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Foreword

Since the beginning of this year, the Clean Development Mechanism (CDM) of the
Kyoto Protocol (UNFCCC 1997) can be used to support developing countries in
achieving sustainable development and to assist Annex 1 Parties in achieving compli-
ance with their quantified emission limitation and reduction commitments under the
Protocol. However, the Protocol has not yet entered into force, and detailed rules and
guidelines for the CDM are still subject to agreement. Thus many investors, notably in
Germany, hesitate to commit themselves to CDM projects. The aim of the German gov-
ernment is that the Kyoto Protocol enter into force in the year 2002. It is essential that
CDM rules are agreed swiftly, in order that investors cast aside their hesitance and de-
veloping countries profit as soon as possible from CDM projects in their sustainable
development processes. It remains to be seen whether agreement can already be forged
at the upcoming COP 6. At all events, the debate on rules and guidelines is in full
swing.

Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ) GmbH - German Tech-
nical Cooperation - is an active participant in this debate. Since 1993, acting on behalf
of the German Federal Ministry for Economic Cooperation and Development (BMZ),
GTZ has supported developing countries in implementing the UNFCCC. GTZ's inputs
to the debate are a result of the experience gained in the programme on “Measures to
Implement the UNFCCC”, which to date has involved some 25 projects in 20 develop-
ing countries.

The current phase of our climate change programme supports, as a focus, capacity
building on CDM issues in developing countries. Part of this involvement is the elabo-
ration of pre-feasibility studies for possible CDM projects with the intention to assist
our partners in the South in having partly developed projects at hand for potential CDM
investors. Furthermore, the case studies will help to shape rules and guidelines for the
CDM. The study on the wood waste power plant in Zimbabwe has concentrated on the
baseline issue.

The Oeko-Institut conducted this study with great commitment on behalf of GTZ. The
findings of particular in chapter 7 are an innovative step for the methodological ad-
vancement in determining CDM baselines. The case studied, the grid connection of a
renewable energy power plant, has demonstrated with great detail the wide variety of
possible baseline options. The input from an earlier work supported by the GTZ in the
Southern Africa namely the study on “Options for Climate Change under Power Pool-
ing in Southern Africa” made the detailed and realistic assessment of baselines possible.

By presenting this report, we hope to assist the CDM in achieving its ambitious goals.

Holger Liptow January 2000

GTZ, Department 44
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Executive Summary

Within the framework of German technical cooperation for Zimbabwe, GTZ supports
Zimbabwe Power Company, ZPC, a private company and wholly owned subsidiary of
the Zimbabwe Electricity Supply Authority (ZESA). ZPC is developing new power
generation projects in Zimbabwe and identified wood waste power generation plants in
cooperation with the timber industries as options for the development of technically,
economically and environmentally viable power generation.

GTZ contracted Öko-Institut to conduct a study with the following objectives:

• To assess the technical and financial feasibility studies of the project;

• To evaluate whether the project would be eligible as a CDM project;

• To analyse the environmental, social and economic impacts of the project;

• To analyse the baseline of the project, i.e. the situation that would have occurred
without the project;

• To estimate the potential greenhouse gas emissions reductions that could be
achieved by the project;

• To analyse the possible benefits with regard to financing of wood waste power gen-
eration plants that could accrue from CDM.

This report covers the evaluation of the wood waste power generation project as a CDM
project whereas a separate report contains the detailed assessment of the technical and
financial feasibility of the project.

Project description

The project area is located in the Eastern Highland of Zimbabwe. Three companies
(Border Timber, Forestry Commission, Wattle Company) are operating timber planta-
tions and sawmills in this area. The operation of sawmills produce considerable
amounts of wood waste (sawmill dust, wood chips off-cuts and bark). In total, wood
waste residues are estimated to be about 750,000m3 from sawmills annually. At present,
less than 10 % of this waste volume is used to generate heat for the timber-drying kilns
whereas 90 % of the residues are burnt at the sawmills.

The timber companies in cooperation with the Zimbabwe Power Company (ZPC) are
considering the installation of wood waste power cogeneration plants of 3 and 3.5 MWe
at two sawmill sites. The plants would supply steam for the sawmill kilns, power for the
sawmill's own use and would feed surplus power into the national grid. Several direct
benefits at project level would occur:

• The wood waste residues are currently burnt resulting in uncontrolled (and un-
known) emissions. The wood waste power plants contribute to an environmentally
sound disposal of wood waste and create economic benefits from the waste prod-
ucts.

• Reduction of greenhouse gas emissions as renewable energy replaces fossil electric-
ity production.



GTZ: Biomass plants as CDM projects in Zimbabwe Final report

iv

• The project would ensure continuity and stability of power supply to the sawmill
which experience occasional voltage drops connected with damages to motors and
installations.

The study analysed if the wood waste power plant projects would be eligible as CDM
projects and estimated the potential emission reductions that could be achieved by a
3.5 MWe wood waste cogeneration plant. The project assessed the CDM criteria con-
tained in the Kyoto Protocol and in submissions from Parties under the UNFCCC. Rec-
ognising that no final CDM criteria and rules have been developed, the analysis of a
broad set of criteria indicated that the wood waste power plants in Zimbabwe would
comply with the requirements. Detailed analysis is presented in chapter 4 (assistance in
achieving sustainable development), chapter 5 (climate change effectiveness), chapter 6
(environmental additionality), chapter 9 (behavioural additionality) and chapter 10 (fi-
nancial additionality).

Environmental additionality of emission reductions - CDM project baselines

The project activities shall provide reductions in emissions that are additional to any
that would occur in the absence of the certified project activity. For this purpose a base-
line needs to be established representing the situation in the absence of the project ac-
tivity. The emission baseline is the basis for calculating the emission reductions to be
certified.

The emissions of each project and each baseline can be broken down to output or activ-
ity level (e.g. electricity generated) and the emission rate (emissions per output). For
many projects the baseline activity level will be the same as the activity level that is
monitored during the project's lifetime. The baseline output level cannot be higher than
the CDM project output level1. For some cases the baseline activity level may be lower
than the project activity level. This implies that one part of the baseline estimate – the
output level - is always "dynamic"2, i.e. it changes over the lifetime of the project and
cannot be predicted exactly before the project's implementation. This type of operation
uncertainty is a key feature of any investment project and cannot be avoided completely.
The key difference between the project estimate and the baseline estimate is the emis-
sion rate, i.e. the greenhouse gas emissions per output.

Matrix of choices for baseline emission rates

The study aimed to provide a clearly structured approach to describe different possible
ways of baseline setting. For this reason a matrix of choices for baseline emission rates
has been developed providing a structure to analyse the individual decisions that need to
be taken with the establishment of a baseline Figure 1.

                                                
1 It is not realistic to assume that production output would be higher in the absence of the CDM proj-

ect.
2 The term "dynamic" benchmark is used in literature in different meanings, see for example

Michaelowa 1999a.
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The first general choice for baseline estimates – the type of reference case - is whether
the project is compared with the present situation in absence of the project or with a
future  development without the project.

Several methodological approaches can be chosen to describe the situation without the
project. The benchmark approach fixes a standardized emission rate against which
the project is compared. Additionality is assumed to be satisfied as long as the CDM
project shows an emission rate improvement over the benchmark. The choice of the
benchmark approach seems always related a comparison with existing projects as
benchmarks in general are derived from present performances of installations.3 A main
difference of benchmark types is whether they reflect the average situation, such as
state-of-the-art technology or existing legal requirements, or whether they are based on
a better-than-average situation.

Figure 1 Matrix of choices and assumptions for baseline selection

Type of
reference case

Comparison to
existing projects
Comparison to

existing projects

Methodological
approach

Benchmark
approach

Benchmark
approach

Marginal plant/
installation

Marginal plant/
installation

Single reference
project/ plant/
 installation

Single reference
project/ plant/
 installation

Portfolio of
projects/ plants/

 installations
with comparable

key  system
 parameters

Portfolio of
projects/ plants/

 installations
with comparable

key system
 parameters

Sample population

Average, e.g.
•state-of-the art technology

•legal requirements

Average, e.g.
•state-of-the art technology

•legal requirements

Benchmark types

Project
specific
scenario/

simulation

Project
specific
scenario/

simulation

Level of  aggregation

Plant/ process
specific

(measurements)

Plant/ process
specific

(measurements)

country-specific
(average over all

installations
in a country)

country-specific
(average over all

installations
in a country)

Region-specificRegion-specific

Global
(derived

from data
of all countries)

Global
(derived

from data
of all countries)

Geographic region
(e.g. continents or
within countries)

Geographic region
(e.g. continents or
within countries)

Regional
economic

organizations
within Annex I

 e.g. OECD

Regional
economic

organizations
within Annex I

 e.g. OECD

Economic regions /
regional economic

organizations
within Non-Annex I

Economic regions /
regional economic

organizations
within Non-Annex I

Sector-specificSector-specific

Better-than-average, e.g.
•best available technology
•best recent performance

Better-than-average, e.g.
•best available technology
•best recent performance

Extrapolation
of  EF trend

Extrapolation
of  ER trend

Analysis of
development

plans

Analysis of
development

plans

Survey/
opinion poll
of key actors

Survey/
opinion poll
of key actors

Scenario techniques

Projection
 models

Projection
 models

Expert
judgement

Expert
judgement

Comparison to
likely  future
developments

Comparison to
likely  future
developments

ÖÖko-Institut

The project could also be compared with a marginal plant or marginal installation. In
this approach, the project's output replaces the output of the marginal plant/ installation.

                                                
3 Approaches in literature differ with regard to this assumption. Michaelowa (1999) or Lazarus et al.

(1999) describe that benchmarks are either derived from historical trends or forecasts. The broader
use of the term benchmark for comparative values derived from existing installations or historic
trends and also for projected data does not take into account that the underlying methods to derive
the benchmark differ considerably between these approaches.
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The marginal approach can be developed for the present situation as well as for the fu-
ture.4 The key characteristic is that an individual marginal plant is chosen for compari-
son with the project. There are different possibilities to select the marginal plant, a
common method is that the least-cost alternative to the project's installation is chosen.

A third possibility would be to construct a scenario that reflects the future development
of emission rates. For this purpose a wide variety of scenario techniques could be ap-
plied to gather the basic data for the scenario, such as expert judgement (e.g. experts
from the host government), a survey or opinion poll with key actors (a more transparent
form of expert judgement) or development plans could be analysed. Extrapolation of the
historical trend or projection models – the most sophisticated methodology - could also
deliver the scenario data.

Another key choice is related to the sample population, that is used as basis of the
baseline emission rate, i.e. if the CDM project is compared with a single reference in-
stallation or with the average of a portfolio of projects or installations with comparable
system parameters.

Level of aggregation

In all cases where the baseline emission rate is derived from a portfolio of projects or
installations (benchmarks and scenarios) project developer have to choose the level of
aggregation that is appropriate for the baseline emission rate. The level of aggregation
could cover a sector, a region within a country, a country, a region encompassing sev-
eral countries, or all countries.Selection of baselines for wood waste power plants in
Zimbabwe

For the baseline of the wood waste power plant it is necessary to calculate a baseline
emission rate that reflects the emissions from electricity generation in the absence of the
project. In total, seven different baselines have been constructed to demonstrate a
range of possibilities of choice (see section 6.2).

                                                
4 Unfortunately no common definition of marginal exists and this term is applied in many different

ways, e.g. sometimes as synonym for additional.
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Figure 2 Options for baseline emission rates for electricity generation in Zim-
babwe
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The decision matrix from Figure 1 was used for the description of each baseline to ex-
plain the choices of the specific approach. Figure 2 summarizes the results of the differ-
ent options for baseline emission rates.

The comparison shows that for the wood waste power plant in Zimbabwe, the OECD
average fuel mix and the EU average fuel mix are the lowest baseline emission rates of
all different approaches. For Zimbabwe it would not be favourable to choose these
benchmarks compared to national or Southern African regional benchmarks. However,
for Non-Annex I countries with a high share of renewable energy in the fuel mix (espe-
cially hydro) the OECD average would be more favourable than the country-specific
benchmark. If the choice of the level of aggregation is left to the Parties participating in
the CDM, they will opt for the most favourable benchmark, in some cases using the
OECD average in other cases a national average. This will result in rather arbitrary cal-
culations of the baseline emission rate. If policy makers do not take decisions with re-
gard to the level of aggregation for benchmarks, they will opt for the principle "pick the
most favourable emission rate you can find trying all possible aggregations". The level
of aggregation of benchmarks should be related to the level at which direct effects
of the CDM project occur. Otherwise it also seems doubtful that the benchmark is
consistent with Article 12.5 (e.g. the OECD benchmark).

For the wood waste plants, the highest emission reductions would result from the ap-
proach using the marginal present plant as reference case. If the Parties are allowed to
choose between the marginal plant approach and a country-specific benchmark or a sce-
nario approach projecting the future fuel mix, they will always opt for the marginal ap-
proach if fossil technology with high emission rates would qualify as marginal. For
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project validators and certifiers the marginal approach will be difficult to verify as
the choice will be based mainly on expert judgement and cost data. Both types of info r-
mation are difficult to assess with regard to their reliability.

The BAU scenario (Baseline D) is probably one of the approaches most consistent
with the terms of the Kyoto Protocol as it represents the development of the sector
without the project and takes into account future changes. Additionality in the future
is likely to be guaranteed as well as at present. Even if the assumptions used for the
BAU scenario approach involve uncertainties, the overall uncertainty of the baseline
estimate is considerably lower than in the baselines that no account of future develop-
ments whatsoever. The approach is less transparent and less simple than previous ones.

The comparison shows that a ranking of different approaches is difficult as the base-
line approaches are based on different rationales. For example, the marginal plant
approach and the BAU scenario approach are different concepts of addressing the situa-
tion without the project. In theory, both concepts represent valid ways of assess-
ment.

A high degree of consistency with the terms of the Protocol would imply prefer-
ences to the use of baselines approaches that take into account future developments.
The other possibility would be to use a fixed emission rate based on present data as a
benchmark over a certain period of time and to update this benchmark regularly. This
would be even more precise than the BAU scenario but would increase uncertainties for
the project developers. This shows that the ranking of baseline approaches is closely
connected to the general decision on the revision and updating of baseline emission
rates during the project's lifetime.

Electricity imports

Currently about 45 % of Zimbabwe's electricity requirements are supplied by electricity
imports from South Africa and Mozambique. It is not clear how the situation of elec-
tricity imports should be dealt with in baseline calculations. In the view of the CDM
host country, it might be interesting to only account for the domestic emissions. The
omissions of imports would result in "leakage" from energy projects. This problem of
electricity imports is relevant in (electrically) integrated regions. Accounting for, or not
accounting for imports could considerably change the emission rates estimated in a
business-as-usual scenario. The inclusion of imports in scenario approaches would be
difficult and expensive as scenarios would have to extend over several countries.

