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Abstract. We present the method used in an ongoing project in Jordan for a
multi-stakeholder, multi-criteria problem of formulating a nationwide energy
strategy for the country for the next decades. The Jordanian government has
recognized the need for energy transition and the main goal of the energy
strategy is to provide a reliable energy supply by increasing the share of local
energy resources in the energy mix, while reducing dependency on imported
fossil fuels, by diversifying energy resources, also including renewable energy
sources, nuclear and shale oil, and by enhancing environmental protection.
There were strong incentives for a collaborative approach, since the ways in
which different stakeholder groups subjectively attach meanings to electricity
generation technologies are recognized as important issues shaping the attain-
ment of energy planning objectives. To understand the meaning of these con-
structs, we are using a multi-stakeholder multi-criteria decision analysis
(MCDA) approach to elicit criteria weights and valuations.
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1 Introduction

Energy transition is a complex process which has political, social, economic and
technical dimensions, requiring holistic, inclusive and comprehensive governance
approach… The process of introducing energy sources and technologies can result in
major socio-technical changes which might lead to frictions and conflicts. Thus, these
processes will not only lead to technological changes but will also lead to
socio-technological transition processes, combined with shifts in generation and dis-
tribution technologies, business models, governance structures, consumption patterns,
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values and world views. For sustainable implementations of these processes, new forms
of governance are needed based on compromise solutions.

Energy transition could be seen as action fields or arenas where different individual or
organized stakeholders are competing for legitimization of their actions and organizational
survival in the future [18]. For instance, the energy sector in Jordan is well established with
an existence of large providers,most often owned by the state, which generate, transmit and
distribute electricity to consumers. Electricity providers, such as coal, oil and gas compa-
nies, are regarded as incumbents, i.e. actors, who have a disproportionate influence, and
whose views and interests often are reflected in a dominant organization of the strategic
action field, which might be entirely shaped by the worldviews, interests and positions of
these incumbents. Thus, the appearance of new technologies or governance modes may
heavily challenge the power distribution within the sector.

Furthermore, the dependency on imported energy sources is a heavy burden for the
socio-economic and energy security of Jordan. During the last decades, energy supply to
Jordan has been very volatile, also because of a number of external political shocks and
setbacks. For example, an increase in the prices of crude oil, which happened during the
Arab Spring in Egypt, significantly affected Jordan (being dependent on energy imports
fromEgypt). The interruption of Egyptian gas supply forced Jordan to switch tomuchmore
expensive heavy fuels, creating a large burden on the Jordanian national budget and sig-
nificantly increased the already existing budget deficit. Also, to handle the difference
between imported energy and affordability in the local market, the Jordanian government
needed to heavily subsidize energy imports, which further increased its national deficit.

Several reports on energy transition in Jordan have been written, with the focus on
economic and technological factors. Following evidence as well as national and inter-
national advice, Jordan has been developing a legal and regulatory framework to attract
investments in renewable energy expansion but also in new technologies such as shale
oil and nuclear power. However, the discussions about an energy transition and a
transformation of the Jordanian society, which might be caused by large-scale
deployment of new technology, as well as socio-economic consequences of the trans-
formation of the energy system, have been limited. Furthermore, the process of learning
from other regions and from technology transfer, which goes beyond single projects, but
includes regional models of energy transitions and transformation of society, should be
considered with caution. There are several examples and good practices in Europe, such
as “Energiewende” in Germany or energy transition through climate and energy models
in Austria. However, a plan for an energy transition in the MENA region should con-
sider completely different energy market structures, stakeholders’ networks and societal
aspirations regarding energy, climate and environmental policies [22].

MCDM methods have been used during the last decades to select between different
energy system solutions, most often on a regional scale, for example [2, 24, 34], or
smaller scale [29], or for non-specific discussions on energy system solutions [25] or
policies [16]. Some have had a national scope targeting a specific technology, for
example [36]. This current project, however, deals with a national energy policy based
on input information from large sets of stakeholders. The required methodology to deal
with it is a multi-stakeholder, multi-criteria decision analysis method suitable for dis-
cussions and negotiations in different settings and with different background data.
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In this article, we discuss, an ongoing project for the multi-stakeholder, multi-criteria
problem of formulating an energy strategy for Jordan for the next decades.

2 Problem Setup

This section describes the process of selecting a relevant energy policy and makes this
process more transparent. It also identifies a set of optimal solutions out of a set of
technologies of the prevailing realistic options.

