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Abstract: This study reviewed data from 1350 Clean Development Mechanism (CDM) project design
documents for the energy industry; these projects were registered with the United Nations Framework
Convention on Climate Change from the European Union Emissions Trading System’s second period
(December 2012) to the present. This paper contributes to the literature on the energy industry in that
it was the first attempt to directly estimate the issuance price based on CDM PDD data. This study
extracted and databased effective samples for investment analysis. In addition, carbon emissions
pricing analysis in the energy industry (which has the highest proportion in the CDM sector) was
conducted to demonstrate which factors, including renewable energy technology, contribute to
changing the investment cost per unit of carbon emissions. Cluster analysis shows that business
methods and size are unimportant for classifying clusters; after multiple regression analysis, the
technology variable was determined to affect investment cost. The issued price was low, in the
order of biomass, wind power, hydropower, and waste heat management technology. The empirical
results show that biomass technology has the highest investment efficiency, and the carbon emission
issuance price of biomass technologies is lower than that of wind and solar technologies, which
the Korean government is investing in actively. Therefore, if by-products and natural resources in
rural areas are recycled or reused as biomass raw materials, costs can be reduced and linked to rural
regeneration channels.

Keywords: clean development mechanism; energy sector; investment cost; biomass

1. Introduction

The acceleration of global warming has promoted the international community’s
perception of the need for emergency measures for an urgent climate crisis. Through the
World Risk Report 2020, the World Economic Forum selected “climate action failure” as
the most significant risk affecting humankind; the UN Secretary-General warned of a more
profound environmental emergency than the COVID-19 crisis in a message marking the
50th anniversary of Earth Day, urging decisive action for global protection [1–4]. The Paris
Agreement became effective in 2016, and all agreeing have set and implemented voluntary
greenhouse gas reduction goals. Leading global companies, such as Microsoft and Nestle,
devised measures to neutralize carbon in 2020, followed by national plans to implement
carbon neutrality by 2050 in major countries (China until 2060) [5–7]. Furthermore, in
connection with the Paris Agreement, the C40 (Cities Climate Leadership Group) required
local governments from each country to establish and present a 2050 carbon neutrality
vision and plan by 2020 [8].

Currently, the international community is responding to climate change by introducing
a market-based greenhouse gas reduction system and technology, which reflects the cost
of climate change in the cost of goods or services and determines the price of emission
rights through the supply and demand of carbon emission rights. This mechanism is
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referred to as the Kyoto mechanism because it was agreed upon internationally in the
Kyoto Protocol [9]. In Article 25 of the Enforcement Decree of the Framework Act on Low
Carbon Green Growth announced in December 2019, South Korea declared reducing its
2030 greenhouse gas reduction target by 24.4% compared to 2017 based on Business as
usual. The country added that it would limit emissions to 536 million tons by 2030 [10];
however, according to a European climate change organization report, Korea’s Nationally
Determined Contribution (NDC) is insufficient to prevent global temperature increases,
and Korea needs transformational contributions in all sectors, not gradual changes. The
South Korean government is under pressure to reach a level consistent with the Paris
Agreement, saying that the current reduction should be more than doubled [11]. Therefore,
the Korean government has pledged to raise the NDC by the end of 2021, announcing that
it would reduce the NDC by 40% compared to the emissions peak in 2018 [12].

The Clean Development Mechanism (CDM) project is defined in Article 12 of the
Kyoto Protocol. Annex I includes the achievement (emission credit) realized by developed
countries (Annex I countries) through providing technology and funds for implementing
greenhouse gas reduction projects to non-Annex I countries (developing countries). The
system can be used to achieve the reduction targets assigned to developed countries [13].
Through the CDM project, developed countries acquire a carbon emission rights (CER) that
can be used to achieve their reduction goals, and developing countries can contribute to
their sustainable development by receiving technology and financial support from devel-
oped countries. The emission market plays an auxiliary role in the allowance market, and
CER and ERU (emission rights for JI projects) are usually formed at relatively lower prices
than the EUA (EU Allowance). They are considered alternatives to achieving mandatory
compliance [14]. In the case of CERs, this study’s subject of analysis, the obligation to
reduce greenhouse gas emissions was fulfilled as much as the CERs issued in the CDM
project registered before 2012. CERs could be traded in the emission market; however,
in the 3rd European Union Emissions Trading System (EU–ETS) (2013–2020), only CERs
acquired in the least-developed countries were restricted. Meanwhile, the United Nations
Framework Convention on Climate Change (UNFCCC) plans to make CERs irreplaceable
to the mandatory allowance in the 4th EU–ETS (2021–2030); it is expected to be somewhat
flexible if it enters the mandatory reduction period [15,16].

CERs are divided into sCER (secondary CER) and pCER (primary CER) in the interna-
tional carbon market; they enter the distribution stage after issuance. When a company
implements a greenhouse gas reduction project and registers with the UNFCCC, the emis-
sion right certified as the final certification reduction is called pCER; this pCER is called
sCER for emission rights traded in the secondary market, i.e., the exchange market or
over-the-counter market. Therefore, the difference between pCER and sCER prices can be
regarded conceptually as the marketing margin of companies participating in the emission
market [17]. Unlike pCER, sCER does not have a risk of acquisition, and EUA and sCER
theoretically have the same price as when operators utilize EU–ETS compliance; however,
CER differs by country and phase, and EU–ETS recognizes credit usage up to 13.5% of total
emissions. Korea’s maximum ratio is limited to 10%, lowering the CER exchange value.

Existing research on carbon prices and economic analysis of carbon reduction projects has
been conducted primarily by identifying dynamic price analysis between trading products
(EUA and CER) and exchanges or pricing factors by the CDM project sector [18–20]. Mo et al.
(2005) [18] tested the law of one price using the price data of all operations (vintage) traded
for Nord Pool and EU–ETS, which trade the same product, called carbon emission rights.
As a result of the cointegration test, the law of one price was established between the two
markets. Causality analysis revealed that EU–ETS led the price of the Nord Pool exchange and
influenced the movement of Nord Pool prices [18].