Life-cycle emissions

The EM model5 used for the calculations in this report is able to perform calculations

                                                
5 The EM “Environmental Manual for Power Development” is both a database for information on
environmental and cost aspects of energy and transport technologies, and an analysis tool to compare
these aspects in scenarios. The EM database is especially compiled for technologies in Developing Coun-
tries, and a couple of country databases is available. The EM analyzes and compares airborne and green-
house gas emissions, solid wastes, and land use, as well as internal and external costs associated with the
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with and without life-cycle emissions, for example the model can estimate upstream
fuel-cycle emissions. Both types of calculations have been performed for five baselines.
For the wood waste power plant example, the inclusion of life-cycle emissions would
add about 4-5 % to the baseline emission rate. The issue of accounting for upstream
emissions could occur in many project types, for instance in fuel switching projects
where coal may be connected to lower upstream emissions compared to gas or in bio-
mass projects where considerably energy input may be used for fertilization and trans-
port of fuel. Upstream emission of CDM projects only then become relevant if they oc-
cur in Non-Annex I Parties. If life-cycle emissions would be taken into account in the
CDM baselines, they would need to be tracked to the country of origin and project de-
velopers would need to check if this country belonged to Annex I or Non-Annex I. It is
recommended that project developers should check the project with regard to effects
on upstream emissions  and report possible effects and changes in a qualitative way.
But it seems preferable that life-cycle emission should not be included in the baseline
estimate.

Economic value of emission reductions

The economic value of the certified emissions reductions from the CDM project will
depend on the price the investor can achieve on the market for greenhouse gas emission
reductions. The markets for GHG offsets are just emerging, and no experience exist
with CER trading. For this study several price scenarios have been calculated with
prices for ranging from 1 US$/t CO2, 10 US$/t CO2 and 20 US$/ t CO2, taking the BP
Amocos internal offset price as an upper price limit. The price level of 1 US$/ t/CO2

reflects the estimates in the lowest range.

A low value of CERs would result in an annual benefit from CERs of US$ 7,000 to
US$ 24,000 accumulating to US$ 92,000 to US$ 306,000 during the first commitment
period. The BP Amoco's offset price of 20 US$/t CO2-equiv. would lead to a benefit
ranging from US$ 141,000 per year (US$ 1.8 million for 2000-2012) to US$ 471,000
(US$ 6.1 million for 2000-2012). This calculation clearly indicates the enormous
pressure from investors and host countries in the direction of high baseline emis-
sion rates. For the high CER price (= BP Amocos internal offset price), a maximum
difference in economic benefit of US$ 4.4 million occurs during the first commit-
ment period between the lowest baseline and the highest one . And this report analy-
ses a rather small project.

Crediting time

The total amount of emission credits for the projects will depend mainly on the time
during which credits are allowed to accrue. Thus, to maximise emission credits it would
be the best to choose the longest lifetime possible. Technical lifetime of the project was
                                                                                                                                              

investment and operation of all kinds of energy and transport technologies, including their life-cycles. EM
can be downloaded at www.oeko.de/service/em/index.htm.
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estimated to be 15 years based on technical lifetime provided in technical literature.

Financial benefit from Certified Emission Reductions

At present, investors for the wood waste power plant project are lacking. CERs will be
generated during the whole crediting period agreed for the project. To asses the present
value of the CERs that will be generated in the future, the value has to be discounted.6

For the project in Zimbabwe a static discount rate of 12.5 % was assumed. Taking into
account the discount rate, a crediting time of 15 years and CER values of 1, 10 and
20 US$/t CO2 the Net Present Value (NPV) of the different baseline options were cal-
culated (see chapter 8.2). For the wood waste power plant the NPV varies from
US$ 45,000 to US$ 3.1 million depending on the baseline approach and the offset price.
The contribution of CERs to financing of the investment would be lower than 1 % if
CER price is low and baseline C2 (EU benchmark) is applied.With CER prices of
US$ 20 per ton of CO2 and baseline E (present marginal plant), the benefit from CERs
would amount to 58 % to the financing of the overall investment of the project (see sec-
tion 8.2).

                                                
6 Payments in the future do have a lower value at present. To make future payments comparable to

present values methods the concept of Net Present Value (NPV) has been applied. According to this
concept all future payments are discounted by a discount rate to make the various options compara-
ble to each other.
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1 Introduction

Within the framework of German technical cooperation for Zimbabwe, GTZ supports
Zimbabwe Power Company, ZPC, a private company and wholly owned subsidiary of
the Zimbabwe Electricity Supply Authority, ZESA. ZPC is developing new power gen-
eration projects in Zimbabwe and identified wood waste power generation plants in co-
operation with the timber industries as options for the development of technically, eco-
nomically and environmentally viable power generation.

GTZ contracted Öko-Institut to conduct a study with the following objectives:

• To assess the technical and financial feasibility studies of the project;

• To evaluate whether the project would be eligible as a CDM project;

• To analyse the environmental, social and economic impacts of the project;

• To analyse the baseline of the project, i.e. the situation that would have occurred
without the project;

• To estimate the potential greenhouse gas emissions reductions that could be
achieved by the project;

• To analyse the possible benefits with regard to financing of wood waste power gen-
eration plants that could accrue from CDM.

This report covers the evaluation of the wood waste power generation project as a CDM
project whereas a separate report contains the detailed assessment of the technical and
financial feasibility of the project.

1.1 Project description

The project area is located in the Eastern Highlands of Zimbabwe. Three companies
(Border Timber, Forestry Commission, Wattle Company) are operating timber planta-
tions and sawmills in this area. In total, these companies produce about 87 % of Zim-
babwe's output of sawn timber. The operation of sawmills produces considerable
amounts of wood waste (sawmill dust, wood chips, off-cuts and bark). Sawmills pro-
duce about 750,000m3 wood waste residues sawmills annually. At present, less than
10 % of this waste volume is used to generate heat for the timber-drying kilns whereas
90 % of the residues are burnt at the sawmills.

The timber companies, in cooperation with the Zimbabwe Power Company (ZPC), are
considering the installation of wood waste power cogeneration plants. The plants fuelled
with wood waste residues would supply steam for the sawmill kilns, power for the
sawmill's own use and would feed surplus power into the national grid. Several direct
benefits at project level would occur:

• The wood waste residues are currently burnt, resulting in uncontrolled (and
unknown) emissions. The wood waste power plants contribute to an
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environmentally sound disposal of wood waste and create economic benefits from
the waste products.

• Reduction of greenhouse gas emissions as renewable energy is used for electricity
production.

• Electricity generation for sale to ZESA for the grid and as a contribution to the re-
duction of the domestic power deficit in Zimbabwe.

• Improvement of the power supply of the sawmills which experience occasional
voltage drops connected with damages to motors and installations at the sawmills.
The project would ensure continuity and stability of power supply to the sawmills.

• Provision of steam for sawmill operations.

Two locations next to operating sawmills - Nyanga and Chimanimani - have been con-
sidered for the installation of cogeneration plants with capacities of about 3 to 3.5 MWe
based on fuel availability.

The Nyanga plant will use wood residues from Nyanga Sawmill owned by the Wattle
Company, one of the largest sawmills in Zimbabwe. The wood waste residues will fuel
a power generation plant with a capacity of 3.5 MWe. At the same time the co-
generation plant will supply the sawmill with steam needed in the kilns to dry the rough
sawn timber. A similar plant, Chimanimani Plant, is planned in the South Eastern
Highlands of Zimbabwe, which will use wood residues from a sawmill owned by the
Forestry Commission (FC).

The Nyanga Wood Waste Power Plant will be owned and developed by a company that
is planned to be formed by the Wattle Company, Zimbabwe Power Company (ZPC) and
a third investor. ZPC is a private company that has been set up by the national utility,
Zimbabwe Electricity Supply Authority (ZESA), to develop and invest in commercially
viable power generation projects and began operations in 1999.

The Chimanimani Wood Waste Power Plant will be owned and developed by the For-
estry Commission, ZPC and a third investor. FC is a parastatal under the MET that is
active in commercial forestry, timber processing and manufacture of timber products.

The wood processed in the sawmills originates from plantations surrounding the saw-
mills. Planted species are various pine species (Pinus patula, Pinus elliotti, Pinus
taeda), gum and other hardwood. The certification process of sustainable management
of plantations by Forest Stewardship Council (FSC) has almost been completed.
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2 Project background

2.1 Zimbabwe's Energy sector

The Zimbabwean energy mix is dominated by fossil fuels. Zimbabwe produces about
six million tonnes of coal per year, more than half of which goes into the electricity
sector. The only major non-fossil energy source is hydro-electricity. In 1995 coal power
plants generated 68 % of electricity, whereas hydro power was responsible for 32% (DG
for Energy 1998). Energy imports currently account for about 45 % of Zimbabwe's
power requirements (ZPC and FC 1999). Zimbabwe currently has a domestic power
generation deficit, and industries face damaging short-falls in power.

Power generation produces more than 48 % of Zimbabwe's greenhouse gas emissions,
the second largest contributor is industry with 15 %, followed by agriculture (11 %) and
transport (13 %) (MET 1998). Total greenhouse gas emissions from fuel combustion in
1994 have been estimated at 19,700 Gg CO2-equivalents.

Official projections show that energy use will double by the year 2010 and will increase
by factors of 3 and 4 by 2030 and 2050 respectively (MET 1998). Between 2030 and
2050 a decrease in per capita energy consumption is expected, due to energy efficiency
improvements. CO2 emissions are expected to increase by 150 % by the year 2010 and
by 250% and 300% by the year 2030 and 2050 respectively (MET 1998).

2.2 Zimbabwe's Forestry sector

Of Zimbabwe's total land area of 39 million hectares, 20.5 million hectares are indige-
nous forest while 140,000 hectares are commercial forest plantations (MET 1998) with
an increase of 1 % annually (MET 1997). Annual timber intake by sawmills is around
900,000 m3. The plantation base comprises softwoods (pines) and hardwoods (mainly
eucalyptus). Zimbabwe's forest resources account for about 3 % of the Gross Domestic
Product (GDP) (Government of Zimbabwe, 1997). Forest industries employ about
16,000 people, and the gross value of processed forest industrial products exceeds US
$40 million a year. The contribution of plantations to wood production in Zimbabwe is
around 50 % (Kanowski 1997).

Deforestation is one of the major environmental problems facing Zimbabwe. About
70,000 to 100,000 ha of forest is cleared every year according to UNDP (1997). This
source reports that forest cover is declining at a rate of 1.5 % per year (UNDP 1997).
However, Zimbabwe's initial national communication under the UNFCCC concludes
that, in total, forest regeneration rates exceed depletion rates (MET 1998). The main
causes of deforestation include increasing demand for land for agricultural development
and dependence on wood as fuel in the rural areas. Timber on private land and in com-
mercial forests is usually not available for energy supply to households. The non-private
forest area has much lower forest regeneration rates with only 0.94 tonnes/ha/year mean
annual increase as opposed to 4.1 tonnes/ha/year estimated for forests belonging to pri-
vate commercial farms (MET 1998).
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3 The Clean Development Mechanism (CDM)

Article 12 of the Kyoto Protocol (UNFCCC 1997) establishes the Clean Development
Mechanism (CDM) which allows transfers of certified emission reductions (CERs) ac-
cruing from project activities in Non-Annex I Parties (= developing countries) to Annex
I Parties. Annex I Parties can use the CERs for compliance with their quantified emis-
sion limitation and reduction commitments under Article 3 of the Protocol. Certified
emission reductions can be created beginning in 2000 and can be used for compliance
with the limitation and reduction commitments in the commitment period from 2008 to
2012.

The most important criteria for project activities under the Clean Development Mecha-
nism (CDM) are those that can directly be derived from Article 12 of the Kyoto Proto-
col. Article 12 provides the following criteria, that are relevant for the first steps of
project planning7. Each project activity should:

• assist Non-Annex I Parties in achieving sustainable development;

• provide real, measurable and long-term benefits related to the mitigation of climate
change; and

• provide reductions in emissions that are additional to any that would occur in the
absence of the certified project activity.

At present no further agreed operationalization of Article 12 criteria are available. Ne-
gotiations with regard to Article 12 continue, and decisions are planned to be taken at
COP-6 in November 2000. The latest document with views from Parties on the criteria
and modalities of the Kyoto Mechanisms is the note of the chairman of the Contact
Group on Mechanisms from 5 November 19998.

In the following sections the operationalization of the Protocol criteria is developed with
regard to the project in Zimbabwe. Special attention is paid to the criteria and project
requirements included in the submission of the European Union and in the submission
of G779, as these Parties would be the participants in the analysed project. It can be as-
sumed that the Parties would like to comply with the criteria they have established in
their proposals in international negotiations. At the same time proposals from other Par-
ties will also be discussed in order to check the project against the broadest set of crite-
ria currently available, to ensure that all possible future aspects will be assessed.

                                                
7 Article 12 provides additional criteria, e.g. voluntary participation approved by each Party involved.

It is assumed that approval can be achieved if analysis demonstrates project benefits for the project
partners involved. No further assessment of this criterion can be undertaken at this early stage.

8 Informal paper, no official status as FCCC document. The note summarizes submissions from Par-
ties (FCCC/SB/1999/MISC.10, Add.2 and Add.3 and the synthesis of proposals in document
FCCC/SB/1999/8 and Add.1) (UNFCCC 1999 a-e)

9 G77 includes developing country Parties as well as OPEC countries.
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4 Assistance in achieving sustainable development

G77 and China propose that sustainable development priorities must be set by national
authorities and that the developing country Party where the CDM project activity is
proposed to be set up shall be the sole judge for deciding whether that project activity
meets its national sustainable development objectives and priorities.

According to the proposal of G77 and China, eligible project activities, apart from
meeting sustainable development priorities, must ensure access to the environmentally-
sound technology needed by the developing country Party participating in the CDM
project activity. G77 and China, AOSIS and India proposed in addition that project ac-
tivities should lead to the "transfer of state-of-the-art, environmentally sound techno l-
ogy".

In the view of the EU the Non-Annex I Parties confirm the contribution to sustainable
development by showing that project activities

• are consistent with all relevant international agreements relating to sustainable de-
velopment to which the Parties involved are signatories;

• assist in achieving sustainable development, taking into account its economic, envi-
ronmental and social conditions according to its own priorities and needs and the
need to minimize adverse environmental, social and economic effects, taking ac-
count of existing guidance for sustainable development and;

• contribute to the ultimate objective of the Convention.

