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Many countries have engaged in net-zero emissions achievement by 2050 in

Article history: line with United Nations Sustainable Development Goals (SDGs) and The Paris
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Accepted 4 August 2024 reducing emissions. Some countries have devised sector-specific plans to
Available online 4 August 2024 achieve net-zero emissions, aiming to balance energy consumption and
production with current energy sources to meet SDGs. However, these plans
Keywords: will encounter challenges, particularly in reducing reliance on non-renewable

fuels and reducing existing emissions. This study, employing the FullEX

approach, identifies and analyses five barriers to the transition to net-zero
Net-zero emissions, FullEX; Multi-criteria emissions in Africa. The findings revealed financial constraints and ineffective
decision making; Developing countries. policy and regulatory frameworks as the most critical barriers to address.

Sensitivity analysis was applied to show the robustness of our approach.

1. Introduction

Climate change represents one of the most urgent challenges facing humanity [1], with a
scientific consensus attributing it to the emission of greenhouse gases (GHGs) into the atmosphere
[2]. Since 1900, these emissions have caused a significant increase in GHG concentrations, leading to
severe and irremediable changes in the climate system, such as more recurrent and major weather
events [3]. If current emission trends continue unabated, global temperatures could rise by more
than 3.5°C, resulting in catastrophic impacts [2]. Given the potential destruction associated with this
level of temperature rise, there is an urgent need to decarbonize global economies. However, even
this target poses significant risks. To attain carbon neutrality and prevent the catastrophes of climate
change, the world must intensify its efforts [4].

To achieve the Paris Agreement’s goal of limiting global warming to below 2°C, global
emissions must be balanced with sinks and sources through a transition to low emissions. The
intergovernmental panel on climate change (IPCC) sixth report states that to limit warming to 1.5°C,
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global emissions must peak by 2030 and reach net-zero by 2050 [5]. To limit warming to 1.5°C, global
CO2 emissions need to be net-zero by the 2050s, with other greenhouse gases following by the 2070s
[5]. This emphasizes the need for global organizations to develop and implement plans for net-zero
emissions by mid-century.

Africa’s limited 7% historical contribution to global emissions contrasts with its critical role
in the shift to net-zero emissions [5]. Sub-Saharan Africa, excluding South Africa, contributes just 4%
of these emissions [6]. Despite its minor historical role, Africa suffers excessively from global
warming, with a 10-15% decline in gross domestic product (GDP) per capita growth due to past
warming. This vulnerability to climate change risks indicates the need for urgent action [7]. In a high-
warming setting, West and East African countries could see GDP per capita reductions of more than
10% by 2050 in contrast to the baseline [7]. Africa’s future relies on global efforts to achieve net-zero
emissions and its own response to climate change risks. In Africa, the net-zero debate highlights the
importance of fair transitions. Some governments worry it could worsen inequalities [8], while others
argue short-term fossil fuel investments are necessary for energy needs [9]. A fair transition in Africa
should prioritize development goals and poverty reduction [10]. Although net-zero commitments are
limited, every African country has provided updated nationally determined contributions (NDCs)
detailing their emission reduction targets.

Several studies have focused on Africa’s transition to net-zero emissions. For instance,
Musah et al., [11] assessed environmental quality in Sub-Saharan Africa, using Ghana as a case study.
They found that the net-zero emissions goal of the Paris Agreement is accomplishable through
increased funds in green transformations and global financial flows to boost Ghana’s sustainability.
Chevallier [12] identified African priorities for the United Nations Climate Change Conference in
Glasgow (COP26), recommending that climate pledges align with achieving net-zero emissions by
2050. Nwokolo et al., [13] urged quick frameworks establishment using technological paths to meet
Paris Agreement goals. Olujobi [14] evaluated the Act’s impact on net-zero emissions and energy
security, noting fragile implementation and absence of political determination as barriers. The study
recommended public awareness campaigns, improved financial resources for regulators, and
adherence to the Paris Agreement and SDG 13 for a sustainable energy future. However, none of
these studies have ranked the barriers to net-zero emissions in developing countries by severity. To
address this, there is a necessity of a clear managerial perspective for the identification and
assessment of these critical barriers [15-18]. Multi-criteria decision-making (MCDM) techniques are
ideal for this [19-22].

