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ABSTRACT
Norway is leading the share of renewable energy in Europe by almost 75%. However, the share of bioen-
ergy in Norway’s energy supply is insignificant. Bioenergy, the most common type of renewable energy, 
generates more energy than all other forms. This fact demonstrates the value of bioenergy, which will 
play an increasingly important part in the future energy mix. There are different biomass resources such as 
agricultural crop residues, forestry, wood processing residues, algae, dedicated energy crops, and munici-
pal and wet organic waste. Biofuel markets in Norway are relatively immature. In past decades, bioenergy 
consumption in Norway ranged between 4% and 6% of the total primary energy supply. Norway has 
experienced a gradual increase in total energy supply of biofuels and wastes, and it has almost doubled 
since 1990, which is 80 petajoule in 2020. However, various barriers are hindering the development of 
the biomass industry. The present study aims to identify and classify Norway’s biomass supply chain 
challenges and prioritize them using the Delphi-Analytic Hierarchy Process (AHP) method. Based on a 
comprehensive literature review, 42 challenges were recognized and classified into seven major catego-
ries. Then, a Delphi technique is used to define and choose the main challenges in the context of Norway 
through an expert panel. Finally, 4 main categories, 9 sub-categories, and 37 challenge indicators related 
to Norway’s biomass industry were selected. Moreover, the AHP method is employed to determine the 
weight of the challenges using a geometric mean approach. The results show that ‘high investment cost’, 
‘Greenhouse Gas (GHG) emission’, ‘minor differences between the energy prices achievable for the sales 
of heat and electricity’, and ‘small market size’ were the most critical challenge indicators.
Keywords: AHP, barriers, biomass, bioenergy supply chain, Delphi.

1 INTRODUCTION
The use of fossil fuels is a significant driver of economic growth, but it also causes serious 
challenges such as negative environmental impacts and energy security [1]. Therefore, to 
fulfill energy needs without polluting the environment, demand for alternative renewable 
energies is growing [2], where bioenergy is seen as a viable alternative with great potential 
[1]. Biomass resources, which provide 14% of the world’s energy (equivalent to 25 million 
oil barrels per day), can be the world’s most significant and sustainable energy source [1], 
[3]. Biomass is as old as human civilization and meets day-to-day energy needs [4]. Bio-
mass now accounts for 46% of all renewable energy and 4.6% of total national energy 
consumption in the United States [5]. For 2030, the European Parliament and the European 
Union (EU) council have set ambitious renewable energy targets. According to EU directive 
vol 328 [6], the union’s minimum share of renewable energy consumption should be 32% 
by 2030. The Nordic countries have shown a good record in bioenergy production, and other 
EU members can benefit from their experience with bioenergy production and forestry tech-
nology [7]. In Europe, Norway’s highest share of electricity is produced from renewable 
sources, primarily hydropower, with 81% in 2018. In the same year, Norway’s share of 
renewable energy was the highest (73%) compared to other Nordic countries such as Swe-
den, Finland, and Denmark (55%, 41%, and 36%, respectively). In Norway, however, 
bioenergy contributes about 6% of the total renewable energy, mainly for transportation and 
heating purposes [8].
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Biomass can be categorized as primary biomass harvested directly for energy or secondary 
biomass (residues and waste) [9]. In another classification, biomass can be categorized as 
land-based and aquatic biomass [10]. The land-based biomass includes forestry, waste, and 
agricultural resources, while aquatic biomasses include microalgae and seaweed. The most 
commonly used types of biomass sources worldwide [7, 11, 12] are shown in Fig. 1. In Nor-
way, forestry biomass has the most potential for bioenergy dissemination [8], followed by 
waste used in district heating [7]. In Norway, biomass availability is not considered a con-
straint to the growing use of bioenergy. However, in the medium term, a rise in biomass 
supply would necessitate higher pricing to incentivize producers to supply biomass [8]. Bio-
mass availability leads to the cost of purchasing biomass being a significant challenge 
compared to other energy sources. Norway’s forests occupy roughly 122,000 square kilome-
ters, or 38% of the country’s land area. Around 86,600 square kilometers of this are productive 
forests, which generate enough timber to be used as an energy source. Norway now boasts 
about 11 billion trees with a diameter of 5 cm or more [13]. Norway’s most crucial biomass 
resources include firewood, wood chips, logging residues, thinning residues, and clear-cut 
stumps [7]. Due to environmental or economic considerations, at the moment, these resources 
are being utilized to a limited extent [7, 14]. Agricultural biomass plays a minor role in the 
Nordic energy supply despite the extensive experience, research and development efforts, 
and economic incentives [14]. Agricultural land occupies roughly one million hectares, or 
3% of Norway’s total land area, with grasslands and meadows accounting for 64%, cereals 
and oilseeds for 31%, and organic farming for 4% [7]. In Norway, there is no commercial 
production of crops for energy. The potential yields of several oilseed crops were investigated 
in different parts of Norway as part of a Norwegian project on biodiesel production from 
crops [15]. Enormous potentials are also associated with aquatic biomass, such as macroal-
gae, along the Norwegian coast. Combinations of the current aquaculture industry and the 
emerging marine biomass-based industry, such as aquaculture built alongside and on the 
grounds of the old fishing industry, are also possible. Norway harvested 154,150 tons of mac-
roalgae with 30 million NOK in 2013. However, the macroalgae production potential has 
been estimated to be 20 million tons by 2050 [16].

