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Executive Summary Carl F Climate Impact 
All products and services in our economy require energy, material, transportation and other resources – but some 

products and services also help to save, reuse and recycle resources. Carl F is in an original position: not being 

responsible for creating the waste, but enabling circular economy. That is, Carl F helps to avoid underutilization 

of materials and unnecessary waste by feeding the valuable material resources back to production or energy 

recovery.  As Carl F provides the step before end-of-life of the material, it does not have large direct greenhouse 

gas emissions. The relatively large emissions arise in the production and transportation of raw materials and 

products (upstream activities) and waste treatment (downstream activities). In order to understand full climate 

impact to the society, we also need to consider 

these activities in the accounting.  

 

This report presents Carl F’s climate impact 

accounting in the year 2018. In total, Carl F 

helps to reduce GHG emissions by 10 300 

tonnes of carbon dioxide equivalents (CO2e)1 

in 2018. This means that thanks to Car F’s operations, there are more emissions avoided than without Carl F’s 

services. 

 

Climate impact accounting can help to understand where the company’s greenhouse gas emission hotspots are 

so that the negative impact can be monitored, reduced and/or compensated. It can also help to guide procurement 

choices, for example what kind of district heating to buy. Clients can be informed about the climate impact of the 

company to the society and the impact of different waste treatment options, especially because Carl F is in the 

central position to divert waste streams into different end of life treatments.  
 

The analysis of four specific material cases reveal that in most 

of the cases recycling is the better option in comparison to 

incinerating with energy recovery. Although specific results 

may differ based on various factors, such as energy sources, 

processing technologies and quality of materials, in general 

recycling all kinds of plastic is significantly better than burning 

it, and recycling paper and cardboard is better than burning 

them. The exception is wood waste, which on average might 

provide more benefit when burnt, depending what kind of 

alternative energy and heating source the waste to heat plant 

is substituting. 

 

 

Figure 1 | Circular economy model. 

 

 

 
1 Carbon dioxide equivalents – or CO2-eq - is a measure that is used to compare the emissions from various greenhouse 
gases on the basis of their global-warming potential (GWP) . Different greenhouse gases cause a different kind of 
greenhouse effect and global warming; thus, the amounts of other gases are converted to the equivalent amount of 
carbon dioxide with the same global warming potential.  

IN TOTAL CARL F REDUCES CLIMATE 

IMPACT BY 10 300 TONNES OF CARBON 

DIOXIDE EQUIVALENTS IN 2018.  

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Greenhouse_gas_(GHG)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Greenhouse_gas_(GHG)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Global-warming_potential_(GWP)
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Where does the impact come from? 
The main objective of this greenhouse gas (GHG) emissions assessment is to assist Carl F with identifying and 

quantifying the waste company’s emissions of GHGs for the year 2018. The inventory was prepared following 

guidance established by the Intergovernmental Panel on Climate Change (IPCC) and GHG Protocol. The most 

up-to-date operational data and other information specific to Carl F representing 2018 conditions were used to the 

fullest extent possible. Methodology is described more detailed in chapter 5. 

 

The 2018 GHG emissions inventory for Carl F is summarized in Table 1. This table lists emissions by scope, 

which indicate the operational boundaries of the company and the surrounding society. Scope 1 refers to direct 

emissions, which are caused by activities that are owned by or under direct control of Carl F. Scope 2 refers to 

indirect emissions caused by purchased electricity, heating and cooling. Scope 3 indirect emissions are caused 

by other activities, such as recycling and incineration, which are not owned or controlled by the company. The 

results are reported in units of metric tons (MT) of carbon dioxide equivalents (CO2e) on an annual basis.  

 

As shown in Table 1, GHG emissions associated with Scope 3 (Indirect and Optional) – specifically, incineration 

emissions – are by far the highest emitting sources at the waste life cycle. However, the avoided emissions 

associated with scope 3 due to the recycling of materials are also the sources for highest GHG emissions savings. 

Carl F-owned and controlled sources (Scope 1) comprise only a small part of the total GHG emissions. The net 

impact is shown in the final group Total annual net emissions. 

 

Carl F Climate Impact 
GHG emissions data for period 1 January 2018 to 31 December 2018 
 Tonnes of CO2-eq 
Scope 1 Direct emissions 491 

Scope 2 Indirect emissions 33 

Scope 3 Indirect and Optional 10 967 

Total gross emissions 11 492 

Scope 3 Avoided emissions - 21 792 

Total annual net emissions -10 300 
Table 1 | Carl F’s total climate impact in 2018 divided by direct emissions from Carl F own activities and indirect 

emissions from outside Carl F’s activities, according to the global GHG Protocol. Total annual net emissions are 

positive, meaning that Carl F helps to avoid more greenhouse gas emissions than it causes, at a societal scale. 

