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PREFACE 
This report is the result of a cooperation project within the Swedish Knowledge Centre for Renew-
able Transportation Fuels (f3). The f3 Centre is a nationwide centre, which through cooperation and a 
systems approach contributes to the development of sustainable fossil-free fuels for transportation. 
The centre is financed by the Swedish Energy Agency, the Region Västra Götaland and the f3 
Partners, including universities, research institutes, and industry (see www.f3centre.se). 
  
 
This report shoud be cited as: 
Benchmarking biogas value chain in Sweden and Canada, Holgersson, Willquist, Dickson, (2014). 
Report No 201X:XX, f3 The Swedish Knowledge Centre for Renewable Transportation Fuels, Sweden. 
Available at www.f3centre.se. 

 
  

http://www.f3centre.se/
http://www.f3centre.se/
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Summary 
While growing, the Canadian biogas sector is less mature than the one in Sweden and could benefit 
from knowledge transfer in some areas. For example, only a few Canadian municipalities separate 
organics for biogas production, even though there is potential to produce 48 MW of electricity if half 
of Canadian residential organic waste were converted to biogas (Kelleher Environmental 2013).  
 
Within Canada there is also a significant potential to capture more biogas from other sources, as well 
as making better use of the biogas that is currently being captured. For example, 41 landfills in 
Canada that currently do not capture biogas are able to support economically viable biogas facilities 
to produce 95 MW. Instead, many landfills in Canada flare their biogas produced. Moreover, almost 
half of Canada’s wastewater treatment plants currently do not capture biogas and those that do still 
flare the produced biogas during summer months when heat demand is low (Kelleher Environmental 
2013).  

 
Over the past ten years agricultural biogas facilities are increasingly being considered by farmers to 
diversify beyond conventional agricultural-based income sources. In some areas of Canada, such as 
British Columbia’s Lower Mainland, the limited availability of agricultural land on which to spread 
manure and the close proximity to urban environments mean that biogas is increasing being 
considered as a way to reduce both nutrient loading and odors from the field application of livestock 
manure. Today there are 41 agricultural biogas facilities in Canada producing 24 MW. However, some 
estimates suggest that if 50% of available manure and crop residues were used, Canada could 
support a total of 1,100 agricultural biogas facilities to produce 550 MW (Kelleher Environmental 
2013)1.  

 
In addition to its theoretical biogas potential, Canada’s natural gas network is more extensive than in 
Sweden. The higher potential and opportunities for cheaper gas distribution and suggests that 
Canada could be an attractive market for Swedish stakeholders working on different areas within the 
biogas value chain. Sweden, being at the forefront of biogas for vehicle fleet technology and with the 
ambitious goal of a fossil-free vehicle fleet by 2030, could share its biogas experiences to help 
Canada realize its biogas potential. However, there is a large unrealized potential also in Sweden, 
especially in the agricultural factor. The challenges of i) high logistics cost, ii) pretreatment 
requirement and iii) expensive digestate and biogas upgrading technologies that are only viable at 
large scale are similar in the two countries. The mapping of stakeholders shows that there are several 
specialized technology providers in the two countries developing techniques for overcoming these 
challenges and hence to realize a sustainable biogas production in both countries could benefit from 
knowledge transfer.  
 
This report maps out the biogas value chains in the countries of Canada and Sweden, and compares 
them to find possible opportunities for biogas knowledge and technology transfer as well as common 
research needs.  
  

                                                           
1
 Some see this estimation as overly optimistic and would suggest that a lower estimation of 500 agricultural biogas 

facilities producing 225 MW is more realistic. 
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Sammanfattning 
Den Kanadensiska biogassektorn är under tillväxt med stor outnyttjad potential och skulle kunna 

gynnas av kunskapsöverföring från Sverige. Till exempel, bara ett fåtal kanadensiska kommuner 

separerar ut det organiska hushållsavfallet för biogasproduktion, även om det finns potential att 

producera 48 MW el, om hälften av kanadensiska bostäder organiskt avfall omvandlades till biogas 

(Kelleher Environmental 2013). 

 

Inom Kanada finns det också en betydande potential för att producera mer biogas från andra källor, 

samt att bättre utnyttja den biogas som redan produceras. Till exempel har man identifierat 41 

deponier i Kanada som skulle kunna producera biogas på ett ekonomiskt hållbart sett (motsvarande 

95 MW) men som inte tar vara på den biogasen som bildas. Istället facklar många deponier biogasen. 

Dessutom tar nästan hälften av Kanadas reningsverk inte till vara på den biogas som bildas (Kelleher 

Environmental 2013) och många reningsverk facklar biogas under sommar månaderna då 

värmebehovet är lågt (Kelleher Environmental 2013). 

 

Under de senaste tio åren har biogasproduktion inom jordbruket betraktas i allt högre grad som 

möjlighet för jordbrukare att diversifiera bortom konventionella jordbruksbaserade inkomstkällor. I 

vissa områden i Kanada, till exempel British Columbias Lower Mainland, finns det begränsad tillgång 

av jordbruksmark att sprida gödsel på och att närheten till de urbana miljöerna i området skulle 

biogasproduktionen vara en möjlighet inte enbart för energiutvinning utan ett sätt att ta vara på 

näringen i gödsel och minska lukter från spridning av stallgödsel. Idag finns det finns 41 

jordbruksbiogasanläggningar i Kanadas som producerar 24 MW, men vissa uppskattningar tyder på 

att om 50 % av den tillgängliga gödsel och skörderester används, skulle det byggas cirka 1100 

biogasanläggningar inom det Kanadensiska jordbruket och kunna producera 550 MW (Kelleher 

Environmental 2013). 

 

Förutom kanadensiska teoretiska biogaspotential, är Kanadas naturgasnät mer omfattande än i 

Sverige. Detta bidrar till billigare gasdistribution och att Kanada skulle kunna vara en attraktiv 

marknad för svenska företag som arbetar med olika områden inom biogas värdekedjan. Sverige, som 

är i framkant av biogas för teknik inom att använda biogas till fordon och med det ambitiösa målet 

om en fossilfri fordonsflotta år 2030, kunde dela sina erfarenheter inom biogasområdet för att hjälpa 

Kanada förverkliga sin biogaspotential. Totts det finns det stor outnyttjad biogaspotential främst 

inom jordbrukssektorn även i Sverige. Detta beror till stor del på utmaningar som delas av de båda 

länderna som logistikkostnader, förbehandlingsbehov och gas- och 

biogödseluppgraderingskostnader. Studien visar att det finns flera teknologiutvecklare i båda 

länderna som utvecklar teknik som angriper dessa utmaningar. Teknologi och kunskapsutbyte mellan 

länderna skulle därför troligvis vara värdefult från båda länderna för att nå den totala 

biogaspotentialen. 

 

Rapporten kartlägger biogasvärdekedjorna i länderna i Kanada och Sverige, och jämför dem för att 

hitta möjliga förutsättningar för kunskaps- och tekniköverföring om biogas produktion och 

distribution samt hitta samarbetsmöjligheter mellan länderna inom området. 
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1.  Introduction  
This study was undertaken to determine potential opportunities for biogas knowledge and 
technology transfer between Sweden and Canada. The aim of this study was to provide a high-level 
assessment of the Canadian and Swedish biogas value chain on which to base its findings.  

 

Biogas production for vehicle fuel is an area where Sweden is at the forefront globally, while the 
Canadian biogas sector is fairly immature. Furthermore, biogas production plays many important 
roles in local economies and energy systems, including:  

 Renewable energy generation; 

 Waste and odor reduction; 

 Nutrient management; 

 Greenhouse gas reduction; 

 Environmental protection; 

 Green job creation; and 

 Green investment opportunities. 
 
Where data for the Canadian and Swedish biogas sectors is available, this data has been used and its 
source is clearly referenced in this study. Where data for the Canadian and Swedish biogas sectors is 
missing, and to enable a more comprehensive benchmarking between the two countries, this data 
has been estimated based on best available data and interviews with Canadian stakeholders. As such, 
it should be understood that the information and opportunities identified within this study are based 
on a high-level assessment only, and that further in-depth research is required to ascertain the 
validity and extent of these opportunities.  
 

1.1. Purpose 
 
The purpose of the study was to visualizing potential innovation and development needs in Sweden 
and Canada within the biogas value chain and to thereby stimulate technology and knowledge 
transfer between the countries. This was done by systematically comparing conditions such as 
policies, potentials, stakeholders, technologies and applications. The study consists of: 
 

1. A Country Report on the biogas value chain in Canada. 
2. An initial benchmarking model of policy in the two countries and what it means for biogas 

production and total use. 
3. A mapping of the biogas value chain and identification of possible areas where there is need 

for Swedish input from both the Swedish companies, universities and institutes. 
 
Canada was chosen for this project because of the many similarities to Sweden. This includes the 
climate, the use of the metric system, similar electricity mixture in some Canadian provinces and the 
large amount of biomass available for energy and transport fuel production.  
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1.2. The benchmarking method  
Benchmarking is the method used herein to compare the Canadian and Swedish biogas policy 
system, actors and technologies against each other without going into too much depth. The sections 
in the biogas value chain that are benchmarked are described in Figure 1. The purpose of this 
benchmarking study is to find differences and gaps of knowledge or technologies that could 
stimulate research and innovation, knowledge and technology transfer opportunities for both trade 
consulates, companies, policy makers, institutes and universities in Canada and Sweden. 
  
 

 
Figure 1.The sectors of the biogas value chain that were benchmarked in this study. 

 
The sections of the biogas value chain compared between Canada and Sweden are the following: 

 Substrate: Availability of waste substrates and energy crops; 

 Logistics: Transportation of substrates from source to end-use;  

 Pre-treatment: Technologies to pre-treat substrates before they enter the digester; 

 Biogas process: Technologies used to produce biogas from substrates; 

 Gas upgrading and distribution: Technology used to upgrade biogas to biomethane and 
regulations/requirements for injecting biomethane into the natural gas grid; 

 Digestate use: Technologies and regulations around the processing and use of digestate; 

 Logistics: Transportation of digestate from source to end-use; and 

 Market introduction: Policies/regulations that encourage or hinder biogas production. 
 
The data from the Canadian biogas value chain was based on literature studies, and a short 
questionnaire and follow-up interviews with companies, governmental agencies and research 
institution active in Canada’s biogas industry. The questionnaire included three basic questions:  

 Which companies, governmental agencies, research institutions, etc. are active in the 
Canadian biogas value chain?  

 What are the key challenges/barriers faced by the Canadian biogas sector in each section of 
the value chain and where might we see the greatest improvements for the Canadian biogas 
sector? 

 Where are the greatest biogas knowledge and technology transfer opportunities for Canada? 
For more information on the questionnaire see Appendix AI.3 
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2. Biogas production in Sweden and Canada today 
 

2.1. Current biogas production in the two countries 
 
When comparing the biogas value chains in Canada and Sweden there are several similarities and 
some distinct differences. Biogas production in Canada is less mature than in Sweden, especially with 
respect to biogas production from household waste and at wastewater treatment plants. Currently 
Canada produces slightly more biogas than Sweden (1,589 GWh in Sweden (Sahlin, Paulson 2013) 
and an estimated 1,664 GWh in Canada2). However, when compared on a per capita basis, Swedish 
biogas production is three and a half times higher than Canada3. In Sweden there are also many more 
biogas facilities, i.e. 187 biogas facilities (or 242 if landfills are included; Sahlin, Paulson  2013), while 
thera are only an estimated 74 active biogas facilities in Canada (or 140 if landfills are included) 
(Figure 2).  
 