Figure 1: Biomass resources categories.
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Yadav and Yadav [17] defined the biomass supply chain (BSC) as ‘the association of mate-
rial between the initial source and the end-user’. Different activities are involved in the BSC 
process: farming, harvesting, preparing, shipping, handling, and storage. Some of the actions 
in this procedure suffer from some limitations. For example, harvesting is usually done for a 
limited period in locations dedicated to biomass production by machines, and in most cases, 
this procedure will result in a 10–20% loss of biomass [12]. BSC comprises four business 
entities: a raw material supplier, a manufacturer, a distribution center, and a consumer [18]. 
BSC management focuses on integrating all of these entities so that the end product is fabri-
cated and distributed in the correct quantity, at the right time, to the right location, with the 
best possible quality and service at the lowest possible cost [19]. A complex BSC involves 
two interdependent (production and control) processes and interconnected processes (distri-
bution and logistical) [17]. Planting, harvesting, baling, and pre-treatment of biomass are 
included in the interdependent processes, whereas storage and transportation are primarily 
included in the interconnected processes [20]. Furthermore, BSC deals with biomass supply 
and its possible uncertainties to assess the industry’s commercial viability [17]. 

Norway’s biofuel market is still in its development. In the past few decades, Norwegian 
bioenergy consumption fluctuated between 4% and 6% of total primary energy consumption 
(TPES) [21]. From 2010 to 2014, solid biomass consumption declined from over 50 to 35 
petajoules (PJ). It was primarily due to closures in the pulp and paper industry and a reduc-
tion in the use of firewood for heating in the private sector. Norway’s total energy supply of 
biofuels and wastes has steadily increased since 1990, nearly doubling to 80 PJ, which was 
almost 6.4% of TPES in 2020 [22]. Before, the low overall electricity price and poorly devel-
oped infrastructure for central heating systems have been cited as the most significant barriers 
to bioenergy development in Norway. However, these factors have shifted to the point where 
they are no longer a barrier [23]. Hence, the present study uses the experts’ opinions to study 
and assess the current challenges associated with Norway’s BSC. The Delphi technique and 
the Analytic Hierarchy Process (AHP) methodology have been employed to rank the barriers. 
The remainder of the article is organized as follows: Section 2 gives a brief literature review 
of addressed barriers and challenges associated with the BSC; Section 3 provides the research 
methodology; Section 4 results and discusses the results based on the research questions; 
Section 5 concludes the study.

2 LITERATURE REVIEW
This section provides a brief literature review addressing barriers and challenges associated 
with the BSC (Fig. 2) in different countries to pursue the research goals. Irfan et al. [24] 
systematically prioritized the Indian biomass industry’s barriers based on their importance. 
Through a literature study and a modified Delphi technique, they identified 24 barriers and 
categorized them into five broad groups. Moreover, they employed AHP to identify the sig-
nificant barriers’ ranks and sub-barriers based on weight allocations. Their results showed 
that the top-ranked barrier was ‘technological-infrastructural’, followed by ‘economic-finan-
cial’, ‘political and institutional’, ‘cultural-behavioral’, and ‘meteorological’. Overall, 
‘technical complexity’ was ranked first among all sub-barriers in all categories. The best 
alternative solution has been proposed as ‘enhancing research and development activities’. 
Tseng et al. [25] contributed to understanding renewable energy sources in Indonesia by 
identifying factors that act as barriers and facilitators to adopting renewable energy sources 
in the presence of uncertainty. As a result, based on qualitative data and linguistic prefer-
ences, this study used the fuzzy-Delphi method to identify a legitimate set of barriers to 
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adopting renewable energy sources. Furthermore, it employed a fuzzy decision-making trial 
to picture the interrelationships among qualitatively valid attributes under uncertainty. Results 
indicated that technical capabilities drive adoption, with technical analysis acting as a pri-
mary barrier.