Total contribution of Carl F to reduce emissions is 10 300 tonnes of CO2e in the year 2018 (total climate impact). 

The report unfolds as follows: 

 

Chapter 1 provides a general introduction on Carl F’s climate impact and outlines the assessment framework. 

 

Chapter 2 provides a description of climate impact assessment results. 

 

Chapter 3 provides more in-depth analysis of selected avoided emissions cases and climate impact scenarios. 

 

Chapter 4 outlines the method of assessment of climate impacts. 

 

Chapter 5 predicts areas where significant climate impacts would potentially occur as a result of Carl F’s planned 

activities and also proposes appropriate methodological considerations for taking these changes into account.  
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How is climate impact calculated? 

In a climate impact assessment, we examine the total net climate impact of Carl F in the society. This includes 

emissions arising from the company’s own operations, and all significant emissions caused or avoided in the 

environment because of Carl F. This means we report both positive and negative climate impact. 

Direct emissions are emissions arising from Carl F’s own and controlled activities, which the company can 

directly influence. The primary sources of GHG emissions at Carl F include waste collection trucks, and on-site 

sorting and transfer vehicles at Depon such as forklifts and excavators. Emissions from these sources arise mainly 

from the combustion of fossil fuels (diesel) and are emitted as by-products contained in the engine exhaust. 

Indirect emissions are emissions that are caused because of Carl F’s activities, but they do not arise from Carl 

F’s activities. These emissions the company may control or influence only to a limited extent. Indirect emissions 

can be further divided to “upstream” activities and “downstream” activities.  

Upstream activities cover all activities from resource extraction and energy production to the Carl F activities. 

Upstream emissions include for example GHG emissions from electricity, heating and cooling purchased and 

consumed by Carl F (but generated elsewhere by hydropower, nuclear power and the burning of natural gas).  

Downstream activities cover emissions, which arise from the point of material supply from Carl F to the end-of-life 

of the material. Large amount of indirect emissions is caused by burning of waste, especially plastic due it is 

carbon content. Yet, energy recovery also produces heat and electricity. Carl F also enables reducing the use of 

virgin materials and avoiding emissions because part of the materials is recycled and used in new products.  

 
Figure 2 | Carl F and its interaction with the environment. Company’s own facilities and vehicles are the source 

of direct emissions. Purchased electricity, heating and cooling cause indirect emissions. Supply of products and 

services cause indirect emissions. The company also contributes to avoided emissions by enabling material 

recycling and recovery.  
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Results Climate Impact 2018 
Carl F’s total net GHG emissions and impact of avoided emissions in 2018 is presented in figure 2 below. It is 

followed by a more detailed emissions table 1 on the next page. The climate impact is divided into three groups 

as explained before: direct emissions from Carl F’s own and controlled activities (scope 1), indirect emissions from 

purchased electricity, heating and cooling (scope 2) and other indirect emissions arising from upstream and 

downstream activities by for example suppliers and clients (scope 3).  

 

Carl F is in a special position in circulating the material flows in the economy. Therefore, thanks to Carl F’s 

activities, there is a positive indirect climate impact in the society, or in other words the company’s activities help 

to avoid emissions. On one hand, material recycling and energy recovery activities are enabled due to Carl F’s 

activities, thus, they are accounted to Carl F’s broader societal impact. On the other hand, they have to be reported 

separately in order to avoid double counting (more on avoiding double counting in the methodology, chapter 5). 

 

The sum of avoided emissions in comparison to Carl F’s direct impact is significant, outweighing the emissions 

arising from transportation fuels (own operation) and incineration (downstream activities). Thanks to Carl F’s 

contribution to recycling materials, the total impact of Carl F is climate positive, as seen in the sum, Net climate 

impact. Overall, Carl F reduced 10 300 tonnes of CO2e emissions in 2018. 

 

 

Figure 3 | Carl F’s total climate impact in 2018 divided by the source of emissions. Sorting and transfer include 

vehicles at Depon and purchased electricity and heating. Total contribution of Carl F to reduce emissions is 10 

300 tonnes of CO2e in the year 2018 (total climate impact). 
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Carl F Climate Impact 
GHG emissions data for period 1 January 2018 to 31 December 2018 
 Tonnes of CO2-eq 
Scope 1 Direct emissions  