A regional African workshop on CDM requested that in Africa more attention should be
paid to the avoidance of future emissions than to the mitigation of present emissions
(IEA/UNEP 1998). The same workshop discussed indicators and proposed the UNDP
Human Development Index to measure the benefits of a given project in terms of its
impact on emissions and its additionality.

In the study the following criteria will be assessed with regard to the contribution to
sustainable development:

• consistency with national priorities for sustainable development

• consistency with relevant international agreements relating to sustainable develop-
ment to which the Parties involved are a party;

• minimization of adverse environmental effects

• access and transfer of state-of-the-art, environmentally sound technology

• avoidance of future emissions.

In the following sections these criteria are discussed at the project level.
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4.1 Minimization of adverse environmental effects

4.1.1 Non-GHG emissions

Besides CO2, the combustion of wood residues emits the following substances: ash,
aerosols, soot, NOx, CO, hydrocarbons, hydrogen chloride and SO2. Polycyclic aromatic
hydrocarbons (PAH), dioxins and furans (PCDD and PCDF) may also occur.

Emissions of these substances occur with and without the wood waste power plant. At
present, wood waste residues are burnt in beehive incinerators as shown in Picture 1.
Wood residues are transported to a covered, cone-shaped installation where they are
incinerated at the bottom. Emission measurements of this uncontrolled incineration pro-
cess have not been conducted, thus process-specific emission factors are not available.

Picture 1 Current practice of burning wood waste residues at Nyanga sawmill

Source: Öko-Institut

For the evaluation of the CDM project it is important to analyse whether non-GHG
emissions decrease or increase with the installation of wood waste power plants com-
pared with the existing burning practices.

The combustion behaviour of wood and the resultant quantity of emissions are affected
by wood type, wood moisture, fuel size, boiler performance, air supply rate and air
guidance. Wood type, wood moisture and fuel size are similar for the current practice
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and the wood waste plants. But the project introduces a controlled combustion process
and changes air supply rate and air guidance. In general, prerequisits for low-pollution
combustion are (according to VDI 1999):

• Maintenance of a minimum combustion temperature in the combustion chamber and
burnout zone of about 800 °C;

• Ensuring a thorough mix of fuel gas and combustion air;

• Facilitating sufficient dwell time for the fuel gas in the combustion chamber and
burnout zone.

All three fundamental requirements will improve if the installation of the wood waste
plants replaces the current practices that do not control any of these aspects.

The poorer the combustion, the larger the proportion of tar, soot and particles. The
wood waste power plant improves the combustion process and reduces particulate emis-
sions. Nevertheless the untreated gases will inevitably contain ash, and measures for
dedusting should be installed. The following types of waste gas dedusters are used for
wood firing systems (VDI 1999):

• Gravity separators can achieve emission values of 0.15 g/m3 for plants with capaci-
ties up to 5 MW.

• Electrostatic filters are more efficient in emission reduction and achieve values of 10
to 50 mg/m3.

• Fabric filters achieve even better results than electrostatic filters of less than 10
mg/m3 , but operation is restricted to certain technical conditions.

If dedusting measures are installed, the pollution situation will improve considerably,
regardless of the technical option chosen in the project.

The NOx emissions from wood depend on the combustion temperature and the oxygen
concentration of the combustion chamber. In systems firing untreated wood, NOx emis-
sions are generally low (VDI 1999) and no additional secondary measures to reduce
nitrogen oxides are recommended.

Hydrogen chloride and hydrogen fluoride emissions only occur in traces in untreated
wood (VDI 1999). Polycyclic aromatic hydrocarbons (PAH) occur with incomplete
combustion. Therefore their emissions will be reduced with the controlled and more
complete combustion process compared with the beehive incinerators used at the mo-
ment. PCDD and PCDF have also been detected with the combustion of untreated
wood. Emissions greater than 0,1 ng I-TEQ per m3 can occur with unfavourable burnout
conditions (high CO emissions) (VDI 1999). High moisture content of the wood (>
20 %) reduces the combustion temperature and increases CO emissions as well as PAH
and dioxins. Therefore the wood residues used as fuel should be as dry as possible.

In general, suitable measuring and control equipment is essential to achieve low emis-
sions. Such equipment aims to achieve constant heat output of the plant even with an
irregular combustion process, and thus not only reduces emissions, but also improves
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the efficiency of the process. All modern wood waste power plants will be installed with
measuring and control equipment. For the CDM project it is essential that personnel is
trained how to operate the plant to achieve optimal burning conditions. Increasing ca-
pacity building with the plant installation is indispensable, and future non-GHG emis-
sions will depend more on appropriate training of staff than on the choice of the exact
technical equipment.

No additional monitoring of non-CO2 emissions during the project's lifetime seems to
be required if the project is performed as a CDM project, because emissions generally
will be lower than in the case of continuation of current practices.

4.1.2 Environmental impact assessment

The wood waste power plants will be installed at the sawmill sites. Industrial activities
with emissions to air and water are already occurring and have been analysed in Envi-
ronmental Impact Assessments prior to the construction of the sawmills.

Sawmill

Environmental impact assessment (EIA) was conducted for the sawmills. The EIA re-
port for the Chimanimani sawmill was provided by the companies (EIA 1994). The
main environmental problems connected with the sawmill operation are dust emissions
and water protection. A dust collector was installed. Water samples are monitored, but
impacts on water quality of ground water and river systems have not been detected.
Emissions from incinerators for wood waste have not been considered in the EIA.

Plantations

The EIA for the sawmill also covers the plantation management practices. The follow-
ing elements are reported: FC has a follow-up system for continuous monitoring of the
present status of the forests. Indigenous forest will not be affected by the project. To
avoid negative impacts the owner is taking the following steps:

• A buffer zone is left on steam banks to avoid damages.

• Different skidding systems are used in different terrain conditions to avoid erosion
problems.

• All clear-felled areas are replanted within a year.

• Despite favourable soil conditions erosion is monitored using control plots.

4.1.3 Sustainable management of timber plantations

In the context of the Protocol's aim to minimize adverse environmental effects, it is
important to assess whether sustainable management procedures are applied in the
plantations. Both plantation sites are currently under the status of certification for
sustainable plantation management by the Forest Stewardship Council (FSC). For the
Chimanimani plantations the final review was to take place in November 1999, leading
to a certificate at the end of the year. For Nyanga (Wattle), the compilation of
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information for the FSC certification has begun, and a final review is expected for mid-
2000. If FSC certification is awarded for plantation forestry the following provisions
have to be fulfilled:

• Establishment of management objectives and management plans

• Provision of rationale for rate of annual harvest and species selection.

• Environmental safeguards based on environmental assessments.

• Plans for the identification and protection of rare, threatened and endangered species.

• Description and justification of harvesting techniques and equipment to be used.

• Research and data collection needed to monitor yield, growth rates, regeneration and
condition of the forest, composition and observed changes in the flora and fauna and
environmental and social impacts of harvesting and other operations.

• Written guidelines to control erosion; minimize forest damage during harvesting,
road construction, and all other mechanical disturbances; and protect water re-
sources.

• A proportion of the overall forest management area, appropriate to the scale of the
plantation and to be determined on regional standards, will be managed so as to re-
store the site with a natural forest cover.

• Measures will be taken to maintain or improve soil structure, fertility and biological
activity. The techniques and rate of harvesting, road and trail construction and main-
tenance, and the choice of species shall not result in long term soil degradation or
adverse impacts on water quality, quantity or substantial deviation from stream
course drainage patterns.

• Measures shall be taken to prevent and minimize outbreaks of pests, diseases, fire
and invasive plant introductions. Integrated pest management will form an essential
part of the management plan, with primary reliance on prevention and biological
control methods rather than on chemical pesticides and fertilizers.

• Plantations established in areas converted from natural forests after November 1994
normally shall not qualify for certification. Certification may be allowed in circum-
stances where sufficient evidence is submitted to the certification body that the man-
ager/owner is not responsible directly or indirectly for such conversion.

FSC criteria comprise all relevant issues with regard to sustainable plantation manage-
ment. FSC certification would therefore guarantee sustainable management procedures.
With regard to plantation development and sawmilling, MET has established checklists
in the Environmental Assessment Guidelines for major activities, major environmental
issues and typical impacts (MET 1997). Project partners have not provided management
plans for the plantations to Öko-Institut, but pre-assessment reports for FSC certification
were available. The pre-assessment report confirms the implementation of sustainable
management principles, even if some issues were addressed where FC need to improve
current practices (SGS Forestry 1999).
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4.2 Consistency with national priorities for sustainable development

Energy sector

The wood waste power plants are consistent with national priorities in the energy sector,
as the Government of Zimbabwe wants to increase the use of renewable energies, and
also with regard to current deficits in energy supply.

Forestry sector

Key forest legislation in Zimbabwe includes the Forest Act and the Communal Land
Forest Produce Act. As a part of Zimbabwe's National Strategy for the sustainable man-
agement of forests, the following programme elements inter alia have been put into
place to address the problem of deforestation (Government of Zimbabwe 1997):

1. Improved environmentally sound harvesting practices;

2. Afforestation programmes;

3. Increased agroforestry activities;

4. Promotion of non-consumptive use of forest resources;

5. Value added secondary processing of forest products were explored at the commu-
nity level;.

6. Increasing the capacity of the Forestry Commission in monitoring deforestation and
changes in the vegetation cover;

7. Increasing production of tree seedlings, from 4.5 million in 1992, with 74 % raised
in the community, to 7 million in 1994, with 80 % produced at community based
nurseries, in line with the strategy to decentralize this activity and to involve com-
munities in reforestation.

8. Formation of an NGO-based working group on woodlands. This group is a think-
tank of four NGOs, the SAFIRE, the ENDA, the Biomass User's Network and
ZERO, who meet periodically to discuss woodland management issues in Zim-
babwe. One of their activities has been to hold consultations to formulate a wood-
land management policy for the country.

Thus, afforestation and plantations in general are in line with the national strategy for
forestry.

4.3 Socio-economic impacts

As described in the introduction, forest industries employ about 16,000 people in Zim-
babwe, and the gross value of processed forest industrial products exceeds
US$ 40 million a year. The contribution of plantations to wood production in Zimbabwe
is around 50  %. The sawmills contribute significantly to regional employment. 400 –
500 persons are directly employed in the operation of the Chimanimani mill and its re-
lated logging operations (EIA 1994). It is expected that additional employees would be
needed for the plants.
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The use of wood residues would lead to more efficient use of the existing plantations in
an important sector of Zimbabwe's economy. This will lead to socio-economic benefits
with regard to income and higher efficiency in the use of natural resources.

Leakage

Competing land use needs could lead to leakage effects. If area used for commercial
timber production is not available for agricultural purposes, pressure may be shifted to
areas that are deforested. At the national level competing land uses are important prob-
lems, and especially fuel use in private households competes with forest conservation.
This problem occurs mainly in more densely populated areas. In the project area there
are no consumers of wood residues . The area has low population figures and therefore
competing land uses will not occur according to the project partners in Zimbabwe.

4.4 Technology transfer

The project would lead to the transfer of state-of-the-art, environmentally-sound tech-
nology. At present no wood waste residue plants exist in Zimbabwe. The Nyanga or
Chimanimani plants would be the first of their kind in the country. No sawmill is cur-
rently using wood residues for electricity generation. There is the possibility of the
technology spreading to other sites in Zimbabwe and the Southern African region (City
of Murare 1998).

4.5 Consistency with other international agreements relating to sustainable de-
velopment

Taking into account the management and technical options chosen, the project is also
consistent with relevant international agreements relating to sustainable development.
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5 Climate change effectiveness: real, measurable and long-term emission reduc-
tions

According to the Kyoto Protocol climate change effectiveness must be in terms of real,
measurable and long-term benefits related to the mitigation of climate change at the
project level. This criteria is addressed by taking into account the additional reduction in
emissions at the CDM project level against the baseline for the CDM project activity.

The aspect of real benefits has not been further determined by the Parties in the submis-
sions. Real emission reductions may be proven in the course of the project performance
with verification of the project and certification of CERs.

In the chairman's note from November 1999 the term "real" is interpreted as "The emis-
sion reductions related to the project activity will be recognized as real if the green-
house gas emissions from the projects can be shown to be less than the project base-
line". This definition overlaps with environmental additionality criteria, as will be ex-
plained later, and would therefore reduce the number of criteria. It is not likely that it
was the intent to provide two different criteria with the same factual content under Arti-
cle 12.

Thus "real" is interpreted in such a way, that emission reductions and the performance
of the project have to be proven and verified by independent third parties on implemen-
tation of the project . With this interpretation, the criterion does not have to be taken
account of in this study.

The benefits related to the project activity will be recognized as measurable, if the level
of greenhouse gas emissions from the project and the level of greenhouse gas emissions
from the baseline can be estimated with a reasonable degree of uncertainty. The emis-
sion reductions of the project can be measured on the basis of the electricity produced
by the wood waste power plants. In the following sections sensitivity analysis is used to
assess the influence of assumptions used in the estimation of project and baseline emis-
sions. This analysis will provide more detailed information with regard to uncertainty.

The emission reductions related to the project activity will be recognized as long-term
if the emission reduction persists over an appropriate period of time, taking into account
the difference in the lifespans of different CDM project activities. AOSIS defines the
long-term criterion as "project activities shall be based on the best available long-term
option, taking into account local and national needs and priorities."10

The wood waste cogeneration plants will provide benefits over the entire lifetime of the
plants as renewable energy is used. This should qualify for compliance with the crite-
rion of long term.

                                                
10 FCCC/SB/1999/8 see UNFCCC 1999d.
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6 Environmental additionality of emission reductions - CDM project baselines

The project activities shall provide reductions in emissions that are additional to any
that would occur in the absence of the certified project activity. For this purpose a base-
line needs to be established representing the situation in the absence of the project ac-
tivity. Greenhouse gas emissions from the project need to be lower than the project
baseline. The emission baseline shall reflect the "no project" scenario and is the basis
for calculating the emission reductions to be certified. Modalities, rules or criteria have
not yet been established in international negotiations, and agreed methodological guid-
ance with regard to the setting of CDM baselines is lacking.

In the negotiation texts, the following approaches for baseline setting are mentioned:

• Project-by-project baselines11

• Sectoral baselines12

• Standard baselines for project categories13

• Baselines at national level14

In literature further approaches have been developed, such as benchmarks, technology
matrix, or a hybrid or multi-project approach (Ellis and Bosi 1999, Michaelowa 1999b).

