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Low CO, emitting urban infrastructure projects are expected to play an important
role in mitigating climate change. By enabling projects to sell their CO, emission reductions
on the international carbon market, the Clean Development Mechanism (CDM) turns the
positive environmental benefits of such projects into financial cash flows. However,
investors and lenders to these projects frequently face significant financial risks relating to
the realisation of these cash flows, reducing the attractiveness of such projects for
investors.

This paper both identifies and proposes ways of mitigating project and partnership
risks of CDM projects in the waste sector based on a literature review and several
examples of CDM projects.

The paper concludes that public-private partnerships and the integration of
external financial institutions can be used to mitigate certain exogenous and endogenous
project risks by allocating them to that partner (public project sponsor, private operator or
external investors and lenders) who has private information on these risks or is most
capable of assuming the risks.

However, the relationship structures of the projects will become more complex.
Partnership risks arise, which concern the distribution of carbon revenues between the
partners. These risks differ from one contract type to the other. A concession contract
(which allocates the carbon revenues directly to the contracted private operator) can be
preferred against a management contract (under which the operator is remunerated by a
management fee) as this aligns the incentives between builder and operator of the
infrastructure and mitigates partnership risks. Public and private financial institutions can
assume project risks. Bank debt may be preferred over external equity as it increases the
efforts of the operator in terms of CO, emission reductions.

This report is also published by CDC Climat Research in the Climate Report series

The author is thankful for financial support by ADEME and by CDC Climat.

Christian de Perthuis (Chaire Economie du Climat, University Dauphine), the CDC Climat
Research Team and Axel Michaelowa (University of Zurich) provided valuable comments
on preliminary versions of this paper. The author is solely responsible for any errors or
omissions.

Climate
E conomics
Chair

Paris-Dauphine University
CDC Climat

1. The author is PhD candidate in economics at the Paris-Dauphine University
(under the academic supervision of Jean- Hervé Lorenzi and Christian de
Perthuis) as well as research fellow at CDC Climat Recherche, Paris.
dorothee.teichmann@cdcclimat.com




A D S AT . ..o e e 1

I [ a1 o To [UTod 1] o ISP PP PPPPPPRI 3

2 Clean Development Mechanism: internalisation oflecnate change externalities

under the Creation Of FISKS ............uiiiiiiiceeiiii e 4
2.1 The internalisation of climate change extetmaliinto urban infrastructure projects 4
2.2 The functioning of the Clean Development Megi@n..............cccevvvvvevevivnivinncinennnn. 5
2.3 Project risks associated with the generatioBER...............cccooeeeeiiiiiiiiiiiiiies e 9

3 Management of project risks: additional partnersneeded! ...........ccccoeeveieieiiiiiiiiiininn, 11
3.1 Financial actors involved in the financing r@ditional and CDM infrastructure
010 1= o1 £ OSSR 11
3.2 How to share project risks between the diffepamtners? .........cccoooeevvviiiieeennn, 14..

3.2.1 Sharing of risks associated with the generation of CER within PPP.................. 14
3.2.2 Risk transfer to external financial iNSttULIONS...........cocevieieniinieneee e 18

3.3 Sharing of the carbon revenues between thegrpartners to compensate for
o] o] [T o1 B 4151 PP 20

4 Management of risks associated with the new parémnship structures ............cccc...... 24
4.1 Partnership risks associated with the distigoudf carbon revenues.............cc........ 24
4.2 Dealing with information asymmetries betweenphrtners..........ccccccvvvvieeeeennnnn. 25
4.3 Bundling of infrastructure to minimise parti@psrisks.............ccoveeviiiiiiniinneenennn. 28
4.4 Risks management by contractual arrangemetttisawiernal lenders..................... 32

O] o o3 [1 1] o] o NSO PPPPPPRTPUPPPRN 34

RETEIEINCES ...oiiiiiiiii e e e e e e e e s e e s e bbb bbb e e e 35

F 0] 0[S TP TPPPT 38
Annex 1: Risks associated with mitigation/CDM putj@ project finance................... 38
Annex 2: Risks mitigation measures for mitigatioDM projects.........ccceeevvveeeeeieeennnee. 38
Annex 3: Assumptions of Principal- Agent- MOl ..........uuiiiiiiiiiiiieiiiiieeeieiiiien 39



1 Introduction

According to the World Development Report 2010 bglodevelopment goals are threatened
by climate change, with the heaviest impacts tbdalthe poorest countries. Climate change
mitigation, by developing low Cg£emitting technology, is part of global climate kris
prevention policy. Low-emitting infrastructure désement is one important aspect of this
policy and has been promoted by regulatory instnime

One of them is the UNFCCC'’s Clean Development Meidm (CDM), under which projects
in developing countries that reduce £€missions can monetise those reductions by selling
them on the international carbon market. The CDNk @ price on C@®which in theory
allows investor and lender to integrate the prit€@; into their decision making like any
other commaodity price. However, in practice, reduncte of banks to lend to and of investors
to invest in CDM projects can be observed.

The objectives of this paper are threefold. Thst fis to explain why investors and lenders
often keep away from these projects by means ofetaildd risk analysis. Secondly,
contractual arrangements, under which private sewiling to take on risks, are identified.
Thirdly, it will be analysed whether contractuataargements can enhance the efficiency in
the internalisation of climate change externalities

The paper is structured as follows. In a first stap CDM is described as well as the project
risks it creates. Project risks are defined asetliodependent of the contract itself and related
to the amount of real carbon revenues generate@ s$econd step, it is shown how the
contracting out of parts of the infrastructure s=s to the private sector in from of Public-
Private Partnerships as well as the integratioextérnal financial institutions can help to
diversify and better manage the risks. The carlem is often used to compensate project
partners for risk assumptions.

In the final section an important trade- off isgented. The integration of new partners does,
in fact, create partnership risks that exist duedwotractual structures and the distribution of
carbon revenues between the partners. It is arthlybech contractual arrangements allow to
best mitigate these risks by comparing a manageowentact with a concession contract.

The analysis is based on the incentive and continacty (Laffont & Tirole, 1993) as well as
the theory of financial contracting as applied tilpc- private partnerships (Dewatripont &
Legros, 2005). Examples from urban infrastructumggets in the solid waste and wastewater
sector financed under the CDM are given throughbet article to picture the problems

raised.



2 Clean Development Mechanism: internalisation oflgnate change
externalities under the creation of risks

2.1 The internalisation of climate change externalities into urban
infrastructure projects

In this article a rather large definition of urbafrastructure is used. According to Kessides
(1997, p. i) infrastructure services include “sefater, sanitation, solid waste collection and
disposal, storm drainage, public transport, acceads and footpaths, street lighting, public
telephones, and often other neighbourhood amer{gafe play areas, community facilities),
electricity connection, and social services”. Urli@nastructure is important for the economic
development of a particular urban area as welloasnéet the basic needs of the local
inhabitants (Kessides, 1993) and includes theregoomomic infrastructure (transport, water
distribution etc.) as well as social infrastruct(gelid waste collection and dispogal)

By contributing to greenhouse gas emissions (GH@gstructure use produces a global
externality. According to the IPCC’s"4Assessment Report (2007), urban infrastructures ar
either directly or indirectly (e.g. transport encaged by the construction of roads)
responsible for over 50% of greenhouse gas emssimridwide. Moreover, IPCC (2007)
estimates that 1.6 to 2.5 Gt g@/year (of which 0.15 in developing countries) dan
reduced in the transport sector by using publiogpart and hybrid vehicles. In the waste
sector the reduction potential is estimated to arthoo 0.4 to 1 Gt Ceeg/year (of which
between 0.2 and 0.7 Gt G&j/year) by CH4 capture.

Infrastructure projects are also likely to be amdhg largest victims of the negative
externalities they contribute to. Higher evapomatiates, rising sea levels, floods and
droughts are some of the phenomena that will havenpact on the value of infrastructure
assets. Assets of long-term investors are theredbrgreater risk and the vulnerability of
economies to climate change increéses

Figure 1 illustrates the project externalities tedito climate change.

