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ABSTRACT

This research is dedicated to the prioritization of climate technologies for the purpose of facilitating the transformation of Kurunegala,
Sri Lanka into a low-carbon smart city, with a particular emphasis on the transportation, energy, and waste management sectors.
Accordingly, the researchers engaged in an exhaustive investigation encompassing a broad spectrum of such technologies. To establish
a systematic framework for the prioritization process, the researchers devised 16 evaluation indicators that effectively cover four distinct
dimensions: economic, technological, social, and environmental. These indicators serve as fundamental building blocks for determination
of relative weights, a crucial step in the analytic hierarchy process (AHP) methodology. Moreover, an in-depth assessment was undertaken
to evaluate the economic, technological, social, and environmental aspects that are pivotal to successful implementation of each climate
technology in Kurunegala, Sri Lanka. In summary, this study harnesses the power of the AHP method to effectively prioritize climate
technologies to enable the realization of a low-carbon smart city transformation in Kurunegala, Sri Lanka. Using 16 indicators, the study
offers profound insights into the applicability and viability of these technologies. As such, the findings of this research hold great potential
to serve as a point of reference for cities across Sri Lanka and other developing countries that seek to adapt to the challenges posed

by climate change and its multifaceted implications.
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Table 1. Characteristics of major multi—criteria decision making methods

Category Pros Cons
* Mathematically rigorous theory formulation » Assumption of perfect rationality leading to a
* Sophisticated and well-defined structure and logic| discrepancy with reality
MAUT * Quantification of qualitative evaluation criteria * Dual preference assumption excluding preference
ambiguity
Full * Complexity in deriving utility functions
Aggregation
* Conceptually straightforward and easy to apply |* Vulnerability in establishing appropriate hierarchy
AHP * Weight derivation based on structure
mathematical/theoretical foundations * Limited number of feasible alternatives for
evaluation
* Realistic approach based on bounded rationality | e Subjectivity in determining weights and
assumption preference criteria
ELECTRE * Consideration of various characteristics of criteria | * Complexity in the process of deriving optimal
* Determination of reference values based on alternatives
objective facts
Outranking * Realistic approach based on bounded rationality | e Subjectivity in determining weights and
assumption preference criteria
PROMETHEE * Consideration of various characteristics of criteria
* Determination of reference values based on
objective facts
* Conceptually straightforward and easy to apply

Source: Bong IS, Lee HS. 2006.

The use of multicriteria decision-making methods in the administration of housing policies for Gyeonggi

Province. Gyeonggi-do, Korea: Gyeonggi Research Institute. Primary Research 2006-08.
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Table 2. AHP step—by-step details

Step Description

Classify decision factors into hierarchies to create a decision-making structure.

Set the decision-making purpose at the topmost hierarchy.

Selection of decision hierarchy * The next hierarchy consists of various items that affect the decision-making process.

The elements within each item can also be compared with each other and are composed of

distinct elements.

L . To determine the weights of evaluation criteria, comparisons and assessments between decision
Pairwise comparison
factors are conducted

Calculate the weights of decision factors using the weighting method
Determination of weights * Review consistency through the Consistency Ratio (CR) index for consistent pairwise

comparisons (CR below 10%)

Weighted aggregation Aggregation of relative weights of decision factors

Source: Zahedi F. 1986. The analytic hierarchy process-a survey of the method and its applications. Interfaces 16(4): 96-108.
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Table 3. Category of climate technology by sector
Sector Climate technology category Sector Climate technology category
Solar Energy Electric Vehicle
Biomass Hybrid Vehicle
Geothermal Power Plant Hydrogen Vehicle
Wind Energy Low GHG Emission Vehicle
Hydropower Bus
Hydrogen Fuel Cell Railway
Transport
E Smart Grid Parking Lot
ner
& Rooftop Photovoltaic Secondary Battery
Generation System (Rechargeable Battery)
Light Replacement to LED Light Biofuel
Insulation R
Rainwater Recycling iy Heviee
Green Home W Solid Waste
aste
Green Building Wastewater
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Table 4. Climate technologies list of Kurunegala, Sri Lanka

