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Predicting the success of CDM Registration for Hydropower Projects
using Logistic Regression and CART

Park, Jong—Ho',
"Department of Civil Engineering, Seoul National University of Science and Technology
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Abstract : The Clean Development Mechanism (CDM) is the multi—lateral ‘cap and trade” system endorsed by the Kyoto
Protocol, CDM allows developed (Annex I) countries to buy CER credits from New and Renewable (NE) projects of non—
Annex countries, to meet their carbon reduction requirements, This in effect subsidizes and promotes NE projects in
developing countries, ultimately reducing global greenhouse gases (GHG). To be registered as a CDM project, the project
must prove ‘additionality,” which depends on numerous factors including the adopted technology, baseline methodology,
emission reductions, and the project’s internal rate of return. This makes it difficult to determine ex ante a project’s
acceptance as a CDM approved project, and entails sunk costs and even project cancellation to its project stakeholders,
Focusing on hydro power projects and employing UNFCCC public data, this research developed a prediction model
using logistic regression and CART to determine the likelihood of approval as a CDM project, The AUC for the logistic
regression and CART model was 0.7674 and 0.7231 respectively, which proves the model’s prediction accuracy. More
importantly, results indicate that the emission reduction amount, MW per hour, investment/Emission as crucial
variables, whereas the baseline methodology and technology types were insignificant, This demonstrates that at least
for hydro power projects, the specific technology is not as important as the amount of emission reductions and relatively
small scale projects and investment to carbon reduction ratios,
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Fig. 1. Emission Trading
(Ref: Greenhouse Gas Inventory & Research Center of Korea)
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Table 1. Share of CDM Projects

CDM Projects # of projects | percentage | Approved | Approval rate
Wind 2785 25.0% 2403 86.2%
Hydro 2717 24.5% 2037 74.9%
Biomass energy 1333 12.0% 640 48.0%
Methane avoidance 1026 9.2% 634 61.7%
Landfill gas 560 51% 361 64.4%
EE own generation 745 6.7% 310 41.6%
Solar 398 3.6% 367 92.2%
Others 1525 13.7% 794 52.0%
Total 11089 100% 7546 68.0%
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Fig. 2. UNFCCC CDM Regulation Guideline
(Ref. KEMCO 2007)
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Fig. 3. Quantification of the saved emissions
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Table 2. Characteristic of Variables

Variables | Definition
Environmental Additionality
Methodology Using Methodology

Annual Emission Amount of annual Greenhouse gas reductions

Amount of reductions expected to be

E 2012
xpected 201 accumulated by 2012

Amount of reductions expected to be

Expected 2020 accumulated by 2012~2020

Technological Additionality

Small_hydro Using small hydropower or not
Sub_type Types of generation
MWh Power plant capacity

Commercial/Economical Additionality

Investment Investment cost

Investment/Emission Emission per Investment

Investment/Generation Electricity capacity per Investment

Emission/Generation Electricity capacity per Emission

IRR_excl_CER IRR without CER
IRR_incl_CER IRR with CER
Normal variable
Region Location
Sub_region Sub Location
Input variable
Status ‘ Approval or Failure
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Table 3. Types of Methodologies

Methodology | Number | Share | Approval Approval rate
ACM2 1339 49.2% 1055 79%
AM_others 21 0.7% 8 38%
AMS-I.D. 1331 48.3% 959 72%
AMS_others 8 0.2% 6 75%
ACM+AMS 16 0.5% 7 44%
AMS+AMS 2 0.1% 2 100%
Total 27117 100% 2037
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Table 4. Hydro Project's Type

Sub_type Number | Share | Approval |Approval rate
Existing Dam 133 4.8% 91 68%
Higher efficiency hydro power 5 0.2% 1 33%
New dam 645 24% 486 75%
Run of river 1934 1% 1459 75%
Total 2717 | 100% 2037
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Table 5. Regional Hydro Power Application