2 For a more detailed classification of economic sodal infrastructure see for example Holm (2010).

% GHG externalities are usually referred to as “diffuexternalities” as it is impossible or very @iffit to identify the
pollution source or point of receipthat is, the full costs of GHG emissions, in tewhslimate change, are not immediately
and hardly ever directly borne by the emitter,seytface little or no economic incentive to redangssions (Stern, 2007).

* According to the IPCC (2007), developing countxiéls feel most of these negative impacts of climahange,
at least initially. This is partly because climateange augments the frequency and intensity oémdrevents,
which result in increased economic and human losEkeere is statistical evidence that since the 1#80s
damage caused by major weather disasters havagsd€IPCC, 2007): 95% of the people affected liseme
events live in developing countries.
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Figure 1: Infrastructure and climate change externalities
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Source: Based on IPCC Climate Change 2001: Synthesis Report — Summary for Policymakers, modified by the author

The aim of climate change mitigation policy in tkisntext is to make project promoters and
investors sensitive to the climate cost associaiutheir activity. Mitigation policy is based

on the economic theory of internalisation of exaditres and aims at defining regulatory
and/or financial incentives (including Pigouvianoromic instrument3 in order to make

project operators and investors use low-emittirdpielogies. In the Pigouvian model world,
a tax will price the externality by making the pdér pay the difference between the social
and private costs of production. A subsidy will gmmsate the polluter for the additional
costs associated with the abatement of the potiutio both cases, the externality will be

internalised within the theoretical model.

2.2 The functioning of the Clean Development Mechanism

The Clean Development Mechanism is defined in thiet& Protocol that was adopted at the
Conference of the Parties (COP3) to the UniteddvatiFramework Convention on Climate
Change (UNFCCC) held in Kyoto, Japan, in DecemB8i71

® These economic instruments are based on the thédPigou (1932) that proposes to tax agents whoato
adhere to the government’s environmental objediive subsidise the agent that abate environmeotaltion.
Because of the taxation or the subsidy, economientagwill have an incentive to reduce production
externalities. Subsidies to compensate the agemiufibing in place emission reduction measurestaration of
emissions have the same effect according to Pighatry.
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As of March 2010, 2062 projects had been registemeder the CDM. Until 2012 these
projects are expected to reduce 1.8 Million ton€6% equivalents and attract investments of
ca. 18 billion Euros in CDM credftsThe main project types are hydraulic, HFC, wiarhfs,
energy efficiency; BD, with the majority of projects implemented in G&j India, Brazil,
South Korea, and Mexiéo

Urban infrastructure projects, which are those gutg that include a municipal authority
either as project participant or as owner of landnérastructure, make up for 13% of all
CDM projects registered so far. The CDM has begreaally successful in the wastewater

treatment and landfill gas sectors as it is illatgd by the following table.

Table 1: Urban CDM projects initiated by cities orinvolving city
authorities, by sector

Energy % urban
Project Urban HVAC efficiency | . -9°a! ratar | Landfill | infrastructy
and T distribution | water re/all CDM
type transport | . . (buildings, gas J
lighting households) networks |treatment projects
Number of
reg|§tered 2 12 1 2 103 154 13%
projects

Source: CDC Climat Research - based on registamdqgts in the UN CDM Pipelines & project design
documents (PDDs) as of 1/3/2010

The UNFCCC's Clean Development Mechanism (CDM)nseaonomic instrument that can
facilitate the internalisation of C@missions externalities into the project developnzam
financing of major infrastructures in developinguotries. The polluter is compensated for
emission reductions as the environmental value @f €nission reduction within the project
are monetized compared to a baseline (the prdjyatttould have been implemented without
CDM). Additionality is an important criterion in ithcontext. Only emission reductions that
are additional to emission reductions that woubldehaccurred without CDM are eligible. The
emission reductions and the sale of CERs must,ehdreca deciding factor in the decision to
go ahead with the project or not (UNFCCC Marrakachord, 2007).

The CDM puts a price on carbon in developing caastby providing for the possibility to
capture the environmental value of £€émissions through Certified Emission Reductions
(CER) generated, measured in metric tons of cadimxide equivalent, that correspond to the

reduced emissions compared to a baseline scen@inese CER can be sold on the

® An average price per tCo2 eq is assumed to stah@ Buro.
" Source: CDM/JI pipelines UNEP RISO, own calculagio



international carbon markets and can be an additioevenue stream (for example, after
electricity sales) obtained by a CDM project.

Carbon revenues are thus used not to frame neveqgspjbut to finance new technology
options that would not have been used without t@ipion of these additional revenues due
to market barriefsand financial risks (as discussed further down).

The CDM, being a market based regulatory instrurraditws the project partners to generate
a carbon rent if they are able to reduce,€Rissions at lower unit costs than what they earn

for every CER sold on the international carbon retifkee figure 2 below).

Figure 2: The Carbon rent
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For existing CDM projects, the carbon rent can eenined approximately by dividing the
carbon revenues (quantity of CER *price of CER) the additional investment costs
compared to the baselihe

As will be shown in the next section, the CDM doed always allow project partners to
benefit from the carbon rent as expected, but ratomfronts them with financial risks

associated with the generation of carbon credits.

8 See for example World Development Report by therltv8ank (2010) and World Investment Report by
UNCTAD (2010) for an analysis of technological andrket barriers of new climate friendly technology.

° This approach is approximate as it supposes aflatement cost curve, which means that the cé<tO@
emission abatement are the same for every quanit®y02 reduced.



Box 1: The carbon rent of landfill and wastewater pojects

According to UNCTAD (2010) the waste and wastewatector — mainly landfills ang
wastewater treatment — is forecast to account dtatively few emissions in 2030, ar
almost all of these can be reduced at a relatil@ly cost (compared to transport a
buildings). The abatement potential lies to a \large extent in landfill methane recover

Under the CDM the following projects have been fficed.

CDM Opportunities in the Urban Sector- Some examplge

Solid Waste Management Waste Water Treatment

Composting of biodegradable portion of Methane capture and flare in wastewater
municipal solid waste treatment projects

Methane capture for flaring / heat / Sludge treatment

electricity in landfill

Waste to Energy through Energy Production

incineration/RDF

Source: based on http://www.unctad.org/en/docgfit®51al_en.pdf

For flaring and landfill gas projects the basekagenario is a “do nothing” situation, whig
means that the investment costs in the baselineasoeare zero. The overall investme
costs of the projects as provided in the CDM pipelcan hence be interpreted
“additional investment costs” related to the impégration of the new technology. TH
carbon rent can therefore be calculated as theosamvenues over the total investme
Ccosts.

The carbon rents of these projects can be sedrifoliowing table.

Carbon rent of urban CDM projects

Project Average Highest Lowest carbon Number of

type amount of carbon rent | rent projects, for
carbon which data
rent/project available

Landfill gas | 5 Million USD | 12,4 Million | - 2 Million USD | 21

recovery & uSD

utilization

Wastewater | 2.8 Million | 6,6 Million | 0,35 Millions | 19

treatment uUSD usS USD

Source: calculations by author based on IGES dst¢asad CDM pipeline
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2.3 Project risks associated with the generation of CER

The amount of carbon credits generated by the CDdegt is subject to project risks.
Following the approach of De Palma (2009), projesits are here defined as those risks that
are intrinsic to the project. Project risks includemand risk, construction risks, risks of
extreme events etc. CDM specific exogenous risks ratated to uncertain reventfes
associated with CER due to variable prices and tgiem For example, the emissions
baseline may need to be adjusted during the cngdgeriod due to technological changes or
changes in the demand and the activity level. Thegealso uncertainties about costs, such as
transaction costs and project cycle costs and tanges about the renewal of the crediting
period (Janssen, 2000). Trotignon/ Leguet (2008 that the risk of delay of validation,
registration and verification can be significantvesl. Furthermore, there is the risk that all
projects at validation will not be registered, aslvas the risk of under/over performance and

thus variable credit reventfe

19 Another important type of risks is associated vifth transaction costs created by the CDM. Thesks @re
not treated here as only the revenue side is ceresid

' The project risks dealt with in this article anelyothose that are directly associated with theegaiion of
CER. Other more general project risks are wideldisd in the literature (UNEP RISOE, 2005; UNEP and
Partners, 2009, Deodhar, 2003, etc.). Also, theesaay as traditional projects, G@itigation projects in the
CDM face country risks, macroeconomic risks (cuckerisk, risk of economic crises, etc.) and patiticisks
(risk of expropriation, etc.), especially when igmplented in developing countries. However, additiosis can
arise due to the fact that projects are typicathatively small in terms of the market value oflar emissions
abated, and that climate-friendly technologies saglenewables are usually more capital intensiaa fossil
fuel alternatives. Zhang & Maruyama (2001) provadgood overview of the traditional project riskgdahe
new risks of mitigation projects (see annex 1).

