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Abstract 

Successful supply chain management requires the management of a complex, multi-

stakeholder, multi-criteria system. Stakeholder inclusion in the supply chain design and 

decision making processes is an area of growing interest for companies looking to design 

sustainable supply chains or produce sustainable products. This paper demonstrates the use of 

the integrated quality function deployment and analytic hierarchy process (QFD-AHP) 

method for the inclusion of a wide group of stakeholder requirements into the supplier 

selection process. The method provides a weighted ranked list of evaluating criteria which 

can be used to assess potential suppliers in the UK renewable bioenergy industry. The 

bioenergy industry is suitable as there are many stakeholders placing various requirements 

upon potential biomass suppliers. The paper uses a mixture of literature review and semi-

structured industry interviews to answer three research questions: which stakeholder groups 

are important when selecting biomass suppliers for the UK? What requirements are made by 

these stakeholders on the supply of biomass fuels and feedstocks? Which evaluating criteria 

are most important? 

 

Keywords: Bioenergy; Strategic sourcing; Multi-stakeholder; Multi-criteria; Quality function 

deployment; Analytic hierarchy process. 

 

 

 

 

*Corresponding author 

1 

 



1. Introduction 

The UK has backed bioenergy or energy from biomass as a major contributor to 

realizing various carbon reduction commitments (DECC, 2009). Although there is scope for 

targets to be reached using various low carbon and renewable technologies, biomass has great 

potential given the technology is well understood and the finances and structure of schemes 

are similar to traditional combustion power stations. In addition to combustion conversion 

technologies, several advanced conversion technologies are becoming commercially 

available as interest in biomass and bioenergy increases. Gasification and pyrolysis as well as 

anaerobic digestion attract significant government incentives for the production of gas, 

electricity and heat. The result is an expected surge in the demand for biomass resources 

(DECC, 2009). 

Biomass appears from a wide variety of sources ranging from those usually considered 

waste products, such as municipal waste or treated sewage waste and agricultural arisings, bi-

products and commercial organic waste streams through to woody biomass or energy grasses 

specifically grown for energy conversion (E4tech, 2009; AEA et al., 2011). Biomass for 

energy schemes also tends to operate best at the low value end of the biomass scale. Whilst a 

broad oak tree can make a fine house or a straight pine can make a table top, rice husks, olive 

pits, branches from thinning’s, food waste, leaves and bark are more difficult to find viable 

value adding processes for. Conversion to bioenergy can offer added value for these materials 

diverting them from waste streams. It is therefore likely that the UK will see a sharp and 

dramatic increase in the use of biomass for energy in various guises including international 

imports. 

As with most energy resources and technologies, bioenergy is not without controversy, 

the carbon-reduction and sustainability credentials of these materials have come under 

scrutiny along with the rising interest from government and investors. These issues are 

recognized in EU legislation on sustainability for biomass which has been mandated by the 

UK at the time of writing. The sustainability assurance certificate process is split into two 

main sections, firstly the carbon emissions impact of the material, and secondly the change in 

land use criteria. However, there are many requirements made of biomass supply chains and 

suppliers over and above the sustainability assurance certificate, additionally they are made 

by a variety of parties with influence over the long-term success of a bioenergy facility. 

Supplier selection for biomass schemes is a multi-stakeholder, multi-criteria system that 

is very sensitive to sustainability issues. The incorrect choice of supplier can lead to an 

unsustainable system, for instance, refusal of project finance, unreliable operation of the 
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bioenergy plant, depletion or failure of fuel supply, and extensive environmental damage 

through deforestation and greenhouse gas emissions. To ensure successful supplier selection 

in this complex industry, this paper uses a mixture of literature review and semi-structured 

interviews to identify the concerned stakeholder groups, their requirements, and evaluating 

criteria from a UK perspective. An integrated quality function deployment and analytic 

hierarchy process (QFD-AHP) method is then applied to quantify their interrelationships and 

measure their importance ratings based on a real case of the bioenergy development company 

located in Birmingham, UK. 

There are three research questions addressed by this paper. Firstly, which stakeholder 

groups are important when selecting biomass suppliers for the UK? Secondly, what 

requirements are made by these stakeholders on the supply of biomass fuels and feedstocks? 

Thirdly, which evaluating criteria are most important? The contribution of this research is to 

demonstrate the application of the QFD-AHP method for incorporating stakeholder opinions 

into the supplier selection process for bioenergy schemes in the UK. The paper also identifies 

the specific supplier evaluating criteria used by stakeholders when assessing supplier 

suitability. 

This paper is organized as follows. Section 2 reviews the literature concerning the 

current practice in sourcing and managing biomass suppliers as well as theoretical 

background to supplier selection and the management of stakeholder requirements. Section 3 

describes the QFD-AHP method in a step-by-step approach. Section 4 applies the method for 

the biomass supplier selection in the UK bioenergy industry. Section 5 discusses the findings, 

whereas Section 6 concludes the paper. 

 

2. Literature review 

According to Prajogo et al. (2012) and others, including Narasimhan et al. (2001) and 

Talluri and Sarkis (2002), supplier assessment and performance measurement is a key part of 

supply chain management. They also explain that as competition has moved from a firm level 

to a supply chain level, suppliers have become important to the performance of the buying 

firm. Huang and Keskar (2007) discuss the importance of formalizing this supplier 

assessment using performance metrics as well as aligning the supplier selection process with 

business strategy and product life-cycle stage. Elsewhere in the theoretical literature the 

discussion between taking a resource based view and a relational view is influencing the way 

that suppliers are assessed, selected and managed. These theoretical ideas are directly 

relevant to the management of biomass supply chains, however, perhaps due to the 
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immaturity of the biomass for energy industry sector biomass has not been fully discussed in 

these terms. Rather managers have attempted to extend practices from other areas such as 

solid energy procurement such as coal or oil or practices from the forestry industry have been 

extended.  

