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Motivation

Bahrain’s government has taken several steps to
incorporate renewable energy in its energy mix. A
significant milestone was achieved in January 2017,
when the Sustainable Energy unit (SEU) launched the
National Renewable Energy Action Plan (NREAP).

Although Bahrain’s government launched its NREAP,
still more rigorous and detailed plans are required to
partially decarbonise the power generation sector
and increase its security (Naumann et al., 2018). For
this reason, it is essential to draw attention to the
power system planning activities and how increasing
shares of renewable energy adds more technical and
economic complexity, as well as changing policy
goals.

The planning process has placed greater emphasis on
environmental protection and societal outcomes,
which makes the problem increasingly
multidisciplinary.

The Analytical Hierarchy Process (AHP), which is a
well-established  multicriteria  decision  making
(MCDM) method, is implemented to evaluate and
rank the renewable energy technologies for large-
scale generation on available land in Bahrain, by
considering the relevant technical, social, economic,
and environmental criteria

Method/Approach

* MCDM method is selected for this research due to
its ability to include different dimensions with
conflicting objectives. This method is a branch of
operational research aimed at obtaining the best
outcomes for complicated conditions based on
various criteria and conflicting objectives.

* The AHP is selected for use in conducting the
renewable energy generation planning in Bahrain
since this method has the following characteristics:
Firstly, the AHP can handle both qualitative and
quantitative data and help reach a decision based
on consensus (Kumar et al., 2017). Secondly, it can
lead the decision-makers to find an optimal
solution that satisfies different objectives rather
than a single target. Thirdly, this method assists in
quantifying the weight of the evaluated criterion to
a numerical form, which identifies the relative
importance of every criterion with respect to the
main goal. Finally, the AHP method includes the
calculation of an inconsistency index, which allows
decision-makers to examine the consistency of
their preferences (Mirjat et al., 2018).
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CRITERA SUB-CRITERIA DESCRIPTION

Goal: Renewable energy

technologies evaluation for Employment |t evaluates the potential for each technology

sustainable development in Bahrain. s creation, dunng its lifetime to promote job creation,
cocial It measures the willingness of custamers to
iz
i «change their consumption habits to be mare in
1. Identify the Renewable | National Action Plan for SOCIAL adaptabilty
energy technologies Renewable Energy (NAPRE) line with renewable energy characteristics,
It indicates the social progress insociety and its
N Social benefits,
2. Select the criteria and | From the literature with influence on education, science, culture,
sub-criteria. three conditions:
1) Mostly cansidered in the CRITERLA SUB-CRITERIA DESCRIPTION
reviewed studies. It determunes the required land for power
2) Related to renewable energy. Land requirement  plant installation. which varies from
3) Suit Bahrain as a small island application to others.

developing state (SIDS). complianee with

It measures the sutabilty of the selected
ENVIRONMENTAL lozal natural N

+ 3.1. Weighting the criteria. technology to the country's ecosystem
! T conditions
3. Weighting for Criteria Fllemates . It indicates the level of avoided emizsions
- and sub-criteria 1 J L= I‘:_‘:Im“lon from each application in comparison ta
" 3.2 Weighting the sub-criteria ’ the electricity system under analysis.
Experts
4.Scoring the altematies Discussion
Review the painiss | g Quantitaive data
comparisons and |+ i * No Pl * The results are based on the opinions of policymakers
e ehind and experts in weighting the criteria and the sub-
i Yes - . S
- Rkt ek M criteria as well as scoring of some sub-criteria
CR>0.1 6. Rank the alternatives against concerning the chosen renewable energy
the sub-criteria and canstruct the technologies. Th t of th ing of sub-criteria i
No s Cpar echnologies. The rest of the scoring of sub-criteria is
8 Model synthesis and final ‘ obtained through the literature review, and the
Ranking fnrrenmb‘mergv‘* pairwise matrix is restructured for the AHP model, as
i . . )
Sepjeationd explained in the equations.
3. Exploration of results and . .
e * There were 75 total responses to the questionnaire
and 71 individual participants. Due to the correlation
prer—y Prev— prere— between SQrpe of the participants’ field of expertise,
. imessestne generation sctental for escn some 'partlc.lpants were asked to cover more th.an
EELEICAE S5 e e one dimension. The responses to the questionnaire
Itdetarmings the differant affciancy levals for were distributed as follows: 15 policymakers’
the selected techn gogies responses for criteria weighing and 60 experts’
ekabity Itevaluates he Ty of @ach technclopy 1o responses  (technical  (15), economic  (15),
TECHNICAL CERES R TN e T environmental (15) and social (15)) for weighting and
Itindicates the periad that each tadingis rin h technical nomi nvironmental, and
Maturity. tasted 2nd ten mads 2vzabe commanzey SCO' g eac 'ec' cal, economic, & ) onmental, a
and imernatonaly social sub-criterion. The chosen policymakers cover
Itrraasdoes the masct of the chasen renewatie different governmental agencies and elected officials.
@nd oatisity.
i al enargy on the natonal alectrcal gnd. . .
Overall Priority
CRITERIA SUB-CRITERIA DESCRIFTION