9



Box 2: Project risks of landfill projects financedunder the CDM

The following table provides examples for the momsportant risks that solid waste
projects financed under the CDM may face.

Type of risks  [Examples

Technology riskgRisks related to failures and possible underperdoice o
innovative technologies that allow methane captuf
landfills.

Market risks [Risks related to the amount of waste coming in hathg
treated.

Regulatory risks [Uncertainties regarding Poioto CDM; quality/quantit
control on offset credits, volatility of C(price.

Political risks  |Departure of one key participamtectoral cycles of mayor
the municipality and changing priorities as regamdasts
treatment; permit/licence approval.

Operational risk{Timing and the volume of the CER flow from a prdjexg. a
performance riskfgligester will not produce as much methane as ailyin
planned as the waste stream coming into an anaeia®ster
does not have the characteristics required fowidmge to be
digested anaerobically.

Source: based on CD4CDM (2007), Clapp et al. (Z30ft@coming)

In CDM project it can be useful to attract differg@ublic and private partners, such as private
or public project sponsors and private or publitemal financial institutions in order to share
the project risks associated with the amount of @ERerated. The risks can be shared among
the project partners, be transferred to extermanitial institutions or compensated for by the
sharing of the carbon rent. In the following chaptihe different project partners are
presented before discussing risk sharing and ®anaé well as carbon rent sharing

mechanisms.
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3 Management of project risks: additional partnersneeded!

3.1 Financial actors involved in the financing of traditional and CDM
infrastructure projects

In order to manage CDM project risks usually cerfanancial actors are integrated into the
project structure (as presented in figure 3). Thastmimportant of these actors can be
classified under the following categories: equitgyider (public and private project sponsors
and operators), lenders (public and private banksjl or international public funding

institutions (like energy agencies, waste managémgencies, environmental agencies etc.),
CDM investors (carbon credit buyers, such as cafoms etc?). The costumers of the

project (the final beneficiary of the infrastru@lirhave to be mentioned as well as they

provide revenues to the project by paying theirastiructure service bills.

Figure 3: Financial structure of infrastructure pro jects with CDM financing

Equity Project Finance/
investment Loan syndication
\won equity Interest
Public and private Equity pavments Loan Public and private
actors in PPPs financial institutions
CDM project

Carbon Subsidies
rev// \
Service .
cDM Revenues Local public
investment funding

Customer/
Market

/

Source: author

In this section the risk sharing between public pridate equity providers in public- private
partnerships as well as the risk transfer to ealepublic and financial institutions will be

analysed in more detail.

2 carbon credits can, in fact, be acquired by diffiéractors at different stages in the primary ma®ephan &
Alberola (2010) group buyers of carbon credits ba primary market in distinguishing between comeani
engaged in trading schemes for emission allowarnfoesncial investors covering carbon funds, bankd a
financial intermediaries, and finally the professibdevelopers of CDM projects.
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CDM investors, customers and local public fundingtitutions are also important, but are
analysed in less detail here. CDM investors aretimeed here as they may not only buy
carbon credits generated by the project, but alseige additional capital in form of equity or
debt and hence bear project risks as other exteamtal providers do. In fact, the CDM
investor can offer equity investment in the CDM jpob. In return for equity he receives a
share of the CERs generated by the project. Alterely, the investor can be involved as
lender to the underlying project. He then recei@sRs as a part payment of a fixed
proportion of the interest for that loan (UNEP RESQO005).

It is the different capacity and willingness to¢atn risks of the different public and private
partners that make Public- Private Partnerships thedintegration of external financial
institutions worthwhile.

The same way, local or international funding ingiitns may finance a project in partnership
with public banks, which would allow the public kanto bear additional project risks.
Examples are local energy agencies that finance QWbdjects mutually with a local,
regional, national or international developmentkoan

The following table (next page) classifies the eliéint project partners according to their
ownership structure, their financing mandate andrfcial risk/return expectations as this all
has an impact on their capacity and willingnesassume risks. In general, it can be observed
that private investment decisions are primarilydolasn financial cost-benefit analysis, while
public infrastructure investment is often carriedt do achieve the direct and indirect
economic benefits (with the requirement that th@eqmt is financially sound). Private firms
do not usually consider environmental externalitretheir investment decisions, particularly
when the benefits are very long- term (as with atienchange mitigation) and outside the
planning horizons of private investors (Stern, 2007

In the next section, it will be shown how risks@sated with the amount of generated CER
can be partly managed by Public-Private PartnessiRPP) or by integrating external

financial institutions in the project structure.
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Table 3: The different partners in urban infrastructure finance and CDM project finance

=

er

Os\gﬂgtrj:gp I eliAein Criteria of decision making Financing through Example
Project Public Long term Low financial risk/return Taxes, grants State, energy agencies,
Sponsors expectations, hig_h e_xpectations in municipalities, municipal
terms of economic risk/return companies etc.
Private Short term, medium At least market capitalisation Capital marketstigh shares | Commercial firms etc.
& term and long term and bonds
a (depending on
-_g contract)
z Project Public Long term Low financial risk/return Local taxes, central government Municipal firms etc.
<_>3 operators expectations, hlg_h expectations i) grants, in rare cases municipal
£ terms of economic risk/return bonds
Private Short term, medium Financial cost/benefit assessment, Capital markets through shares| Private project operators (suc
term and long term | risk liquidity, exposure to market | and bonds as Véolia, Suez etc.)
(depending on variations
contract)
Project Public Long term Low financial risk/return Equity provided by donor Multilateral, bilateral, national
s expectations, high expectations in countries and leverage of funds| infrastructure banks etc.
o lenders . . 4
c e terms of economic risk/return malnly through bond issuance gn
£ 8 capital markets
% = Private Short and medium | Financial cost/benefit assessment, Capital markets through shares| Commercial banks, bond
% @ term risk liquidity, exposure to market | and bonds; deposits by account buyers
= variations holders (in case of banks)
L Insurers Private Long term Low liquidity risks Insurance miems etc. Insurance companies
on CDM Public Until 2012 Comparison of abatement costs gt Taxes CER buyers: governments ung
é investor home and in developing countries the Kyoto protocol
§ CDM Private Until 2012 Comparison of abatement costs gt Capital markets through shares an@ER buyers: companies engag
1= : home and in developing countries Ponds and in case of banks throughn trading schemes for emission
= investor deposits allowances, carbon funds,
8 financial intermediaries, CDM
projects developers

Source: based on Glachant et al. (2010), CD4CD07T?
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3.2 How to share project risks between the different partners?

By definition, economic efficiency requires thasks be evaluated and shared optimally
between the partners. The risks are assigned toethteal government or municipality, to the
private sector operator, to an outside insureo @t international development bank. The risk
sharing arrangements between the different partr@rsthe private and public sector include
in practice contractual agreements, financial desif the project, and insurance and

guarantees provided both by the private and pdibi@ncial institutions.

