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Abstract 
Industrialised and developing countries face an urgent challenge to decouple economic growth and 

greenhouse gas emissions. The aim of this study is to investigate where the largest potentials are to 

the Swedish industry decrease greenhouse gas emissions without increasing their costs. To limit the 

scope of the study is made by assessing the 10 largest categories of production by value sold in 

Sweden. The objectives are to investigate: (a) which the 10 largest categories are; (b) how much the 

productions of the products in the categories emit and where in the production those emissions 

come from; and (c) if policies or other actions can help lowering the amount emitted. For (a) 

statistics from Eurostat is used, for (b) an EIO-LCA database is used for most cases, but forestry is 

done with the help of a report on Swedish forestry emissions, while (c) is done by a literature review 

regarding the industries included in the study. The top 10 categories by value sold is: (1) Vehicle 

compression-ignition internal combustion piston engines; (2) Chemical wood pulp, soda or sulphate, 

other than dissolving grades; (3) Coniferous wood; (4) Pine wood; (5) Parts and accessories of 

bodies; (6) Bodies for motor vehicles including completely equipped and incomplete bodies; (7) 

Drive-axles with differential, non-driving axles and their parts; (8) Spruce wood and fir wood; (9) 

Prefabricated buildings of wood; And (10) Other parts and accessories for vehicles. Results show that 

chemical wood pulp had the largest emissions both per value produced and total. Additionally, 

chemical wood pulp is the category where the most clear cut improvements can be done. Besides, it 

is found that improvement possibilities exist for forestry and motor vehicle parts production, while 

prefabricated buildings of wood are very sustainable compared to other building methods. 

Suggestions are also made for policies that could decrease greenhouse gas emissions from chemical 

wood pulp and forestry. A suggestion for further investigation is to assess whether those would be 

better than improving existing broad policies in Sweden.  
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Introduction 
Currently, there is a scientific consensus that humans are contributing to the warming of Earth by 

the emission of greenhouse gases (GHG) (IPCC, 2013). Economic growth and population growth 

combined mean that humans now do not only affect smaller ecosystems but also the globe in itself 

(IPCC, 2013). The fact that climate change is coupled with economic growth creates complex 

problems, as economic growth is something humans strive for to decrease poverty and increase 

quality of life in general (Rosales, 2008). As a result of the positive effects of economic growth a 

relevant challenge is to reduce human contribution to climate change and reach a sustainable 

development is to try to decouple environmental effects and economic growth. Economic growth is 

dependent on working ecosystems, and is necessary for decreasing social problems, but it is also at 

the same time changing the global ecosystem (Rosales, 2008). With that background the intention of 

this project is to look at how Sweden can become more sustainable by reducing its GHG emissions in 

an economically efficient way. This will be done in three steps which can be read in the Aim and 

objectives section 

Aim and objectives 
The aim of this study is to investigate where the largest potentials are to the Swedish industry 

decrease greenhouse gas emissions without increasing their costs. In order to achieve this aim, the 

objectives are set as: 

a. Find the 10 production categories with the most economical value for Sweden. 

b. Find the GHG emissions and GHG emission intensity from said categories and their origin. 

c. Propose solutions to lessen the GHG emissions from those of said categories where 

reduction should be achievable. 

Definitions and key concepts 
There are also some key concepts that need to be introduced, starting off with Global-warming 

potential and Carbon dioxide equivalents. When investigating emissions of GHG, such as carbon 

dioxide, methane, nitrous oxide, hydrofluorocarbon and chlorofluorocarbon, the important part is 

their Global-warming potential (GWP) (IPCC, 2013). GWP is a measure of how much heat the gas 

traps in the atmosphere over a given timeframe (IPCC, 2013). In this report, the standard timeframe 

of 100 years will be used. The actual unit used when measuring the GWP is carbon dioxide 

equivalents (CO2e) which relates every other GHG’s GWP to carbon dioxide over the chosen time 

horizon. 

Next key concept is life cycle assessment. A life cycle assessment (LCA) is used to measure the 

environmental impact of a product over its entire lifecycle, including material extraction, 

manufacturing, use and disposal (Joshi, 1999). This is often nicknamed “cradle to grave”. However in 

this study the LCAs used will be so called “cradle to gate” LCAs. This includes everything up until the 

product is sold, but nothing thereafter. This is used because this report will focus on production 

emissions, and not emissions from usage of products. 

