felles 180              

99 15200 Kantina R302 - bølgepapp 11% 1 936 0 1 936         Felles 1 936           

181 26800 HMS-avdelingen R302 - bølgepapp 15% 710 0 710            Felles 710              

233 30102 Melløs Spiselokale R302 - bølgepapp 2% 163 0 163            Felles 163              

177 26600 Renseanlegget R302 - bølgepapp 3% 240 0 240            Felles 240              

115 20000 Sentrallager R302 - bølgepapp 3% 298 0 298            Felles 298              

257 Utleiegarderobe/Attf R302 - bølgepapp 3% 318 0 318            Felles 318              

103 15300 Helseavdelingen R302 - bølgepapp 3% 55 0 1 650 0 55               Felles 55                

204 27201 Forskningsbygg PilotR302 - bølgepapp 6% 549 0 549            Felles 549              

163 26400 Kontor 5 R302 - bølgepapp 7% 651 0 651            Felles 651              

196 27200 Forskningsbygg Syd R302 - bølgepapp 8% 2 235 0 2 235         Felles 2 235           

186 26900 Stjernebygg R302 - bølgepapp 9% 1 205 0 1 205         Felles 1 205           

60 15100 Bilavdelingen S7011A- 7011 ref.olje, flytende - småkolli 1% 625 2 500625            Felles 625        

61 15100 Bilavdelingen S7011B- 7011 ref.olje, flytende - fat 10% 10 746 -80410 746       Felles 10 746  

85 15101 Miljøstasjon S7012A- 7012 ikke ref.olje, flytende - småkolli 2% 159 795159            Felles 159        

86 15101 Miljøstasjon S7012B- 7012 ikke ref.olje, flytende - fat 13% 1 178 3 534 8 775 127 9581 178         Felles 1 178    

197 27200 Forskningsbygg Syd S7012B- 7012 ikke ref.olje, flytende - fat 39% 11 242 33 72611 242       Felles 11 242  

62 15100 Bilavdelingen S7012B- 7012 ikke ref.olje, flytende - fat 7% 7 603 22 8097 603         Felles 7 603    

63 15100 Bilavdelingen S7012C- 7012 ikke ref.olje, flytende - IBC 4% 3 969 11 9073 969         Felles 3 969    

64 15100 Bilavdelingen S7021B- 7021 olje-/fettavf., fast - fat 0% 131 917131            Felles 131        

65 15100 Bilavdelingen S7022A- 7022 oljeforur.masse, fast - småkolli 1% 662 6 620662            Felles 662        

198 27200 Forskningsbygg Syd S7022B- 7022 oljeforur.masse, fast - fat 2% 700 5 950700            Felles 700        

87 15101 Miljøstasjon S7022B- 7022 oljeforur.masse, fast - fat 22% 1 909 15 8531 909         Felles 1 909    

66 15100 Bilavdelingen S7022B- 7022 oljeforur.masse, fast - fat 3% 3 047 25 9003 047         Felles 3 047    

67 15100 Bilavdelingen S7022C- 7022 oljeforur.masse, fast - IBC 0% 399 3 392399            Felles 399        

68 15100 Bilavdelingen S7023D- 7023 bl.drivstoff - småkolli 0% 27 24327               Felles 27          

69 15100 Bilavdelingen S7024B- 7024 oljefilter - fat 0% 236 826 102 906 292 152236            Felles 236        

70 15100 Bilavdelingen S7041A- 7041 org.løsem m/halogen, flyt.-småkolli 0% 456 11 400456            Felles 456        

88 15101 Miljøstasjon S7041A- 7041 org.løsem m/halogen, flyt.-småkolli 2% 198 4 950198            Felles 198        

71 15100 Bilavdelingen S7042A- 7042 org.løsem u/halogen, flyt.-småkolli 0% 394 3 940394            Felles 394        

89 15101 Miljøstasjon S7042A- 7042 org.løsem u/halogen, flyt.-småkolli 2% 202 2 020202            Felles 202        

72 15100 Bilavdelingen S7042B- 7042 org.løsem u/halogen, flytende - fat 1% 617 3 702617            Felles 617        

73 15100 Bilavdelingen S7042C- 7042 org.løsem u/halogen, flytende - IBC 1% 722 4 332722            Felles 722        

74 15100 Bilavdelingen S7042L- 7042 frostvæske - fat 0% 200 1 200200            Felles 200        

75 15100 Bilavdelingen S7051A- 7051 maling, småkolli 0% 211 1 583211            Felles 211        

90 15101 Miljøstasjon S7051A- 7051 maling, småkolli 1% 51 383 51               Felles 51          

91 15101 Miljøstasjon S7055A- 7055 spraybokser - småkolli 0% 3 453                 Felles 3            

76 15100 Bilavdelingen S7055A- 7055 spraybokser - småkolli 0% 54 81054               Felles 54          

77 15100 Bilavdelingen S7081J- 7081 KOF-avfall 0% 184 7 360 184            Felles 184        

78 15100 Bilavdelingen S7091A- 7091 uorganiske salter, fast - småkolli 2% 1 679 33 5801 679         Felles 1 679    

92 15101 Miljøstasjon S7091A- 7091 uorganiske salter, fast - småkolli 41% 3 621 72 4203 621         Felles 3 621    

79 15100 Bilavdelingen S7092B- 7092 blybatterier, >200kg 1% 796 -279796            Felles 796        

93 15101 Miljøstasjon S7092B- 7092 blybatterier, >200kg 10% 891 -312891            Felles 891        

80 15100 Bilavdelingen S7093A- 7093 småbatterier - småkolli 0% 77 2 69577               Felles 77          

94 15101 Miljøstasjon S7133A- 7133 rengj.midl., fast - småkolli 3% 258 3 870258            Felles 258        

199 27200 Forskningsbygg Syd S7152A- 7152 org.avf, fast - småkolli 1% 358 28 640358            Felles 358        

81 15100 Bilavdelingen S7152C- 7152 org.avf, fast - IBC 2% 1 744 26 1601 744         Felles 1 744    

82 15100 Bilavdelingen S7152J- 7152 lab.kjemikalier, usorterte-småkolli 0% 477 38 160477            Felles 477        

200 27200 Forskningsbygg Syd S7152J- 7152 lab.kjemikalier, usorterte-småkolli 2% 570 45 600570            Felles 570        

95 15101 Miljøstasjon S7152J- 7152 lab.kjemikalier, usorterte-småkolli 3% 305 24 400305            Felles 305        

100 15200 Kantina V150K - matavfall 17% 3 180 0 3 180         Felles 3 180        

83 15100 Bilavdelingen X1501 - Rull m 10 stk plastsekker - 240l (blank) 0% 3 03                 Felles 3                   

726 911     Felles 40 221         244 499   -          56 731  -                        107 400       264 910   13 150          

48 13900 Fyrhus A101 - avfall 88% 12 745 875 14 480 87512 745       Fyrhus 12 745      

49 13900 Fyrhus B3020 - treverk - blandet 8% 1 200 0 1 200         Fyrhus 1 200       

50 13900 Fyrhus R102 - blandet kontorpapir 1% 155 0 155            Fyrhus 155              

51 13900 Fyrhus R302 - bølgepapp 3% 380 380            Fyrhus 380              

14 480       Fyrhus 535              12 745      -          -         -                        -                1 200       -                

1 10200 Pharma Lager A101 - avfall 31% 2 034 0 6 538 0 2 064         Ikkje med 2 064        

7 10500 Kraftstasjon A101 - avfall 37% 5 714 0 15 532 0 5 714         Ikkje med 5 714        

12 12000 BFC 04-05 A101 - avfall 53% 31 034 813 59 008 51 23831 034       Ikkje med 31 034      

26 12002 BFC 01-02 A101 - avfall 83% 2 835 0 3 398 0 2 835         Ikkje med 2 835        

22 12001 BFC 07 A101 - avfall 84% 4 394 0 5 202 0 4 394         Ikkje med 4 394        

13 12000 BFC 04-05 A4020 - aske fra fyringsanlegg, ren 12% 7 050 07 050         Ikkje med 7 050            

14 12000 BFC 04-05 B3020 - treverk - blandet 23% 13 600 013 600       Ikkje med 13 600     

8 10500 Kraftstasjon B3020 - treverk - blandet 49% 7 650 0 7 650         Ikkje med 7 650       

2 10200 Pharma Lager B3020 - treverk - blandet 50% 3 250 0 3 250         Ikkje med 3 250       