Transportation fleet, HVO 171,95 

On-site own vehicles, diesel 318,40 

Energy generated by own wind turbine and entirely consumed by Carl F 0,46 

Scope 2 Indirect emissions  

Purchased electricity 1,50 

Purchased heating and cooling 31,82 

Scope 3 Indirect and Optional  

Incineration, mixed industrial waste 10 925,46 

Incineration, hazardous waste 8,91 

Landfilling 33,20 

Avoided emissions  

Avoided emissions, composting - 9,74 

Avoided emissions, manure/fertiliser landspread - 12,36 

Avoided virgin material production, material recycling wood  - 2 075,26  

Avoided virgin material production, material recycling metal - 9 926,18 

Avoided virgin material production, material recycling glass - 131,76 

Avoided virgin material production, material recycling paper - 65,52 

Avoided virgin material production, material recycling corrugated box - 215,92 

Avoided virgin material production, material recycling magazines - 184,53 

Avoided virgin material production, material recycling office paper - 1 105,84 

Avoided virgin material production, material recycling books - 462,81 

Avoided virgin material production, material recycling cardboard - 968,36 

Avoided virgin material production, material recycling plastics - 1 312,00 

Avoided virgin material production, material recycling tires - 227,13 

Avoided virgin material production, material recycling rubber - 316,80 

Avoided virgin material production, material recycling lamps - 37,39 

Avoided virgin material production, material recycling white goods - 23,88 

Avoided virgin material production, material recycling car batteries - 13,92 

Avoided virgin material production, material recycling electrical and 
electronic equiment (WEEE) 

- 739,53 

Avoided virgin material production, material recycling waste oil - 190,37 

Avoided virgin material production, material recycling grease - 3 763,28 

Avoided virgin material production, material recycling other - 4,08 

Alternative heating, incineration replaces local district heating energy mix - 4,28 

Alternative fuel, biogas replaces diesel - 1,02 

Total gross emissions 11 491,70 

Total annual net emissions - 10 300,26 

Table 2 | Accounting of GHG emissions in Carl F’s climate impact assessment for the year 2018.  
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There is a variety of emissions – caused and avoided - described in Table 2. Below we highlight some of the major 

sources of emissions and notable activities that have a large influence to the overall result: 

• Hydrotreated vegetable oil (HVO) for waste collection trucks may reduce GHG emissions between 26 % 

and 65 % in comparison to alternative use of diesel. The exact reduction amount depends on what is the 

source material for HVO (e.g. food waste, rapeseed, etc.). 

• Diesel that is used for on-site mobile equipment creates the largest direct negative climate impact. 

• Wind power causes 0 greenhouse gas emissions when the turbine is in the use phase and it produces 

energy. However, there are some emissions when the wind turbine is manufactured. Yet, these production 

emissions are very little, only 0,47 tonnes of CO2 equivalent emissions in the year 2018. 

• E.ON energy mix is low in GHG emissions and is favorable for the company’s climate impact. Both 

hydropower and nuclear power have very low GHG emission levels. Nevertheless, some carbon is used 

in building of these sources, thus, calculated in their life cycle emissions in order to get the overall societal 

impact. This is however miniscule in comparison to the alternative methods of energy production with 

fossil fuels. 

• District heating causes a relatively high negative climate impact. This is mainly due to natural gas used in 

heat production in Malmö (31,8 %). 

• Largest indirect emissions are caused by waste incineration (a downstream activity). Incinerated waste 

consists of a variety of materials. Plastics and other fossil-based materials cause majority of the climate 

impact by releasing carbon dioxide when burnt. 

• Carl F has a central role in enabling the collection and further processing of recyclable materials. Material 

recycling of for example paper, cardboard and metal replaces the alternative source of similar materials 

for manufacturing products - virgin materials. This provides a positive climate impact called avoided 

emissions: material recycling avoids emissions that would otherwise be produced by extracting raw 

materials. Notably, the production of biogas from organics avoids emissions from landfilling and 

incineration. 

• Largest climate impact per material weight is in metals, which are recycled. The avoided emissions from 

metal recycling in comparison to virgin material extraction is due to the large amount of energy required 

for virgin material production. 

More detailed explanation on the methodological choices and assumptions behind different materials and 

processes are described in chapter 5 on methodology. Next, we turn to examine a few selected cases for avoided 

emissions more in-depth. 
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Supporting waste management decisions – 

Cases for avoided emissions 
 

A frequent decision to make in waste management is whether to recycle or incinerate materials. Life cycle 

assessments (LCAs) and impact assessments focused specifically on climate impact can help to support decision-

making on this issue. In this analysis, the following materials are considered: plastics, wood, paper and cardboard. 

 

Data sources I Cleantech Scandinavia collected data from a combination of sources. A Nordic life cycle 

assessment report, which synthesized various life cycle assessment studies and data, provides average emission 

factors associated with incineration and recycling of materials at a Nordic level. Ecoinvent database and 

reports/data from third parties, such as academic journals, life cycle assessments, and Intergovernmental Panel 

on Climate Change were also consulted to complement data from the Nordic report. For simplicity only the energy 

aspects and well-known climate impact hotspots are taken into account. 

