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ABSTRACT

In October 2022, the Ministry of Trade, Industry, and Energy of South Korea unveiled the "Eco-friendly Biofuel Supply
Plan," signaling a commitment to advancing biofuel utilization. The plan targets an increase in the Renewable Fuel Standard,
the mandatory blending ratio of renewable bio-diesel for transportation fuel, from 5% to 8% by 2030. Although greenhouse
gas emissions in the domestic transportation sector have steadily declined since 2016, as of 2020, the road sector still
contributed to about 96% of total emissions. South Korea initiated the RFS mandate in 2015; however, progress has been
slow. The recent objectives emphasize the urgency of comprehensive enhancements and targeted efforts to attain this goal.
This study endeavors to explore supply chain-related factors requiring improvement for expansion of transportation bio-diesel
production and distribution in South Korea. The Analytic Hierarchy Process is employed to assign weights to various factors,
identifying "raw material acquisition and development factors" as the most significant criterion, with a weight of 49.2%.
Among sub-criteria, "commercialization factors of next-generation raw materials" is of substantial relative importance at 22.8%.

These analysis results will inform future energy policy, particularly implementation of the RFS of an 8% mandatory blending
ratio.
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Table 1. 1-9 Scale (Saaty, 1980)

Intensity of . .
Definition Explanation
Importance
| Equal Two activities contribute
Importance equally to the objective
Experience and judgement
Moderate . T
3 . slightly favor one activity over
importance
another
Experience and judgement
Strong ..
5 . strongly favor one activity over
1mportance
another
An activity is favored very
Very strong .
strongly over another; its
7 or demonstrated . .
. dominance demonstrated in
1mportance X
practice
The evidence favoring one
0 Extreme activity over another is ogf the
importance highest possible order of
affirmation
An intermediate
2, 4, 6, 8 | value of nearby to be used as needed
numbers
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Table 2. Relevant studies cited in AHP criteria selection

Thesis Criteria Sub Criteria

* Biomass resource

Ruhani availability * Northern Area
et al. ¢ Investments costs | * Southwest Area
(2022) ¢ Land use * Aouthern Area

e Job creation

e S1 Waste based feedstock availability and reliability for fuel and energy production
* S2 Government support for RES

* S3 Strengthen economy

e S4 Environmental protection

* WI1 Waste cooking oil purity and recovery issues

* W2 Lower energy content than diesel

Khan e Strengths * W3 Engine performance concerns

of al. ¢ Weaknesses * W4 Road map and commercialization problems

021 ¢ Opportunities * Ol Industrial development and profitability

¢ Threats e 02 Breakthrough in R and D
* O3 Achievement of emissions control targets and waste management
* 04 Availing opportunities of international financing channels
* OS5 Policies reforms
* TI1 Global sump in oil prices
* T2 Lacking of blending facilities
* T3 Changing governmental policies
* S1 High energy efficiency
* S2 Low Production cost at Generation
e S3 Environmentally Friendly and Renewable Energy
* S4 Not include raw material and reserve problem such as petroleum-based fuels
e S5 Versatile that mean different products other than bio-diesel can be produced such as bioethanol
and biomethanol
e W1 Initial investment cost, operating and production cost at last generations
e W2 Lack of infrastructure, insufficient and complec production, lack of maturity in especially in
new generations
Bayraktar ¢ Strengths * W3 Low efficiency particulary in the 2nd generations NOx Emission
of al ¢ Weaknesses * W4 Incompatibility of the required location and production
2023) ¢ Opportunities * W5 Long payback period with existing technology
¢ Threats * Ol High production efficiency to be achieved in the 3rd and 4th generations

* 02 Decarbonization targets of international authorities in 2030 and 2050

* O3 Creating alternatives to fossil fuels and revealing new business opportunities

* 04 Tax privilege on green and alternative fuels supported by the authorities

* OS5 Ongoing technological performances on fuel production from biomass

* TI1 Occurrence od various health problems during energy production especially on respiration
* T2 Food-fuel debate on Ist Generation

e T3 Presence of fossil fuels produces at lower cost than bio-diesel fuels

* T4 Uncertainty of future policies on biofuel production

* T5 Deforestation
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Enhancement Factors for Expanding
Domestic Production and Distribution of
Bio-Diesel for Transportation