Ma et al. [1] developed an Intuitionistic Fuzzy Cognitive Map (IFCM) based on expert 
opinions and existing literature to evaluate how to improve the public acceptability of bio-
mass production in China. The result showed that the components related to the government, 
such as policy and regulation, financial support, and promotion information, had a significant 
effect on the other indicators. On the other hand, the most significant indicators were ‘avail-
ability of technology’ and the ‘maturity of the technology’. As a result, it was stated that 
biomass technology development is more cost-sensitive in China. 

From a Nepalese viewpoint, Ghimire and Kim [26] aimed to identify and evaluate the 
barriers to developing renewable energy and using previous research, project technical 
reports, policy documents, and site visits resulted in identifying 22 main barriers, which were 
categorized in the economic, social, technical, policy and political, administrative, and geo-
graphical groups. For evaluating and rating the barriers, an AHP technique was employed. 
According to the results, the two most significant barriers were economic and ‘policy and 
political’ barriers. Combining qualitative and quantitative approaches, Mukeshimana et al. [2] 
aimed to identify and assess the primary barriers to disseminating the biogas industry in 
Rwanda. Barriers were discovered after a thorough literature review and were divided into 
four categories: financial, technical, socio-cultural, and institutional. A group of specialists 
participating in Rwanda’s biogas program chose the top 20 most considerable barriers. The 
importance of the barriers was then ranked using the AHP. The results revealed that financial 
barriers were the most significant ones. High capital costs and a lack of financial mechanisms 
were ranked first and second among all barriers in the financial category.

Solangi et al. [27] highlighted the seven renewable energy barriers as the main categories 
and 29 sub-barriers as the indicators that hinder Pakistan from developing renewable energy 
technologies. Besides, this research provided several ways to overcome these barriers. Using 
the AHP technique, renewable energy barriers and sub-barriers were assessed and prioritized. 
The results revealed that economic and financial, political and policy, and market were ranked 
as Pakistan’s most severe barriers to deploying renewable energy technologies. Moreover, the 
Fuzzy TOPSIS method results indicated that capital subsidies, feed-in tariffs, and policies 
were the most practical and feasible strategies to overcome these barriers. Numata et al. [28] 
analyzed the barriers associated with renewable-based mini-grid deployment. They  prioritized 

Figure 2: Overall BSC.
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the barriers using AHP, and Rupf et al. [29] investigated what has impeded the widespread 
adoption of biogas technology in Sub-Saharan Africa by examining the primary barriers in 
different regions. Forbord et al. [23] investigated the causes behind the rapid growth of new 
bioenergy companies in Norway. However, their studies indicated that the industry has chal-
lenges in terms of profitability. Using a comparative case method, they approached the subject 
from the supply chain perspective. Five local and regional forest-based (wood chips) heat 
supply cases were investigated in three regions. National financial assistance was vital for 
releasing critical investments at different levels in the chains. Local political engagement was 
critical for forming the chains, influencing ideas, and techno-economic adaptations. There-
fore, economies of scope, local political engagement, and national instruments for financial 
support were the most critical challenges in this development. 

Cavicchi [30] studied the bioenergy development case in Norway from a social, economic, 
and environmental perspective. They investigated the causal mechanisms of bioenergy devel-
opment to see what was threatening its Triple Bottom Line sustainability by employing 
qualitative system dynamics and interviews with local players. For example, the govern-
ment’s move to intervene and assist bighead production had unanticipated consequences, 
worsening some of the current forestry issues. Therefore, the consequences challenged the 
local benefits, forestry biomass harvest, long-term economic feasibility, and environmental 
sustainability of bioenergy production. Results showed that bioenergy development’s most 
significant challenges were conflicting local interests, power relations, and market dynamics. 
Yu et al. [31] proposed a generic model for analyzing biomass production’s value chain. In 
addition, a feasibility assessment for developing a bioenergy plant in northern Norway was 
presented to evaluate the benefits and challenges of bioenergy production. The primary 
reported challenges were increase in biomass transportation costs, increase in CO2 emission 
from the transportation of biomass, increase in required investment in cold climates, uncer-
tain market demands, and cost and CO2 emission related to the distribution of biofuels and 
bio-residue to the potential market. Table 1 highlights the important information from the 
studies discussed above and summarizes the size of the expert’s panel and the most critical 
criteria obtained from different multi-criteria decision-making methods. 