 

Key assumptions I This analysis assumes that when a material is recycled, it replaces the use of similar virgin 

material inputs in the manufacturing process. This approach is based on the assumption that demand for new and 

recycled materials and products remains constant; in other words, each ton of recycled material is assumed to 

displace the virgin material that would have been extracted and processed in the absence of recycling. In addition, 

material output is assumed equal to the amount of treated waste (after losses). 

 

Life cycle avoided emissions often arise from efforts by multiple partners along the value chain, from raw material 

suppliers to material manufacturers. Avoided emissions are the sum of all the changes by all partners so they 

cannot be attributed to only one partner.. Although the recycling process is not part of Carl F operations, the GHG 

emissions avoided are still assigned to Carl F, as the transportation service is the pre-condition for recycling and 

consequently for the materialization of avoided emissions. Therefore, the avoided emissions calculated at the 

end-use of the material are attributed to the complete value chain. 

 

As will be demonstrated in the following examples, making a material from recycled inputs generally requires less 

process energy (and uses a different fuel mix) than making the material from virgin inputs. The fuel mixes used in 

the avoided emissions calculations for manufacturing recycled material reflect the material-specific industry 

averages in the Nordics for the manufacturing process. However, many consumer products made with virgin 

materials often come from overseas, where the fuel mix has more coal and manufacturing is less energy efficient 

than in the Nordics. Studies using a fuel mix for virgin material that reflects the likelihood of higher GHG emissions 

associated with the manufacture of a material in common manufacturing countries, such as China, are used when 

available. In addition, more energy is likely to be used on transportation in overseas countries than on 

transportation associated with domestic recycling.  

 

The avoided GHG emissions from remanufacture using recycled inputs is calculated as the difference between 

(1) the GHG emissions from manufacturing a material with 100 percent recycled inputs, and (2) the GHG 

emissions from manufacturing an equivalent amount of the material (accounting for loss rates associated with 

collection losses and remanufacturing losses) with 100 percent virgin inputs. 

 

Finding the balance between incineration and material recycling also requires taking into account the quality of 

the recycled material, source separation usually enabling higher quality.  However, this is not taken into account 

in this simplified analysis. 
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Results communication I These results can be used to communicate the general climate impact of Carl F 

operations and waste management strategies. The specific results depend on transportation and material use of 

the downstream client. A Life Cycle Assessment carried out under different conditions (such as conditions specific 

to the use and end-of-life treatment of each waste stream by each downstream client) could result in different 

conclusions, especially regarding the scope 3 benefits or burden. In other words, the presented results indicate 

the average performance of material recycling and incineration at Carl F regarding climate impact. The results 

should not be used to compare specific recycling routes, end-used of materials or companies.  



CARL F I CLIMATE IMPACT ASSESSMENT 

 

9 

 

Is recycling plastic better than incineration with energy recovery? 

Carl F sold approximately 35 tonnes of 2D mixed plastic for incineration in 2018, according to the company’s own 

estimation. Emission factors associated with incineration and recycling of plastic are presented below: 

GHG emission factors, 
expressed in kg CO2-eq./t 

PET 
(bottle/ 
fibre) 

PE-HD PE-LD PP PS PVC Other 
plastic 
resins 

Direct GHG emissions from 
recycling  

510 / 
280 

348 348 348 348 348 348 

Direct GHG emission from 
virgin plastics production  

2 150 /  
2 050 

1 800 1 870 1 630 3 300 1 900 4 800 

Recycling: secondary – 
avoided emissions 
(substitution of virgin 
material) 

- 1 640 / 
- 1 770 

- 1 452 - 1 522 - 1 282 - 2 952 - 1 552 - 4 452 

Direct GHG emissions from 
incineration  

2 697 2 697 2 697 2 697 2 697 2 697 2 697 

Avoided GHG emissions from 
incineration 

2 079 2 079 2 079 2 079 2 079 2 079 2 079 

Incineration: incineration + 
primary – avoided emissions 
(substitution of energy) 

2 768 /  
2 668 

2 418 2 488 2 248 3 918 2 518 5 418 

Difference: recycling – 
incineration 

4 408 / 
4 438 

3 870 4 010 3 530 6 870 4 070 9 870 

Table 3 | Greenhouse gas emissions from recycling (including secondary/recycled material production) and 
incineration (including emissions from incineration and primary/virgin material production), and comparisons 
between recycling and incineration. Source: Hestin et al. (2015) 
 
Negative values in the table indicate GHG savings. The avoided GHG emissions from the production of energy 
from fossil fuels, due to energy recovery from plastics, is estimated at 2 079 kg CO2e/t of plastic waste. 
 