27 12002 BFC 01-02 P00403- Grp. B folie farget > 10% energi 0% 15 015               Ikkje med 15                

23 12001 BFC 07 P00403- Grp. B folie farget > 10% energi 1% 30 030               Ikkje med 30                

15 12000 BFC 04-05 P00403- Grp. B folie farget > 10% energi 1% 640 0640            Ikkje med 640              

9 10500 Kraftstasjon P00403- Grp. B folie farget > 10% energi 1% 97 097               Ikkje med 97                

3 10200 Pharma Lager P00403- Grp. B folie farget > 10% energi 13% 827 0827            Ikkje med 827              

28 12002 BFC 01-02 R102 - blandet kontorpapir 1% 30 0 30               Ikkje med 30                

16 12000 BFC 04-05 R102 - blandet kontorpapir 1% 360 0 360            Ikkje med 360              

4 10200 Pharma Lager R102 - blandet kontorpapir 1% 70 0 70               Ikkje med 70                

10 10500 Kraftstasjon R102 - blandet kontorpapir 5% 710 0 710            Ikkje med 710              

24 12001 BFC 07 R102 - blandet kontorpapir 6% 290 0 290            Ikkje med 290              

17 12000 BFC 04-05 R102M - sams kontorpapir 1% 695 0 695            Ikkje med 695              

29 12002 BFC 01-02 R302 - bølgepapp 15% 518 0 518            Ikkje med 518              

5 10200 Pharma Lager R302 - bølgepapp 5% 357 0 357            Ikkje med 357              

18 12000 BFC 04-05 R302 - bølgepapp 7% 3 940 0 59 008 51 2383 940         Ikkje med 3 940           

11 10500 Kraftstasjon R302 - bølgepapp 9% 1 361 0 1 361         Ikkje med 1 361           
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25 12001 BFC 07 R302 - bølgepapp 9% 488 0 488            Ikkje med 488              

19 12000 BFC 04-05 S7135E- 7135 basisk org.avf., flytende-småkolli 2% 1 303 19 5451 303         Ikkje med 1 303    

20 12000 BFC 04-05 S7152A- 7152 org.avf, fast - småkolli 1% 314 25 120314            Ikkje med 314        

21 12000 BFC 04-05 S7152J- 7152 lab.kjemikalier, usorterte-småkolli 0% 72 5 76072               Ikkje med 72          

89 708       Ikkje med 10 428         46 041      -          1 689    -                        -                24 500     7 050            

116 20800 Klorfabrikken A101 - avfall 67% 13 385 1 188 20 034 1 18813 385       Kloralkalifabrikken 13 385      

117 20800 Klorfabrikken B3020 - treverk - blandet 23% 4 510 0 4 510         Kloralkalifabrikken 4 510       

118 20800 Klorfabrikken P00403- Grp. B folie farget > 10% energi 2% 417 0417            Kloralkalifabrikken 417              

119 20800 Klorfabrikken R102 - blandet kontorpapir 2% 420 0 420            Kloralkalifabrikken 420              

120 20800 Klorfabrikken R302 - bølgepapp 6% 1 302 0 20 034 1 1881 302         Kloralkalifabrikken 1 302           

20 034       Kloralkalifabrikken 2 139           13 385      -          -         -                        -                4 510       -                

40 12501 Syrehus A101 - avfall 1% 10 752 688 1 514 223 68810 752       Kokeriet 10 752      

30 12500 Kokeriet A101 - avfall 40% 52 044 11 188 129 822 11 18852 044       Kokeriet 52 044      

31 12500 Kokeriet A2030 - grus 14% 18 100 0 18 100       Kokeriet 18 100          

41 12501 Syrehus A2030 - grus 91% 1 377 500 0 1 377 500 Kokeriet 1 377 500    

32 12500 Kokeriet A2035 - stein ren 6% 8 100 0 8 100         Kokeriet 8 100            

42 12501 Syrehus A2035 - stein ren 6% 89 450 0 89 450       Kokeriet 89 450          

43 12501 Syrehus A2060 - rene masser - blandet 0% 3 900 03 900         Kokeriet 3 900            

33 12500 Kokeriet A2060 - rene masser - blandet 5% 7 050 07 050         Kokeriet 7 050            

44 12501 Syrehus A2080 - gips 2% 30 950 0 30 950       Kokeriet 30 950          

34 12500 Kokeriet A2154 - støvavfall 8% 9 750 0 9 750         Kokeriet 9 750            

35 12500 Kokeriet B2010 - ren flis 14% 17 650 0 129 822 11 18817 650       Kokeriet 17 650     

45 12501 Syrehus B3020 - treverk - blandet 0% 1 450 0 1 450         Kokeriet 1 450       

36 12500 Kokeriet B3020 - treverk - blandet 12% 15 400 015 400       Kokeriet 15 400     

37 12500 Kokeriet P00403- Grp. B folie farget > 10% energi 0% 217 0217            Kokeriet 217              

38 12500 Kokeriet R102 - blandet kontorpapir 0% 200 0 200            Kokeriet 200              

46 12501 Syrehus R102 - blandet kontorpapir 0% 80 0 80               Kokeriet 80                

47 12501 Syrehus R302 - bølgepapp 0% 141 0 141            Kokeriet 141              

39 12500 Kokeriet R302 - bølgepapp 1% 1 311 0 1 311         Kokeriet 1 311           

1 644 045 Kokeriet 1 949           62 796      -          -         -                        1 504 100    34 500     40 700          

150 26100 Spraytørka A101 - avfall 39% 28 103 1 250 72 739 1 25028 103       Ligninfabrikken (pulver og flytande) 28 103      

152 26100 Spraytørka P00403- Grp. B folie farget > 10% energi 4% 3 221 03 221         Ligninfabrikken (pulver og flytande) 3 221           

153 26100 Spraytørka R102 - blandet kontorpapir 0% 335 0 335            Ligninfabrikken (pulver og flytande) 335              

154 26100 Spraytørka R302 - bølgepapp 3% 2 380 0 72 739 1 2502 380         Ligninfabrikken (pulver og flytande) 2 380           

128 23300 Ligningfabrikken A101 - avfall 72% 20 196 5 125 27 867 5 12520 196       Ligninfabrikken (pulver og flytande) 20 196      

129 23300 Ligningfabrikken B3020 - treverk - blandet 12% 3 400 0 3 400         Ligninfabrikken (pulver og flytande) 3 400       

130 23300 Ligningfabrikken P00403- Grp. B folie farget > 10% energi 6% 1 781 01 781         Ligninfabrikken (pulver og flytande) 1 781           

131 23300 Ligningfabrikken R102 - blandet kontorpapir 5% 1 355 0 1 355         Ligninfabrikken (pulver og flytande) 1 355           

132 23300 Ligningfabrikken R302 - bølgepapp 4% 1 135 0 1 135         Ligninfabrikken (pulver og flytande) 1 135           

61 906       Ligninfabrikken (pulver og flytande) 10 207         48 299      -          -         -                        -                3 400       -                

43 % 63 143               Prodmengde Ligninfabrikken (pulver) tonn/år 4 392           20 783      -          -         -                        -                1 463       -                

57 % 83 599               Prodmengde Ligninfabrikken (flytande) tonn/år 5 815           27 516      -          -         -                        -                1 937       -                

250 40400 Opsund Målekontoret A101 - avfall 58% 2 120 0 3 629 0 2 120         Renseriet 2 120        

242 40100 Opsund Verksted A101 - avfall 81% 1 876 0 2 303 0 1 876         Renseriet 1 876        

246 40200 Opsundrenseriet A101 - avfall 89% 5 520 1 000 6 232 1 0005 520         Renseriet 5 520        

247 40200 Opsundrenseriet P00403- Grp. B folie farget > 10% energi 0% 10 010               Renseriet 10                

251 40400 Opsund Målekontoret P00403- Grp. B folie farget > 10% energi 0% 10 010               Renseriet 10                

243 40100 Opsund Verksted P00403- Grp. B folie farget > 10% energi 1% 30 030               Renseriet 30                

248 40200 Opsundrenseriet R102 - blandet kontorpapir 1% 60 0 60               Renseriet 60                

252 40400 Opsund Målekontoret R102 - blandet kontorpapir 30% 1 090 0 1 090         Renseriet 1 090           

244 40100 Opsund Verksted R102 - blandet kontorpapir 8% 180 0 180            Renseriet 180              

249 40200 Opsundrenseriet R302 - bølgepapp 10% 642 0 642            Renseriet 642              