3.2.1 Sharing of risks associated with the generat of CER within PPP

Public- private partnerships are contractual stmes that allow risk sharing mechanisms
between public and private equity providers. Dudgh® fact that infrastructure is either a
public good (as it is the case for some socialastfucture, such as waste management or
wastewater treatment) or creates at least signifieaonomic and environmental externalities
as described above, the public sector usually p&aysvotal role in urban infrastructure
financing. Municipalities may design, finance, bluibnd operate the projects through
municipal companies or act only as sponsors anegdet the construction and operation to
the private sector. For the last 20 years theree Hsen significant new developments in
private financing of infrastructure due to the lawkpublic funds and the inefficiencies of
public service provision have given rise to initias to stimulate private parties to invest their
resources in urban infrastructures (Estache, 20®@®jate actors may finance the realization,
maintenance, and operation of public infrastrucgure

The private sector can get involved in urban inftagure projects through the different
contract types presented in table 2 on the next:pggyvice contracts, management contracts,
build-operate- transfer contracts or concessiornraots. The risk assumption by the private
sector in terms of building, operational risks etaties from one contract type to the other.
Depending on the degree of risks assumption in rgéred the private sector, the risk
assumptions in terms of risks associated with theumt of CERs generated will also vary
between the different contract types. A privateasmsionaire will assume more CDM risks
than a private operator that has been delegatedntiieagement of a publicly financed
infrastructure. It can be observed by looking atphoject design documents of CDM projects

financed in the waste sector that the more rigisvate actor takes the more likely he will be

14



responsible for the selling of the CER as stipulaite a separate contract, the emission

reduction purchase agreement (ERPA).

Table 2: Different contract types of PPP in urban vaste and
wastewater projects

0,
Type of contract | Description Contract | Risk sharing ( ;Sgﬁ risk
period _ assumption
Service contract | Contract between a Around 3 | The municipal compary
municipality and a years is paid through cash \_/
municipal company. The flows from the service M
primary responsibility of that it provides, with
the municipal company is the possibility of
to manage existing assets. rewarding the company
The municipal company for good performance.
may be charged with
undertaking substantial
investment.
Management Private company is Around 3 | Public authority retains
contract responsible for the years financial responsibility
management and delivery for the service, thus
of a service. limiting the risk for the
contractor,
remuneration of
contractor in form of a
flat fee.
Build, operate, New facility is built and 20- 30 Income for the
transfer (BOT) operated by a private years contractor derives from
operator. The municipality the revenue stream of
owns the facility and the facility.
leases it to the operator.
Concession Private company is 20-30 Private sector assumeg
responsible for operations years more risks related to
and capital of municipal operating costs and
service provider. Assets revenues as investments
are typically leased from are paid back from
the municipality by the profits. 40%‘
concessionaire.

private risk

Source: based on Kennedy (2002) and OECD (2008) assumption
These contracts do not only deal with the questibhow much risks the different parties
should assume, but they also stipulate the expetrtigon of risks between the public and
private partners.

A rather large economic literature deals with @dlocation measures within PPP. De Palma
et al. (2009) point out that there is no clearrethod for the sharing of risks. However, there
IS a consensus in the literature that most risksbeatransferred to the private sector, whereas
the state should essentially remain in charge ohag@mg acts of nature (e.g. volcanic

eruptions) and fiscal risks.
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Generally in literaturegxogenous andendogenous project risks are distinguished. Exogenous
risks are those that cannot be controlled by ptgadners, whereas endogenous risks can be
controlled by the project partners (OECD, 2008, Beipont & Legros, 2005).

Figure 4: Distinction between project and partneship and endogenous
and exogenous risks as used in this article

1) Project risks Exogenous risks _
(Intrinsic to the project, - cannot be controlled by project
independent of contract structurej/v partner .

-ex.. Post- Kyoto risks

Endogenous risks
- can be controlled by at least one
project partner

- ex.: performance risk of
operation

2) Partnership risks (see chapter 4)
(Intrinsic to the partnership structure)

Source: based on De Palma, et al. (2009), OECD8j200

De Palma et al. (2009) put also forward that theypaho has private information on certain
risk factors should bear the particular risks. Ehae typically risks that were labelled above
as endogenous risks. The approach used by de Ralala(2009) is based on a principal-
agent framework where the public sponsor (the mpality) is the principal that contracts
out infrastructure services to the agent (the peivaperator). This implies a hierarchical
relationship structure between municipality and/gte contractor and help to understand the
risk sharing arrangements between these détors

In case the project is operated by a private opethe risks associated with the operation of
the infrastructure should be borne by the privagerator as he will be in the best position to
manage and mitigate the risks. In fact, projedtsriassociated with business interruption
(other than force majeure), with the quantitiesGER produced, the adjustment of the
baseline scenario and with uncertain abatementrandaction costs should be borne by the
private operator as it can directly influence themational process and the generation of
emission reductions and is hence incentivised tiopa these tasks in the best possible way.
The public sponsor of the project (the principal)expected to bear risks associated with

project specifications, such as the location, #uhmnology etc. Following the approach of de

13 Here only risk sharing arrangements are analyBeel principal- agent concept is also importanttifer
analysis of relationship risks as presented in whrapof this article.
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Palma’s et al. (2009) it is, in fact, useful to oty include cases in the analysis where the
agent (the private contractor) is better informleant the principal (the public sponsor) as is
usually done in standard theory. In fact, there ayrather cases where the principal may
have more information on the technology installed the expected abatement costs than the
agent. He will, hence, bear the risks associatéa thie selection of the type of infrastructure,
the location of infrastructure and the choice ofemnal etc.

Also, the public sector is generally called in @vent of non-insurable acts of nature.

Those risks that sponsor and operator have the &ovmalled symmetric) information about,
such as risks related to the fluctuations of CERepito the continuity of CDM, to delays in
project registration etc., have to be shared betweblic and private sector and no general
rule can be formulated. In case the public sectmschave some political power and is in
close contact with the CDM authorities, it can makase to make the public sector bear the

risks related to the continuity of the CDM etc.
The following table sums up the propositions in kkerature on how to share project risks

between private and public partners and providesrete examples of risks associated with

the provision of CER.
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Table 4. CDM project risk sharing in PPP

Private sector

Public sector Risks associated with CER (PPP operator or Risks associated with CER
generation external generation
insurance)
Project e Methodology development
specification and approval

+ DOE validation
e Links with foreign partner

Concept, e« Contract performance
construction renegotiation risk
Operation, e Crediting risk: quantity
maintenance of issued credits, timing

of credit issuance
e Sales of carbon credits
and carbon price

volatility
“Act of nature” | “Act of nature” that are not yet“Act of nature” * Extension of already
non-insurable covered in insurance contracts insurable existing insurance

contracts (ex.
breakdown of
electricity production of
project)

Regulatory * Post- Kyoto CDM

risks continuation

e Quality/Quantity control orj
offset credits

Political risks e Changes in priorities at the
city or other important
level

e Government budget and
carbon positions
e Departure of one key
participant

Residual risk

Source: based on de Palma et al. (2009), OECD j2@l8pp et al. (2010, forthcoming),
Jansen (2000)

3.2.2 Risk transfer to external financial institutions

External financial institutions are typically intaged into the project structure when a private
or public development banks provide debt or ediimgncing to the project.

The carbon credit buyers can equally act as debtjoity providers to the project.

As a general rule, insurable risks should alwaysréesferred to private insurances. Jansen
(2000) analyses as to which types of risk can lamsterred to the private insurance
companies. In a first step, he checks for insuitgitof risks related to the Kyoto Mechanisms,
which are generally regarded to be the followingterature:

- there is a low possibility of moral hazard
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- losses occur with a high degree of randomness

- the maximum possible loss is very limited

- the average loss amount upon loss occurrence i$ sma

- the average time interval between loss occurrenshort, losses occur frequently
- the insurance premium willing to be paid for the@@ge is high enough

- coverage of the risk is consistent with public ppli

- the law permits the coverage

Janssen (2000) gives the following example to emplawhat case CDM specific risks could
be insured by an extension of already existingrensce contracts. In the case of a breakdown
of the electricity production of a company due toazcident, production will reduce, which
will lead not only to fewer sales, but also to fewenission reductiodd The first kind of loss

is most likely already covered and the risks reldtethe reduced generation of carbon credits

could be included in the insurance.

Multilateral development banks, such as the WoréhlB can act as risk bearer and hence
facilitate the project negotiations between thgqmtopartners of a CDM project.