 
 
Figure 2 current biogas productions from different sectors in Canada

4
 and Sweden in % (Kelleher 

Environmental 2013, Sahlin Paulson 2013). 

 
There are also differences between Canada and Sweden when it comes to biogas use. In Sweden, 
most of the biogas is upgraded (approximately 60% or 845 GWh) while in Canada most of the biogas 
is used for electricity production (approximately 55% or 909 GWh; Figure 3). Because of this 
difference, Sweden has more upgrading plants than Canada (107 and 3, respectively). Furthermore, 
one third of the collected biogas in Canada is currently flared, while the comparable figure in Sweden 
is 10% (Kelleher Environmental 2013; Sahlin Paulson 2013). 
 

                                                           
2
 Due to significant gaps in the data concerning biogas production at Canadian wastewater treatment plants and at privately 

owned biogas facilities (e.g., at breweries, cheese factories, etc.) this estimate is based on currently available data from the 
Canadian Biogas Association (Kelleher Environmental 2013) and best estimates by the authors.  
3
 This is based on assumptions from available data. 

4
 This data need to be updated with more recent and accurate statistics (Kelleher Environmental et al 2013). 
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Figure 3 Application of biogas 2013 (Statics from Kelleher Environmental (2013) and Sahlin K, Paulson J (2013)). 

 
Despite Canada having a much more developed natural gas grid than Sweden, there are only 3 
locations in Canada where biomethane is injected into the natural gas grid; compared with 9 in 
Sweden. One of the greatest drivers for biomethane production in Canada is FortisBC, the natural gas 
utility in British Columbia (BC). As of 2011, FortisBC has offered its customers the opportunity to 
voluntarily pay more each month so that biomethane is injected onto the grid to offset their gas use. 
Gaz Métro in Quebec has also recently started to offer its customers biomethane. 
 
The strategy in Sweden has long been that natural gas provides a good bridge to using biomethane, 
especially when it comes to vehicle fuel. In 2007 and 2008 this strategy started to pay off as for the 
first time more biomethane than natural gas was used as a vehicle fuel. Today the blend of vehicle 
fuel in Sweden is 60% biomethane and 40% natural gas (Sahlin, Paulson 2013). 
 

2.2 Biogas vehicles 
In 2009, Canada had 12,000 natural gas vehicles and 80 public fuel stationsThis number includes 300 
heavy‐duty vehicles, 150 urban transit buses, 45 school buses, 9,450 light duty cars and trucks, and 
2,400 forklifts and ice-resurfacers (Marbek 2010).  
 
During the same year (2009), Sweden had 23,000 natural gas vehicles and 104 public fueling stations 
(Lindberg 2010). In 2012, Sweden has 44,000 natural gas vehicles, of which 41,600 are personal cars 
and vans, 1,800 are buses and 600 are heavy vehicles, such as trucks used for waste collection. 
Sweden also had 140 public fueling stations and one station for liquid biogas in 2012 (Sahlin, Paulson 
2013).  
 
If biomethane is used as a vehicle fuel, it is best that it is used for vehicle fleets such as transit buses, 
school buses, waste collection vehicles and distribution, as only a few vehicle fleets will create high 
demand for biomethane. If there is high demand for biomethane, this increases the possibility, 
through economies of scale, that biomethane use in light duty vehicles will become profitable5.  
 

                                                           
5
 This is a strategy used when the infrastructure of public fuelling stations are built in Sweden, such as during the years 

2002-2008, when one of the authors was working for Fordonsgas Sverige AB and project Biogas Väst. 
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2.3. Biogas potentials 
According to a recent reports from the Canadian Biogas Association, landfill biogas production shows 
good potential in Canada, with at least 41 landfills that currently do not capture biogas identified as 
being able to support economically viable biogas facilities (Kelleher Environmental 2013). This is in 
contrast to Sweden where biogas produced from landfills is decreasing due to an organic waste 
disposal ban. Canada has a higher estimated biogas potential than Sweden. However, both countries 
have similar allocation between the different sources (Figure 4)6. In both countries, manure, 
agriculture residues (such as straw) and energy crops have the highest potential for biogas 
production. 

 
Figure 4. The estimated biogas potential in Sweden and Canada (Linné et al 2008

7
, Kelleher Environmental 

2013).  

To reach full biogas production potential of 12.5 TWh in Canada, equal to 3% of current natural gas 
demand or 1.3% of current electricity demand, approximately 1,400 new biogas facilities are needed  
(Kelleher Environmental 2013). While reaching this potential will require overcoming many 
challenges (more information on these challenges below), this would create substantial 
environmental benefits, generate profitability and create new jobs in Canada. 

In Sweden there are approximately 30 new biogas projects either planned or under construction. The 
forecast for 2015 is that biogas production will be 2.5 TWh; however many of these projects 
currently lack full financing (Sahlin, Paulson 2013). The total biogas potential of 12.5 TWh for Sweden 
assumes that all available material can be digested with current technical and economic conditions. 
With new technology and innovations a potential increase of about 4 TWh could be possible (Linné et 
al., 2008). 

                                                           
6
 Canadian estimations are based on information from the Canadian Biogas Association (Kelleher Environmental 2013), 

Abboud et al (2010) and best estimates by the authors. 
7
 The data in Figure 4 of the Swedish potential derives from the most cited report, however, there is no real consensus on 

the real potential and there is a new report from Energigas Sverige (Sahlin, Paulson  2013) with updated number. However, 
there is a consensus on that the future biogas potential in Sweden derives from agriculture residues and crops. 
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In the following chapters biogas value chain challenges, needs and opportunities are described for 
both Canada and Sweden.  

 

3. Mapping the Canadian biogas chain 
The Canadian biogas sector can be described as in the early stages of development with substantial 
potential for growth and expansion. Biogas production in Canada has the potential to meet 3% of the 
country’s current natural gas demand or 1.3% of its current electricity demand according to a recent 
study for the Canadian Biogas Association (Kelleher Environmental 2013). Realizing Canada’s full 
biogas development potential would require a capital investment of CD$7 billion and generate 
economic benefits of CD$21 billion to the Canadian economy (Kelleher Environmental 2013).  
 
A key characteristic of the Canada biogas sector is that despite being a well-established technology at 
wastewater treatment plants and landfills, most biogas facilities at Canadian landfills were installed 
to meet requirements for methane capture and destruction and not to produce renewable energy, 
while biogas facilities at wastewater treatment plants were installed as a waste-treatment 
technology and not specifically for energy generation purposes. The limited emphasis and 
requirements on production and use of biogas for energy means that many Canadian wastewater 
treatment plants and landfills can be described as inefficient from a biogas production and/or 
utilization perspective; biogas production per unit of substrate is often low at wastewater treatment 
plants, while Canadian wastewater treatment plants and landfills often flare a large amount of biogas 
with no energy recovery. 
 
A second characteristic of the Canadian biogas sector is that agricultural and municipal biogas 
facilities are still relatively new. Despite being well established in many parts of the world, 
agricultural biogas facilities have only started to appear in Canada over the past ten years. There are 
also very few municipal biogas facilities (two in Toronto and one in British Colombia) as most 
municipalities have favored less technologically demanding composting over biogas production. The 
nascent nature of Canadian agricultural and municipal biogas facilities suggests that there is 
substantial opportunity for expansion and development in this field.  
 

3.1 Mapping the challenges and main actors in the chain 
To better understand the Canadian biogas market’s strengths and weaknesses, and to identify 
opportunities for biogas knowledge and technology transfer between Sweden and Canada, Canadian 
companies, governmental agencies and research institutions were mapped across the biogas value 
chain.   
 
Figure 5 depicts the key characteristics of the companies, governmental agencies and research 
institutes active in the different sections of the Canadian biogas value chain from feedstock, to biogas 
production and digestate markets. Companies that sell technologies owned by others, or that 
provide customer-specific biogas services, such as feasibility studies, permitting, etc. are not included 
in Figure 5 as the technologies are likely sold by other companies and customer-specific services do 
not create original research. For example, several research institutes that offer feedstock testing, 
digester configuration, etc. were not included.  
 
While the majority of companies in Figure 5 are Canadian, other companies have been included that 
either provide technology or research for Canadian biogas facilities, or are well known within 
Canada’s biogas sector and could easily enter Canada. The reason for including these companies is 
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that to omit them would be misleading.8 Large multi-national companies that are ubiquitous in 
biogas markets around the world, such as Awite, Purac, DODA Italy, GE, Capstone Turbines, MT 
Energie Canada, etc. have not been included in Figure 5 despite a potential presence in Canada. 
More detail information about the companies is described in Appendix AI. 
 

 
 
Figure 5 the biogas value chain in Canada. For more information and references on the bullet points from the 
blue boxes see the text below. More information about the companies (green box) and research institutions 
(orange box) is available in Appendix AI.  

 

3.2 Substrate 
The few stakeholders identified to be active in Substrate section of the Canadian biogas value chain 
indicate that there is little focus on this in the Canada. The reason for this is that there are currently 
no incentives for using energy crops in biogas production.9  
 
Within Canada, the greatest potential for biogas production lies in agriculture residues (Figure 6). If 
50% of the manure and crop residues were used for biogas production they could produce 550 MW 
of renewable electricity (Kelleher Environmental 2013). This has recently inspired the governments of 
BC and Ontario to allow the use of up to 50% off-farm waste in agricultural biogas facilities, which 
has helped to boost biogas production for agricultural facilities (See Appendix AI.2 for more 
information about legislation in BC and Ontario, Quebec and Alberta). 
 

                                                           
8
 Excluding non-Canadian companies from the biogas value chain might show a need for anaerobic digester knowledge and 

technology transfer, when in reality this section of the value chain may already be saturated by American companies 
providing the necessary knowledge and technology in Canada. 
9
 Recent increase in Ontario’s Feed-in-Tariff price to CD$0.27/kWh for <100kW biogas facilities may increase the focus on 

crop production for small biogas facilities. 
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Biogas production from landfills and 
food waste (Figure 6) is only realized 
in a few places in Canada. Today, only 
21% of the produced methane at 
landfills is collected, of which 
approximately half is flared while the 
rest is emitted to the atmosphere, 
resulting in extensive green-house 
gas emissions. While this biogas could 
be used for energy generation, flaring 
is often the only economically viable 
alternative at many Canadian landfills 
(Kelleher Environmental 2013). This is 
an area that could benefit from 
Swedish knowledge transfer. 
 
 
 
 

3.3 Substrates and digestate logistics 

There is little research and technology development identified in this section of the Canadian biogas 
value chain. For example, CST Industries’ technology handles agricultural wastes in general and is not 
specifically focused on biogas, while Waste Management Canada, BFI Canada and Organic Resource 
Management Inc. collect and transport feedstocks, rather than focus their efforts on optimized 
transportation.  
 

