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PREFACE

More than 150 countries are now Party to the United Nations Framework Convention on
Climate Change (FCCC), which seeks to stabilize atmospheric concentrations of
greenhouse gases at a level that would prevent dangerous human interference with the
global climate system. All FCCC Parties are required to communicate a national
inventory of greenhouse gas emissions by sources and removals by sinks. Each country is
eventually required to describe the steps and actions it is taking to implement the
principles and goals of the FCCC. Climate change country studies are a significant step
for developing countries and countries with economies in transition to meet their
national reporting commitments to the FCCC. These studies also provide the basis for
preparation of National Climate Change Action Plans and implementation of
technologies and practices which reduce greenhouse gas emissions or enhance carbon
sinks. '

The U.S., in support of the FCCC, initiated the U.S. Country Studies Program (U.S.

CSP) in 1992 to provide technical and financial resources to complete climate change

country studies. The primary objectives of the U.S. CSP are: (1) enhance capabilities of

countries and regions to inventory their greenhouse gas emissions, assess their

vulnerabilities to climate change, and evaluate response strategies for mitigating

emissions and adapting to the potential impacts of climate change; (2) enable countries

to establish a process for developing and implementing policies and measures to

mitigate and adapt to climate change, and re-examining these policies and measures

periodically; and (3) share information that can be used to further regional, national, -
and international discussions of global climate change science and policy.

To support assessments of the Intergovernmental Panel on Climate Change (IPCC) and
the information needs of FCCC Parties and other international/intergovernmental
bodies, the U.S. CSP has co-organized and co-financed over 30 international workshops
and conferences in cooperation with developing and transition countries as a forum to
share and review information flowing from climate change country studies. Prior
workshops, organized on five continents, have covered the topics of greenhouse gas
emissions inventories from energy and land-use sectors, climate change impacts on
natural systems, economic sectors, and human institutions, identification and
implementation of options to adapt to a changing global climate, identification and
evaluation of technologies and practices to mitigate greenhouse gas emissions in the
. land-use and energy sectors, development of national climate change action plans, and
mitigation project feasibility assessments, finance, and implementation.

In cooperation with other sponsors and organizers, the U.S. CSP implemented prior
regional workshops on developing and evaluating greenhouse gas mitigation methods
and strategies in Africa, Asia and the Pacific, Europe, and Latin America in 1995. These
workshops involved over 500 participants and authors and the technical proceedings
were published in special issues of Ambio, Environmental Management, Environmental
Professional, and Interciencia. Copies of the publications are available from the U.S.
Country Studies Program, PO-6, 1000 Independence Avenue SW, Washington, DC,
20585 USA.

In an effort to summarize several years of climate change country study mitigation
assessments and to help support the technical discussions in preparation for the Third
FCCC Conference of the Parties, Kyoto, Japan, December, 1997, the U.S. CSP co-
sponsored and co-organized the “International Workshop on Greenhouse Gas Mitigation




Technologies and Measures,” November 12-15, 1996, in Beijing, China. The broad goals
of the workshop were to: (1) present results of country study mitigation assessments,
(2) identify promising “no-regrets” greenhouse gas mitigation options in land-use and
energy sectors, (3) share information on development of mitigation technologies and
measures which contribute to improved National Climate Change Actions Plans, and (4)
begin the process of synthesizing mitigation assessments for use by FCCC subsidiary
bodies. The workshop was attended by over 120 scientists, policy analysts, government,
and private sector representatives from over 34 countries and intergovernmental bodies.
Over 60 presentations on technical and policy topics were offered.

The workshop keynote address was offered by Madame Deng Nan, Vice-Minister, State
Science and Technology Commission, People’s Republic of China (PRC). Madame Deng
emphasized the PRC commitment to the goals of China’s Agenda 21 Program which
supports sustainable development and the principles of U.N. FCCC. Other senior
representatives offering remarks included Professor Gan Shijun, Director General, PRC
State Science and Technology Commission, Dr. Richard Hosier, U.N. Development
Program, Mr. Holger Liptow, Deutsche Gesellschaft fiir Technische Zusammenarbeit,
and Dr. Robert Dixon, Director, U.S. Country Studies Program.

The workshop was hosted by the PRC State Science and Technology Commission and
Tsinghua University, Beijing. In addition to U.S. CSP, the workshop was co-organized
and co-financed by Environment Canada, the German Federal Ministry for Economic
Cooperation and Development, and the Netherlands Ministry for Foreign Affairs. The
U.N. Development Program also participated in the workshop.

In addition to the these Proceedings, a Workshop Summary highlights key results and
conclusions of the materials presented by participants. The information presented in
these documents has been subject to technical peer-review but does not necessarily
reflect the official views of any national government or intergovernmental organization.

Robert K. Dixon, PI{.D. . ‘
Director, U.S. Country Studies Program
" Washington, DC, USA
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1. Introduction

Which results of the German support programme may you be interested in?
First of all, no doubt, you may like to hear about important insights which may have come out of the programme and

its individual. Particpants from Thailand, the Philippines and Tanzania will tell you more about that'in the course of * -

the workshop. You most probably would also like to hear about our general experience with the programme, how it
fits into the context of German Technical Co-operation (TC) - which is the géneral task of GTZ -, and what future
activities it may lead to; I myself will be reporting on that. Then, on the last day of the workshop, Mr. Schneider
from the German Ministry of Economic Co-operation and Development (BMZ) will inform you about the climate
protection programme within the framework of German bilateral Economic Co-operation, emphasing the People’s
Republic of China.

2. Getting Down to Work After Rio

Back home in Germany after the 1992 Rio Conference, mgtivated by and committed to the Framework Convention
on Climate Change, we - like all other participants, I'm sure - embarked on an intensive search for the best way to
breathe life into the convention. Since the non-Annex 1 countries were expecting for assistance in drawing up their

national communications, BMZ commissioned GTZ to promote country studies and other enabling activities.

3. Missing Methods

In laying out the substance, we had no time-tested instruments or methods to rely on. The IPCC-Guidelines for Na-
tional Greenhouse Gas Inventories had not yet been adopted;. the U.S. Country Study Programme had not yet issued
any guidelines concerning the Vulnerability and Adaptation Assessment; and the UNEP Greenhouse Gas Abatement
Costing Studies were still in their first phase. Not to mention the Guidelines for National Communications for Non-
Annex 1 Countries, which the Conference of the Parties - CoP - still has not been able to pass.

Moreover, GTZ tdgether with other donor organizations had just begun work on the Environmental Manual, which
was not finished until early 1996. That manual is also available in the form of a computer programme for use in

determining the environmental impacts of power generation and distribution, including GHG emissions.
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4. The Programme's Key Component

We soon discovered that national specialists in a surprisingly large number of countries were already drawing up
initial inventories of greenhouse gas (GHG) emissions, while others had already begun to study their options for
reducing such emissions.

This reinforced our inclination to make such options the main thrust of our programme - as a point of departure for
rapid assistance in reducing, or at least decelerating the increase of, GHG emissions. (As we all know, no obligatory
reductions have yet been stipulated, though we do expect some, at least for the industrialized countries, to come out
of the 1997 Kyoto Conference.)

Aiming for rapid progress does not preclude careful planning - on the contrary. I have often observed that actionism
for the sake of quick results tends to "kick up a lot of dust”. Afterwards, though, when the dust has settled, what we
see is less a sturdy structure than a Potemkin Village.

5. Climate Protection: a Long-term Task

But we do need quick results, because the public and the politicians who represent them tend to lose patience when
the taxpayers' money is squanciered for climate-protection measures that yield no éhange for the better. This is quite
understandable - we feel the same way ourselves. Unfortunately, however, it so happens that climate change has
long-term causes that call for long-term remedies. Initially, at least, the only way to obviate the contradiction be-
tween a long-term challenge and a rapid change for the better in developing countries is to provide win-win options.

This is what we now concentrating on.

6. Climate Protection as a Cross-sectoral Task

Climate protection must be understood and handled as a .cross-sectoral task. This is to say that it needs to be inte-
grated into the sectors energy, transportation, industry, waste management, agriculture and forestry. Climate protec-
tion is everybody's business, because each and everyone of us, each and every family and private household, does
things that affect our climate to a greater or lesser degree.

Like environmental protection and the conservation of resources, practical climate protection often equates to an
exercise in self-restraint: like foregoing the fast satisfaction of wants and needs in favor of long-term imperatives;
above all else, it means seeking out alternative options (action-pattern variables) that do not consume irretrievable
resources.

On the other hand, systematic climate protection does not equate to total inactivity. In my opinion, the only logical
consequence is to at least be sparing and efficient in our consumption of irretrievable resources, though it would be
better still, of course, to rely more on renewabfe resources. This would make it easier for the majority to adjust and
adapt as necessary, while only a minority would have to radically alter their behavior.

Why? So we can leave our children and grandchildren a world that is fit to live in.
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Climate protection is about as broadly based as the rest of what I've told you up to- this point. If tangible results are to
be achieved, our efforts must be directed either at the major dischargers or the major sinks of greenhouse gases. -

7. Polluters at the Source

For the purposes of the German Support Programme to Implement the Convention, we have decided to concentrate
our efforts on the polluters at the source, especially the consumers of fossil fuel, including motor vehicles. Germany's
relevant technical co-operation includes a number of other programmes and projects devoted to the preservation of
sinks, most notably in the form of tropical forests. ‘

8. Project Selection

Which activities have we decided on?

What did we see as the main objective of our planning and implementing activities?

At first, our pregramme gave rise to certain individual measures, because we were aiming for broad dissemination’of
information about the assistance Germany has to offer. Thus, those initial measures consisted extensively of inven-
tory studies and country studies on reduction options (Colombia, Pakistan, Zambia, Tanzania). Once the programme
achieved a certain "awareness rating”, both within the scope of German Technical Co-operation-and internationally,
we were better able to identify approaches with a more séctoral or regional (country-specific) thrust. In our view, this
improves our chances of actuaily achieving the planned results (pertinent examples including activities in China,
India, Indonesia, the Philippines, Thailand and Zimbabwe. (dnnex 1 world map with general overview). -.

9, Co-operation within German Technical Co-operation

As a large organization engaged in development co-operation activities in more than 120 countries, we naturally
make use of our existing connections to ongoing projects and familiar partners.

In addition to providing approaches for enabling activities, this also yields synergistic effects with ongoing German
TC projects in the energy sector. . C Sher

For example, in close co-operation with our rational-use-of-energy specialists, we derived some concrete, practical
options for demand-side management from a since-completed TC project in the Philippines. Similarly, ways of en-
hancing energy efficiency in industrial facilities and buildings are being pursued via an ongoing TC project in Thai-
land. In Zimbabwe, we have integrated the "Reduction Options within the Framework of Southern African Power
Pooling" measures into Fhe local GTZ-supported energy programme. And in Bangalore, India, we are expanding our
co-operation with TERI beyond the present energy conservation and efficiency enhancement scope for the local in-
dustry to include a climate protection project. In that project, we will explore the available alternatives for environ-
mentally and climatically correct planning and implementation in the fields of transportation and waste manage-

ment,

RN
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10. Project Formulat:on as a Technical-assistance Task

Frequently, the final, exact formulation of projects has emerged from intensive dialogue with our partners In our
opinion, such dialogue constitutes the first advisory input on the way to achieving adequate accordance w1th the
Framework Convention on Climate Change. Regrettably, there were some requests that we were unable to support,
either because they were not in line with the exigencies of the convention or because they were situated too far away

from our programme's focal area.

