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Section Ⅰ. Adopted Measures

- Application of Real Option Theory to CDM -
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Risks accompanying CDM projects 

→Among the above-mentioned risks, this presentation 
mainly focus risks of 1, 2 and 3.

２．２．If the basic framework of Kyoto Protocol should drastically If the basic framework of Kyoto Protocol should drastically 
change, value of CER might be lost after 2012.  We name change, value of CER might be lost after 2012.  We name 
this risk as this risk as ‘‘PostPost--2012 risk2012 risk’’..

1.  1.  The risk is certainly crucial, whether a project could be The risk is certainly crucial, whether a project could be 
registered as CDM or not. The risk is named as registered as CDM or not. The risk is named as 
‘‘registration riskregistration risk’’..

３．３．We should pay attention also to a risk that the asset value of We should pay attention also to a risk that the asset value of 
CER will change due to fluctuation of CER price in future.  CER will change due to fluctuation of CER price in future.  
We call this We call this ‘‘CER riskCER risk’’..

44．．A CDM project is also accompanied by country risks due to A CDM project is also accompanied by country risks due to 
political or economical instability in host countries.  Here we political or economical instability in host countries.  Here we 
call these risks as call these risks as ‘‘country riskscountry risks’’..
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Institutional risk 1 of CDM
Registration risk

The risk, that a project could not be registered ad CDM
So as to register the project as CDM, applicants need to prove that a project could 
not be executed unless it is registered as CDM.  Namely, they need to prove the 
additionality as CDM.
The following procedures are necessary for the registration.

In the case of methodologies, it takes another two months at least, if it is once 
rejected by the CDM Executive Board.

Making of PDD(with a new methodology)

Submission of PDD to CDM E.B.
Expert Review ＋ Public Comment

Recommendation by Meth. Panel
Screening by CDM E.B.

C：RejectedB:Resubmission to Meth. PanelA:Accepted
Validation by O.E.

Approval by a host country
Application for registration by O.E.

Evaluation by CDM E.B.
Registered as CDM by CDM E.B.

If adopt accepted meth.

143 meth. 
submitted.

35 meth. accepted

47 projects registered
33 projects go on registered

2 projects evaluated

※Dec 13th, 2005
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Institutional risk 2 of CDM
The post-2012 risk

Since nothing is determined on a framework after 2012 (during second 
commitment period), almost no CER after 2012 is presently distributed.
Value of CER after 2012 is not reliable in decision-making for 
investment.

Project period （10 years）

2012

Project will start in 2006

Project will start in 2007

CER, which is valuable at present
The value of CER is not

presently reliable.

More loss of values due to delay of projects
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Application of Real Option theory to CDM1 

２．２．The value of investment opportunity, F(V,t) is assumed to be equThe value of investment opportunity, F(V,t) is assumed to be equivalent to a call ivalent to a call 
option, the right but not the obligation to buy a share of stockoption, the right but not the obligation to buy a share of stock at a preat a pre--specified specified 
price.price.

３．３．DecisionDecision--making processes comprise primarily two steps, registration as Cmaking processes comprise primarily two steps, registration as CDM DM 
and investment in plants.and investment in plants.

1. 1. CER values and other project assets are assumed to follow geometCER values and other project assets are assumed to follow geometric ric 
Brownian motion. Brownian motion. 

44．．So as to estimate the above option values, we adopt numerical caSo as to estimate the above option values, we adopt numerical calculation lculation 
methods utilizing following binomial models.  First we decomposemethods utilizing following binomial models.  First we decompose total period, total period, TT
by by nn to acquire to acquire ΔΔtt, , T/nT/n.. Then we determine a rising rate, Then we determine a rising rate, uu and a falling rate, and a falling rate, 
dd in a period, in a period, ΔΔtt as in the following equations.as in the following equations.

dzdtV
dV σμ +=

( )tu Δ⋅= σexp ( )tud Δ⋅−== σexp1
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Application of Real Option theory to CDM2

66．．Dynamic programming is adopted for estimating the above option vDynamic programming is adopted for estimating the above option values, alues, 
in which optimal decisionin which optimal decision--making processes are clarified by backward making processes are clarified by backward 
propagation using the principle of optimality.propagation using the principle of optimality.

77．．We also estimate project values without flexible decisionWe also estimate project values without flexible decision--making making 
processes.  Here we call this passive present value.processes.  Here we call this passive present value.

5. 5. We determine risk neutral probability, taking account of the We determine risk neutral probability, taking account of the 
convenience yield, convenience yield, δδ as follows.as follows.