This chapter aims to provide a clearly-structured approach to describe different possible
ways of baseline setting. The approach highlights the different choices or decisions that
need to be taken with the establishment of a baseline.

6.1 Disaggregation of the baseline estimate

The emissions of each project and each baseline can be broken down to output or activ-
ity level (e.g. electricity generated) and the emission rate (emissions per output)15. The
comparison of the emissions between baseline and project project consists basically of
the following equations for each year of the project lifetime:

Equation A: Project emission level = output levelproject × emission rate project

Equation B: Baseline emission level = output levelbaseline × emission rate baseline

                                                
11 Costa Rica, G77 and China, Republic of Korea, Sierra Leone, South Africa,
12 Costa Rica
13 Republic of Korea
14 Sierra Leona and South Africa
15 Disaggregation of the project into sub-systems in which greenhouse gas emissions occur is also

supported by Puhl (2000)
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For each year in which credits accrue (from year 1 until year n) the project emissions
are subtracted from the baseline emissions resulting in the emission reduction to be cer-
tified:

Emission reduction = ( )∑
=

−
n

i
ii levelemissionprojectlevelemissionbaseline

1

6.1.1 Activity level

For many projects the baseline activity level will be the same as the activity level that is
monitored during the project's lifetime. For example, in the case of a project increasing
the efficiency of a plant, the production output of the baseline would be established in
accordance with the project's output. For many projects equation B therefore can be
transformed to:

Equation B: Baseline emission level = output levelProject × emission rate baseline

The difference in the final estimate results from the difference in the emission rate per
unit of output between baseline and project. The baseline output level cannot be higher
than the project output level. At the beginning of the CDM project, project developers
take assumptions with regard to the development of the project's output as well as for
the baseline. During the project lifetime the output is monitored and reported annually
(for example, in the case of the wood waste power plants, the electricity generated). The
baseline emission estimate is recalculated annually with the activity data from the actual
project performance.16

Box 1 - Baseline activity level lower than project activity

For some cases the baseline activity level may be lower than the project activity level,
for example for greenfield projects implementing an activity that did not exist before the
CDM project. There may be situations where the realistic situation in the absence of the
project would not be another project with different emission rates but the situation that
no activity at all would have been implemented. In this case, the baseline emission esti-
mate would be zero, and the project would not qualify as a CDM project. If a considera-
bly smaller project would have been implemented, the baseline activity level would be
lower than for the project.

Refurbishment projects may be connected to an expansion of the installation, for exam-
ple improvement of efficiency of a district heating system may be related to a further
extension of the system. In this case it may be more realistic to disaggregate the project
into two separate parts, one taking into account the efficiency improvement on the basis
of the maximum output of the old system, the other comparing the new part of the sys-
tem with the heating situation the expansion has replaced.
                                                
16 Begg et al. (1999) and Brodmann (2000) also recommend that feasibility data should not be used in

the calculation of emission reductions and that emission reductions should be calculated annually
based on the reported output and fuel used, as this limits opportunities for gaming and the risk for
crediting a project which may fail.
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A procedure establishing a fixed level for the baseline output would risk enormous
gaming as the poorest project implementation (for example, the project operates only
during some days of the year) would receive the most credits. This implies that one part
of the baseline estimate – the output level - is always "dynamic", i.e. it changes over the
lifetime of the project and cannot be predicted exactly before the project's implementa-
tion. This type of uncertainty to operation is a key feature of any investment project and
cannot be avoided completely. But the project developer can influence the level of un-
certainty connected with the output level. The greater his experience with project im-
plementation in specific countries, the more realistic assumptions on real performance
of a project he can develop. In this view, the discussion on "dynamic" and "static" base-
lines is reduced to the choice of a "fixed" or "revised" baseline emission rate, as the
baseline activity level will in any case be dynamic.

6.1.2 Matrix of choices for baseline emission rate

The key difference between the project estimate and the baseline estimate is the emis-
sion rate, i.e. the greenhouse gas emissions per output. The establishment of the baseline
emission rate depends on many choices and assumptions. The key choices and assump-
tions are explained in Figure 3.

Type of reference case

The project could be compared with the present situation without the project or with a
future development without the project. This seems to be a first general choice for base-
line estimates.

Methodological approach

Several methodological approaches can be chosen to describe the situation without the
project. The benchmark approach fixes a standardized emission rate against which
the project is compared. Additionality is assumed to be satisfied as long as the CDM
project shows an emission rate improvement over the benchmark. The choice of the
benchmark approach seems related to the choice of comparison with existing projects,
as benchmarks often are derived from present performances of installations.17 A bench-
mark could be projected, but this would lead to a scenario approach. A main difference
of benchmark types is whether they reflect the average situation, such as state-of-the-art
technology or existing legal requirements, or whether they are based on a better-than-
average situation. Different possibilities exist to describe the better-than-average situa-
tion, for example the best available technology could be chosen, the best recent installa-
tion, or "better" could be defined as a determined percentage that is added to the average
over-all performance of a specific type of installation.

                                                
17 Lazarus et al. (1999) use the term benchmark also for projected standardized emission rates. The

broad use of the term benchmark suggests that further differentiation with regard to the methodolo-
gies used to derive the benchmark is necessary to clarify the discussions. Because of considerably
different underlying methods and techniques in this study the scenario approach was regarded as a
separate methodological issue.
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Figure 3 Matrix of choices and assumptions for baseline selection
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The project could also be compared with a marginal plant or marginal installation. In
this approach, the project's output replaces the output of the marginal plant/ installation.
In an economic analysis, the marginal plant in this case is usually the plant with the
highest cost per unit output. The key characteristic of the marginal approach is that an
individual plant is chosen for comparison with the project. The marginal approach can
be developed for the present situation as well as for the future.18 A future marginal ap-
proach would need to be based on a scenario to identify which installation would be the
marginal one in the future.19 But as for the present marginal approach, only an individ-
ual installation would be used for comparison.

A third possibility would be to construct a scenario that reflects the future development
of emission rates. For this purpose a wide variety of scenario techniques could be ap-
plied to gather the basic data for the scenario, such as expert judgement (for example
experts from the host government), a survey or opinion poll with key actors (a more
transparent form of expert judgement) or development plans could be analysed. Ex-
trapolation of the historical trend or projection models – the most sophisticated method -

                                                
18 Unfortunately no common definition of marginal exists, and this term is applied in many different

ways, e.g. sometimes as synonym for additional.
19 A least-cost approach for the future marginal plant would identify the alternative future investment

with lowest costs compared with the project.
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could also deliver the data for the scenario. It is possible to use several of these tech-
niques at the same time.

Sample population

A key choice is related to the sample population, that is used as basis of the baseline
emission rate. The benchmark approach or the marginal plant approach could compare
the project with a single reference installation that fits the criteria of the specific ap-
proach. For example, if the benchmark is determined as the best recent performance of a
specific plant type, the project would be compared with a single reference installation.
Apart from this approach, the average of a portfolio of projects or installations with
comparable system parameters is used in many cases for the baseline emission rate. A
portfolio of projects could be used together with the benchmark approach and the sce-
nario approach. In most cases the portfolio covers all installations in a defined area.

Level of aggregation

In all cases where the baseline emission rate is derived from a portfolio of projects or
installations (benchmarks and scenarios) project developers have to choose the level of
aggregation that is appropriate for the baseline emission rate. The level of aggregation
could cover a sector, a region within a country, a country, a region encompassing sev-
eral countries, or all countries. A region could be defined by geographic as well as by
economic features. For example, Peru proposed to use a benchmark approach for base-
line setting that uses OECD averages for baseline emission rates.20

6.2 Selection of baselines for wood waste power plants in Zimbabwe

For the wood waste power plant the situation in the absence of the project would be that
sawmills in Zimbabwe would continue to incinerate the wood waste in the beehive in-
cinerators, no electricity would be generated using the wood residues and this electricity
would not replace electricity from the grid generated by other fuels. For the baseline it is
necessary to calculate a baseline emission rate that reflects the emissions from electric-
ity generation in the absence of the project.

For the wood waste power plant projects a total of seven different baselines have been
constructed to demonstrate a range of possibilities of choice. In the present situation
where no specific rules and guidelines are adopted, many different approaches can be
chosen. The decision matrix from Figure 3 is used in the description of each baseline to
explain the choices of the specific approach. The choices of the specific baseline are
marked in red to provide the reader with a clear understanding of the differences be-
tween the options.

The seven options selected have been discussed in expert workshops, papers or pro-

                                                
20 See FCCC/SB/1999/MISC.3/Add.1 Submission of Peru on the work programme on mechanisms of

the Kyoto Protocol. "The difference between project emission levels and the OECD average will be
converted in emission reduction units (ERUs) or certified emission reductions (CERs), for the bene-
fit of the Annex I country, as appropriate."
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posed during negotiations. Because of data availability some options have been ex-
cluded. For example, no detailed analysis of the feedback of the whole ZESA electricity
generation and transmission system regarding local generation in the Eastern Highlands
is yet available. Therefore a regional baseline for the area of the project sites was not
included. Detailed historic data on CO2 emissions were not available and would require
additional calculation efforts, thus extrapolation of trend was not performed.
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Baseline A

Figure 4 Matrix of choices for baseline A – country-specific benchmark
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Description

In baseline A the project is compared with the emissions from the average present
generation mix in Zimbabwe. This means the baseline emission rate is derived from
existing projects. The emission rate derived from the present fuel mix of Zimbabwe's
power generation in this case has the function of a benchmark which is based on a port-
folio of projects, that is the average fuel mix of the power generation in Zimbabwe.

Rationale

The electricity generated by the wood waste power plants replaces electricity generated
by other fuels. The average fuel mix is a measure to describe the emission rate in the
absence of the project. The approach does not take into account future changes in the
national fuel mix and provides fixed emission rates over the project's lifetime unless a
revision of the baseline emission rate is conducted. In this regard it does not fully take
into account the development that would have taken place in the absence of the project.

Data sources and constraints

For baseline A, data of the 1997 generation mix was used as given in the Southern Afr i-
can SAPP-GHG Mitigation Study (SC 1999). In this study business-as-usual (BAU)
scenarios, and greenhouse gas emissions from the power sector are provided for the
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Southern African Development Community (SADC) including nine southern African
countries. Table 1 shows the structure of the electricity generation in 1994 (SC 1999).

Table 1 Structure of electricity generation in Zimbabwe in 1994

Power plant Fuel
type

Capacity

[MW]

Efficiency

[ %]

Electricity
generation

[GWh]

Emission rate
[kg CO2-equiv./

MWh]
Hwange I coal 456 31.9
Hwange II coal 400 31.9

4,816 1,219

Bulawayo coal 110 26.5 320 1,462
Munyati coal 110 22.0 200 1,768
Harare coal 115 22.0 104 1,755
Diesel plant diesel 3.7 n.a. n.a. n.a.
National average
thermal plants

1,195 5,440 1,450

Kariba South plant hydro 666 2,096 -

Total 1,861 7,536 875.6

Source: SC 1999

The generation mix is part of the SAPP database for the Environmental Manual (EM)21

which was used to determine the emissions per generation unit. Data for 1997 are pro-
jected data. The latest figures published by international organisations are from 1996.
Table 2 shows the emission rates derived from national data (SC 1999) in comparison
with emission rates derived from international data.

Table 2 Greenhouse gas emission rates in baseline A

Year Source Unit CO2-equiv. CO2 CH4 N2O
1997

Emission rate
SC 1999
Projection

[kg/MWh] 787 777 0.017 0.029

1995
Emission rate

OECD/IEA
1998c,d

[kg/MWh] 1,006 996 0.017 0.029

Source: Öko-Institut, OECD 1998c, OECD 1998d

The establishment of baseline A is simple with regard to data requirements. Interna-
tional sources can be used if national data is lacking. There is a time lag of data avail-
ability. National data may differ from international data bases which may create confu-
sion in the validation, verification and certification process.

                                                
21 For description of the EM model see footnote 5
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Uncertainties

The approach is quite precise during the early years of the project, but uncertainties in-
crease considerably during the project's lifetime because the fuel mix is expected to
change more and more over time.

Transparency

The baseline establishment is transparent and easy to assess if data sources are provided.

Leakage – electricity imports

Currently about 45 % of Zimbabwe's electricity requirements are supplied by electricity
imports from South Africa and Mozambique (ZPC and FC 1999, p.4 , Government of
Zimbabwe 1999, p.8). Imports increased considerably in recent years from 3 % in
1989/90 to 21 % in 1993/1994 and up to 44 % in 1997/1998. Zimbabwe participates in
the South African Power Pool, a distribution network between nine African countries.
The SADC Energy Protocol and the Southern African Power Pool agreements have
been signed in 1997 by all Southern African Development Community (SADC) coun-
tries. At the regional level and in the medium term there is a surplus of generating ca-
pacity in particular in Mozambique, Zambia (hydro) and South Africa (coal thermal),
and other countries face capacity deficiencies like Zimbabwe.

It is not clear how the situation of electricity imports should be dealt with in baseline
calculations. The omission of imports and their effects in neighbouring Non-Annex I
countries would result in "leakage" from energy projects. The more precise approach
would be to calculate an emission rate of the fuel mix as a weighted average based on
domestic production and imports. For the project developer this approach is more com-
plicated, as data from three countries are required.
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Baseline B

Figure 5 Matrix of choices for Baseline B – Southern African regional benchmark
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Description

Baseline B applies a benchmark approach, i.e. it uses a standardized emission rate
against which the project is compared. The benchmark averages data from existing
plants in all countries forming part of the Southern African Development Communi-
ty (SADC)22.

Rationale

Political settlements and resolution of military conflicts in the SADC region, which oc-
curred in the early 1990s, and the transformation of the region into a Community have
opened up scope for regional integration which would enable collective decision mak-
ing on energy policy in the Southern African region. Of significance to this study are the
SADC Energy Protocol and the Southern African Power Pool (SAPP) agreements
which by 1997 all Southern African Development Community (SADC) countries have
signed. SAPP will greatly increase the scope for regional electricity exchange, although
power trading in the region has been going on since the 1950s. The main rationale for
power pooling is an economic one. Trading in electricity on a regional basis helps even

                                                
22 SADC includes the following countries: Angola, Botswana, Lesotho, Malawi, Mozambique, Na-

mibia, South Africa, Swaziland, Tanzania, Zambia, Zimbabwe and Democratic Republic of Congo.
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out supply/demand imbalances, increases the security of supply and creates economies
of scale. In addition, power pooling reduces the problem of indivisible single investment
options that may be too large for one country. The driving force behind the creation of
SAPP are the power utilities in the region, which see an opportunity to improve the reli-
ability and availability of their supplies while at the same time reducing their costs. The
development of the SAPP supports the establishment of a regional benchmark including
all SADC countries, as the power pool integrates the individual decisions on expansion
of power supply in a common framework at regional level.