Biofuel is an important part of Norway’s energy market, and the country has significant 
ambitions to increase its share. For example, by 2021, Norway will require 24.5% of traded 
fuels to be biofuels, and 9% will have to be advanced biofuels. Advanced biofuel sales are 
considered double those of ‘standard’ biofuels, thus requiring 4.5% of fuels to be advanced 
biofuels. Furthermore, the Norwegian government has determined that by 2020, advanced 
biofuels must constitute 0.5% of all aviation fuels. As discussed earlier, Norway is no longer 
faced with any barriers to biofuel development, and all that is left are challenges. Very few 

Table 1: The summary of the size of the experts’ panel and the most significant criteria.

Ref. No. of experts Top-ranked barrier 2nd Top-ranked barrier

[1] 8 Policy and regulation Financial support
[2] 117 Financial Technical
[24] 13 Technological and infrastructural Economic and financial
[25] 15 Environmental impact Innovation capabilities
[26] 81 Economic Policy and political
[27] 10 Economic and financial Policy and political
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studies have addressed the barriers and challenges facing the bioenergy supply chain in 
 Norway, and as the knowledge gap, the present study aims to find and prioritize the most 
significant challenges using experts’ opinions.

3 RESEARCH METHODOLOGY
The present study aims to address research questions like the following: (i) What are the most 
crucial bioenergy development challenges in developed countries like Norway? (ii) How 
might these challenges be prioritized to benefit practitioners and policy-makers? Two differ-
ent tools at different levels have been employed to address these questions. The first level 
comprises identifying challenges through a literature review and a modified Delphi method, 
decisional debate with an expert panel. Experts with relevant backgrounds and expertise were 
selected from both industry and academia. In the second level, a quantitative approach was 
employed to evaluate challenges’ weights to rank them. The AHP, a popular Multi-Criteria 
Decision making (MCDM) technique, was used to assess the indicator’s weights and the 
significance of decision makers’ judgments in complex decision-making problems [32]. The 
same expert panel was used, and their opinions were aggregated via AHP. As seen in Appen-
dix 2, the panel involves eight experts. Three experts participated from academia, two Ph.D. 
with a background in biomass gasification and bioenergy production through electrochemis-
try and anaerobic digestion, and one researcher with a master’s degree with a related 
background in the circular economy. Moreover, five experts were selected from the industry 
with related backgrounds in bioenergy investment projects, biofuel production, and renewa-
ble energy companies who have first-hand experience in developing and implementing 
sustainable projects. Figure 3 provides the research procedure and methodology.

3.1 Delphi method

Biomass energy barriers were finalized and classified using the Delphi technique. This 
method systematically collects experts’ opinions through interviews and questionnaires. The 
experts were selected from the relevant area of interest (industry and academia) and shared 
their ideas and opinions [33]. There were five basic phases to this procedure: (i) experts 

Figure 3: Research procedure and methodology.
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 selection, (ii) first-round survey, (iii) second-round survey, (iv) integrating expert opinions, 
and (v) repeat phases (ii) and (iii) until all of the experts concur [24].

3.2 Analytic hierarchy process

The AHP method divides the decision-making process into four steps [34]: Step 1 develops 
the decision problem’s hierarchical pattern, step 2 collects experts’ opinions by applying the 
AHP fundamental scale (see Table 2), and experts assign numbers.

Then, a pair-wise comparison matrix is prepared with a 1–9 point scale for decisions, and 
step 3 calculates the Consistency Index (CI). During the third phase, the pair-wise compari-
son matrix’s consistency is computed using CI as below:

 
CI

n

n
max=

−
−

l
1

 (1)

where λmax is the eigenvalue, and n denotes the number of major criteria, and the fourth 
step includes calculating the consistency ratio (CR) [35].

 
CR

CI

RI
=  (2)

where RI is the Random Index obtained from Table 3. One critical condition to consider 
during the pair-wise comparison is that the CR should be less than 0.1. Otherwise, the result 
would be inconsistent and not trustable. After completing all steps, the AHP technique calcu-
lates the primary criteria and sub-criteria weights [32].

Table 2: The fundamental AHP scale (intensity of importance in variables).

Numeric Linguistic 

1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance
2, 4, 6, 8 Intermediate values between scale values

Table 3: Random Index (RI).

n RI n RI n RI

1 0.00* 4 0.90 7 1.32
2 0.00* 5 1.12 8 1.41
3 0.058 6 1.24 9 1.45
10 1.49 11 1.51 12 1.54
13 1.56 14 1.57 15 1.58

* The RI = 0 means this method needs three or more indicators to be weighted.
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4 RESULTS AND DISCUSSION
Following the research procedure and methodology given in Fig. 3, this section provides the 
results obtained from each stage and discusses them.