Traditional risk mitigation instruments, such asagntees to mitigate performance and
repayment risk, linked for instance to currencyteliast- rate or commodity- price risk,
technology risk or non-commercial risk are gerignased and adapted for CDM (Huhtala &
Ambrosi, 2009). The table in annexe 2 summarisessiple risk coverage measures for
mitigation/CDM projects.

For the particular case of risks related to thévdey of CER, the following are examples for
risk mitigation measures that have been used byMbid Bank for CDM projects.

In a first instance, the emission reduction purehagreements (ERPA) can be structured in a
way that the most stable and longest revenue stiegovided for by the project. This is
meant to render the project financially stable atichct private investors (Bishop, 2004). For
example, the carbon delivery and currency risk basn mitigated by the World Bank
Prototype Carbon Fund through offering emissiorucéidn purchase agreements for 10 or
more years, denominated in US$, with the World Basikrustee of the PCF.

Another risk sharing measure is the use of an es@ocount for CER revenues, which
enables the project promoter to borrow againstetiiesenue streams and to use the carbon

revenues to service debt. Moreover, placing theogs@ccount outside the host country

 This is because the quantity of emission crediteegated by the project is usually calculated aslifierence
between the baseline emissions and the actualiemisge multiplied by the actual output of eleits.

19



mitigates currency convertibility and transfer rigRishop, 2004). Furthermore, this can
overcome barriers due to information asymmetridsvéen bank and sponsor as the carbon
revenues are paid directly to the bank. The defaktis, hence, minimised for the borrowing
bank. This method was used for the Brazil Plantajegpt that sold its carbon credits to the
Prototype Carbon Fund and received private finapnédiom Rabobank (Bishop, 2004 and
CD4CDM, 2007).

What has been demonstrated by the World Bank vglglgetting practice for private banks as
well. As Clapp et al. (2010, forthcoming) remine tbrivate sector can also become an early
CER purchaser and thereby provide upfront financmghe project by taking on the risks
related to the generation of carbon credits.

3.3 Sharing of the carbon revenues between the project partners to
compensate for project risks

The carbon rent can compensate project sponsopenator as well as external financial
institutions for the assumption of general projesks and those risks specifically related to
the generation of CER.

Mollen et al. (2005) examine the alternative uséhefcarbon rent by using a case study from
the electricity sector. They show that the carbamt in a CDM project can be used to lower
prices, which makes the local state and the usseflh from lower prices. The alternative is
to recycle the carbon rent as an additional incawery year in order to attain sufficient
remuneration for a classical financial structurbe Thon profit making financing is replaced
by a classical capital contribution by private istggs to be remunerated at an attractive level.
A choice will have to be made between maximising direct carbon income by retaining a
high share of the carbon rent and maximising theaci#y to attract additional foreign

investment by leaving the rent to private projemtelopers.

Figure 5 on shows in a stylised way the most commays of distributing the carbon
revenues between the project partners.

On the supply side, carbon revenues can provideihject sponsor/operator (depending on
which contractual structure is cho$dnwith additional revenues and, hence, decrease his
commercial risks associated with the new technolaggd as well as the operation process.

This is especially important as CDM projects catefaignificant market risks that are due to

15 Under a management contract the risks of the fripartner may be limited, whereas a private dni@sting
in the project will assume higher risks.
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the new technology used. Especially in developimgntries, users tend to be reluctant to pay
for the additional costs of infrastructure servidbat use more expensive low-emitting
technology. The willingness-to-pay for an improveavironment is typically low in these
countries given that economic problems seem massprg in poor countries (WDR, 2010).
It can therefore make sense for the project deeetoand the municipality to share the carbon
revenues with the customers and to decrease tasiffisis decreases the market risks.

If the decision is taken to integrate external g@iév commercial lenders into the project
financing, the carbon rent can be used to incrédasecommercial revenues and hence the
risk-return profile of the project. The followinglile (table 5) presents the increases in
projects’ rates of return as a result of additiomalenues from sales of emission reductions
compared to the baseline scenario. To calculatetimereases in the financial rate of return,
the authors used a price of 4 USD, which is thle-frise price paid by the World Bank for
early CDM project¥.

Table 5: Increase in financial rate of return due o carbon finance (in %

points)
Technology Increase in financial rate of return (IRR)
Hydro, Wind, Geothermal 05-35%
Crop/Forest residues 3-7%
Municipal solid waste 5-60%

Source: CD4CDM (2007)

The reason why the IRR increases significantly ugarbon finance in the case of municipal
waste projects is that waste projects generallyeigea little commercial revenues and the
overall revenues in the baseline scenario arefttreremall compared to the overall revenues
of a project that receives carbon finance. Furtloeeenthese projects reduce the emission of a
gas (methane) that has a high global warming pialef#l in the case of municipal waste,
compared to C02 whose GWP is by convention equa) {(€D4CDM, 2007). Even though a
high global warming potential is not a necessanyda@n for strong increases in IRR, it can
be observed that a high global warming potentiaifiesn correlated with a high increase in
IRR due to carbon finance (CD4CDM, 2007).

16 A risk free price is a price paid in advance. Tiisans that the price is paid at contract conatuaitd before
the CERs are actually generated. The risk freeaateunts currently to 10 USD. It can hence be asdutimat
for more recent projects the increase in the fir@mate of return due to carbon finance is higttem what is
presented here. The CER spot price can vary sigmifiy. In 2009 the price varied from 11 to 22 U@ased on
Kossoy & Ambrosi, 2010, by assuming an exchangesafiEuro=1.4USD).
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Box 3: Rent sharing in the Rio Frio Wastewater Progct- a case study

The Rio Frio wastewater treatment project’'s objectis to reduce greenhouse ¢

as

emissions from the wastewater treatment sectdnanmetropolitan area of Bucaramanga,

Colombia, through its modernization. The projectl vide developed, managed ali
operated by Cooporacion Autonoma Regional para Eem»a de la Meseta
Bucaramanga (CDMB), which is a regional public seentity. This modernization of th
waste water treatment will result in abatementmethane (Ck) and nitrous oxide (pD)

emissions of about 39 kilo tons of carbon dioxideiealents per year (kton G&g/year)
and in an improved effluent quality from the plafhe project costs stand at US$ 1(
million in the first stage of the project, excludithe transaction cost associated with

emission reductions as well as the social progfEme. project will expand its capacity i
2012 implying an additional investment of US$5.3lioni. The carbon revenues represg
roughly 10% of total project costs.

The certified emissions reductions are estimatezhtount to US$ 2.6 million up to 202
and to US$1.6 million up to 2016 by using a carpoice of US$ 4.75 per ton of G&

The sharing of the carbon rent between the spomrsatshe costumers helped to overco
asymmetries related to the low willingness anditgbib pay of the final costumers. |
Colombia where the national income is rather lowm @008 the gross nationg

income/capita stood at 4660 $ according to the Wbevelopment Indicators, 2008) ai

little environmental regulation is in place congegn CO, emissions, there is little

willingness to pay for the low-emission waste waienvices.
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e
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It is shown in the financial analysis that the usbarges that cover investment and

operating costs for the expansion and improvemefnise wastewater treatment plant, §
reduced by 30% thanks to the income offered by CERs
Furthermore, a social (community benefits) progransupported with 15% of the n¢

revenues from carbon emission reductions.

Source: World Bank appraisal report (2005), avéglgublicly on the World Bank project websit
Note that the project has not yet been registeneliéruthe CDM mechanism.
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Figure 5: Sharing of the carbon rent between the different project partners
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4 Management of risks associated with the new parénship structures

4.1 Partnership risks associated with the distribution of carbon revenues

It has been shown in the previous chapter thatitibegration of private operators or
concessionaire and external financial institutiorie the project structure allows transferring
the risks to those partners that are best capdbliealing with the risks and hence reduce
overall project risks for all partners. Howeverywnpartnership risks emerge that have to be
cautiously taken into account in the contract stmes as well. The concept of “partnership”
or “contract” risks presented here is based on Rabhe et al. (2009). These risks arise in
infrastructure projects, where the ownership igethdetween private and public actors and
are associated with the specific PPP contract geraents, in particular with the “vertical”
nature of the partnership between the principahi{ost cases the public sector) and the agent
(in most cases the private company). As far as Qdects are concerned, these risks are
particularly associated with the distribution ofetltarbon revenues between the project
partners and are due to information asymmetriesrdlnoazard) and unaligned incentives
between the partners (other than moral hazard).nifitegrating additional partners, such as
private operators or concessionaires and extemmahdial institutions into a project structure
there is a risk that the incentives created byddmon revenues in terms of €@mission
reductions are diluted.