253 40400 Opsund Målekontoret R302 - bølgepapp 11% 409 0 409            Renseriet 409              

245 40100 Opsund Verksted R302 - bølgepapp 9% 217 0 217            Renseriet 217              

12 164       Renseriet 2 648           9 516        -          -         -                        -                -           -                

205 27500 Cell Tørkemaskin A101 - avfall 19% 31 865 2 688 167 457 2 68831 865       Tørke (Cellulosefabrikken) 31 865      

218 27502 Cell 3 Lager A101 - avfall 56% 9 069 7 688 16 142 7 6889 069         Tørke (Cellulosefabrikken) 9 069        

206 27500 Cell Tørkemaskin A2080 - gips 6% 9 800 0 9 800         Tørke (Cellulosefabrikken) 9 800            

207 27500 Cell Tørkemaskin B3020 - treverk - blandet 10% 17 050 017 050       Tørke (Cellulosefabrikken) 17 050     

219 27502 Cell 3 Lager B3020 - treverk - blandet 40% 6 450 0 6 450         Tørke (Cellulosefabrikken) 6 450       

208 27500 Cell Tørkemaskin P00403- Grp. B folie farget > 10% energi 0% 702 0702            Tørke (Cellulosefabrikken) 702              

220 27502 Cell 3 Lager P00403- Grp. B folie farget > 10% energi 2% 323 0323            Tørke (Cellulosefabrikken) 323              

221 27502 Cell 3 Lager R102 - blandet kontorpapir 0% 70 0 70               Tørke (Cellulosefabrikken) 70                

209 27500 Cell Tørkemaskin R102 - blandet kontorpapir 1% 1 440 0 1 440         Tørke (Cellulosefabrikken) 1 440           

210 27500 Cell Tørkemaskin R107 - cellulose 52% 86 550 0 86 550       Tørke (Cellulosefabrikken) 86 550      

222 27502 Cell 3 Lager R302 - bølgepapp 1% 230 0 16 142 7 688 230            Tørke (Cellulosefabrikken) 230              

211 27500 Cell Tørkemaskin R302 - bølgepapp 12% 20 050 0 20 050       Tørke (Cellulosefabrikken) 20 050         

183 599     Tørke (Cellulosefabrikken) 22 815         127 484   -          -         -                        -                23 500     9 800            

138 23801 Vanillin Bunn A101 - avfall 45% 7 033 0 15 478 0 7 033         Vanillinfabrikken 7 033        

133 23800 Vanillin Topp A101 - avfall 60% 12 408 0 20 724 0 12 408       Vanillinfabrikken 12 408      

141 23801 Vanillin Bunn B3020 - treverk - blandet 100% 4 550 0 4 550 04 550         Vanillinfabrikken 4 550       

134 23800 Vanillin Topp P00403- Grp. B folie farget > 10% energi 18% 3 777 03 777         Vanillinfabrikken 3 777           

139 23801 Vanillin Bunn P00403- Grp. B folie farget > 10% energi 8% 1 171 01 171         Vanillinfabrikken 1 171           

135 23800 Vanillin Topp R102 - blandet kontorpapir 6% 1 145 0 1 145         Vanillinfabrikken 1 145           

136 23800 Vanillin Topp R302 - bølgepapp 16% 3 392 0 3 392         Vanillinfabrikken 3 392           

140 23801 Vanillin Bunn R302 - bølgepapp 47% 7 274 0 7 274         Vanillinfabrikken 7 274           

137 23800 Vanillin Topp Topp X1501 - Rull m 10 stk plastsekker - 240l (blank) 0% 2 0 20 724 02                 Vanillinfabrikken 2                   

40 752       Vanillinfabrikken 16 761         19 441      -          -         -                        -                4 550       -                

Sum totalt 6 001 399 114 785 656 834 0 58 420 0 1 656 700 384 470 3 130 190

Sum i Veoilia-rapport 6 001 369 

Avvik 0,0005 %

830 039

Fordeler etter produsert 

mengde

Sum ekstern behandling

13 %

771 881                                              

14 %

Ikkje tatt med pga Pharma, BFC, kraftstasjon

58 158                                                

Med i analysen, til ekstern behandling
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APPENDIX 5:  

HOW TO READ THE LCA NETWORK FIGURE  

The figure underneath is an illustration and has nothing to do with Borregaard. The figure 

shows the global warming potential for production of 1 kg of mineral wool (ETH-ESU 96 

database, 2007). The figures use the Norwegian decimal system. 

 

 

How to read the LCA network figure. The figure show the global warming potential for 

production of 1 kg mineral wool (ETH-ESU 96 database, 2007). 

  

Amount of coal
(from underground mine)

The global warming potential
connected to this amount of coal
(CO2-eqv. )

The raw materials for producing
mineral wool are: coal cokes, 
electricity, phenol and cement. 

The global warming potential
connected to the raw material input 
for mineral wool are:  0,082 + 0,197 + 
0,0699 + 0,315  = 0,6639 kg CO2-eqv.

The total global warming potential for producing 1 kg 
mineral wool is 1,59 kg CO2-eqv. The raw material 
contribution is 0,6639 kg CO2-eqv.  (see below). The rest 
is due to emissions in the production process itself.

The width of the arrows
illustrate the environmental
burden connected to each
process/material. 
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APPENDIX 6: 

LCA – WHAT, WHY AND HOW?  

What is a Life Cycle Assessment (LCA)? 

‘A process that evaluates the environmental burdens associated with a product system or activity.’ This 

is done by identifying and describing the energy and material uses and releases into the environment. 

An LCA includes the entire life cycle of the product, from raw material extraction, through materials 

processing, use and disposal at the end of the product's life (from ‘cradle to grave’). All transportation 

steps involved are also considered. LCA assesses the environmental impacts of the system in the areas 

of ecological systems, human health and resource depletion. Historically, it has not addressed economic 

or social effects, however methods to include also social effects are being developed. 

 

Why Life Cycle Assessments? 

Life cycle assessments give a more holistic approach to environmental aspects of products. They can 

help the producer understand much more about what environmental problems are associated with a 

product. The producer can also see where in the product life cycle the main environmental burdens 

arise. This is very useful information when deciding where to target resources for environmental 

improvements, so that the resources will be used most effectively.  

There are many more uses for LCA, including analysing the results of future changes in production, or 

raw materials suppliers etc. A short summary of the main applications is given below: 

Knowledge development 

 What are the most important environmental problems and where in the life cycle do these arise?  

 What happens to our environmental profile if we make changes in our production process? 

 

Decision support  

 Where are the most effective areas for us to target resources (personnel, technology, education) 

to improve our performance?  

 What sort of product/marketing profile do we want?  

 Which materials and suppliers should we use?  

 

Information exchange/ communication  

 Information for employees (internal stakeholders), education as well as key environmental data 

(EPIs) and environmental product information (EPDs).  

 Communication of the effects of a company's environmental improvement efforts to authorities, 

neighbours, finiancial institutions and external stakeholders (EPIs). 
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The phases of an LCA 

According to the ISO 14040 standard, life cycle assessments shall include: 

1. Goal and scope  

2. Inventory analysis  

3. Impact assessment  

4. Interpretation of results 

 

Goal and Scope 

The goal of an LCA study should 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. 

When defining the scope of an LCA study, the following items should be considered, clearly described 

and justified:  

- The functions of the product system, or, in the case of comparative studies, the systems  

- The functional unit  

- The product system to be studied  

- The product system boundaries  

- Allocation procedures  

- The types of impacts and the methodology of impact assessment and subsequent interpretation 

to be used  

- Data requirements  

- Assumptions  

- Limitations  

- The initial data quality requirements  

- The type of critical review, if any  

- The type and format of the report required for the study 

 

Functional Unit 

The functional unit represents a product's performance according to a specific user's requirements. This 

unit should reflect the product's function and life span. Here is an example of a functional unit for cement 

and concrete:  

  

1 km road, maintained and used over a 50 year lifetime 

 

 

It is important that 'used' is included, as it is nescessary to include other important aspects in the life 

cycle of the road. These are things like lighting, noise muffling, road markings etc. 

In an LCA, all mass and energy flows are normalised according to the functional unit. Therefore all 

results are usually presented for the functional unit chosen. 
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System Boundaries 

System boundaries must be defined, so that one can collect the right inventory data. When one sets 

system boundaries one defines to what level of detail the product system will be studied and which 

releases to the environment will be evaluated. It is important that decisions to omit life cycle stages, 

processes or data are clearly stated and justified.  