Moreover in this paper Economic Input-Output (EIO) LCAs are used. EIO-LCAs use the already well-

established economic tool of Input-Output analysis which maps different industries dependency on 

each other, and then it adds knowledge of average emission intensity of different industries to get 

an estimate of total emission economic activity from one industry (Joshi, 1999). As an example, 

railway production is dependent on iron mining or recycling to build the railway. Therefore an EIO-

LCA for the railway production assesses how much economic activity the railway production gives to 

the iron mining or recycling industry, and adds the emissions from that as well as from other 
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industries affected by railway production, to the emission from the actual railway production to give 

an estimated emission total. EIO-LCAs have the advantage of creating a possibility to get estimated 

total emissions for a product simply from putting numbers in a database instead of having to do 

complete LCAs for every single product, with the disadvantage of being less accurate than full blown 

LCAs. 

Current environmental policy 
Current environmental policy in Sweden is one of the important background aspects to consider 

when assessing if Sweden can improve its policies in the industries affected in this study. Sweden as 

of now has two main economical instruments that are used to reduce GHG emissions. The first one 

is the European Union Emission Trading System (EU ETS) which is an international agreement and 

the second one is a carbon and energy tax which is national. (Miljödepartementet, 2014) 

Starting with a description of the EU ETS, the EU ETS is an economical legislation that uses the 

polluter’s pays principle to reduce GHG emissions. The EU ETS does this by having a cap on how 

much emission that partaking subjects can emit in total over a specific span of time. To divide the 

rights to emit allowances are used, which are either given or auctioned out. However, not all 

emissions in partaking countries are covered, only chosen companies, factories and power plants are 

included. Moreover aviation is also a part of the EU ETS, but has its own emission cap and emission 

allowances. However companies and industries outside of the system are not restricted by it in 

anyway. Companies that own allowances can either use them, to emit GHG, or they can sell them to 

other companies that might need more emission allowances. In this way EU hopes to create an 

incentive that is long-lasting and stable for companies to emit less GHG. (European Commission, 

2013) 

Whether the EU ETS is making any considerable results in reducing GHG emissions in Sweden is 

another question. The EU ETS goal is to reduce emissions from included parts by 21% from 2005 to 

2020 (European Commission, 2013). This can be compared to the Kyoto Protocol were the European 

Union agreed to reduce its emissions by 20% between 1990 and 2020 (European Commission, 2014). 

As a result the EU ETS could be considered ambitious. However, the EU ETS is not without criticism, 

some studies indicate that there has barely been any results from the EU ETS (Chaabane, Ramudhin 

& Paquet, 2012; Sandoff & Schaad, 2009). On the other hand part of the blame of the EU ETS not 

working as intended in the start might be the global economic crisis (Niblock & Harrison, 2013). 

Additionally, both those studies were done before the EU ETS phase 3 started in January 2013, which 

reduced the amounts of allowances given away for free (European Commission, 2013). Looking at 

Sweden, around 33 % of Sweden’s total emissions between 2008 and 2012 were emitted by 

establishments included in the EU ETS, however since the start of phase 3 in 2013 more 

establishments have been included (Miljödepartementet, 2014). 

Continuing with a description of the carbon and energy tax, the carbon and energy tax in Sweden is 

an excise tax on fossil fuels, which taxes based on the fuels percentage of fossil carbon and energy 

content (Miljödepartementet, 2014). The tax has been raised over time and is planned to continue 

to be raised in the future (Miljödepartementet, 2014). The tax has had an influence on Sweden’s 

GHG emissions, however according to Lin and Li (2011) it has not been significant, partially due to 

the tax being weakened with tax exemptions on energy intensive industries. On the other hand, 

some of those exemptions have been lessened since the start of 2015 (Naturvårdsverket, 2015b).  

To evaluate the ambition of the carbon and energy tax we can note that Sweden has a goal of 

reducing the emissions of industries that are exempt from the EU ETS by 40 % by 2020 compared to 

1990 (Miljödepartementet, 2014). However, if continuing with current policies the total emission 
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reduction compared to 1990 is forecasted to reach only 19 % by 2020 and 21 % by 2030 

(Miljödepartementet, 2014). Nevertheless the goal is seen as reachable, but only by investing in GHG 

emission reductions in other countries that Sweden then can count towards their goal (Miljomal.se, 

2015). 

Method 
The report was done by combining literature review of up to date scientific research in the relevant 

areas as well as by gathering of statistics for the quantitative questions that needed answering. A 

short introduction the method can be seen in figure 1 below. 

Figure 1: The method used in short.  

For information of the economical values of different categories Eurostat was used. Eurostat is an 

organisation under the European Union that is concerned with gathering of statistics about the 

member states. The statistic used is sold production, and the top 10 categories by value were 

initially chosen for further studies.  