 
 

3.4 Pretreatment  
A central desire elicited from the questionnaire in this study is to produce as much biogas as possible 
from available substrates. Pretreatment of lignocellulosic substrates face the same concerns as 
described in the Swedish chapter below (2.3.1), such as their inability scale-down for small-scale 
biogas facilities. 12 companies and 4 research institutions were identified for this part of the 
Canadian biogas value chain. Of the technologies available, most are only cost effective if utilized at 
large biogas facilities. Innovative technology to enhance digestibility of substrates could have a great 
potential market in the agricultural sector in Canada (approx. 1,050 new facilities could potentially be 
built according to Kelleher Environmental 2013). Moreover, technology for sorting and preparing 
food waste is not well developed in Canada. This area therefore shows potential for knowledge 
transfer if future governmental policies in Canada promote the digestion of food waste.  
 

Challenges for substrate and digestate logistics in the Canadian biogas value chain 
According to companies in the Canadian biogas value chain, innovations in dewatering 
technologies are essential to realize biogas production from agricultural residues. This would 
reduce transportation costs and allow for the construction of larger, more economically viable 
centralized facilities.  
 

68 

12 

6 
7 7 

Agricultural residues Landfill Food waste wastewater other

Figure 6 Canadian biogas potential (Kelleher 
Environmental 2013) 
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3.5 Biogas production 
Of all sections of the Canadian biogas value chain, this is the most active with many companies and 
research institutions providing their own technology (17 companies and 3 research institutions were 
identified). Within Canada, almost all agricultural digesters are complete-mix systems, as the driver 
for technology adoption is revenue from energy sales (this is somewhat different in America, where 
most systems are plug-flow as drivers for adoption are often manure and odor management).  
 
Wet substrate biogas technology is well understood in Canada and there seems little demand for 
research into technology development, with technology being seen to be ‘as good as it can be’. Dry 
substrate biogas technology is less well understood in Canada, and while a few systems have recently 
been built, this technology requires further research and innovation before it is widely accepted.  
 
Today, approximately two-thirds of biogas produced in Canada comes from landfills (Kelleher 
Environmental 2013). However, due to legislation in most Canadian provinces that only mandate 
biogas from landfills must be captured and destroyed, there is little incentive to use this biogas for 
energy production. Furthermore, existing and planned organic landfill bans in several areas of 
Canada are expected to reduce biogas production from some landfills. See appendix (AI) for more 
information on technology providers, legislation and policies in BC, Ontario, Quebec and Alberta.  

 

3.6 Biogas upgrading and distribution 
There are several companies and research institutions working within this section of the Canadian 
biogas value chain. While some have had success both within Canada and abroad, one key barrier 
within this section is that the cost of biogas upgrading equipment is high and current technology 
doesn’t scale-down well. Cheaper technology or technology that can be used for smaller volumes of 
biogas would overcome this challenge. In addition, since most biogas is used for combustion, there is 
a need for economically sustainable removal of H2S to prolong engine life-time. Figure 7 illustrates 
the natural gas grid in Canada.  
 

Challenges for production in the Canadian biogas value chain 
A future area of innovation/technology transfer should - according to companies in the Canadian 
biogas value chain - be simple, standardized, ‘plug-and-play’ off-the-shelf container style biogas 
facilities with little customization (making the technology less complex and costly). These facilities 
would require no external energy for mixing or heating, no maintenance or other operating inputs. 
The facilities would come in small, medium, and larger sizes, or someone could simply buy as many 
‘units’ as they require depending on substrate volumes.  
 
Except for technological challenges, the two largest barriers to biogas production in Canada are:  

1. Project approval is often uncertain and takes too long across Canada, while administrative 
requirements are high. Biogas facilities typically require consent from multiple departments 
and jurisdictions (i.e. various provincial ministries, municipalities, utilities, etc); and 

2. Lack of biogas education/awareness is resulting in missed opportunities and unnecessary 
barriers across Canada. 
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Figure 7. Canadian natural gas grid controlled by NEB-National Energy board. Source: Courtesy of Natural 
Resources Canada – NEB (Canada's Energy Future: Infrastructure Changes and Challenges to 2020 - Energy 
Market Assessment). 

 

 

4.7 Biogas digestate upgrading  
In Canada it is estimated that around 925,000 tonnes (wet weight) of digestate was produced from 
co-digestion, farm based and commercial biogas facilities and used as fertilizer10. This study is unable 
to determine how much dewatered sludge is produced by wastewater treatment plants and what 
percentage of this sludge is used as fertilizer, which would require an in-depth follow up study. 
 

                                                           
10

 This estimate is based on currently available data from the Canadian Biogas Association (Kelleher Environmental 2013) 
and best estimates by the authors. 

Challenges for gas upgrading and distribution in the Canadian biogas value chain 
According to the companies that answered the questionnaire made for this study, there are three 
major barriers for affective biogas distribution: 

1. The prices paid for electricity and natural gas from biogas facilities are below that necessary 
to make most facilities economically viable (with exception of electricity production in 
Ontario and biomethane production in BC). This is due to low prices being set by utilities 
and the lack of policies in provinces and municipalities across Canada that encourage or 
mandate biogas use, such as adoption of municipal procurement standards requiring 
biomethane fuelled vehicles, mandatory blending of biomethane for all natural gas 
distributors in Canada, tax exemptions, biomethane fuel networks, etc. 

2. In most Canadian provinces the approvals and interconnections processes to connect biogas 
facilities to the electricity grid are considered to be too slow and expensive. An established, 
fixed cost for grid connection will make the evaluation process a lot easier (no criticisms 
were made about interconnection to the natural gas grid; however, this may be due to the 
limited number of  biomethane projects in Canada); and 

3. Innovations/technology transfer are required for SmartGrid control system that would 
enable biogas facilities to inject electricity onto grids that are nominally “full” (i.e., grids that 
have renewable generation from wind and solar and are only actually full when the wind 
blows and the sun shines). This SmartGrid system would enable biogas facilities to inject 
electricity onto the grid when the wind isn’t blowing and the sun isn’t shining, and would 
then disconnect the biogas facility if the wind blows and the sun shine. 
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While there are several technology providers in Canada working on nutrient recovery from digestate, 
these technologies are either immature, or expensive or/and unproven at commercial scale. Nutrient 
recovery from digestate is a key barrier for biogas production in areas of Canada where limited land 
availability for spreading nutrients is of concern for regulatory bodies, such as in areas of BC and 
Ontario. While the Prairie Agricultural Machinery Institute and AAFC Lethbridge Research Centre are 
both researching the use of digestate from agricultural digesters on crop production, there is little 
other research within this field. 
 

3.8 Biogas market 
The majority of biogas produced in Canada is combusted for heat and electricity. However, there are 
a few biogas facilities that convert biogas to biomethane. Those involved in the sale of biomethane 
do so through voluntary markets. Due to Canada’s extensive natural gas grid network, there is 
significant opportunity to inject biomethane into the gas grid. According to the Canadian Biogas 
Association, 3% of the natural gas demand in Canada could potentially be produced through 
anaerobic digestion (Kelleher Environmental 2013). There were 5 companies identified that focus on 
using natural gas, but that have expressed an interest in biomethane. See Appendix (AI.1) for more 
information. 
 

3.9 Biogas Policy  
Unlike in Sweden, biogas production is not yet a government focus point in Canada, and Canada lacks 
biogas-specific strategies or goals. As such, Canadian policies that support biogas production often do 
so not because they were created specifically to support biogas, but rather because biogas solves the 
environmental and economic problems that the policies were created to solve. Furthermore, in 
Canada, federal and provincial governments share political jurisdiction and decision-making on 
energy.  
 
As such, Canadian provinces often have their own policies that impact biogas production. In the 
attachment (AI.2) there is a list of provincial policies in Canada that in some way impact biogas 
production. In summary, the three central causes for recent increased biogas production in Canada 
are likely Ontario’s FIT, BC’s voluntary biomethane program, and Quebec’s landfill ban coupled with 
funding for biogas facilities to ensure that the organic substrates are not simply composted (as they 
are in most Canadian provinces). Figure 8 shows a vision for the future of biogas in Canada, and how 
it can be part of an integrated renewable energy infrastructure.  
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Figure 8. Biogas vision from a recent study from the Canadian Biogas Association, which underlines that the 
future biogas production should be integrated with the renewable energy (Kelleher Environmental 2013) 

4. Mapping the Swedish biogas chain 
Sweden has the goal of having a fossil-free vehicle fleet by 2030. Within this effort, biogas is one of 
the key governmental focus areas to achieve this goal. Consequentially, the number of biogas 
producers and biogas technology provider in Sweden has increased within the last decade.  
 
Sweden today uses more biogas in its transportation sector than any other country (Sahlin, Paulson 
2013). In 2012, there were 242 biogas production facilities in Sweden, which resulted in a total 
production of 1589 GWh; an 8% increase 
from 2011. The largest biogas production 
increase during this time came from 
farm-based biogas, which while it grew 
by 136%, still only constitutes 3% of 
overall biogas production. Most of the 
biogas produced in Sweden is upgraded 
to vehicle fuel (Figure 9). 
 
According to a recent report from the 
Swedish Energy Agency (Sahlin, Paulson 
2013), the three key reasons for rapidly 
increasing biogas production in Sweden 
are: 
1. The incentives to use biogas as a 

vehicle fuel; 

2. That two large national car 
producers (Scandia and Volvo) are 
producing gas vehicles; and 

3. Municipal commitment to biogas 
production and use. 

 

53 
33 

3 10 

vehicle fuels heat electricity unused

Figure 9 Usage of biogas in Sweden divided by sector 
(Sahlin, Paulson 2013) 
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4.1 Mapping the challenges and main actors in the chain 
The companies active in the Swedish biogas value chain have previously been mapped by the 
Sustainable Business Hub in Sweden, and this information is available at www.biogasoffer.com and 
the research institutions in Appendix AII.1. The statistics and main characteristics of this information 
are derived from literature studies and are explained in more details below. The list of research 
institutions is based on a direct search of universities and research institutes that have published 
articles with the keywords biogas + substrate/logistics/pretreatment/digestate/upgrading in the 
keywords or title since 2009. This list may therefore incomplete since it does not consider research 
that has not yet been published. A more extensive list of research institutions and funding agencies 
in Sweden are presented in Appendix (AII.1). 
 
 

 
 
Figure 10 The Swedish biogas value chain from substrate to market introduction. The information is from the 
following report (Yngvesson et al 2013, Brandsma et al 2013, Sahlin, Paulson 2013, Nordberg 2006, Sustainable 
Business Hub Sweden www.biogasoffer.se). The research institution listed are those that have published 
original research articles with the words biogas + substrate/logistics/pretreatment/ digestate/upgrading in the 

Challenges for expansion of biogas production in Sweden 
According to the Swedish energy market inspections, there are three main barriers to the 
expansion of biogas production in Sweden. These are:  

1. While the highest payback for biogas investment in Sweden is if it is used as a vehicle fuel, 
the profitability for biogas production is generally low and it is difficult to build 
economically attractive biogas facilities; 

2. The market for natural gas in Sweden is limiting and fragmented. The natural gas grid is 
only present in the southern and western parts of Sweden; and  

3. Limited integration between gas markets. 
 
Reference: Gåveryd et al (2009) 

http://www.biogasoffer.com/
http://www.biogasoffer.se/
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keywords or title since 2009. There are also more research institutions working on biogas in Sweden, which are 
listed in Table AII.1 in Appendix AII.  