These more established industries have been well studied in the literature as 

documented by D’Amours et al. (2008) for the pulpwood industry although the case study by 

Koskinen (2009) finds that supply chain management practices are not fully integrated with 

the procurement process of a large paper manufacturer. This is supported by a further case 

study by Carlsson and Rönnqvist (2005) which illustrates how operational management 

modelling assisted with the logistics design and customer integration at a large wood 

products company in Europe. Waste resources have attracted less attention regarding its 

strategic procurement as would be expected given that it has traditionally not been viewed as 

a product for procurement. However, the area of waste combustion is well studied from a 

technical and life-cycle perspective, most relevantly by Fruergaard and Astrup (2011) and 

Burnley et al. (2011) as are the collection and logistics of waste management (Haastrup, 

1998; Caputo et al., 2003; Skovgaard et al., 2005; Longden et al., 2007; Beigl et al., 2008; 

Karagiannidis et al., 2009; Cheng and Hu, 2010; Iakovou et al., 2010). 

de Brito et al. (2008) provide an interesting review on the progress of sustainable 

supply chain management and focus on the fashion industry. The paper identified two major 

themes of sustainable supply chain management, firstly supplier management for risks and 

performance, and secondly supply chain management for ‘sustainable’ products. The 

bioenergy industry is an interesting case as at first inspection it appears to be about producing 

a ‘sustainable’ product, electricity, heat or transport fuel. However, in order to produce this 

sustainable product, it is the management of risks and performance of the supply chain which 

must be done in a sustainable way. de Brito et al. (2008) also identify that pressures and 

incentives for sustainability in supply chains come from a variety of sources, namely legal 

demands, customer demands, responses to stakeholders, competitive advantage, 

environmental and social pressure groups, and fear of reputation loss. Also, in the fashion 

industry, Caniato et al. (2012) discuss the “influence of stakeholder pressures on the adoption 

of environmental practices” referencing Ciliberti et al. (2008) and Sarkis et al. (2010).  These 

pressures are also seen in the solid bioenergy industry where practitioners are keen to avoid 

the controversy which has surrounded the use and production of biofuel, this has been 

extensively discussed for the UK (Chalmers and Archer, 2011; Upham et al., 2011; Boucher, 

2012). 
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Considering this importance of stakeholder requirements in setting the tone for 

sustainable supply chains and their influence on company performance along with the 

growing importance of supply chain management to company competitiveness, a question 

remains about how stakeholder requirements regarding sustainability, or other salient areas, 

can be incorporated into supply chain management processes. This paper contributes to this 

section of the literature by demonstrating a method of supplier selection that incorporates a 

blend of stakeholder requirements to generate a decision that can be considered as holistically 

successful as possible considering all stakeholders. The aim of the presented method is not to 

select the supplier that would be considered most sustainable, but rather to find a supplier that 

best meets the requirements of the wider stakeholder group, this may include sustainability 

requirements but the aim is to show how the most holistically successful supplier can be 

selected. The paper also documents the criteria used by stakeholders to evaluate the 

suitability of particular suppliers. 

The QFD-AHP method has been applied previously in several studies (Ho, 2008; Ho et 

al., 2011). The most popular application of the QFD-AHP method was found to be for 

manufacturing decision making especially for product design selection (Wang et al., 1998; 

Hsiao, 2002; Kwong and Bai, 2002; Madu et al., 2002; Kwong and Bai, 2003; Myint, 2003); 

Higher education (Köksal and Eğı̇tman, 1998; Lam and Zhao, 1998) and logistics (Chuang, 

2001; Partovi, 2006). To our best knowledge, the QFD-AHP method has not been applied in 

the bioenergy industry (Ho, 2008; Ho et al., 2010; Scott et al., 2012). 

 

3. Methodology 

To better align supplier selection (and sourcing strategy) with corporate/business 

strategy, the QFD-AHP method is developed. The QFD is used for various stakeholders to 

express their requirements, and also to translate the conceptual stakeholder requirements into 

multiple comparable evaluating criteria for supplier selection, which are used to benchmark 

the suppliers. The most important information that the QFD provides is the weights of 

evaluating criteria, which are derived by the importance ratings of stakeholder requirements 

together with the relationship weightings between stakeholder requirements and evaluating 

criteria. Generally, both importance ratings of stakeholder requirements and relationship 

weightings are determined by the decision makers arbitrarily. This may result in a certain 

degree of inconsistency, and therefore degrade the quality of decisions made. To overcome 

this drawback, the AHP is used to evaluate them consistently. To summarize, the QFD-AHP 

method ensures successful strategic sourcing because the supplier selected can satisfy the 
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majority of the conflicting requirements raised by the key stakeholders across the bioenergy 

supply chain in the UK. 

The QFD-AHP method is described in the following steps (Fig 1). The method 

comprises of series of two houses of quality (HOQ), which is a tool of QFD. Each of HOQ1 

(refer to steps 1 to 5) and HOQ2 (refer to steps 6 to 9) has an interrelationship matrix. These 

matrices are completed using the AHP. This process allows different stakeholder groups to 

express and rank their requirements in HOQ1, and then assess the importance of various 

evaluating criteria in terms of fulfilling the stakeholder requirements in HOQ2. The 

importance weightings of evaluating criteria could be used to benchmark and select the 

strategic biomass suppliers in the bioenergy industry. 

Step 1: Identify the stakeholder groups. 

Step 2: Determine the importance rating of each stakeholder group in terms of the 

influence over the project. 