603

'SR

Criteria Raw Material Procurement Production/Process Infrastructure Establishment

and Development Management Enhancement and Market Activation
N— T
1
) [ |
Commerciali
Expansion of zation of Process Support for Intensive Legal and Establishmen
S_“b W.aste . Next—. Domestic Tﬂc.hn.ology Relevant R&D for Regulatory tand Enhancement
Criteria Cooking Oil Generation Agricultural Optimization Small and Winter Tmprovement || Operation of of Public
Collection (Hydrogen- Development by Raw Medium Season and Incentive || Governance Awareness
Scope Blended) Material Enterprises Preparedness Provision Systems

\_ Y, Feedstock

Fig. 1. Hierarchical structure for improvement factors for the production and distribution of

bio—diesel for domestic transportation
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Table 3. Explanation for each factor

Enhancement Factors for Expanding Domestic Production

and Distribution of Bio-Diesel for Transportation

Explanation

Criteria

Raw Material Procurement

and Development

In order to enhance the domestic production and distribution of bio-diesel for
transportation, it is imperative to take steps to ensure a self-sustaining supply of

production materials.

Production/Process

Management Enhancement

Through a comprehensive analysis of bio-diesel production and processing
challenges, we foresee the potential for expanding bio-diesel production and

distribution by implementing suitable solutions and enhancements.

Infrastructure Establishment

and Market Activation

In order to facilitate the expansion of bio-diesel production and distribution, it is
imperative to establish a robust foundation within the bio-diesel ecosystem and

meticulously assess factors conducive to market activation.

Sub

Criteria

Raw Material

Procurement

and

Development

Expansion of
Waste Cooking Oil

Collection Scope

In South Korea, the predominant sources for the acquisition of used cooking oil
are educational institutions, fried chicken restaurants, residential complexes, and
sizable dining establishments. To achieve a more secure and domestically stable
supply of feedstock for bio-diesel (BD) production through local sourcing, it is
imperative to broaden the existing collection framework to encompass private

residences and coffechouses.

Commercialization of
Next-Generation
(Hydrogen-Blended) Feedstock

We are currently investigating first-generation (edible crops) and
second-generation (non-edible crops, waste wood) materials for bio-diesel
production. In addition, active pilot studies are in progress for third-generation
feedstocks like seaweed and microalgae, as well as next-generation feedstocks
involving hydrogen blending. To meet the government's commercialization
timeline for next-generation feedstocks (2026-2030), we need to intensify our

efforts to ensure successful commercialization.

Domestic Agricultural

Development

Countries like Indonesia and Germany, which have stringent Renewable Fuel
Standard (RFS) requirements and a high bio-diesel (BD) utilization rate, source
their raw materials primarily from tree fruits (palm oil), crop oils (rapeseed), and
their byproducts. In a similar vein, South Korea should focus on developing
energy crop varieties that are well-suited to its local land and climate conditions.
Furthermore, it is crucial to invest in greenhouse-related technology and take

measures to stimulate the agricultural sector for future sustainability.

Production

/Process

Management

Enhancement

Process Technology Optimization

by Raw Material

The variety of biomass sources used for bio-diesel (BD) production is expanding.
This requires the creation and implementation of specialized process technologies
customized for specific feedstock or process stage needs, including impurity
removal, catalyst utilization, additive integration, pretreatment processes, and

more, within the domestic manufacturing and processing sectors.

Support for Relevant Small

and Medium Enterprises

Previously, most domestic bio-diesel (BD) production companies were small and
medium-sized enterprises. However, the revision of the Renewable Fuel Standard
(RFS) and the participation of large corporations in the BD market have led to
significant investments, production scale-up, and self-sufficiency by these
corporate players. This has raised concerns about the diminished competitiveness
and potential exit of existing small and medium-sized BD producers. To address
this issue, it is crucial for the government to provide financial and non-financial
support specifically tailored to support small and medium-sized enterprises
engaged in BD production. These measures can help foster a balanced domestic

bio-diesel ecosystem.

Journal of Climate Change Research 2023, Vol. 14, No. 5
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Table 3. Explanation for each factor (Continued)
Enhancement Factors for Expanding Domestic Production .