Available inventory data can also set limitations to data gathering (for example when only industry 

average data is available rather than site specific). Again these limitations must be clearly stated and 

taken into consideration when conclusions are drawn from the LCA study.  

In order to help define system boundaries a product tree (or a product network) is drawn. This product 

tree should include all life cycle stages and unit processes involved, including transportation. The 

functional unit is the basis for which the product tree is drawn. 

When defining the system boundaries one must be practical, otherwise the level of detail can be 

enormous. A common approach is to define cut-off criteria, for example that all components that 

contribute less than 1% of the total mass flow for the product system are not included.  

Other important system boundaries that should be clearly stated are geographical boundaries (e.g. is 

the study of a local, national, or international nature) and time (e.g. what is the reference year for which 

the data is collected). The intended application of the study, the assumptions made, cut-off criteria, data 

and cost constraints and the intended audience all affect the system boundaries. This makes it important 

that these aspects are documented clearly. 

 

Allocation procedures 

Allocation is the partitioning of the input or output flows of a unit process to the product system under 

study. Allocation is needed when a unit process in a product’s life cycle has more than one product or 

raw material, which is part of another life cycle. This means that it is not correct to allocate all 

environmental burdens from the unit process to just one of the products.  

There are several possible methods that can be used for allocation. The two methods that are most 

commonly used are mass allocation and economic allocation, but others such as volume and energy-

based allocations can be used where appropriate. 

 

Mass allocation 

Mass allocation is based on the mass flows through the 

unit process and is illustrated in the diagram above. The 

percentage (X) of a given flow (M), contributing to a given 

product (P), through a given unit (U) has been calculated. 

This same percentage (X) is then used as the percentage 

of the environmental burdens (B) arising from the unit 

which are allocated to the product (P). Thus, if a product 

uses 37% of the mass flow, it's also assigned 37% of the 

environmental burdens. 
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Economic allocation 

Economic allocation is based on the sales price of the products produced and is illustrated in the 

diagram above. Products P, Q and R are produced from 

the unit process (U). Their sales prices are p, q and r 

respectively. Product P is therefore allocated the fraction 

p/(p+q+r) of the environmental burdens (B) arising from 

the process unit. Thus, if the sales price of product Q is 

40% of the total sales price, it's assigned 40% of the 

environmental burdens. 

 

 

Assumptions  

It is important for the interpretation and use of the results from an LCA that all assumptions are clearly 

documented. The assumptions and system boundaries used affect the applicability of the results.  

The assumptions used can be tested to see whether changing these assumptions within reasonable 

intervals can change the conclusions of the study. This is known as a sensitivity analysis and enables 

the LCA practitioner to gain an understanding of the robustness of the conclusions from the particular 

study. 

 

Limitations 

There are also only a certain number of environmental burdens examined in an LCA study. This means 

that although LCA is described as a holistic approach it is also limited to the particular environmental 

burdens described in the scope definition for the study.  

LCA assesses the environmental impacts of the system in the areas of ecological systems, human 

health and resource depletion. It does not address economic, or social effects. 

 

Inventory Analysis 

Inventory analysis is the step where all material and energy flows in and out of the product life cycle are 

quantified. It involves data collection and calculation procedures to quantify the relevant inputs and 

outputs of a product system. Thus inventory analysis aims to quantify all energy and raw material 

requirements, emissions to air, discharges to water, solid waste and other releases for each process 

step of a product system.  
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All inputs and outputs to the product system are related to a functional unit, which is the basis for the 

calculations performed. For example we don't make an inventory of what emissions and resource use 

are associated with a tonne of concrete, but for the amount of concrete required for the maintenance 

and use of a 1 km stretch of road over a 50 year lifetime.  

When the inventory analysis is complete you have the life cycle inventory (LCI) data. 

 

Impact Assessment 

Different environmental problems occur as a result of the fact that we 

extract and process raw materials to produce different products. Different 

emissions contribute to different environmental problems (environmental 

impacts) in different ways.  

The impact assessment part of an LCA is where the potential impacts of a 

life cycle are assessed. The results of the inventory analysis (LCI) are used 

as the basis for this. The impact assessment is formally described as 

including the three phases shown in the figure to the left.  

 

 

 

Classification - ‘Which emissions contribute to which impact categories?’  

 

In the classification step, the different emissions and 

energy demands are assigned to different impact 

categories based on the expected kind of impacts on the 

environment. The main purpose of the activity is to 

describe which potential environmental effects the inputs 

and outputs may cause. 
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Characterisation - ‘How much do they contribute?’ 

 

In the characterisation step, the potential contributions 

from the different inputs and outputs are connected to the 

different impact categories, and the contributions to the 

same impact category are added up. Different emissions 

contribute differently to a given impact category, e.g. 

methane (CH4) contributes 21 times more to global 

warming potential than carbon dioxide (CO2). 

  

Weighting - ‘ Which impacts are most important?’ 

 

The weighting phase is an optional phase (ISO 14043, 

1999) where the results for each impact category are 

weighted into an overall quantitative statement of the 

potential environmental impact for the product system. 

 

 

 

 

Interpretation 

In this phase of an LCA one analyses results, reaches conclusions, explains limitations and makes 

recommendations. It is important that one considers carefully the goal and scope of the study during 

this phase. Interpretation of the results of an LCA must be done according to the Goal and Scope of the 

study in order to be of value in decision-making.  

A good example of this is if data gaps in the inventory phase are shown to be important for the outcome 

of the study, one recommendation would be to repeat the LCA calculations and fill in the most important 

data gaps.  
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APPENDIX 7:  

ENVIRONMENTAL IMPACT CATEGORIES AND 

POTENTIAL EFFECTS 

The table underneath gives examples of emissions and potential health and environmental 

effects for each impact category (not all of these are included in this study). Characterisation 

factors are found at the homepage of University of Leiden: http://cml.leiden.edu/software/data-

cmlia.html . Here you can find the CML-IA database, which can be downloaded free of charge 

(Universiteit Leiden, 2015). Last update: January 2015.  

 

  Impact categories Emissions (examples) Potential effects 

Global warming 

potential (GWP) 
CO2, N2O, CH4, CF4, C2F6 

Increased temperature in lower atmosphere, 

climate changes, raised sea level etc. 

Acidification 

potential 
SO2, HCl, NOx, NH3 

Fish death, forest damage, corrosion damage, 

damage to buildings. Release of heavy metals 

with impacts on animals, vegetation and health.  

Eutrophication 

potential 
NH3, COD, NOx, PO4

3- (phosphate) 
Local fouling impacts with increased growth of 

algae. Reduced biological activity.  

Photochemical ozone 

creation potential 

(POCP)  

Photochemical oxidants like VOC, 

CO, NOx and CH4 

Irritation of mucous membranes, affecting lung 

function. Damage to vegetation.  

Ozone depletion 

potential (ODP) 

CFC’s and HCFC’s (like 

tetrachloromethane and 1,1,1-

trichlororethane) 

Changes in plant growth and in molecular DNA. 

Skin cancer. 

Abiotic depletion 

potential for non 

fossil resources 

(ADPM) 

Aluminium, barium, beryllium, 

cadmium, copper, gold, indium, 

magnesium, molybdenum, platinum, 

silver, tin etc. 

No direct ecological effects, but show the 

consumption of natural resources and give 

indications of resource efficiency. 

 

Abiotic depletion 

potential for fossil 

resources (ADPE) 

Coal, natural gas, oil and sulfur. 

No direct ecological effects, but show the 

consumption of natural resources and give 

indications of resource efficiency. 

 

Human toxicity and 

eco-toxicity 

Heavy metals, aromats (like benzen, 

toluen and phenol), halogenated 

aromats (i.e.dioxins) and PAH’s 

Toxic effects for human beings and eco-systems.  

http://cml.leiden.edu/software/data-cmlia.html
http://cml.leiden.edu/software/data-cmlia.html
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Resource depletion 

potential 

 

Area consumption, energy 

consumption (cumulative energy 

demand, CED) and material 

consumption. 

No direct ecological effects, but can show the 

consumption of scarce resources and gives an 

indication of resource efficiency. 

Waste 
Hazardous waste, radioactive waste 

etc. 