Region Sub_Region Number Approval |Approval rate
Africa Africa 21 15 71%
East Asia 1716 1332 78%
Asia Southern Asia 273 171 88%
Southeast Asia 285 250 63%
Europe & Europe 10 8 80%
Central Asia| ~ Central Asia 22 7 31%
Central America 71 49 69%
Latin ;
) North America 1hl 6 55%
America
South America 308 185 60%
total 2717 2023 74%
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715 o] ofZelo] S4sstei Folek clee) 4t
= Swets(1988)0] 2Jate] AUC =49 u}e} th2- Table 6
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Table 6. Guideline of AUC

Range Accuracy
AUC=0.5 Non—informative
0.5¢AUCK0.7 Less accurate
0.7<AUCK0.9 Moderately accurate
0.9<AUC1 Highly accurate
AUC=1 Perfect tests
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3 0] B 52 CDM ARl Tet $9lob5g 21
57 4 9 CART £4] 7|41 53] o3 Bee 751
Zolet

2 249 $J8ll Table 76l AAIE BEeE o] Status(5<!
S olg EHLRE skl Y| HeES YR
AMESR.oH, T BeES M9 (categorical) W SRS
(numerical) #=2 723130,

512 52t JH HHZ 2|¢ Imputation

TRE A0 AA| 352 CDM pipeline 9 A<
< ¢lste] AlEE HaA(PDD)EHFE 92 FRESo|t) of
i HlolHe T Am FollA Fetol 7hsskdit, 1evt
IRR incl CER®| 7%~ =214 ko] th= EAsted, o] 7+
R program®| mice package®l %1+ imputation’ HHE
ARgslo] BAL 519t MICE(Multivariate Imputation by
Chained Equations)= 2% dlo]go] tisto] AR BT
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Table 7. Classification of variables

categorical data

variable type
Methodology 6 Methodologies
Small_hydro Yes=1, No=0
input variable Sub_type 4 Sub_types
Region 4 Regions
Sub_region 9 Sub_regions
output variable Approval Approval=1, No=0

numerical data

variable unit
Annual Emission ktCO2e
Expected 2012 ktCO2e
Expected 2020 ktCO2e
MWh MW/h
input variable Investment millionUSD
Investment/Emission kUSD/tCO2e
Investment/Generation USD/kW
Emission/Generation ktCO2e/MWh
IRR_excl_CER %
IRR_incl_CER %

T = W o= A, imputation A| A 082 S-EE= 7]
Ho|thVan Buuren 1999).
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A& X188kl
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5.2.2 Logistic Regression 241 Z 1}
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Table 8. Logistic Regression Analysis

Estimate Std. Error | z value | Pr(>[z])
1.448x10 | 2.155x107" | 6.718 |1.84x107"
-3.651x107°| 4.358x107* | —8.378 |2.00x10°"°

1.172x107 | 1.690x107“ | 6.934 |4.08x107"

Intercept
Expected 2012
Expected 2020

MWh —-1.987x107%| 3.077x107" | —6.459 | 1.05x107*
Investment/Emission | 3.740x107* | 1.790x10™* | 2.089 0.0367
IRR_excl_CER —4.54x107% | 2.285%x107% | —1.987 | 0.0469

5.3 CART &M

5.3.1 CART &AM Hx}

=% Training set@} 271 37404 S84 FUst
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=N HeES oA 7IEo R RSk AL AR
olg7lg] st W AlEstet=t MasS AR, o]
o] o+ 7he] REel -85 w0 A 7k Alsel =k
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34ktCOZe B} 212 AFAE0] 90%2 & 5leS Holal
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Table 9. Classification of Expected 2012

Total 2717 Projects

Over 34 ktCO2 Lower 34 ktCO2

2717 1690 1027
Approval Fail Approval Fail
1114 576 923 104

Approval rate 66% 90%

= A H4== Emission/Generation . 2A] Table 1004]
9} o] 4ktCO2/MWh o)golH 54l o7t w2 A o=
A=t= b

Table 10. Classification of Emission/Generation

E3F ARl Aol W2 (Methodology)o U A
4 E/J(Region, Sub_Region), ®= 2-8715(Sub_type,
Small_hydro)2tt= A7F S 7EHktCO2)2t Hd-8+F
(MWh)o| 5:2lof| t& F-28HA 2F8ah= A& & 4= 9lch