Kim and Park (2008) [19] combined the vector error correction model and graph theory
using price data from the EU carbon emission market to empirically analyze the discovery
process of emission credit prices between major markets and the causality between markets.
They found that all emission exchanges in the EU are organically connected directly or
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indirectly through any route, whether it is a simultaneous causal relationship in terms of
price information flow or a time lag. In particular, the role of the Nord Pool leading market
in absorbing and channeling information in the price discovery process and the influence
of major power exchanges, such as Powernext and the European Energy Exchange, played
a significant role [19].

Park and Cho (2013) [14] analyzed the price influencing factors between the allocation
emission credit (EUA) and the offset emission credit (sCER) for the entire period of the
EU–ETS phase 2 (2008–2013). They analyzed the factors that determine the spread between
the two units, finding that the EUA and sCER are affected in similar directions concerning
energy and economic variables, such as coal price (-) and financial crisis (-). Furthermore,
they found that policy variables, such as power price, CER usage restrictions, and price
differences between EUA and ERU, are affected in different directions [14]. Lim and Yang
(2008) published the results of the issuance price of carbon emission credits (CER) and the
level of the investment break-even point. The results were analyzed using past survey data
(CDM Project Design Document, PDD) conducted between April 2000 and June 2006, and
there were only about 40 CDM project methodologies [20]. In other words, many CER
supplies were issued when the issuance price differed significantly from the company’s
marginal abatement cost (MAC) because economic analyses were conducted initially when
the carbon market grew insufficiently. Therefore, the results of the CER issuance price and
the CDM project’s investment branching point at the time of the study cannot explain the
current situation where the carbon market has entered a growth phase through an initial
learning effect.

This study aims to provide information on the market to business entities that in-
evitably must reduce greenhouse gas emissions when Korea is obligated to reduce green-
house gas from the EU–ETS phase under the Paris Climate Change Convention. Future
investors in the CDM project, represented by investors, business operators, and mandatory
reduction companies, invest a certain amount in the related greenhouse gas reduction
project (environmental facility investment). Carbon credits (CER) represent the final output
from the reduction project, and it is essential to understand the projected sales before going
to market. This becomes a project value, and investment entities are bound to face the
following problems in decision making. The current market price (sCER) can be obtained
through the market’s transaction price, but the issuance price (pCER) can only directly
estimate the investment cost of the CDM project. Therefore, decision makers must prepare
for the CDM project and determine the appropriate level of issuance price until CERs, the
final product of business activities, are issued. In addition, an analysis that distinguishes
CDM projects with similar attributes can be helpful information for investors’ decision
making. Specifically, this study reviewed 1350 CDM project plan data in the energy indus-
try sector registered with the UNFCCC from when the EU–ETS phase 2 ended in December
2012 until now. The research then extracted effective samples for investment analysis and
converted them into databases. After analyzing the determinants of the investment cost
of the CDM project in the energy industry sector, an empirical analysis was conducted on
which factors, including renewable energy technology, act to raise or lower the issuance
price per unit of carbon emission credits.

This study provides theoretical knowledge for CDM project development, achieving
“2050 carbon neutral” and implementing the “New and Renewable Energy 3020 Imple-
mentation Plan” with companies participating in the GHG target management system,
including companies preparing for the CDM project. This study hopes to provide helpful
information for the relevant policy authorities. In particular, greenhouse gas reduction
projects must presuppose companies’ voluntary and competitive participation. From this
perspective, it is significant to analyze the factors affecting the investment cost of the
CDM project for future mandatory reduction companies that assume risk factors, such as
irreversibility of investment and uncertainty in carbon credit prices.
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2. Current Status of CDM Project in the Energy Industry Sector

As of June 2021, 7854 CDM projects were registered on the UNFCCC website, with the
energy industry (No. 1) accounting for the highest proportion by sector [21]. The number
of energy industry sectors subject to this study was 6601 (84.05%), the most among all CDM
project sectors (Table 1).

Table 1. CDM project registration status.

No. Project Category Number of Projects Proportion
(%)

1 Energy industries 6601 84.05
2 Energy distribution 8 0.10
3 Energy demand 135 1.72

4 Manufacturing
industries 389 4.95

5 Chemical industries 118 1.50
6 Construction 0 0
7 Transport 30 0.38

8 Mining/mineral
production 84 1.07

9 Metal production 13 0.17

10 Fugitive emissions from
fuels (solid, oil, and gas) 130 1.66

11

Fugitive emissions from
the production and

consumption of
halocarbons and sulfur

hexafluoride

24 0.31

12 Solvent use 0 0

13 Waste handling and
disposal 1012 12.89

14 Afforestation and
reforestation 66 0.84

15 Agriculture 131 1.67

Table 2 summarizes the project registration status of the energy industry sector. Re-
garding CDM projects registered by country in the energy industry sector, China has the
most CDM projects with 3536 (53.57%), followed by India with 1444 (21.88%), Vietnam
with 244 (3.70%), Brazil with 219 (3.32%), other countries with 1080 (16.36%), and Korea
has 78 (1.18%) so far (Table 2).

Table 2. Current status of CDM project registration in the energy industry sector by country, size,
and classification.

Sortation Project Category Number of Projects Proportion (%)

Country

China 3536 53.57
India 1444 21.88

Vietnam 244 3.70
Brazil 219 3.32

Republic of Korea 78 1.18
Other countries 1080 16.36

subtotal 6601 100.0

Size
Large 3995 60.52
Small 2606 39.48

subtotal 6601 100.0

Classification
Bilateral 4668 70.72

Unilateral 1933 29.28
subtotal 6601 100.0

The market share by project size consists of 3995 (60.52%) large-scale projects and 2606
(39.48%) small-scale projects. According to the participating countries’ standards, 4668
(70.72%) bilateral CDM projects, representing developed countries developing and hosting
CDM projects from developing countries, and 1933 (29.28%) unilateral CDM projects are
implemented in developing countries without developed country participation (Table 2).
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As of May 2020, there were 7829 CDM project registrations, and the total number
of CDM project registrations increased by only 25 over the past year; this increase is
significantly dropping compared to the early CDM project registrations. The market
mechanism’s detailed implementation rules, Article 6 of the Paris Agreement concluded at
the UN climate change conference (COP21), did not reach an agreement at the COP25 in
December 2019. Unlike the Kyoto Protocol mechanism, where only developed countries
(Annex I countries) participated in greenhouse gas reduction, developing countries (Annex
I countries) must also respond to climate change. The discussion was to be finalized at
the 26th United Nations Conference of Parties (COP26, Glasgow, UK) in December 2020;
however, it was postponed to November 2021 due to the coronavirus and increased market
uncertainty, and the number of new project registration cases have decreased [22]. This
decrease is due to concerns over a reduction in CER demand, as EU–ETS, the largest trading
market for emission credit, plans to restrict the use of CER and EUA from 2021 to 2030.
In addition, about 2.078 billion tons of carbon dioxide equivalent (tCO2e) were issued
due to ongoing CDM project activities, of which about 72 million CERs were voluntarily
canceled. An additional 28 million CERs were voluntarily canceled online (March 2021).
The CER in the international market was canceled voluntarily, and the credit was used
within the domestic emission trading system because credits intended for utilization within
the national emission trading system cannot also be used as international credits [14].