The next part of the study was to gather information about the GHG emissions from the categories 

chosen. For some categories only the economic value of the category is known, therefore 

information needed is the carbon intensity in terms of CO2e per Euro value produced. In other 

categories quantity is included in sold production and could therefore also be used. As a result to 

many categories being similar they are divided into four industries. The forestry industries, which are 

category 3, 4 and 8, the motor vehicle industries, which are category 1, 5, 6, 7 and 10, and lastly as 

separate industries the chemical wood pulp and the prefabricated buildings of wood industries. In 

the end for most industries an EIO-LCA database was used with the euro value, while for some 

categories quantity together with studies showing CO2e per quantity was used.  

The study then continued with the step of finding proposals to reduce GHG emissions from the 

categories found to be in the top 10. This was done combining information about current policies in 

Sweden, information about where the major parts of the GHG emissions came from in the 

categories as well as with a literature review regarding the categories. The result was proposals for 

The top 10 production  
categories by sold value in Sweden was found using Eurostat 

Similar categories where divided into industries. 

The GHG emissions and their origin from all industries, was found 
using an EIO-LCA database or with help of studies regarding the 
industry. 

A literature review regarding each industry to find suggestions for 
improvements was done. 

Theorigins of the emissions and the literature review was used to 
discuss possible policies to decrease GHG emissions from the 
industries assessed. 
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policies that could reduce the chosen industries' GHG emissions presented in the discussion for 

further evaluation.  

 

Detailed method for the gathering of quantitative data 
At first, statistics of value sold was gathered from Eurostat1 (2015), in some cases quantity was 

included as well. Table 1 shows top ten in value sold in Sweden 2013. This resulted in the following 

list. 

1. Vehicle compression-ignition internal combustion piston engines (diesel or semi-diesel) 

(excluding for railway or tramway rolling stock) 

2. Chemical wood pulp, soda or sulphate, other than dissolving grades 

3. Coniferous wood 

4. Pine wood (Pinus sylvestris L.) 

5. Parts and accessories of bodies (including cabs), n.e.c. 

6. Bodies for lorries, vans, buses, coaches, tractors, dumpers and special purpose motor 

vehicles including completely equipped and incomplete bodies, vehicles for the transport of 

<=10 persons 

7. Drive-axles with differential, non-driving axles and their parts 

8. Spruce wood (Picea abies Karst.), fir wood (Abies alba Mill.) 

9. Prefabricated buildings of wood 

10. Other parts and accessories, n.e.c., for vehicles of HS 87.01 to 87.05; parts thereof 

(Source: Eurostat, 2015) 

The numbers gathered from Eurostat was then used in different ways to get the Global Warming 

Potential from the different categories. Starting out with raw wood categories, 3, 4 and 8, the 

number 15.709 kg CO2e per m3 wood was used. The number was approximated using Berg and 

Lindholm (2005) as a source. Berg and Lindholm (2005) finds the CO2e per m3 from wood from the 

northern, central and south part of Sweden as 17.496, 16.572 and 13.058, (note that this is not the 

same number as “total” in their report as their total does not include “Seedling production”). 

Furthermore they conclude that “the greatest volumes are attained in the south”. However as there 

is no numbers on the percentage of production from each zone only an approximation can be made 

in how to weigh the different values. Therefore all three different CO2e numbers are weighed 

equally, which gives an average of 15.709 CO2e per m3 of wood. This is probably slightly above the 

real average as the biggest volumes are produced in the south, where the average is 13.058 CO2e 

per m3 of wood. The same method of weighing all three areas equal is used when looking at the 

characterization of the GHG emitted.  

All other GHG emission calculations were done using Carnegie Mellon University Green Design 

(2015) online EIOLCA2 database. This was a result of specific data being hard to find for Sweden in 

those categories. The US (United States of America) EIO model from 2002 was used, and industry 

sectors were chosen for every category. First for all vehicle related categories, 1, 5, 6, 7 and 10, the 

sector “Motor vehicle parts manufacturing” were used. Secondly for category 2, chemical wood 

pulp, “Pulp mills” where used (something to note is that it is not specified as a mechanical or 

chemical mill, where mechanical mills usually use more energy but uses the material more 

                                                           

1
 http://ec.europa.eu/eurostat/web/main/home 

2
 http://www.eiolca.net/ 
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efficiently, and vice versa). Lastly for category 9 sector “Prefabricated wood buildings 

manufacturing” was used. 