In this chapter the following partnership risks amalysed.

Table 6: Different types of partnership risk
Risks in PPP |Literature

[Moral hazard on operator's side: poor mitigatiorforLaffont & Tirole (1993)
reduced operation (chapter 4.2)

[Moral hazard on municipality’s sidgaoor building effort
(chapter 4.2)

[Risks due to unaligned incentives between buildmrart (2003), Bennet & Jossa

operator of the infrastructure in terms of £@missiol(2004), Dewatripont & Legros
reductions (chapter 4.3) (2005)

|Risks between PPP and external banks/equity provide |Literature

have to be shared (chapter 4.4) Innes (1990), Dewatripont
Legros (2005)

Risk for the PPP: less incentives to exert effsrrea/enuerensen & Meckling (1976
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4.2 Dealing with information asymmetries between the partners

Partnership risks in CDM projects are due to tistridbution of CER between different project
partners. As is the case for project risks, an ntgmd dimension of these partnership risks has
its roots in the asymmetry of information betweka partners (Palma, de et al., 2009). This
concept is based on the theory of incentives amdtipal- agent (Laffont & Tirole, 1993) that
has already been used to explain the sharing obgambus risks (chapter *3) The
assumptions used for the following analysis asiagdgtom principal- agent theory are listed
in annex 3.

The key assumptions are that the agent pursuesvitanterest and has more information on
the state of nature and its own action (moral kiBztran the principal. For example, the
private contractor of a waste project is the adleat reports to a principal, the municipality.
The private contractor may have private informatonthe operating process and may try to
enlarge his rent by exercising less effort and liwgeoperational costs. The municipality will
not be able to measure the contractor’s effortsthadeal operational costs.

The same can also be true for the principal (Patleat al., 2009). The principal can also use
his private information to increase his rent. Tiekg arise from the attempt of one of the
partners to “exploit” the other one and are caltedral hazard risks. They arise on the

principal’s and on the agent’s side.

Moral hazard risks on the principal’s (municipalitg) side

In a simple case where the operation of the innasire is contracted out to a private
operator and contractual arrangements stipulatettieaoperator is remunerated according to
the CER generated and sold on the internationabcamarkets. There is a moral hazard risks
at the building stage because the municipality mayall a cheaper technology that allows
generating less CER than expected by the operataay to deal with these risks is to share
the CER between municipality and operator, so that municipality does not have any

incentive to deviate.

" The concepts used in chapter 3 and 4 are closkelied. However, the emphasis in this chapteméi®n the
risk allocation but on the question as to whichtraet structures are the most efficient in term€BR
generation.
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Moral hazard risks on the agent’s (operator’s) side

Moral hazard risks also exist on the operator'®sidere a situation is assumed where the
operator is remunerated by fixed service fees bymhnicipality. He has an incentive to exert
less effort as the remuneration is fixed in advaisen if the remuneration of the operator is
indexed on CER actually generated, an operatobeancentivised not to make any effort to
provide the services of the landfill. If no wasteput on the landfill, no methane will be
generated and emissions can be reduced compatieel baseline. A solution would be not to
fix the operator’s income in terms of the CER rawebut also in terms of the operational

revenues.

The table 7 on page 27 juxtaposes project and gratiip risks, which are associated with
information asymmetries between the different pasgn

It sums up the endogenous risks that arise wherparteer has private information on the
risks and can hence control them. Typically, thergte operator has private information
regarding business interruptions and the quantdfeSER produced during operation. The
public sponsor is better informed about the risggted to the selection of the type of
infrastructure financed and the choice of mateet. As developed in chapter 3 of this
article, the endogenous risks should be dealt Wwithexactly that partners that has an
informational advantage. Symmetric risks are whiatcalled “exogenous project risks” in
chapter 3. All partners have the same informatiothem and the risks cannot be controlled
by any of the partners. Examples are risks relaigtie continuity of CDM, the behaviour of
external partners etc. In the column “partnersisgsf’, partnership risks are presented that

arise due to moral hazard risks that have beeractaarsed above in this chapter 4.

In the next section, it will be described how cantual arrangements can align divergent
incentives at the building and operating stagesituation where both the municipality and
the operator of the infrastructure have the bdshiion to reduce C{emission reductions as

far as possible.
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Table 7: Project and partnership risks in CDM projects between private operator and public sponsor

Project risks Risk bearer Partnership risks Risk
bearer
Private information by the | Risks associated with business interruption (othef Private Performance risks related to poor quality|dPrivate
operator thanforce majeure) mitigation efforts
Risks related to the quantities of CER produced | Private Moral hazard risks associated with the tru@rivate
during operation phase value of operating costs fd€O, emission
reduction
Risks associated with unforeseen costs (abatemerRrivate Risks of higher costs due to unaligned | Private
costs, transaction costs) incentives between builder and operator
Symmetric information Risks related to fluctuations of CER price Public & private &
multilateral banks
Risk related to continuity of CDM Public
Risks related to delays etc. Public (regulatory
authorities, if weak
enforcement also
international
organisations)’
Risks associated with renewal of crediting period| ublR & Private
Behaviour of external partners, such as CER buyeRublic and Private
(carbon rent sharing)
Private information by Risks associated with the selection of the type of | Public Risks of poor effort of the municipal Public

public sponsor

infrastructure financed, of the location of
infrastructure

sponsor at the building stage.

Risks associated with the choice of materials and

Public

equipment used during construction and renovati

DN

Source: based on risk typology by de Palma eRabY), applied to CDM projects by author.

18 Here the assumption is made that the governmeam asvestor can partly influence these delaysp@eding up certain administrative procedures.
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4.3 Bundling of infrastructure to minimise partnership risks

What does bundling of infrastructure mean?

Integrating private partners in the project implieat parts of the infrastructure services are
contracted out to private partners. These diffeoemitractual arrangements imply a varying
degree of unbundling of the provision of infrasture services and the way the CERs are
distributed between the project partners. Unbuidliefers to the contracting out of the
design, building, finance, and operation of the jgmb to private firms. The more
responsibility is contracted out the more often phiwate sector is directly responsible for
selling the generated CER, which is contractedsearate document, the emission reduction
purchase agreement (ERPA) (see box 4 on page 28xtomples). The unbundling of the
provision of infrastructure services implies difat degrees of private risk assumption,
whereby the risk assumption by the private sector lte anywhere on a scale between no
private risk assumption (public service provisiolow private risk assumption (complete
unbundling) and full private risk assumption (coetpl bundling). Complete unbundling
usually results in management contracts, whereasllimg implies that the infrastructure

services are contracted out to a private concessenr to a private joint venture.

The literature dealing with risks and benefits tedlato the “bundling and unbundling” of
operation and construction of infrastructure in Ipubprivate partnerships (Hart, 2003,
Bennet & Jossa, 2004) analyses principal- agenictstres of traditional public private
partnerships (i.e. not financed by the CDM)The different authors try to determine the
additional costs and benefits that can arise ify dhke operation of the infrastructure is
delegated to a private operator compared to atsitusvhere the private sector is contracted
to build and operate the infrastructure. The gdrayaclusions by these authors are used to
describe and solve the particular problems arisSmgCDM projects and related to the
distribution of CER between the different partnérise objective is to define the conditions

under which the private sector assumes investnek# as regards the future CER generation.