4.1 Results on the level one

4.1.1 Literature review
As reviewed in Section 2, an initial list of relevant barriers was prepared from the different 
categories and sub-categories listed in the literature (see Appendix 1). The 42 barriers were 
categorized into seven different categories. As discussed earlier, most of these are no longer 
barriers in developed countries. Therefore, in this study, they are known as challenges and not 
barriers. Appendix 1 will be used in the first round of interviews in the Delphi method.

4.1.2 Final challenges categorization (Delphi)
As discussed earlier, the mentioned barriers in the literature should be adjusted in the context 
of Norway. The main challenge categories and challenges were chosen below based on the 
experts’ opinions and the Delphi technique. Eight experts with different backgrounds partic-
ipated in the interviews. Appendix 2 gives an overview of the expert’s profile. After two 
rounds of interviews, the final list of challenge categories and sub-categories has been final-
ized. Due to being negligible compared to others, some challenges were eliminated, and 
some other missed challenges were added to the list.

Moreover, the categorization was also optimized for better results in the AHP model. All 
challenges were categorized into four main categories, namely ‘economic and financial’, 
‘technical and technological’, ‘political and ecological’, and ‘life cycle challenges’. Each 
main categories have two or three sub-categories, such as ‘low rate of return’, ‘low credits 
and intensives’, and ‘market challenges’, which are associated with economic and financial 
challenges. The hierarchical structure of BSC challenges is illustrated in Fig. 4. Overall, as 
the challenges in Norway, 37 indicators were categorized into nine sub-categories and four 
main categories.

4.2 Results on the level two

4.2.1 AHP for main categories
In this section, the results of the challenge categories have been calculated using the AHP 
approach using a geometric mean approach recommended by literature [36]. Table 4 shows 
the pair-wise comparison matrix of the main categories. The letters A-D represent the main 
criteria shown in Fig. 4.

Table 4: The pair-wise comparison matrix and the main categories ranking.

A B C D Weight Rank

A 1 5 7 3 0.56 1st
B 0.2 1 3 0.33 0.12 3rd
C 0.14 0.33 1 0.2 0.05 4th
D 0.33 3 6 1 0.27 2nd
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Figure 4: The hierarchical structure of BSC challenges in Norway is based on experts’ 
opinions (Delphi method results).
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The results indicate that ‘economic and financial challenges’ lead by 56%, followed by 
‘life cycle challenges’ by 27%. Experts believe that the weight of these two categories should 
be about 83% of all challenges. ‘Technical and technological challenges’ stood third with 
12%, and ‘political and ecological challenges’ got the lowest interest at 5%.

4.2.2 AHP for sub-categories
In the second stage, the pair-wise comparison matrix was calculated for each group of 
sub-categories. For example, the weights of the three sub-categories in the ‘economic and 
financial’ category were calculated (Table 5). The main sub-challenge was ‘low rate of return’ 
by 58%, followed by ‘market challenges’ and ‘credits and incentives’ by 31% and 11%, 
respectively. 

Similarly, the weight of other sub-categories was calculated (Table 6). Other categories 
had two sub-categories each. In the ‘technical and technological’, ‘biomass challenges’ was 
the main challenge with 60%, and ‘technology and design’ stood second place. In the ‘polit-
ical and ecological’ category, ‘political, policy, and regulatory challenges’ were led by 63% 
in comparison with ‘ecological and geographical challenges’. Finally, ‘environmental 
impacts’ and ‘social impacts’ were the sub-categories of ‘life cycle challenges’ by 72% and 
28%, respectively. Figure 5 shows the weight of each sub-category. As seen, the ‘low rate of 

Table 5: Pair-wise comparison matrix and the sub-categories’ ranking for ‘economic and 
financial’.

A.1 A.2 A.3 Weight Rank

A.1 1 5 2 0.58 1st
A.2 0.2 1 0.33 0.11 3rd
A.3 0.5 3 1 0.31 2nd

Figure 5: Comparative illustration of sub-category weights (A1-3, B1-2, C1-2, and D1-2 are 
the sub-categories of four categories listed in Fig. 4).
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return’, ‘environmental impacts’, and ‘market challenges’ are the most significant challenges 
based on experts’ opinions.