2.1 Identification of Available Technologies

The collection of data for establishing the performance characteristics for each tech-
nology was based on different sources and methods encompassing both quantitative
and qualitative data. Primary quantitative data sources involved remote sensing data
and Geographical Information System (GIS) maps as well as data available from
national statistics databases. Secondary quantitative data sources included a total of
more than 200 regionally specific and international peer-reviewed articles, official
policy reports, industry reports, Environmental and Social Impact Assessments
(ESIAs), and real project case studies. Additionally, experts were surveyed to obtain
qualitative indicators on criteria where no quantitative data could be found or devel-
oped, such as the perceptions of capacity of national authorities to control the risks
involved. A purposeful sampling was applied in order to consult a balanced diversity of
experts from different fields of expertise and roles in society. The identification and
selection of individuals was influenced by practical considerations, such as the avail-
ability, willingness to participate, or opportunities that emerged during the research
process [26]. Overall, 52 experts were asked to take part in the survey of whom 31
responded. The identification of the technologies resulted in the following set of
options:

• Utility-Scale Photovoltaic (PV), which uses direct and diffused solar radiation and
converts it into electricity by using a photovoltaic effect.

• Concentrated Solar Power (CSP), which, with the help of different kinds of
mirrors, concentrates solar radiation onto a receiver and then converts it into thermal
energy inside the receiver. Then thermal energy is transformed into mechanical
energy with the help of a steam turbine and converted to electricity with the help of
a generator.

• Onshore Wind, which with the aid of wind turbines harnesses kinetic energy of the
wind and converts it first into mechanical energy and then electricity.

• Utility Hydro-Electric uses water to turn a turbine that provides mechanical energy
and drivers a generator.

• Nuclear Power, which uses the thermal energy released by uranium fission
reactions.

• Lignite Coal, when the coal-fired power plant converts the chemical energy from
coal into heat in the process of combustion. The heat is then used to generate steam
which drives a turbine to produce electricity.
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• Natural Gas, when kinetic energy from the motion of flowing gas is utilized to
generate electricity with the help of a gas turbine.

• Heavy Fuel Oil, when the oil-fired power plant uses the chemical energy of oil to
generate electricity with the help of different kinds of steam systems.

These technologies were identified before consultations with the stakeholder groups
and were presented for comments, after which the stakeholders added shale oil to the
set of options.

2.2 Criteria Selection

All technologies were assessed against a set of 11 criteria, with a corresponding total of
20 indicators. Out of these, 9 indicators are quantitative and 11 are qualitative. The
criteria were selected in a threefold, iterative process. The first step of the selection
process was based on an extensive literature review of scientific publications that
developed criteria relevant to assessing the performance of energy systems and elec-
tricity technologies (e.g., [1, 11, 12, 19–21, 23, 35]). Thereafter, the national policy
framework was supplemented with a criterion set with nationally relevant development
criteria. Each criterion was then evaluated according to its relevance for the
decision-making problem at hand (“high”, “medium”, or “low”). This process included
several interactions and iterations, through which the number of criteria was eventually
narrowed down from 32 to the final set of 11 criteria in a three-level criteria with tree
comprising a total of 24 sub-criteria, see Fig. 1.

2.3 Stakeholder Groups

At the core of the study was a series of seven one-day stakeholder workshops. Each of
the first six workshops included groups of stakeholders from the same backgrounds,
whereas the participants in the final workshop comprised a heterogeneous stakeholder
group to which an equal number of previous participants from each of the previous
workshops (i.e. stakeholder groups) were invited.

In line with different scholars [3, 30, 31, 34], who recommend the inclusion of
political, economic, scientific, and socio-cultural actors in electricity planning, six
stakeholder groups of different backgrounds were selected to participate in this research.
The participants were identified based on a comprehensive stakeholder analysis and
according to their positions and interest in Jordan’s energy decision-making and also
based on the extent to which they are impacted by electricity installations. The stake-
holder analysis was conducted by the research team in cooperation with the local
partners. In the first step, broad stakeholder categories, for example “Policy-makers”,
“Young Leaders”, etc. in line with the above mentioned different backgrounds were
established. In the second step, these categories were broken down into more concrete
sub-groups of these categories, e.g., for the category “Finance and Industry”, small and
medium-sized enterprises or national banks.

In the final step, the representatives of the sub-groups were determined. As a result,
the following stakeholder groups were identified.
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• Policy-makers: stakeholders who are directly involved in electricity planning
including generation and distribution;

• Finance and Industry: stakeholders who are characterized by high electrical power
end-use and are directly involved in the implementation and financing of power
generation capacities;

• Academia: stakeholders who are scientifically interested and involved in the
research and development of electricity systems, e.g., universities, research insti-
tutions, and think tanks;

• Young Leaders: stakeholders who can be regarded as future decision-makers or
opinion-leaders and have a strong interest in national energy planning due to their
professional background, public engagement, and networks;

Fig. 1. Final criteria tree in the tool DecideIT.