In scenario 1, the baseline scenario, incineration of mixed plastics avoids emissions by substituting the extraction 
and consumption of primary fossil energy. However, as plastics contains abundant toxins, the residues of 
incineration, even in plants with flue gas cleaning, have high values for GHG emissions (Hestin et al., 2015). 
 
In scenario 2, recycling accounts for significantly less GHG emissions than virgin material production and 
incineration. For example, the impact of the production of virgin PVC is 1 900 kg CO2-eq/t while the climate impact 
of recycling of PVC is 348 kg CO2-eq/t (Hestin et al., 2015). 
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In the case of plastics, recycling is significantly better than energy recovery. As seen in Table 3 and in Figure 4, 

the GHG emissions savings from replacing virgin plastics with recycled plastics are high. Incineration of plastics 

results in positive emissions, requiring production with virgin material, while replacing district heating or electricity 

with the energy generated from the incineration. The GHG emissions in the different scenarios are shown below:  

 

Figure 4 | Overview of GHG emissions for two scenarios: recycling and incineration. Material recycling has a net 

climate positive impact of about 2,08 kg CO2-equivalents per kg plastic. Incineration produces a net climate 

negative impact of about 3,06 kg CO2-equivalents per kg plastic. 

 

Currently, Carl F reports that they send approximately 35 tonnes of mixed plastic waste to incineration, which can 

produce up to 107 100 kg CO2-eq of greenhouse gas emissions. The results above show that if Carl F would 

recycle the same amount of mixed plastics (instead of incineration), the potential GHG emission savings could be 

72 800 kg CO2-eq. Thus, Carl F has the potential to reduce emissions by 179 900 kg CO2-eq by diverting plastics 

to recycling. 
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Is recycling paper better than incineration with energy recovery? 

Emission factors associated with incineration and recycling of paper are presented below: 

GHG emission factors, 
expressed in kg CO2-eq./t 

Paper 

Direct GHG emissions from 
recycling  

846 

Direct GHG emission from 
virgin plastics production  

1 100 

Recycling: secondary – 
avoided emissions 
(substitution of virgin 
material) 

- 254 

Direct GHG emissions from 
incineration  

44 

Avoided GHG emissions from 
incineration 

- 409 

Incineration: incineration + 
primary – avoided emissions 
(substitution of energy) 

735 

Difference: recycling – 
incineration 

989 

Table 4 | Greenhouse gas emissions from recycling (including secondary/recycled material production) and 
incineration (including emissions from incineration and primary/virgin material production), and comparisons 
between recycling and incineration. Source: Hillman et al. (2015); Avfall Norge (2010). 

 

In scenario 1, the baseline scenario, incineration has a small energy gain, as it can generate about 15 MJ/kg of 
energy (SFT, 1996). However, new paper would have to be produced and this is also energy-consuming. 

In scenario 2, recycling consumes less energy than virgin material production and incineration. For example, the 
production of virgin paper in Denmark on average required 21.8 GJ tonne–1 paper whereas the energy used for 
paper produced from recycled paper was 9.6 GJ tonne–1 paper (Schmidt et al., 2007). However, the greenhouse 
gas savings are highly depend on the energy source in the recycling, virgin material production and incineration 
processes; highest net savings occur when recycled material is produced with renewable energy in comparison 
to virgin material production with fossil fuels. 
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In this case, the calculations demonstrate that recycling is much better than energy recovery. However, the energy 

sources, utilization of recycled paper, choices of reprocessing technology and substituted virgin production 

processes can alter the results (Wang et al., 2012; Frees et al., 2005). The GHG emissions in the simplified 

scenarios are shown below:  

 

 

 

Figure 5 | Overview of GHG emissions for two scenarios: recycling and incineration. Material recycling has a net 

climate positive impact of about 0,25 kg CO2-equivalents per kg paper. Incineration produces a net climate 

negative impact of about 0,74 kg CO2-equivalents per kg paper.  
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Is recycling cardboard better than incineration with energy recovery? 