No direct ecological effects, but gives an 

indication of resource efficiency. 
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APPENDIX 8: 

LCI/LCA REPORT 

For EPD verification purposes.  
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1.   INTRODUCTION/GENERAL ASPECTS 

This study has been conducted according to the requirements of ISO 14044:2006, NS-EN 

15804:2012 and ISO 14025:2006. The LCA modelling work started in February 2015. At that 

time no PCR for chemical products was available, hence the expired PCR 2011:17 v.1.1, 

published 28/6-12, http://environdec.com/en/PCR/Detail/pcr2011-17#.VWxNJUZXx7w 

(Environdec 2012) was used as proxy. Using the expired PCR was approved by EPD Norway. 

The draft version of PCR 2011:17 v.2.01 was used for verification purposes in February/March 

2016. When the updated PCR was published in May 2016, a check was done to ensure that no 

changes that could affect the content of the EPD’s had been included. 

 

2.   GOAL AND SCOPE 

2.1 GOAL OF THE STUDY 

The goal of the study has been to provide necessary data and documentation to produce EPDs 

according to the requirements of PCR 2011:17, CPC 341, version 2.01, published 02/05-16, 

and to gain insight into the environmental impacts related to production of chemical products 

from the wood-based biorefinery at Borregaard. 

An additional purpose has been to document the environmental effects of the technological 

changes that have been made regarding the steam and water effluent system at the biorefinery, 

and also to find new hotspots for further improvements. 

Results from the study will be published in an environmental product declaration type III for 

the products. A comprehensive report will also be made, where this LCI/LCA report made for 

EPD verification purposes will be attached. 

Target audiences of the study are customers and other parties with an interest in the 

environmental impacts of chemical products from the wood-based biorefinery. 

This analysis shall not support comparative assertions intended to be disclosed to the public. 

 

2.2 FUNCTIONAL UNIT AND DECLARED UNIT 

The functional unit is the unit that specifies a product’s performance with regard to a defined 

user’s demand. The functional unit relates the flow of raw materials, energy and intermediate 

products to a unit of the final product. The material and energy flow will reveal significant 

processes. In the case where the analyzed unit does not fulfill a specific function, the unit is 

called the declared unit rather than functional unit. 

 

2.2.1 Functional unit and declared unit 

The PCR states that ‘The functional unit shall be 1000 kg of packaged product ready for 

delivery. The functional unit shall be declared in the EPD. The environmental impact shall be 

given per functional unit. For products with specified application a second functional unit can 

be defined and an extended environmental declaration for that functional unit may be included 

as well.’ (PCR 2011:17, Environdec 2016).  

http://environdec.com/en/PCR/Detail/pcr2011-17#.VWxNJUZXx7w
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In this declaration the unit does not relate to the function of the product, rather to the product 

itself, irrespective of what function it will fulfill. Thus, it is called the declared unit. In 

accordance with the PCR for basic organic chemicals the declared unit of this study is 1 tonne 

DM product for cellulose, ethanols and lignosulfonates. For vanillin the declared unit is 1 kg 

DM product, however in the extended report (the main part of OR 11.15), 1 tonne DM is used 

also for vanillin, in order to be able to compare the results of all the products analysed.  

 

2.2.2 Calculation rules for averaging data 

This issue is not relevant for this declaration. 

 

2.3 SYSTEM BOUNDARIES 

2.3.1 System boundaries 

The analysis is a ‘cradle to gate’ analysis, meaning that all upstream processes and processes 

taking place at Borregaard are included. 1000 km transport of finalised product to the customer 

is included in correspondence with requirements in the PCR. For details regarding transport to 

customer; see chapter 2.4.5 in the extended report (the main part of OR 11.15).  

The analysis is based on modelling of the physical, isolated processing plants. All products are 

based on the same raw materials (timber and wood chips) and are mutually dependent on each 

other due to use of internal co-products and energy in the internal loops. The processes are 

hence very closely linked, causing a complex process model. A principle drawing of the process 

model is shown in Figure 1 in the extended report (the main part of OR 11.15). 

Infrastructure upstream and at the biorefinery itself is not included. 

More details regarding system boundaries can be found in chapter 2.3 in the extended report 

(the main part of OR 11.15).   

 

Figure 1:  Types of EPD with respect to life cycle stages covered and modules for the 

assessment 
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2.3.2 Technical flowchart 

A flowchart is given in Figure 1 in the extended report (the main part of OR 11.15). An extended 

flowchart used for modelling purposes, including all details regarding mass- and energy flows, 

could be provided upon request for verification purposes. 

 

2.3.3 Scenarios for analyses beyond cradle to gate 

No scenarios are made. However 1000 km transport of finalised product to the customer is 

included in correspondence with requirements in the PCR. 

 

2.3.4 Assumptions about electricity consumption and other relevant 

background data 

Electricity used by the biorefinery is based on Norwegian production mix according to demands 

by EPD-Norway (decision made 27.November 2013), which states that (in Norwegian): ‘For 

elektrisitetsmiksen i nasjonal nett: Du skal bruke datasett fra databasen Ecoinvent v3 (juni 

2012) for nasjonal produksjonsmiks inkludert import (lavspenning). "Energy/Electricity 

country mix/Low voltage/Market: Electricity, low voltage {«country»}| market for | Alloc Def, 

S.". ‘  

To be in line with the ‘polluter pays’ principle, and figure A3 in the ‘General Programme 

Instructions for the International EPD System’ (EPD International, 2015), the Ecoinvent 

database ‘Alloc Rec’ has been used instead of the Ecoinvent ‘Alloc Def’ database. The ‘Alloc 

Rec’ database was not available at the time of EPD-Norway’s decision. Thus, the Ecoinvent 

3.1 process ‘Electricity, low voltage {NO}| market for | Alloc Rec, S’ has been used for 

electricity used by the biorefinery. The GWP (IPCC 2013, 100a, v1.00) connected to production 

and transport of 1 kWh of this electricity mix is 25.2 g CO2-eqv. 

The electricity use in raw materials represented by generic data have not been checked and 

modified according to these requirements. Neither have the specific data for raw materials.  

Emissions from combustion of waste used for producing steam to Borregaard is allocated the 

waste generator according to Figure A3 in the general programme instructions (EPD 

International, 2015).  

 

2.3.5 Cut-off criteria for initial inclusion of inputs and outputs 

According to the PCR 2011:17, ‘Life Cycle Data for a minimum of 99% of total inflows 

regarding energy, mass and environmental relevance, to the core module shall apply.’ In this 

analysis, no data obtained has been omitted. All data and processes have been considered 

relevant, and all data attained has been analysed.  

A GWP contribution analysis can be found in Table 2 in the confidential report OR 08.09 by 

Modahl, Brekke and Raadal (2009a). 
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2.3.6 Data quality requirements 

According to the PCR 2011:17, specific data shall be used for the core module. For the upstream 

module (background data/data from suppliers), use of specific data is encouraged and preferred, 

but not mandatory. 

In this analysis, specific data from 2014 have been used for the biorefinery (core module) 

regarding energy and mass flows. For emissions from combustion processes, generic data have 

been used to get more complete data sets than the measurements performed by Borregaard were 

able to give. 

It has proven difficult to make the suppliers provide specific data, however for 5 of the 30 raw 

materials and chemicals purchased by Borregaard we were able to gather specific data from the 

suppliers. These data were given in 2010. For the rest of the background data, European generic 

data sets have been used. Ecoinvent 3.1 have been used as far as possible, however for some 

chemicals, Ecoinvent 2.2 was used due to lack of data in Ecoinvent 3.1.  

For more detailed information regarding data quality, see chapter 2.4.1 in in the extended report 

(the main part of OR 11.15). 

 

3. LIFE CYCLE INVENTORY ANALYSIS 

3.1 DATA COLLECTION PROCEDURES 

Specific data were collected by developing a questionnaire that was sent to all the suppliers by 

Borregaard. All questionnaires were addressed to a person with environmental responsibility. 

A reminder was sent to those who did not respond. In addition, the most important suppliers 

were contacted by telephone.  

For more detailed information regarding the data gathering process, see chapter 2.4.2 in in the 

extended report (the main part of OR 11.15) and Table 3 in the confidential report OR 08.09 by 

Modahl, Brekke and Raadal (2009a) (in Norwegian). 

Selection and use of generic data, including references to databases, have been described and 

justified in the previous chapter (2.3.6 Data quality requirements). 