194 M. Danielson et al.



• National NGOs: stakeholders who have a strong interest in national energy
planning and are involved in national NGOs working on environmental protection,
social justice, and human development;

• Local Communities: stakeholders who live in close proximity to electricity gen-
eration technologies and are thus directly affected by national electricity planning;

The involvement of different stakeholder groups, in an intensive, discussion-oriented,
and participatory process, allowed a wide array of multidimensional perspectives on
Jordan’s energy future to be elicited. During the workshops, attention had to be focused
on creating a climate that welcomed discussion, where different stakeholder views were
respected and equally validated, while at the same time room for mutual learning and
new information was provided. This was in particular the case for the final workshop
where equally legitimate opinions and perspectives as well as mutual learning expe-
riences had to be safeguarded by the moderators in order to allow for a balanced
representation of all stakeholder groups during the often heated debates among
participants.

During the stakeholder workshops the participants were given 45 min to develop
their individual vision on what they, as representatives of their specific stakeholder
group, would like Jordan to be in the year 2050. The participants were provided with a
set of cards and asked to write down either a short sentence or an attribute for their
vision in three areas: the economy, the society, and the environment. Then, all cards
were discussed on flipcharts and clustered in common themes, where agreement was
reached, as well as where perspectives diverged. The aim here was not to be com-
prehensive but rather to identify the top priorities with respect to how different
stakeholder groups imagine a desirable future for Jordan.

Following the vision development phase, the participants were given 60 min to
express their aspirations and concerns in regard to the question of how the deployment
of new electricity generation technologies in Jordan could enable or hamper the ful-
filment of their vision financially, socially, and environmentally. To facilitate this task,
short vignettes for each technology were distributed to provide as far as possible
unbiased, non-technical information on the basic functions and performance of the
technologies under examination. After discussing the specifics of the different tech-
nologies, the participants were again provided with a set of cards and asked to for-
mulate their thoughts as representatives of their specific stakeholder groups.
Afterwards, all cards were clustered around the main issues that emerged during the
vision development and discussed openly.

3 Criteria Ranking

Simos proposed a procedure, using a set of cards, for determining numerical values for
criteria weights suitable for negotiation settings [32, 33]. In its standard form, a group
of decision-makers are provided with a set of coloured cards with the criteria names
written on them. Furthermore, the decision-makers are provided with a set of white
(blank) cards. Thereafter, the non-blank cards are ranked from the least important to the
most important, where criteria of equal importance are grouped together. Furthermore,
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the decision-makers are asked to place the white cards in between the coloured cards to
express preference strengths. Figueira and Roy [17] have suggested a modified version,
where the decision-makers state how many times the most important criterion or cri-
teria group is compared to the least important. A variation of the Simos method was
used in this project for elicitation purposes. The card ranking part was employed as the
original but the evaluation part differs significantly from the Simos method. The criteria
were at this point well-known by the participants from the previous sections of the
workshops.

Each criterion was written on a coloured card and arranged horizontally on a table.
Then each of the participants successively ranked the cards from the least important to
the most important by moving the cards to a vertical arrangement, where the highest
ranked criteria was put on top and so forth. If two criteria were considered to be of
equal importance, they were put on the same level. This process lasted for four rounds,
where the number of moves for each round was 8, 5, 3 and 2 respectively. Furthermore,
the first and third round was concluded by an open discussion before the following
round commenced.

The ranking procedure lasted for 120 min or until a final ranking was obtained that
the participants found acceptable. Needless to say, the decreasing number can be
disputed and is a weak point of the method (and thus an open research question needs
to be addressed in subsequent projects), since it encourages the participants to act
strategically in relation to the information they received during the process. So when
applying this method, the potential conflicts must be lifted and handled. In some cases,
working with a set of final ranking in the evaluations, showed whether or not the
differences are of importance.

When this first ordinal ranking was finalised, the participants were asked to
introduce preference strengths in the ranking by introducing the blank cards during
three additional rounds (with 3, 2 and 1 moves respectively). The number of white
cards (i.e. the strength of the rankings between criteria) was also given a verbal
interpretation as shown in Table 1.