In the year 2018, Carl F sold approximately 6 543 tonnes of cardboard for recycling, according to the company’s 

own estimation. Emission factors associated with incineration and recycling of cardboard are presented below: 

GHG emission factors, 
expressed in kg CO2-eq./t 

Cardboard 

Direct GHG emissions from 
recycling  

707 

Direct GHG emission from 
virgin plastics production  

855 

Recycling: secondary – 
avoided emissions 
(substitution of virgin 
material) 

- 148 

Direct GHG emissions from 
incineration  

70 

Avoided GHG emissions from 
incineration 

- 409 

Incineration: incineration + 
primary – avoided emissions 
(substitution of energy) 

516 

Difference: recycling – 
incineration 

664 

Table 5 | Greenhouse gas emissions from recycling (including secondary/recycled material production) and 
incineration (including emissions from incineration and primary/virgin material production), and comparisons 
between recycling and incineration. Source: Hillman et al. (2015) 

 

In scenario 1, the baseline scenario, incineration can generate electricity and process steam from the recovered 
energy, used for heating. However, despite this small energy gain, new packaging would have to be produced, 
requiring high amounts of energy and virgin material. The production of pulp from raw materials through 
mechanical pulping methods requires about 1,800–2,300 kWh/tonne pulp (Dahlroth, 1998; Skogssverige, 2014).  

In scenario 2, recycling consumes approximately 400 kWh/tonne of electricity (Dahlroth, 1998) while also avoiding 
the much higher energy consumption used in the production of new packaging from raw materials. Recycling 
therefore usually results in lower energy consumption than incinerating cardboard and producing new packaging 
from raw material. However, this case assumes that there are no significant material losses and degradations in 
the recycling process. 
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In this case, the calculations demonstrate that recycling is better than energy recovery. This means that recycling 

processes consume less energy and primary raw materials, which produce less emissions than incineration, 

energy recovery and primary production. The GHG emissions in the different scenarios are shown below:  

 

Figure 6 | Overview of GHG emissions for two scenarios: recycling and incineration. Material recycling has a net 

climate positive impact of about 0,15 kg CO2-equivalents per kg cardboard. Incineration produces a net climate 

negative impact of about 0,52 kg CO2-equivalents per kg cardboard.  
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Is recycling wood better than incineration with energy recovery? 

In the year 2018, Carl F recycled approximately 4 674 tonnes of wood, according to the company’s own estimation. 

Emission factors associated with incineration and recycling of wood are presented below: 

 

GHG emission factors, 
expressed in kg CO2-eq./t 

Wood 

Direct GHG emissions from 
recycling (average of use in 
dry and moist environment) 

349 

Direct GHG emission from 
virgin plastics production 
(average of use in dry and 
moist environment) 

410 

Recycling: secondary – 
avoided emissions 
(substitution of virgin 
material) 

- 61 

Direct GHG emissions from 
incineration  

70 

Avoided GHG emissions from 
incineration 

- 990 

Incineration: incineration + 
primary – avoided emissions 
(substitution of energy) 

- 510 

Difference: recycling – 

incineration 

571 

Table 6 | Greenhouse gas emissions from recycling (including secondary/recycled material production) and 
incineration (including emissions from incineration and primary/virgin material production), and comparisons 
between recycling and incineration. Source: Birnstengel et al. (2015) 

 

Scenario 1, incineration, 1 mg of wood chips replaces 379 cubic meters (m3) of natural gas and avoids 868 kg 
CO2-eq of potential climate impacts (Arm et al., 2017). Therefore, due to the energy credit, incineration presents 
an advantage of over 150% compared to the recycling alternative, according to WRAP (2010). 
 
Scenario 2, recycling, is an energy-consuming option. Yet, recycling can avoid the slightly higher GHG emissions 
from virgin material production. However, it seems to provide less climate benefit than incineration if fossil fuels 
are used as a marginal fuel for the alternative district heating source (Erlandsson & Sundquist, 2014). 
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In the case of wood, the calculations demonstrate that energy recovery is better than recycling for mixed wood. 

To conduct a precise climate impact assessment, data clarification is key. There are many factors, which could 

alter the result; significant factors include types and condition of the wood waste materials (dry, moist), recycling 

potential, and types of incineration technologies. The GHG emissions in the different scenarios are shown below: 

 

 

 

Figure 7 | Overview of GHG emissions for two scenarios: recycling and incineration. Material recycling has a net 

climate positive impact of about 0,06 kg CO2-equivalents per kg wood. Incineration produces a net climate positive 

impact of about 0,51 kg CO2-equivalents per kg wood. 

 

Considering that Carl F reports 4 674 tonnes of mixed wood waste being sent to recycling, the results suggest 

that if Carl F would send the wood to waste-to-energy, it could have total net climate positive impact of 2 383,74 

CO2-eq; whilst the continuous recycling, considering a press board from waste wood, can produce a net climate 

positive impact of 280,44 CO2-eq. Thus, based on this calculation, Carl F could reduce GHG emissions by 2 

103,03 CO2-eq per year if the mixed wood would be sent to incineration instead of recycling. 