Step 3: Identify the stakeholder requirements.  

Step 4: Determine the relationship weights between the stakeholder groups and 

stakeholder requirements using AHP (steps 4.1 to 4.7). 

Step 4.1: AHP pairwise comparison 

Construct a pairwise comparison matrix,  
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where n denotes the number of elements (stakeholder requirements in 

HOQ1), and aij refers to the comparison of element i to element j with 

respect to each criterion (stakeholder groups in HOQ1). The 9-point 

scale, shown in Table 1, can be used to decide on which element is 

more important and by how much. 

Step 4.2: AHP synthesization 

Divide each entry (aij) in each column of matrix A by its column total. 

The matrix now becomes a normalized pairwise comparison matrix, 
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where R denotes the set of stakeholder requirements, that is, R = {1, 

2, …, n}. 

Step 4.3: Compute the average of the entries in each row of matrix A′  to yield 

column vector, 
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where 1
ikc  denotes the relationship weightings between stakeholder 

requirement i and its corresponding stakeholder group k in HOQ1. 

Step 4.4: AHP consistency verification 

Multiply each entry in column i of matrix A by 1
ikc . Then, divide the 

summation of values in row i by 1
ikc  to yield another column vector, 
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where C  refers to a weighted sum vector. 

Step 4.5: Compute the averages of values in vector C  to yield the maximum 

eigenvalue of matrix A, 
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Step 4.6: Compute the consistency index,  

1
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n
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. 

Step 4.7: Compute the consistency ratio,  

)(nRI
CICR = , 

where RI(n) is a random index of which the value is dependent on the 

value of n, shown in Table 2. If CR is greater than 0.10, then go to 

step 4.1. Otherwise, go to step 5. 

Step 5: Compute the importance rating of each stakeholder requirement,  

∑
∈

=
Sk

ikki cpw 11 , 

where S denotes the set of company stakeholders, that is, S = {1, 2, …, m}, and pk 

denotes the importance of stakeholder group k. 

Step 6: Copy the stakeholder requirements (step 3) and their corresponding importance 

ratings (step 5) into HOQ2. 

Step 7: Identify the supplier evaluating criteria. 

Step 8: Determine the relationship weightings between evaluating criteria i and its 

corresponding stakeholder requirements k, 2
ikc , using AHP (steps 4.1 to 4.7). Note 

that, in HOQ2, R denotes the set of evaluating criteria, that is, R = {1, 2, …, n}, 

whereas S denotes the set of stakeholder requirements, that is, S = {1, 2, …, m}. 

Step 9: Compute the importance rating of each evaluating criterion 

∑
∈

=
Sk

ikki cww 212 , 

where 1
kw is computed in step 5. 

 

4. Case study: a UK bioenergy development company 

The bioenergy industry in the UK is facing a massive and rapid expansion on the 

demand side as policies, rising fossil fuel prices and energy demand combine to create 

favourable conditions for growth. Procuring suitable materials for use as fuel or feedstocks 

from the available solid biofuels resources is a complex challenge for procurement managers 
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working for a bioenergy project development company in Birmingham, UK. Such developer 

company must find a supply solution that is considered as financially viable, reliable and 

generally credit worthy in order to secure reasonably priced project finance. However, there 

are also other stakeholders who hold salience over such project, and developers must also 

strive to satisfy these diverse requirements. If projects do not meet the requirements of 

financiers, the projects will not go ahead. Without meeting the requirements of the public, 

environmental groups and other stakeholders, the project will face opposition and could fail 

even if planning permission is granted. Any failure at development stage represents a 

significant cost for developers and causes delays in the delivery of low carbon energy.  

The following paragraphs demonstrate the application of proposed method in the 

company using a step-by-step approach. 

Step 1: Identify the stakeholder groups  

The stakeholder groups were derived from the academic literature as shown in Table 3. 

Semi-structured interviews were then conducted with the identified stakeholder groups. Table 

4 shows the semi-structured interview guide containing the key questions or topics that were 

discussed with every participant. A more free-flowing line of questioning was also used to 

collect any other relevant information from participants. According to both literature and 

semi-structured interviews, the six stakeholder groups include financial groups and project 

partners/investors, environmental groups, developers/operators and utilities, national 

government and policy makers, local government, and community/public. 

Step 2: Determine the importance rating of each stakeholder group 

The importance rating of each stakeholder group was assigned using an order of 

preference given by the UK bioenergy development company, in which the participants did 

not complete the pairwise comparison but was able to place the stakeholder groups in order 

of saliency. A stakeholder with a higher importance rating means that s/he has greater 

influence over the bioenergy project. Summation of the importance ratings is equal to one. 

Step 3: Identify the stakeholder requirements 

In the QFD-AHP method, requirements are a set of desirable characteristics that the 

final solution should perform well against, in other words, the final solution should as far as 

possible satisfy the requirements identified by the stakeholders. Through questioning in the 

semi-structured interviews, several requirements became clear from participant responses. 

Some requirements were also evident from the grey literature study of UK and EU policy 
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documents. The requirements identified are listed in Table 5 along with an explanation of 

each. 

Step 4: Determine the relationship weights between the stakeholder groups and 

stakeholder requirements using AHP 

To calculate the importance of stakeholder requirements, the relationship weights 

between the stakeholder groups and their requirements were determined using AHP. For 

example, the procedure of calculating the relationship weights for finance groups and project 

partners/investors is to construct a pairwise comparison matrix first as shown in Figure 2. 