11. International Co-ordination of Country Measures

In my own view, thanks to the initiative of the Climate Change secretariat, the measures being supported by the
various donor organizations have been internationally well co-ordinated. Redundancy was effectively avoided, and
the limited funds available to the individual donor organizations precluded all competition concerning the "best"
projects. On the contrary, every effort was made to round out one's own approaches, one example being our co-
operation with the US Country Study Programme in Thailand, Zambia and South Africa and with the AsDB's AL-
GAS project in Pakistan. ' '

We helped achieve good co-ordination by informing CC:INFO about our own activities and by actively participating
in the CC:FORUM's meetmgs +This general exchange of views and information led to concrete agreements with
various donors - most intensively. with the US CSP, one result of which is this very workshop.

Subsidization of the climate secretariat's information activities has made it possible for each and every country to
present their climate-protection .activities‘in.a uniform manner on the Internet's World Wide Web. (If you would like

to know more about this, please contact either me or the Climate Change Secretariat in Bonn.)

12. Drawing on International Know-how

We have designed our advisory, upgrading and on-the-job training activities around both German expertise and the
knowledge of specialists from other countries with intensive‘experience in the field of climate protection in emerging
countries. ’

United Nations Colaborating Centre on Energy and Environment in Rise/Denmark, for example, helped local spe-
cialists in Tanzania and Zambia draft a set of reduction optiéns; in doing so, the team showed aidepth of commit-
ment that often far exceeded the contractually binding scope. .

We also helped arrange direct South-South co-operation. The team from the Ministry of Energy and Mines in Cara-
cas, Venezuela, was a great help to the team in Bogota in preparing an inventory study for Colombia. Together with
UCCEE, the Southern Centre of Energy and Environment in Harare, Zimbabwe; provided general support and their

own experience to the same Zambian team we were assisting.
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13. Results of Completed Studies

What have we actuaily achieved?

. Let me give some extremely condensed sampling of results from Indonesia, the Philippines, Thailand and Tanzania. - - -
My colleagues from the Philippines, Tanzania and Thailand will be offering details in their own reports. Our pam-
phlet entitled "Measures to Prevent Climate Change" provides information on our programme's results to date and
additional data documenting how climate protection is already being built into GTZ's energy projects. And for any-

one interested in specific cases, we will be glad to provide copies of studies we have conducted in various partner

countries - naturally only to the extent that the measures in question have been completed.

13.1 Indonesia:

Above and beyond the country's already environment-oriented energy planning, there are still other wm-wm options
that could help reduce GHG emissions. In the end-use sector, these would include advanced lighting systems, energy-
conserving refrigerating equipment and variable-speed motors. And in the power sector, highly sophisticated options
like pressurized fluidised-bed combustion and gas-fueled fuel cells have emerged as additional options for enhancing
established technologies.

13.2 The Philippines:

According to the results of the GTZ-assisted study in the Philippines, there are two options for substantially reducing
CO; exmssxons in the energy sector: by improving the gross heat rate in power generation and by reducing transmis-
sion and distribution losses. The use of natural gas, hydropower and geo-thermal energy can further reduce emissions
by significant degrees.

With the aid of the aforementioned Environmental Manual we also conducted a pilot project in which the environ-
mental impacts of the entire power-generating sector were investigated and scenarios developed for engaging in

least-cost forms of environmental and climate protection.

13.3 Tanzania:

In Tanzania, the options for reducing GHG emissions are limited more by market and institutional barriers than by
any lack of access to appropriate technologies. Indeed, the industry has numerous technological win-win options to
offer - like efficient combustion, power-factor correction and efficient motors. The power sector also ha; some lati-
tude for contributions toward climate protection, one example being the intensified use of hydropower. Conversely,
the large number of people who would have to be involved in measures geared to private households and agriculture

would make them difficult to implement.

13.4 Thailand:

In most of the surveyed industrial operations and commercial buildings there were identifiable win-win options (that
is, options with payback periods of up to 4 years) that would make climate protection attractive and reduce CO,
emissions by seven to ten percent. Now, the decision makers have to be persuaded to make use of the available op-

portunities. As already mentioned, the long-term German TC project aims to follow-up and to help achieve that goal.

7
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14. Planning-stage Approaches

We all use energy to heat and light our homes, cook our meals, power our appliances and we are expending more
and more energy - trends increasing particularly in emerging countries - to get from one place to another by
motorcycle, bus, airplane or private motor vehicle - the latter being characterized by more prestige but less efficiency.
And while our mobility is increasing, we note that motorists in Bangkok average about 7 km an hour, whereas a
bicycle would get us there twice as fast and help keep our CO, balance more in equilibrium. And is it really a sign of
progress when private automobiles with built-in toilets have become the "latest thing" in some cities?

For our general country studies, we at GTZ have therefore begun to accentuate energy-sector reduction options in
certain sectors and certain regions of large countries. In doing so, we "discovered” the major cities, where people
often and increasingly suffer under the intolerable noise levels and exhaust-gas pollution of motorized traffic, ubiq-
uitous garbage heaps, and emissions from uncounted stoves, furnaces, household and commercial chimneys and, of
course, industrial smokestacks.

As local pollution worsens, so do the GHG emissions from motor-vehicle tailpipes, and the mountains of refuse con-
tinue to grow menacingly. Since the needs of local and global environmental protection once again happen to coin-
cide, we are aiming our initial minor attempts in both directions: in the State of Karnataka, India, and the booming
City of Bangalore, with the Asian Energy Institutes for Asian Cities and, outside of the programme, with a TC proj-
ect entitled "CO, Reduction in the Transportation Sector of Surabaya, Indonesia".

Our contributions will remain modest but essential.

15. Climate Protection at G'TZ

At GTZ, people are well aware of the fact that climate protection begins at home. We try to follow the well known
motto: think globally and acthloca-l.ly. Then again, as a TC organization, we have our own way of looking at things:
for us, "local" means a co-operative in Central America, a Technical College in Southern Africa or a railroad work-
shop in Southern Asia. And to this very day, climate protection has avoided becoming a virulent subject on our own
premises. We continue to indulge in the luxury of driving our own cars to work. The company has plenty of under-
ground parking slots - but no bus tickets for environmentally aware employees. And the government gives each of us
a tax cut for every kilometer we drive to and from work. Well, the more petrol we burn, the more we help our econ-
omy grow. All this, of course, makes it rather difficult for us to convince others of the importance of climate protec-
tion. It makes it hard to persuade others to get by with less - less private motor vehicle traffic, for example.
Nevertheless, GTZ is trying to be active - if mostly i‘n areas that do not hurt so very much - one example being its
participation in a new initiative by climate-conscious European comparﬁes who have grouped together under the
name of "European Business Council for a Sustainable Energy Future" (e°) to lobby for implementation of the
Framework Convention on Climate Change - as opposed to the kind of foot dragging the coal and oil lobby once

again practiced at the second CoP in Geneva.

——————— - - - - e r————
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16. Perspectives °

Once our ongoing activities have been brought to conclusion in the course of the next two years, we will be able to
pursue new, even more tangible climate-protection activities in connection with TC projects in the energy and trans-
portatidn'sectors, as well as in the preservation of tropical forests and in other areas. As for me, I am anxious to hear
what you are planning for your home countries. Though our future contributions will have to remain modest on the

whole, I will nonetheless be happy to take home your ideas for new projects.
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THE FRAMEWORK CONVENTION ON CLIMATE CHANGE;:
A CONVENTION FOR SUSTAINABLE ENERGY DEVELOPMENT

L PREMISE

In 1992, over 165 countries signed the United Nations' Framework Convention on Climate
Change (FCCC). These countries have implicitly agreed to alter their “anthropdgenic activities”
that increase the emissions of greenhouse gases (GHGs) into the atmosphere and deplete the
natural sinks for these same greenhouse gases. The FCCC states that:

“the ultimate objective of the Convention and any related legal instruments that the
Conference of Parties may adopt is to achieve in accordance with the relevant provisions
of the Convention-stabilization of greenhouse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic interference with the climate system"
(United Nations Framework Convention on Climate Change, Article 2: Objective, p. 5 ).

The energy sector is the major source of the primary anthropogenic GHGs, notably carbon
dioxide (CO7) and methane (CHs). The OECD countries’ presently account for the major share

of GHG emissions from the energy sector. However, the developing countries are also rapidly
increasing their contribution to global GHG emissions as a result of their growing consumption of
fossil-based energy. Implementation of this global climate change convention, if seriously
undertaken by the signatory’ countries, will necessitate changes in the energy mix and production
processes in both the OECD and developing (non-OECD) countries. In this sense, the FCCC is
the first world-wide convention on energy use and management. International cooperation
and the development of new management, financial and policy instruments for the sector will be
critical if all countries are to comply with the Convention. ° ‘

To date, the primary public agencies in both the OECD and non-OECD countries involved with
interpreting and complying with the FCCC -have been the environmental ministries. Yet
successful, sustainable compliance with the Convention in the- future will require far greater
commitments, actions and financial resources dedicated to this effort by the ministries of energy
and finance. The multilateral development banks and OECD bi-lateral donor agencies can provide
critical and needed support to the non-OECD countries to assist and encourage their energy and
finance agencies to address the objectives of the FCCC. In making their transition to GHG-
neutral development paths, the developing countries will need substantial OECD technical and
financial assistance to allow them to diversify and reorganize their energy sectors. Without the
commitment of the finance and energy ministries, this process will not move forward.

Additionally, the 1980s and 1990s have been characterized by an increasing reliance on market- -
based energy planning because markets,'despite their known and well-documented imperfections,
generally are assumed to work. The energy sector is undergoing global privatization. Within this
context, fossil fuel prices have declined in real terms and are, in fact, lower than those of the early

' OECD stands for “Organisation for Economic Co-opcration and Development™.
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1960s. However, as demonstrated in this paper, the market has not accurately reflected the social
and environmental costs of fossil fuels or the benefits of non-fossil based energy resources. As
long as energy prices do not reflect social and environmental costs and benefits, markets will not
provide the appropriate signals for sustainable energy development.

Changing from establistied development patterns, based on fossil fuel dependency, will require the
strong commitment of government, active participation of the private sector and a willingness of
populations to adapt to new norms of behavior. Governments will need to recognize and admit to
the unsustainability of their present economic, and specifically, energy development policies. In
addition, governments, primarily those of OECD countries, will have to place greater emphasis on
the research, development and implementation of energy technologies and resources that sustain
development rather than strain it. Because the private sector, when unconstrained, will react to
market signals, governments must strive to ensure that markets reflect the true societal costs and
" benefits of all energy options and should implement policies and economic instruments to ensure
that this is the case. Finally, populations in general must support the basic and fundamental
changes in expectations and lifestyles needed for sustainable development.