The objectives of our study are to: (1) Evaluate the barriers that developing countries,
especially in Africa, encounter in transitioning to net-zero emissions, and (2) Rank these barriers
based on their critical severity. This research offers the following contributions: (a) For the first time
in the literature, the barriers that African countries encounter in transitioning to net-zero emissions
have been evaluated using an MCDM perspective, specifically through the recently developed FullEX
approach, and (b) it provides some implications to address the most critical barriers identified in the
ranking. The motivation of using FullEX method is as follows. Previous research on Africa’s transition
to net-zero emissions has highlighted a significant lack of comprehensive assessments of the key
barriers. There is a notable gap in studies integrating managerial and qualitative approaches. This
study addresses this gap using the FUllEX method, aiming to provide policymakers with insights for
strategically allocating resources to achieve net-zero emissions. Criteria weighting methods like AHP,
SWARA, BWM, and FUCOM rely on subjective opinions and involve pairwise comparisons (PCs). AHP
ranks criteria on a 1-9 scale based on expert opinions [23], SWARA eliminates less significant criteria
[24, 25], BWM compares criteria using best and worst references [26], and FUCOM uses a decimal or
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integer scale for comparisons [27, 28]. The FullEX method differs by considering experts’ education
and experience, allowing them to prioritize criteria based on their significance. This approach
enhances decision-making, producing varying rankings compared to BWM’s consistent results.
Despite its advantages, FullEX has not been applied to assess and rank the barriers to transition to
net-zero emissions in Africa. This study fills that gap by using FullEX for this evaluation.

The rest of the paper is organized as follows: Section 2: Literature review, 3 Methodology,
4 Application, 5 Sensitivity analysis, 6 Findings and discussion, 7 Managerial implications and 8
Conclusion and recommendations.

2. Literature Review

Two sub-sections have been defined herein.

2.1 Overview of Approaches related to Studies on the Transition to Net-Zero Emissions Targets

Several studies have explored net-zero emissions in various contexts. For instance, Panos
et al., [29] used a techno-economic energy systems framework to highlight barriers in the Swiss
energy transition and proposed solutions. Dafnomilis et al., [30] used the IMAGE model to study the
impact of various scenarios on GHGs emissions predictions. Zhang et al., [31] found that energy
transition and green financing impacts on COP26 targets vary, with GDP per capita raising emissions
in market-based systems and reducing them in bank-based systems. Millot et al., [32] suggested
comparing France’s and Sweden’s energy transitions, which have successfully diminished CO2
emissions and fossil fuel dependence. Their aim is to identify the key factors driving these changes
to inform strategies for achieving carbon neutrality. Wimbadi and Djalante [33] examined essential
concepts in climate change mitigation, emphasizing CO2 reduction and the pursuit of net-zero
emissions. Bistline [34] reviewed nation-level studies on net-zero emissions frameworks. Azevedo et
al., [35] offer perspectives on net-zero emissions systems, guiding policymakers and decision-makers
on their essential characteristics.

2.2 MCDM related Studies on the Transition to Net-Zero Emissions Targets

MCDM methods are effective approaches that have been utilized in various aspects of life [36-
41]. Kumar et al., [42] identified major low carbon procedures issues, prioritized them, and explained
their cause-effect relationships. Kuo et al., [43] identified, ranked, and mapped the relationships
between EV adoption barriers in the automotive industry. Pamucar et al., [44] presented a framework
for implementing zero-carbon projects, using London’s transport strategy as a case study.
Karunathilake et al., [45] proposed a framework to assess and choose the most suitable renewable
energy (RE) technologies for achieving net-zero energy communities, considering various decision
criteria. Krishankumar et al., [46] assessed strategies for achieving zero carbon emissions in
sustainable transportation within smart cities. Ohene et al., [47] identified barriers to net-zero carbon
building (NZCB) adoption, prioritized them, and suggested strategies for overcoming these barriers.
Cui et al., [48] found the best integrated RE system for UK homes to reach net-zero emissions. Table
1 provides the related studies.
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Table 1. Application of MCDM to transition to net-zero emission targets

Authors Focus Method Location
Kumar et al.,, Low-carbon operations BWM, India
[42] adoption barriers DEMATEL
evaluation
Kuo etal, [43] Electric vehicle adoption ANP, -
barrier assessment DEMATEL
Pamucar etal, Zero-carbon project BWM, London
[44] assessment TODIM, D-
number
Karunathilake  Choice of RE for net- F-MCDM -
etal, [45] Zero energy community
Krishankumar Zero-carbon measures Q-Rung, India
etal, [46] assessment CRITIC,
MARCOS
Ohene et al,, Net-zero carbon BWM -
[47] building assessment
Cuietal, [48] Optimal hybrid RE F-AHP UK
system assessment
Our study Assessment of barriers FullEX Africa

to the transition to

net-zero emissions
Note: ANP- Analytic Network Process; BWM- Best-Worst Method; CRITIC-CRiteria Importance Through Inter-
Criteria Correlation, DEMATEL- Decision Making Trial and Evaluation Laboratory; MARCOS- Measurement of
alternatives and ranking according to COmpromise solution; TODIM- an acronym in Portuguese for Interactive
and Multicriteria Decision Making.