 

4.2 Substrates 
In Sweden, 93% of the substrates used for biogas production come from national resources, with 
waste (secondary substrate) the most common. Of all the substrates used in biogas production, 
sewage sludge is the most commonly used, followed by food waste and waste from the food industry 

(Sahlin 2013). Due to the significant 
environmental benefits and low 
production costs, biogas production 
from manure is a focus area for 
expansion in Sweden and is expected 
to increase over the next few years 
(Dahlgren et al 2013). Furthermore, a 
methane reduction support system for 
anaerobic digestion of manure will be 
in place 2014. Figure 11 shows the 
differences between manure, waste 
and crops in respect to the 
environmental benefits and biogas 
production costs (Lantz, Borjesson 
2010).  

While the Swedish national goal for 
biogas production by 2015 is 3 TWh/year, the necessary facilities are not yet in place to meet this 
goal (Dahlgren et al 2013). Furthermore, Sweden’s theoretical biogas production potential is 8-18 
TWh/year, depending on the scenarios used (Dahlgren et al 2013, Lantz, Borjesson 2010, Linné et al 
2008). This potential includes exploration of manure and crop based biogas, which will contribute a 
large portion of the production potential number11.  

The policies and environmental goals imposed by the Swedish government greatly affect both 
substrate prices and availability. In Sweden there is an environmental goal (“God bebyggd miljö”) 
that 40% of food waste should be collected and used to produce renewable energy 
(Naturvårdsverket 2012 6527).  

                                                           
11

 This figure depends on the study and the objectives and scenarios used. 

Figure 11 Average costs and environmental benefits of biogas 

production from different crops in Sweden (Lanz, Börjesson 

(2010)). 
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4.3 Substrate and digestate logistics 
A large percentage of biogas production costs lie in substrate logistics. This high cost affects the 
location of biogas facilities, as these facilities either need to be close to the biogas consumers (cities) 
and therefore are often far from the substrate, or they need to be close to the substrate and are 
therefore far from the consumer. For example, approximately five times more biogas is produced in 
Skåne (the southern region of Sweden) than in the region around Stockholm (the capital), even 
though twice as much biogas is used in Stockholm than in Skåne (Lanz, Börjesson 2010). Substrate 
logistic costs depend not only upon the distance from the biogas facility, but also water content and 
physical properties.  

4.4 Pretreatment  
Sustainable biogas production from challenging substrates, as discussed above (See chapter 3.2.1), is 
likely only to be realized if there is an efficient and affordable pretreatment technology. This issue 
has been highlighted by several Swedish companies active in this field (18 companies according to 
the website www.biooffer.se). There are also several research institutions working in this field (see 
Figure 10). See Appendix (AII) for more information on pretreatment techniques in Sweden. 
 

Challenges for the substrate, logistics and production sections in the Swedish biogas value chain 

For sustainable biogas production the three P-dimensions of people, profit and planet should be 
considered. This therefore creates challenges for the education system, technology providers, 
agriculture, policy makers and scientific community to create innovative, sustainable solutions. The 
people factor is important to consider for biogas expansion in Sweden as local communities do not 
always welcome biogas facilities. Education and innovative solutions for better technology and solutions 
to, for example, preventing smells from incoming substrate could increase the acceptance of biogas 
facilities by local communities.  

In Sweden, competition for easily degradable substrates increases production costs. To realize Sweden’s 
biogas potential, substrates that are more difficulties to digest must therefore be used. However, the 
need to use these types of substrates create challenges in both obtaining it at a low cost, generating 
sufficient biogas yield and ensuring its use has low environmental impact. Factors that influence biogas 
costs according to Energigas Sverige are (Dahlgren et al 2013):  

1. Low biogas potential or need for pretreatment to realize the biogas potential (such as 
lignocellulosic biomass; see 5.4.3); 

2. High water content related to high logistics costs (see 5.3.2); 
3. Harvest difficulties, especially for water-based biomass such as algae; 
4. Alternative uses for the substrates in other sectors, such as for heat production, food 

and feed; 
5. Alternative biofuel production options, meaning that the cost of the substrates depends 

on its value in other sectors; and 
6. Political decisions affecting the availability and pricing of the substrate.  

 
A 2013 Swedish Energy Agency report stated that unless there are new incentives for biogas production 
in Sweden, the recent biogas expansion in Sweden will decrease as there is now competition for all 
easily degradable substrates. Higher costs and less secure substrates present greater risk for biogas 
production and therefore result in lower return on investment (Brandsma et al 2013). 

 
Biomass from the ocean has identified in the south and south-east regions of Sweden as a future 
expansion area. However, this is currently still in pilot scale.  

 

http://www.biooffer.se/
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Hygienization generally requires a lot of energy in the biogas process. However, heat integration 
efficiencies differ between technologies. This is thus an area which could benefit from knowledge 
transfer. Commission regulation (EU) No 142/2011 requires all biogas facilities that accept animal by-
products to be equipped with a hygienization unit. While these units often require a lot of energy, 
recent research has shown that there are ways to reduce the energy requirements for hygienization. 
For example, a benchmarking study of 4 biogas plants using waste in Sweden indicates that 
integrated of hygienization with thermophilic digestion uses 50% less energy compared to 
conventional hygienization at 70⁰C for 1 hour and then digestion. However these results need further 
verification with additional data from other plants (Yngvesson et al 2013). 

4.5 Biogas production 
In 2012, there were 242 biogas facilities in Sweden, with the majority of these being sludge and co-
digestion facilities as discussed above (see section 2.1.1). There are currently 28 companies (including 
consultancy firms) working on biogas production in Sweden according to biogasoffer.com. There are 
many different anaerobic digestion reactor system and technology providers in Sweden (Figure AII.1) 
 
A benchmarking study of food waste-based biogas facilities in Sweden shows that the total costs of a 
biogas facility, including various operation and maintenance costs, varies from 180-660 SEK/tonne 
(CAD$30 - $110) of incoming waste, with a mean of 410 SEK/tonne (CAD$70). The most significant 
reason for the variation in cost is due to the different technologies used. Furthermore, daily wear 
and tear on equipment caused by food waste and any contaminants 
places high demands on equipment and can result in high 
maintenance costs. Total biogas production costs are estimated to 
be 330-830 SEK/MWh (CAD$55 - $140). 

4.6 Biogas upgrading and distribution  
In Sweden most biogas (50-60%) is used for vehicle fuel (Sahlin, 
Paulson 2013) as this pathway provides the greatest profit for larger 
biogas plants (Brandsma et al 2013). The amount of upgraded biogas 
has increased almost threefold since 2007. As such, biogas upgrading 
technologies have advanced significantly in Sweden, and several 
Swedish companies specializing in this field have had success both in 
national and international markets (see www.biogasoffer.com for 
more information).  
 
Despite biogas being predominantly used as a vehicle fuel, Sweden’s 
natural gas grid is not as large as Canada’s. The Swedish natural gas 
grid exists in the southern and western parts of Sweden, and 
transported approximately 14 TWh natural gas during 2011. This 
biomethane contributes only a small fraction (1-7%) of the overall 
gas flow (Brandsma et al 2013).  
 
While there are large cost benefits if biogas facilities are located close to the gas grid, when this is 
not the case there may still be one of several local gas grids that are able to accept the biomethane. 
Finally, if there is no gas grid available, the biomethane is transported by trucks. To increase energy 
density, the biomethane can be transported in liquid form (LNB, LGB). This reduces the logistics cost 
and is something that is expected to increase in Sweden in the coming years. There is also expected 
to be an increased use of trains and ships for LNG logistics in the future (Brandsma et al 2013). 

 

Figure 12 Location of 
Swedish biogas 
distribution sites 
    Fuelling stations 
    17-19 
    12 
    3-5 
    2 
    1 

        Natural gas grid 
(Brandsma et al 2013)  

http://www.biogasoffer.com/
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4.7 Biogas digestate upgrading 
As described in the Canadian chapter, this is an area of the biogas value chain that is in need of 
innovation. In Sweden there are 12 companies identified that work in this section of the biogas value 
chain. In 2010, 90% and 26% of the biogas digestate produced from co-digestion and sewage sludge 
facilities was used as a fertilizer on fields, respectively. In Sweden, it is phosphorous that often limits 
the spreading of digestate (22 kg/ha/year; SNFS 1994:2). Use of digestate from waste water sludge is 
an intensively discussed topic in Sweden, and there are spreading restrictions for fields growing crops 
for human consumption. These restrictions are due to lack of control of the origin and therefore risk 
of unwanted organic compounds in the sludge, and legislation on hygienization of the sludge with 
the risk of spreading pathogens, such as Salmonella. The heavy metal content in the sludge 
(especially Cd) also limits its application as a fertilizer in Sweden (Henriksson et al (2010)). 
Technologies to extract phosphorous and nitrogen from the sludge and digestate are currently being 
investigated by companies such as ECOBALANS; however the technology is still at pilot-scale and 
currently without industrial verification. This could however be an interesting area for knowledge 
transfer between Canada and Sweden. 
 

4.8 Biogas market 
During the last five years there has been substantial progress within the area of biogas use for vehicle 
fuel in Sweden. The usage of biomethane has increased by 159%, the number of fuelling stations has 
grown by 70% and the biogas fraction in vehicle gas is now 57% (Sahlin, Paulson 2013).  
 

 
The development of biogas as a transportation fuel for light duty vehicles has depended heavily on 
policies and incentives. The incentives for CNG/CBG vehicles in Sweden have been: 

 20-50% lower price for CNG/CBG compare to petrol. However, the price for CBG/CNG has 

started to increase recently; 

 Free parking provided by municipalities, which although has now been phased out by several 

municipalities, was a huge driving force to increase the number of CNG/CBG vehicles;  

 30% subsidy to cover the extra cost for CNG vehicles compared to petrol vehicles; 

 40% tax reduction for biomethane-powered business vehicles; 

 5-year tax exemption for new biomethane vehicles; 

 Moves by companies and municipalities to integrate a transport and travel policy within their 

environmental management programs, which, for example, included direction to only 

purchase environmentally friendly cars such as CNG/CBG cars; and 

 Mandate as of 2006 for large petrol filling stations to supply renewable vehicle fuel. 

 

4.9 Biogas policies 
There are several policies and legislations that have been important for biogas development in 
Sweden (see Figure 13). In 2005 the Swedish energy agency started organized data collection for 
biogas to create statistics for production and usage. While there is data for before 2005, but this data 
is spread over the regions, municipalities, companies and organizations, which is why it been difficult 

Challenges in the market introduction section of the Swedish biogas value chain 
Export and import of biogas in Europe is restricted by the EU environmental sustainability laws 
that require biogas to be traceable. This is impossible if the biogas is distributed through the 
natural gas grid (Sahlin, Paulson 2013). 
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to see what effect the different incentives and policies have had on biogas development. Even 
though many of the policies and incentives were established during 2000 and later, the major part of 
biogas production started before 2000. It took until 2005 for biogas production to reach 
approximately 1.2 TWh. 
 