~International actions also will be needed to put the world on a sustainable energy path. By
adoption of the FCCC, representatives of the world’s populations have indicated their desire to
move toward such a-path. The Conference of Parties (CoP) to the Convention has just concluded
its second meeting, at which the Parties endorsed a U.S. proposal that legally binding and
enforceable emissions targets be adopted. Such quotas, when coupled with appropriate financial
incentives, an emissions credit-trading system, technology transfer mechanisms and the national
and regional activities already mentioned, will strengthen the FECC and accelerate the move
toward a sustainable energy future. :

IL INTRODUCTION
Risks of Global Climate Change

The most recent report of the Intergovernmental Panel on -Climate Change (IPCC) presents
convincing evidence "of the possibility of significant global climate change resulting from
anthropogenic (human) activities. The IPCC found that “the balance of evidence suggests a
discernible human influence on climate” (IPCC, 1995a). The magnitude and rate of the projected
global climate change anticipated is unprecedented within the time frame of human existence on
the planet: The IPCC has indicated that an increase in the mean global temperature of 2°C over
the next century is likely, resulting in a sea level rise of almost one meter, increased inundation of
coastal areas, higher frequency of flooding and more intense storms (Lemonick, 1995). The
importance of the IPCC’s prognosis is that if present trends of human activity that contribute to
climate change persist, the resulting impacts on human economic and social well-being could be
- extremely serious. : o : :

2
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Anthropogenic GHGs and their Link to Global Climate Change

The IPCC has identified the emissions of greenhouse gases (GHGs) from human activities as a
primary cause for global climate change. The main GHGs are water vapor, carbon dioxide (COy),
methane (CH.), nitrous oxide (N>O), chlorofluorocarbons (CFCs), hydrochlorofluorocarbons
(HCFCs), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and ozone (O;). While water
vapor has the largest GHG effect, its atmospheric concentrations are not directly affected, on a
global scale, by human activities. Although most of the other GHGs also occur naturally (the
exceptions are CFCs, HCFCs, HFCs and PFCs), human activities in this century have contributed
significantly to increases.in their atmospheric concentrations.

The anthropogenic global production of GHGs totaled approximately 32 billion metric tons (of
CO;-equivalent) in 1990 (authors’ calculations, based on IPCC, 1992). Figure 1 presents a
graphic illustration of the global growth of anthropogenic carbon emissions since 1950 (CDIAC,

1995) while Figure 2 illustrates the relative contributions of the different GHGs to total global
warming potential. The two figures show that GHG emissions have been increasing rapidly, and
that carbon dioxide, methane and nitrous oxide are the primary anthropogenic GHGs.

Figure 1. Estimates of Global CO2 Emissions from Fossil Fuels and
Cement Productlon, 1950-1992
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Source: Carbon Dioxide Information Analysis Center, 1995.
Sources of Anthropogenic GHGs: The Dominance of GHGs from Energy Consumption
The primary sources of these anthropogenic GHGs are the consumption of fossil fuels, land use

changes (e.g., deforestation), agriculture,-and cement manufacturing. Figure 3 illustrates the 1991
emissions of GHGs addressed by the FCCC (i.e., all GHGs except certain CFCs). The data in
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Figure 3 demonstrate that global fossil fuel consumption dominates the production of
anthropogenic GHGs, accounting for over 73 percent of the global total.

Figure 2. Greenhouse Gas Emissions by Relative
Contribution to Climate Change

. ~ Methane
Nitrous Oxides ~ 18%

7% N

Other Cg’Cs _
8% . Carbon
Dioxide
67%
Source: Global Envxronment Facmty, 1995,
Notes a. Includes CECs other than CFCs 11 and 12.
Figure 3. Sources of Greenhouse Gas Emissions .
Controlled by the FCCC, 1991 *
Land Use - Cement
Change = Manufacturing
11% 2%
Non-Fossil
Based Methane
Fossil Fuel 14%
Consumption®
73%

Source: Carbon Dioxide Information Analysis Center, 1995.

Notes:

a. Greenhouse gas emissions controlled by the FCCC do not include CFCs.

b. Fossil fuel consumption includes the global warming potential of methane from oil and gas
production. and coal mining.

c. Non-fossil based methane includes solid waste, wet rice, agriculture and hvestock
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The importance of fossil fuel consumption to the rapid growth of anthropogenic GHGs is even
more critical when viewed from’the perspective of the distribution of GHG emissions from the
OECD countries. Figure 4 illustrates that over 92 percent of the OECD’s anthropogenic GHGs
originate from fossil fuels. If the non-OECD countries develop along a path similar to that of the
OECD countries, then non-OECD GHG emissions also will be dominated by emissions that
originate from energy consumptlon

Figure 4. Contribution of Fossil Fuels to Total National
GHG Emissions
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Source: Carbon Dioxide Information Analysis Center, 1995..

The Projected Growth of GHG Emissions

In 1991, the OECD countnes (or Annex II countries, as they are referred to in the FCCC)
accounted for 37 percent’ of total global GHG emissions, and 49 percent of energy-related GHG

* Percentage based on only GHG emissions controlled by the FCCC. OECD countries account for 40 percent of
total global emissions if CFCs are included.
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emissions (authors’ calculations, based on CDIAC, 1995 and WRI, 1994). Non-OECD countries
accounted for 51 percent ‘of energy-related GHG emissions. Figure 5 presents’a projection of the
expected growth of GHG emissions if present trends continue, showing that total global GHG

emissions are expected to rise rapidly. ‘ : ‘

The most-dramatic growth is expected to occur in the emerging economies of the developing
countries. This is primarily due to the fact that these countries at present have relatively low
energy consumption rates and per capita GDP. (Figure 6 illustrates the differences between
OECD and developing country per capita energy-related GHG emissions). By the year 2025,.
GHG emissions (excluding CECs) from the non-OECD countries are expected to reach twice
1990 levels, increasing to over 70 percent of total global GHG emissions (authors’ calculations
based on IPCC, 1992). ' :

Figure S. Projected Growth of Greenhouse Gas Emissions
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Note: Some minor sources of GHGs not included.

~ The FCCC and the Growth of GHGs

The FCCC, which has .been signed by over 165 countries and ratified by over 154 countries,
proposes that the Annex I? countries reduce their GHG emissions by the year 2000 to at least
their 1990 levels and-that they implement measures to stabilize their emissions at these levels
pending further resolution by the FCCC Conference of Parties (CoP). The FCCC urges non-
Annex I countries to try to reduce the rate of growth of their GHG emissions while recognizing
their need for financial resources and transfer of technology and the fact that “economic and social
development and poverty eradication are the first and overriding priorities of the developing

* Annex I countries as defined in the FCCC include the OECD countries. the Eastern Europcan countries that are
undergoing the process of transition to market cconomics and the Russian Federation. ’
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country Parties”. There are no targets established for the non-Annex I countries and no mandates
to enforce any reductions. Without specific programs, such as the Global Environment Facility,
there is no real economic incentive for the non-Annex I countries to reduce the rate of growth of
their GHG emissions.

v

Figure 6. Per Capita CO, Emissions, 1991
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Keys to Future Growth of GHGs

There are two key issues relating to the future growth”of GHG emissions that are worth
exploring. The first is that the Annex I countries will have to consistently reduce their' GHG
emissions per unit of GDP if they are to allow their economies to grow and to simultaneously
meet their commitment to the FCCC of stabilizing their GHG emissions at 1990 levels. Assuming
a modest average annual economic growth rate of two percent per annur, the Annex I countries
would have to reduce their GHG emissions per unit of GDP by 70 percent of their 1990 value by
the year 2050 to meet their stabilization commitment. If the average annual economic growth rate

-
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-were three percent, the GHG emissions per unit of GDP in the year 2050 would have to be
reduced by 83 percent of the 1990 value to meet the commitment. Given the fact that. the
majority of GHG -emissions from the Annex I countries originate from the consumption of fossil
energy, there are no alternatives other than to reduce the reliance on heavy carbon fossil energy -
(i.e., the intensity of coal and oil per unit of GDP) and to replace this energy with light ‘carbon
fossil fuels (i.e., natural gas and its derivatives) and non-fossil based sources such as renewable
(i.e., solar, wind, biomass, hydro and geothermal) or nuclear energy. The prospects for increasing
GHG sinks to offset increases in GHG sources is a challenging one that is proving to be
progressively impractical. Additionally, the increasing of sinks, in many cases, is land-intensive

. and unattractive due to mounting pressures for productive land use and the need to commit
sequestered land in perpetuity. .

The second key issue relates to the fact that the non-Annex I countries, which do not have any
mandatory commitments to reduce their GHG emissions, are presently in a phase of rapid growth
in energy consumption and, in many cases, economic growth as well. By the year 2025 energy
consumption in the developing countries is expected to double or even triple from 1985 levels
(USAID, 1990), this growth being a primary reason that total global non-CFC-related GHG
emissions are expected to rise by between 54 and 133 percent during the same.time period (IPCC,
1990a and IPCC, 1990b, as cited in USAID, 1990). Again, the only real alternatives for
significantly reducing this rate of growth of GHG emissions is to have the non-Annex I countries
consume energy more efficiently and to rely more on light carbon fossil energy and non-fossil
based energy sources.

Sustainable use of energy may be measured by the amount of GHG emissions per unit of GNP,
with higher.per capita GHGs per unit of GNP signifying a less sustainable and efficient use of
energy. Figure 7 indicates the relative efficiency of energy use for various countries, showing that
non-Annex I countries tend to utilize energy less efficiently. This provides an opportunity for
some reductions in GHG emissions while. allowing for economic growth. However, the expected
growth in energy demand will also mandate the need for new sources of energy. If the growth of
GHG emissions is to be reduced in the developing countries, then renewable sources of energy
must be aggressively developed and utilized.

All of the data and illustrations presented above lead to one inescapable fact: If the Framework
Convention on Climate Change is an agreement among countries to either reduce, stabilize
or even slow the growth of GHG emissions, then any protocols that derive from the
Convention must directly address the challenge of reducing the consumption of fossil
energy. ‘If this premise is accepted, then the obvious conclusion is that the FCCC.is de facto a
convention on energy use. Fossil fuels are finite and the world’s economies must gear themselves
up for alternate energy sources. Unless a transition is mandated early for both OECD and non-
OECD countries, major corporations in OECD countries will simply shift the bulk of their
operations to non-OECD countries, thereby offsetting any GHG reductions in OECD countries.
This already may be happening in countries such as India and China with the full backing of the
respective OECD governments, and private and international financial institutions.
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Figure 7. Ratio of Carbon Dioxide Emissions to GNP for
Various Countries
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Source: World Resources Institute, 1994.

This paper identifies sustainable energy options and strategies that can support economic growth
while reducing GHG emissions. Specifically, the paper explores the potential role of renewable
energy and energy efficiency in moving economies to compliance with the FCCC. The paper also
discusses the existing, technical, economic, policy and institutional barriers that must be overcome
if the present energy consumption patterns.are to be significantly changed. Finally, the paper
proposes a number of strategies and actions for stablhzmg or reducmg GHG emissions that should
be considered by the CoP.