Because four requirements were related to the finance groups and project partners/investors, 

there were four elements in matrix A only. The relevant requirements were “To offer an 

attractive business to business contract”, “To provide good contract conditions regarding the 

supply of fuel”, “To provide material reliably and within the quality specification required”, 

and “To be financially credible”. For synthesization, a normalized comparison matrix is 

constructed as shown in Figure 3. Based on matrix A′ , a column vector showing the 

relationship weightings between stakeholder requirements and finance groups and project 

partners/investors was constructed as shown in Figure 4. To verify the consistency, a 

weighted sum vector was constructed as shown in Figure 5. Then, the maximum eigenvalue 

of matrix A, consistency index, and consistency ratio were computed as follows. 

208.4
4

4.310  4.069 4.102  4.350
max =

+++
=λ  

069.0
14

4208.4
=

−
−

=CI  

077.0
90.0
069.0

==CR  

Because CR was less than 0.10, the pairwise comparison for the finance groups and 

project partners/investors was consistent.  

Step 5:  Compute the importance rating of each stakeholder requirement 

Following the above procedure for determining the relationship weights between the 

stakeholder requirements and the remaining stakeholder groups, the importance ratings of 

each stakeholder requirement were computed in HOQ1 as shown in Table 6. 
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Step 6:  Copy the stakeholder requirements (step 3) and their corresponding 

importance ratings (step 5) into HOQ2. 

After completing HOQ1, both stakeholder requirements and their corresponding 

importance ratings were copied into HOQ2, which linked the requirements and evaluating 

criteria.  

Step 7:  Identify the supplier evaluating criteria 

Evaluating criteria were identified from academic literature and semi-structured 

interviews. These criteria had been obtained from mining the interview responses. In many 

instances, the criteria had been found to overlap with either criteria identified in previous 

bioenergy literature or in existing literature on supplier selection where such criteria are well 

studied. The remaining criteria identified in interviews have not been located in previous 

literature. Table 7 shows which stakeholders identified different criteria along with any 

corresponding literature sources. 

Step 8:  Determine the relationship weights between evaluating criteria and its 

corresponding stakeholder requirements  

Similar to HOQ1, AHP was used to calculate the relationship weightings between the 

stakeholder requirements and evaluating criteria in HOQ2. Table 8 shows which evaluating 

criteria are relevant to each requirement. Certainly, the size of each pairwise comparison 

matrix is varied, and is dependent on the number of evaluating criteria that will achieve a 

particular requirement. For example, there were four elements in the matrix for the 

requirement “To offer an attractive business to business contract”. They were “Long term 

contracts”, “Take or pay clauses”, “Track record”, and “Personal relationship”. All of them 

were related to the requirement.  

Step 9:  Compute the importance rating of each evaluating criteria 

After determining all relationship weightings between the seven stakeholder 

requirements and their related evaluating criteria, the importance ratings of each criterion 

were computed in HOQ2 as shown in Tables 9 to 12. The ten evaluating criteria with the 

highest and lowest importance rating are shown in Table 13. 

 

5. Discussions 

5.1. Discussions of the data 
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A larger sample size may have revealed more evaluating criteria or requirements that 

would be relevant. However, the responses within each stakeholder group were consistent, 

and in many cases, evaluating criteria identified from interviews has been supported by 

literature evidence. The policy maker stakeholder group was not available for interview but 

documentation produced by government departments should make a very suitable proxy for 

these opinions. 

The sample sizes could have been larger had interview data been used from 

stakeholders interested in a wider variety of projects. The interviews had been taken from 

stakeholders mainly interested in large scale combustion type projects. The evaluating criteria 

may well be different for smaller scale projects or projects using other technologies. 

As far as possible participants had been asked to give their own opinions from as 

according to their daily activities or interests in the sector, it is possible that having 

introduced the research, some participants had manipulated their responses in order to 

influence the future actions of other stakeholder groups. However, this was considered 

unlikely given the clear and transparent responses given to interview questions. 

 

5.2. Discussions of the method 

The QFD-AHP method is rigorous and robust, it produces intuitive results and has a 

mechanism built in for checking respondent consistency. To complete the entire QFD-AHP 

method for supplier selection, information must be available regarding each supplier’s 

performance against each evaluating criterion. In a developing market, it is likely that not all 

of this data will be available to the buyer and they must make some subjective assessment of 

supplier performance. This is not ideal and if done badly could undermine the advantage of 

using an analytical approach in the first place. 

The method used to identify stakeholder requirements and evaluating criteria was 

suitable and allowed the participants freedom to talk about aspects they thought were more 

important and fully think through responses to questions. Most of the evaluating criteria were 

suggested by more than one stakeholder source or are supported by evidence from literature. 

Those criteria that are supported could be considered to be more reliable. 

 

5.3. Discussions of the findings 

From Table 7, the stakeholder groups of “Finance groups” and “Developers/Operators” 

had similarly aligned interests, both requiring favourable contractual conditions, quality and 
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financial credibility. This may reflect the way that operators and developers have aligned 

their interests with the finance sector as they seek to attract investment. This was mentioned 

by one participant from the finance stakeholder group “Anyone other than the major utilities 

has to project finance. Projects are too big for most companies to do on balance sheet.” Even 

if a project were to be entirely equity funded by some large utility it is likely that similar 

requirements would be made on suppliers. These contracts and the conditions between them 

appear critical to the successful operation and development of bioenergy schemes. They are 

at the centre of a finance deal between investors and developers, without suitable suppliers in 

place it is unlikely that affordable investment will be forthcoming. However, a conflict then 

can appear as suppliers are unwilling to be fixed into contracts for long periods when as one 

participant from the finance stakeholder group stated: “Everybody thinks this is going to take 

off, so why would you want to lock in for 15 years if it turns out you’re locked in at the 

wrong price?”. 