Concerning greenhouse gas emissions by sector in Korea, the total greenhouse gas
emissions, including land use, land-use change, and forestry (LULUCF), increased by
169.8% compared to 1990 [23]. Among them, the energy sector emits up to 37 times more
than other sectors as of 2018, and the increase/decrease rate compared to the previous
year is also the largest (Table 3). Korea has declared carbon neutrality to achieve a net
greenhouse gas emission of zero by 2050, and it is urgent to reduce greenhouse gas in the
energy industry sector.

Table 3. Greenhouse gas emissions by sector in Korea (million CO2t, %).

Field
Greenhouse Gas Emissions Increase/Decrease

Rate Compared to
1990

Increase/Decrease
Rate Compared to
the Previous Year1990s 2000s 2010s 2015s 2017s 2018s

Energy 240.4 411.8 566.1 600.7 615.7 632.4 163.1 2.7
Industrial process 20.4 50.9 53.0 54.3 55.9 57.0 178.7 1.9

Agriculture 21.0 21.4 22.1 21.0 21.0 21.2 1.0 1.1
LULUCF −37.8 −58.4 −53.8 −44.4 −41.5 −41.3 9.3 −0.5

Waste 10.4 18.8 15.2 16.6 17.2 17.1 64.7 −0.7
Total emissions

(Except for
LULUCF)

292.2 502.9 656.3 692.5 709.7 727.6 149.0 2.5

Net emissions
(Including LULUCF) 254.4 444.5 602.5 648.2 668.3 686.3 169.8 2.7

Among the CDM projects currently registered with the UNFCCC, the most applied
is the energy industry sector methodology [24]. In particular, the most commonly used
methodologies, grid-connected electricity generation from renewable sources (ACM0002)
and grid-connected renewable electricity generation (AMS-I.D.) account for 42% and 27%,
respectively. The ACM0002 and AMS-I.D. methodologies are applied to about 70% of the
3050 projects receiving CER (Table 4).

Table 4. Status of CDM project registration and CER issuance by methodology.

Ranking Methodology Number of
Registrations Methodology Number of CERs

Issued

1 ACM0002 3239 ACM0002 1259
2 AMS-I.D. 2071 AMS-I.D. 787
3 AMS-I.C. 309 ACM0001 114
4 ACM0001 225 AMS-I.C. 109
5 ACM0012 149 ACM0004 75

The technical scope of the ACM0002 methodology (Figure 1) is using renewable
energy sources, constructing and operating new power plants that supply electricity to
grids (greenfield power plants), and targeting renovation and recycling (or maintenance),
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replacement, or capacity increase projects [25]. As an application condition, one renewable
energy power generation system (hydroelectric power, wind power, geothermal power,
solar power, wave power, and tidal power) should be used; this methodology cannot be
applied to fossil fuel conversion and biogas power generation projects. ACM0002 includes
capacity addition, retrofit, rehabilitation, and replacement operations where existing power
plants began commercial operations at least five years previously, and it does not require
capacity addition, facility renovation, improvement, or replacements during the same
period. Hydroelectric power generation must be realized at the existing capacity (4 W/m2

or more) without changing the storage capacity of the project. Additionally, if new storage is
established according to the project, the power density must exceed 4 W/m2. Furthermore,
the penetration rate of specific technologies, including solar power generation technology,
solar thermal generation, concentrated solar power generation (CSP) technology, offshore
wind technology, offshore wave technology, offshore tidal technology, and offshore thermal
technology, is connected to the entire grid installed in the host country. If the host country’s
total installed capacity of the technology is less than 50 MW, or below 2% of the power
generation capacity, the condition is automatically considered satisfied.

Figure 1. The baseline scenario for the ACM0002 methodology.

Suppose, in the existing scenario, the grid receives electricity from greenhouse gas-
intensive means. In that case, the project scenario involves a methodology to replace the
existing greenhouse gas power generation by installing new renewable power plants or
renovating, replacing, or increasing capacity (Figure 2).

Figure 2. The project scenario for the ACM0002 methodology.

The technical scope of the AMS-I.D. methodology is the construction and operation of
a power plant that uses renewable energy sources and supplies electricity to the grid, or
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remodeling, replacement, or capacity increase projects (Figure 3). As a measure to alleviate
greenhouse gas emissions, AMS-I.D. replaces electricity provided to the transmission
network by greenhouse gas-intensive means, and conditions for applying the methodology
should not be through a combination of heat and power generation.

Figure 3. The baseline scenario for the AMS-I.D. methodology.

If electricity is supplied to the grid by greenhouse gas-intensive means in the existing
scenario, the project scenario is a methodology of supplying electricity to the grid using
renewable energy technology.

In the future, greenhouse gas reduction is expected to center on the power generation
sector. The fact that CDM projects are concentrated in the power generation sector makes
it easy for the power generation sector to apply the appropriate technology (renewable
energy power generation) to reduce greenhouse gas emissions. It also has a high reduction
potential, indicating that it can play a vital role in the future transition to a low-carbon
energy system (Figure 4).

Figure 4. The project scenario for the AMS-I.D. methodology.

3. Methodology and Empirical Result

Information on the market price (sCER) of CERs can be obtained through the price
traded in the market, but the issuance price (pCER) must estimate the investment cost
of the CDM project directly. Therefore, while preparing for a CDM project, investment
entities must know the appropriate investment cost level until CER is issued. To estimate
the carbon emission issuance price, we reviewed 1350 PDDs for the energy industry and
calculated the price by substituting it into the formula. Based on this, we drive the carbon
emission issuance price. Although studies have conducted price analysis based on the
actual market price, there is no direct estimation of the carbon emission issuance price in
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the energy industry. This chapter aims to quantify various risk factors and analyze how
individual factors affect the investment cost of a CDM project. The clustering methods
are used for empirical analysis in Section 3, and are much more systematic than arbitrary
variable selection methods that do not have clear classification criteria or are unknown. We
then conduct multiple regression analysis.