However, as the US EIO model from 2002 is from 2002 and uses US dollars a conversion rate as well 

as inflation adjustment is needed to match the euro value 2013 with USD from 2002. For conversion 

rate the first rate from 2013 was used, which is January the second and gave the conversion rate 1 

EUR for 1.3262 USD (European Central Bank, 2015). For inflation Bureau of Labour Statistics (2015) 

CPI Inflation Calculator from 2013 to 2002 was used, giving that 10 000 000 USD in 2013 was worth 

7 722 455.22 USD in 2002, maximum value for the calculator was used to get as many significant 

numbers as possible. This resulted in the conversation rate seen in equation 1: 

𝐸𝑈𝑅 𝑣𝑎𝑙𝑢𝑒 ∗ 1.3262 ∗
7.72245522

10
= 𝑈𝑆𝐷2002 𝑉𝑎𝑙𝑢𝑒  (1) 

Notable is that the Carbon intensity of US production in 2002 is likely to be different to the Carbon 

intensity of Swedish production in 2013. Therefore there is reason to see if some of the numbers can 

be modified to more accurately describe Swedish emissions. There is data on carbon intensity of 

countries as a whole. However that will be heavily affected by which industries are active in said 

countries as well as the behaviour of the population in said countries. As a result it is not a very good 

way of deducting GHG intensity from the same industry in different countries. However what can be 

done is to modify the GHG emissions from energy consumption, as there are statistics that provides 

GHG intensity of the energy production in both the US and Sweden. Using data from the 

International Energy Agency (2015) of emission from energy consumption and total energy 

consumption from US 2002 and Sweden 2012 (latest available, but the difference to 2013 should not 

be major) the energy emission ratio could be deducted using the following equation 2. 

 

(
𝑆𝐸12𝐶𝐸𝐸

𝑆𝐸12𝐸𝑡𝑜𝑡
)

(
𝑈𝑆02𝐶𝐸𝐸

𝑈𝑆0212𝐸𝑡𝑜𝑡
) 

= 𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 (2) 

Where SE12CEE is GHG emission from energy in Sweden 2012, SE12Etot is total energy consumption 

in Sweden, and the US is the equivalent for US 2002. The energy emission ratio from equation 2 was 

then multiplied with the GHG emissions from “Power generation and supply” in all categories where 

the US 2002 EIOLCA was used, to reduce that part to Swedish levels. 

Literature review of industries 

Forestry 
First off is the forestry industry and possible improvements to that according to literature. According 

to Berg and Lindholm (2005) the majority of the emissions come from secondary haulage, which is 

the transportation from the production forests to the industries that use the wood. Therefore it is 

also there improvements would have the most impact. One way could be to reduce distances by 

moving industries closer to the forests, but Berg and Lindholm (2005) states that there would have 

to be heavy investments to make that possible. On the other hand Berg and Lindholm (2005) states 

that improvements can be made to load efficiency, to reduce total emissions by as much as 10-14%. 

Furthermore reductions can be made by increasing quality of roads and by eco-driving (Berg & 

Lindholm, 2005). Regarding the management of the forests, Swedish forests are generally 

sustainably managed, which means that the stock of carbon taken from the forests when trees are 

cut will be restored with time as new trees grow (Gustavsson, Joelsson & Sathre, 2010). 
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Chemical wood pulp 
Next stop is chemical wood pulp production (the most common version being popularly referred to 

as Kraft pulp) and the possibility to reduce GHG emissions in that industry. There is a large variation 

in energy use between different chemical pulp mills in Scandinavia and this is true even when 

comparing pulp mills of similar age (Klugman, Karlsson & Moshfegh, 2007). However there is no 

difference in energy efficiency between model pulp mills using the most energy efficient technology 

made by Klugman, Karlsson & Moshfegh (2007) and the most energy efficient existing ones in 

Sweden. The most efficient pulp mills in Sweden are fully self-sufficient in regards to energy 

(Klugman, Karlsson & Moshfegh, 2007) and changing all pulp mills to be as efficient would reduce 

electricity use by as much as 1 % of Sweden’s total electricity use.  

According to Klugman, Karlsson & Mosfegh (2007) the reason improvements are not done is a 

combination of electricity cost being a low part of the total cost, and that environmental certification 

systems for pulp mills usually do not focus on electricity use, but instead on other environmental 

factors. On the other hand Thollander and Ottosson (2008) state that a main reason is technical risks 

and the disruption of production, as well as several non-monetary reasons, such as lack of 

awareness, other priorities and other organization related reasons. Furthermore Thollander and 

Ottosson (2008) state that investments to make pulp plants more energy effective should have an 

average payback of 2 years. Additionally there are several other proposed ideas in literature that 

could reduce environmental effects from the pulp industry. Such as integrated biorefinery for 

ethanol production (Hunag et al., 2010), an integrated black liquor gasification system (Navqi, Yan & 

Dahlquist, 2010) and a methane producing pulp mill (Ekstrand et al., 2010). 