The insistence of financial stability, credibility, track record and fixed prices is also 

likely to lead to the exclusion of major parts of the biomass market. By requiring well 

established blue collar type businesses smaller, less affluent suppliers are disadvantaged. 

These smaller suppliers may be able to provide many of the other attributes required at and 

would be attractive were these finance related requirements not being made, they may also 

hold a majority of the available regional biomass resource. When reflecting on this one 

developer mentioned that “there is really quite a small group of very large global suppliers 

that are properly suitable against these criteria, in reality we need to do business with smaller 

companies”. Whilst this is true of waste materials which may be largely controlled by the 

animal feed industries forestry is slightly different as one participant from the finance 

stakeholder group pointed out “US forestry ownership is dominated by pension funds and 

large scale investors so balance sheet strength is pretty good there.”  

Energy security is shown as a fringe requirement in this process, only mentioned by 

central government reports. In reality this issue is seen as important by developers and 

operators, however this group is more likely to protect themselves from material supply 

failure using commercial contracts than changing the source location of materials. There is a 

heavy reliance on the nature and favourability of contracts between buyers and suppliers in 

the bioenergy industry, this is evident from the results and from qualitative data from the 

interviews. 
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Five of the six stakeholder groups identified environmental impact as an important 

requirement. Environmental related evaluating criteria feature heavily in the supplier 

selection lists. The most commonly referenced criterion is the CO2 emissions per MWh of 

energy being delivered. This criterion, along with land use change, forms the EU 

sustainability standard against which biomass suppliers can be measured and found to be 

compliant or otherwise. ‘Performance against EU sustainability standard’ is included as a 

separate criterion as it appeared as such in the interview data. The UK is one of the only 

countries in the world to have implemented biomass sustainability requirement legislation. 

However, this attempt to partly commoditize and set a base-standard for sustainability has 

eventually resulted in further uncertainty for the market due a recent UK report which 

suggested that the standards for sustainability regarding solid biomass should be “tightened” 

(CCC, 2011). Therefore, developers are seeking “Standards that go beyond the sustainability 

standard” for any material that may be contracted for.  

Distance from buyer was found to be of low importance. This reflects the global nature 

of sourcing biomass for the UK market. Many of the recent waves of proposed UK biomass 

power stations are located at deep water ports to keep options for importing materials open to 

those operators. The nature of the business and the scale of on-site storage also mean that 

distance from supplier to buyer is of less importance as delays can well be tolerated. This is 

mirrored in the fossil fuel industries where fuels are purchased from around the world on 

various exchange platforms. From interview data with material buyers of both biomass and 

fossil fuels, it appears that fossil fuel suppliers are not subject to any of the requirements 

regarding environmental sustainability, social impact and are also largely not required to have 

particularly secure financial backgrounds. This may reflect the uncertainty associated with 

operating in a non-commodity dominated market. 

 

6. Conclusions 

This study has used a combination of literature review, semi-structured interviews, and 

the QFD-AHP method to answer three questions related to the problem of supplier selection 

for the bioenergy industry in the UK. In relation to the first research question posed in this 

paper, the most important stakeholder groups for the UK bioenergy industry can be covered 

by six groups: Finance/investors, environmental groups, developers and operators including 

utilities, national policy makers, local government decision makers and the general public or 

local community. 
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In relation to the second research question, these groups hold a variety of requirements 

and expectations that they make on the suppliers of biomass materials for bioenergy schemes. 

These requirements can be summarized into the following categories: Business to business 

contract conditions, fuel specific contract conditions, fuel quality and reliability, 

environmental impact, financial credibility, social impact, and security of energy supply. 

A mixture of traditional and novel supplier evaluating criteria have been identified as 

being useful for supplier selection. Many conventional supplier selection criteria are not 

found to be of importance to bioenergy stakeholders including just-in-time delivery, lead time 

or health and safety issues. Although these aspects may be important in the biomass supplier 

selection process they have not been identified explicitly in this research. Using the QFD-

AHP method along with ranking data from interviews, a real case has been reported on. Here 

an importance weighting is given to each stakeholder group based on order of importance 

given during industry interviews. In this case, developers and finance groups are given 

importance in the decision making process and the financial stability of the supplier is found 

to be the most important criterion followed by a mixture of social, environmental and 

economic criteria, including experience, job creation, CO2 emissions per unit of energy, and 

cost of material.  

The contribution of this research is to identify the criteria considered important for 

sourcing biomass fuels and to suggest a method for incorporating the requirements of a wide 

stakeholder group into the supplier selection process. By better meeting the requirements of 

the key stakeholders, rather than just those of the decision maker, a more holistically 

successful supplier selection can be made. Biomass sourcing and selection is a good example 

of a multi-stakeholder supply chain and is additionally sensitive to sustainability 

requirements and is thus a good industry to implement the QFD-AHP supplier selection 

method which could be extended to other industries and similar supplier selection problems. 

By identifying the requirements of stakeholders and the related evaluating criteria, suppliers 

can better understand the needs of purchasers and other stakeholders. This will allow them to 

better customize their service and product offerings to match these requirements. No previous 

record of supplier selection criteria exists for the bioenergy industry in the academic 

literature, also there is no previous attempt to weight any evaluating criteria against the 

requirements of stakeholders using an analytical method. 
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Fig. 1. The QFD-AHP method and data flow. 
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Fig. 2. Pairwise comparison matrix. 
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Fig. 3. Normalized pairwise comparison matrix. 
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Fig. 4. Column vector. 
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Fig. 5. Weighted sum vector. 
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Table 1 
AHP pairwise comparison scale. 