3.1. Explanation of Sampling Methods and Data

This study obtained data for the empirical analysis by analyzing data from 565 PDD in
the energy industry sector (No. 1) registered with the UNFCCC, from 2013 to the present,
after the EU–ETS phase 2. This allowed the extraction of variables listed in the financial
indicator; however, disclosing the project plan’s investment costs can strategically expose
the CDM project implementer, the offset business operator. Therefore, several project plans
were found without or partially omitting investment-related financial indicators. Finally,
1350 cases were reviewed by adding 785 CDM project plans registered with the UN in
December 2012. Therefore, there is a difference in observations between the population
and the sample; this study’s empirical analysis used 248 effective samples, from which
the investment cost of the CDM project and the financial index values related to the
investment were extracted based on the project plan (Table 5). The investment cost per
unit is theoretically the same as the MAC in the case of reducing greenhouse gases through
investment in environmental facilities, called the CDM project.

Table 5. Characteristics of data on determinants of investment cost in CDM project.

No. Registration Date Reduction
(tCO2e)

Cost
(EUR/CO2e) Host Country Sector Scale Type IC

01 3 December 2012 565,474 16.58 China 1 large bilateral −0.38
02 3 December 2012 275,835 8.77 India 1 small unilateral −0.47
03 3 December 2012 555,373 15.83 China 1 large bilateral −0.38
04 3 December 2012 603,092 16.58 China 1 large bilateral −0.38
05 4 December 2012 1,053,570 12.02 China 1 large bilateral −0.38
06 4 December 2012 552,111 11.61 China 1 large bilateral −0.38
07 4 December 2012 907,040 4.98 China 1,4 large bilateral −0.38
08 4 December 2012 709,548 14.73 China 1 large bilateral −0.38
09 4 December 2012 308,570 15.25 Thailand 1 small bilateral −0.30
10 4 December 2012 548,660 16.58 China 1 large bilateral −0.38
11 5 December 2012 606,277 13.62 China 1 large bilateral −0.38
12 5 December 2012 728,861 14.74 China 1 large unilateral −0.38
13 5 December 2012 668,003 9.13 China 1 large bilateral −0.38
14 5 December 2012 873,012 8.17 China 1 large bilateral −0.38
15 5 December 2012 1,449,714 14.48 Mexico 1 large unilateral −0.28
16 5 December 2012 549,612 12.34 China 1 large unilateral −0.38
17 6 December 2012 686,567 17.03 China 1 large bilateral −0.38

. . .
206 7 May 2014 17,801 12.49 India 1 small unilateral −0.47
207 19 May 2014 387,940 2.77 India 1 large unilateral −0.47
208 21 May 2014 670,474 14.14 China 1 large unilateral −0.38
209 27 May 2014 219,201 12.04 China 1 large unilateral −0.38
210 7 July 2014 150,367 4.63 India 1 small unilateral −0.47
211 10 July 2014 524,530 5.49 India 1 small bilateral −0.47
212 18 July 2014 1,261,180 4.80 Angola 1 large unilateral −0.91
213 26 August 2014 755,503 14.73 China 1 large bilateral −0.38
214 23 September 2014 245,266 10.76 Brazil 1 large unilateral −0.16
215 17 October 2014 99,440 0.60 India 1 small unilateral −0.47
216 6 November 2014 79,058 13.40 India 1 small unilateral −0.47
217 17 November 2014 313,523 10.79 Brazil 1 large unilateral −0.16
218 20 November 2014 855,015 9.97 Laos 1 large unilateral −0.61
219 4 December 2014 210,850 6.81 India 1 small unilateral −0.47
220 31 December 2015 177,345 20.42 Laos 1 small bilateral −0.61
221 17 February 2015 352,273 7.25 India 1,4 large unilateral −0.47
222 27 February 2015 219,212 8.11 Brazil 1 large unilateral −0.16
223 17 April 2015 238,203 6.22 Brazil 1 large unilateral −0.16
224 21 April 2015 769,405 20.62 China 1 large bilateral −0.38
225 13 May 2015 58,070 5.97 Albania 1 small unilateral −0.13
226 13 May 2015 4,318,125 6.96 Iran 1 large unilateral −1.15
227 10 June 2015 736,754 3.12 Mexico 1,13 large unilateral −0.28
228 24 July 2015 287,196 0.36 India 1 large unilateral −0.47
229 28 July 2015 135,401 8.14 India 1 small unilateral −0.47
230 15 August 2015 145,684 12.70 India 1 small bilateral −0.47
231 8 September 2015 204,771 9.10 India 1 large unilateral −0.47
232 3 November 2015 275,600 3.54 India 1 small unilateral −0.47
233 10 November 2015 66,900 2.32 India 1 small unilateral −0.47
234 31 December 2015 453,291 32.58 Laos 1 large bilateral −0.61
235 11 May 2016 245,133 9.04 Laos 1 small bilateral −0.61
236 15 June 2016 9,704,486 6.36 Colombia 1 large unilateral −0.51
237 23 June 2016 508,739 5.73 Iran 1,13 small unilateral −1.15
238 22 July 2016 257,873 17.79 Uganda 1 large bilateral −0.51
239 29 July 2016 508,739 5.89 Iran 1,13 small unilateral −1.15
240 31 August 2016 4,239,539 2.99 Ecuador 1 large unilateral −0.83
241 28 October 2016 16,421 5.84 India 1 small unilateral −0.47
242 27 December 2016 824,330 1.84 India 1 large unilateral −0.47
243 9 February 2017 2,710,218 41.64 Laos 1 large unilateral −0.61
244 23 May 2017 607,957 5.94 Laos 1 large unilateral −0.61
245 17 August 2017 880,425 26.31 Laos 1 large bilateral −0.61
246 27 December 2017 317,625 24.32 Laos 1 small bilateral −0.61
247 30 May 2018 141,939 3.83 Sri Lanka 1 small unilateral −0.32
248 27 May 2019 211,764 8.61 Laos 1 small bilateral −0.61
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The characteristics of the sample are as follows. Among the 248 samples, China hosts
the most CDM projects, with 99 (39.92%) projects, followed by India with 74 projects
(29.84%), indicating that China and India host about 70% of the projects in the total sample.
By technology applied to the project, wind power 109 (43.95%), hydropower 80 (32.26%),
waste heat management 24 (9.68%), biomass 16 (6.45%), biogas 11 (4.44%), solar 5 (2.02%),
and landfill gas (LFG) 3 (1.21%) appeared. There were 142 (57.26%) large-scale projects
and 106 (42.74%) small-scale projects. By project type, 84 (33.87%) were bilateral and 164
(66.13%) were unilateral in the host country. While there were 217 (87.5%) independent
projects in the energy industry (No. 1), 31 CDM projects were implemented in connection
with other industries (No. 4 manufacturing, No. 5 chemical industry, and No. 13 waste
handling and treatment) (13.5%). Lastly, the investment environment value of the host
country, considered a country risk variable, is a national risk indicator in the data released
annually by the World Bank, including the three indices of political stability, degree of
regulation, and safety of law application. It was used after obtaining the average value of
the data from 2004, when the CDM project was first implemented, to 2019, the most recent
data [26]. Specifically, it is classified from −2.5 to 2.5; the higher the value, the better the
country’s general investment environment.