I | ENERGY OPTIONS FOR REDUCING GHG.EMISSIONS

The recent IPCC report provides strong evidence that there is a very real threat of global warming
due to anthropogenic GHGs. The previous section clearly demonstrates that the majority of
anthropogenic GHGs derive from fossil energy production and consumption. The efficient use of
fossil fuels will only reduce the rate of increase of GHG emissions in the short-term. While this.is
a necessary condition for reducing GHG emissions, it is not a sufficient condition. If GHG

Alternative Energy Development, Inc. : 9 ) ' August, 1996




emissions are to be stabilized and eventually reduced, then energy production and consumption
patterns will have to switch to low- or non-GHG emitting energy resources and energy will have
to be consumed as efficiently as feasible.

Comparison of GHG Emissions from Energy Resources

The sources of GHG emissions from fossil energy resources stem primarily from carbon found in
_ the fuels. This carbon oxidizes during combustion and results in CO, and CO emissions. The

higher the carbon to hydrogen ratio of the fuel, the greater the resulting CO; emissions per energy
- unit out. Additionally, CHy emissions result from the production and handling of solid, liquid and

gaseous fossil fuels. Figure 8 presents the tonnes of carbon per Terajoule of energy for a range of
fossil fuels.

In contrast to fossil fuels, renewable and nuclear energy resources produce little or no GHG
emissions. Solar energy is the principal renewable resource, Secondary sources of renewable
energy (i.e., energy that derives directly from solar-insolation) are biomass, wind, ocean thermal
and hydro. Other sources of renewable energy that are not directly solar-derived are tidal power,
wave energy and geothermal energy. All renewable energy resources, except for geothermal

power, have no direct GHG emissions. Some renewable resources have GHG emissions
associated with their production, however. ) : -

Figure 8. Carbon Emission Factors for Fossil Fuel Sources
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Power Generating Technologies

Figure 9. Direct and Indirect Greenhouse Gas Emissions for Various
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The conversion of renewable resources to usable energy (i.e., heat, shaft power or electncxty) may
result in the generation of some GHGs if conversion technologxes have embodied fossil fuels. For
. example, if sustainable biomass fuels are harvested using petroleum for cutting and transport, the
net result is the generation of some GHGs from the petroleum consumption. The GHG emissions

from the combustion of the biomass fuels are reabsorbed during the growth of the next biomass-

crop, however. ermlarly, if solar photovoltaic panels are manufactured using materials that
require fossil fuels in their production (e.g., steel, glass, silicon, etc.) the net result is the
production of some GHGs in the total fuel cycle. Geothermal energy can release methane when
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hot steam is extracted from the ground. When the renewable energy conversion systems are also
produced with sustainable renewable energy, resulting GHG emissions will be zero. '
Figure 9 presents a comparison. of the total fuel-cycle CO, and CH, emissions per unit of
electricity produced for a number of renewable, nuclear and fossil fuel systems. The data in this
figure are based on present practices (i.e.; the use of fossil fuels for the production of the energy
conversion systems) and clearly Indicate that renewable energy systems are significantly lower in
GHG emissions even when the total fuel-cycle is taken into consideration and where fossil fuels
are assumed to support the production of the technology. Therefore, it is clear we must consider
renewable energy options as one of the principal options for energy in the future if GHG
emissions from the energy sector are to be reduced. Nuclear energy options also result in lower
GHG emissioris per unit of usable energy output. Due to reasons of global security, safety, wastt}
disposal problems and costs, however, the nuclear energy option is not ‘considered, for the
present, as a suitable and sustainable option for the future. '

Pdfential of Renewable Energy Resources

The potential of renewable energy resources is enormous and could, in principal, meet all present

and future energy needs of the globe. Table 1- presents a summary of both the potential annual

output and actual electricity production of the major renewable energy options that are

commercially or near-commercially available (i.e., demonstrated in.the pilot phase). Table 1 also

indicates how global potential and actual production compare to 1990 global electricity .
consumption of 10,382 TWh. Two obvious observations emerge from these data. The first is

that the potential of renewable energy resources far exceeds that of the actual electricity demand

and is sufficient to meet future annual global demands for energy. - The second is that these

resources are presently not being exploited to any significant degree. It is the second observation

that deserves further analysis and holds the key to a sustainable energy future.

Table 1. Alternative Energy and Low Greenhouse. Gas Emitting Energy Technologies:
Potential and Output Compared to World Electricity Consumption in 1990.

% 1990 Estimated 1% 1990

' Potential Annual |[Electricity Annual Output |Electricity
Technology Output (TWh) |Consumption® |(TWh) Consumption
Hydro® 15,090 145% . 2,161° 20.8%
Wind : 50,000° . |482% 6.3° 0.06%
Biomass' 20,700 200% 89.5 - 10.86%
Solar i ‘ . '
Photovoltaics - 2,000 MW?8 NA NA NA
Solar Thermal® |NA NA ~ |2.45 ' 0.02%
Geothermal' 1,750 17% 35 0.34%
Tidal : 500 to 1,000 |3% . 10.58" 0.01% -
OTEC 100,000 - [963% 0.00%
Wave NA NA : NA - INA

Scc notes at end of paper.
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Cost Comparison of Renewable Energy and Fossil Fuel Options

There are a number of reasons that renewable energy resources have not been fully exploited, the
primary one being the widespread perception of higher fmancxal costs associated with renewable
"energy conversion systems. Renewable energy resources, in most cases, are available at very low
costs. Converting them to usable forms of energy, however, is perceived to be financially more
costly than for most fossil fuels. This perception is often outdated, as many renewable energy
conversion technologles at present are bemg unhzed profitably around the world.

. One prominent use of renewable energy is large-scale hydropower, which continues to be
‘significantly developed where available and financially attractive. The remaining local
environmentally attractive large-scale hydropower opportunities are declining, however.
Alternately, a large amount of financially viable medium- and especially small-scale hydropower
potential is still unexploited globally. The production of electricity from wood and waste
agricultural residues is also a significant financially attractive source of energy. Windpower
systems are also increasingly gaining acceptance by the electricity generation and financial
communities in developed and developing countries, .notably OECD and India. Geothermal
energy also, in some cases, can provide electricity and process heat at attractive prices. Finally,
small-scale renewable energy systems such as solar photovoltaics, small windpower systems and
community biogas systems can be competitive with small-scale isolated fossil fuel systems. Over
the past five years many renewable energy technologies have increased in commercial application.

Table 2 presents a comparison of a range of estimated average costs of eleci;icity produced by
fossil fuel and renewable energy systems, clearly indicating that electricity costs of some of the

more commercially developed renewable energy systems- are competitive. Furthermore, most .

renewable energy systems are still undergoing reductions in costs due to technological advances.
Specifically, technologies like solar photovoltaics, solar thermal electric and ocean thermal electric
will, .after further cost reductions, represent major alternatives for electricity production -- and
ultlmately for production of hydrogen energy, which could be a sustainable energy substitute for
liquid and gaseous fossil fuels.

There are a number of reasons why fossil fuel systems presently enjoy a cost advantage over most
renewable energy systems. The main reasons stem from the fact that these fossil fuel systems are
mature technologies that now benefit from: (a) significant amounts of research and development
expenditure to optimize the technology, (b) an established infrastructure to support the
production and use of these fuels; (c) fully developed economies of scale and efficiency; and (d) a
great deal of internal and external subsidies. The above factors combine to severely inhibit the
adoption of renewable energy systems which do not benefit from -these entrenched and
traditional sources of support. A more detailed discussion of these barriers is presented in Section
IV of this paper. A brief presentation of the commercial readiness and technical potential of the
primary renewable resources is presented in Annex A, which demonstrates that most renewable
resources can and should play a greater role in the development of a sustainable energy future.
Because fossil fuels are finite, the world s economies must begin to make the transition to
alternative energy sources. -
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_Table 2: Comparison of Cost of Electricity Production from Renewable Energy Systems

and Fossil Fuel Systems

1

Energy System Cost (¢/kWh) | Comment
Coal-Fired Power Plant 4 to 10+ "| Costs vary as a function of coal price and
environmental controls required.
Oil-Fired Power Plants 4 to9+ Costs vary as a function of oil price and
environmental controls required.
Natural Gas Power Plants 3to 7+ Costs vary-primarily as a function of natural gas
) : _price.
Small Diesel Power Generation | 10 to 30+ Costs vary principally as a function of costs of
. - diesel (inciuding transport costs).
Biomass 3to25 Costs vary as a function of the costs of biomass
Generatlon/Cogeneratlon fuel delivered to the plant'and price paid for
cogenerated steam.
Geothermal 3tol2+ Costs are very sensitive to site-specific
conditions. :
Hydro 2to 25+ Costs are very sensitive to site-specific
X ’ . conditions. ’ .
OTEC <6 to 25+ Costs are hypothetical, as no commercial plants
: have been built. Potential for low costs is
dependent on large scale plants.
Solar Photovoltaics <10 to 50+ Costs at the low end of the range are for systems
Without storage in large scale applications.
Higher end costs are for SPV solar home
systems. . : .
Wave <9 to 20+ Costs are very sensitive to site-specific
. conditions.
Wind Stol2+ - Costs are very sensitive to site-specific
- conditions,
Tidal <9to 18+ Costs are very sensitive to site-specific
- conditions.

Sources: Burnham et al. editors, 1993; Ahmied and Anderson, 1994.
Opportunities for Energy Efficiency

In addition to renewable energy, more efficient production, conversion and use of the stream of
fossil fuels that presently powers the global econoniy represents one of the most ‘cost-effective
means of reducing GHG emissions in the shoit term. In many cases, the cost of reducing fossil
fuel consumption by adopting more efficient conversion and end-use technologies is significantly
lower than the cost of producing and converting those fossil fuels. The net result is a similar or
superior energy service obtained with an economic savings along with a reduction in GHG
emissions. Demand side energy efficiency has major significance in most developing countries. In
India, for example, transmission losses and theft of electricity are well-documented. Technically,
more than half of the current and projected gap in demand for electricity in.India could be met
through improvements in efficiency in the production and use of electricity. This great potential
calls for giving top priority to energy efficiency in proposed protocols of the FCCC. The
obstacles to this approach would be much fewer than those to otlier measures suggested for
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stabilizing GHG levels. There is also greater scope for using this opnon in Activities Implemented
Jointly pilot pro_lects without off-set provisions. Natnonal enforcement also would be feasible.

A number of examples of cost-effective energy efficient technologies include compact ﬂuorescent
light bulbs, high efficiency motors, energy efficient homes and buildings (including appropriate
design, materials, lighting and appliances), combined-cycle steam injected gas turbines, advanced
industrial processes, materials recycling and a host of other options. Figure 10 presents an
illustration of the potential for reducing long-term U.S. electricity consumption versus the cost of
electricity, based on estimates by the Rocky Mountain Institute and the Electric Power Research
Institute. The data clearly indicate that a large portion of present electricity consumed could be
saved for less than the cost of producing that electricity. Similar data can be derived for direct
‘uses of fossil fuels in the residential, commercial, industrial and transport sectors.