The final rankings of the six workshops were handed to the representatives of each
stakeholder group during the final workshop two months later, when the exercise was
repeated also for this compiled cross-sectional multi-stakeholder group. At the final
workshop, they could present each ranking and its rationales to the other participants
during an introductory presentation round.

Table 1. Verbal interpretation of card placements

Equal level of cards Equally important
No blank card Slightly more important
One blank card More important (clearly more important)
Two blank cards Much more important
Three blank cards Very much more important
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4 Selection of Analysis Method

One well-known class of multi-criteria decision analytic methods is the SMART
family, where [13–15] proposed a method to assess criteria weights. The criteria are
ranked and then 10 points are assigned to the weight of the least important criterion
(wN). Then, the remaining weights (wN−1 through w1) are given points according to the
decision-maker’s preferences. The overall value E(aj) of an alternative aj is then the
weighted average of the values vij associated with aj (Eq. 1):

E aj
� � ¼

PN
i¼1 wivijPN
i¼1 wi

ð1Þ

The most utilised processes for converting ordinal input to cardinal use automated
procedures and yield exact numeric weights. For instance, [13] proposed the SMAR-
TER method for eliciting ordinal information on importance before converting it to
numbers, thus relaxing information input demands on the decision-maker. An initial
analysis is carried out where the weights are ordered, such as w1 > w2 > … > wN, and
then subsequently transformed to numerical weights using ROC weights after which
SMARTER continues in the same manner as the ordinary SMART method.

The best known ratio scoring method is the Analytic Hierarchy Process (AHP). The
basic idea in AHP [27, 28] is to evaluate a set of alternatives under a criteria tree by
pairwise comparisons. The process requires the same pairwise comparisons regardless
of scale type. For each criterion, the decision-maker should first find the ordering of the
alternatives from best to worst. Next, he or she should find the strength of the ordering
by considering pairwise ratios (pairwise relations) between the alternatives using the
integers 1, 3, 5, 7, and 9 to express their relative strengths, indicating that one alter-
native is equally good as another (strength = 1) or three, five, seven, or nine times as
good. It is also allowed to use the even integers 2, 4, 6, and 8 as intermediate values,
but using only odd integers is more common.

As discussed in [5], a viable alternative to these, when cardinal information is
present, is the Cardinal Ranking (CAR) method and it has been demonstrated that the
latter is more robust and efficient than the methods from the SMART family and
AHP. Providing only ordinal rankings of criteria seems to avoid some of the difficulties
associated with the elicitation of exact numbers. It puts fewer demands on
decision-makers and is thus, in a sense, effort-saving. Furthermore, there are techniques
for handling ordinal rankings with various successes. A limitation of this approach is
that decision-makers, not least in multi-stakeholder settings, usually have more
knowledge of the decision situation than a pure criteria ordering is able to capture, often
in the sense that they have an idea regarding the importance of relation information
containing strengths. In such cases, the ordinal rankings are often an unnecessarily weak
representation, leading to a need for extending the methods to accommodate information
regarding relational strengths as well, while still preserving the property of being less
demanding and more practically useful than other types of methods such as SMARTS or
AHP. In line with the results in [9], the CAR method was selected for the evaluation
phase in the project.
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5 Evaluations

The analytical part of the evaluation in the project consists of translating the rankings to
surrogate weights, evaluating them by applying the CAR method, and then using these
values in the software DecideIT which is designed for solving this type of problem
under uncertainty. Thereby, the information loss is limited [8]. The idea is the
following:

• Assign an ordinal number to each importance scale position, starting with the most
important position as number 1.

• Let the total number of importance scale positions be Q. Each criterion i has the
position p(i) 2 {1, …, Q} on this importance scale, such that for every two adja-
cent criteria ci and ci+1, whenever ci[si ciþ 1, si ¼ pði þ 1Þ � pðiÞj j. The position
p(i) then denotes the importance as stated by the decision-maker. Thus, Q is equal toP

si þ 1, where i = 1, …, N − 1 for N criteria.

In [9, 10], several cardinal weight methods are derived, discussed, and evaluated. The
best method for cardinal rankings with properties similar to Simos cards was shown to
be CSR weights, expressed as

wCSR
i ¼ 1=p ið Þ þ Q þ 1� p ið Þ

QPN
j¼1 1=p jð Þ þ Q þ 1� p jð Þ

Q

� � ð2Þ

which are consequently employed in this study. Based on the weightings of each
stakeholder group, expressed as CSR weights, and observations made during the
workshops, the analysis of potential conflict lines and commonalities between the
different stakeholder preferences was facilitated through negotiation.