4.2.3 AHP for the challenge indicators
Similarly, the AHP method can be applied to challenge indicators for each sub-category in 
the last stage. For example, a calculated pair-wise comparison matrix is given in Table 7. This 
table shows the final ranking of the challenge indicators of ‘rate of return’ that obstruct the 
growth of the bioenergy industry the most in Norway. As seen, ‘high investment cost’ and 
financial’ and ‘minor differences between the energy prices achievable for the sales of heat 
and electricity’ are the main causes of the low rate of return. In contrast, experts believe that 
‘high harvesting operations costs’ and ‘high feedstock acquisition cost’ have negligible effect 
on biomass plants rate of return. Figure 6 and Table 8 provide a graphical and numerical 
presentation of all categories, sub-categories, and challenge indicators’ weights. The calcu-
lated weights are given in Table 8.

The concept of sustainable development refers to an approach to development that is eco-
nomically and socially beneficial, as well as having a minimal impact on the environment. 
The three criteria listed above and the technological challenges are the most significant fac-
tors determining a project’s success. In this regard, bioenergy projects are similar to other 
projects in that they must be evaluated concerning their positive and negative impacts on the 
economy, society, and the environment. 

Economic impacts: Evaluating the projected costs and revenues is always the first step in 
any project. The cost-effectiveness of bioenergy projects should always be considered com-

Table 6: The pair-wise comparison matrix and the main sub-categories ranking for other 
categories.

Weight Rank

B.1 0.60 1st
B.2 0.40 2nd
C.1 0.63 1st
C.2 0.37 2nd
D.1 0.72 1st
D.2 0.28 2nd

Table 7: The pair-wise comparison matrix and the challenge indicator ranking for ‘low rate 
of return’.

A.1.1 A.1.2 A.1.3 A.1.4 A.1.5 A.1.6 Weight

A.1.1 1 5 9 5 4 2 0.39
A.1.2 0.2 1 5 3 1 0.3 0.11
A.1.3 0.1 0.2 1 0.2 0.2 0.1 0.02
A.1.4 0.2 0.3 6 1 0.3 0.1 0.06
A.1.5 0.3 1 5 3 1 0.2 0.11
A.1.6 0.5 3 7 7 5 1 0.30
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pared to other conventional energy sources. The BSC consists of several key process steps, 
including collection or harvesting of biomass, storage, pre-processing (densification through 
compaction, pelleting, etc.), transportation (from the field to the biorefinery), and post-pro-
cessing at the biorefinery [37]. Feedstock delivery costs will be directly impacted by these 
steps in the supply chain [38]. Biofuel production is significantly influenced by the cost of 
feedstocks [39]. On the other hand, biomass harvesting requires a great deal of energy, large 
machines, and considerable amounts of fuel for transportation [40]. Approximately one-third 
of the cost of biofuel production is attributed to biomass costs, which are influenced by soil 
fertility, location, and genetics [39]. It has been reported that biomass’s low-density results in 
the material occupying a greater volume and requiring a greater amount of transportation 
carrier space, affecting transportation costs. Several factors influence transportation costs, 
including moisture content, distance from the field to the biorefinery, infrastructure and tech-
nology available, and modes of transportation. Moreover, biofuel costs are highly dependent 
on the size of the biorefineries, which will require optimization based on the location and 
feedstock.

Environmental impacts: Biofuel production is not an entirely clean process. Even though 
biofuel processes, such as gasification, significantly reduce negative environmental impacts, 
they considerably impact the environment [41]. In the long term, unsustainable bioenergy 
practices can lead to deforestation depending on the type of biomass used to generate elec-
tricity. The clear-cutting of forest material for biomass energy plants harms the natural 
environment and disrupts animal and plant habitats. As a result of removing plants and 
organic materials from the soil, the soil can also be adversely affected by biomass required 
for composting and fertilizing. It is also necessary to have a good amount of water for grow-
ing crops exclusively for bioenergy resources, and an area may become more vulnerable to 
drought if it is continuously irrigated. Pesticides and fertilizers may also affect the quality of 
water. Bioenergy can minimize environmental and health impacts by employing more sus-
tainable land-use practices, replanting efforts, and technological innovation.

As a result of the Delphi technique (see Fig. 4), bioenergy supply chain challenges in Nor-
way were categorized into four main criteria: economic and financial, technical and 
technological, political and ecological, and life cycle thinking. The results from the aggrega-
tion of the experts’ opinions revealed that ‘economic and financial’ and ‘life cycle thinking’ 
criteria were the most significant challenges in Norway. As seen in Table 1, economic and 
financial were among the most critical criteria in almost all studies, the same as the present 
study. Nevertheless, the experts in this study believed that political and technical challenges 
were not significant in the context of Norway. Instead, life cycle thinking, including environ-
mental and social impacts, was the second most critical criterion.