Explanation

and Distribution of Bio-Diesel for Transportation

Bio-diesel (BD) encounters challenges, including cold-weather solidification and
Production potential strain on vehicles when blended extensively with regular diesel. These
/Process Intensive R&D for Winter Season | concerns are linked to the government's possible revision of the Renewable Fuel
Management Preparedness Standard (RFS) and consumer worries. To tackle these issues, concentrated efforts
Enhancement on managing BD processes during winter and advancing technology through

research and development (R&D) are crucial for finding solutions.

With anticipated enhancements in bio-diesel (BD)-related regulations, including

the simplification of registration criteria for domestic BD manufacturers, the

domestic BD market is expected to thrive. Furthermore, both existing and new

Legal and Regulatory Improvement| BD production firms could gain advantages from incentives such as rebates and
and Incentive Provision research project grants, while consumers may enjoy incentives like tax

exemptions for bio-diesel consumption. It is essential for governmental bodies or

Sub financial institutions to implement incentive schemes aimed at expanding the
Criteria bio-diesel distribution and consumption market.
Infrastructure As exemplified by the establishment of the 'Green Biofuel Activation Alliance' by
Establishment the Ministry of Industry, Trade, and Energy in November (2022c), the bio-diesel
and . . sector should strive for organic growth and self-sufficiency. To promote
Establishment and Operation o . o L .
Market enhancements in bio-diesel (BD) production and distribution, it is crucial to foster
o of Governance Systems . . . . . .

Activation collaborative relationships among pertinent ministries, ensure a reliable supply
chain, and institute an effective governance system that facilitates seamless
government-industry communication for successful coordination.

At present, public awareness regarding bio-diesel (BD) and the Renewable Fuel
Standard (RFS) system is relatively limited. It is essential to undertake initiatives
Enhancement such as region-specific public idea competitions related to domestic BD
of Public Awareness production and distribution, the establishment of a BD education network, and the
implementation of biofuel promotion campaigns. These measures can collectively
enhance public awareness of the system designed to attain bio-diesel RFS goals.
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CRITERIA

60.0%

49.3%

40.0%

30.7%

20.1%
20.0%

0.0%
Raw Material Procursment and Development Infrastructure E stablishment and Market Activation ProductionProcess Management Enhancement

SUB CRITERIA

30.0%

228%

20.0%
17.2%
15.9%

12.4%

9.6%
10.0% 9.2%

2% 4.5%

0.0%
Commercialization of Expansion of Waste Legal and Regulatory Process Technology  Establishmentand Domestic Agricultural  Enhancementof  Support for Relevant Intensive R&D for

Next-Genaration Cooking Oil Improvement and ~ Optimization by Raw Operation of Development Public Awareness  Small and Medium Winter Season
(Hydrogen-Blended)  Collection Scope  Incentive Provision Material Governance §ystems Enterprises Preparzdness
Feedstock

Fig. 3. Analysis of the importance of enhancement factors for domestic transportation bio—diesel
production and distribution (Criteria, Sub Criteria)

Table 5. Relative importance of enhancement factors for expanding bio—diesel production and
distribution for domestic transportation: Comprehensive analysis results (%)

Enhancement Factors for Expanding Domestic Production and Distribution of Bio-Diesel for Transportation

Criteria Sub Criteria LRI GRI
Expansion of Waste Cooking Oil Collection
. 34.9% 17.2%
Raw Material Scope
Procurement and 49.2% Commercialization of Next-Generation
46.4% 22.8%
Development (Hydrogen-Blended) Feedstock
Domestic Agricultural Development 18.6% 9.2%
Process Technology Optimization by Raw
. 61.4% 12.4%
. Material
Production/Process -
Support for Relevant Small and Medium
Management 20.1% . 22.5% 4.5%
Enterprises
Enhancement - -
Intensive R&D for Winter Season
16.1% 3.2%
Preparedness
Legal and Regulatory Improvement and
& guiatory fmpl 51.9% 15.9%
Infrastructure Incentive Provision
Establishment and 30.7% Establishment and Operation of
L 31.2% 9.6%
Market Activation Governance Systems
Enhancement of Public Awareness 16.9% 5.2%

¥LRI (Local Relative Importance) : Relative importance among factors within each layer

%GRI (Global Relative Importance) : Overall relative among the lowest-level factors

Journal of Climate Change Research 2023, Vol. 14, No. 5
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