Figure 10: Potential for Energy Efficiency versus Costs in the USA
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1991. :

IV.  BARRIERS TO ADOPTING NON-GHG BASED ENERGY OPTIONS
Shifting to renewable energy and energy efficiency as the primary response actions to reducing

GHG emissions is presently not the major objective of most OECD and developing countries’
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energy planners or ministries. While most countries' climate change action plans note the role for
these options, few- ewcplxcxtly call for any major changes to reoriént their national energy mixes.
Even where renewable energy and energy efficiency are recognized as one component of a GHG-
neutral development path, domestic renewable energy and energy efficiency industries are not
being aggressively supported or brought inas actors in national climate change programs and
dialogues. Rather, the resources of government and GHG-emitting industries, which are
dedicated to climate change R&D or pre-feasibility project funding, typically support short-term -
options such as forest conservation/afforestation, shifting from coal to natural gas use or
" improvements in supply-side efficiency. The variety of economic, institutional, accounting, and /
infrastructural barriers that prevent a quicker transition to renewable energy and demand-side
energy efficiency actions include:
* Economic Externalities/Market Failure: Existing energy market prices that
signal users to change consumption patterns presently do not reflect the full costs
to society for GHG emissions from fossil fuels as well as, in many cases, the local
and regional environmental impacts of these fuels;

* Biased Policy Framework: Fossil fuels and nuclear'.power benefit from favorable
- national policies that support and perpetuate their use and provide bxased
advantages over renewable energy and energy efficiency optxons

* Accumulated Institutional Momentum: The widespread and accumulated global .
investment in fossil fuels has resulted in an institutional- momentum and bias that is
difficult to slow down, least of all reverse; and (

* Market Rigidity: Vertical integration within the existing energy sector, specifically
with regards to fossil fuel production, transport, conversion and supply, creates
institutions with rigid and vested market interests and considerable political power.

Economic Externalities / Market Failuré

International and national energy markets are increasingly being governed by a “free market”
planning strategy. However, existing energy market prices, which signal users to change
consumption patterns, presently do not reflect the full costs to society of GHG emissions from
fossil fuels as well as, in many cases, the local and regional environmental impacts of these fuels.
Often, renewable energy and energy efficiency options are ruled "uneconomic” compared to fossil
fuel systems because analysts and decision makers consider only a system's current market prices
(i.e., financial costs). The fact that renewable energy applications often are or almost are
competitive with conventional energy systems is generally ignored by the political, investment and
business communities. Market biases against the widespread commercialization of renewable
energy and energy efficient systems include:

* Financing Barriers: Most renewable energy systems, even those with high rates

of return, suffer from two.major financing constraints: (a) higher up-front capital
costs per unit of mstalled capacity and; ironically (b) a relatively smaller scale of
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capital required,” due to the smaller size of ‘renewable energy projects in
comparison to fossil fuel projects. The’ higher ratio of capital to operating
expenses make renewable energy projects more capital intensive and therefore
more risky from a financing perspective. The smialler scale of most renewable
energy projects- (0.1 to 30 megawatts (MW)) and their resulting smaller total
capital requirements when compared to fossil fuel projects make it more costly to
appraise and process the required financing per unit of capacity. It may cost the
same amount to appraise and process a ten million dollar loan for an renewable
energy project as it does a one hundred million dollar loan for a fossil fuel project.

"Other financing barriers that work against renewable energy projects include: (a)

unfamiliarity with technologies; (b) limited commercial experience to assess .
technology performance and reliability; (c) uncertain resale markets for renewable
energy project assets; and (d) sometimes, relatively lower short-term returns on
investment when compared to fossil fuel projects or other investment
opportunities.

Environmental Externalities: Financial or mdrket prices are misleading from a
societal perspective as they do not include all of the current and future societal
costs related to the use of a resource. The negative environmental consequences
(externalities) related to fossil fuel systems, including their GHG emissions, are
presently largely ignored by market prices. This means that consumers of fossil
fuels do not pay directly for the.resulting environmental damage or the costs of
prevention. Hence, in relative price terms renewable energy and energy efficiency
appear more expensive than conventional fossil fuels. 'As long as the
environmental costs of fossil fuel systems are ignored, renewable energy systems
will have an economic disadvantage.

Inter-generational Costs: 1If the present generation continues to increase its
annual GHG emissions rather than stabilizing and eventually reducing them, it will
in effect be passing on to future generations the costs associated with accumulating
environmental damage and the impacts of climate change. Within the context of
the inter-generational perspective, it is an interesting dichotomy that we appear to
have a good indication of the extent of global fossil fuel reserves and are able to
confidently indicate that there are sufficient global reserves to last past the next
century. However, we appear to have no clear idea or, more likely, political desire
to truly assess the extent of the globe’s environmental and atmospheric reserves or
absorptive capacity. The primary reason for this state of affairs is that fossil fuels

' can be marketed as “private goods” while the environment and especially the -

global environment remain a “common good”.

Biased Policies

Fossil fuels and nuclear power benefit from favorable national policies that support and perpetuate
their use and provide biased advantages over renewable energy and energy efficiency options.
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Specifically, current energy pricing policies highly distort the financial prices that energy users see,

resulting in an uneven playing field that financially favors the market selection of fossil fuels over
renewable energy and energy efﬁcxency Primary among these are: (a) direct and indirect subsidies .
for fossil fuel production and use; (b) waiving of import duties for fossil fuels and large-scale
power generation equipment; (c) accelerated depreciation and tax holidays for fossil fuel projects;
.and (d) favorable loan guarantees and power purchase agreements for large scale conventional
power projects. Taken together, these tax and pricing policies add to the financial hurdles faced
. by .renewable. energy and energy ef’ﬁc1ency projects, which do not benefit from such, favorable
pohcles :

A majdt institutional barrier for renewable ‘energy and energy efficient technologies is the dependency
upon national environmental rather than energy agencies for setting national climate change strategies.
The fact that environmental agencies in most countries are not viewed as “revenue generating”

. agencies has placed them in direct conflict with the energy agencies which .are viewed as “revenue
generators”. This is especially true when it comes to implementing climate change action-plans that call
for changes in the national energy mix. In most countries, the energy, finance and planning ministries
are far more influential in formulating policies that ultimately affect energy consumption patterns.

The conflict between the objectives, of the environment agency on the one hand and those of the
economic ministries on the other is fundamental in developing countries like India, where any talk
of holding back a fossil-based power project because of climate change considerations would be
totally unacceptable at this stage of the country’s development. The problem has hardly been
solved by establishing a separate Department of Non-Conventional Energy in 1982, upgrading'it
to a full-fledged ministry status in 1992 and promoting Energy Development Agencies in all the
states. These organizations worked outside of “business as usual” in the energy sector. (Wind
energy has come into it’s own only through economic and market factors). “Unless these other
agencies are fully integrated into the process of environmental protection, are convinced of the value of
the global environment, and recognize the economic benefits of renewables and energy efficiency, they
will not promote policies that are favorable for the environment, As developing countries have
extremely lumted technical and financial capacities to address climate change, the effectiveness of their
environmental ministries in addressing these issues without the support of the energy and finance
ministries is, in many cases, extremely limited.

Another barrier is the governments' and international donors' initial reliance on the non-profit,
NGO and environmental communities -- almost to the exclusion of the for-profit private sector --
to draw up national strategies and response plans. This reliance has created a diversion in the
climate change dialogue. Private sector companies -- both emitters and potential innovators
(e.g., the renewable energy-industry) -- have been sidelined in the OECD and developing
countries with regards to the FCCC deliberations and national policy formation. Their potential
contribution and role in the formulation of national energy policy needs to be considered if they
are to eventually play a pivotal role in promoting and implementing sustainable energy
technologies.
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Institutional Momentum ‘

The widespread and accumulated global investment in fossil fuels has resulted in an institutional
momentum and bias that is difficult to slow down, let alone reverse. Not only do the economic
and political status quo continue to perpetuate fossil fuel use, but such areas as infrastructure
development, technology research and development, secondary education, professional training,
and national development -budgets -have -structural biases that accelerate this momentum. For
example, energy engineers, analysts, and economists who advise on future energy options dre
mostly trained in understanding fossil fuel and nuclear power systems and are therefore not
comfortable in proposing non-GHG erhitting options such as renewable energy technologies and
demand-side energy efficiency. Hence, national ministries, state utilities and large corporations
naturally find that, at the operational levels, their people are most comfortable with conventional
fossil energy systems. The same situation occurs in the financing community, where knowledge
about the risks of alternative energy options are distorted or misunderstood.

The institutional momentum of conventional energy systems is a very difficult barrier that may be
only slowly overcome. The problems of biased policies and institutional momentum can be dented
only when there is maJor shift from fossil fuel dependency to the other energy sources. As long as
fossil fuels are the prime movers of almost all economic and social actmty, all structures will be
geared to them. Without complete dedication and large investments in’ education, training,
infrastructure and technology, the process of overcoming institutional inertia will be p1ecemeal
and progress will be slow or non-existent.

Market Rigidity

Vertical integration within the existing energy sector, specifically with regard to fossil fuel
production, transport, conversion and supply, has created institutions with rigid and vested market
interests and considerable political power. National and international energy industries hold -
enormous economic dominance and political power. Over the years, fossil energy companies
(e.g., oil refineries, gas companies, power gerierators/distributors) have matured and consolidated
their market positions through vertical integration. These companies would face significant market
share losses if present beneficial subsidies and policies were equalized, i.e. a level playmg field is
.created. Infant industries such as renewable energy and energy efficiency service companies face high
market-entry barriers, policy disincentives, and limited R&D support.

Coal, 011 and gas resources are owned by major energy companies (private and national). In the case of
the OECD countries, private utilities that own such fossil fuel resources are more apt to develop these
resources for domestic use. Oil and gas companies are more likely to invest and develop oil and gas
consuming industries and technologies (e.g., automobiles, turbo-generators, boilers, etc.). In the case
of developing countries, coal, -oil and gas resources are mostly owned by the national. governments,
which tend to develop these resources for domestic use as well as exports (which are viewed as an
immediate source of revenues). In countries like India and China, coal is sold to large state and
provincial utilities at subsidized rates resulting in taxes on other sectors of thé economy to support coal
consumption. Similarly, in countries like Indonesia and Mexico, oil and gas are sold at subsidized rates
to state-owned utilities.
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Hence, the prevailing “free market” energy paradigm does not really exist due to structural biases,
policy distortions and market externalities. It is interesting that in the recent-influx of multinational
energy corporations into India and China, in all the controversies, the main issues pertain to
government guarantees, costs and tariffs and possible kickbacks. Not a word has been said about
the ill-effects of large scale exploitation of high carbon fossil fuels and the missed opportunity to
funnel international capital into sustainable energy projects and industries. Until energy markets
- are completely diversified and truly competitive, a bias for conventional energy systems will remain.
To encourage this diversification and competition, economic-instruments and ¢ energy policies must be
implemented that discourage vertical i integration of the energy industry.