The ‘economic and financial’ category was divided into three sub-categories: low rate of 
return, market challenges, and credits and incentives. The ‘life cycle thinking’ challenges 
were categorized into environmental and social impacts. The analysis of the results at the 
sub-category level shows that among all nine sub-categories, ‘low rate of return’ from eco-
nomic and financial challenges was the top-ranked most critical challenge, followed by 
‘environmental impacts’ from the challenges related to life cycle thinking, and ‘market chal-
lenges’ from economic and financial category. 

At the level of the indicators, there are four indicators under the ‘environmental impacts’ 
sub-category: deforestation, GHG emissions, the health of the soil, and habits of plants and 
animals. Among these indicators, GHG emissions and deforestation were selected as the 
most critical indicators by the expert panel. In his article, Ranum [42] from Rainforest Foun-
dation Norway reported that ‘Norway is stifling the use of palm oil-based biofuels and other 
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fuels with a high deforestation risk. This is a victory for the rainforests and the climate’. With 
the implementation of the new biofuel policy in January 2021, the maximum volume of crop-
based biofuel used for blending will be reduced from the current 10.1% to 6.5%. Consequently, 
deforestation is also among the major policy challenges for Norwegian policy-makers, which 
has a negative impact on the development of biofuel markets. A resolution adopted by the 
Norwegian Parliament (Resolution 86) voted to exclude biofuels made from feedstocks with 
high deforestation risks, such as palm oil, as of January 1, 2020, making Norway the first 
country to take such measures. 

In all Nordic countries, heating and cooling systems have been developed based on local 
requirements. As a result, Norway, with its abundant hydropower resources, uses a high per-
centage of electricity for heating, while Iceland uses geothermal energy for heating. Biomass 
from forests is used in Finland and Sweden, and gas is also used in Denmark. All Nordic 
countries except Norway rely heavily on district heating. Despite this, the district heating 
market has grown rapidly in Norway due to the development of new waste-to-energy facili-
ties. In Nordic countries, district heat connections, disconnection rights, and district heat 
pricing reflect open and liberal heat markets. There are no heat price regulations in Finland 
or Sweden, and there is no obligation to connect or disconnect. There may be a requirement 
for the connection in Denmark and Iceland, and disconnection is not always permitted. There 
are some cases in Norway in which prices must be regulated, while in others, there is no such 
obligation. Norway has a very small district heating market compared to other Nordic coun-
tries due to the availability of relatively cheap electricity and alternative heat sources. Due to 
the rapid increase in electricity prices in the late 1990s, district heating regulations and 
investment subsidies were introduced to encourage the construction of district heating sys-
tems. Since the early 2000s, investment in district heating and infrastructure capacity has 
grown significantly. The district heating facilities are mainly located in city areas. Future 
expansion of district heating capacity may also be possible in new areas such as small cities. 
In Norway, the government or municipalities own most district heating companies, mostly 
due to the low rate of returns. Moreover, several initiatives are underway to develop strong 
business models for solar district heating in Norway, with support from the Norwegian 
Research Council (NRC). This confirms that there are serious challenges regarding using 
biofuels in comparison with other renewable sources of energy. 

Although AHP is one of the most popular decision-making methodologies, it is not with-
out limitations and suffers from uncertainty. Toth and Vacik [43] comprehensively analyzed 
the uncertainty issues associated with the AHP. They listed some questions to brighten the 
uncertainties and their sources in their study. The questions were as follows: How is an appro-
priate group aggregation derived from combining the judgments of several decision-makers 
(e.g. geometric mean on pair-wise comparisons, weighted arithmetic mean on priority deter-
mination or consensus models)? What type of sensitivity analysis could be conducted? (e.g. 
variation in judgments or one-dimensional/multidimensional simulation approaches)? At 
what level of the problem modelling hierarchy should preferences be aggregated (additive or 
multiplicative)? If pair-wise comparison matrices are used to derive preference values, how 
should those values be calculated (e.g. synthesis mode, normalization procedure, rank pres-
ervation, and reversal issues)? Does the eigenvalue method provide sufficient information to 
determine priority? How can one ensure (e.g. by using random indices?) that the decision 
makers’ judgments are logical, reasonable, and non-random? How to deal with incomplete 
pair-wise comparison matrices (e.g. Monte Carlo simulation approaches or optimization 
methods)? What methods (e.g. interval judgments or fuzzy set theory) can be used to incor-
porate human judgment’s imprecision? How should important but ‘unknown’ factors be 
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incorporated into the problem modeling process? Moreover, how do the number of deci-
sion-makers and their areas and level of proficiencies affect the results?