The approach does not take into account future changes in the SADC fuel mix and pro-
vides fixed emission rates over the project's lifetime unless a revision of the baseline
emission rate is conducted. In this regard it does not fully take into account the deve l-
opment that would have taken place in the absence of the project. Zimbabwe is not con-
nected to all countries of the SADC. Exchanges may only occur with some countries of
the SADC. In this regard the regional benchmark does not represent the real situation in
Zimbabwe.

Data sources and constraints

Data for 1994 from the Southern African SAPP-GHG Mitigation Study (SC 1999) was
used to get the data on CO2 emissions from electricity generation. As this study does not
provide the total electricity generation for all SADC countries, data from international
statistics was used. Several SADC member states are not included in the international
data sets, but summarized as "other Africa". Therefore only countries where figures are
available have been included in the regional emission rate.23 The establishment of base-
line B is more difficult with regard to data requirements than baseline A, as more coun-
tries are involved. The SAPP should be able to provide necessary data annually. Inter-
national sources can be used if national data is lacking. Table 3 summarizes CO2-
equivalent emission rates for different plant types of the region and Table 4 shows the
regional emission rate.

Uncertainties

The approach is quite precise during the early years of the project, but uncertainties in-
crease considerably during the project's lifetime because the fuel mix is expected to
change more and more over time. The changes that may occur in the region are proba-
bly greater than at national level, resulting in greater uncertainties than with the country-
specific benchmark.

Transparency

The baseline establishment is transparent and easy to assess if data sources are provided.

Leakage – electricity imports

In the regional benchmark electricity trade is automatically included and covered.

                                                
23 Five from twelve countries have been excluded (Lesotho, Botswana, Malawi, Namibia, Swaziland)



GTZ: Biomass plants as CDM projects in Zimbabwe Final report

24

Table 3 CO2-equivalent emission rates for 1994 by fuel type and plant sizes for
Southern African Development Community

CO2-Equivalent
[kg/MWh]

Efficiency
[ %]

COAL
Large: > 300 MW 1,200 – 1,273 31.9 – 35.5
Medium: 100 – 300 MW 1,462 – 1,768 23 – 26
Small: < 100 MW 1,132 – 1,707 23 – 35
Small AFBC 24 1,472 35.5
DIESEL
Large: > 10 MW 1,029 – 1,440 25 – 35
Medium: 1 – 10 MW 1,275 – 1,530 30
Small: < 1 MW 1,708 25
GAS
Large combined cycle: > 70 MW 505 – 689 44
Medium combined cycle 20 – 70 MW 479 44
Small combined cycle: < 20 MW 453 - 505 44
Source: SADC 1999, Table 4.4

Table 4 Baseline B: Regional greenhouse gas emission rates for Southern African
Development Community in 1994

CO2-equiv. CO2 CH4 N2O
Emission rate [kg/MWh] 723 714 0.018 0.026

Source: SADC 1999

                                                
24 AFBC = atmospheric fluidized-bed combustion
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Baseline C

Figure 6 Matrix of choices for Baseline C – regional benchmark OECD and EU
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Description

Similar to baseline B, baselines C1 and C2 apply benchmark approaches, but they are
derived from different regions. Baseline C1 reflects the fuel mix of electricity genera-
tion of all OECD countries, baseline C2 reflects the fuel mix of electricity generation
of all EU Member States.

Rationale

The basic idea of comparing emission rates of developing countries with OECD aver-
ages was proposed by Peru during the negotiations. The additionality assumed is that
the projects in Non-Annex I Parties need to be better than the average OECD emission
rate. This is a simple approach for setting a benchmark for baselines. But it is question-
able if this benchmark type is consistent with the Kyoto Protocol. Article 12.5 requires
that the CDM project is additional to any that would occur in the absence of the certified
project activity. It is not true that the OECD emission rate for power generation would
be valid for Zimbabwe if the project would not occur. The Protocol language clearly
refers to the situation of a specific project activity. This seems to exclude benchmarks at
some high level of aggregation without relationship to the project activity.
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In addition to the OECD average emission rate, the emission rate for the average fuel
mix from electricity generation in the EU was calculated to get a second estimate of a
benchmark representing Annex I Parties.

Data sources and constraints

Table 5 shows the baseline emission rate for the OECD average and the EU average.
The OECD estimate is derived from data of the International Energy Agency
(OECD/IEA 1998c,e). The estimate of CO2 from electricity generation in Europe is
based on data from DG Energy (1998). Neither of the data sources provides data for
CH4 and N2O emission rates from electricity generation. The emission rates applied are
averaged default emission rates of the Tier 2 approach from 1996 Revised IPCC Guide-
lines for National Greenhouse Gas Inventories, Reference Manual, Table I-15. Most
recent data available for the calculations are data for 1996. Benchmarks at a more ag-
gregate level will generally not be available for actual years. There is a time lag of two
to four years because compilation of international data by international agencies is a
time consuming process.

Table 5 Greenhouse gas emission rates in baseline C1 and C2

CO2-equiv. CO2 CH4 N2O
[kg/MWh] [kg/MWh]

OECD average (1996)
Emission rate

559 556 0.071 0.006

EU average (1996)
Emission rate

391 387 0.071 0.006

Sources: DG Energy 1998, OECD/IEA 1998c, OECD/IEA 1998e

Uncertainties

The approach is quite precise during the early years of the project, but uncertainties in-
crease considerably during the project's lifetime because the fuel mix is expected to
change more and more over time. The changes that may occur in the OECD/EU are
probably greater than at national level, resulting in larger uncertainties than with the
country-specific benchmark.

Transparency

The baseline establishment is transparent and easy to assess if data sources are provided.
Only data from documents with international distribution and easy access were used.

Leakage – electricity imports

Electricity imports are not relevant for this benchmark approach as it does not consider
at all the circumstances of the project.
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Baseline D

Figure 7 Matrix of choices for Baseline D – BAU scenario

Type of
reference case

Comparison to
existing projects
Comparison to

existing projects

Methodological
approach

Benchmark
approach

Benchmark
approach

Marginal plant/
installation

Marginal plant/
installation

Single reference
project/ plant/
 installation

Single reference
project/ plant/
 installation

Portfolio of
projects/ plants/

 installations
with comparable

key  system
 parameters

Portfolio of
projects/ plants/

 installations
with comparable

key  system
 parameters

Sample population

Average, e.g.
•state-of-the art technology

•legal requirements

Average, e.g.
•state-of-the art technology

•legal requirements

Benchmark types

Project
specific
scenario/

simulation

Project
specific
scenario/

simulation

Level of  aggregation

Plant/ process
specific

(measurements)

Plant/ process
specific

(measurements)

country-specific
(average over all

installations
in a country)

country-specific
(average over all

installations
in a country)

Region-specificRegion-specific

Global
(derived

from data
of all countries)

Global
(derived

from data
of all countries)

Geographic region
(e.g. continents or
within countries)

Geographic region
(e.g. continents or
within countries)

Regional
economic

organizations
within Annex I

 e.g. OECD

Regional
economic

organizations
within Annex I

 e.g. OECD

Economic regions /
regional economic

organizations
within Non-Annex I

Economic regions /
regional economic

organizations
within Non-Annex I

Sector-specificSector-specific

Better-than-average, e.g.
•best available technology
•best recent performance

Better-than-average, e.g.
•best available technology
•best recent performance

Extrapolation
of  EF trend

Extrapolation
of  ER trend

Analysis of
development

plans

Analysis of
development

plans

Survey/
opinion poll
of key actors

Survey/
opinion poll
of key actors

Scenario techniques

Projection
 models

Projection
 models

Expert
judgement

Expert
judgement

Comparison to
likely  future
developments

Comparison to
likely  future
developments

ÖÖko-Institut

Description

In baseline D the project is compared with the emissions from the future generation mix
in Zimbabwe based on a business-as-usual (BAU) scenario for the electricity generation
of Zimbabwe.

Rationale

The scenario is probably the approach most consistent with the language of the Kyoto
Protocol. The BAU scenario represents the development of the sector without the proj-
ect. In comparison to previous examples, timing issues are addressed and additionality
in the future is likely to be guaranteed as well as at present. The BAU scenario is often
country-specific, but regional scenarios (for example for the SADC countries) are also
published.

Data sources and constraints

The 2020 business-as-usual (BAU) scenario from African SAPP GHG Mitigation Study
(SC 1999) and SAPP database of the EM model25 was used for the calculations. Signifi-
cant growth of electricity demand is projected for Zimbabwe. Southern African SAPP

                                                
25 For description of the EM model see footnote 5
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GHG Mitigation Study expects a demand increases by a rate of 2.7 from 1997 to 2020
(SC 1999, Fig 5.12). Zimbabwe's maximum demand was 1,925 MW in 1997 and is ex-
pected to reach 2,039 MW by 2000 and 3,243 MW by 2010. This is an average growth
of 106 MW per year until 2010.

Refurbishment work at Kariba hydro station is currently in progress and will result in an
addition of 84 MW to the present capacity of 666 MW at Kariba hydro plant. System
expansion is planned through the construction of new coal-fired stations at Gowke
North (1200 MW) (3 × 350 MW in 2004, 500 MW in 2007) and Hwange 7&8 (2 × 300
MW in 2001 and 2003). Batoka Gorge is the next hydro site in the national electricity
development plan. Plans are to commission the first unit of 200 MW by 2010 and install
200 MW per year till the total capacity is 800 MW in 2014. Electricity imports will stop
in 2003 when existing contracts end. Table 6 shows the expansion plans for electricity
generation until 2020 as taken into account in the BAU scenario (SC 1999).

Table 6 Planned power capacity expansion in Zimbabwe

Power plant Fuel
Type

Capacity
[MW]

Start

Hwange 7 Coal 300 2001
Hwange 8 Coal 300 2003
Gokwe North Project Coal 3 × 350 2004
Gowke North Coal 500 2007
Kariba South plant Hydro 84 2000
Batoka Gorge Hydro-Electric Schemes Hydro 800 MW 2010 - 2014
Source: SC 1999, section 5.2

It is difficult to judge if these electricity expansion plans will be realised. The economic
environment in Zimbabwe is unfavourable, the most important problem for all expan-
sion plans is the availability of investment capital. Lack of investment capital and
changing energy prices are likely to result in revisions of investment plans. This is a
general problem when published plans of the host country are used. They may be writ-
ten to accelerate development and to encourage investment, though the planned projects
will not always fully materialize. This problem was also addressed by GEF related to
baselines for incremental costs (GEF 1996). GEF recommended to draw on various
sources to construct and agree on a reasonable baseline. This may be difficult in practice
as the host country's government will provide the national plans but may not be willing
to provide contradictory documents from other sources.

The BAU scenario used for baseline B takes into account the expansion projects as de-
scribed in Table 6. As the contribution of different plants to total electricity generation
will change over time, the emission rate will also change. Table 7 shows the changes in
emission rates that have been assumed in the BAU scenario.
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Table 7 Greenhouse gas emission rates in BAU scenario for Zimbabwe

Emission rate [kg/MWh] 2000 2005 2010 2015 2020
CO2-equivalent 756 852 840 744 688
CO2 747 842 831 735 680
CH4 0.017 0.019 0.019 0.016 0.015
N2O 0.028 0.023 0.031 0.027 0.025
Source: SC 1999

A more simple approach would be to calculate the average greenhouse gas emission rate
of the BAU scenario. The averaging period should be consistent with the period of the
CDM project.

Uncertainties

Uncertainties are lower in this approach compared to previous baselines. It takes into
account future developments, so far as they can be foreseen.

Transparency

The approach is less transparent than previous ones. Many assumptions and data have
been considered in constructing the BAU scenario and it is difficult to report all of them
in the baseline study. But reference to published projections considerably improves
transparency.

Leakage – electricity imports

For the purpose of simplicity, no distinction has been made between the domestic and
the imported shares of electricity generation in calculations of baseline D. The com-
plexity of the scenario approach increases considerably if electricity imports are taken
into account, as the project developer would need to construct a scenario across three
countries, leading to increasing costs and work burden. The CDM host country may
provide national data and projections, but other governments would need to be con-
tacted to gather additional data. Besides, the BAU scenario assumes that electricity im-
ports will stop in 2003 when supply contracts expire. This assumption supports the sim-
pler approach, that does not consider electricity imports.

Other issues

In small countries large energy generation projects could have considerable impacts on
the total national greenhouse gas emissions. The establishment of a business-as-usual
scenario for such a project will be very difficult, as national circumstances and most of
the relevant indicators would change completely.
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Baseline E

Figure 8 Matrix of choices for Baseline E – present marginal approach
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ÖÖko-Institut

Description

Baseline E presents the marginal approach in which the project is compared to a ex-
isting marginal plant.

Rationale

The concept behind this approach is that the project's output replaces the output of the
marginal plant. Often in an economic analysis the marginal plant is the one with the
highest cost per unit output (least-cost approach). No consistent definition of "marginal"
exists; apart from the economic definition of marginal, other interpretations are possible
and analysis at micro- or macro-level can be performed. The marginal plant concept
considers the additionality at the plant level and compares the project with the most
likely other plant that would deliver electricity in the absence of the project. For energy
supply projects developers need to take into account load characteristics of project and
to choose a marginal plant with similar characteristics. For example, in Germany base-
load plants include nuclear, lignite and hydro plants, medium load includes coal and
peak load plants are mainly gas and pump-storage hydro plants.
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Data sources and constraints

Option E was discussed with ZESA during the visit, resulting in the assumption that
under current operation conditions the most likely marginal plant (least-cost approach)
would be the coal-fired Hwange 2 station, or a mix of the smaller refurbished plants in
Bulawayo, Harare and Munyati, due to their relatively high short-term running costs,
resulting from their low electric efficiencies. For simplicity, the Bulawayo plant was
assumed to be marginal, because its specific emissions are in the range of the other
plants. Again, the plant and fuel characteristics were based on the SAPP database of the
EM model26 (Table 8). The wood waste power plants would deliver base load electricity
which is consistent with the choice of the marginal plant.

The emission rate of baseline E is considerably higher than the emission rates of previ-
ous approaches as it only includes a coal plant, whereas other emission rates describe
Zimbabwe's fuel mix, that includes hydro generation.

In this study, the choice of marginal plant was based on the expert judgement of the host
country's experts. It may be difficult to get data to clearly support and justify a specific
choice of a marginal plant. Should the marginal plant be hydro (which seems unlikely as
operation costs are usually lower for hydro plants compared with coal plants), the
greenhouse gas emission rate would be around zero. Thus the choice of the marginal
plant type can considerably influence the baseline result.