3.2. Cluster Analysis

This section aims to identify the CDM project’s determinants as the first step in
empirical analysis and a preliminary step in analyzing price determinants; a cluster analysis
method binds them into homogeneous groups by interrelationship. Participants in the CDM
project face various risks, such as whether the project reduces greenhouse gas emissions,
causes price fluctuations in the distribution market after CER issuance (price risk), and
creates investment loss (certification risk) if CER is not issued. Therefore, information
must be obtained to classify the similarity of significant attributes, such as investment cost,
reduction volume, host country investment environment, project type, project scale, project
method, and technology. Through this process, CDM project implementers and investors
must understand the project’s inherent risks and make reasonable investment decisions
by resolving project uncertainty. Cluster analysis is a multivariate statistical processing
method that can distinguish the properties of relatively homogeneous groups in a given
data set; it is the first analysis method designed to investigate or classify major concepts
in group-specific factor analysis [27]. In Section 3, this study extracts attribute variables
through the clustering method for empirical analysis, which is more systematic than any
variable selection method with unclear or unknown classification criteria.

The analysis procedure is as follows. First, a cluster group that minimizes variance is
established by making the CDM project’s factor (variable) values closest to each grouping.
Using the Bayesian Information Criteria clustering criterion, the smallest value becomes the
optimal number of clusters for the analysis data; this study determined three classification
clusters. The variables for cluster analysis included the project sector, project size, project
type, used technology (wind, hydro, biogas, biomass, LFG, solar, and waste heat man-
agement), and the host country’s investment environment (comprising political stability,
degree of regulation, and stability of law application). After obtaining the average value for
the most recent data (from 2004 to 2019), the World Bank announced the World Governance
Indicators Dataset, which specified that these indices are national risks related to CDM
project attraction. For categorical variables, dummy variables are used for large-scale
projects, bilateral projects, and the energy sector (No. 1). The energy and manufacturing
industry, chemical industry, and waste handling and treatment (1–4, 1–5, and 1–13) were
treated as reference variables with attributes.

In Annex I countries, CDM projects reduce greenhouse gas emissions and are a
relatively cost-minimizing method compared to using carbon prices to reduce the cost
of greenhouse gas emissions. CDM projects began with large companies to attract CDM
projects in large developing countries, where the proportion of fossil fuels is absolute,
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energy efficiency is low, and it is easier to reduce greenhouse gas emissions because they
are still in the relatively early development stage.

The function formula for cluster analysis is shown in Equation (1). IC (Investment
Climate) is a continuous variable representing the investment environment index of the host
country; DScale, DType, and Dsector represent categorical variables in which project scale,
project type, and project sector, respectively, are treated as dummy variables (attribute = 1):

Clustering = f(IC, Dscale, Dtype, Dsector,
DWind, DHydro, DBiogas, DBiomass,

DLFG, DWHM, DSolar)
(1)

Equation (1) includes the continuous variables, investment climate, and the categorical
variables, project size, project type, project sector, and technology (wind, hydro, biogas,
biomass, LFG, solar, waste heat management). Table 6 presents each cluster’s characteristics.

Table 6. Representative characteristics of each cluster considering technical characteristics.

Group Attribute
Variable

Number of
Projects (%)

Investment Climate

Average S.D.

Cluster 1 Wind 108 (44%) −0.438 0.63

Cluster 2

WHM,
businesses

linked to other
sectors

61 (25%) −0.354 0.34

Cluster 3 Hydro 79 (32%) −0.436 0.19
Clusters 1–3
Combination - 248 (100%) −0.406 0.21

In Cluster 1, the investment environment of the CDM project’s host country was
similar to the cluster combination with the total number of cases; Cluster 2 has a relatively
sound investment environment on average. The distribution of clusters consisted of
108 CDM projects in Cluster 1, 61 CDM projects in Cluster 2, and 79 CDM projects in
Cluster 3 (248 total). The results of the two-stage cluster analysis indicate concentrations
around technology, an essential variable factor, wind technology for Cluster 1, waste heat
management (WHM) technology for Cluster 2, and hydro technology for Cluster 3 (Table 6).

Table 7 presents cluster configurations by attribute. First, Cluster 1 included wind
power projects. Second, all CDM projects using hydroelectric power were included in
Cluster 3. Third, the CDM project using waste heat management and biomass, biogas,
solar power, and LFG technologies were included in Cluster 2; WHM technology was a
significant technological factor that constituted the cluster. In addition, projects linked
to the energy industry (No. 1) and the manufacturing, chemical, waste treatment, and
handling sectors (No. 1–4, 1–5, 1–13) were included in Cluster 2. The project type and scale
were not important attributes in classifying clusters.