 

Wooden pallets I In majority of the studies, the conclusion is that incineration with energy recovery is the best 

end-of-life treatment option for wooden pallets, although alternative transportation fuels and biobased energy mix 

for district heating could change the result. Below we highlight some of the findings and notable data points: 

• The lifecycle analysis of pallets reveals that the acquisition of raw materials and transportation of pallets 

during their use have the largest impact during their lifecycles (Deviatkin et al., 2019). However, none of 

the studies calculate the transportation impact with HVO; instead, they use diesel trucks for calculations. 

• Recycling method of pallets is often called “mulching” and the material that is recovered is suitable for 

less demanding applications than it was originally used for (secondary application can be for example as 

landscaping material or animal bedding). Thus, nails are recovered for steel recycling. Carrano et al. 

(2014) found that incineration with energy recovery has a more favourable climate impact than mulching. 

One expendable single-use pallet disposed has a climate impact of 0,11 kg CO2-eq if sent for mulching, 

whereas incineration with energy recovery provided GHG emissions savings of -7,60 kg CO2-eq./pallet. 

• If carbon sequestration is accounted (meaning carbon stored in wood pallets in this case), then the 

material recycling route can be the most favorable option with GHG savings of -11,1 kg CO2-eq./pallet, 

with average pallet weight of 25 kg (or -444 kgCO2e/t of wood as in Turner et al. 2015). 

• Incineration of pallets with energy recovery is an attractive option from the climate perspective if the 

alternative option for district heating uses more than 20 % of fossil fuels (Erlandsson & Sundquist, 2014).  
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Methodology 

This chapter describes the overall methodology behind the climate impact calculation of Carl F. We describe the 

“operating control” principle, which is the basis of setting boundaries for the calculation – what is the emission 

responsibility of Carl F, what are other companies’ responsibilities and where to draw the line between the two to 

understand the societal impact. Furthermore, we describe the choices, assumptions and principles, which 

influence the final result. 

Operating control principle 

Under the operational control approach, a company accounts for 100% of emissions from operations over which 

it or one of its subsidiaries has operational control. A company has operational control over an operation if it - or 

one of its subsidiaries - has the full authority to introduce and implement its operating policies at the operation. 

Climate accounting includes all significant Carl F activities, including transportation and energy use to deliver 

waste to further treatment. The waste treatment and use as heat, biogas and new products are included in scope 

3 calculations.  

Refrigerants used in vehicles, refrigeration and waste were considered non-significant and omitted from the 

calculation. In addition, business travel and commuting were deemed small and were not included in the climate 

impact result. 

Climate accounting according to the Greenhouse Gas Protocol 

The Greenhouse Gas Protocol (GHG Protocol) is the most used international standard for climate impact 

accounting. Thus, this climate impact report is made according to this standard.  

GHG Protocol requires that emissions are presented in three categories (scope 1-3). Scope 1 means direct 

emissions, arising from the operations that the company owns or controls. Scope 2 emissions are indirect, deriving 

from purchase of electricity, steam, heating and cooling. Scope 3 emissions are also indirect and they are caused 

by production and transportation of goods and services that the company purchases (such as business travels or 

office paper). In addition, avoided emissions have to be reported separately in the ‘avoided emissions’ category. 

This gives credit to emissions that are avoided – or in other words not emitted to the environment – thanks to the 

products and services that the waste company delivers.  

What is double counting and how to avoid it? 

Double counting is a situation, in which two or more reporting companies take ownership of the same emissions 

or reductions. For example, GHG emissions generated during the transportation phase consist in direct emissions 

(scope 1) for the waste company, but they constitute indirect emissions for the waste producing organization, such 

as a real estate company (scope 3). 

 

It is not always easy to allocate the emission responsibility (and avoided emissions credit) for each company. For 

example, avoided GHG emissions generated due to recycling are a collaborative effort of waste logistics, recycled 

material producer and other organizations. To avoid double counting and give a fair share of responsibility – and 

credit - for the emissions, the international framework of GHG Protocol has made accounting guidance for the 

different emission scopes. Notably, avoided emissions in scope 3 have to be reported separately. 
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What climate impact do transportation fuels cause? 

Carl F uses HVO for the collection fleet and diesel for the own-site mobile equipment at Depon. The emission 

factors were calculated using the following information: 

• Diesel MK1: GHG emissions 77,2 g CO2-eq/MJ; energy content 35,3 MJ/l (Drivmedel 2018) 

• HVO: GHG emissions 8,8 g CO2-eq/MJ (Drivmedel 2018); energy content 34,4 MJ/l (Neste Renewable Diesel 

Handbook) 

What climate impact does electricity cause? 

The life cycle analysis emissions (LCA emissions) of electricity production include the upstream emissions, more 

specifically emission caused by the construction of hydropower and nuclear plants. Most of the emissions from 

hydropower and nuclear power are caused by the construction phase of the plants. 