¥ The authors have developed their models agaimstbétkground of the PPI in the UK that involves the
contracting out of the design, building, financed @peration of the project to a consortium of gté/firms for a
long period of time (usually 25-30 years, Benndb&sa, 2004).
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Box 4: Contract modalities and distribution of CERin landfill gas recovery and flaring
projects

The following table provides examples of differezdntract modalities of landfill gas
recovery and flaring projects financed under theMCDhe private risk assumption in general
and with regards to the generation of CER varigaificantly between the projects. Int
Durban Landfill-gas- to- electricity project no yaie actor is involved. The Djebel Chekir
project is financed by the National Waste Managen#egency that receives the carb
revenues generated by the project. The operatiothisfproject is delegated to a private
operator that is remunerated by the municipalifyne Salta Landfill gas capture project|is
similarly structured, but the private sector asssimere risks by being in charge of buildir
maintenance and operation of the CDM project. Toetracts of the Kunming Dongijao

Baishuitang LFG Treatment and Power Generationetostipulate that the concessionaire
assumes risks as regards the generation of CER &sthe one who will directly receive the
carbon revenues. Similar arrangements were matteeidquascalientes, Mexico, where the
private joint venture receives the carbon reveramd pays a royalty fee from the sale| of
carbon credits to the municipality.

CDM project Contract modalities Private risk

assnmption
Durban Landfill-gas-to- A municipal company is regpongible for management and —
electricity project - Mariannhill | operation of the project. Both the municipal company and | 10096 public risk]
and La Mercy Landfills- South | the municipality decide on the distribution of the carbon assumptio

Africa

revenues as project participants.

Djebel Chekir Landfill Gas
Recovery and Flaring Project —
Tunisia

National Waste Management Agency finances the project;
operation is delegated to a private contractor. The
national agency decides on project distiibution as project
participant.

Salta Landfill Gas Capture
Project- Argentina

Private concessionaire in charge of building, maintenance
and operation; carbon revenues administered by the
municipality.

Kunming Dongjiao Baishuitang
LFG Treatment and Fower
Generation Project - China

Private concessionaire in charge of building, maintenance
and operation; concessionaire recerves directly the carbon
revenues.

]

Aguascalientes — EcoMethane
Landfill Gas to Energy Project-
Mexico

Private joint venture of investors, technology providers,
engineers, and consultants in charge of financing,

100% private risk
assumptio

)

constructing and operating the project; the local authority ig
paid aroyalty fee from the sale of the carbon credits.

T

Source: CDM pipeline, project design documents

To bundle or not to bundle? — CQ emission reduction incentives in management and
concession contracts

In order to analyse from a theoretical point ofws/ithe incentives as regards £€mission
reductions in different contract structures, twireme examples are analysed: a management

and a concession contract.
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In the first case, it is assumed that the desigilding, financing, operation of infrastructure
are bundled and are carried out by a private cemmesire. The ERPA stipulates that the
CER are sold by the concessionaire. The concesmorg hence, remunerated by the
financial return of the project (based on carboreneies and operational revenues).

In the second case, building and operation of ehamet capture system are contracted out
separately. The operation is contracted out undenamagement contract. The ERPA
stipulates that the CER are sold by municipalitgl #rat the operator is remunerated by a fee
that depends on the actual emission reductionseobtoject.

These contractual arrangements are pictured imei§u

Figure 6: Contractual arrangements in concession ahmanagement contracts

Case 1
Case 2

Operation of infrastructure

Joint Venture of investors and Operator Operator

(Agent)

Investor -
(Concession Contract)
(Principal)

_

Delegation of operation

Investrnent in Cperating Investment in
technology CER expenditure technology cER Operating

expenditure

Low- ernitting technology for urban infrastructure Low- emitting technology for urban infrastructure

Source: author

What incentives are created in case of a concessi@md in case of a management
contract?

It is assumed for the case of the management abribrat the operator is remunerated by the
municipality, but the revenues depend on carboremegs to incentivise the operator to
generate CER. The contract with the builder dodsimdude carbon revenues, which can
create risks. In fact, Dewatripont & Legros (20@Bjnt out that the costs and the quality of
the service produced (here the delivery of infredtire services with a weak carbon
footprint) depend on the financing, building ané thperation of the infrastructure used for
delivering the services. According to the authdreré are clear links between financing,
building and operating the infrastructure as buaiddidetermines the quality of the
infrastructure, which- in turn- influences positiver negatively the cost of operating and

maintaining.
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In our particular case, the municipality will comtt with the most cost-efficient builder of a
given technology option in order to pay the lowaste for the same possible g@duction.

To be more precise, the municipality will finandee tleast cost intensive infrastructure for a
given output in emission reductions and does ria tato account the operating costs in its
cost- benefit calculatio$ The operator therefore faces internal contratisrivhen entering
into an operating agreement as he cannot alwayenabsvhether the best possible building
option (from his point of view the one that miniessthe operating costs of g@duction) in
terms of material etc. is chosen by the contradtteidtder. The builder will not take into
account the positive externalities created by tke @duction as he is not remunerated (the
same way the operator is by the carbon revenuelh®rcreation of these externalities.
Dewatripont & Legros (2005) find that if the builde not incentivised to internalise possible
externalities on the operating phase inefficienoes/ arise. The builder has an incentive to
internalise externalities if he also has the rightoperate and maintain infrastructure. The
same is true here for the CER generation angd&hassion reductions.

Consequently, the builder and the operator havélictamg preferences for these investments
and do not chose an overall investment (with therajing costs depending on the technology
chosen) that maximises the efficiency in terms ©f @duction (expressed by the coefficient:
tons of CQreduced/ overall investment costs). There is aafskefficiency and unexpected
costs for the public sponsor and the private operat

In case of the concession contracthe construction and operation of the infrastitectare
bundled and the externalities related to the omeraand the gaining of COemission
reduction credits are internalised. The positivéemalities created during operation are
considered during building stage, which can leatbtzer overall costs. No principal- agent

problem exists.

2 To simplify it is assumed that the more sophiséidaa technology, the lower the operational casti/of
reduced CO2.
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Box 5: The theoretical model by Hart (2003)

Hart (2003) develops an interesting model to shuw phenomenon from a theoretical pgint
of view. His model deals with the choice betweevestment that not only lowers operating
costs but also leads to an increase in the souaglity of the services and another one that
cuts operating costs at the expense of servicatgualsituation where the right to build and
operate the assets is given to one party domiteesa situation where builder and operator
are two separate partners, because the buildebdites incentives to carry out the quality-
improving investment. These results hold only tagdong as private and social interests|are
aligned, which means cost reductions and sociaéfitencan be achieved simultaneously.
This the case for this CDM projects, where the adognefits are internalised by the carbon

revenues.

Another possible solution to align incentives beswe®perator and builder is the rent sharing
or carbon revenue sharing between builder and tpem between municipality (that
delegates the construction to a builder) and operéts far as the rent sharing between the
municipality and the operator is concerned, an ERBAuld be put in place, where both
partners benefit from the fact that the maximunemwission reductions are generated, which
means that both benefit from the carbon rent. &t Wy both partners have an incentive to
do their best in terms of investment and operatogenerate carbon revenues.

However, the situation is not as stable as in a&ession contract as other relationship risks

(moral hazard, hold up) can also arise as sooddii@nal partners are accepted.

In concrete terms to increase environmental efiitye a concession contract (which also
allocates the carbon revenues directly to the eoted private operator) can be preferred
against a management contract as this aligns tieniives between builder and operator of

the infrastructure and, hence, mitigates certarmpaship risks.

4.4 Risks management by contractual arrangements with external
lenders

As it was shown above external financial institnipsuch as banks or insurance companies,
can play an important role in insuring exogenosks; because they can diversify exogenous

project risks over a large portfolio they finance.
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However, there are also risks related to the imtgmn of debt and equity providers in the
contractual arrangements of the project. The imeenstructures may change if external
financiers are included in a project structure.

The general lesson of the corporate finance lieeafnotably Jensen & Meckling, 1976) is
that insisting on external finance (especially exaéequity financing) can undo the desirable
incentive effect that bundling the construction amkration phase (in order to align the
incentives for operator and builder) may achieve.