As evident from sections 2.1 and 2.2, no study has yet examined the barriers to transitioning to
net-zero emissions in Africa. Furthermore, the FUllEX method has not been applied to assess these
barriers to date.

3. FullEX Approach

The FullEX method provides a distinctive approach to evaluating decision-making criteria
based on expert opinions. Our methodology, illustrated in Fig.1, outlines the process in two stages.

Fig.1. Flowchart of the methodology.
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Step 1. The input data matrix (Table A1 in the appendix) is established for Fuller’s method, which
assesses the importance of criteria through paired comparisons. Experts indicate their preference for
one criterion over another to determine criterion significance.

Step 2. It is computed using a triangular comparison method, wherein criteria are evaluated
sequentially, excluding previously compared ones in each step. Expert reputations are then calculated
based on their competence level (L;), considering two distinct parameters

L =20 — 12, .., (1)
Here, YE; represents years of experience, while ED; indicates the level of education.
WE = i=1,2,..,q. (2)
Zl 1 l

Step 3. Once the input data matrix is prepared, the normalization process starts using the method
detailed in Eq. (3), as outlined in Table A2 in the appendix

m}ﬂi i=1,2,..,qj=12,..,p. (3)

xij’
Step 4. In this stage, the normalized input data is scaled by the experts’ weights using Eq. (4)
(Table A3 in the appendix)
rj=v;-WE,i=12,..,9j=12,..,p. (4)
Step 5. This step aims to find the optimal value (V; ) for each criterion in the columns,
calculated using Eq. (5) (Table A4 in the appendix).

=lr{1§1x 1) =12,..,p. (5)

Step 6. In this step, each element in the expert-weighted normalized matrix is divided by its
corresponding optimal value (V; ;,,4x), as defined in Eq. (6) (Table A5 in the appendix).

yij: l:1,2,...,q,j:1;2;---ﬂp' (6)

Step 7. Combination of the values vertically in the optimal decision-making matrix.

K; = Z _1Yi,t1=12,..qj=12,..,p. (7)
Step 8. During this phase, the criteria importance (F;) is determined as follows:

F=L,l=1,2,q,]=1;2'lp (8)

A ¢
j=1"]

Step 9. In ensuring reliability, FUllEX diverges from AHP [49] by conducting another interview
where experts assign percentage importance scores to each criterion, summing up to 100%. The
consistency index (Cl) is then computed by comparing these scores with the initial FUllEX weights
using Eq. (9).

S, |Fj*100-P;|
Cl == — (9)

A ClI below 0.1 indicates reliable findings with satisfactory consistency. Conversely, if the CI
surpasses this threshold, experts should reconsider their criteria assessment process.

V}' max

jmax

4. Application

A study was carried out to assess the FullEX technique’s effectiveness in identifying barriers
to transition to net-zero emissions in Africa. The main goal was to evaluate and prioritize these
barriers, starting with an expert panel of three experienced individuals which have expertise in
renewable energy and climate change mitigation, as detailed in Table 2. Experts identified five key
barriers, as shown in Table 3. The FullEX approach emphasized two important parameters:
experience and educational level (1-Ph.D., 2-M. Sc, 3-B. Sc).
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Table 2 Background information of experts
Experts Professional Gender Yearsof  Education

(Es) role experience  degree
E; Practionner Male 18 3
E, Academician Female 10 2
E; Manager Male 7 1

Table 3 Transition to net-zero emissions related barriers in Africa
Criteria References
Financial constraints (B1) [50-52]
Limited access to clean energy (B2)

Insufficient infrastructure and basic utilities (B3)
Ineffective policy and regulatory framework (B4)
Limited Technology transfer and poor capacity building (B5)

Step 1. The input data matrix is formulated and shown in Table 4.