Motor vehicle parts 
The next step is looking at motor vehicle production related GHG emissions and their possible 

improvements. A study by Poulikidou, Björklund and Tyskeng (2014) states that integrating 

environmental aspects early in the design is important to be able to use environmentally friendly 

materials as well as give it high recyclability. Poulikidou, Björklund and Tyskeng (2014) study four 

Swedish car manufacturers and concludes that the manufacturers have in international context 

come comparatively far in integrating environmental awareness in design, but there are still some 

barriers left hindering even better environmental outcomes. Notable is that there already is 

regulations in Sweden on recyclability, stating that 95% of the weight of the car needs to be 

recycled, whereof 85% of that needs to be reused or have the pure materials recovered 

(Naturvårdsverket, 2015a). Another aspect when looking at environmental performance of motor 

vehicles is that newer vehicles produce fewer GHG emissions per km driven, but producing vehicles 

also emit. A study on Swiss car use and production uses a life cycle analysis of Swiss cars to see how 

often new cars should be bought for environmental performance, and concludes that around 15 

years give the best results (Spielmann and Althaus, 2007). Moreover there is a Swedish tax reduction 

for cars, small busses and light trucks that emit a low amount per km, and an additional subsidy for 

vehicles that emit very low amounts (Trafikverket, 2015). 

Prefabricated buildings of wood 
Lastly an overview of the literature on emissions from prefabricated buildings of wood. According to 

Pacheco-Torgal et al. (2014) prefabricated buildings are in most cases more sustainable than non-

prefabricated buildings and the best are prefabricated buildings made from wood. This can further 

be seen in that CO2e and energy taxation increases competitiveness of wood construction materials 

compared to concrete, due to the lower emissions and the increased value of by-products that can 

be used as an energy source instead of fossil fuels (Sathre and Gustavsson, 2007). The by-products 
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when creating wood buildings can produce more energy than it takes to build the building, creating 

a net product of renewable energy (Gustavsson, Joelsson & Sathre, 2010). 

Results 
The results will be presented mostly in figures but also in tables. At first in Table 1 are the ten 

product categories with the highest value sold in Sweden.  

Category Value 
sold 
million € 

Quantity Unit of 
quantity 

1. Vehicle compression-ignition internal combustion piston engines (diesel or 
semi-diesel) (excluding for railway or tramway rolling stock) 

2095.41 438135 p/st 

2. Chemical wood pulp, soda or sulphate, other than dissolving grades 2060.93 4205268 1000 kg 
90% sdt 

3. Coniferous wood 1433.96 6442194 m
3 

4. Pine wood (Pinus sylvestris L.) 1412.59 7122306 m
3 

5. Parts and accessories of bodies (including cabs), n.e.c. 1336.16     
6. Bodies for lorries, vans, buses, coaches, tractors, dumpers and special 
purpose motor vehicles including completely equipped and incomplete 
bodies, vehicles for the transport of <=10 persons 

1276.34 229110 p/st 

7. Drive-axles with differential, non-driving axles and their parts 1242.09 255743 1000 kg 
8. Spruce wood (Picea abies Karst.), fir wood (Abies alba Mill.) 1091.02 5796050 m

3 

9. Prefabricated buildings of wood 1049.44     
10. Other parts and accessories, n.e.c., for vehicles of HS 87.01 to 87.05; parts 
thereof 

1007.43     

Table 1: Top 10 sold value for Sweden according to Eurostat (2015).  

Table 1 shows us that the biggest production categories in Sweden in terms of value sold are from 

vehicle production or forestry related production, with 5 categories from vehicle production and 5 

from forestry related production. 

Following that it will be presented from where in the production the GHG emissions come from. 