No. Sector Climate technology

1 Smart grid with distributed energy resources

2 Green Home (High efficiency home appliances, IoT based Smart Home
3 Rooftop photovoltaic generation system

4 Water heating system by solar energy

5 Cookstove

6 Fnergy Green building

7 IoT based Smart City

8 Rainwater recycling

9 Photovoltaic generation with CIGS solar cell on the commercial building
10 Light Replacement to LED

11 Electric car and ESS (Energy Storage System)

12 HEV (Hybrid Electric Vehicle) taxi

13 FCEV (Fuel Cell Electric Vehicle)

14 Transport Motorized three-wheeler taxi

15 Advanced BRT (Bus Rapid Transit) system

16 Park and ride system

17 Idling restriction (bus/private car)

18 Electricity generation by incineration of Municipal Solid Waste

19 Waste IoT based waste recycling system

20 Electricity and thermal generation by biogas from wastewater treatment
21 Organic waste composting
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Table 5. Evaluation indicators for selecting prioritized climate technologies for Kurunegala, Sri Lanka

Category Evaluation indicator

Job creation

Encouraging private investment

Economy
Possibility to finance domestic/foreign fund

Cost effectiveness

Adaptability

Possibility of deployment

Technolo
& Commitment to the regulation and policy

Sustainability

Improving quality of life

protection and capacity building of the vulnerable

Society solving development gap within or among the region

Social adaptability

Promoting gender equality

) Contribution to reduction of pollution and minimizing effects to the environment
Environment

Potential of GHG reduction

Table 6. Weights of evaluation indicators for selecting prioritized climate technologies for Kurunegala, Sri Lanka

Category Evaluation indicator Weight
Job creation 0.05236

Encouraging private investment 0.05004

Economy Possibility to finance domestic/foreign fund 0.04454
Cost effectiveness 0.08086

Subtotal 0.22780

Adaptability 0.10784

Possibility of deployment 0.04139

Technology Commitment to the regulation and policy 0.05049
Sustainability 0.10310

Subtotal 0.30282

Improving quality of life 0.05055

protection and capacity building of the vulnerable 0.02296

Society solving development gap within or among the region 0.01752
Social adaptability 0.02188

Promoting gender equality 0.01535

Subtotal 0.12825

Contribution to reduction of pollution and minimizing effects to the environment 0.20825

Environment Potential of GHG reduction 0.13287
Subtotal 0.34412
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Table 7. Priority of climate technologies for Kurunegala, Sri Lanka
Priority Sector Technology Score
1 Waste  |Organic waste composting 7.462
2 Energy |Rooftop photovoltaic generation system 7.227
3 Energy |Water heating system by solar energy 6.692
4 Energy |Light Replacement to LED 6.671
5 Energy |Green building 6.620
6 Transport |Park and ride system 6.619
7 Energy |Rainwater recycling 6.344
8 Energy |loT based Smart City 6.258
9 Transport |Electric car and ESS (Energy Storage System) 6.236
10 Transport |HEV (Hybrid Electric Vehicle) taxi 6.187
11 Waste |IoT based waste recycling system 6.043
12 Waste  |Electricity generation by incineration of Municipal Solid Waste 5.925
13 Energy |Smart grid with distributed energy resources 5.752
14 Energy |Green Home (High efficiency home appliances, IoT based Smart Home 5.682
15 Transport |Advanced BRT (Bus Rapid Transit) system 5.593
16 Waste  |Electricity and thermal generation by biogas from wastewater treatment 5.591
17 Transport |Motorized three-wheeler taxi 5.494
18 Energy |Cookstove 5.174
19 Transport |Idling restriction (bus/private car) 5.092
20 Transport |FCEV (Fuel Cell Electric Vehicle) 4.575
21 Energy |Photovoltaic generation with CIGS solar cell on the commercial building 4.362
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