Intensity Importance Explanation 
1 Equal Two activities contribute equally to the object 
3 Moderate Slightly favours one over another 
5 Strong Strongly favours one over another 
7 Very strong Dominance of the demonstrated in practice 
9 Extreme Evidence favouring one over another of highest possible 

order of affirmation 
2, 4, 6, 8 Intermediate When compromise is needed 
Reciprocals of 
the above 
numbers 

 For inverse comparison 

 
 
 
Table 2 
List of random index values. 

n 2 3 4 5 6 7 8 9 
RI(n) 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 
 
 
 
Table 3 
Stakeholders identified within the bioenergy literature. 

Bioenergy stakeholder groups Literature sources 

1. Financial groups and project 
partners/investors 

Elghali et al., 2007; Iakovou et al., 2010 

2. Environmental groups Elghali et al., 2007; Upham et al., 2007;  Heidrich et al., 
2009; Stidham and Simon-Brown, 2011; van Dam and 
Junginger, 2011 

3. Developers/Operators and 
Utilities 

Elghali et al., 2007; Upham et al., 2007;  Adams et al., 
2011; Stidham and Simon-Brown, 2011; Turcksin et al., 
2011; van Dam and Junginger, 2011 

4. National government and 
policy makers 

Elghali et al., 2007; Upham et al., 2007; Iakovou et al., 
2010; Adams et al., 2011; Stidham and Simon-Brown, 
2011; van Dam and Junginger, 2011 

5. Local government Upham et al., 2007; Heidrich et al., 2009; Stidham and 
Simon-Brown, 2011; Turcksin et al., 2011; van Dam 
and Junginger, 2011 

6. Community/public Elghali et al., 2007; Stidham and Simon-Brown, 2011 
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Table 4 
Semi-structured interview guide. 

Topics Question prompts 
1. Stakeholders Which stakeholder groups would you recognize as being 

important when selecting biomass suppliers? 

2. Stakeholder 
requirements 

What do you think are the main requirements and motivations 
when selecting a supply of biomass for energy? 

3. Evaluating criteria When evaluating suppliers, what factors would you look for. If 
several can you rank them in importance? 

4. Methods used Do you use a specific method or approach already when 
selecting or prioritizing Biomass suppliers? 

5. Inadequacies Are there any problems you know of with the existing 
methods used? Any inadequacies or inefficiencies? 
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Table 5 
Requirements identified from stakeholder interviews and government documents. 

Requirements Identifying stakeholder 
groups 

Description of requirements 

1. To offer an 
attractive business 
to business 
contract 

Financial groups and project 
partners/investors; 
Developers/Operators  

The potential supplier should be 
able to offer a contract which has 
attractive clauses and remittances as 
well as being an attractive company 
to work with. 

2. To provide good 
contract 
conditions 
regarding the 
supply of fuel 

Financial groups and project 
partners/investors; 
Developers/Operators 

The potential supplier should be 
able to offer a contract which has 
attractive terms regarding the 
quality and provision of material 
supply, terms or clauses regarding 
the material being outside of 
specification or non-delivery and 
any associated remittances would 
be covered by this requirement. 

3. To provide 
material reliably 
and within the 
quality 
specification 
required 

Financial groups and project 
partners/investors; 
Developers/Operators 

The supplier should be able to show 
evidence that they are likely to be 
able to provide a reliable and 
quality consistent supply of 
materials. This is separate to the 
contractual agreement.  

4. The supply of 
materials should 
have a low 
environmental 
impact 

Environmental groups; 
Developers/Operators; 
National government and 
policy makers; Local 
government; 
Community/public 

The supply of biomass material 
should have a low or positive 
impact upon the environment.  

5. To be financially 
credible  

Financial groups and project 
partners/investors; 
Developers/Operators; 
National government and 
policy makers 

The supplier should be able to 
demonstrate that they are 
financially secure and credible if 
they were to be required to produce 
evidence for finance purposes. 

6. The supply of 
materials should 
have a positive 
social impact 

National government and 
policy makers; Local 
government 

To satisfy this requirement the 
engagement of a particular supplier 
should lead to the stimulation of 
positive social impacts for instance 
job creation and poverty reduction. 

7. National energy 
security should be 
improved 

National government and 
policy makers 

National governments have a 
responsibility to ensure that the 
energy being delivered to the nation 
is secure to allow the continuation 
of society and economy.  

  

27 

 



Table 6 
House of Quality 1. 

Stakeholders St
ak

eh
ol

de
r 

im
po

rt
an

ce
 

Stakeholder requirements 

1. To offer 
an attractive 
business to 

business 
contract 

2. To provide 
good 

contract 
conditions 

regarding the 
supply of 

fuel 

3. To provide 
material 

reliably and 
within the 

quality 
specification 

required 

4. The 
supply of 
materials 

should have 
a low 

environment
al impact 

5. To be 
financially 

credible 

6. The 
supply of 
materials 

should have 
a positive 

social impact 

7. National 
energy 
security 

should be 
improved 

1. Financial groups and 
project 
partners/investors 

0.413 0.349 0.146 0.074  0.432   

2. Environmental groups 0.105    1.000    

3. Developers/Operators 0.239 0.223 0.476 0.157 0.045 0.100   

4. National government 
and policy makers 

0.055    0.548 0.051 0.270 0.131 

5. Local government 0.154    0.200  0.800  

6. Community/public 0.033    1.000    

Requirement importance rating 0.197 0.174 0.068 0.210 0.205 0.138 0.007 
Ranking 3 4 6 1 2 5 7 
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Table 7 
28 Evaluating criteria and their identifying sources. 
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 Literature sources 

Bioenergy 
literature 
review 

CO2 (equivalent) emissions per 
MWh 

      Afgan and Carvalho, 2003; Begić and 
Afgan, 2007; Madlener et al., 2007; 