These results will be presented as percentage and all categories which were found in the same way 

will be presented together, as they will show the same result. Therefore results here will be shown 

in 4 figures. Figure 2 showing a characterization of forest production emissions, figure 3 showing 

pulp mills and pulp production, figure 4 showing motor vehicle part manufacturing and lastly figure 5 

showing prefabricated buildings of wood manufacturing. 
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Forestry 

 
Source of underlying numbers: (Carnegie Mellon University Green Design, 2015) 

Figure 2 show where in the production line the main GHG emissions are from the production of 

wood. What can be seen is that the biggest impact is from secondary haulage, which is the 

transportation from the production forests to the industries that use the wood. Additionally logging 

operations, which are the felling of trees as well as moving them to gathering spots, have a sizeable 

impact. Meanwhile silviculture, which is tending the forest, and seedling production, which is the 

production of small tree plants to later distribute in the forest, has a comparatively small impact. 
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Secondary haulage Logging operations Silviculture Seedling production

Figure 2: Wood production source of 
CO2e emissions in percentage. 
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Chemical wood pulp 

Source of underlying numbers: (Carnegie Mellon University Green Design, 2015) 

In figure 3 it can be seen from which industries which pulp production is dependent on that the main 

emissions come from. In pulp production the biggest GHG emissions are from the actual pulp mills, 

while power generation and supply also carries a big part. Furthermore paper mill production is a big 

contributor to the total emissions. The other 7 listed carries relatively small parts, and unlisted are 

all smaller. 
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Figure 3: Pulp mills source of CO2e emissions in 
percentage. 
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Motor vehicle parts 

Source of underlying numbers: (Carnegie Mellon University Green Design, 2015) 

Figure 4 shows which industries motor vehicle production depends on that are responsible for the 

most GHG emissions when motor vehicles are produced. What is shown is that the biggest 

contributors are power generation and iron and steel production.  
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Figure 4: Motor vehicle part manufacturing source 
of CO2e emissions in percentage. 
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Prefabricated buildings of wood 

  
Source of underlying numbers: (Carnegie Mellon University Green Design, 2015)  

Figure 5 shows spread of GHG emissions from the production of prefabricated wood buildings. What 

can be seen is that there is a greater spread of which industries emit as a result of production of 

prefabricated wood buildings. The only standout number comes from power generation and supply, 

which carries the biggest part of the emissions, but several others are also relatively big 

contributors. 

Overall 
Lastly the total GHG emissions are presented both in terms of the absolute number of CO2e from the 

sold production category in figure 6, as well as the emission intensity per value of the sold 

production in figure 7. 
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Figure 5: Prefabricated buildings of wood 
source of CO2e emissions in percentage. 
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(Source: Carnegie Mellon University Green Design, 2015, and Berg & Lindholm, 2005) 

Figure 6 shows us the total CO2e emitted from each industry, from given sources. Chemical wood 

pulp is here by far the biggest contributor to Swedish producing emissions of the top 10 sold value 

categories. Moreover the motor vehicle related categories add a big impact, and are also several. 

Source of underlying numbers: (Carnegie Mellon University Green Design, 2015, and Berg & 

Lindholm, 2005) 

Figure 7 shows the carbon intensity in terms of emissions per produced value sold. Again wood pulp 

carries the greatest impact and motor vehicle related industries the second largest. To note is that 

all motor vehicle related categories are approximately the same due to the fact that the same 

method was used to find the number for all of them, so the figure does not prove that those 

categories have similar emissions in reality. 
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Discussion 
In this discussion, there will be suggestions both for policies that could change the chosen industries 

to be more environmentally friendly as well as suggestions for further studies that could improve 

knowledge of the environmental performance and possibilities of chosen industries. As industries 

are different the discussion will be divided per industry.  

Forestry 
As seen in figure 2, the biggest GHG emissions from forestry come from transportation of wood. As a 

result most improvements will be done by making the transport more environmentally friendly. 

Literature showed that there were some improvements that could be made to transport routes to 

reduce the amount of empty trucks driving as well as improved eco-driving, which is both ways to 

make the industry more effective and would likely also make the industry more cost effective as well 

as more environmentally friendly. Moreover improvements could be made to roads that would 

lessen environmental impact of transport. However this would have to be weighed against the 

environmental impacts and costs of constructing and maintaining the improved roads. When looking 

at Swedish policy there is already energy and CO2e taxes that should be able to push companies to 

look for more environmentally efficient transports. Seemingly the big improvements that can be 

made in Swedish wood production is increasing load efficiency and the general improvement of the 

transport fleet, such as using renewable fuel or more efficient trucks. 

Chemical wood pulp 
For chemical wood pulp the biggest GHG emissions seems to be from the actual process itself. 

However it is hard to find info from where in the chemical wood pulp process the emissions are 

created, as there are several LCAs of paper types that use chemical wood pulp, and then assesses 

how big part of the emissions from the paper production that came from the production of chemical 

wood pulp, but not any LCAs on the process inside the pulp mills. Either way, when looking for 

literature on improvements they are all focused on energy use. In that regard there seems to be 

many improvements that can be made in Sweden, as there is a big variation in how energy effective 

the mills are, so the less good mills have tried and tested room for improvements. Furthermore 

there are many suggestions for further improvements by integrating new systems in the pulp mills. 