Carl F uses E.ON, fossil fuel free electricity. 82 % nuclear power and 18 % hydropower. CO2e emissions are 3,68 

g/kWh. The electricity mix used by Carl F is calculated as follows: 

• (82 % * 3,5 g CO2-eq/kWh) + (18 % * 4,5 g CO2-eq/kWh) = 3,68 g CO2-eq/kWh 

• Since g/kWh is numerically equal to kg/MWh = 3,68 CO2eq kg/MWh 

• 2018 consumed 406 MWh * 3,68 kg/MWh = 1 494 kg CO2/year (1,49 ton CO2 /year)  

What climate impact does district heating cause? 

District heating has a significant climate impact, energy companies carrying the impact responsibility. The heating 

purchased from E.ON is produced mainly by natural gas (31,8 %) and waste incineration (52,7 %) in Malmö in 

2018. The emission factor used in the calculation are from E.ON. It is expected that the emissions from district 

heating in Southern Sweden are going to be reduced in the coming years as the Government of Sweden has a 

target to run entirely on renewable energy by 2040. 

Waste to energy 

There are various ways how to use waste. The selected treatment is influenced by regulation and policies, 

technical and economic alternatives, as well as demand and supply for secondary materials. Landfilling is 

considered the worst alternative, as in the EU’s waste directive. Sweden has almost erased the landfilling option 

due to policies (landfilling tax and prohibition). Much of the incinerated material is biogenic. Less of the incinerated 

waste is plastic, however, it has a higher climate impact when it is burned due to the carbon content. 

Recycling and avoided emissions 

For recycled material, Carl F gets credit for reduced climate impact. The climate impact data that is used as a 

basis for this calculation is the similar virgin material – with the assumption that Carl F’s activities can replace the 

extraction and production of virgin material by facilitating the recycling of material. It is unclear what would be the 

material that the producing companies would choose if recycled material would not be available; yet, similar virgin 

material is a generally accepted comparison for avoided emissions accounting. 

 

Emissions from virgin material extraction and production are described along with the avoided emissions cases. 

Notably, these emission factors are simplifications, using the averages in best available scientific research papers 

and environmental reports. In practice, there are a variety of material sources, transportation methods and 

production facilities. For the purpose of this assessment, it is sufficient to use averages and academic sources. 
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Annex 1. Included energy flows, waste 

flows and treatment methods 

Data is collected from Carl F’s documents, as well as documents available from suppliers and downstream clients. 

This information is supplemented with personal communication with the aforementioned stakeholders. Emission 

factors are retrieved from or calculated based on various environmental reports, databases and scientific research 

papers. The results of data collection (a.k.a. waste amounts according to their treatment method) are presented 

in Table 7 below. This data is used as a basis for the climate impact calculation for 2018. 

Carl F - 
Emission Source Amount Unit Emission factor Data source 
SCOPE 1-2 

Transportation     

HVO 567 486 litres 0,303 kg CO2-eq /l Drivmedel 2018; Neste 
Renewable Diesel 
Handbook 

Diesel MK1 116 843  litres 2,725 kg CO2-eq /l Drivmedel 2018 

Energy (electricity, heating, 
cooling) 

    

Windpower 35  MWh 13 kg CO2-eq/MWh  Miljöfaktaboken 2011 

Electricity from the grid 406  MWh 4 kg CO2-eq /MWh Miljöfaktaboken 2011 

District heating 200  MWh 159,11 kg CO2-eq/MWh E.ON – År 2018 
SCOPE 3 

Waste-to-energy (incineration)     

Non-hazardous industrial waste 32 908 t 0,332 t CO2-eq /t ADEME 2007 

Hazardous waste 11 t 0,810 t CO2-eq /t CITEPA, OMINEA 2013 

Landfilling     

Demolition/construction waste 595 t 0,001 t CO2-eq /t DEFRA 2018 

Mud 1 926 t 0,017 t CO2-eq /t DEFRA 2018 

Composting     

Organic 1 217 t 8 kg CO2-eq/t Prognos 2008 

Material recycling     

Mix, foodstuff and biowaste 10 447 t Various See excel 

Inert waste (asphalt, bricks, etc) 11 132 t Various See excel 

Demolition, construction and 
industry waste (car batteries, 
WEEE, grease, etc) 

3 141 t Various See excel 

Wood 4 674 t Various See excel 

Rubber and tires 289 t Various See excel 

Metals 2 775 t Various See excel 

Glass 732 t Various See excel 

Plastic 800 t Various See excel 

Paper and cardboard 9 166 t Various See excel 

Table 7 | Waste flows, treatment methods and emission factors included to the 2018 climate impact accounting. 