Figure 5 shows the results showing the level of investment cost by cluster. Overall,
there was no significant difference in the average investment cost between clusters; however,
relatively low-priced biomass technology accompanies the investment costs for landfill
gas, WHM, and biomass (including various technologies, such as WHM). Regarding the
CDM project’s technical factors, the biomass project showed the lowest cost structure, while
the issuance price of landfill gas, WHM technology, and biogas technology was relatively
high. Biomass issuance prices are low because biomass raw materials, such as animal feces,
sewage sludge, black liquor, waste paper, food waste, and forest residues are relatively
cost-saving due to local resource recycling.
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Table 7. Cluster configuration diagram considering individual attributes.

Cluster Cluster 1 Cluster 2 Cluster 3

Properties Wind Waste Heat
Management Hydro

Sample 108 61 79

No.

1, 3, 4, 6, 8, 10, 11, 12,
15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26,
29, 30, 33, 34, 36, 39,
40, 41, 44, 45, 47, 49,
50, 51, 53, 54, 56, 62,
65, 68, 72, 74, 75, 79,
80, 81, 83, 92, 96, 98,

102, 104, 105, 107, 110,
111, 115, 118, 119, 123,
131, 132, 134, 136, 137,
140, 148, 149, 150, 155,
156, 158, 159, 161, 162,
168, 169, 172, 173, 177,
179, 180, 181, 182, 183,
187, 188, 190, 193, 195,
199, 200, 202, 203, 206,
207, 208, 210, 213, 215,
219, 223, 224, 228, 232,

241, 242, 247

2, 7, 9, 31, 35, 37, 52,
57, 58, 59, 61, 63, 64,
67, 70, 71, 73, 76, 77,
82, 84, 87, 88, 93, 94,
97, 100, 101, 103, 106,

108, 109, 112, 113, 116,
117, 122, 125, 126, 127,
129, 133, 138, 139, 142,
144, 145, 153, 170, 175,
178, 192, 198, 209, 211,
221, 227, 231, 233, 237,

239

5, 13, 14, 27, 28, 32, 38,
42, 43, 46, 48, 55, 60,
66, 69, 78, 85, 86, 89,

90, 91, 95, 99, 114, 120,
121, 124, 128, 130, 135,
141, 143, 146, 147, 151,
152, 154, 157, 160, 163,
164, 165, 166, 167, 171,
174, 176, 184, 185, 186,
189, 191, 194, 196, 197,
201, 204, 205, 212, 214,
216, 217, 218, 220, 222,
225, 226, 229, 230, 234,
235, 236, 238, 240, 243,

244, 245, 246, 248

Figure 5. Level of investment cost for each cluster considering technical characteristics.

Cluster 1, represented by wind power technology, accounted for about 93% of 108
projects in two countries, with 49 in China and 51 in India. This is because greenhouse
gas emissions increase rapidly as large developing countries become urbanized, and
wind power generation technology can supply affordable power to underdeveloped areas,
such as falling islands. In addition, the disadvantages of wind power include the high
cost of materials and the relatively limited installation area. China and India have been
preparing for national energy policies for a long time and have significantly reduced
emission capacity among developing countries. Implementing this substantial and high
technology investment lowers average costs due to economies of scale.



Sustainability 2022, 14, 9619 12 of 18

3.3. Analysis of Determinants of Investment Costs in CDM Projects in the Energy Industry Sector

This section aims to quantify various risk factors and analyze how individual factors
affect the investment cost of a CDM project. A hypothesis test is performed through
multiple regression analysis to analyze the factors that affect the investment cost of the
CDM project in the energy industry. Table 8 shows the contents of this study’s four
hypotheses based on classifying the correlation attributes in the cluster analysis. First, to
examine the effect of economies of scale, Hypotheses 1 and 2 test the effect of greenhouse
gas reduction volume and project size on investment cost. Second, depending on whether
the CDM project is bilateral or unilateral and whether it links the energy, manufacturing,
chemical, waste handling, and treatment sectors together (rather than considering the
energy industry alone), Hypotheses 3 and 4 test whether the effect on the cost differs. Third,
Hypothesis 5 tests the effect of the investment environment of the host country, an indicator
of national risk, on the investment cost of the CDM project. Fourth, Hypotheses 6 and 7
test the effect of technical risk on CDM investment cost to determine whether the project
with which technology lowers or increases the investment cost.

Table 8. Hypothesis test of CDM invest determinant.

Category Hypothesis

Scale of economics
1. CDM investment cost of the project with
large emission reductions is low
2. CDM investment cost of a large-scale project
is low

Project type
3. CDM investment cost is different according
to project type (Bi/Unilateral)
4. The investment cost of CDM projects linked
to the manufacturing, chemical, and waste
sectors is lower than the energy industry alone

Country risk 5. The better the host country’s investment
climate, the higher the CDM investment cost

Technology risk
6. Technology risk affects the cost of
investment in the CDM project
7. The investment cost of the biomass project
is low

Equation (2) shows the regression model and variables used to analyze the determi-
nants of investment cost in the energy industry sector’s CDM business. This study used
the investment cost extracted from the CDM project plan as a dependent variable:

PCER = β0 + β1Reduction + β2Dscale + β3Dtype + β4Dsector + β5IC
+β6DWind + β7DHydro + β8Biomass + β9DBiogas

+β10DSolar + β11DLFG + β12DWHM + εt

(2)

where:

PCER = Average investment cost per unit (tCO2e): total investment cost divided by expected
emissions reduction;
Reduction = Annual emissions reduction due to CDM project;
Dscale = Dummy variable for project scale (large = 1, small = 0);
Dsector = Dummy variable for project sector (No. 1–4 = 1, No. 1–5 = 1, No. 1–13 = 1, only
No.1 = 0);
IC = Variables for typical investment climate;
DWind = Dummy variable for technology (Wind = 1, otherwise = 0);
DHydro = Dummy variable for technology (Hydro = 1, otherwise = 0);
DBiomass = Dummy variable for technology (Biomass = 1, otherwise = 0);
DBiogas = Dummy variable for technology (Biogas = 1, otherwise = 0);
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DSolar = Dummy variable for technology (Solar = 1, otherwise = 0);
DLFG = Dummy variable for technology (LFG = 1, otherwise = 0);
DWHM = Dummy variable for technology (WHM = 1, otherwise = 0);
β = Parameters by pricing factor (i = 1–12);
ε = error term.