Table 8 Baseline E: Emission rates for marginal plant options in 1997

Option CO2-equiv. CO2 CH4 N2O
[kg/MWh] [kg/MWh]

Hwange 2 1,067 1,054 0.024 0.039
Munyati 1,536 1,518 0.034 0.056
Harare 1,547 1,528 0.034 0.057

Bulawayo 1,286 1,271 0.028 0.047
Source: SC 1999

Uncertainties

The marginal approach is connected with high uncertainties and high risk of unrealistic
assumptions. A single plant gets the status of the reference project and the choice of this
plant greatly influences the resulting emission rate. It seems difficult to achieve an ob-
jective judgement on the marginal plant without any bias in favour of higher emission
rates.

Uncertainties of baseline E are also high with regard to future developments. For exam-
ple, an existing marginal coal plant, chosen as baseline, may end production soon after
the project start. With the shutdown of this plant, no further coal plants would exist in
the country. Even in this situation the project would be compared against an inefficient

                                                
26 For description of the EM model see footnote 5
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coal plant. This is a theoretic example, but it highlights the problems of the concept.
Therefore project developers, using the present marginal plant approach, should de-
scribe the age of reference plants and the time they are expected to operate.

Transparency

Data that allows the judgement of "marginal", i.e. cost data for all existing plants may
not exist or may be difficult to get. If the analysis mainly focus on expert judgement, the
choice is not transparent.

Leakage – electricity imports

The marginal concept usually does not take into account imports, but imports could
easily be included in the concept. For example, also imports could be identified as the
electricity the CDM project replaces.
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Baseline F

Figure 9 Matrix of choices for Baseline F – future marginal approach
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ÖÖko-Institut

Description

Baseline F presents the marginal approach in which the project is compared to future
marginal plant. In this approach, the project's output replaces the output of the future
marginal plant.

Rationale

The concept behind this approach is that the project's output replaces the output of the
marginal plant. At the same time it takes into account timing, i.e. future changes are
taken into account. The same definition of "marginal" applies, i.e. the marginal plant is
the one with the highest cost per unit of output. The marginal plant concepts considers
the additionality at plant level and compares the project with the most likely alternative
plant that would deliver electricity in the absence of the project at any future point in
time. Energy supply projects developers need to take into account load characteristics of
the project and to choose a marginal plant with similar characteristics.27

                                                
27 A second option for the future marginal plant would be to consider only the new future plant in-

stallations. In this case, the definition of the future marginal plant would be inverse, i.e. the alterna-
tive new plant with lowest investment costs (therefore the one that is most likely to be realized).
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Data sources and constraints

Option F was discussed with ZESA during the visit, resulting in the assumption that the
most likely marginal plant will be one of the future additions of domestic coal-fired
thermal capacity, namely the Hwange 7/8 plants (2 x 300 MW) or the Gokwe North
complex (4 x 300 MW) which are to be built in the BAU scenario in the period to 2004.
Baseline calculations assumed that one of these coal plants would be the marginal plant.
This assumes that the existing older Hwange plants, as well as the smaller refurbished
plants in Bulawayo, Harare and Munyati, will be replaced by the new coal plants. Fur-
thermore, imports from South Africa (coal-fired generation), and Mozambique/Zambia
(hydro generation) are assumed to be contracted on a “take-or-pay” basis, so that these
options are unlikely to be marginal to the overall generation system.

Comparable to baseline E, the emission rate of baseline F is considerably higher than
the emission rates of previous approaches as it only includes one coal plant (Table 9).

Table 9 Baseline F: emission rates for marginal future plants

Option CO2-equiv. CO2 CH4 N2O
[kg/MWh] [kg/MWh]

Hwange 7/8 1,067 1,054 0.024 0.039
Gowke 1,005 993 0.022 0.037

Source: SC 1999

Uncertainties

In this study the choice of marginal plant was based on expert judgement of the host
country's experts. The future marginal approach seems quite arbitrary as cost data for
planned projects would be needed as a basis for judgement. Economies in developing
countries often face rapid changes and disruptions, and projections of future marginal
installations seem to involve great uncertainties. On the other hand, the approach tries to
take into account future changes and uncertainties, and is therefore generally more pre-
cise than baselines using an emission rate derived from existing plants or installations.

Transparency

If the analysis mainly focus on expert judgement, the choice is not transparent. Large
amounts of cost data may decrease transparency.

Leakage – electricity imports

Electricity imports can easily be taken into account in the analysis as explained above.
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6.2.1 Summary of results for baseline emission rates

Table 10 and Figure 10 summarize the results from the previous sections.

Table 10 Summary of baseline approaches

Description 2000 2005 2010 2015 2020
Emission rate

kg CO2-equiv /MWh

Baseline A Country-specific
present fuel mix

749 749 749 749 749

Baseline B Present fuel mix
Southern Africa

723 723 723 723 723

Baseline C1 1996 fuel mix
OECD

559 559 559 559 559

Baseline C2 1996 fuel mix
EU

391 391 391 391 391

Baseline D BAU scenario
future fuel mix

756 852 840 744 688

Baseline E Marginal existing
plant

1,286 1,286 1,286 1,286 1,286

Baseline F Marginal future 1,066 1,066 1,066 1,066 1,066
Source: Öko-Institut

The comparison shows that for the wood waste power plant in Zimbabwe the OECD
average fuel mix and the EU average fuel mix are the lowest baseline emission rates of
all different approaches. The OECD average is one of the proposals from Parties in the
UNFCCC negotiations. For Zimbabwe it would not be favourable to choose this
benchmark compared to national or Southern African regional benchmarks. However,
for Non-Annex I countries with a high share of renewable energy in the fuel mix (espe-
cially hydro) the OECD average would be more favourable than the country-specific
benchmark. If the choice of the level of aggregation is left to the Parties participating in
the CDM, they will opt for the most favourable benchmark, in some cases using the
OECD average in other cases a national average. This will result in rather arbitrary cal-
culations of the baseline emission rate. If policy makers do not take decisions with re-
gard to the level of aggregation for benchmarks, they will opt for the principle "pick the
most favourable emission rate you can find trying all possible aggregations". Policy
makers could decide that a comparable approach for comparable projects in different
countries should be applied by all Parties. The selection should be based on the rationale
of the different levels of aggregation and consistency with the requirement of Article
12.5 (the project should be additional to any that would occur in the absence of the cer-
tified project activity). The level of aggregation of benchmarks should be related to the
level at which direct effects of the CDM project occur. Otherwise it seems doubtful that
the benchmark is consistent with Article 12.5.
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Figure 10 Options for baseline emission rates for electricity generation in Zim-
babwe
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The highest amount of emission reductions would result from the approach using the
marginal present plant as reference case. The lowest and highest estimates of the base-
line emission rate differ by the factor of 3.3; this means that for the wood waste power
plants in Zimbabwe this approach would lead to certified emissions reductions 3.3 times
higher than the EU benchmark. Compared with the BAU scenario approach it delivers
emissions reductions 165 % higher. If the Parties are allowed to choose between the
marginal plant approach and a country-specific benchmark or a scenario approach pro-
jecting the future fuel mix, they will always opt for the marginal approach if fossil tech-
nology with high emission rates would qualify as marginal. For project validators and
certifiers the marginal approach will be difficult to verify, as the choice will be based
mainly on expert judgement and cost data. Both types of information are difficult to
assess with regard to their reliability. Thus the potential for gaming seems to be higher
with this approach than with others.

The BAU scenario (Baseline D) is probably one of the approaches most consistent with
the terms of the Kyoto Protocol, as it represents the development of the sector without
the project and takes into account future changes. Additionality in the future is likely to
be guaranteed as well as at present. Even if the assumptions used for the BAU scenario
approach involve uncertainties, the overall uncertainty of the baseline estimate will be
considerably lower than in the baselines that take no account of future developments
whatsoever . The approach is less transparent and less simple than previous ones. Many
assumptions and data are used in constructing BAU scenarios, and assessment of the
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scenarios may be difficult. In the case of Zimbabwe this approach was not more com-
plicated because different scenarios had recently been constructed by ZESA.

The comparison shows that a ranking of different approaches is difficult, as the baseline
approaches are based on different rationales. For example, the marginal plant approach
and the BAU scenario approach are different concepts of addressing the situation with-
out the project. In theory both concepts represent a valid way of assessment. Ranking of
these two options is a difficult task.

The criteria of additionality to any that would occur in the absence of the certified proj-
ect activity is in favour of approaches that take into account future developments, such
as the future marginal approach or the BAU scenario. The "absence of the certified
project activity" is a dynamic situation which cannot be properly assessed with an emis-
sion rate reflecting only the situation before the start of the project. A high degree of
consistency with the terms of the Protocol would imply preferences to the use of base-
lines approaches that take into account future developments. The other possibility would
be to use a fixed emission rate as a benchmark over a certain period of time, and to up-
date it regularly. This would be even more precise than the BAU scenario, but would
increase uncertainties for the project developer. This shows that the ranking of baseline
approaches is closely connected to any general decision on the revision and updating of
baseline emission rates during the project's lifetime.

The possible choices of baselines often depend on the data availability in a specific
country. In Zimbabwe reliable projection data and actual data were available in the form
of results from other recently-completed projects. Other data, for example disaggregated
historical energy data was more difficult to obtain. Project developers may need a cer-
tain degree of flexibility of baseline approaches to take into account the specific data
availability.

6.3 Cross-cutting issues for baseline setting

There are several aspects that need to be considered in the future baseline discussion:

6.3.1 Electricity imports

Currently about 45 % of Zimbabwe's electricity requirements are supplied by electricity
imports from South Africa and Mozambique (ZPC and FC 1999, p.4 , Government of
Zimbabwe 1999, p.8). The country participates in the South African Power Pool, a dis-
tribution network of nine African countries. At the regional level and in the medium
term there is a surplus of generating capacity, in particular in Mozambique, Zambia
(hydro) and South Africa (coal thermal), and other countries face capacity deficiencies
similar to those in Zimbabwe. The import contracts for electricity will expire in the year
2003. Considering the high actual share of imports in Zimbabwe, future emissions from
power production will depend greatly on the amounts of imports. As long as no new
contracts exist, it will be difficult to project the future situation.

It is not clear how the situation of electricity imports should be dealt with in baseline
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calculations. For the purpose of simplicity, in baseline A (country-specific fuel mix) the
country-specific fuel mix was calculated based on data of domestic generation,
neglecting the role of imports. In the view of the CDM host country, it might be
interesting to account only for domestic emissions. As the effects on power generation
in other Non-Annex I countries are not accounted for in this approach, the omission of
imports would result in "leakage" from energy projects. This problem of electricity
imports is relevant in (electrically) integrated regions. Accounting for, or not accounting
for imports could considerably change the emission rates estimated in a business-as-
usual scenario. The inclusion of imports in scenarios would be difficult and expensive.
Imports are not relevant for benchmark approaches at a higher level of aggregation (e.g.
Southern African regional fuel mix). For the marginal plant approach, imports – if they
are relevant – should be taken into consideration as one possibility of marginal power
supply.

6.3.2 Life-cycle emissions

The EM model28 used for the calculations is able to perform calculations with and with-
out life-cycle emissions; for example, the model can estimate upstream fuel-cycle emis-
sions. The data presented in previous sections do not take into account upstream emis-
sions. Both types of calculations have been performed for five baselines. Figure 11 and
Table 11 present the results. For the wood waste power plant example the inclusion of
life-cycle emissions would add about 4-5 % to baseline emission rates. Upstream emis-
sions mainly result from the extraction and transport of fossil fuels. At the project level,
life-cycle emissions are not relevant as no fertilizer is used for timber production and as
the residues accrue at the sawmill site from timber processing.

The issue of upstream emissions could occur in many project types: for instance in fuel-
switching projects, where coal may be connected to lower upstream emissions (e.g. coal
from South Africa open mines) compared to gas (imported from Russia), or in biomass
projects, where considerable energy input may be used for fertilization and the transport
of fuel.

Within the framework of the UNFCCC (e.g. guidelines for greenhouse gas inventories)
a scheme of accounting is used, that is based on the territorial principle.29 Emissions are
accounted for at the source in the countries where they occur. The country of consump-
tion of an output (e.g. electricity) is not taken into account. For consistency within the
Convention and the Protocol it would be preferable to use comparable accounting rules
for the CDM, which would mean not accounting for upstream emissions for the project
and in the baseline.

Apart from this general principle several other reasons exist for not accounting for life-
cycle emissions in baselines and projects. If upstream emissions occur in Annex I
Parties, they are accounted for in Annex I greenhouse gas inventories. Upstream

                                                
28 For description of the EM model see footnote 5
29 With some exceptions regarding the new Kyoto gases.
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emission of CDM projects only then become relevant if they occur in Non-Annex I
Parties. If life-cycle emissions would be taken into account in the CDM project, they
would need to be tracked to the country of origin, and project developers would need to
check if this country belonged to Annex I or Non-Annex I. No default factors or data for
upstream emissions could be used to avoid double counting with Annex I greenhouse
gas inventories.

Figure 11 Baseline emission rates including life-cycle emissions
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Table 11 Baseline emission rates including life-cycle emissions

emission rate
kg CO2-equiv./MWh

Without upstream
emissions

Including upstream
emissions

Baseline A (Country fuel mix) 787 822
Baseline B (Southern African mix) 723 757
Baseline D (BAU scenario mix) 776 820
Baseline E (marginal 1997 plant) 1,286 1,297
Baseline F (marginal future plant) 1,067 1,114
Source: Öko-Institut

In addition, reliable data with low uncertainties for upstream emissions do not exist in
many cases. Generic data have been developed by Öko-Institut for GEMIS- and EM-
models but these data often represent upstream emissions for Annex I Parties. Data
availability would be a serious problem for project developers.
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Project developers should check the project and baselines with regard to effects on up-
stream emissions and report possible effects and changes in a qualitative way. But it
seems preferable that life-cycle emission should not be included in the baseline esti-
mate.

6.3.3 Impact of CDM projects on the national baseline in small countries

In small countries large energy generation projects could have considerable impacts on
the total national greenhouse gas emissions. The establishment of a baseline for such a
project will be very difficult as national circumstances would be completely changed
with regard to actual conditions. The projection of the economic effects of such a proj-
ect will turn out to be extremely speculative, as basic indicators will be changed with
the implementation of a single project. Large CDM projects, with regard to their effect
on emission reduction, may also change baselines for other CDM projects considerably.
This is not the case for the wood waste cogeneration projects considered in this study,
but should be taken into account in the general discussions on CDM baselines.