Seemingly one of the main reasons that no improvements have been done in less efficient mills is 

that energy and carbon tax are a relatively small part of their total costs, so investments are not 

necessary to keep the mills cost effective. On the other hand investments are said to have a very 

short payback time, which could indicate that there are other factors, such as lack of knowledge or 

other priorities in companies owning the mills.  

There should a possibility to decrease the GHG emissions from pulp mills in Sweden with policies. 

For example restrictions could be made on what level of energy efficiency the chemical wood pulp 

mills have, forcing less effective mills to invest to become more effective. There are also economical 

instruments that could be used, such as higher taxes to inefficient or subsidies to efficient pulp mills. 

Even neutral market based approaches exist, where pulp mills would pay extra for energy use to a 

common pot, which is then divided by how much pulp the mills in question produced. Additionally 

pulp mills are a good focus for policies considering that Swedish pulp mills according to this study 

stands for a high amount of CO2e, a low emission efficiency and have many possible improvements.  

Motor vehicle parts 
When looking at motor vehicle parts production the biggest emissions are from iron and steel mills, 

and this is also the focus of the literature that is included in this study. One way to reduce emissions 

from steel and iron mills when building motor vehicle parts is to reduce the use of new steel and iron 
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in the parts. This is also the focus of Poulikidou, Björklund and Tyskeng (2014) who discuss early 

integration of environmental aspects in design to use environmentally friendly materials as well as 

build for recyclability. A policy regarding recyclability of cars already exists in Sweden. Additionally 

regulations on which materials to use from the beginning are probably hard to implement as 

different motor vehicles will have different material needs. Therefore regulations on material would 

have to be very specific to the extent that it might be better to leave choice of materials to the 

industry. Moreover, emissions from use of emission intensive materials, as well as emissions from 

power production which is the second highest source of emissions, should already be included in 

either EU ETS or Swedish carbon and energy tax. As a result no new policies regarding motor vehicle 

production are suggested in this study.  

Another consideration in regards to motor vehicle production and policies is the production of GHG 

emissions compared to the saved emissions from better technology. Sweden has the tax reduction 

and possible subsidy for cars emitting less per km. However while this might get people to buy cars 

that emit less, there is no consideration taken for GHG emissions from production. As a result there 

is a risk that the policy might induce a shorter lifetime for cars than would be optimal. However this 

was partially outside of the scope of this study, and was therefore not researched more thoroughly 

here.  

Prefabricated buildings of wood 
Something noteworthy when discussing prefabricated buildings of wood in terms of GHG emissions 

is that compared to other ways of constructing buildings prefabricated buildings of wood are often 

considered the most environmental alternative. Nevertheless there should still be ways in which 

prefabricated buildings of wood could be produced more or less environmentally friendly. However 

it is hard to find literature on suggestions for making prefabricated buildings of wood emit less GHG, 

which could therefore be a potential area for research. Instead most literature is on environmental 

performance of different materials, where wood can be one, or prefabricated buildings verses non-

prefabricated buildings. On the other hand the EIO-LCA, as can be seen in figure 5, gives some 

information on the source of the GHG emissions, where power generation tops it and transport is 

second, even if it is relatively even compared to other graphs. As a result, a big portion of the GHG 

emissions are already directly affected by either Swedish carbon and energy tax or EU ETS. Moreover 

directly aimed policies towards lowering GHG emissions from prefabricated buildings of wood might 

lower their competitiveness with other materials which might be counterproductive, as 

prefabricated buildings of wood in many cases is the best option in regards to GHG emissions. For 

these reason specific policies towards GHG emissions from prefabricated buildings of wood should 

rather be subsidies than taxes or regulations. 

Overall 
The suggestions are based on the literature reviewed as well as the data collected, and as such are 

to be seen more as ideas based around gathered information than complete proposals. This partially 

due to the fact that the data gathered here is more of an approximation than the actual real 

numbers. Moreover as policies, regulations and subsidies on specific industries if made faultily risk 

leading to inefficient GHG emission reductions, compared to broad economical GHG emissions 

policies, such as the EU ETS or Swedish carbon and energy tax. This might seem unsatisfactory as 

current policies in Sweden, as seen in the review in this report, have received criticism of not being 

successful in reducing Swedish GHG emissions. However that is not necessarily a criticism of broad 

GHG emission taxes or emission trading schemes overall, only the current ones. As a result one way 

of doing things could simply be to improve the EU ETS and the carbon and energy tax, which are 

broader and therefore does not run the risk to misaim efforts in the same way. 
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Conclusions 
In this study, there were three objectives to be achieved and therefore in this conclusion the findings 

in accordance to each of those goals will be presented.  

a) Find the 10 production categories with the most economical value for Sweden. 