 

3.2 QUANTITATIVE AND QUALITATIVE DESCRIPTIONS OF UNIT 

PROCESSES NECESSARY TO MODEL LIFE CYCLE STAGES OF 

THE FUNCTIONAL OR DECLARED UNIT  

Quantification of energy and material inputs and outputs for each unit process are described in 

detail in the extended flowchart used for modelling purposes. This flowchart is confidential, 

and could be provided upon request for verification purposes.   
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3.3 SOURCES OF DATA AND LITERATURE USED TO CONDUCT 

LCA 

Because suppliers and country origin of the raw materials and chemicals, and also the amounts 

used, are considered as confidential information, this is not included in this extended report. 

These details were, however, documented in an earlier stage of the Borregaard LCA project, 

and the information can be found in Appendix 3 in the confidential report OR 08.09 by Modahl, 

Brekke and Raadal (2009a) (in Norwegian).  

In Table 10 in this appendix, the name of the supplier(s) for each chemical are given, together 

with the production site, transport distance and mode of transportation from production site to 

Borregaard. The amounts of each raw material/chemical used in the different Borregaard units 

are also given, however, some of these numbers have changed slightly. The updated amounts 

are given in the confidential, extended flowchart used for modelling purposes, which is 

available for verification purposes. In the extended flowchart, green boxes represent the 

manufacturing stage (A3) and pink/orange boxes represent production of raw materials (A1).  

The data sources for each raw material/chemical are given in Table 11 in the same report and 

appendix (Appendix 3 in OR 08.09 by Modahl, Brekke and Raadal, 2009a). Here it is important 

to notice that the generic data have been updated since the confidential report was written, and 

most processes are now based on Ecoinvent 3.1 (not 1.3). The data sources for electricity and 

waste have also changed (see chapter 2.3.4). 

 

3.4 VALIDATION OF DATA 

3.4.1 Data quality assessment 

Because we put a relatively large amount of work into getting specific data in the 2010 LCA 

update, and the results showed that energy use was most important for all indicators except 

eutrophication (direct emissions was most important for this indicator), we have focused on 

energy data in this 2015 update. All energy flows at Borregaard have been updated with the 

latest numbers regarding amounts (specific data), and combustion emissions are based on the 

latest updated version of Ecoinvent (generic data). We consider this to be the best available data 

sources when it comes to technical, geographical and temporal relevance to an LCA and EPD 

documenting chemical products from a biorefinery.  

 

3.4.2 Treatment of missing data 

The threshold criteria in PCR 2011:17 have been met, since a minimum of 99% of total inflows 

regarding energy, mass and environmental relevance is included (a GWP contribution analysis 

can be found in Table 2 in OR 08.09 by Modahl, Brekke and Raadal, 2009a). 

No data obtained has been omitted, however 5 of the 30 raw materials/chemicals there existed 

no data in the LCA database. For these materials, other chemicals have been used by careful 

judgement (see Table 11 in the confidential report OR 08.09 by Modahl, Brekke and Raadal, 

2009a). 
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3.4.3 Procedures for quality insurance of data 

This LCA has been based on a model developed and refined several times since 2009. All data, 

the extended flowchart and the report have been checked by Borregaard. In addition, a revised 

version of the 2010 results (with the same system boundaries as in 2015) have been made to be 

able to compare with the updated results. All changes have been analysed and found logical 

according to physical changes made by the biorefinery.  

 

3.5 ALLOCATION PRINCIPLES AND PROCEDURES 

3.5.1 Documentation and justification of allocation procedures 

The LCA has as far as possible avoided allocation by analyzing and modelling the processes at 

Borregaard at a detailed level.  

The PCR requirements and the allocation procedures used in this LCA have been detailed 

described in chapter 2.5 of the extended report (the main part of OR 11.15). 

 

3.5.2 Uniform application of allocation procedures 

Mass allocation has been used for distribution of environmental loads at the production units 

internally at Borregaard. 

 

4. LIFE CYCLE IMPACT ASSESSMENT 

4.1 LCIA PROCEDURES, CALCULATIONS AND RESULTS OF THE 

STUDY 

The main results for the LCA of chemicals from the Borregaard biorefinery are given in Table 5 

in the extended report (the main part of OR 11.15). Spider web diagrams comparing the 

different products and life cycle phases are given in Figure 21 and 22, respectively. Detailed 

results for each product and each impact category are given in chapter 3 in the extended report.  

Some of the results in the EPD are not given in the main report, and they are reported here 

(Table 1-13). 

Table 1-6: Environmental impacts 

 

GWP Global warming potential; ODP Depletion potential of the stratospheric ozone layer; 
POCP Formation potential of tropospheric photochemical oxidants; AP Acidification potential of 
land and water; EP Eutrophication potential; ADPM Abiotic depletion potential for non fossil 
resources; ADPE Abiotic depletion potential for fossil resources 
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Table 1  Environmental impacts due to the production of 1000 kg DM cellulose. 

Environmental impact Cellulose 
Parameter Unit A1-A3 A4 A1-A4 

GWP kg CO2 -eqv 5.56E+02 6.63E+01 6.22E+02 

ODP kg CFC11-eqv 3.34E-05 1.22E-05 4.56E-05 

POCP kg C2H4 -eqv 2.75E-01 1.21E-02 2.88E-01 

AP kg SO2 -eqv 6.75E+00 3.49E-01 7.10E+00 

EP kg PO4
3--eqv 2.53E+00 5.67E-02 2.59E+00 

ADPM kg Sb-eqv 1.28E-03 1.60E-07 1.28E-03 

ADPE MJ 4.99E+03 9.35E+02 5.92E+03 

 

Table 2  Environmental impacts due to the production of 1000 kg DM anhydrous 

ethanol (99.9%). 

Environmental impact Anhydrous ethanol (99.9%) 

Parameter Unit A1-A3 A4 A1-A4 

GWP kg CO2 -eqv 2.54E+02 3.36E+01 2.88E+02 

ODP kg CFC11-eqv 1.54E-05 3.31E-06 1.87E-05 

POCP kg C2H4 -eqv 1.42E-01 6.65E-03 1.49E-01 

AP kg SO2 -eqv 3.54E+00 2.01E-01 3.74E+00 

EP kg PO4
3--eqv 1.64E+00 8.28E-02 1.72E+00 

ADPM kg Sb-eqv 5.19E-04 4.52E-07 5.19E-04 

ADPE MJ 2.25E+03 4.31E+02 2.68E+03 

 

 

Table 3  Environmental impacts due to the production of 1000 kg DM hydrous ethanol 

(95.8%). 

Environmental impact Hydrous ethanol (95.8%)  

Parameter Unit A1-A3 A4 A1-A4 

GWP kg CO2 -eqv 2.55E+02 3.18E+01 2.86E+02 

ODP kg CFC11-eqv 1.54E-05 3.10E-06 1.85E-05 

POCP kg C2H4 -eqv 1.42E-01 6.17E-03 1.49E-01 

AP kg SO2 -eqv 3.54E+00 1.84E-01 3.72E+00 

EP kg PO4
3--eqv 1.64E+00 7.88E-02 1.72E+00 

ADPM kg Sb-eqv 5.33E-04 4.34E-07 5.33E-04 

ADPE MJ 2.25E+03 4.08E+02 2.66E+03 
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Table 4  Environmental impacts due to the production of 1000 kg DM liquid 

lignosulfonate. 

Environmental impact Liquid lignosulfonate  
Parameter Unit A1-A3 A4 A1-A4 

GWP kg CO2 -eqv 2.18E+02 5.76E+01 2.76E+02 

ODP kg CFC11-eqv 1.35E-05 1.04E-05 2.39E-05 

POCP kg C2H4 -eqv 1.17E-01 1.70E-02 1.34E-01 

AP kg SO2 -eqv 2.88E+00 5.13E-01 3.39E+00 

EP kg PO4
3--eqv 1.64E+00 6.67E-02 1.70E+00 

ADPM kg Sb-eqv 6.77E-04 1.59E-07 6.77E-04 

ADPE MJ 1.94E+03 8.10E+02 2.75E+03 

 

Table 5  Environmental impacts due to the production of 1000 kg DM lignosulfonate 

powder. 

Environmental impact Lignosulfonate powder 

Parameter Unit A1-A3 A4 A1-A4 

GWP kg CO2 -eqv 6.92E+02 5.66E+01 7.49E+02 

ODP kg CFC11-eqv 5.48E-05 1.05E-05 6.53E-05 

POCP kg C2H4 -eqv 3.61E-01 1.14E-02 3.72E-01 

AP kg SO2 -eqv 8.59E+00 3.31E-01 8.92E+00 

EP kg PO4
3--eqv 3.13E+00 4.78E-02 3.18E+00 

ADPM kg Sb-eqv 2.06E-03 1.16E-07 2.06E-03 

ADPE MJ 7.04E+03 8.02E+02 7.84E+03 

 

Table 6  Environmental impacts due to the production of 1 kg DM vanillin. 