The pair-wise comparisons in real applications are subject to judgmental errors. They are 
inconsistent since decision-makers do not have complete information regarding all aspects of 
the decision-making process or a proper understanding of a decision problem. As a result, 
there is a degree of uncertainty associated with the weight point estimates provided by the 
eigenvector method or any other method, including least squares, weighted least squares, 
logarithmic least squares, and robust regression [44, 45]. There are different approaches to 
cope with the uncertainty in the AHP method, such as the Monte Carlo simulation [46–51] 
and the fuzzy set theory approach [52–57].

4.3 Limitations

As discussed above, uncertainty analysis could play a significant role in AHP or even Delphi 
methods. Thus, this study has not explored the discussed uncertainties as a limitation. Besides 
analytical uncertainty approaches, it is possible to enhance the results by expanding the 
expert panel and inviting more experts with expertise in policy and regulation, social sciences, 
and economics.

Figure 6: Illustration categories, sub-categories, and challenge indicators’ weights.
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Table 8: AHP summary of all challenge indicators.
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5 CONCLUSION
The present study reviews the essential BSC’s challenges or barriers and for Norway’s sus-
tainable development of the bioenergy industry. To perform this analysis, a Delphi technique 
was used to define and choose the main challenges in the context of Norway using experts’ 
opinions. Forty-two challenges (mentioned as barriers in the literature) in seven categories 
were selected for the Delphi technique. These pre-selected challenges were used in two-
round interviews (Delphi method) through an expert panel from industry and academia. The 
output of the Delphi method was a list of relevant challenges that all the experts agreed on. In 
the last step, an AHP method was employed to determine the weight of the challenges using 
a geometric mean approach. As a result, the pair-wise comparison matrix of the AHP out-
comes has been used in group decision-making. The results showed that among four main 
categories, ‘economic and financial’ and ‘life cycle’ challenges were the most significant 
challenges, and ‘technical and technological’ and ‘political and ecological’ challenges were 
the categories with the lowest challenge. Among the sub-categories, ‘low rate of return’, 
‘environmental impacts’, and ‘market challenges’ were the most significant challenges based 
on expert’s opinion. ‘High investment cost’, ‘GHG emissions’, ‘minor differences between 
the energy prices achievable for the sales of heat and electricity’, and ‘small market size’ 
were the most critical challenge indicators. Although bioenergy, in comparison with fossil 
fuels, has considerable better performance in terms of environment, these huge amounts of 
challenges keep the share of these energies low in the market. Quantification of qualitative 
data suffer from uncertainties. Therefore, it is suggested to apply uncertainty to the model for 
further studies, such as the fuzzy-AHP technique. In addition, having a panel of experts with 
a wide range of expertise helps to ensure the model is robust.

Appendix 1: The initial list of barriers/challenges associated with renewable energy and the 
bioenergy industry from the literature.

1 Economic and Financial 3.4 Uncertain market demand

1.1 High capital cost 3.5 Small market size
1.2 High operation and maintenance cost 3.6 Lack of sufficient market based

1.3 Lack of distribution networks 4 Institutional, Administrative
1.4 Lack of financing mechanism 4.1 Lack of coordination

1.5 Lack of credit access 4.2 Lack of Institutional capacity

1.6 Lack of financial incentives 4.3 Lack of delivery mechanism

1.7 Low rate of return 4.4 Lack of skilled human resources

1.8 Lack of consumer paying capacity 5 Political, Policy, and Regulatory
1.9 Currency risks 5.1 Political instability

1.10 High cost of energy 5.2 Lack of transparent decision process

1.11 Tariff structure 5.3 Regulatory framework

1.12 Lack of subsidy 5.4 Corruption and Nepotism
2 Technical 5.5 Lack of decision-making power

2.1 Lack of R&D 5.6 Lack of coherent RE policy

(Continued)
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2.2 Absence of on-grid accessibility 6 Ecological and Geographical
2.3 Risk & uncertainty 6.1 Ecological issues

2.4 Inadequate availability of feedstock 6.2 Transportation problem

2.5 Unreliable supply 6.3 Scattered households

2.6 Negative environmental impacts 7 Social and Cultural
2.7 Lack of infrastructure 7.1 Lack of public interest

2.8 Lack of technology 7.2 Lack of public awareness
3 Market 7.3 Lack of public acceptance

3.1 High investment cost

3.2 Lack of consumer paying capacity

3.3 Lack of consumer awareness
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