 

 
Figure 13 Different incentives, support, policies and goals that impact biogas production in Sweden.  

 
 
Statistics for biogas and natural gas use vehicle use has been collected since early 2000. In 2000 the 
mix of CBG/CNG12 was ca 260 GWh, with the majority being natural gas. In 2012 the mix was 
approximately 1450 GWh, with the majority being biomethane.  

5. Challenges, needs and possible knowledge transfer 
In the following chapter the biogas value chain challenges are described for both Sweden and 
Canada, and common needs and opportunities for technology and knowledge providers are also 
discussed. Both countries has specialized technology providers and knowledge transfer could be 
beneficial in both countries. A short summary of the shared challenges discussed in this report are: 
 

 High project costs;  

 Limited financial support;  

 Lack of long term policies;  

                                                           
12

 Data from collected from graphs at Energigas Sverige. http://www.gasbilen.se/Att-tanka-pa-miljon/Fordonsgas-i-
siffror/FordonsgasutvecklingSverige 
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 Expensive logistics when the producer is far from the consumer;  

 Need to produce more biogas from available substrates; 

 Need for increased value of digestate and provision of bio-fertilizers; 

 Need for economically sustainable small-scale solutions for biogas production and upgrading; 

and 

 Difficulty in connecting to electricity grid;  

 

Moreover, the following common needs for policies and education were identified: 

 Improve the financial sector’s confidence in the biogas value chain. Today there is a lack of 
confidence in biogas technology by the financial services sector who loan capital to project 
developers; 

 Continue supportive incentives for biogas so that more projects will be established; 

 Simplify the approval processes; and 

 Educate farmers and the general public about the benefits of biogas production and use. 
 
Finally, the following common needs for technology innovations were identified: 

 Dewatering of agriculture crops for cheaper logistics and better localization of biogas plants; 

 Pretreatment technology innovations to be able to produce more biogas from available 
substrates; without high investment and energy costs; 

 Efficient technologies for digestion of dry agricultural residues and waste; 

 Cheaper technologies allowing for downscaling of biogas upgrading facilities (today the 
investment costs are too high); 

 Innovative procedures for connection to the gas and electricity grid, or in the case of 
Sweden, extending the biogas infrastructure; and 

 Innovative technological solutions for nutrient extraction from biogas digestate and sludge. 
 

In both Canada and Sweden, there are several companies with expertise in different sections of the 
biogas value chain, and as such, both countries could benefit from knowledge transfer. 
Collaborative/research projects between the two countries could therefore have mutual benefits.  
 
However, there are also technologies and policy weak points specific to the Canadian biogas value 
chain that could benefit from knowledge transfer from Sweden being more mature in some 
areas.  Moreover, there is both great unrealized biogas potential and a good infrastructure for biogas 
in Canada. This suggests that it could be an attractive market for Swedish biogas technology and 
knowledge providers. Below are a list (A-H) of suggestions identified in this study of possible Swedish 
technologies and knowledge that Canada could benefit from. The suggestions have not been ranked 
with internal importance. 
 

A. Selections of policies that have pushed the development forward in Sweden that could be 
considered in Canada are:  

 Legislation against dumping organic waste in landfills coupled with incentives to use the 
organic waste in biogas production, rather than in composting;  

 Moving towards phasing out of oil in the energy and transport sectors;   

 Goals and policies to convert 50% of the organic fraction of household waste to energy;  

 Policies in provinces and municipalities across Canada to support biogas projects, such as 
goals and strategies,  procurement processes and specifications for biomethane fuelled 
trucks, more generous feed in tariffs for renewable electricity, etc. 
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Furthermore, in Canada there is often a lack of a clearly defined, linear regulatory process, and 
administrative requirements are high as biogas facilities typically require consents from multiple 
departments and jurisdictions (i.e. various provincial ministries, municipalities, utilities, etc). 
Therefore, Canadian biogas producers require a harmonized approval processes to speed up 
development and reduce barriers to entry. This process should differentiate between scale, 
technology and baseline conditions to ensure small and large biogas facilities are not treated the 
same. Canadian policy makers could learn from their Swedish colleagues as to how to create this 
process. 
 

B. Integrated biogas systems can identify sub-optimization areas and improve 
economics of biogas production.  

Many of the biogas projects in Sweden today integrate multiple aspects of the biogas value 
chain. System analyses, such as flowsheet analysis, LCA/LCC and TIS (Technology innovation 
system), can identify sub-optimizations in the whole biogas system and improve the overall 
economics. Many of the Swedish actors and stakeholders in R&D are already doing such 
studies (see http://www.f3centre.se/projects for some examples of projects). 
 

C. Waste water treatment plants hold a potential for relatively easily realizable biogas 
production and is used for biogas production in Sweden.  

Partnerships could be explored with governments and associations that represent 
wastewater treatment facilities. Research and support should also be made available to 
facilitate biogas energy generation at wastewater treatment plants.   
 

D. Anaerobic digestion of the organic fraction of household and industrial waste shows a great 
potential in Canada and is an area that could benefit from knowledge transfer from Sweden. 

 
However, even in Sweden separation technologies before digestion and efficient heat transfer 
between hygienization and digestion are not always efficient (Yngvesson et al 2013). A challenge in 
technology development in Sweden is that there is a limited market. However, if the knowledge 
could also be used in the Canadian market and throughout North America, where potential is 
greater, there might be a push for innovation in this field. 
 

E. A research study should be considered to quantify the existing situation with respect to 
management of high strength food waste in the Canadian industrial sector, including existing 
on-site energy recovery through AD and the potential for additional on-site energy recovery 
through AD. 

 
F. Energy capture of the biogas produced naturally could be improved.  

 
In Canada, there is often legislation that this biogas from landfills should be captured and destroyed 
due to the large greenhouse gas emissions if not handled properly. Unfortunately, approximately one 
third of this biogas is flared without energy generation (compared with only 10% in Sweden). Due to 
the large amount of biogas currently flared in Canada, there may be an opportunity to produce 
significantly more renewable energy from existing facilities.  However, the low electricity prices in 
Canada and expensive upgrading technology slow down the progress. Innovative technologies for 
downscaling or economic incentives could provide one possible solutions in combination with 

http://www.f3centre.se/projects
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political incentives. Inspiration could be taken from the economic and political incentives in Sweden. 
However, both counties could benefit from cheaper biogas upgrading technologies.  
 

G. Procedure for approval and support for farm-based biogas production should be more 
efficient.  

According to the interviews conducted for this study and the study by the Canadian Biogas 
Association (Kelleher Environmental 2013), the approval process for biogas projects is time 
consuming, and Swedish companies interested in investing in Canada should be aware that approvals 
can take as long as 1-2 years. 
 
 

H. A stronger market and more gas vehicles would be a push for production and use of biogas 
as a vehicle fuel.  

There are great opportunities for Swedish gas vehicles technology providers in the Canadian market, 
although there may be a need for lobbying at this early stage of development. There is already 
cooperation between Westport Innovation out of BC (which has a subsidiary in Gothenburg) and 
Volvo13.  

6. Next steps  
This study was undertaken to uncover possible areas for knowledge transfer within the biogas value 
chain in Canada and Sweden on a high level. While we have identified some potential areas for 
knowledge transfer, a more comprehensive study would provide greater detail about these 
opportunities, as well as enlarge the scope of this study. A more comprehensive study should also 
include environmental and socio-economic effects of biogas production in the two countries, as well 
as give a more comprehensive review of new technologies. 
 
During the research for this study it also became clear that there is need for more accurate statistics 
on biogas production in Canada. For example, there is very little information available on biogas 
production at Canadian waste water treatment plants and landfills. Creation of up-to-date 
information on Canadian waste water treatment plants and landfills would enable easier 
identification of potential biogas energy projects, as well as the ability to assess which of these 
projects present the greatest opportunities.  
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Appendix I The Canadian biogas value chain  
 

AI.1 Stakeholders in the Canadian biogas value chain 
Figure AI:1 depicts a biogas value chain from feedstock generation to energy and digestate use. For 
each section of the value chain companies, governmental agencies and research institution actively 
working in each section are depicted by a number which corresponds to a company, governmental 
agency or research institution in the list below.  
 
 
 

 
Figure AI:1 The biogas value chain in Canada with the numbers corresponding to a company, government 
agency or research institution described in Table AI:1. 
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Table AI:1 List of companies, governmental agencies and research institutions that work in the 
different section of the Canadian biogas value chain. The numbers correlates to the position shown 
in Figure AI:1 
A. Feedstock generation researchers and technology providers: 

1 New Energy Farms Developing first perennial biogas crops (Arundo Donax and Napier 
Grass) 

2 University of Guelph Research into agricultural biomass crops at plots around the province 
in various temperature and soil zones (predominantly wood-based). 

B. Feedstock collection and transportation researchers and technology providers: 

3 CST Industries: Harvestore slurry storage silos manufactured from glass-fused-to-steel 
panels. 

C. On-site feedstock pre-treatment researchers and technology providers: 

4 Biorefinex Thermal hydrolysis reactor to denature organic material and destroy 
pathogens. 

5 CCI Canada Composting Inc Developing hydro-pulper technology to received mixed food waste 
streams, clean out the plastics and grit, and send clean substrate to 
agricultural biogas facilities 

6 Electrigaz SSO pre-treatment for odorless storage and hydrolyse cellulosic 
material for enhanced digestibility. 

7 Highmark Biogas In-feed system capable of converting high-solid materials into pump-
able liquid. Also working on a technology to destroy prions and toxins. 

8 JSH International Organic liquid bio-stimulant that promotes biological efficiency and 
improves energy production. 

9 Manure Systems Inc: Screening equipment that removes particulate solids from animal 
manure 

10 National Research Council Microwave and ultrasonic pre-treatment research 

11 Paradigm Environmental Microsludge technology uses one or more high pressure homogenizers 
(cell disrupters) to pre-treat sludge prior to anaerobic digestion. 

12 Prairie Agricultural Machinery 
Institute 

Researching different methods including densification, pelleting, 
cubing and torrefaction 

13 University of British Columbia 
Okanagan (Cigdem Eskicioglu) 

Emerging pre-treatment technologies for advanced biosolids digestion 

14 University of British Columbia 
Vancouver (Victor Lo): 

Microwave enhanced advanced oxidation process using combination 
of microwave irradiation and hydrogen peroxide to achieve solids 
reduction (destruction) and nutrient solubilization to enable other 
process streams, such as anaerobic digestion, struvite recovery via 
crystallization, short chained volatile fatty acids production. 
 

15 University of Guelph, Ontario Ultrasonic pre-treatment of biogas inputs.   

D. Biogas researchers and technology providers:  

16 ADI Systems Inc: Biogas systems for industrial wastewaters 

17 Alberta Innovates Technology 
Futures 

Dry batch digestion pilot plant 

18 Anaergia Inc Biogas systems for farm, food waste and industrial wastewater 

19 Atis Technologies (formally Valbio 
Canada): 

Biogas systems for industrial waste (the agri-food sector, dairy 
producers in particular).  