Table 4 Input-data matrix
Experts/Criteria C1 C2 (€3 C4 C5

E, 3 4 2 1 0
E, 4 2 3 1 0
E, 3 2 0 1 4
Sum 10 8 5 3 4

Step 2. After formulating the initial input data matrix, the expert assessment begins.

Step 3 and step 4. The matrix weights via expert is used to normalize the input data, with the

outcomes detailed in Tables 5 and 6 via Eq. (6) and Eq. (7).

Table 5 Normalized input-data matrix
Experts/Criteria  C1 c2 Cc3 c4 c5

E, 0.300 0.500 0.400 0.333 0.000
E, 0.400 0.250 0.600 0.333 0.000
E; 0.300 0.250 0.000 0.333 1.000

Step 5 and step 6. Table 7 showcases the optimal decision-making matrix.

Table 6 Expert-weighted normalized input-data matrix
Experts/Criteria  C1 c2 Cc3 c4 c5

E; 0.153 0.256 0.204 0.170 0.000
E, 0.117 0.073 0.175 0.097 0.000
E; 0.058 0.048 0.000 0.065 0.195
Vimax 0.153 0.256 0.2049 0.170 0.195

Table 7 Average decision-making matrix
Experts/Criteria  C1 c2 c3 c4 C5

E, 1.000 1.000 1.000 1.000 0.000
E, 0.761 0.285 0.852 0.571 0.000
E; 0.380 0.190 0.000 0.380 1.000
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Step 7 and step 8. The optimal decision-making matrix integrates all values to calculate the final
criteria weights (F;) using Eq. (8), illustrated in Fig. 2.

Limited Technolggﬁéﬁgs{&zjnd poor capacity ] 0.1186
Ineffective policy and regulatory framework (B4) | 0.2316
Insufficient infrastructure and basic utilities (B3) | 0.2203
Limited access to clean energy (B2) | 0.1751
Financial constraints (B1) | 0.2542

0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000
Fig.2. Final rank of barriers to transition to net-zero-emissions in Africa.

Based on the findings from the FullEX approach in Fig. 2, financial constraints (B1) at 0.2542
and ineffective policy and regulatory framework (B4) at 0.2316 emerge as the most critical barriers.
The rankings for other barriers are as follows: B3 at 0.2203 is higher than B2 at 0.1751, with B5 at
0.1186 being the lowest ranked barrier.

Step 9. As a final step in the FullEX technique to ensure result credibility, data were gathered on
the percentage distribution (0-100%) of criteria importance. In Table 8, the findings indicate a
consistency rate of less than 0.1 (Cl = 0.053), affirming a satisfactory level of reliability.

Table 8 Cl calculation

L, E E, E; Average |F+100-Pj cl
]

Bl 0254 25 20 27 24 1.42 0.014
B2 0175 15 20 25 20 2.48 0.024
B3 0220 25 20 20 21.66 0.36 0.003
B4 0231 25 20 25 23.33 0.16 0.001
B5 0118 10 20 3 11 0.86 0.008

0.053

Note: The values from second to sixth columns are given in percentage (%).

5. Sensitivity analysis

Sensitivity analysis, crucial for assessing model robustness [53, 54], has two phases: ranking
barriers to net-zero emissions in Africa based on expert reputation variation, and omitting the most
experienced expert.

5.1 Rank of criteria while varying the reputation of experts

This section compares criteria weights based on variations in experts’ reputations across
three options: the first option (original) considers both years of experience (YE) and educational
degree (ED), the second option considers only years of experience, and the third option considers
only educational degree. The results in Fig. 3 indicated that using both variables for expert reputation
calculations enhances model stability (blue line), while relying on just one variable significantly
affects the values of criteria. This underscores the importance of using the FullEX approach.
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Fig.3. First sensitivity analysis outcomes.

5.2 Omitting the most experienced expert during the procedure

Next, the FullEX method’s stability is tested by removing (E1-Experienced expert) and (E»-
Average expert), respectively. Fig. 4 shows significant changes in criteria ranking when E; is excluded,
while E;’'s exclusion has no effect. This highlights the impact of an expert’s reputation on decision-

making.

\1/4 2 5
/4\3 2 5

B4 B5

B1 B2 B3

— —Original — —Most Experienced Average experienced

Fig.4. Second sensitivity analysis outcome.