8. 8. The option values estimated, F(V,0) will coincide with the passiThe option values estimated, F(V,0) will coincide with the passive present ve present 
value, Vvalue, V--I in points with project assets larger than a certain value, whiI in points with project assets larger than a certain value, which ch 
is called the critical point.is called the critical point.

( ){ }
du

dtrrnp
−

−Δ−
=

δexp
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Procedures of registration and 
investment with flexibility 

 1 Not registered, 

Not invested 

2 Successful register， 

Uninvested 

3 Register failure,  

Uninvested 

4 Registered， 

Wait to invest２ 

5 Registered， 

Invested 

6 Not registered, 

Wait to invest 

7 Register failure again, 

Wait to invest 

Icer (P2) 

Icer （P1）

Ipro 

Ipro  

Icer（P1）

Icer (1-P1) 

0 

 Ipro 

8：Not registered, 

Wait to invest２ 

9 Not registered, 

Invested 

 0  

Icer (1-P1)

 0 

Icer (1-P2)

2’ Successful register， 

Uninvested 

0 
Ipro 

10 Register failure again, 

Uninvested 
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Procedures of registration and 
investment without flexibility 

 1Not registered,Not 
invested 

2 Register success，Not 

invested 

4 Register completed， 

Await for investment 

5 Register completed， 

Investment completed 

Icer （P1）

Ipro  

 0 
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Critical point - threshold value for investment -
If a project asset is larger than the critical point, they generally 

judge to invest in the project immediately.  In this sense, the critical 
point can be a threshold value for investment.  We estimate this
critical point so as to clarify how the uncertainties affect investment 
in CDM.

0.0

0.4

0.8

1.2

1.6

2.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Profit rate（Ｖ／Ｉ）

Critical profit rate
（σ＝０．２）

InvestDelay

（Ｖ－Ｉ）／Ｉ
Option value／Ｉ



11

Section Ⅱ. Computed Results

- Identification of “Window” for CDM -
- Institutions to Manage Risks in CDM -
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The window of projects to be 
invested as CDM
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Relationship between the window 
and the registration risk 
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Relationship between the window 
and the Post-2012 risk
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The option values and intrinsic values 
with and without the registration risk 
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The option values and intrinsic values 
with and without the Post-2012 risk 
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CER procurement by Japanese Government

→What are the effect of the policy to activate 
CDM？

２．２．METI and MOE will procure CER units of 12.2 METI and MOE will procure CER units of 12.2 
billion yen through NEDO.billion yen through NEDO.

３．３．On the above contract, NEDO will partly make On the above contract, NEDO will partly make 
upup--front payment and partly make payment on front payment and partly make payment on 
delivery.delivery.

１．１．METI and MOE will make contracts of 12.2 billion METI and MOE will make contracts of 12.2 billion 
yen in 2006 fiscal year.yen in 2006 fiscal year.
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CER procurement by Japanese Government

Up-front payment
If they adopt up-front payment, the government must pay 
for CER throughout project periods in advance to executing 
CDM.  In order to hedge risk in CER revenue from executer’s 
viewpoint, up-front payment is desirable.  In this paper, we 
assume fixed CER price during CDM period.

Payment on delivery
If they adopt payment on delivery, the government must 
exchange money for receiving CER every year.  If CER price 
is projected to escalate, payment on delivery is preferred to 
obtain higher revenue in future.  In this paper, we assume 
annually changing CER price during CDM period.
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The windows in the two payment 
procedures without the Post-2012 
risk and the registration risk 
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The windows in the two payment 
procedures with the Post-2012 risk
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The windows in the two payment 
procedures with the registration risk 
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Section Ⅲ. Case Studies