V. FCCC STRATEGIES FOR SUSTAINABLE ENERGY DEVELOPMENT

Clearly the barriers to sustainable energy development are significant. The FCCC recogmzes that
reaching its “ultimate objective” of “stabilization of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate
system” will not be a simple task. In recognition of this fact, Article 4. of the FCCC defines a
number of general commitments for all Parties to the Convention and some specific commitments
for the Annex I and Annex II countries. The general commitments for all Parties to the
Convention relate primarily to the reporting requirements of Article 12 and, more importantly, to
a “commitment” to “take climate change considerations into account, to the extent feasible, in
their Televant social, economic and environmental policies and actions”. There are a number of
specific commitments for the Annex I countries but the most important is their commitment to
implementing policies and measures “with an aim of returning individually orjointly to their 1990
levels these anthropogenic ermssxons of carbon dioxide and other greenhouse gases not controlled
by the Montreal Protocol”. " Finally, two important commitments outlined for the developed
country Parties listed in Annex II are their commitments to provide the developing countries with:

(a) “new and additional financial resources to meet agreed full costs incurred by developing
country Parties in complying with their obligations under Article 12, paragraph 1” (ie., the
reporting requirements) ; and (b) “the agreed full incremental costs of implementing measures that
are covered in paragraph 1 of this Article” (i.e., implementing mitigation measures and preparing
for adaptation to climate change). '

In the case of the commitments of the Annex I countries, the CoP has the responsibility to review
the actions taken by the Annex I countries in meeting GHG stabilization targets and to propose
additional measures that are necessary to-meet the objectives of the convention. At the second
meeting of the Conference of Parties (CoP2) just concluded in Geneva, most parties endorsed a
U.S. proposal to establish -medium-term emissions targets for industrialized countries. This
proposal is to be finalized for the third meeting of the Parties, to be held next year in Japan.
Additionally, the CoP is responsible for reviewing and advising the developing countries on their
national plans for mitigation of climate change. The FCCC does not endow the CoP with any
clear enforcement powers to meet the objectives of the Convention, however, and does not
clearly define the strategles to be used for meetxng its objectlves and commitments, instead leaving
this task to the participating countries. : :
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What are the principal national and international strategies that the CoP could adopt to help meet
the objectives of the Convention? Given that the energy sector dominates the present.production
and growth of GHGs, the CoP should strongly consider promoting strategies. for sustainable
energy development, i.e., the production and use of energy resources that result in low or no
GHG emissions. The range of possible actions that may be considered by the CoP to promote-
sustainable energy development, in the order of increasing direct incentives or penalties are:

(a) Voluntary programs for reducing. GHG emissions;
(b)  Individual or jointly 1mplemented actlons with the possnblhty of claiming GHG offset
credits;

(¢)  Reimbursement for the agreed incremental costs of actions that result in reducmg GHG
emissions;

(d) Imposmon of penalties and benefits for GHG: emissions (e g an international GHG tax
and credit system) and

(¢)  Mandate of GHG emission quotas.

A brief discussion of each of these possible actions is presented below followed by a brief
indication of the types of national and international initiatives that should be promoted if we are to
" 'move toward a path of sustainable energy development. It should be noted that these policy
options are not mutually exclusive of one another.

Voluntary Programs for Reducing GHG Emissions

Because the FCCC, as presently formulated, has no mandatory requirements for the reduction of
GHG emissions from the non-Annex I (or developing) countries, it is essentially relying on the
commitment and ‘goodwill- of these countries. to meet its objectives and prmcxples The Annex I
countries, however, do have a commitment to stabilize their GHG emissions at 1990 levels. This
is essentially a quota system and will be discussed later in this section. -

" To promote the voluntary approach to reductions, the FCCC requires all participating countries to
“formulate, implement, publish and regularly update national and, where appropriate, regional
programs containing measures to mitigate climate change”. For most developing countries, their
“initial -communication” rnust be submitted within three years of the entry into force of the
Convention for that country®. Thus the FCCC would appear to be trying to pubhcly pressure the
developing countries into some level of compliance in reducing GHG emissions. However, the
Convention is clearly formulated to avoid placing any undue or additional economic burdens on
the developing countries in the process ‘of their complying with the Convention. Specifically,
- ‘Article 4, pdragraph 6 states that the Convention “will take fully into account that economic and
social development and poverty eradication are the first and overriding priorities of the developing

* Partics to the Convention that are defined as “lcast developed countries” may make their initial communication at
their discretion. At present there are 34 developing country Parties that are classified as least developed.
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country Parties”.  Thus, it is unlikely that developing countries will act or can afford to
implement any drastic measures for reducing GHG emissions that are not already financially
attractive or relatively easy and inexpensive to implement (e.g., the “no regrets” or “win-win” .
" measures). ' .

With regard to the energy sector, what can be expected is that the developed and developing
countries may consider some policy actions that both remove the more obvious and detrimental
market distortions and barriers that presently work "against sound and- competitive economic
development and also happen to reduce GHG emissions. Considering that there are also several
other more subtle barriers that work against the adoption of GHG reducing energy options, it is
unlikely that policy reforms alone will result in reducing or stabilizing the growth of GHG
emissions from the developed and developing countries. Policy reforms can serve as the
necessary, but not sufficient, condition to move the energy sector toward a more sustainable path.

A key point worth noting is that as long as the environmental sector is not linked to the energy
sector through appropriate market incentives and economic instruments, the voluntary approach
will have little impact. In most countries, energy agencies have the objective of ensuring that
energy is available so that, in the short-term, “economic development” and the “quality of life”
can improve. The energy agency is usually a revenue generator in this process. It has the support
- of the big utilities, corporations, energy producers and, most importantly, the ministry of finance.
On the other hand, the environment agency is burdened with the responsibility of ensuring that
environmental standards are met.” However, the environment agency is usually seen as a
- hindrance to economic development and a drain on public revenues and is generally at odds with
the “money-generating™ sectors of the economy, and, in many cases, the ministry of finance.
Relying on the environment agencies to adopt and implement policies that reduce GHG emissions
will only work if the environment agencies are directly linked to policymaking at the finance and
energy ministries. As long as the environment sector is de-linked from energy and development,
its impact will be minimal. At the national level, governments should establish administrative and
legal mechanismis which integrate the roles of the environment and economic agencies in the
decision-making process on climate change matters. Such mechanisms should be appropriately
empowered and have clear mandates. The FCCC also needs to link the issues of the global
environment to those of énergy and economic development. Failing this, the voluntary approach
to reducing GHG emissions is unlikely to produce any major reductions in global GHG emissions.
While the-voluntary process respects the rights of countries to develop economically and along
their path of choice, it does not ensure that this will be the path of sustainable energy
development. At their recent meeting in Geneva, the Partiés to the Convention demonstrated that
they recognized this when they agreed on the need for future emissions targets. )

Joint Implementation for Reducing GHG Emissions
Article 4, paragraph 2, subparagraph (a) of the FCCC indicates that the Annex I countries may
“implement ... policies and méasures jointly with other Parties and may assist other Parties in
contributing to the achievement of the objectives of the Convention”. This clause is commonly
referred to as the “joint implementation” or JI provision of the Convention. It is important to
recognize that the JI provision was provided for in the Convention to allow the developed
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countries to demonstrate their willingness to'take the lead in modifying the longer-terrn trends in
anthropogenic GHG emissions, consistent with the objectives of the Convention. In this respect,
J1 was initially conceived to create and foster a partnership between and among the developed and

. developmg countries to reduce the - global growth of GHGs. The ensuing debates and
interpretations of JI, however, have focused more on the possibility of the transfer of GHG
reduction credits as GHG offsets from developing countries to the developed countries to help the
developed countries meet their FCCC target of reducing their GHG emissions by the year 2000 to
their 1990 levels. This offset policy means that developed countries need not internally reduce
their GHG emissions below 1990 levels if JI offsets are counted in their baselines. In March
1995, at the first CoP meeting in Berlin, it was agreed that JI was to be recognized only among
Annex I countries. However, it was also agreed that a pilot program of “Activities Implemented
Jointly” (AIJ) could proceed between developed and developing countries and that the issue of
recognizing the resulting GHG credits would be considered by the CoP no later than the year
2000.

If JI or ALJ becomes a tool for trading GHG offsets, then'the net global benefit of this strategy
will be minimal. The principal reason is that the developed countries are already mandated to
reduce their GHG emissions by the year 2000 to 1990 levels. If they are not held to this target
but are allowed to trade offsets with other Annex I or accommodating developing countries, then
the net result would not differ significantly from a scenario in which there was no JI or AIJ
allowed and the developed countries were forced to meet the 1990 target with only domestic
reductions or offsets. While JI or ALJ would allow Annex I countries to pursue the global least-
cost options for GHG reduction first, it may also reduce the incentive of the developing countries
to mitigate their GHG emissions independent of JI. Clearly, if JI or AIJ is to be allowed, then the
ground rules must be carefully formulated to ensure that the objectwes of the Convention are not
comprormsed in the process

Within the context of the’ FCCC, AIJ could serve as a catalyst for promoting sustainable energy
paths in the developing countries. However, as catalyst, AIJ would only start the process of
demonstrating least-cost short-term_ options for GHG reduction. This is primarily because AIJ
investments -will be made only in technically proven, low-cost and commercially ready options.
AIJ will not accelerate the development of medium- and long-term solutions to GHG reductions,
because it will not necessarily help develop and foster those technologies that are presently more
costly .or in need of further technical development but which ultimately may significantly reduce
GHG emissions. As such, JI and AIJ may help point countries toward the path of sustainable
energy development but it will not place them on that path.

Agreed Incremental Costs for Reducing GHG Emissions

The concept of agreed incremental costs for reducing GHG emissions’ derives directly from the
FCCC. Article 4, paragraph 3 states that the developed country Parties “shall also provide such
_financial resources, including for the transfer of technology, needed by the developing country
Parties to-meet the agreed full incremental costs of implementing measures that are covered by
paragraph | of this Article and that are agreed between the developing country Party and the
“international entity or entities referred to-in Article 11, in accordance with that article.” This

to
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statement indicates that the responsibility of the developed country Parties is to pay the “full
incremental costs” of any actions to mitigate climate change that are undertaken by a develéping

' country Party in agreement with the Global Environment Facility (the international entity referred
to in Article 11). . '

In practice, what has transpired is that the developed country Parties have provided very limited
Junding (US 81 billion per year) to the Global Environment Facility (GEF) to be transferred to Non-
Annex I Countries. This level of support contrasts with the World Bank’s estimate that nearly $100
billion of investments is needed annually in the energy sector of the developing countries alone. The
GEF has the difficult responsibility of equitably disbursing these limited resources to achieve the
maximum impact in mitigating climate change. The end result has been the establishment of a great
deal of guidelines, procedures and criteria that must be met before a developing country Party is able to
secure the incremental costs for. any of its actions to mitigate GHG emissions. The GEF has gone to
great lengths to define what it considers an acceptable incremental cost.’

The primary problem with the incremental cost concept is that it attempts to create the condition
where the developing country-is neither rewarded nor penalized economically for selecting the
alternative option which helps mitigate climate change. The developing country is supposed to
select the alternative option because of its commitment to the principles of the FCCC. However,
.- because incremental cost does not effectively account for the non-economic (i.e., social,
institutional and habitual) barriers to change, it does penalize countries for selecting the low-GHG
option. Furthermore, the concept of incremental cost as defined in the FCCC does not apply to
GHG mitigation projects in the developed countries. Given that these countries must stabilize
their emissions, they will need to consider other incentives to stimulate the implementation of
GHG mitigation-activities that do carry an incremental cost.

Finally, the concept of incremental cost is applied on a project by project or action by action basis.
This is valid in the short-term to help. mitigate climate change. However, application of the
concept via this approach will not effectively change the course of development, as this requires
investments in research, development and fundamental changes in infrastructure for which the
incremental costs can be argued to be the total costs of the action. The resources réquired to
accomplish these actions also would be considerably greater than what is presently available to the
GEF. As such, the incremental costs provided by the GEF can only make minor contributions to
the mitigation of climate change in both the short-term and the long-term.