Upham and Speakman, 2007; Zhou et al., 
2007; Beck et al., 2008; BTG, 2008; 

Karagiannidis et al., 2009; Terrados et al., 
2009; Kaya and Kahraman, 2010; 

Jovanovic et al., 2011; van Dam and 
Junginger, 2011 

Land use change       BTG, 2008 

Rural jobs created or safeguarded       Haralambopoulos and Polatidis, 2003; 
Ayoub et al., 2007; Longden et al., 2007; 

Madlener et al., 2007; Upham and 
Speakman, 2007; Buchholz et al., 2009 

Base cost of material (£/MWh)       Longden et al., 2007; Buchholz et al., 
2009; Karagiannidis et al., 2009; Kaya and 

Kahraman, 2010 
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Supply 
chain 

literature 
review 

Dependency on imports       Madlener et al., 2007; Buchholz et al., 
2009; van Dam and Junginger, 2011 

Visibility of supply chain       Madlener et al., 2007; Buchholz et al., 
2009; van Dam and Junginger, 2011 

Distance from customer       Braglia and Petroni, 2000; Liu et al., 2000;  
Perçin, 2006; Sarkar and Mohapatra, 

2006; Yang and Chen, 2006; Gencer and 
Gürpinar, 2007; Hou and Su, 2007;   

Sevkli et al., 2007; Ng, 2008 

Ease of communication/ personal 
relationship 

      Sarkis and Talluri, 2002; Chen et al., 
2006; Perçin, 2006 

Track record       Çebi and Bayraktar, 2003; Chan, 2003; 
Chen and Huang, 2007; Gencer and 

Gürpinar, 2007 

Quality control process and 
mechanisms in place 

      Narasimhan et al., 2001; Choy and Lee, 
2002; Talluri and Narasimhan, 2004;  

Sarkar and Mohapatra, 2006; Chan et al., 
2007; Gencer and Gürpinar, 2007; Sevkli 

et al., 2007 
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Credit strength       Braglia and Petroni, 2000; Muralidharan et 
al., 2002; Barla, 2003; Çebi and Bayraktar, 
2003; Chan, 2003; Kahraman et al., 2003; 
Choy and Lee, 2003; Wang et al., 2004, 

2005; Choy et al., 2005; Liu and Hai, 
2005; Bayazit, 2006; Bevilacqua et al., 
2006; Chen et al., 2006; Perçin, 2006; 

Sarkar and Mohapatra, 2006; Yang and 
Chen, 2006; Chan et al., 2007; Chen and 

Huang, 2007; Gencer and Gürpinar, 2007; 
Huang and Keskar, 2007; Wu et al., 2007; 

Bottani and Rizzi, 2008 

Size of balance sheet       Braglia and Petroni, 2000; Muralidharan et 
al., 2002; Barla, 2003; Çebi and Bayraktar, 
2003; Chan, 2003; Kahraman et al., 2003; 
Choy and Lee, 2003; Wang et al., 2004, 

2005; Choy et al., 2005; Liu and Hai, 
2005; Bayazit, 2006; Bevilacqua et al., 
2006; Chen et al., 2006; Perçin, 2006; 

Sarkar and Mohapatra, 2006; Yang and 
Chen, 2006; Chan et al., 2007; Chen and 

Huang, 2007; Gencer and Gürpinar, 2007; 
Huang and Keskar, 2007; Wu et al., 2007; 

Bottani and Rizzi, 2008 

Financially robust and credible 
counterparty 

      

Criteria 
from 

interviews 

Performance against EU 
sustainability assurance standards 

       

Long term contract available        
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Take or pay clause conditions        

Traceable (chain of custody)        

Public finance imitative (PFI) 
backing 

       

Fixed price (or known escalator)        

Clear definition of material        

Guarantee of fuel quality available        

Supplier stability within bioenergy 
market 

       

FSC accreditation (FSC, 2012)        

Alternative end use (best use of 
biomass) 

       

Diversion of material from landfill        

Environmental regulatory 
environment within which the 

supplier operates 

       

Biodiversity change        

Small and medium enterprise 
(SME) employment created 

       

32 

 



Table 8 
Requirements and corresponding evaluating criteria. 

Requirements Relevant evaluating criteria 

1. To offer an attractive business to 
business contract relations 

Long term contracts; Take or pay clauses; Track record; Personal relationship/ease of 
communication 

2. To provide good contract conditions 
regarding the supply of fuel 

Contract has PFI back up; Fixed price; Base cost of material (£/MWh); Clear definition of 
fuel; Guarantee of fuel quality available 

3. To provide material reliably and within 
the quality specification required 

Traceable (chain of custody); Visibility; Quality control mechanisms in place; Guarantee of 
fuel quality available; Supplier stability (in biomass market); Dependency on imports 

4. The supply of materials should have a 
low environmental impact 

CO2/MWh; Land use change; FSC accreditation; Alternative end use (best use of biomass); 
Diversion of material from landfill; Environmental regulatory environment in which the 
supplier operates; Performance against sustainability assurance certificate indicators; 
Biodiversity change 

5. To be financially credible Credit strength; Size of balance sheet; Financially robust or credible counterparty 

6. The supply of materials should have a 
positive social impact 

Rural jobs created or safeguarded; SME employment created 

7. National energy security should be 
improved 

Long term contracts; visibility; Distance from buyer; Dependency on imports 
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Table 9 
House of Quality 2. 