6. Findings and discussion

Africa’s face barriers to transition to net-zero emissions. To identify the very critical ones,
the FullEX methodology was utilized. Our research findings emphasize the critical issue of financial
constraints in this transition. Chapungu et al., [55] noted that financing the transition to net-zero
emissions is an issue for African countries, which often struggle to attract investment for RE due to
limited financial resources. Competing priorities like infrastructure, poverty reduction, and
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healthcare further limit available funds. The significant upfront costs of renewable technologies and
the lack of supportive financing mechanisms hamper progress. Renewable technologies typically
require high initial investments, which can be a major hurdle for African countries with constrained
financial resources. To address financial constraints in Africa, enhancing tax collection, curbing illicit
financial flows, and improving governance can create fiscal space for clean energy investments.
Public-private partnerships can unlock funding by utilizing private sector expertise and resources
aligned with public policy goals. The second key barrier in reaching net-zero emissions is the absence
of effective policies and regulatory schemes, as noted by Uspenskaia et al., [56]. Many African
countries do not have extensive policies or incentives for clean energy investments. Functional
regulations are necessary to support RE acquisition and transition to net-zero emission.

7. Managerial implications

The conclusions drawn from this study provide valuable insights for policymakers in
the transition to net-zero emissions. The research identifies two significant challenges faced in
this transition, including financial constraints and ineffective policy and regulatory frameworks.
These findings are especially relevant for policymakers striving to address the obstacles to
achieving net-zero emissions in Africa. The study provides practical recommendations,
highlighting the necessity of boosting tax collection, curtailing illicit financial flows, and
enhancing governance to create fiscal space for clean energy investments. Additionally,
involving public-private partnerships is crucial, as they can unlock funding by leveraging private
sector expertise and resources in line with public policy objectives. Moreover, effective
regulations are essential to support the acquisition of renewable energy and the transition to
net-zero emissions. Implementing these measures can effectively tackle the challenges Africa
faces in transitioning to net-zero emissions.

8 Conclusion and future recommendations

This study utilizes the FullEX technique to examine the barriers to net-zero emissions
achievement in Africa, offering crucial insights for policymakers. By considering experts’ years of
experience and educational backgrounds, it establishes a solid foundation for informed decision-
making. The African case study demonstrates the technique’s effectiveness in identifying key
barriers, with financial constraints and ineffective policies and regulatory frameworks emerging as
the most significant issues.

While our research is impactful, it has some limitations. First, it was conducted at a
continental level, neglecting the diverse contexts of Africa’s various countries and regions. Future
research should consider regional comparisons or country-specific analyses for a more
comprehensive understanding. Second, the FullEX technique has its limitations: results may vary
based on experts’ background, and it is restricted to precise values. Future studies should address
these limitations by incorporating uncertainty and expanding the scope of investigation. Lastly,
future research should consider proposing strategies to overcome these barriers after ranking them.
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Appendix
Table Al Input data matrix
Experts/Criteria  C;, €y .. (; C,
E; X11 X12 X1j X1p
E; X21 X2 X2j X2p
Ei Xi1 Xio .X'i]' xip
E, Xg1 Xg2 - Xgj Xqp

where Ey, Ey, ..., E; are experts and q is the number of experts, Cy, C, ..., Cp, are criteria and p is the number

of criteria, and x;; are the experts’ criteria importance assessments based on Fuller’s triangle.

Table A2 Input-data matrix normalization

Experts/Criteria C,; C4 o G C,
E; V11 V12 Y] Vip
E; Va1 Va2 - Voj Vap
Ei Vi1 Vio Vij Uip
Eq4 Vg1 Vg2 . Ugj Vyp

Table A3 Expert-weighted normalized input-data matrix

Experts/Criteria  C, C, .ee C; Co
E; T11 T12 T1j T1p
E; T12 22 T2j T2p
Ei Ti1 Tio .. rij rip
Eq Tqr  Tq2 ... Tgj Tap

Table A4 Optimal value for each criterion in the matrix of expert-weighted

input data (V; 1nax)

Experts/Criteria Cy C, C;

(o

P
El 11 T2 e le rlp
E4 51 1Y) Ty T2p
Ei Ti1 Ti2 e ri]' rip
E, Tq1 Tq2 Tqj Tap
ijax Vlmax V2max ijax meax
Table A5 Optimal decision-making matrix
Experts/Criteria  C; Cy .. C; (s
E; Yiin. Y12 - Vij Yip
E; Y21 Y22 - V2 Yop

normalized
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E; Yiin Yiz2 - Vij Yip

Eq Yo Yq2 - Vqj Yap
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