* The concept of “incremental costs” as defined by the GEF can be stated as the additional cost incurred as a result
of redesigning an activity or selecting an alternative activity relative to a baseline plan. However, the practical
application of the incremental cost concept within the GEF is proving to be quite complicated. To avoid abuse of
the limited resources of the GEF. a number of strict criteria have been developed to ensure that only the
incremental costs of actions over that of the “optimum bascline™ are considered. Thus the definition of the
“optimum bascline™ becomes crucial. If the baseline does not represent the most cconomically efficient option,
calculating the incremental costs against this Iess than efficient option would effectively reward countries for
cconomically incfficicnt behavior.
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Penalties and Benefits for GHG Emissions: A GHG‘-’T ax and Credit System

The FCCC does not specifically provide for direct penalties for exceeding GHG emission targets
or benefits for beating them. If a penalties and benefits system were adopted under the mandate
of the FCCC it would first have to be drafted and adopted as a protocol by the CoP. This does
not presently appear to be a likely prospect

Carbon taxes and credits have received somie interest among economists and energy planners, yet
only minimal interest among national leaders. A few OECD countries (e.g., Sweden) place taxes
on GHG-emitting fossil fuels; most, however, have backed .away, although the idea has floated
around many parliaments and legislative branches. Most European and North American countries
have decided to wait for others to adopt carbon taxes, with the idea of then observing the results
of these actions. A primary reason for this approach is the prospect of carbon taxes tiltirig the
terms of trade against the adopting country. Given this national bias against unilateral adoption,
there is a need to explore the options for an international carbon tax and credit system.

Because the energy sector is the primary source of GHG emissions, one option in designing
penalties and benefits is to consider carbon taxes and credits on energy resources. Energy
resources could be taxed according to the degree of their carbon content, whﬂe tax revenues
would be recycled to those energy resources with no carbon.-

FCCC carbon taxes could be established and placed in a value-added tax fashion on GHG-
emitting resources and processes, so that the end user as well as the.energy generator/processor
would see the mark-up due to potential climate change damage. Taxes could be set either in
terms of damage costs, a quite difficult price to determine, or prevention costs. The sticky issue is
the distribution of taxes to the non-GHG emission options, either domestically or internationally.
One approach would be that each OECD country set up its own GHG tax fund (s1m11ar to a
highway development fund supported from gasoline taxes) dedicated to investment in national
non-GHG emitting industries or to targeted R&D. This fund also could be used by national
industries i mvestmg in verifiable overseas GHG-reducmg JI or ATJ activities.

Alternanvely, a GHG crediting or emissions trading system would send market signals without the
political damage aroused by ralsmg taxes. A crediting or emissions trading system is being
advocated by many in OECD countries as the only realistic means of providing benefits to those
investing in low or non-GHG development paths. Under this system, the Conference of Parties
could recognize international credits (e.g., JI or AIJ), and might allow nationally monitored
mercantile trading boards to manage trading. This approach would allow futures trading, which
could internalize the value to future generations of GHG emission reductions. Recognition and
evaluation of these credits by oversight boards would be necessary to ensure that verifiable,
credible GHG mmganon actwmes were being undertaken.

A -combiriation of taxes with credits could move OECD countries most efficiently, equitably and
rapidly into non-GHG development paths and would be favored by industries as a market-oriented
solution. However, credits alone may not be able to capture the significant number of non-point
sources of GHG emission reductions (e.g., transport -system changes.to electric vehicles) as the
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latter types of. benefits may be far more difficult to track than point source pollution changes.
This combination of market solutions is probably the tmost desirable and equitable strategy from
most countries’ perspectives. Establishing credits first, then moving into a tax/credit system might
ease countries into raising financial prices of GHG emitting resources without creating economic
shocks. :

Mandate of GHG Quotas

Article 4, paragraph 2(b) of the FCCC suggests a quota on anthropogenic GHGs for the Annex I
countries. The FCCC calls for the Annex I countries to individually or jointly return “to their
1990 levels these anthropogenic emissions of carbon dioxide and other greenhouse gases not
controlled by the Montreal Protocol”. The FCCC does not place a definitive time frame for the
return of Annex I GHG emissions to the 1990 levels but calls for the CoP to periodically review
the adequacy- of this requirement starting from its first session (which.was convened in March
1995). It presently appears that many of the OECD Annex I countries will not return to their
1990 levels by the year 2000, which was floated as the initial target. As already noted, the
Conference of the Parties has just agreed on the need for emissions quotas and expects to adopt
an emissions protocol at its next meeting, to be held in late 1997 in Kyoto, Japan.

A principal problem with the existing quota approdch of the FCCC is that it does not apply to all
countries. Unless a new, tougher protocol is adopted, total global GHG emissions will continue
to increase in spite of the proposed quota for the Annex I countries. Application of the 1990
GHG emission level target to all countries would be inherently inequitable, however, in that it
would reward the worst polluters and penalize historically low GHG-producing countries. To
apply a quota system for GHG emissions fairly, drastically different criteria would need to be
established to determine the allocation of allowable emissions within the quota.

One possibility would be to tie allowable GHG emissions to a per unit GDP of output. However,
this would penalize countries with economies that were dependent on GHG-producing activities.
Another-possibility would be to allocate GHG emissions on a per capita basis. However, 'this
would reward countries with large populations who are low on the development scale and
penalize those with small populations that are highly developed. Several other quota schemes
have been proposed but have been rejected for various reasons of equity and practicality.

Given that the majority of GHG emissions derive from the use of fossil energy, one possibility is
to “tax” the use of this energy by implementing a quota on the allowable average GHG emissions
per unit of energy consumption in a country. Such a strategy would favor the introduction and
use of low or non-GHG emitting energy resources:. For example, an average GHG emissions
quota for energy consumption could be set at say 15 tonnes of carbon per Terajoule, which is
about the level of GHG emissions for natural gas. A country would have to balance its energy
consumption to attain this average emissions rate per unit of energy consumption. This approach
would result in countries that are presently heavily dependent on high-carbon fossil fuels to
consider other sources of low- or no-carbon energy resources. It would require developing
countries to select more balanced energy development paths while it would force many developed
countries to eventually move their energy consumption to low- and no-carbon energy resources.
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There are a number of drawbacks to the energy/GHG quota strategy. The first is that energy
efficiency is not necessarily rewarded if quotas are set on GHG emissions per unit of energy
* consumption. However, energy efficiency is usually rewarded financially and, as stated earlier, is
a necessary but not sufficient condition for the ultimate reduction of GHGs. A second drawback
is that this strategy would be difficult to monitor and implement because it would require an
elaborate accounting and enforcement system. Finally, and most importantly, to be effective an
energy/GHG quota strategy would require an international “command and control” administrative
process. International bodies historically have not been well-equxpped for local enforcement ona
global ba515

The idea of quotas to control environmental pollution is not new. Many countries have
established quotas for emissions of pollutants based on some information of the damage function
of the pollutant or the absorptive capacity of the environment. A classic example is the quotas
established for sulfur oxide (SO,) emissions in specific air quality control areas of the United
States. Similar approaches have been utilized for water pollutants in rivers and lakes. Quotas are
periodically modified as more information on the darnage functlon and absorptive capacity of the
environment are established.

It should be noted that both credits for emissions reductions and emissions quotas may be most
effective when implemented in tandem. Under such a “cap and trade” system companies that
reduce their emissions below allowable levels may sell their excess credits to companies exceeding
their quotas, thereby earning profits by “over-complying” with environmental regulations. In fact,
the U.S. SO  system just mentioned is a cap and trade system.

Lessons from the Montreal Protocol

To identify the criteria that make for an effective protocol, one need only look to the success of the
Montreal Protocol. Within a very short period, this Protocol has effectively changed global use of
CFCs and other ozone depleting chemicals emitted by humans. More importantly, it has met its
targets, within a reasonable time frame and with the support of both the industrialized and developing
countries' business, government, and environmental communities. Fundamental to its success has been
its reliance on private sector economic incentives and support.

The targets of the Montreal Protocol were initially objected to by those responsible for the majority of
the ozone depleting substances (ODSs). However, the key OECD businesses responsible for the
majority of ozone depleting chemicals possessed the technical capacity to change while still making
money on shifting to non-ozone depleting resources. As all businesses world-wide faced the same
penalties, all companies had to convert. This.leveled the playing field across firms globally, so that a
major emitter could not simply move to another provmce or country to avoid penalties. Also, the
developing countries signed on because they stood to"gain from technological exchange and innovation
benefits. These unequivocal penalties, benefits and ceilings' were the economic and non-economic
instruments that allowed the marketplace to work efficiently and effectively in solving a global
environmental problem.
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Several critical protocol condmons created the necessary instruments that spurred universal .
compliance. These included:

* Mandatory ODS emission phaseouts and tfmetables for all couhtries;

* | Establishment of national regulations to ensure complia;me;

* Allowing technology leaders to benefit from early compliance; and,

* Wealth sharing from technology 1nnovatlon between developed and developmg
) countries.

The authors recognize that there are major differences between the Montreal Protocol and the |
FCCC. For instance, the Montreal Protocol addresses one substance which arises from the
production processes of a limited number of easily identified producers. Also, economically
viable and proven alternatives were available that made substitution away from ODSs painless and
even profitable for ODS producers. In contrast, the production and use of fossil fuels affect .
almost all aspects of modern day living. Nevertheless, the Montreal Protocol is an apt example of
international action that is working and proves the efficiency of market instruments.

The FCCC does not have a similar or clear set of effective enforcement and economic instruments. For
example, the FCCC presently allows OECD countries to make their best efforts to reach 1990 GHG
emission levels by 2000. The FCCC unlike the Montreal Protocol does not establish mandatory
emission reductions even for the OECD countries, does not create clear penalties for transgressors,
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and does not allow trading of GHG emission credits globally’. Hence, no financial marketplace
benefits can be captured by market leaders and technology innovators from altering energy
use/supply patterns. The work of the Parties to the FCCC at their meeting next year will be.to craft a
System thal creates a playing field where energy producers and consumers are rewarded for choosing
_ Clean. energy options. :

V. CONCLUSIONS AND RECOMMENDATIONS

It is clearly evident that the FCCC, as presently operating, cannot achieve- the objective. of

- stabilizing GHG concentrations in the atmosphere unless it adopts a major protocol to
" significantly reduce .anthropogenic GHG emissions. As demonstrated in this paper, a good
starting point in determining the steps the Parties to the FCCC should take in designing a protocol
is to remember that the primary source of anthropogemc GHG emissions is the consumptlon of
fossil fuels and the future growth of GHG emissions will derive primarily from the ever-increasing
demand for and consumption of these fuels. In the final analysis, both the developed and
developing countries must work together to develop new instruments, under the mandate of the
FCCC, to control the use of fossil fuels. Only then will there be hope of a stablhzatxon of GHG
concentrations in the atmosphere. .