Environmental impact Vanillin 
Parameter Unit A1-A3 A4 A1-A4 

GWP kg CO2 -eqv 6.58E-01 7.49E-02 7.33E-01 

ODP kg CFC11-eqv 4.99E-08 1.38E-08 6.37E-08 

POCP kg C2H4 -eqv 3.01E-04 1.28E-05 3.14E-04 

AP kg SO2 -eqv 7.06E-03 3.62E-04 7.43E-03 

EP kg PO4
3--eqv 2.70E-03 5.92E-05 2.76E-03 

ADPM kg Sb-eqv 1.30E-06 1.57E-09 1.30E-06 

ADPE MJ 6.99E+00 1.06E+00 8.04E+00 
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Table 7-12: Resource use 

 

RPEE Renewable primary energy resources used as energy carrier; RPEM 
Renewable primary energy resources used as raw materials; TPE Total use of 
renewable primary energy resources; NRPE Non renewable primary energy 
resources used as energy carrier; NRPM Non renewable primary energy 
resources used as materials; TRPE Total use of non renewable primary energy 
resources; SM Use of secondary materials; RSF Use of renewable secondary 
fuels; NRSF Use of non renewable secondary fuels; GW Use of ground water; SW 
Use of surface water; RW Use of river water; OW Use of other water; W Net use of 
fresh water 

 

 

Table 7  Resource use due to the production of 1000 kg DM cellulose. 

Resource use Cellulose 
Parameter Unit A1-A3 A4 A1-A4 

RPEE MJ 1.23E+04 3.85E+00 1.23E+04 

RPEM MJ 1.25E+04 7.82E-01 1.25E+04 

TPE MJ 2.48E+04 4.63E+00 2.48E+04 

NRPE MJ 6.38E+03 9.50E+02 7.33E+03 

NRPM MJ 0.00E+00 0.00E+00 0.00E+00 

TRPE MJ 6.38E+03 9.50E+02 7.33E+03 

SM kg 0.00E+00 0.00E+00 0.00E+00 

RSF MJ 0.00E+00 0.00E+00 0.00E+00 

NRSF MJ 1.98E+03 0.00E+00 1.98E+03 

GW m3 2.50E-01 3.14E-03 2.53E-01 

SW m3 8.00E-03 5.78E-05 8.05E-03 

RW m3 1.32E+00 2.66E-02 1.34E+00 

OW* m3 1.10E+02 5.40E-02 1.10E+02 

W m3 1.12E+02 8.39E-02 1.12E+02 

* >99% of A1-A3 for "other water" is direct water use by core process. 
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Table 8  Resource use due to the production of 1000 kg DM anhydrous ethanol (99.9%). 

Resource use Anhydrous ethanol (99.9%)  

Parameter Unit A1-A3 A4 A1-A4 

RPEE MJ 5.12E+03 2.32E+01 5.14E+03 

RPEM MJ 1.32E+04 3.16E+00 1.32E+04 

TPE MJ 1.83E+04 2.64E+01 1.84E+04 

NRPE MJ 2.56E+03 5.51E+02 3.11E+03 

NRPM MJ 0.00E+00 0.00E+00 0.00E+00 

TRPE MJ 2.56E+03 5.51E+02 3.11E+03 

SM kg 0.00E+00 0.00E+00 0.00E+00 

RSF MJ 0.00E+00 0.00E+00 0.00E+00 

NRSF MJ 8.75E+02 0.00E+00 8.75E+02 

GW m3 9.52E-02 2.65E-02 1.22E-01 

SW m3 1.67E-03 2.25E-04 1.89E-03 

RW m3 3.79E-01 1.16E-01 4.95E-01 

OW* m3 4.01E+01 3.23E-02 4.02E+01 

W m3 4.06E+01 1.75E-01 4.08E+01 

* >99% of A1-A3 for "other water" is direct water use by core process. 

Table 9  Resource use due to the production of 1000 kg DM hydrous ethanol (95.8%). 

Resource use Hydrous ethanol (95.8%) 

Parameter Unit A1-A3 A4 A1-A4 

RPEE MJ 5.03E+03 2.42E+01 5.05E+03 

RPEM MJ 1.32E+04 3.30E+00 1.32E+04 

TPE MJ 1.83E+04 2.74E+01 1.83E+04 

NRPE MJ 2.55E+03 5.80E+02 3.13E+03 

NRPM MJ 0.00E+00 0.00E+00 0.00E+00 

TRPE MJ 2.55E+03 5.80E+02 3.13E+03 

SM kg 0.00E+00 0.00E+00 0.00E+00 

RSF MJ 0.00E+00 0.00E+00 0.00E+00 

NRSF MJ 8.75E+02 0.00E+00 8.75E+02 

GW m3 9.49E-02 2.76E-02 1.22E-01 

SW m3 1.65E-03 2.35E-04 1.89E-03 

RW m3 3.77E-01 1.21E-01 4.98E-01 

OW* m3 4.01E+01 3.40E-02 4.02E+01 

W m3 4.06E+01 1.83E-01 4.08E+01 

* >99% of A1-A3 for "other water" is direct water use by core process. 



The 2015 LCA of products from the wood-based biorefinery at Borregaard, Sarpsborg.  

Results for cellulose, ethanols, lignosulfonates, vanillin, sodium hypochlorite, sodium hydroxide and hydrochloric acid. 

 

© Østfoldforskning 88 

 

 

Table 10  Resource use due to the production of 1000 kg DM liquid lignosulfonate. 

Resource use Liquid lignosulfonate 

Parameter Unit A1-A3 A4 A1-A4 

RPEE MJ 5.75E+03 4.59E+00 5.76E+03 

RPEM MJ 1.01E+04 8.19E-01 1.01E+04 

TPE MJ 1.58E+04 5.41E+00 1.58E+04 

NRPE MJ 2.27E+03 8.31E+02 3.10E+03 

NRPM MJ 0.00E+00 0.00E+00 0.00E+00 

TRPE MJ 2.27E+03 8.31E+02 3.10E+03 

SM kg 0.00E+00 0.00E+00 0.00E+00 

RSF MJ 0.00E+00 0.00E+00 0.00E+00 

NRSF MJ 7.11E+02 0.00E+00 7.11E+02 

GW m3 9.66E-02 4.31E-03 1.01E-01 

SW m3 1.76E-03 6.60E-05 1.83E-03 

RW m3 3.90E-01 2.94E-02 4.19E-01 

OW* m3 3.36E+01 4.73E-02 3.37E+01 

W m3 3.41E+01 8.11E-02 3.42E+01 

* >99% of A1-A3 for "other water" is direct water use by core process. 

Table 11  Resource use due to the production of 1000 kg DM lignosulfonate powder. 

Resource use Lignosulfonate powder 

Parameter Unit A1-A3 A4 A1-A4 

RPEE MJ 1.37E+04 2.09E+00 1.37E+04 

RPEM MJ 1.53E+04 5.08E-01 1.53E+04 

TPE MJ 2.90E+04 2.59E+00 2.90E+04 

NRPE MJ 8.25E+03 8.07E+02 9.06E+03 

NRPM MJ 0.00E+00 0.00E+00 0.00E+00 

TRPE MJ 8.25E+03 8.07E+02 9.06E+03 

SM kg 0.00E+00 0.00E+00 0.00E+00 

RSF MJ 0.00E+00 0.00E+00 0.00E+00 

NRSF MJ 2.88E+03 0.00E+00 2.88E+03 

GW m3 6.25E-01 1.30E-03 6.27E-01 

SW m3 1.82E-02 3.90E-05 1.82E-02 

RW m3 2.13E+00 1.70E-02 2.15E+00 

OW* m3 1.35E+02 4.58E-02 1.35E+02 

W m3 1.38E+02 6.41E-02 1.38E+02 

* >99% of A1-A3 for "other water" is direct water use by core process. 
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Table 12  Resource use due to the production of 1 kg DM vanillin. 