The analysis model’s explanatory variables are as follows: The project scale, project
type, and project sector variables are treated as dummy variables. The large scale, bilateral
type, and energy industry (No. 1) linked with manufacturing (No. 4), chemical industry
(No. 5), and waste handling and treatment (No. 13) in the business sector were treated
as having attributes. The general investment environment—a proxy variable for the host
country’s investment environment—used three indices of national risk, political safety,
degree of regulation, and law application; it was used after calculating the average value for
2019 data, the most recent data since 2004 when the CDM project first began. The analysis
method used the generalized least squares method.

Table 9 shows the basic statistics of the CDM project’s determinants of investment cost.
The average investment cost of the sample is EUR 10.75 per ton. The sample with the lowest
investment cost is from Sri Lanka, which invested EUR 0.01 per ton; the highest project
was from Laos, which cost EUR 46.44 per ton. The average greenhouse gas reduction in
the analysis data is 967,380 tons annually. By project characteristics, large-scale projects
accounted for 57%, bilateral business types accounted for 34%, and projects that considered
energy, manufacturing, chemical, and waste treatment together accounted for 13%. The
proportion of project technology is the highest in the wind power business at 44%, followed
by hydropower, WHM, and biomass. The average value of the host country’s investment
environment is −0.41.

Table 9. Basic statistics for analysis of determinants of investment cost in CDM project.

Variable Min. Max. Mean S.D.

Investment cost
(EUR/tCO2e) 0.01 46.44 10.75 6.97

Reduction (tCO2e) 10,003 20,260,270 967,379.82 2,403,128.52
Scale (large = 1) 0 1 57.25% 0.50

Type (bilateral = 1) 0 1 33.87% 0.47
Sector

(1–4 or 1–5 or 1–13 = 1) 0 1 12.50% 0.33

Wind 0 1 43.95% 0.50
Hydro 0 1 32.26% 0.47

Biomass 0 1 6.45% 0.25
Biogas 0 1 4.44% 0.21
Solar 0 1 2.02% 0.14
LFG 0 1 1.21% 0.11

WHM 0 1 9.68% 0.30
Investment climate −1.28 1.06 −0.41 0.21

When the t-statistics are low and the F value is high, multicollinearity between regres-
sion variables can be generally suspected [25]. Furthermore, estimating the significance
probability value of the hydro-technical variable included within the 5% confidence interval
in this regression model through ANOVA, the F value is also statistically significant at
4.466; therefore, there is no problem with the model’s linear regression estimation.

Table 10 summarizes the analysis results for the determinants of the CDM project’s
investment cost in the energy industry sector. First, technology variables influence the CDM
project’s investment cost. According to the statistical significance, a rather conservative
analysis is required; the investment cost was low in biomass, wind power, hydropower,
solar power, biogas, WHM, and LFG technology. Additionally, the investment cost of
hydropower and WHM technology is relatively higher than that of wind power technology.
Second, the higher the emission reduction, the lower the investment cost; however, the
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investment cost of large-scale projects was higher than that of small-scale projects. This
seems to result from large-scale facilities requiring more facility and maintenance costs
throughout the project. Therefore, the effect of economies of scale in the energy industry’s
greenhouse gas reduction project has not been confirmed. This can be observed in advanced
developing countries, such as China, India, and Brazil, which invested long-term in the
fuel conversion sector, wind power, hydropower, and biomass technologies to focus their
environment and energy policies on renewable energy, even if CDM investment does
not generate immediate profits. Third, compared to the unilateral project, the bilateral
project was verified to increase the investment cost. The host country’s cost of procuring
technology or capital for facilities is cheaper than relocating it from an investment country,
which is an advanced country. In particular, China and India attract many CDM projects,
indicating that long-term investments in their environmental and energy policy projects
based on sufficient technology and capital lower the average cost (issuance price) of
greenhouse gas reduction projects. Lastly, the investment cost of a project in which the
energy, manufacturing, chemical, and waste handling and treatment sectors were linked
was lower than projects that only consider the energy industry sector. This is a result of
confirming that projects linked to manufacturing, chemical, and waste sectors increase the
cost of facilities rather than their businesses in the energy industry, lowering investment
costs due to sales revenue of by-products (electricity, compost, etc.) and cost reduction
using local resources. As a result, it can be inferred that the economic effect is working
around the renewable energy market. Lastly, the investment cost of the CDM project is
higher as the investment environment of the host country is good (Table 11).

Table 10. Result of multiple regression analysis.

Variable Coefficient Value t-Value p-Value

Constant 9.68 8.20 *** 0.00
Reduction (tCO2e) −4.859 × 10−7 −2.55 *** 0.01

Scale (large = 1) 3.48 3.50 *** 0.00
Type (bilateral = 1) 2.42 2.60 *** 0.01

Sector
(1–4 or 1–5 or 1–13 = 1) −6.60 −2.58 *** 0.01

Hydro 1.99 2.03 ** 0.04
Biomass −1.99 −1.08 0.30
Biogas 4.03 1.27 0.20
Solar 2.59 0.86 0.39
LFG 5.22 1.14 0.25

WHM 4.13 1.75 * 0.08
Investment Climate 4.08 2.04 ** 0.04

R2 0.17

Note: Among the variables related to renewable energy technology, wind power is set as the reference variable
(WIND = 1). ***, **, * indicate the significance levels at 1%, 5%, and 10% respectively.

Table 11. Result of the hypothesis test for CDM investment cost determinants.

Hypothesis Result

1. CDM investment cost of the project with large emission
reductions is low Accept

2. CDM investment cost of large-scale projects is low Reject
3. CDM investment cost is different according to project
type (Bi/Unilateral) Accept

4. The investment cost of CDM projects linked to the
manufacturing, chemical, and waste sectors is lower than
the energy industry alone

Accept

5. The better the host country’s investment climate, the
higher the CDM investment cost Accept

6. Technology risk affects the cost of investment in the
CDM project Accept

7. The investment cost of the biomass project is low Conditional accept

Overall, Hypotheses 1, 3, 4, 5, and 6 were supported at a statistically valid level.
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4. Discussion

Faced with the historical challenge of carbon neutrality, future companies in all coun-
tries, including developed countries, must determine when to invest in greenhouse gas
reduction by comparing their workplaces’ marginal cost with international emission credit
prices. This study used registration with the UNFCCC from December 2012 to the present
to identify the investment cost of CDM projects of overseas companies currently imple-
menting greenhouse gas projects. After reviewing 1350 CDM project plans (PDDs) in the
energy industry sector, 248 raw data containing financial indicators were converted into
a database for empirical analysis. Based on this, we derive the carbon emission issuance
price. Although studies have conducted price analysis based on the actual market price,
there is no direct estimation of the carbon emission issuance price in the energy industry.
Determinants of the investment cost of CDM projects in the energy industry sector were
analyzed. More specifically, investment entities analyzed how individual factors affect
the investment cost of CDM projects by quantifying various risk factors. This is a critical
requirement to determine the appropriate level of issuance price until decision-makers
receive CER, a project-based emission credit.