Revisions of baseline emission rates during the crediting time are problematic in the
case of CDM projects with large impacts. For example, if a single CDM project in the
electricity generation sector changes the national fuel mix considerably, revisions of the
baseline emission rate would lead to the further effect, that the CDM project would need
to take into account its own project effects as baseline, resulting in non-additionality.
Such cases may be relevant in small Non-Annex I countries that have often installed
low electricity generation capacities.

6.3.4 Dynamic versus static baselines

As explained earlier the terms dynamic and static baselines are used in this report  for
baseline emission rates with periodic revision (dynamic) and for baseline emission rates
without revision (static). Simple recommendations for dynamic or static are not possi-
ble, as these issues are closely linked to other rules and procedures for baseline setting.
The aim of revisions of baseline emission rates is the reduction of deviation between
estimated baseline emission rates and the real future development of emission rates.

Many approaches address the same aim as revisions. For example, a short crediting pe-
riod would also lead to decreasing uncertainties concerning baseline emission rates.
Baseline approaches based on scenario techniques (e.g. working with different tech-
niques) may result in baseline emission rates close to the real development, whereas
benchmarks based on present data may differ largely from reality the longer the credit-
ing period is. If revisions are needed to limit uncertainties and to ensure some linkage to
real development, it is important what kind of decisions will be taken on baseline meth-
odologies and crediting period.
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7 Emission reductions from wood waste power plants

For the wood waste plant project it can be assumed that no CO2 emissions occur with
the electricity generation. CO2 emitted from the wood waste plants was sequestered
before by sawmill timber plantations. Related to national greenhouse gas inventories,
IPCC guidelines recommend that net release of carbon from biomass energy use should
be taken into account if the total carbon embodied in standing biomass (e.g. forests) is
declining in the long term. As sustainable management practices are applied (see section
4.1.3), such long-term decline seems not to be evident for the project.

However, non CO2 emissions - CH4 and N2O – need to be accounted for as project
emissions. Emission factors for CH4 and N2O from Environmental Manual (EM) data-
base for wood waste power plants of similar capacity have been used for this calcula-
tion. 30 The emission rate regarding non-CO2 greenhouse gases was estimated to be
0.006 kg CO2-equiv./MWh.

Table 12 provides the calculation of emission reductions that result from the wood
waste power plant projects in Zimbabwe for three different baseline options (C1 =
OECD benchmark, D = BAU scenario, E = present marginal) and for three different
levels of output. The medium activity level represent the assumptions on future output
of the feasibility studies for the project. Availability31 of the wood waste power plant of
3.5 MWe was assumed to be 60  % resulting in an annual production of about
18,400 MWh. German plant constructors familiar with the project assumed that avail-
ability could be as high as 85  %. The high activity level estimate was based on this as-
sumption. In addition a worst case scenario was calculated assuming a very low avail-
ability of 50  %.

Table 12 Emission reductions for different activity levels of wood waste power
plants

Activity level Baseline C1 Baseline D Baseline E
MWh/year

low activity level 15,330 8.57 13.01 19.76
medium activity level 18,396 10.28 15.64 23.74
high activity level 26,061 14.57 22.21 33.68

kt CO2-equiv./year

Source: Öko-Institut

The comparison in Table 12 shows that for the wood waste power plants the possible
changes in output, that may occur when the project operates, are less important with
regard to the certified emission reductions that can be achieved than the choice of the
baseline emission rate. Emission reductions for the lowest activity level differ by a fac-

                                                
30 Emission rate for CH4: 34.59 kg/TJ and for N2O: 3.458 kg/TJ
31 Availability includes the sum of operation time and the stand-by availability time.
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tor of 1.7 from those at the highest level. However, between the low and high options
for baseline emission rates the difference is a factor of 2.3.

For the following calculations of emission reductions for all different baselines the me-
dium activity level, that is the output with 60 % availability, was used. Table 13 shows
the emission reductions depending on the baseline option chosen. The annual emission
reductions that can be achieved by the wood waste power plant range from 7 to 24 kt of
CO2-equiv. per year. For the first commitment period (assuming the project would start
in 2000) a total emission reduction from 92 to 309 kt CO2-equiv. could be obtained.

Table 13 Emission reductions for different options of baseline emission rate for
wood waste power plants in Zimbabwe

kt CO2-
equiv./year

kt CO2-
equiv./2000-2012

Baseline A BM country-specific 15.00 195.03
Baseline B BM Southern Africa 13.82 179.63
Baseline C1 BM OECD 10.16 132.14
Baseline C2 BM EU 7.07 91.96
Baseline D BAU scenario 15.64 203.32
Baseline E marginal present 23.74 308.63
Baseline F marginal future 20.38 264.95

emission reductions

Source: Öko-Institut
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8 Economic value of emission reductions

The economic value of the certified emission reductions from the CDM project will
depend on the price the investor can achieve on the market for greenhouse gas emission
reductions. The markets for GHG offsets are just emerging, and no experience exist
with CER trading. It is unclear how the market will develop and what prices CERs may
achieve; experimentation and speculation dominate the present situation.

Literature provides differing estimates with regard to the future market price. Yamin
(1998) quotes Haites, that more recent information suggests prices ranging from less
than US$ 1 to about US$ 3 per ton CO2 although some higher estimates such as the one
of US$ 18-23 per ton is used by the US Council of Economic Advisors. For Hassing
and Mendis (1998) the range of values for GHG offsets extends from less than US$ 1
per ton of carbon (0.27 US$/t CO2) to over US$ 50 per ton (13.5 US$/t CO2). BP's pre-
liminary internal market price in the company-wide trading scheme is US$ 20 per ton
CO2. The internal trading price within BP Amoco is derived from the pilot phase where
only 12 business units participated, and the price is expected to change when the trading
scheme will be extended to all 140 business units of BP Amoco (Knoedel and Glocker,
BP Germany, personal communication).

For this study several price scenarios have been calculated with prices for CERs of
1 US$/t CO2-equiv., 10 US$/t CO2-equiv. and 20 US$/ t CO2-equiv., taking the BP in-
ternal offset price as an upper price limit. The price level of 1 US$/ t/CO2 reflects the
estimates in the lowest range.

Table 14 Economic value of CERs from wood waste power plants for different
price assumptions

Period
Price of CER in US$ per t CO2-equiv. 1 10 20 1 10 20

Baseline A BM country-specific 14 144 287 187 1866 3731
Baseline B BM Southern Africa 13 132 264 171 1714 3427
Baseline C1 BM OECD 10 102 203 132 1321 2643
Baseline C2 BM EU 7 71 141 92 920 1839
Baseline D BAU scenario 15 150 300 195 1947 3895
Baseline E marginal present 24 235 471 306 3060 6120
Baseline F marginal future 20 195 390 254 2536 5071

 - 1000 US$ - 

one year 2000 - 2012

Source: Öko-Institut

Table 14 presents the economic value of CERs dependent on the CER price. Calcula-
tions have been performed for the annual benefit as well as for the total benefit during
the first commitment period. After the first commitment period, future development of
the CDM and the market price of CERs will depend on the future commitments of An-
nex I Parties. Any assumptions on commitments of Annex I Parties are pure specula-
tion, therefore calculations have only been performed for the first commitment period
even if project lifetime may extend longer.

A low value of CERs would result in an annual benefit from CERs of US$ 7,000 to
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US$ 24,000 accumulating to US$ 92,000 to US$ 306,000 during the first commitment
period. BP Amoco's offset price of 20 US$/t CO2-equiv. would lead to a benefit ranging
from US$ 141,000 to US$ 471,000 annually (US$ 1.8 milion to 6.1 million for 2000-
2012). This calculation clearly indicates the enormous pressure from investors and host
countries in the direction of high baseline emission rates. For the high CER price a
maximum difference in economic benefit of US$ 4.4 million occurs during the first
commitment period between the lowest baseline and the highest one. And this report
analyses a rather small project.

The second message from Table 14 is the simple fact that the market price of CERs is
clearly the most important factor influencing the investor's decision to participate in the
project. The market price will be related to the price of parts of assigned amount 32 traded
under the international emission trading system. If traded "hot air" inflates the price for
CO2 reductions, the incentive for investors to implement CDM projects will be small.

8.1 Crediting time

The total amount of emission credits for the projects will mainly depend on the time
during which credits are allowed to accrue. Thus, to maximise emission credits it would
be the best to choose the longest lifetime possible. At the moment, no guidance with
regard to the definition of crediting time33 is available. AIJ projects had widely differing
crediting times, even for similar project types (Ellis 1999).

Several approaches for crediting timeline can be chosen:

1. The technical lifetime  of the project. Data for the technical lifetime could be gath-
ered from plant manufacturers, but it is uncertain if this information will be valid for
conditions in Zimbabwe, as technical lifetime depends on maintenance, climatic in-
fluences etc.. Technical sources estimate lifetime of biomass plants at 10-20 years
(Marutzky 1999). For financial calculations Flaig (1998) uses 15 years for biomass
plants, while Obernberger and Hammerschmid (1999) give 20 years for technical
lifetime for biomass cogeneration plants. An estimate of 15 years for the technical
lifetime of wood waste power plants in Zimbabwe seems to be a realistic choice.

2. The commercial lifetime , that is the period of depreciation of power plant projects.
The problem for the projects in Zimbabwe is that the depreciation period is negoti-
ated between government and project investors, and there is no information avail-
able concerning realistic periods. If commercial lifetime should be used to define the
crediting period of the project, depreciation periods need to be standardized. For the
wood waste power plants a period of 5 years may be an appropriate estimate for the
depreciation period.

                                                
32 Parts of assigned amount (PAA) may be the trading unit under the Protocol as proposed by some

Parties
33 crediting time = period in which CDM credits accrue
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3. The pay-back time of loans  used for a project. No commercial loans for the proj-
ects would be available in Zimbabwe, thus the approach of regarding the pay back
time as crediting period does not work for the project under consideration .

Ellis and Bosi (1999) discussed standards for project lifetimes, for example numerical
limits for different project categories. This approach seems useful as the definition of
the crediting time is highly arbitrary. The Dutch government used standardised crediting
periods for different project types during the AIJ pilot phase.

8.2 Financial benefit from Certified Emission Reductions

Investors for the wood waste power plant project are lacking. According to the feasibil-
ity studies the joint venture for the project should comprise three partners: the ZPC, the
Wattle Company in the case of the Nyanga plant, the Forestry Commission in the case
of the Chimanimani plant, and an unknown third investor.

ZPC, Wattle Company and the Forestry Commission are willing to operate the plants.
Wattle and the Forestry Commission will also provide the site for the plant and provide
guaranteed fuel delivery, whereas the joint venture will provide steam to Wattle Com-
pany or the Forestry Commission in the case of realization of the cogeneration plants.
Furthermore ZPC will provide a share of 30 % of the equity. Wattle Company and the
Forestry Commission will not contribute equity. They will contribute to the joint ven-
ture in kind (site, building etc.). Another investor would have to contribute 70 % of the
projected equity.

CERs from the project could considerable increase the attractiveness of the wood waste
power plant project to foreign investors. A private investor from Annex I Parties could
either use CERs for compliance with domestic commitments (if his government im-
posed quantitative commitments at a national level) or trade the CERs on the offset
market.

CERs will be generated during the whole crediting period agreed for the project. To
asses the present value of the CERs that will be generated in the future, the value has to
be discounted.34 For the project in Zimbabwe a static discount rate of 12.5 % was as-
sumed. The discount rate equals the assumed interest rate for the commercial loan for
the project.35 Taking into account the discount rate, a crediting period of 15 years and
CER values of 1, 10 and 20 US$/t CO2, the Net Present Value (NPV) of the different
baseline options has been calculated (Table 15).

                                                
34 Payments in the future do have a lower value at present. To make future payments comparable to

present values methods of financial mathematics like the concept of Net Present Value (NPV) could
be applied. According to this concept all future payments are discounted by a discount rate to make
the various options comparable to each other.

35 Basler und Partner (1999, p. 39) assume a discount rate of 12 % for the evaluation of a quite similar
CDM project in Slovakia.
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Table 15 Sensitivity of the Net Present Value of Certified Emission Reductions

Price of CER in US$ per t CO2-equiv. 1      10      20      

Baseline A - BM country-specific 95      952      1904      
Baseline B - BM Southern Africa 87      874      1749      
Baseline C1 - BM OECD 67      674      1348      
Baseline C2 - BM EU 47      469      938      
Baseline D - BAU scenario 99      994      1987      
Baseline E - marginal present 156      1561      3123      
Baseline F - marginal future 129      1294      2587      

 - 1000 US$1999 - 

Source: Öko-Institut

For the wood waste power plant the NPV varies from US$ 45,000 to US$ 3.1 million.
The latter result is equivalent to 67 times the first result. The additional contribution of
CERs to the financing of the overall investment would be lower than 1 % if the EU
benchmark is used and the price of CERs is low. With CER prices of US$ 20 per ton of
CO2 and baseline E, the benefit from CERs would contribute 58 % to the financing of
investment in the project. If assumed that a foreign investor will provide the lacking
capital (70 % of the equity ) and that all CERs are transferred to this investor, the value
he gets from CERs is 8 US$/t CO2 for the highest baseline emission rate and
26 US$/t CO2 for the lowest baseline.

Although the range of the potential NPV of CER created in the project it still very
broad, analysis shows that CERs could contribute significantly to the overall attractive-
ness of the project. However, this potential could only be achieved if the sound eco-
nomic feasibility of the overall project, including the value of the CER, is conveyed to
potential foreign investors. The attractiveness to foreign investors will also depend on
the sharing of credits that will have to be agreed between the host country and the in-
vestor.36

                                                
36 Discussion on credit sharing is provided in Michaelowa et al., 1999a
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9 Behavioural additionality

Section 6 describes methods and decisions in selecting the appropriate baseline. Be-
havioural aspects of project additionality, especially free riders, are not addressed. The
different approaches outlined do not answer the question whether the project would
have been implemented in the same way without the CDM incentive. The requirement
of additionality of emission reductions to any that would occur in the absence of the
certified project activity in Article 12.5 of the Kyoto Protocol seem to require an analy-
sis of investors' behaviour in the absence of CDM credits. Whereas Article 12.5 of the
Protocol directly leads to the question "Would the investment occur without the revenue
from CDM carbon credits?", it does not address the timing of this occurrence. The cir-
cumstances of the investment may not lead to the implementation at present, but proba-
bly at some time in the near future.