Resource use Vanillin 
Parameter Unit A1-A3 A4 A1-A4 

RPEE MJ 1.15E+01 4.31E-03 1.15E+01 

RPEM MJ 6.43E+00 8.45E-04 6.43E+00 

TPE MJ 1.80E+01 5.15E-03 1.80E+01 

NRPE MJ 9.16E+00 1.07E+00 1.02E+01 

NRPM MJ 0.00E+00 0.00E+00 0.00E+00 

TRPE MJ 9.16E+00 1.07E+00 1.02E+01 

SM kg 0.00E+00 0.00E+00 0.00E+00 

RSF MJ 0.00E+00 0.00E+00 0.00E+00 

NRSF MJ 1.55E+00 0.00E+00 1.55E+00 

GW m3 1.23E-03 2.75E-06 1.23E-03 

SW m3 1.18E-05 7.19E-08 1.19E-05 

RW m3 4.00E-03 2.57E-05 4.03E-03 

OW* m3 2.07E-01 6.14E-05 2.07E-01 

W m3 2.12E-01 8.99E-05 2.13E-01 

* >99% of A1-A3 for "other water" is direct water use by core process. 
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Table 13  Low-level and hig-level radioactive waste disposed due to the production of 

1000 kg DM cellulose, anhydrous ethanol, hydrous ethanol, liquid and powder 

lignosulfonate, and 1 kg DM vanillin. The results are given in volume and not 

weight. 

End of life - Radioactive waste 
Product Parameter Unit A1-A3 A4 A1-A4 

Cellulose 

Waste, radioactive, LLW, 
conditioned m3 7.4E-06 2.8E-06 1.0E-05 

Waste, radioactive, HLW, 
conditioned m3 1.1E-06 1.2E-08 1.1E-06 

Anhydrous ethanol 99.9% 

Waste, radioactive, LLW, 
conditioned m3 2.3E-06 8.3E-07 3.2E-06 

Waste, radioactive, HLW, 
conditioned m3 2.3E-07 1.3E-07 3.6E-07 

Hydrous ethanol (95,8%) 

Waste, radioactive, LLW, 
conditioned m3 2.3E-06 8.9E-07 3.2E-06 

Waste, radioactive, HLW, 
conditioned m3 2.3E-07 1.4E-07 3.6E-07 

Liquid lignosulfonate 

Waste, radioactive, LLW, 
conditioned m3 2.3E-06 2.4E-06 4.7E-06 

Waste, radioactive, HLW, 
conditioned m3 2.4E-07 1.8E-08 2.6E-07 

Lignosulfonate powder 

Waste, radioactive, LLW, 
conditioned m3 7.9E-06 2.4E-06 1.0E-05 

Waste, radioactive, HLW, 
conditioned m3 9.2E-07 3.2E-09 9.2E-07 

Vanillin 

Waste, radioactive, LLW, 
conditioned m3 1.1E-08 3.1E-09 1.4E-08 

Waste, radioactive, HLW, 
conditioned m3 1.8E-09 6.7E-12 1.8E-09 

 

4.2 RELATIONSHIP OF THE LCIA RESULTS TO THE LCI 

RESULTS 

The results have been commented and described in Chapter 4, ‘Summary and conclusions’, in 

the extended report (the main part of OR 11.15). 

 

4.3 CHARACTERIZATION MODELS, FACTORS AND METHODS 

The results have been obtained using SimaPro Developer multi user software version 8.0.5 

together with the Ecoinvent database version 3.1. The impact assessment methods used in this 

study are based on CML-IA baseline v3.00 (April 2013, v4.2), hence they are in accordance 

with the EN 15804:2012+A1 (October 2013) for acidification, eutrophication, ODP, POCP, 

and ADP elements, non-fossil. ADP fossil fuels is NOT in accordance with EN 15804, as 

Ostfold Research has extended the CML-IA baseline method with additional fossil fuel 

substances and values to make the list of fossil fuels complete. GWP is updated to the IPCC 

2013 version.  
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The impact assessment methods, units and comments are given in Table 1 (chapter 1 

‘Methodology’) in the extended report (the main part of OR 11.15). 

The estimated impact results are only relative statements that do not indicate the end points of 

the impact categories, exceeding threshold values, safety margins or risks. 

 

4.4 Value based choices related to decisions regarding 

characterization models, factors and methods 

There has not been made any value choices regarding impact categories. The impact categories 

were given in the PCR 2011:17, and the characterization factors are included in the methods 

used. 

 

5. LIFE CYCLE INTERPRETATION 

5.1 INTERPRETATION OF RESULTS 

For all the analyzed environmental impact categories except ozone depletion potential (and 

waste), lignosulfonate powder (mix) has the highest burden. Ignoring the chlor alkali products 

(which in some cases have high burdens in the transport step caused by high water content), the 

ethanols or liquid lignosulfonate have the lowest burden. Both ethanol 96%, ethanol 99% and 

liquid lignosulfonate are produced relatively early in Borregaard’s process chain, thus, the 

environmental burdens are lower than for the other, more processed products. Another reason 

why liquid lignosulfonate has lower burdens than the lignosulfonate powder (mix), cellulose 

and vanillin is that no energy is used to remove water from the product.  

Which life cycle phase is most significant varies depending on which impact category in focus. 

The eutrophication potential stands out because other internal processes (mainly emissions of 

COD) contribute with as much as 82% of the total burden. Production and transport of timber, 

wood chips and chemicals contribute the most to the other four impact categories. The second 

largest contributors are combustion of waste oil and fossil gas. 

For most products, and for all impact categories except waste, the burdens have decreased from 

2010 (revised results) to the 2015 analysis. The reason is that fuel oil for production of steam 

has been replaced by less carbon intensive energy carriers like natural gas, electricity and 

biogas. Note that the 2010 results in this extended report are revised results, and not the same 

as the EPD results from 2010/2011. Because we use another PCR this time, the system 

boundaries and also some other methodological choices have changed. Thus, a comparison with 

the previous EPD results would have given biased conclusions regarding the improvements at 

Borregaard. Details about the Borregaard model update, both physical and methodological, are 

given in Chapter 1.1, ‘Background’, in the extended report (the main part of OR 11.15).  

Use of energy is still important. However, production and transport of raw materials is now the 

main cause for the environmental burdens of Borregaard’s products. In the future, Ostfold 

Research recommend an investigation into the details of the raw materials, to get better, more 

specific and updated data.    

More details are given in Chapter 4, ‘Summary and conclusions’, in the extended report (the 

main part of OR 11.15). 
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5.2 ASSUMPTIONS AND LIMITATIONS ASSOCIATED WITH THE 

INTERPRETATION 

Borregaard emits toluene, but because these emissions are water born, they do not affect the 

photochemical ozone creation potential. If some of the toluene should evaporate, this would 

quickly affect the photochemical ozone creation potential for all the products analyzed and 

vanillin in particular.  

Borregaard also emits compounds not included in this analysis, because they do not affect the 

selected impact categories. Copper, mercury and the grouping of 

arsenic/cadmium/copper/chromium are potentially environmentally relevant, for instance 

related to toxicity. 

 

5.3 DATA QUALITY ASSESSMENT 

Because this LCA model has been developed and refined several times since 2009, and the 

main data according to the 2010 analysis (energy use) have been updated, we regard this 

analysis to be of high quality. We see now, however, that better performance regarding energy 

use have made data quality for raw materials and chemicals relatively more important, and we 

recommend an update of these in a future development of the Borregaard LCA model.  

 

5.4 VALUE BASED CHOICES, RATIONALES AND JUDGEMENTS 

In the ethanol plant, the distribution of burdens between ethanol 96% and 99% due to the steam 

reformer has been changed since the 2010 analysis. This has led to a slightly overestimation of 

burdens for ethanol 96% and a corresponding underestimation of burdens for ethanol 99%. 

Even if this leads to the two ethanols having almost equal burdens, Borregaard finds this more 

correct than the 2010 distribution of burdens.  

 

6. CRITICAL REVIEW 
A critical review has not been performed. 

 

6.1 NAME AND AFFILIATION OF REVIEWERS 

Not relevant. 
 

6.2 REPORTS FROM CRITICAL REVIEW 

Not relevant. 

 

6.3 RESPONSES TO RECOMMENDATIONS 

Not relevant. 
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7. REFERENCES 
See Chapter 5 in the extended report (the main part of OR 11.15). 

 

8. APPENDICES 
 

APPENDIX 1: PCR 

Will be printed and given to the verificator. 

 

APPENDIX 2: EPD 

Will be printed and given to the verificator. 

 

APPENDIX 3: MASS BALANCE 

Will be printed and given to the verificator. 

 

APPENDIX 4: REPORTS FROM CRITICAL REVIEW 

Not relevant. 
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