First, as a preliminary step in analyzing the determinants of investment costs in
CDM projects, the cluster analysis results that bind them into homogeneous groups by
interrelationship are as follows. The cluster analysis results confirmed that the clusters were
classified based on the technology. Cluster 1 included all wind power projects, and Cluster
3 included all projects using hydropower. CDM projects using waste heat management
technology (WHM), biomass, biogas, solar, and LFG technology were all included in Cluster
2. WHM technology was an important technological factor in the cluster. Cluster 2 also
included projects linked to the energy sector (No. 1) and the manufacturing, chemical,
waste treatment, and handling sectors (No. 1–4, 1–5, and 1–13). It was found that project
method and size were not important attributes in classifying clusters.

Next, the results of analyzing the factors affecting the investment cost of CDM projects
in the energy industry through multiple regression analysis are as follows. First, technology
variables influence the investment cost of CDM projects. Investment costs per unit were
low, in the order of biomass (−1.99), wind power (1.00), hydropower (1.99), solar (2.59),
biogas (4.03), WHM (4.13), and LFG (5.22) technologies. Second, the higher the amount
of emission reduction, the lower the CDM project investment cost; however, since the
investment cost of a large-scale project is higher than that of a small-scale project, it is
difficult to say that the energy industry CDM project suggests economies of scale. Third,
projects that linked the manufacturing, chemical, and waste sectors had lower CDM project
investment costs than projects considering the energy industry alone. This can be seen
as a result of the economic effect of a range of related industries centered on renewable
energy technology. Fourth, compared to the unilateral project, the bilateral project increased
the CDM project’s investment cost. Lastly, the CDM project investment cost is higher as
the investment environment of the host country is good, supporting the hypothesis at a
statistically valid level.

The CDM project is an efficient system that uses market mechanisms to achieve
cost-effective reduction targets. The Paris Agreement has agreed on guidelines for the
international carbon market mechanism in an extensive framework. The international
carbon market is expected to be officially launched after further technical discussions, such
as specific methodologies and supervisory and management systems. In addition, the Paris
Agreement, like the Kyoto system, is expected to be used as a method of inheriting the
CDM to achieve cost-effective reduction goals using market mechanisms [28].

In particular, advanced developing countries, such as China and India, have already
attracted several CDM projects based on sufficient technology and capital. Even if there is
no immediate profit, greenhouse gas reduction projects’ average cost (issuance price) is
falling via long-term investments aiming to reorganize environmental and energy policies,
primarily renewable energy.
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Of course, a region’s special conditions, such as local endowed resources, must be
considered; among the technologies for reducing greenhouse gases in the energy industry
sector, biomass technology can be considered the most useful technology. This study’s
empirical analysis found that biomass technology had the highest investment efficiency. Al-
though statistical significance is not guaranteed, the investment cost of biomass technology
is lower than that of wind and solar power technology, which the Korean government is
investing in actively. If the local by-products and natural resources are recycled or reused
and used as raw materials for biomass, it will be possible to reduce costs and link the path
to rural regeneration. Biomass issuance prices are low because biomass raw materials such
as animal feeds, waste sludge, black liquid, waste paper, food waste, and forest waste
are cheaper than other existing resources [29]. This is detailed in the results of previous
research [30]; according to the use and storage of significant biomass in Japan, 90% of
livestock waste is used as fertilizer, 70% of waste is used as construction materials or
fertilizer, 60% of black waste is used as raw materials, 25% of food waste is used as fertilizer
or feed, and forest waste is the most challenging to use. Meanwhile, between 2008 and
2009, investment costs for Animal Waste Management System projects registered with the
UNFCCC were determined to be between EUR 1.8 and EUR 7.5 per ton, and investment
costs for CDM projects were determined between EUR 11.6 and EUR 19.6 for biogas plant
projects [30]. Considering that emission credit prices were traded between EUR 20 and 30
in the EU–ETS phase 1, economic feasibility is expected to be sufficient given the interna-
tional agency’s prospect that emission credit prices will start at the current price of EUR
40 and rise between EUR 80 and 100 EUR if activated. In addition, the government must
carefully apply various business methods, such as small-scale bundling and program CDM,
to suit local conditions so that local by-products and natural resources can be used as raw
materials.

5. Conclusions

This study aimed to provide business entities that need to reduce greenhouse gases in
the future with market information in making investment decisions in the CDM project.
To this end, after reviewing data from 1350 CDM project plans in the energy industry
registered with UNFCCC, effective samples were extracted and converted into a database
for investment analysis. In addition, the determinants of CDM project investment costs
in the energy industry, which has the highest proportion in the CDM project sector, were
analyzed through cluster and multiple regression analysis. This study provided theoretical
knowledge for CDM project development and suggested implications to mandatory reduc-
tion companies, including companies preparing for the CDM project and policy authorities
implementing the 2030 implementation plan for renewable energy and achieving 2050
carbon neutrality.

This study has an academic contribution in that it analyzed the factors affecting the
investment cost of CDM projects based on the financial indicators of the CDM project
plan in the energy industry sector registered with UNFCCC. The results of the empirical
analysis show that technology variables act as factors affecting investment costs and that
the investment efficiency of biomass technology is the highest empirically. This research
contributes to the literature in several ways. First, the result provides basic data on how
much profitable mandatory reduction companies, business operators, and investors can
make through reduction, and the second emphasized the contribution in terms of recycling
biomass resources in the local community. If the local by-products and natural resources are
recycled or reused and used as raw materials for biomass, it will be possible to reduce costs
and link the path to rural regeneration. Future studies can conduct an in-depth analysis of
the acceptability and economic feasibility of the local community for biomass technology.
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