- Actual data on CDM included in the Window -
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Titles  o f p ro jec ts N atio n
Direct ironore reduction  o f the S idetoo l steel p lant and  rehab ilitation  in  steel V enezuela
Feasib ility  study  o f in troducing  h igh  perform ance industria l fu rnace Poland
Feasib ility  study  o f in troducing  h igh  perform ance industria l fu rnace Poland
Feasib ility  study  o f in troducing  h igh  perform ance industria l fu rnace Poland
S urv ey  on  m odern ization  o f d istrict heating  sy stem  in  Plague Uzbekistan
E nergy  recov ery  and  u tilization  o f therm al energy  by  pressure d ifference in  natural ga Braz il
R ehabilitation  o f iron  production  in  Helw an  steel p lan t in  E gy pt E gy pt
R ehabilitation  o f iron  production  in  Helw an  steel p lan t in  E gy pt E gy pt
E nergy  sav ing  options by  recov ering  therm al energy  in  low  tem perature in  Asom inath Brasil
E nergy  sav ing  pro ject o f B iench iang  steel p lant Lao
Forced  m ethane extraction  from  organ ic w aste-w ater treatm ent p lants for grid -connec M alay sia
Feasib ility  study  o f b iogas u tilization  from  anaerob ic d igestion  o f sew age sludge in  DaC hina
Feasib ility  study  o f acqu iring  carbon cred its  from  pow er generation  u tiliz ing  landfill gaBraz il
Feasib ility study of suppressing m ethane em issions from landfill s ite by com posting M alay sia
Feasib ility  study  on  ethanol production  from  w asted  sugar, m olasses Ind ia
Feasib ility  study  on  ethano l production  from  w asted  sugar, m olasses and  bagasse Ind ia
Feasib ility  study  on  ethanol and  sugar production  from  sugarcane V ietnam
Feasib ility  study  o f cogeneration  using  bagasses and  rice husc T hailand
Feasib ility  study  o f p roducing  b io -d iesel fuel from  sunflow er as energy  crops T hailand
Pro ject o f energy  conv ersion  from  sugar w aste Braz il
Feasib ility  study  o f suppressing  m ethane em issions and  b iom ass industries using  so l M alay sia
Feasib ility  study  o f acqu iring  carbon cred its  from  b iom ass pow er generation T hailand
Feasib ility  study  o f acqu iring  carbon cred its  from  pow er generation  using  palm  bunch M alay sia
Pro ject o f hy dropow er generation C hile
Pro ject o f pow er generation  u tiliz ing  landfill gas in  Durban S outh  Africa
Pro ject o f p roducing  alternativ e energy  using  baggasses in  sugar factory  in  S m atra is lIndonesia
Pro ject o f constructing  b iod iesel refinery S outh  Africa
Pro ject o f in troducing  natural gas cogeneration  in  T ongkou city C hina
Pro ject o f p roducing  Am m onia sy nthesis gas in  h igh  effic iency C hina
S urv ey  o f energy  conserv ation  for d istrict heating  sy stem  w ith  cogeneration  in  S hang C hina
S urv ey  o f energy  conserv ation  in  G jaraht o il refinery  p lant Ind ia
Pro ject o f estab lish ing  in frastructures for Nunchack industria l park V ietnam
Pro ject o f energy  conserv ation  in  B ialao  factory Lao
E S C O  pro ject fo r com m ercial bu ild ings T hailand
Pro ject o f m odern iz ing  cem ent sector in  the neighbor o f Hanoi V ietnam
Feasib ility  study  on  in troducing  h igh  effic iency  furnaces for process o f ho t ro lling  in  s T hailand
Pro ject o f u tiliz ing  coal m ine m ethane in  S hen jiang  d istrict C h ina
Pro ject o f u tiliz ing  coal m ine m ethane in  B inchao  m ountain C hina
Feasib ility  study  on  prom oting  d istrict heating  sy stem  using  renew able energy C hina
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The window and actual data of projects to 
be invested as CDM
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The windows under the various 
registration risks and actual data 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Vcer/I

V
pr

o
*
/I

Real data

Without Post-2012 risk, without registration risk

Regi. risk 0.1

Regi. risk 0.2

Regi. risk 0.5

Without CER revenue



26

The windows with and without the Post-
2012 risk and actual data
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The windows in the two payment 
procedures and actual data 
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CONCLUSION1

1. Since management of project risks is crucial in CDM, real 
option theory is applied to evaluate CDM projects.  Risks 
in CDM were expressed as compound rainbow options.

２. We dealt with two kinds of risks, registration risk and the 
post-2012 risk, while two kinds of uncertainties, prices of 
CER and of main products, were also included. 

３.  The model of CDM was developed, which are continuous 
procedures from registration to investment, so that we 
could quantitatively compute the option values.

４ . The evaluated results identified the window for CDM, 
condition of profitability, in which investment as CDM are 
feasible.
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５. We quantified how the registration risk and the post-2012 
risk make the window smaller.  As conclusion, registration 
risk could make stronger adverse impact on investment in 
CDM than the post-2012 risk does.

６. We also investigated the effect of CER procurement policies 
by government.  Namely, we compared the two payment 
procedures and quantified how the up-front payment is 
superior to the payment on delivery.

CONCLUSION ２
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