20 Avatar Energy: Carbon fiber plug-flow biogas systems for dairy manure and small 
amounts (5% - 10%) food waste.  

21 Bio-En Power Inc Agrinz Technologies GmbH biogas systems from farm size to industrial 
scale plants 

22 Bio-Methatech LIPP GmbH Double-Fold biogas system for farm, food waste and 
industrial wastewater. 

23 BIOFerm Energy Systems Wholly owned by the Viessmann Group, both dry and wet biogas 
systems.  

24 Bioterre Low temperature (5°C to 25°C) biogas systems 

25 Biothane Biogas system for wastewater 

26 CH-Four Biogas Inc Complete-mix biogas systems for farm, food and municipal waste 

27 Concordia University Researching optimization of biogas production from manure 

28 DVO: Patented two-stage mixed plug-flow biogas system for farm and 
industrial wastes 

29 Geomembrane Technologies Inc Air tight membranes to collect biogas 
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30 Highmark Biogas IMUS biogas system for agricultural feedstock 

31 Octaform: Build stay-in-place, concrete forming systems for digesters (similar to 
insulated concrete form). 

32 National Research Council Researching acclimation of methanogens at low temperatures for 
biogas systems in cold climates 

33 PlanET Biogas Solutions Complete mix on-farm biogas system 

34 Prairie Agricultural Machinery 
Institute 

Solid state pilot digestion facility that can process solid state (DM>15%) 
feedstock 

35 RCM International Complete mix, plug flow and covered lagoon biogas systems 

Ea Biogas upgrading and combustion researchers and technology providers 

35 BioCNG Technology to convert relatively small amounts of landfill gas into 
compressed natural gas. 

36 BioGasClean Biological biogas desulphurisation plants removes hydrogen sulphide 
(providing H2S scrubbers to the two pulp mills in Alberta that are 
installing AD systems = Danish). 

37 Biogas & Electric NOxRx, an air pollution control device to reduce NOx and SOx 
emissions from biogas engines 

38 Biorem Technologies specializing in biological treatment of Hydrogen Sulfide 

39 CHAR Technologies A catalytic desulfurization cartridge that removes hydrogen sulfide 
from raw biogas 

40 ChemE Solutions Inc Biogas sulfide and plant odor control technology 

41 Greenlane Biogas Biogas upgrading systems for pipeline or vehicle fuel quality renewable 
natural gas 

42 LANDTEC North America In-line gas flow measurement and sampling devices, including portable 
gas analyzers and continuous stationary monitoring systems 

43 Martin Machinery While they use other’s engines, they make their own cooling and heat 
recovery systems 

44 PlanET Biogas Solutions Underground gas drying and high-grade sulphur removal system 

45 Quadrogen Power Systems Biogas clean-up technology for landfill gas for use in engines, turbines 
and fuel cells 

46 Solutions for CO2 Biogas cleanup technology that also produces pure carbon dioxide for 
industrial applications. 

47 Xebec: PSA system to upgrade biogas from landfills and digesters to 
biomethane 

Eb. Digestate upgrading researchers and technology providers: 

49 AAFC Lethbridge Research Centre 
(Xiying Hao) 

Assess Agronomic Value of Digestate-Derived Bio-Fertilizers 

50 Alberta Innovates Technology 
Futures 

Digestate processing solid liquid systems 

51 Anaergia: Proprietary solutions that recovery over 90% of nitrogen, potassium 
and phosphorus from organic waste streams 

52 BKT: FMX liquid-solid digestate treatment technology to achieve discharge 
target, recover nutrients from digestate with downstream reverse 
osmosis and capture and return microorganisms to the digester 

53 CH Four Biogas Researching nitrogen and phosphorous recovery technology 

54 Electrigaz: Developing a digestate denitrification system to reduce ammonia 
build-up for liquid digestate recirculation in the AD process. 
 

55 Livestock Water Recycling Mechanical and chemical treatments for removal of phosphorous, 
potassium, ammonia and nitrogen from on-farm AD digestate 
 

56 Manure Systems Inc Trident Nutrient Technology (TNT) recovery system extracts nutrients 
from digestate 

57 Ostera Technology based on controlled chemical precipitation in a fluidized 
bed reactor that recovers phosphorous as struvite in the form of highly 
pure crystalline pellets. 

58 Prairie Agricultural Machinery 
Institute 

Research into value-added co-products and by-products 

59 ThermoEnergy Ammonia removal and recovery system 

60 Washington State University Ammonia and Phosphorus Recovery System 

Fa. Biomethane distribution researchers and technology providers: 

61 Bullfrog Power Sell RNG at a premium to customers on the voluntary market 
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62 Dynetek: compressed natural gas cylinders for various applications including 
vehicles 

63 FortisBC Purchase RNG at a high price and sell at a premium through its pipeline 
network to customers on the voluntary market 

64 Gaz Metro Distributes RNG through its network 

65 IMW Natural gas distribution equipment 

66 Union Gas Looking to set-up a voluntary RNG program in Ontario 

Fb. Digestate transportation researchers and technology providers: 

67 Prairie Agricultural Machinery 
Institute 

Research into use of co-products and by-products. 

Ga. Biomethane use research and technology providers  

68 Angi Energy Designs and manufactures systems for compressed natural gas vehicle 
fueling and tube trailer transport 

69 Clean Energy Renewable Fuels Developed and currently operating processing facilities 

70 EBI Owns two public RNG stations in Quebec 

71 Most Energy Compressed Natural Gas fuel systems for most vehicles. USA 

72 Westport Bi-fuel CNG vehicles 

 
 

AI.2 Biogas policies in selected provinces in Canada 
 
 
British Columbia  
In BC, the political appetite to support biogas production is limited. Perhaps one key reason for this is 
that almost all of BC’s electricity supply comes for hydro-electric dams (BC’s electricity carbon 
intensity is 0.02 tonnes/MWh). Secondly, BC’s economy was built on and has traditionally had low 
energy prices, with previous governments doing all they can to keep energy prices low in BC.  
 
Therefore, currently, one of the biggest drivers for biogas production in BC is the voluntary 
biomethane market created by FortisBC, the local natural gas utility. Under FortisBC’s biomethane 
program, residents and business can pay more per month so biomethane is injected onto the gas grid 
to offset their gas use. Other policies that most impact biogas production in BC are: 
1. Implemented in July 2008, BC’s carbon tax rate is 7c/litre for gasoline, 8c/litre for diesel and 

$1.5/GJ for natural gas. While this tax helps to make RNG more cost competitive with fossil fuels, 
natural gas is still several dollars cheaper per GJ than RNG. 

2. BC has set a target of 33% emission reductions from 2007 to 2020.  
3. In 2010 BC’s entire public sector including schools, post-secondary institutions, government 

offices, Crown corporations and hospitals become carbon neutral. To achieve carbon neutrality, 
the BC government purchases almost 1million BC-based carbon offset at around CD$10/tonne. 
To date, due to high transaction costs and need for additionality, very few biogas projects have 
sold carbon offsets to the BC government. 

4. The BC government recently decided to allow for the use of 50% off-farm waste in agricultural 
biogas facilities. This has helped to boost biogas production for agricultural facilities. 

5. The Standing Offer and Net Metering Program pay 10c/kWh for renewable electricity injected 
onto the grid. This price is generally considered to be at least 4 – 6c/kWh below what is required. 

6. As of 2015, Metro Vancouver (BC’s largest regional district) will ban organics from their landfills 
with a regional goal of diverting 70% of all wastes from landfills. Currently, and due to lower 
energy prices and government support for biogas, most discussions on how to process the 
banned organics have focused on composting and not biogas production.  

7. BC’s 2009 Landfill Gas Management Regulation requires that all municipal solid waste landfills 
that are estimated to generate >1,000 tonnes of methane must install facilities to capture and 
destroy this methane. 
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8. Metro Vancouver is currently developing an odor bylaw to reduce unpleasant smells. While this 
policy is still under discussion, odor reduction requirements may support biogas production.  

 
Ontario  
Unlike BC, almost three-quarters of Ontario’s electricity is from nuclear, coal and natural gas, while 
Ontario’s electricity carbon intensity is 0.1 tonnes/MWh. Furthermore, in 2000 seven people died 
and 2,500 became ill in the small community of Walkerton when the water supply became 
contaminated with the highly dangerous O157:H7 strain of E. coli bacteria from farm runoff. Some 
suggest it is this combination of ‘dirty’ energy coupled with political sensitivity around water safety 
that has resulted in the Ontario government implementing the most impactful biogas policy in 
Canada. These are:  
9. Feed-in-Tariff: By far Canada’s most generous energy purchase program, Ontario’s FIT pays 

16.4c/kWh for <500kW, 21c/kWh for 100-250kW and 26.5c/kWh for <100 kW biogas facilities. 
This program is why the majority of Canada’s agricultural biogas systems are in Ontario. 

10. GHG reduction targets of 6% below 1990 levels by 2014, 15% below by 2020.  
11. 5% of generating capacity from renewable sources by 2007 (1,350MW), 10% by 2010 

(2,700MW). Thanks to Ontario’s FIT program, these targets are seen as achievable. 
12. Requirement for biogas capture (but not utilization) at landfills with capacities greater than 1.5 

million tonnes of methane. 
13. Ontario government recently decided to allow for the use of 50% off-farm waste in agricultural 

biogas facilities. This has helped to boost biogas production for agricultural facilities. 
14. Ontario government introduced a grant program to ease the “bleeding edge” innovation pains. 

This program provided up to $400,000 to roughly 25 projects.  
 
Quebec  
As with BC, and because almost all of the Province’s electricity supply is for hydro-electric dams, the 
political appetite to support biogas production for electricity generation in Quebec is low (Quebec’s 
electricity carbon intensity is 0.002 tonnes/MWh). Despite this, the Quebec government has 
implemented a few policies that should support biogas production. These are: 
15. Landfill ban on organics by 2020 and 66.6% funding for municipal biogas facilities and 25% for 

private biogas facilities to convert organic material to vehicle fuel and lower the carbon footprint 
of municipal fleets. While this funding support has been notoriously difficult to access, Quebec 
now has twelve commercial biogas facilities in the advanced planning stages. However, this ban 
will cause a decrease in current landfill gas production. 

16. In 2007 Quebec instituted a carbon tax on energy companies of 0.8¢/l gasoline and 0.9¢/l diesel 
17. In 2009 Quebec committed to a 20% reduction in 1990 GHGs emission levels by 2020. 
 
Alberta  
Despite a large portion of its electricity coming from fossil fuel sources and a carbon intensity of 
0.88tonnes/MWh, Alberta has very few supportive policies for biogas production. The two most 
relevant policies are: 
18. Alberta’s micro generation regulation allows Albertans to generate their own environmentally 

friendly electricity and receive credit for any power they send into the electricity grid. This is 
likely to have minimal impact on biogas production. 

19. Carbon emission trading system that requires companies with large GHG emissions and who fail 
to meet GHG reduction targets to buy registered credits. While the trading scheme has lower 
validation and verification costs than BC, the impact of this on biogas production has been 
minimal. 

 
Other Canadian Provinces 
In addition to BC, Ontario, Quebec and Alberta, both Nova Scotia and New Brunswick have policies 
that support biogas production. These policies include: 
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20. Community Feed-In Tariff that pays 17.5c/kWh for combined heat and power biomass biogas 
projects (Nova Scotia). 