Itincludes the total expenditure required for
Investmentcost.  establishing aplant with itsequiament, lalbour,

netallation and commizsion 155\'.‘51.
narstans nd It consists afthe plant running cast, which

ECONOMIC aciudesthe comtof the parts far mantenance
mantenance caat.

Py
mCER

find Turbsine
aswell as the emoboyees salaries

It measures the predictable cost of electricity Biogas

Electricity cost.

ganerated by a power plant during its Metime |
Cantribubion to It evaluate: 1o what extent the natona
the acanamy. wongmy could sanefit from asch tachnelopy.
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Priority of the Renewable Energy Scenarios of policymakers’ priorities
Ranking
am Seenarios 1 2 3 4
. ! | Chrased dan Wizd nebine 24 P Biogas
o 2 | Tackuscal Wizd nebine Biogas BV [+
3m T | Economsc Wisd nrbing W Eiggis I
e 4 : Wisd b 3] B Biogas
i i | gecial w csp Wind nebine  Biogas
2% 6 | TebBom Wind abine W Biogas cm
15% 7 | TecrBuniro Wind nabine csp Biogas W
) ¥ | Tarb-Socil [ Wind rurbine c® Biogas
1% ¥ | Boon Bevim Wind nabine W 53 Brgas
5% 1 | Bwwr-Social [ Wind turbine @ Biogas
o 11| Buviro-Secial W Wid turbine @ Biogas
Wind Turbine 12| Tech-Ban £ Wind nat w Beps @
13| TockrBeoti- Sesial W Wisd turbite [+ Biogas
mTechnical mEconomic mEmdronmental  m Sodal 4 | Eeoer Bevim-Social W Wind turbioe c® Biogas
15| Tack-Beow-Buvire- Secia] | Wisd nbing w [ Bigmas
Criteria Weighting PV and social dimension
o Technical
B Econemic -
W Sacial M2
W Environmental 'll
Imployment crastion daptabidiey Social benedt
WY RO mWind Turbire L
Conclusion
Scoring of the Selected Renewable Energy * This study explores the most promising renewable
technologies in Bahrain by considering the sustainable
EALIX growth of the electrical system. Additionally, it sets
P the groundwork for further detailed plans and policies
. for integrating renewable energy technologies into
- the country’s energy mix.
1 (0%
) * The results of the AHP model show that wind turbines
R are the most sustainable technology for Bahrain,
0L I I followed by photovoltaics. Then, the third- and
fourth-ranking technologies are CSP and biogas,
d ricty oo Cnsirbstion b the respectively.
BFY B0 mWndTabin  m8ogas ¢ The scenarios of policymakers’ priorities are
implemented to examine the effect of every possible

scenario in the AHP model, and the outcome revealed
that the obtained ranking is the most balanced one.
Furthermore, the analysis showed that some
renewable technologies could be more effective than
others in tackling a specific challenge
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