5.1 Encoding of Criteria Weights

As mentioned above, one of the problems with most models for criteria ranking is that
numerically precise information is seldom available. This is partially solved by intro-
ducing surrogate weights in the way that was done before, but this is only a part of the
solution since the elicitation can still be uncertain and the surrogate weights might not be
a totally adequate representation of the preferences involved, which is of course a risk
with all kinds of aggregations. To allow for a more thorough robustness analysis, we
also introduce intervals around the derived weights as well as around the values of the
technology options. Thus, in this elicitation problem, the possibly incomplete infor-
mation is handled by allowing the use of ranges of possible values (cf., e.g., [4, 6, 7]).

There are thus several approaches to elicitation in MCDM problems and one
partitioning of the methods into categories is how they handle imprecision in weights
(or values).

• Weights (or values) can only be estimated as fixed numbers.
• Weights (or values) can be estimated as comparative statements converted into fixed

numbers representing the relations between the weights.
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• Weights (or values) can be estimated as comparative statements converted into
inequalities between interval-valued variables.

• Weights (or values) can be estimated as interval statements.

Needless to say, there are advantages and disadvantages of the different methods.
Methods based on categories 1 and 2 yield computationally simpler evaluations
because of the weights and values being numbers, while categories 3 and 4 yield
systems of constraints in the form of equations and inequalities that need to be solved
using optimisation techniques. If the expressive power of the analysis method only
permits fixed numbers (category 1), we usually get a limited model that might affect the
decision quality severely. If intervals are allowed (categories 3 and 4), imprecision is
normally handled by allowing variables, where each yi is interpreted as an interval such
that wi 2 [yi − ai, yi + bi], where 0 < ai � 1 and 0 < bi � 1 are proportional
imprecision constants. Similarly, comparative statements are represented as wi � wj.
However, we might encounter an unnecessary information loss using only an ordinal
ranking. When using both intervals and ordinal information, we obtain some rather
elaborate computational problems. Despite the fact that they can be solved, when
sufficiently restricting the statements involved (cf. [7]), there is still a problem with user
acceptance and these methods have turned out to be perceived as too difficult to accept
by many decision-makers. Expressive power in the form of intervals and comparative
statements leads to complex computations and loss of transparency on the part of the
user. This should be kept in mind here as always when working with aggregation
methods of whatever kind.

5.2 Results from the Final Workshop

The performance of different electricity generation technologies was estimated based
on a large expert survey. Together with the surrogate weights, they provided the
decision base for the multi-criteria analysis. Using the aggregation principle in (2), the
multiple criteria and stakeholder preferences could be combined with the valuation of
the different technology options under the criteria surrogate weights.

The results of the evaluations are (i) a detailed analysis of the performance of each
technology compared with the other technologies, and (ii) a sensitivity analysis to test
the robustness of the result. Figure 2 shows part of the results of the final workshop.

In the figure, it can be seen that alternative 1 (Utility-Scale Photovoltaic) is the
preferred alternative, meaning that solar radiation converted into electricity by the
photovoltaic effect was the collective stakeholders’ preference. As the runner-up,
alternative 2 (Concentrated Solar Power) was selected, which concentrates solar radi-
ation onto a receiver and then converts it into thermal energy. Especially the preference
of alternative 1 was very pronounced in the standings after the final stakeholder
summit. Thus, it became the recommendation from the summit (the final workshop).
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6 Concluding Remarks

We have presented the method of an ongoing project in Jordan for a multi-stakeholder,
multi-criteria problem of formulating an energy strategy for Jordan for the next dec-
ades. We used a multi-stakeholder MCDM approach with ordinal or imprecise
importance information and suggested a method for how to incorporate various
stakeholders’ views on energy technologies and their valuation under several criteria.
The implementation of MCDM in Jordan was based first on stakeholder workshops
with each of a set of groups of stakeholders and then also applied within a final
concluding workshop with mixed groups of stakeholders. Our experience of the
implementation of the MCDM methodology showed that the local process in Jordan
could benefit from a series of workshops with the same mixed group of stakeholders.
Such a process would also contribute to the identification of compromise solutions and
the facilitation of discussions among stakeholders with different views and perceptions
on the importance of different technology relevant criteria. We also followed up with a
survey in which stakeholders were asked to rank their results again, but this time
individually and not as a group, and to assess their degree of satisfaction with the
results from the final workshop. This current article deals with the methodological
issues in the project and we have thus omitted a discussion on the final outcome of this
analysis, but this will be the subject of a forthcoming article.

Fig. 2. Rankings of the options for future energy strategies
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