21. Renewable Energy Standards to generate 25% renewable electricity by 2015 and 40% by 2020 
(Nova Scotia). 

22. Ban on landfilling organics since 1998. Therefore most residential organics have been separately 
collected and composted for many years (Nova Scotia). 

23. Desire to increase renewable power by 10% by 2016 (New Brunswick). 
24. Distributed generation program paying 9.7c/kWh (New Brunswick). 
 
In summary, the three central causes for increased biogas production in Canada are likely Ontario’s 
FIT, BC’s biomethane program and Quebec’s landfill ban coupled with funding for biogas facilities to 
ensure that the organic substrates are not simply composted.  
 

AI.3 Questionnaire and interviewed organisations in Canada 
 
A questionnaire included three basic questions:  

 Which companies, governmental agencies, research institutions, etc. are active in the 
Canadian biogas value chain?  

 What are the key challenges/barriers faced by the Canadian biogas sector in each section of 
the value chain and where might we see the greatest improvements for the Canadian biogas 
sector? 

 Where are the greatest biogas knowledge and technology transfer opportunities for Canada? 
 
was send by email to companies, governmental agencies and research institution (listed below). The 
questionnaire was follow-up by interviews. 
 
The following stakeholders answered the online questionnaire and were then interviewed.  

 

- Claire Allen (CHFour Biogas) 
- Sue Baldwin (UBC) 
- Daniel Bida (Regenerate Bbiogas) 
- Jeff Bell (Alberta Agriculture and Rural Development) 
- Jan Buijk (EPS Energy) 
- Chris Bush (ACES) 
- Eric Camirand (Electrigaz) 
- Jake DeBruyn (Ontario Ministry of Agriculture and Food) 
- Kerry Doyle (KDP Consulting) 
- Cigdem Eskicioglu (UBC) 
- Jean-Claude Frigon (National Research Council Canada) 
- Scott Gramm (FortisBC) 
- Jennifer Green (Biogas Association) 
- Xiying Hao (Agriculture and Agri-Food Canada) 
- Graham Harrison (EPS Energy) 
- Don Hilborn (Ontario Ministry of Agriculture and Food) 
- Marc Hubert (Aalbio) 
- Darren Jang (Quadrogen) 
- Earl Jenson (Alberta Innovates)  
- Anthoy Lau (UBC) 
- Lisa Levesque (BC Ministry of Agriculture) 
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- Paul Liddy (Sun Current 
- Victor Lo (UBC) 
- Sean Mezei (Flotech)  
- Stefan Michalski (ECB Enviro North America Inc) 
- Graeme Millen (Elemental Energy)  
- Alakh Prasad (Quadrogen) 
- Jean-Francois Samray (Association québécoise de la production d'énergie renouvelable) 
- Michael Schwalb (BC Ministry of Agriculture) 
- Rob Stephenson (Microsludge)  
- Elise Villeneuve (Bioterre) 
- Alisa Williams (BC Ministry of Environment) 

 

Appendix II The Swedish biogas value chain  
 

AII.1 Stakeholders in the Swedish biogas value chain 
The company active in the different sections of The Swedish biogas value chain have been mapped 
elsewhere (see www.biogasoffer.com for more information). In Appendix II there is therefore only 
additional information on the pretreatment techniques and the digestion techniques used in 
Sweden, as well as the policies and incitements that affects biogas production in Sweden. The 
financiers and research institutions in Sweden are listed in Table AII.1 and AII.2, respectively 
(Petersson et al. 2012) 
 

AII.1.1 Financiers 
Biogas area is a complex area with several potential substrates, alternative production technologies 
and multiple outlets. This is also reflected in the existence of several sources of funding for research 
and development projects in the area. These funders have different orientations and various 
interests in the biogas field, eg professional organizations that primarily finances biogas projects 
related to the interests held by their members. The table below shows the national funding agencies 
identified in the project mapping. In addition to these, there may be other funding nationally and 
internationally, such as EU's various programs, various foundations, sometimes finances biogas 
research, but do not have this as a general approach 
 
Table AII.1. Financiers of biogas research previously identified (Petersson et al 2012). More information can be 
found from each of the financier's website. 

Financiers Homepage Link to reports 
Avfall Sverige www.avfallsverige.se http://www.avfallsverige.se/rapporter-projekt/ 

Biogas Mitt http://www.biogasmitt.se/ http://www.biogasmitt.se/content/rapporter-utredningar 

Biogas Syd www.biogassyd.se http://www.biogassyd.se/187/informationsmaterial/rapporter.html 

Biogas Sydost http://www.biogassydost.se/ http://www.biogassydost.se/ 
 

Biogas Väst www.biogasväst.se http://www.biogasvast.se/sv/Ovriga-sidor/Biogas-Vast/Biogas-Vast/Informationsmaterial/ 

Biogas Öst www.biogasost.se http://www.biogasost.se/Infomaterial/Rapporter.aspx 

Elforsk www.elforsk.se http://www.elforsk.se/Rapporter 

Energigas Sverige www.energigas.se http://www.energigas.se/Publikationer/Rapporter 

Energimyndigheten www.energimyndigheten.se http://www.energimyndigheten.se/sv/Forskning/Projektdatabas/ 

f3 www.f3centre.se http://www.f3centre.se/publications/documents 

Forskningsrådet 
Formas 

www.formas.se http://www.formas.se/sv/Forskning/Publikationer/ 

Forskningsstiftelsen 
Göteborg Energi 

http://www.goteborgenergi.se
/Privat/Projekt_och_etablerin
gar/Forskning_och_utveckling/
Forskningsstiftelsen 

http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/F
orskningsprojekt 

Framtidens http://www.bioraffinaderi.se http://www.bioraffinaderi.se/sv/framtidens-bioraffinaderi/projekt 

http://www.avfallsverige.se/
http://www.avfallsverige.se/rapporter-projekt/
http://www.biogasmitt.se/
http://www.biogasmitt.se/content/rapporter-utredningar
http://www.biogassyd.se/
http://www.biogassyd.se/187/informationsmaterial/rapporter.html
http://www.biogassydost.se/
http://www.biogassydost.se/
http://www.biogasväst.se/
http://www.biogasvast.se/sv/Ovriga-sidor/Biogas-Vast/Biogas-Vast/Informationsmaterial/
http://www.biogasost.se/
http://www.biogasost.se/Infomaterial/Rapporter.aspx
http://www.elforsk.se/
http://www.elforsk.se/Rapporter
http://www.energigas.se/
http://www.energigas.se/Publikationer/Rapporter
http://www.energimyndigheten.se/
http://www.energimyndigheten.se/sv/Forskning/Projektdatabas/
http://www.f3centre.se/
http://www.f3centre.se/publications/documents
http://www.formas.se/
http://www.formas.se/sv/Forskning/Publikationer/
http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/Forskningsstiftelsen
http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/Forskningsstiftelsen
http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/Forskningsstiftelsen
http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/Forskningsstiftelsen
http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/Forskningsprojekt
http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/Forskningsprojekt
http://www.bioraffinaderi.se/sv/framtidens-bioraffinaderi/projekt
http://www.bioraffinaderi.se/sv/framtidens-bioraffinaderi/projekt
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bioraffinaderi 
Hållbar 
avfallshantering 

http://www.hallbaravfallshant
ering.se/ 
 

http://www.hallbaravfallshantering.se/innehall/publ/publikationer 
 

Jordbruksverket http://www.jordbruksverket.s
e/ 

http://webbutiken.jordbruksverket.se/ 

Länsstyrelserna www.lanstyrelsen.se  

Naturvårdsverket www.naturvardsverket.se http://www.naturvardsverket.se/sv/Start/Om-Naturvardsverket/Vara-publikationer/ 

Region Skåne http://www.skane.se 
 

http://www.skane.se/sv/Skanes-utveckling/Ansvarsomraden/Miljo-och-natur/Publikationer/ 
 

Stiftelsen 
Lantbruksforskning 

www.lantbruksforskning.se http://www.lantbruksforskning.se/?id=8746 

Svenskt Vatten www.svensktvatten.se http://www.svensktvatten.se/FoU/SVU/Rapporter 

Toppforskningsiniti
ativet 

http://www.toppforskningsinit
iativet.org 

http://www.toppforskningsinitiativet.org/no/prosjekter 

Vetenskapsrådet www.vr.se http://www.vr.se/forskningvistodjer/projektdatabasen 
Vinnova www.vinnova.se http://www.vinnova.se/sv/Resultat/Projekt/ 

Värmeforsk www.varmeforsk.se http://www.varmeforsk.se/rapporter 
Waste Refinery www.wasterefinery.se http://www.wasterefinery.se/sv/publications/reports/Sidor/default.aspx 

 

AII.1.2 Executors 
By mapping the projects funded in the biogas area since 2007, it has also been possible to identify 
the executors of the projects have been. It is primarily about consulting companies, universities, 
institutes, but also other stakeholders such as industry, municipalities and regional networks. The 
actors identified are summarized in the table below. In addition to this there may be more 
performers not identified in this survey. The website Biogas in Sweden, you find many of the 
companies that are active in the biogas value chain.  http://biogasoffer.com/. 
 
Table AII.2. Executors of biogas research that emerged in the survey (Peterson et al 2010) 

Type of 
stakeholder 

Stakeholder Homepage 

C
o

n
su

lt
an

ts
 

Agellus Miljökonsulter  
AnoxKaldnes AB http://www.anoxkaldnes.com 
BioMil AB http://www.biomil.se 
Ecoloop AB http://www.ecoloop.se/ 
Envirum AB http://www.envirum.se 
Grontmij AB http://www.grontmij.se 
KanEnergi Sweden AB http://www.kanenergi.se/ 
Miljöbyrån Ecoplan AB http://www.ecoplan.se/ 
Profu http://www.profu.se/ 
Pöyry http://www.poyry.se/ 
SWECO http://www.sweco.se 
TecnoFarm Lantbruks & Miljöteknik http://www.tecnofarm.se/ 
TUMAB http://www.tumab.se 
WSP http://www.wspgroup.com 
ÅF http://www.afconsult.com 

U
n

iv
e

rs
it

ie
s 

Chalmers  http://www.chalmers.se 
Göteborgs universitet http://www.gu.se/ 
Högskolan i Borås http://www.hb.se 
Högskolan i Gävle http://www.hig.se 
KTH http://www.kth.se 
Linköpings Universitet http://www.liu.se 
LTH http://www.lth.se 
LTU http://www.ltu.se/ 
Luleå Tekniska Universitet http://www.ltu.se 
Lunds Universitet  http://www.lu.se 
Mälardalens Högskola http://www.mdh.se 
SLU http://www.slu.se 
Uppsala universitet http://www.uu.se 