This issue has been addressed under the term of financial additionality (see for example
Michaelowa et al. 1999b) in the past, as financial criteria and indicators such as the rate
of return on investment are used to describe the behaviour of investors in a reliable way.
Meyers (1999) proposed "behavioural additionality" as a better term. This proposal is
adopted in this report as the behaviour of investors is the key issue of analysis. With his
new term Meyers automatically includes other aspects of investors' behaviour besides
financial criteria, such as barriers to investment.

Several Parties see the need for behavioural additionality as eligibility criteria for CDM
projects in their submissions to the UNFCCC secretariat. In their view projects need to
be additional to commercial-viable investment37, thus financially profitable projects are
excluded as non-additional.

Financial attractiveness is an indicator to judge the probability of investments. If a proj-
ect clearly is not financially attractive it can be assumed that it would not have hap-
pened without incentives from CDM. The closer an investment comes to financial at-
tractiveness, the more difficult it becomes to judge whether the investment would take
place without CDM credits.

Different methodological approaches exist to judge financial attractiveness. One method
is the comparison of the internal rate of return on investment capital (ROI) with a target
rate of return the investor requires for this project type. If the project does not achieve
the rate of return the investor requires under the circumstances of the project, it is not
profitable. This approach requires a default rate of return, which often does not exist.
Companies have different default ROIs for different types of projects and requirements
may differ across companies. For example, RWE – one of the major German energy
companies - uses target ROIs from 9 % to 20 % for different business branches (RWE
1999). In markets with high risks, as is the case with Zimbabwe, it is even more difficult
to get information on default rates of return used by investors.

                                                
37 submissions of EU, G77 and China, Costa Rica and Republic of Korea



GTZ: Biomass plants as CDM projects in Zimbabwe Final report

48

Another method to analyse financial attractiveness is the incremental cost approach. For
this approach the net present value (NPV) of the wood waste power project would need
to be compared with the NPV of a baseline project, more precisely the NPV of the
baseline needs to be subtracted from the NPV of the project38. If the resulting incre-
mental costs are negative, the project achieves a financial benefit compared with the
baseline and would not qualify as additional. Chomitz (1998) discusses the application
of behavioural models to predict whether the proposed project would have been sponta-
neously undertaken in preference to the baseline project.

These methodological approaches are equivalent to some of the approaches discussed
under environmental additionality. In the benchmark approach for environmental addi-
tionality, no specific baseline project is defined. Therefore the incremental cost ap-
proach would not be consistent with the chosen concept. The corresponding method for
assessment of behavioural additionality for these approaches would be comparison with
a target rate of return, which could also be viewed as a benchmark approach.

However, the marginal plant approach defines a specific baseline project. In this case
the same baseline project can be used to assess behavioural additionality with the in-
cremental cost approach. But this approach also allows the use of a benchmark for the
assessment of financial attractiveness. Thus, the marginal plant approach is consistent
with both methods used for financial attractiveness, whereas the benchmark approach
has more rigid consequences for the possible methods of assessing behavioural attrac-
tiveness.

This leads to a clearer differentiation between "project-specific" baseline approaches
and other baseline approaches. Taking into account the methods and results discussed in
this report, the project-specific approach uses a specific baseline (marginal) project.
Emission reductions as well as financial attractiveness are compared between two dif-
ferent specific projects. Such an approach has been applied for Swiss AIJ projects
(Basler und Partner 1999). Both approaches are considerably different methodologi-
cally, as well as with regard to information and data requirements and uncertainties
compared to baseline approaches using aggregated data (either benchmarks or simula-
tions). Figure 12 summarizes the key differences.

It is important to note that the incremental cost approach has consequences for the pos-
sible choices of environmental baselines. For this approach a specific baseline project is
needed to compare financial data. For reasons of consistency the same baseline project
should be used for the analysis of environmental additionality. Therefore, all other pos-
sible aggregated baseline approaches are excluded as not consistent with the decision in
favour of the incremental cost approach.

For the wood waste power plant in Zimbabwe we tried to use both approaches to assess
the financial attractiveness of the project. The equity rate of return on investment of the
wood waste power plant project (without CDM) was estimated to be about 6 % (ZPC

                                                
38 Instead of NVP, ROI could also be used for comparison between the two projects.
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1999)39. This ROI would not qualify as a financially attractive project, even if no infor-
mation on target ROI of investors is available for Zimbabwe in the energy sector. The
ROI is lower than the usual target ROIs used in Annex I countries, and it can be as-
sumed that financial risks in developing countries would lead to stronger requirements
with regard to financial attractiveness.

Figure 12 Characterization of different baseline approaches with regard to envi-
ronmental and behavioural additionality

Project specific BaselineProject specific Baseline

Project emission rates
compared with emission rates
of specific (marginal)  baseline
project

Project emission rates
compared with emission rates
of specific (marginal)  baseline
project

Ö Öko-Institut

Type of approachType of approach

Environmental additionalityEnvironmental additionality

Behavioral/ financial additionalityBehavioural/ financial additionality

Aggregated BaselineAggregated Baseline

Project emission rates
compared to benchmark or
simulated development that are
aggregating data from a
portfolio of comparable
projects (e.g. national fuel mix)

Project emission rates
compared to benchmark or
simulated development that are
aggregating data from a
portfolio of comparable
projects (e.g. national fuel mix)

1. Incremental cost approach
(Comparison with financial
characteristics of marginal
baseline project)
2. Comparison with
benchmark for ROI or NPV

1. Incremental cost approach
(Comparison with financial
characteristics of marginal
baseline project)
2. Comparison with
benchmark for ROI or NPV

Comparison with benchmark
for ROI or NPV
Comparison with benchmark
for ROI or NPV

The analysis becomes more difficult if future developments are taken into account.
Profitability of the project largely depends on ZESA's future electricity tariffs. With the
present tariff structure, ZESA is not able to meet its operational costs. The accumulated
deficit on current operations presently stands at around US$ 115 million (Government
of Zimbabwe 1999, p. 37). Especially the electricity imports from South Africa and
Mozambique that are paid in US$ threaten the solvency of ZESA (Government of Zim-
babwe 1999, p.8). Inadequate reserve margins and lack of investment in transmission
and distribution have followed the pressing economic situation of ZESA. Despite the
costs for ZESA the government has limited tariff increases in order to reduce the impact
                                                
39 More detailed information with regard to the financial parameters of the project is contained in

part II of the report.
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on overall national inflation. This shows that Zimbabwe's economy is facing a severe
macro-economic crisis. Reforms and drastic changes, especially with regard to privati-
zation in the energy sector, are likely in this situation. If such changes occur, the project
may become financially attractive.

The incremental cost approach requires a comparison of NPV with the NPV of a spe-
cific baseline project40. The question for the baseline project is: If the wood waste power
plant is not installed, which other project will the investor implement? In the special
case of the wood waste power plant the results of the incremental cost approach depend
on the perspectives of the different project participants:

First, the perspective of one of the investors and project developers – Zimbabwe Power
Company – is described. For ZPC the question is which alternative investment in power
generation would take place. Two different approaches can be chosen. One assessing
the least-cost-marginal plant at the national level (baseline F), the other possibility
would be to consider ZPC's development plants and to select a realistic option for alter-
native investment. Apart from the wood waste power plant projects, the ZPC develop-
ment plan (ZPC 1999) contains only small hydro plants taking into account of compara-
ble size, costs and load characteristics. If a small hydro project is chosen as the financial
baseline project, environmental additionality would also need to be assessed for this
project in addition to the baseline options already calculated. It can be assumed that no
emission reductions would occur in this case, as the hydro plant does not emit CO2.41

This approach would lead to the conclusion that the wood waste power plants would not
create certified emission reductions.42

From the perspective of Wattle Company and Forestry Commission, the owners of tim-
ber plantations and sawmills and participants in the project joint venture, the situation
looks different. They would not invest in any other power generation project at all, be-
cause their interest is not an increase of power capacity in Zimbabwe, but to achieve
economic benefits from wood waste residues. The baseline project would be "no proj-
ect" or the construction of a chipboard factory using the residues. This would provide
different results with regard to financial additionality. This shows that the incremental
cost approach – even if it uses a fairly simple concept – in special situations can become
complicated in project reality when different partic ipants are involved.

In addition, the wood waste power plant example shows that the two possible ap-
proaches (benchmark and incremental costs)43 to assessing financial attractiveness pro-
vide valid answers to the same question, but the answers could be contradictory. It is
difficult to find arguments that clearly rank one approach above the other.

                                                
40 ROI could also be used for comparison.
41 The hydro plant may emit CH4 and N2O in considerable quantities depending on the specific cir-

cumstances.
42 It is not possible to apply the incremental cost approach, as cost data for other projects are not

available.
43 There may be other approaches not covered in this report
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The problems outlined in this section might lead to the consequence that the question
"Would the investment occur without the revenue from CDM carbon credits?" should
be addressed in a qualitative way by project developers if more precise methods cannot
be applied.
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10 Financial (source) additionality

Financial additionality has also been interpreted with regard to the sources of project
funding: Project funding under the CDM in this interpretation should be additional to
funding provided through official development assistance (ODA), the Global Environ-
ment Facility (GEF) and other financial commitments of the Parties included in An-
nex I44. As project investors are not yet available in this project phase, the project fund-
ing cannot be assessed against this criterion. The financing plan in the feasibility study
of Chimanimani Plant considers GTZ, GEF, or UNDP as possible sources of grant fi-
nancing of the project. If this would be the case, it is likely that the project cannot com-
ply with the criterion of additionality to ODA and GEF funds.

For the Prototype Carbon Fund (PCF) the World Bank operationalized the criterion of
financial additionality with regard to funding alternatives (World Bank 1999). Projects
of the PCF should be designed to be complementary with the goals of the GEF. At pres-
ent the GEF supports both short-term response measures and long-term operational pro-
grammes in the climate change focal area. Two of these long-term operational pro-
grammes deal with removal of barriers for the implementation of efficient technologies
and for renewable energy technologies, while the third operational programme focuses
on the reduction of long-term costs of low greenhouse gas emitting technologies. Once a
prospective project for the Fund's pipeline has been identified the Project will first be
reviewed by the Secretariat of the GEF to determine its GEF eligibility. Only if it is
determined that the Project will not receive GEF financing, will it be considered for
financing by the PCF.

                                                
44 Decision 5/ CP.1 "Activities implemented jointly under the pilot phase" requires that the financing

of activities implemented jointly shall be additional to the financial obligations of Parties [...] as
well as to current official development assistance (ODA) flows (UNFCCC1995), see also submis-
sion of India and Republic of Korea on CDM
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11 Monitoring and reporting of emission reductions

Systematic and periodic monitoring should be part of the project design when it is de-
veloped as a CDM project. In their submissions to UNFCCC some Parties request the
establishment of a monitoring plan. For the World Bank's Carbon Fund project-specific
Monitoring and Verification Protocols (MVP)s have been developed (Heister 1999).

The IEA/ UNEP Workshop on CDM in Africa concluded (IEA/ UNEP 1998) with re-
gard to monitoring, verification and certification, that sustainable development objec-
tives should be incorporated in the processes of monitoring, verification and certifica-
tion. At the same workshop participants were concerned with the lack of competence to
carry out these activities in African countries. This was seen as an important capacity
building objective in relation to the CDM in Africa.

Monitoring will be relatively easy in this project as emission reductions depend on the
generated electricity in MWh, therefore actual energy generation has to be monitored,
but it can be assumed that this will be the case (as the electricity is sold to ZESA) and
that the monitoring of greenhouse gas emission reductions will not be difficult.

Environmental impact assessment already requires the monitoring of important envi-
ronmental and social effects of the sawmills, and monitoring data will automatically
include the wood waste power plants. Further monitoring requirements have already
been established for the management of timber plantations.

As explained in previous chapters, the project will lead to a considerable decrease in
other pollutants as uncontrolled burning in beehive incinerators will stop. Therefore it
does not seem to be necessary to monitor additional pollutants.
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12 Investors for CDM projects

No foreign investor is available at present for the wood waste residue power plants. The
implementation of the power plant projects as CDM projects may provide additional
incentives for investors, because they will receive certified emission reductions from the
project activities. Nevertheless it would be necessary to contact potentially-interested
companies and institutions. The search for investors goes beyond the scope of this proj-
ect, but some information should be provided with regard to possibilities that could be
further explored.

Several companies participated in biomass cogeneration projects under the AIJ pilot
phase. The partners involved in these projects could also be interesting partners for the
Zimbabwe plants. A list with contact details of the relevant AIJ project partners was
provided with the interim report.

The World Bank has initiated the global carbon fund for projects that aim to reduce
greenhouse gas emissions (World Bank 1999). Specific Project Portfolio Criteria have
been developed that include the following elements:

1) A broad balance will be achieved in the number of projects undertaken in EITs and in
developing countries and that, considering potential projects identified prior to the es-
tablishment of the Fund, emphasis should be directed initially at the development of
projects in developing countries;

2) A major emphasis should be directed at the development of projects in the area of
renewable energy technology, such as - but not limited to - geothermal, wind, solar and
small-scale hydro energy projects;

3) No less than approximately 2 % nor more than approximately 10 % of the Fund's
assets should be invested in any one project;

4) No more than approximately 20 % of the Fund's assets should be invested in projects
in the same host country;

6) No more than approximately 25 % of the Fund's assets should be invested in Projects
using the same technology.

The wood waste power plant project complies with all criteria, thus the Prototype Car-
bon Fund could be a possible source of finance in addition to private investors.

12.1 Activities in Zimbabwe

To develop the prospective projects further, it is suggested that a joint MOTE/MET
Stakeholder Workshop should be organized in either Harare or Mutare. In this work-
shop the results from this study, as well as the revised feasibility studies, should be pre-
sented, and the input from Zimbabwe's government to the CDM should be made avail-
able also. It would be necessary to secure participation of possible CDM “funders” (e.g.
foreign investors or their representatives)
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To support the private sector involvement (from in- and outside of Zimbabwe) under a
CDM scheme the Government of Zimbabwe (GoZ) should clarify and actively commu-
nicate its position towards such CDM projects, and in so doing might be willing to

• agree on a list of relevant criteria to assess the sustainability of CDM options from a
national perspective (if possible, broken down by sectors);

• agree on a list of national indicators for these criteria (if possibly, simple checks – if
quantified: including thresholds);

• discuss and agree on a position regarding the distribution of any “share of the pro-
ceeds” from CDM projects (Article 12.8 Kyoto Protocol);

• agree on publishing the names of the relevant institutions (and persons within) who
are responsible focal points for the CDM;

These issues should be discussed and agreed upon the earliest time possible, and should
be made available to the (national and international) public.
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