Stakeholder requirements R
eq

ui
re

m
en

t 
im

po
rt

an
ce

 
ra

tin
g 

Evaluating criteria 

1. Long 
term 

contracts 
2. Take or 
pay clauses 

3. Track 
record 

4. Personal 
relationship 

5. Contract 
has PFI 
back up 

6. Fixed 
price 

7. 
Traceable 
(chain of 
custody) 

1. To offer an attractive business 
to business contract relations 

0.197 0.112 0.271 0.554 0.063    

2. To provide good contract 
conditions regarding the supply 
of fuel 

0.174     0.075 0.327  

3. To provide material reliably and 
within the quality specification 
required 

0.068       0.252 

4. The supply of materials should 
have a low environmental 
impact  

0.210        

5. To be financially credible 0.205        

6. The supply of materials should 
have a positive social impact 

0.138        

7. National energy security should 
be improved 

0.007 0.056       

Evaluating criteria importance rating 0.022 0.053 0.109 0.012 0.013 0.057 0.017 
Ranking 13 7 2 20 18 6 14 
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Table 10 
House of Quality 2 (continue). 

Stakeholder requirements R
eq

ui
re

m
en

t 
im

po
rt

an
ce

 
ra

tin
g 

Evaluating criteria 

8. Base 
cost of 

material 
(£/MWh) 

9. Clear 
definition 

of fuel 
10. 

Visibility 

11. Quality 
control 

mechanisms 
in place 

12. 
Guarantee 

of fuel 
quality 

available 

13. 
Supplier 

stability (in 
biomass 
market) 

14. 
Distance 

from 
buyer 

1. To offer an attractive business 
to business contract relations 

0.197        

2. To provide good contract 
conditions regarding the supply 
of fuel 

0.174 0.392 0.056   0.150   

3. To provide material reliably and 
within the quality specification 
required 

0.068   0.167 0.051 0.397 0.090  

4. The supply of materials should 
have a low environmental 
impact  

0.210        

5. To be financially credible 0.205        

6. The supply of materials should 
have a positive social impact 

0.138        

7. National energy security should 
be improved 

0.007   0.295    0.110 

Evaluating criteria importance rating 0.068 0.010 0.013 0.003 0.053 0.006 0.001 
Ranking 5 22 18 27 7 25 28 
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Table 11 
House of Quality 2 (continue). 

Stakeholder requirements R
eq

ui
re

m
en

t 
im

po
rt

an
ce

 r
at

in
g 

Evaluating criteria 

15. 
CO2/
MWh 

16. Land 
use 

change 
17. FSC 

accreditation 

18. 
Alternative 

end use 
(best use of 
biomass) 

19. 
Diversion 
of material 

from 
landfill 

20. 
Environment
al regulatory 
environment 
in which the 

supplier 
operates 

21. 
Performance 

against 
sustainability 

assurance 
certificate 
indicators 

1. To offer an attractive business 
to business contract relations 

0.197        

2. To provide good contract 
conditions regarding the supply 
of fuel 

0.174        

3. To provide material reliably and 
within the quality specification 
required 

0.068        

4. The supply of materials should 
have a low environmental 
impact  

0.210 0.376 0.159 0.056 0.083 0.199 0.033 0.070 

5. To be financially credible 0.205        

6. The supply of materials should 
have a positive social impact 

0.138        

7. National energy security should 
be improved 

0.007        

Evaluating criteria importance rating 0.079 0.033 0.012 0.017 0.042 0.007 0.015 
Ranking 4 12 20 14 10 23 17 
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Table 12 
House of Quality 2 (continue). 

Stakeholder requirements R
eq

ui
re

m
en

t 
im

po
rt

an
ce

 
ra

tin
g 

Evaluating criteria 

22. 
Credit 

strength 

23. Size 
of 

balance 
sheet 

24. 
Financially 
robust or 
credible 

counterparty 

25. Rural 
jobs created 

or 
safeguarded 

26. 
Dependency 
on imports 

27. SME 
employment 

created 

28. 
Biodiversity 

change 
1. To offer an attractive business 

to business contract relations 
0.197        

2. To provide good contract 
conditions regarding the supply 
of fuel 

0.174        

3. To provide material reliably and 
within the quality specification 
required 

0.068     0.042   

4. The supply of materials should 
have a low environmental 
impact  

0.210       0.025 

5. To be financially credible 0.205 0.193 0.083 0.724     

6. The supply of materials should 
have a positive social impact 

0.138    0.667  0.333  

7. National energy security should 
be improved 

0.007     0.539   

Evaluating criteria importance rating 0.040 0.017 0.148 0.092 0.007 0.046 0.005 
Ranking 11 14 1 3 23 9 26 
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Table 13 
Ten most and least important evaluating criteria. 

Top 10 evaluating 
criteria 

Importance 
rating 

Lowest 10 evaluating 
criteria 

Importance 
rating 

1. Financially robust or 
credible counterparty 

0.148 1. Distance from buyer  0.001 

2. Track record 0.109 2. Quality control 
mechanisms in place  

0.003 

3. Rural jobs created or 
safeguarded 

0.092 3. Biodiversity change  0.005 

4. CO2/MWh 0.079 4. Supplier stability (in 
biomass market) 

0.006 

5. Base cost of material 
(£/MWh) 

0.068 5. Environmental 
regulatory environment in 
which the supplier 
operates  

0.007 

6. Fixed price 0.057 5. Dependency on imports 0.007 

7. Take or pay clauses 0.053 7. Clear definition of fuel 0.010 

7. Guarantee of fuel 
quality available 

0.053 8. FSC accreditation 0.012 

9. SME employment 
created 

0.046 8. Personal relationship 0.012 

10. Diversion of material 
from landfill 

0.042 10. Contract has PFI back 
up 

0.013 

  10. Visibility 0.013 
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