Table 11. Variables of Having Significance of results

Environmental Additionality

Logistic Regression CART
Expected 2012 Expected 2012
Expected 2020

Technological Additionality
MWh MWh

Commercial/Economical Additionality

Investment

Investment/Emission Investment/Emission

IRR_excl_CER

IRR_incl_CER

Total 2717 Projects

Emission/MWh

Over 4 ktCO2/MWh Lower 4 ktCO2/MWh
1690 1518 172
Approval Fail Approval Fail
1054 464 112 60
Approval rate 70% 34%

o] W=9] Zho] 4ktCO2%/MWh Xt} 7] Qs 21
SFEA Y] A} FUTHA B ARdRFo] AW, AR
Aol 22 ARlYrE 5el80] =2 Aoz §i4
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6.2 Accuracy, AUC H|u!

o ndo] AFEE HUSH= Accuracy2l AUCS] A=
Table 1201] g 2]=|o] QIrt,

F B4 W5 Accuracy@t AUCEE| BIS=gH H$fof| &313]
o}, BAA17}0,7¢AUC0.9 Alolof] £A5}7] wjFo] Table
62] 7o) uet F5=2] AlF = (moderately accurate)
E 5T & 4= Qo o w2 ARl 15E sl
M &% e 48 CDM AFY glolE]e] 7} E4x}
‘randomForest®} 22 4152191 H-40] B QT Fl o0& itk

ok

Table 12. Model's Accuracy and AUC

. Logistic Regression CART
CDM Projects =
Predict
False True False True
False 30 174 63 209
Actual

True 27 584 48 767

Accuracy 0.7533 0.7635

AUC 0.7674 0.7231

6305 ™o &#E A HEY

T2 YL CDMOR B82S 9k Al 428 Al%Y]
SUARE dlISshet] S8 5 Jiok vhef elofa] 52l
o] B7I%t Zl o2 whigichd, 11 A0S v 431 Al
ulefgl 4= 9lr}, Z, Table 119] -H-2J3t QRS FollA i
Ato] Bofsle e wefstal o] 7S E3) CDM A
Aoz 55 ES wolet 282 4= YA Hrk



7. 48

= OHOWL CDM o0& E25 2
g nfolyd 7S A8sto] Slof
EAIOH T8 FARIRE Tfetsioint.

S RS 5] Qs 21 3] HEA T CARTR
*}%o}%aﬂi & #ﬂ% Al Het# o g 2hasle] &
a1, 5ol gk AR AARE

<21e] ef ol
W male P&

2 o x
%1' (o mlo
2
m’n
filo
s
o
%
4)4

< op KL -
4
1
>
s
g

AR 5lefl QlofA] 71l

| E4 1 E(Methodology)AF&-0]
£ 7]<(Sub— type Small hydro) Ft} =2 A7 eka
9 ko A} HMWEIE ] A1)
OJ5HA| FEFS vIR= A& YEsiT, ol F
O] - A o & Aqtrl AFgEe] 5ol f-85H
k= A& AR

T R M FEEo ARES Ho) %
8 Ao 555 CDM ARlo] S7H=aL Hloje ] o]
ZAEH Aeh 1 AR ey} SRAkE meltizo| 715t A
© = gicher}

e 4] ‘jb‘%ﬂ Hato] AL Q] 4=0)/do] Wz = 4lA g
YA A2 CDM AR 591 B5te] CERES Uitol 4=
)& A7l Aol Fasitt, E— Aol 5 52
HELS Sl Aol 541 AR5 A3kl 521 7

EE
% % oJES YIS ok B8 4 92 A

=
L
=
e
2 rlo
A

{ch
25
.IZi (i)

i)
=

iy

oy di T

N

405
§

S~
i~
e r

N
°l=0
o

{

WA A foR 4

References

Castro. P., and Michaelowa, A. (2008). “Empirical
analysis of performance of CDM projects: FINAL
REPORT.” Climate Strategies Report,