A result of this can be seen in table 1, which shows that the top 10 categories by value sold is: (1) 

Vehicle compression-ignition internal combustion piston engines (diesel or semi-diesel) (excluding 

for railway or tramway rolling stock); (2) Chemical wood pulp, soda or sulphate, other than 

dissolving grades; (3) Coniferous wood; (4) Pine wood (Pinus sylvestris L.) (5) Parts and accessories of 

bodies (including cabs), n.e.c.; (6) Bodies for lorries, vans, buses, coaches, tractors, dumpers and 

special purpose motor vehicles including completely equipped and incomplete bodies, vehicles for 

the transport of <=10 persons; (7) Drive-axles with differential, non-driving axles and their parts; (8) 

Spruce wood (Picea abies Karst.), fir wood (Abies alba Mill.); (9) Prefabricated buildings of wood and 

(10) Other parts and accessories, n.e.c., for vehicles of HS 87.01 to 87.05; parts thereof. 

b) Find the GHG emissions and GHG emission intensity from said categories and their origin. 

Approximations for these goals can be found in figures 2-7. Figure 2-5 shows the major where in the 

production the GHG emissions come from. As seen in figure 2 the majority of GH emissions from 

forestry come from secondary haulage. In figure 3 it can be seen that the mill in itself are the biggest 

source of GHG emissions from chemical wood pulp production. Figure 4 gives that iron and steel 

mills are the major source of GHG emissions for motor vehicle parts production. Finally figure 5 

shows that the biggest source of GHG emissions from prefabricated buildings of wood production is 

power generation. Figure 6 and 7 gives the total CO2e emitted and the CO2e emissions intensity from 

the different industries respectively. Figure 6 shows that the order of the size of the GHG from the 

categories are chemical wood pulp first, trailed by the motor vehicle categories, prefabricated 

buildings of wood and lastly wood. Additionally in figure 7 the results for GHG emission intensity in 

CO2e per value produced can be seen, the order being the same as the order in total GHG emissions. 

The data is not to be seen as very accurate but it can be considered enough for the intentions of this 

study. 

c) Propose solutions to lessen the GHG emissions from those of said categories where 

reduction should be achievable. 

For forestry it was found that: 

 Swedish forestry is generally sustainable. 

 There were efficiency improvements that could be made to secondary haulage (transport). 

 Transport is already affected by current Swedish policies, but further policies could be made. 

For chemical wood pulp it was found that: 

 There is a big variation in energy efficiency in different plants in Sweden. 

 Improving less efficient plants to be as efficient as the best ones would reduce electricity use 

as much as 1% of the total electricity use in Sweden. 

 There are several additional ideas to optimize pulp mills in terms of energy use and GHG 

emissions. 

 Energy use is already affected by current Swedish policies, but further policies could be 

made. 

For motor vehicle parts it was found that: 
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 Integrating environmental concern early in development could reduce environmental impact 

by increasing recyclability and choosing more environmentally friendly materials. 

 Swedish car companies already partially integrate environmental aspects early on, but 

improvements could be made. 

 Recyclability is already affected by Swedish policy, as should emissions from material gather 

be, no further policies are suggested. 

For prefabricated buildings of wood it was found that: 

 Prefabricated buildings of woods are in most cases the most sustainable way to produce 

buildings. 

 Literature regarding environmental performance of prefabricated buildings of wood are 

mostly comparisons with other ways of producing buildings, as of that no suggestions for 

improvements were found. 

 As a result of both of the above policies regarding prefabricated buildings of wood should 

probably be focused on making prefabricated buildings of wood more competitive. 

There are policies that could be made, and several ideas for that are presented in the discussion. 

However further research would need to be done before an actual implementation of any policy or 

they might misaim efforts on less effective measures. As a result it might in some cases be better if 

the broad schemes are improved rather than policies targeting specific industries implemented. On 

the other hand several of the improvements are optimizations and might therefore be implemented 

by many industries simply by increasing knowledge of their availability. As a result policies might in 

some cases be unnecessary and instead action should be taken to raise awareness of the 

optimizations possibilities that exist within an industry. Whether more specific policies, broad 

policies or information are the way to go, this study shows that there is still several ways in which 

Swedish industry can become more sustainable. 
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