Dewatripont & Legros (2005) point out that if equis provided by external partners, the
project partners offer these external shareholderenstant share of the operating revenues
(revenues related to the extraction of the conssinvgllingness-to-pay). In the case of non-
revenue generating projects (like some waste pi)jelaeir model can be used after having
simply replaced operating revenues related to thiengness- to- pay by carbon revenues.
The authors show that having to share the returits@fforts to produce services (in our case:
reduce emissions), the project partners have lEsniive to exert effort. This is why the
share of outside shareholders should not be tda Kgwever, it should not be too low either,
because if it is too low, outside shareholders wat find it worthwhile to supply the initial

financing™. Financial contracting has to take into accouist ttade- off.

For external bank debt, the case is slightly deifer Dewatripont & Legros (2005) explain
that the reward for exerting effort is maximisedden debt finance. In case of good
performance the builder, operator of the infradtites receives a relatively high fraction of
the return, whereas in case of equity financingrétarn has to be always shared with the

equity provider.

The positive aspects of including external finargi@ the project is that they may be expert
in the field of CDM projects and can monitor th@jpct sponsor and hence contribute to an
improvement in the emission reduction efforts. Exa bank debt is to be preferred against
bonds in this context. According to the theory adiond (1984) delegating the monitoring
responsibilities to one financial intermediary isna efficient than having every single capital

provider do monitoring.

% This effect is much stronger in the case of exteequity providers. Bank loans with fixed loanagment and
interest rates can be regarded as an effort- makigifinancial mechanism in principal- agent reaship if
agents are risk neutral (Innes, 1990). Howeveis Worth noting that in that case few risks arenieoby the
bank. Still, it can be worthwhile to integrate ex@ banks or equity providers to integrate thentha risk
sharing and maybe use their monitoring capacity.
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There is generally a consensus in the literatusie ttre number of external financiers should
therefore be kept small, with the drawback beirag hroject risk will not be diversified over
a large number of capital providers.

5 Conclusion

It can be concluded that there is a trade- off betwthe necessity to integrate additional
partners (private sponsors and operators and extlenrmders and equity providers) in CDM
projects in the waste sector and the partnershks tihat the integration of these new partners
imply. Risk sharing opportunities implied by Pubicvate-Partnership and by integrating
external lenders and equity providers have to bev@ghed against new moral hazard risks

and unaligned incentives in complex partnershipcsiires.

It has been shown that putting a price on carbahliaking the provision of carbon revenues
to the emissions effectively reduced by the ovepmbhject still do not provide enough
incentives to correctly internalise climate chamgyéernalities for every partner involved in
the project. The integration of external lenderd aquity providers can further dilute the
emission reduction incentives. Contractual arrareggmare, therefore, needed to align the

incentives of the different partners to fully irmalise the externalities.

It can therefore be concluded that from a theamkpoint of view contractual arrangements
matter and can render the €é&mission reduction more efficient compared to tkerall
investment costs and can decrease the risks oCIER generation.

By comparing management contracts with concessatracts in the waste sector, the article
shows that concession contract (which allocatesdnieon revenues directly to the contracted
private operator) can be preferred against a manegecontract (under which the operator is
remunerated by fixed revenues) as this alignsribentives between builder and operator of
the infrastructure and mitigates partnership risks.

Bank debt should be preferred over equity as thagimises the efforts of the operator in
terms of CQ emission reductions.

The policy implications of the ideas developed Imistarticle could be significant. The
presented risk sharing principles are essentiahtterstand how private and public long term
investors can be attracted for CDM or climate cleamigtigation projects in general in the best

social interest.
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Annex

Annex 1: Risks associated with mitigation/CDM project in project finance

Table 4
Risks associated with mitigation/CDM projects in project finance”

Conventional projects Mitigation projects

CDM projects

Increased risks due to
Non-conventional project
Non-conventional technology
Insecurity of energy source

Project performance (completion, operational)
Technology
Sponsor

Management
Force majeure (natural disasters, etc.)

Market (quantity. price)
Country

Regulatory (underdeveloped regulatory
system in assets and finance)

Political (war, nationalisation)

Economic (foreign exchange, currency
transter, local financing. creditworthiness of
local partiner
and clients)

Social and institutional High initial costs

Uncertain (usually fow) rate of return

Small project s

Ratification of the Kvoto Protocol
Rules and desizn of the CDM desisn

Amount of CERs (baseline, leakage. eligibility)

Cost-effectiveness (high transaction cost,
adaptation fee)
Uncertainties associated with the maricet
(price. behaviour)
Delivery of CERs

Tnstitutional arrangement for CDM

Unfavourable regulation on investment
and import of climate friendly technologies
Energy pricing/low conventional energy price

ize and implicit transaction costs

* Sources: adapted from Ohara (1996); APEC (1998): GEF (1996); Mundy (1999); Maruyama (1999).

Source: Zhang & Maruyama (2001)

Annex 2: Risks mitigation measures for mitigation/CDM projects

Table 7
Risk mitigation measures for mitigation/CDM projects

Conventional projects Mitigation projects

CDM projects

Contract
Completion

GEF grant
ODA

Turnkey rump-sum EPC Other bilateral/multilateral programmes

CDM
GEF non-grant financing”
Contingent grants/performance grants

Price
Capacity payment and energy payment
Long-term purchase

Take or pay/take and pay contract
Performance and operational
Warranties, etc.

Contingent or concessional loan
Partial risk or credit guarantees
Reserve fund, etc.

Financial design

Cash flow control, reserve fund. deferred
payment, offshore escrow account. cash
deficiency support. floor price escalation. etc.

Insurance
Property. business Interruption. liability. etc.

Country risk mitigation

Co-financing, guarantees, insurance by export
credit agencies, governmental institutions,
MDBs{e.g.. WB, MIGA, IFC, ADB)

Huost government guarantees

Cost recovery through CER

Reduction of transaction costs through CDM
design

Withholding offsets as buffer and insurance to
address CERs delivery risk

Price hedge (forward sale. portfolio)
Reinforcement of risk coverage measures by
MDBs

Mutual Fund

Reinsurance

Domestic policy and measures to reduce barriers/risks in developing countries

“GEF non-grant financing is a new scheme currently being examined at GEF (EIC, 1999).

Sources: adapted from Ohara (1996); APEC (1998); GEF (1996); Mundy (1999), Maruvama (1999).

Source: Zhang & Maruyama (2001)
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Annex 3: Assumptions of Principal- Agent- Model

The following table provides a summary of the aspet the agency theory as applied to
CDM projects. This is done for the example of a aggment contract that stipulates the

delegation of the operation of the infrastructara fprivate operator.

Dimension

Standard application of Agency Theory
(OwWner- manager)

Low- carbon infrastructure context (case of
management contract)

LInit of analysis

Relationship (and contract) between owner
(principal) and manager (agent)

Relationship betieen the operator (agent) and
the sponsorfinvestor {principal)

Problem Domain

Relationship in which the principal and
agent have different levels of information
and partty differing goals

Relationship in which the principal and agent
have different levels of information and partly
differing goals

iz0al orentation of the actors

Goal conflict between principal and agent.
Owner's goal is to maximize retumns.
Manager's goal may be to limit work levels
required.

Goal conflict: the investor's goal is to minimize
capital costs of low-emitting technology and to
maximize his carbon rent. The operatar's goal
i5 to minirmize the operating costs and to
maximize its operating rent and carbon rent.

Key objective

Frincipal- agent relationships should reflect
efficient organization of information ta
maxitmize economic eficiency.

Principal- agent relationship should maximize
bath economic and environmental efficiency of
the project.

Human assumptions

Self- interest
Bounded rationality
Incividual autonomy

Self- interest
Bounded rationality
Individual autonarmy

Organizational assumptions

Fartial goal conflict

Economic efficiency as the criterion
Inforrmation asymmetry

Agent is delegated tasks by owner
(principal)

Partial goal conflict

Econamic and environmental efficiency as the
criterion

Information asymmetry

Afent is delegated tasks by infrastructure
owner [principal)

Assumption about the source of
froblerm

Contract inadequate

Contract inadequate, goal difference, imperfect
and asymmetric information (about technaology
and operating costs and the efforts to produce
CER).

Implications of inefficient
relationship/ontract

Adverse selection
Woral hazard

Adverse selection
horal hazard

Source: adapted from International Energy Agendd0{2 and applied to low- emitting

infrastructure
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