In
st

it
u

te
 

CBI http://www.cbi.se 
Innventia http://www.innventia.com 
IVL http://www.ivl.se 
JTI http://www.jti.se 
SIK  http://www.sik.se 
SP http://www.sp.se 

http://www.hallbaravfallshantering.se/
http://www.hallbaravfallshantering.se/
http://www.hallbaravfallshantering.se/innehall/publ/publikationer
http://www.jordbruksverket.se/
http://www.jordbruksverket.se/
http://webbutiken.jordbruksverket.se/
file:///C:/Users/louisequ/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/U5A2WYRR/www.lanstyrelsen.se
http://www.naturvardsverket.se/
http://www.naturvardsverket.se/sv/Start/Om-Naturvardsverket/Vara-publikationer/
http://www.skane.se/sv/Skanes-utveckling/Ansvarsomraden/Miljo-och-natur/Priser-och-bidrag/Miljobidrag/
http://www.skane.se/sv/Skanes-utveckling/Ansvarsomraden/Miljo-och-natur/Publikationer/
http://www.lantbruksforskning.se/
http://www.lantbruksforskning.se/?id=8746
http://www.svensktvatten.se/
http://www.svensktvatten.se/FoU/SVU/Rapporter
http://www.toppforskningsinitiativet.org/
http://www.toppforskningsinitiativet.org/
http://www.toppforskningsinitiativet.org/no/prosjekter
http://www.vr.se/
http://www.vr.se/forskningvistodjer/projektdatabasen
http://www.vinnova.se/
http://www.vinnova.se/sv/Resultat/Projekt/
http://www.varmeforsk.se/
http://www.varmeforsk.se/rapporter
http://www.wasterefinery.se/
http://www.wasterefinery.se/sv/publications/reports/Sidor/default.aspx
http://biogasoffer.com/
http://www.anoxkaldnes.com/
http://www.biomil.se/
http://www.ecoloop.se/
http://www.envirum.se/
http://www.grontmij.se/
http://www.ecoplan.se/
http://www.profu.se/
http://www.poyry.se/
http://www.sweco.se/
http://www.tecnofarm.se/
http://www.tumab.se/
http://www.wspgroup.com/
http://www.afconsult.com/
http://www.chalmers.se/
http://www.gu.se/
http://www.hb.se/
http://www.hig.se/
http://www.kth.se/
http://www.liu.se/
http://www.lth.se/
http://www.ltu.se/
http://www.ltu.se/
http://www.lu.se/
http://www.mdh.se/
http://www.slu.se/
http://www.uu.se/
http://www.cbi.se/
http://www.innventia.com/
http://www.ivl.se/
http://www.jti.se/
http://www.sik.se/
http://www.sp.se/
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O
th

e
r 

Agroväst  http://www.agrovast.se 
Biogas Syd http://www.biogassyd.se 
Biogas Väst http://www.biogasvast.se 
Bioprocess Control Sweden AB http://www.bioprocesscontrol.com 
Borås Energi och Miljö AB http://www.borasenergimiljo.se 
BRG Business Region Göteborg AB http://www.businessregion.se 
Catator http://www.catator.se 
CMA Research AB http://www.cmaresearch.se 
E.ON http://www.eon.se 
Energigas Sverige http://www.energigas.se 
Energimyndigheten http://energimyndigheten.se 
Eskilstuna Energi & Miljö AB http://www.eem.se 
ETC Energitekniskt Centrum i Piteå http://www.etcpitea.se/ 
Gävle Dala Energikontor http://www.gde-kontor.se 
Göteborg Energi AB http://www.goteborgenergi.se 

Hushållningssällskapen  http://www.hush.se 
Innovatum Teknikpark http://www.innovatum.se 
Jarvis Biowrite  
Jordbruksverket http://www.jordbruksverket.se 
Jönköpings Energi https://www.jonkopingenergi.se 
Jönköpings kommun http://www.jonkoping.se 
Kretsloppskontoret Göteborg http://goteborg.se 
Lantmännen http://lantmannen.com 
LRF http://www.lrf.se 
NSR AB http://www.nsr.se 
Processum http://www.processum.se 
RAP Clean Energy Products  
Renova http://www.renova.se 
SEKAB E-Technology AB http://www.sekab.se 
Skellefteå kommun http://www.skelleftea.se 
Swedish Biogas International AB http://www.swedishbiogas.com 
Svenskt Gastekniskt Center AB http://www.sgc.se 
Svenskt Vatten AB http://www.svensktvatten.se 
Sysav http://www.sysav.se 
Tekniska Verken i Linköping AB (publ) http://www.tekniskaverken.se 
Uppsala Vatten och Avfall AB http://www.uppsalavatten.se 
VA SYD http://www.vasyd.se 
Valtra AB http://www.valtra.se 
Västra Götalandsregionen http://www.vgregion.se 
Växjö kommun http://www.vaxjo.se 

 
 

 

AII.2 Pretreatment technologies in Sweden 
 
Traditional pretreatment technology used for lignocellulosic bioethanol production is generally 
associated with high investment cost, which results in need for larger facilities, which impose a larger 
capacity and consequentially larger logistics costs (Ekman et al 2012). However, studies have shown 
significant benefits in biogas yields after pretreatment (Kreuger et al 2011). A potential for 
innovation is therefore small-scale biomass pretreatment technology for biogas production. 
Examples of innovative techniques evaluated for lignocellulosic biomass in Sweden are chemically 
catalyzed and non-catalyzed steam pretreatment and extrusion. If the lignocellulosic substrate is not 
physically or chemically pretreated, efforts are needed to induce the biological degradation of the 
biomass. 

Pretreatment of domestic food waste is complicated since the organic fraction is mixed with plastic 
waste and other non-degradable biomass. In Sweden the food waste is generally separated both 
manually and mechanically. However, depending on the technology used for mechanical separation 
efficiency can be low, i.e. up to 50% of the digestible fraction can be lost (Björkman 2013). A 
benchmarking study has shown that there is a great potential for innovation in this area (Yngvesson 
et al 2013). The study defines costs and energy usage in different functional zones of a biogas plant. 
The pretreatment, which is the most cost intensive function of a plant, shows a cost ranging from 

http://www.agrovast.se/
http://www.biogassyd.se/
http://www.biogasvast.se/
http://www.bioprocesscontrol.com/
http://www.borasenergimiljo.se/
http://www.businessregion.se/
http://www.catator.se/
http://www.cmaresearch.se/
http://www.eon.se/
http://www.energigas.se/
http://energimyndigheten.se/
http://www.eem.se/
http://www.etcpitea.se/
http://www.gde-kontor.se/
http://www.goteborgenergi.se/
http://www.hush.se/
http://www.innovatum.se/
http://www.jordbruksverket.se/
https://www.jonkopingenergi.se/
http://www.jonkoping.se/
http://goteborg.se/
http://lantmannen.com/
http://www.lrf.se/
http://www.nsr.se/
http://www.processum.se/
http://www.renova.se/
http://www.sekab.se/
http://www.skelleftea.se/
http://www.swedishbiogas.com/
http://www.sgc.se/
http://www.svensktvatten.se/
http://www.sysav.se/
http://www.tekniskaverken.se/
http://www.uppsalavatten.se/
http://www.vasyd.se/
http://www.valtra.se/
http://www.vgregion.se/
http://www.vaxjo.se/
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100-460 SEK/tonnes (CD$17 - $75) for incoming waste. The largest contributor to the cost is 
maintenance and especially the cost for spare parts. Evidently, there is a potential for cost reduction 

and technical improvement.  
 

Table AII.3 List of pretreatment techniques used or currently under evaluation in Sweden 

Substrate Pretreatment technology 

Sewage sludge Separation: grid, sand trap 
Hygienization 
Dewatering 
Thermic and pressurized pretreatment  
Chemical pretreatment  
Biological pretreatment 
Ultrasound 
Electroporation 
 

Organic waste (grosserries, household, restaurants 
and large kitchens)  

Sorting 
Decomposition: mills and crushes 
Dilution and homogenization: buffert/mixing tanks 
Separation: sieve, grid, screw press, sedimentation, 
sand trap, magnetic separator 
 

Industrial waste (including slaughter, grocery 
industry etc.) 

Decomposition 
Separation 
Hygienization 
 

Manure (total, all type of animals) Steam explosion 
Extrusion 
Hygienization 
Separation and decomposition  
 

Agriculture crops residues/energy crops Decomposition 
Dilution 
Steam explosion 
Extrusion 

 
 
 

AII.3 Biogas process manufacturers and reactor design 
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Figure AII.1 The different reactor designs for anaerobic digestion and list of manufacturers. Adopted from 

Nordberg (2006).   
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AII.3 Effect of policies taxis and legislation on biogas expansion in Sweden  
 
Table AII:2 The incentives and barriers that affects the expansion biogas production in Sweden (Lanz 
et al 2007) 
Incentives Municipal and industrial 

waste 
Agricultural 
by-products 

Energy crops Biogas plants 

Policy 
objectives  

National: Environmental 
quality objectives  

National: Environmental quality 
objectives  

EU:  
Renewable 
energy  

EU:  
Security of energy 
supply  

Legislation  Ban on land-filling Manure storage capacity   
Taxation  Tax on waste 

incineration 
Tax on commercial nitrogen 
fertilisers 

  

Financial 
subsidies 

Cultivation  
Subsidies 

Investment subsidies for climate  
mitigation projects and agricultural 
development 

  

Others Improved fertilisation 
effect. Reduced odour 
from spreading of 
digested manure 
compared to non-
digested manure 

Reduced world market prices for 
food crops improved soil fertility by 
ley crop cultivation 

  

Barriers      
Economy  Competing treatment 

technologies  
Low costs of commercial fertilisers  Higher 

profitability for 
energy crops not 
intended for 
biogas  

Partly immature 
market, leading to 
high investment 
costs  

Others Limited knowledge 
among farmers 

  Public acceptance 
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Table AII:2 The incentives and barriers that affects the expansion of biogas usage in Sweden (Lanz et 
al 2007) 
Incentives Heat production CHP production Vehicle fuel production 
Policy 
objectives 

International: Kyoto 
protocol  
EU: Renewable sources 
of energy and security of 
energy supply 

International: Kyoto protocol  
EU: Renewable sources of energy, 
renewable electricity and security 
of energy supply 

International: Kyoto protocol  
EU: Renewable sources of energy, 
security of energy supply and alternative 
fuels for road transportation 

Legislation    Large petrol filling stations must supply 
renewable vehicle fuel  
 

Taxation  Energy and CO2-tax on 
fossil fuels from which 
biogas is exempted  

CO2-tax on fossil fuels from which 
biogas is exempted  

Energy and CO2-tax on fossil fuels from 
which biogas is exempted  

Financial 
subsidies 

  Reduced tax for the use of bi-fuel 
passenger cars provided by the employer  
Bi-fuel passenger cars exempted from 
the congestion charge trails in Stockholm  
Subsidies for investments in bi-fuel cars 
in some municipalities  
Free parking in some cities  

Other 
policy 
instruments 

CO2 emission allowances 
trade system  

CO2 emission allowances trade 
system  
Certificate system on renewable 
electricity  

 

Barriers     
Economy  Lower costs of solid, low 

refined biomass fuels  
 

 Higher costs for bi-fuel vehicles  
Competing fuels, such as ethanol  

Others distribution 
infrastructure and 
storage capacity  
Excess biogas during 
summer period  

Limited biogas  
distribution infrastructure and 
storage capacity  
Excess biogas during summer 
period  

Limited biogas  
distribution infrastructure and storage 
capacity  
Limited number of biogas filling stations  

 
 