Chiba, M., and Kwak, S. H. (2006). “The Meaning
of Additionality in CDM Project and the Potential
Impacts of Additionality on the CDM Project”,
Journal of Energy & Climate Change, 1(2), pp. 92—
98,

Han. S., H. (2006). “Application of Approved Baseline
Methodologies for CDM Projects in Korea(Case
Study: Landfill Gas—to—Electricity Projects)”, Korea

27 3724 A CARTE 280 +3A] COM S2I0i% o E =ehof 2+t o

FEnergy Management Corporation,

Jun, C., H. (2012). “Data Mining Techniques.” Seoul,
Korea: Han Na Rae,

KEMCO (2007). “Clean Development Mechanism,” Korea
Energy Management Corporation, KOTRA,

Koo, B. (2013). “Evaluating the Economic Feasibility
of Green Construction Projects using FiT and
CDM Support Mechanisms.,” Korean Journal of
Construction Engineering and Management, KICEM,
14(3), pp. 123-133.

Koo, B., Park, J. H., and Kim, C. W. (2014), “Using the
Binomial Option Pricing Model for Strategic Sales of
CER's to Improve the Economic Feasibility of CDM
projects.” Korean Journal of Construction Engineering
and Management, KICEM, 15(1), pp. 111-121,

Lee, G., B. and Lee, E., W. (2005).
Trend of Small Hydropower Development in Korea,”
Korean Society for Fluid Machinery, pp. 735—741,

Lee. J. H. (2010). “Status and Strategy of CDM
projects.” Journal of the Electrical World, 398, pp.
33-36.

Park, J., H. and Koh, C. (2006) “An Efficient
Data Mining Algorithm based on the Database

“Overview and

Characteristics,” Journal of the Korean Society for
Industrial and Applied Mathematics, 10(1), pp. 107—
119,

Song, J. (2010). ©
development mechanism: lessons from the past.”

The road to the successful clean

Doctoral dissertation, Massachusetts Institute of
Technology.

Swets, J. A., (1988).
diagnostic systems,” Science, 240, pp. 1285—1293,

“Measuring the accuracy of

Van Buuren, S, (1999). “Flexible multivariate imputation
by MICE, TNO Prevention and Health,” report PG/
VGZ/99.054,

Yim, H. S., and Yun, S. J. (2009). “An Evaluation
of Clean Development mechanism(CDM) From a
Perspective of Sustainable Development,” ECO,
13(2), pp. 141-174,

16 M5 20153 38 7D

ol
Hl
]
nx
e
o
el
ot
T
Ho



20 : AR CDM) A4 AP AAAL] BAS Fo AF2U8E /120 P5E BsH= AR 77} 2 71 71 o)
gﬁq Ziecap and wadepAzolck, A il lol o) el ol ke el vaﬁ, <21 59 1101 CDM Ajsio2 el

1S COM 419192 S ol S 714, A8 S ddtoalio) 240k S, S5 A4 7 ol
el 24 ME, S 7k S Al U ol E(RR) 5 el wideol et Asb} tebi)7] ol ApiS o 2 elofst
2 5jofaly|7} ofgich, £ Aol AU AR SR 52 ARJS] CDM 91oli2 o2 5 gl BelS s 2
2 =g shir, 7AH.0% UNFOOCOIA AZsHe 8 AR Blo|elS 2hgfe] 271 3|7154 3 CART H4S 24510 of
28 As}9Lo0] o]2} 3 <1 ol FOlabAl RS DA Bl AAES shefalsict, el 22 317 9 CART
R AUCT} 242 0.1674 2 012912 o J2hgo] vl Sl ek, e ol el SAke A o
o, A SIS 9 WEeligo] seleiio] fole) Mg setsigln, ol vla) 54 Jlgeld 54 uES Ao) 9
S Ao ety %, 54 7148 SEekn SRS £4 il A1 58408 AUshe AU SeAnE 5 Atae
2 s Aashs A%jo] CDM AIS.E 5915 7R5o] Feh A0 2 shscy,

FI1HE : CDM, =AY, dloJg utolyd, 271 3|7|84], CART

76

st=7idEzlsls] =28 Mi163 M2s 20154 3&