To jointly achieve the objective of reducing fossil fuel consumption, the FCCC must address and
foster the adoption of an international sustainable energy policy that recognizes the true costs
to the global environment of fossil fuels and reduces the constraints and barriers to renewable
energy and energy efficiency options. Only within the context of such a policy can we expect to
halt and ultimately reverse the growth of GHG emissions.

The barriers to formulating and adopting an international sustainable energy policy are significant. The
challenge is to utilize the instruments of the FCCC to structure a protocol that will require and assist
. nations in moving toward sustainable energy paths. The FCCC represents the best terms and
conditions that could be negotiated in 1992 among over 165 countries, which had varied objectives and
interests.  As a result, the Convention did not include the clear and well-defined economic (e.g.,

emission credits and trading) and non-economic (e.g., quotas, emission caps etc.) instruments that

would ledd to the reduction of GHG emissions. The Parties to the Convention can adopt these
instruments now, however, as they craft an emissions reduction protocol.

The current lack of economic instruments and enforcement noted in the previous section creates major
- FCCC compliance loopholes. Indeed, it creates incentives for OECD industries to drag their feet.
Governments are fearful about implementing tough climate change action policies least they cause

business flight and loss of national income. For example, most OECD countries do not want a "carbon -

tax" unless the other OECD countries, notably the U.S., follows suit. Similarly, developing countries
are not interested in seeing their cheaper (and even profitable) GHG offset projects to be selectively
picked by industrialized countries under joint implementation programs unless they are assured that

¢ [t docs allow Annex [ countries to carry out activities jointly implcmented. but again this may not lcad to the

lcast-cost options or global solutions to GHG cmission reductions. -
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they will not face future GHG emission limits or reduction targets. or can benefit substantially by early
technology exchanges’. - : '

In simmary, in designing a protocol the CoP needs to establish broader economic and policy
instruments than those of the Montreal. Protocol within the FCCC. Policymakers and business
executives around the globe should forge alliances to adopt GHG-neutral energy paths. The FCCC
must consider -a stronger set of economic and policy measures that help promote sustainable energy
development. Box 2 outlines a summary package of recommended FCCC actions that. could speed up
energy sector changes that would lead to sustainable energy development.

‘GEF::and technology * €xchianges
country participants. '

AT n

This paper has demonstrated that in addition to establishment of an international climate change
protocol, several other actions are needed to bring about the development of an international
sustainable energy regime. These actions include:

r

" See Mendis and Gowen (1994) for a discussion about the conditions under which it is 1n a developing countries'
cconomic interests to undertake activities implemented jorntly (AlJ). -
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. At the international level, more credible and effective i mtegratxon of environmental issues with
the ecoriomic and financial factors that will ultnmately dominate decision-making processes;

e At the national level, establisilmént of administrative and legal mechanisms which integrate the
roles of environment and economic agencies in the decision-making process on climate change
matters. Such mechanisms should be appropriately empowered and have clear mandates;

o Natlonal and mternatxonal action to prevent undesnrable vertical integration in the energy
industry; and

* Development and.advocacy of a formalized international sustainabie energy policy. A number
of United Nations organizations and international meetings have adopted international
policies/strategies on subjects far less significant, often not having serious international
implications. A draft policy which spells out specific steps to be taken should be proposed for
the consideration of the world community.

\
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ANNEX A

COMMERCIAL FEASIBILITY
" OF
RENEWABLE ENERGY SYSTEMS

HYDROPOWER

Hydroeléctric and hydro-mechamcal power are well developed and installed throughout the
world. Hydroelectric systems convert the kinetic and potential energy in water flow into
rotational kinetic energy through a hydro-turbine. The mechanical movement of the turbine is-
then transformed to electric power through a generator. In a hydro-mechanical system, the
_ rotational energy of the turbine is directly transformed to mechanical power to run a machine,

rather than generating electricity. Commercial hydropower systems are available for applications
from as low as a few kilowatts to as large as thousands of ‘megawatts. Table A-1 shows the
world’s technically exploitable hydropower potential and existing development as reported by
International Water Power & Dam Construction (1989). As of 1989, it is estimated that only

Table A-1.  Global Potential and Existing Development of Technically Exploitable
Hydropower '

Technically Total hydro Hydro Percent
exploitable - installed . Generation Used
Region potential capacity in 1988 (generation/
(TWh/year) (GW) (TWh) potential)
Africa - ] 1,150 15.84 36 3
South Asia and Middle East 2,280 45.44 171 8
China 1,920 32.69 109 6
Former Soviet Umon 3,830 62.20 - 220 6
Japan 130 20.26 87 67
North America 970" -129.09 536 55
South America 3,190 75.98 : 335 - 11
Central America 350 10.71 32 9
Eastern Europe : 160 ’ 16.56 49 31
Western Europe 910 128.44 436 48
Australasia - . 200. 12.00 37 19
World 15,090 549.2 2,040 14

Source: Burnham, et al., citing The World’s Hydro Resources, International Water Power & Dam Construction,
- September, 1989.
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14 percent of total global hydropower potentlal had been tapped and that total technically
exploitable hydroelecmc power could provide approximately 150 percent of the global electric
power consumed in 1989. The cost of installing hydropower ranges from $750/kW up to
$3500/kW, depending on the given site and design. Many hydroelectric sites produce electricity
as low as $ 0.02/kilowatt-hour (kWh). More remote and difficulty locations may be as high as
$0.15/kWh. Costs at more typical sites are equal to or below those from fossil fuel-based
electricity generation systems. :

BIOMASS

, Biomass energy resources include the woodfuel gathered in developing countries used for
cooking and heating; agricultural residues. such as sugarcane bagasse, straw, rice husks, and
nutshells; forest and timber residues; animal and human wastes; and energy crops grown
specifically to produce biomass fuels. Most biomass fuels can be easily converted to useable
energy either in the forms of heat, electricity, or intermediate liquid and solid fuels. More
importantly, biomass fuels can be produced on a sustainable basxs if proper measures are
implemented.

Land resources present the main constraint to biomass energy. Nevertheless, estimated total
biomass energy available annually is 620.2 exajoules (Hall et al., 1993), which, assuming a 20
percent energy conversion factor for the biomass energy, translates to 13,252 TWh per year. This
is equivalent to 128 percent of the 1990 global electricity consumption.

WINDPOWER

Wind conversion energy technologies have advanced tremendously within the last 5 to 10 years.
Commercially available wind turbines- range in size from a'few kilowatts up to one megawatt.
They are found in applications for pumping water in remote sites, providing power in hybrid
systems in remote villages and providing large amounts of electricity to the grid from wind farms.

As of-January 1995 there were 3573 MW of wind turbines installed throughout the world -

'(communication, Costedo, Oct. 3, 1995). Wind turbines are attractive from an economic
perspective because electricity can be produced as low as $ 0.08 to 0.06/kWh. This is competitive
with most large fossil fueled thermal power plants that must meet strict environmental regulations.

Wind resources have just begun to be exploited. According to the United States Department of
Energy, the U.S. has enough wind resource to produce 4400 TWh of electricity each year. This
represents almost halif the electricity the U.S! used in 1990 (U.S. DOE, 1994). One analysis
(Grubb and Meyer, 1993) estimated that there is enough wind potential to generate almost
500,000 TWh/year. Once population and siting constraints are taken into consideration wind
power could ‘still conservatively provide 50,000 TWh per year. This is almost five times the total
net electricity consumption for the world in 1990. Since wind turbines draw on the wind for
creating electricity, they emit no greenhouse gases.

.
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GEOTHERMAL ENERGY ‘
Geothermal energy consists of extracting thermal energy from the ground and using it either
directly in the form of high temperature steam or hot water, or indirectly to heat a working fluid.

. Direct sources can provide high pressure steam for industrial processes and water distillation,
while lower temperature direct applications includes such processes as heating greenhouses. In
indirect applications, thermal energy extracted from the ground can be used to generate electricity
or provide heat for space heating and hot water.. '

In 1989, estimated geothermal electricity production totaled 35 TWh, or only 0.3 percent of total
world electricity production (Palmerini, 1993). If growth trends of geothermal electric power
 continue, by the year 2000 geothermal will constitute approximately 0.58 percent of the worlds
electricity capacity. Geothermal direct uses (of fluids with temperatures above 35°C only)
amounted to 3.1x10° tons oil equivalent (TOE), or 0.04 percent of the total world energy use.
Following past trends, direct geothermal use could expand to 0.07 percent by the year 2000
(Palmerini, 1993). Geothermal electric power is limited by site availability, economic and
financial concerns and some local environmental concerns. However, geothermal energy for
electricity and especially heating, emits significantly fewer greenhouse gases than does fossil fiel
combustion (see Figure 9). ) -

TIDAL POWER

The ocean is a tremendous energy resource. One such way to exploit this resource is tapping into
the natural energy from the tides, which is especially feasible in regions where the tidal range is
three meters or more. Presently there are four working tidal plants located in France, the United
States, Russia, and China. The 240 MW system in La Rance, France has successfully produced
electricity for more than 25 years. Tidal energy power is technically proven and dependable. As
of 1990, tidal power potential totaled more than 270 TWh of electricity per year at the known
possible development sites. Based on 1990 figures, this potential represents only 2.7 percent of
total world electricity consumption. Impediments to tidal power include the high cost of
construction and the potential environmental impact on local estuarine ecosystems (Cavanagh et
al, 1993). ' ’

WAVE ENERGY

Several countries have conducted extensive research and funding for wave energy technologies,
and successful prototypes are operating and generating electricity (Cavanagh et al, 1993). Energy
from waves could provide a long-term renewable energy supply within the next two decades.
This energy source could replace diesel energy systems on remote islands and coastal areas,
thereby reducing greenhouse gas emissions and providing a reliable energy source. The actual
amount of wave energy potential in the world has not been accurately quantified (Cavanagh et al,
,1993). . : :
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OCEAN THERMAL ENERGY CONVERSION-

Ocean 'I"hermal Energy Conversion (OTEC) energy systems draw on the temperature difference
between the ocean surface water.and deep water (500 - 1000 meters) found in thé tropical and
subtropical regions. The technology requires a temperature difference of at least 20°C which is
only found between the tropics of Cancer and Capncom

Open and closed cycles are possible with the OTEC system. In closed systems the warm ocean
surface water is used to evaporate a workmg fluid such as ammonia or freon. This working fluid
then passes through a turbine which is attached to a generator. The cold deep ocean water
condenses the working fluid coming out of the turbine and the loop starts over. In an open
system, the warm surface water passes through a flash evaporator to become steam. This steam
then passes through the turbine which in turn generates electricity. The colder deep ocean water
then condenses the steam, which was ‘originally the warm surface water. Condensation of the
steam produces fresh water, a by-product of growing global importance, especially in remote
island locations.

A commercial OTEC system has not yet been installed. Several countries have conducted
research and demonstration programs for pilot scale plants, however: India recently announced
that it will participate in a commercial OTEC venture with a U.S. based firm, and a pilot plant
operating in Hawaii has successfully demonstrated that most of the technical barriers associated
with OTEC can -be overcome. However, because the costs of OTEC are very sensitive to
economies of scale, a plant in excess of 100 MW will be required to ensure that costs are
competitive with fossil fuel systems.

Approximately 60 million km* of the world’s surface area is suitable for possible OTEC
development (Cavanagh et al, 1993). The total theoretical energy that could be generated is
approximately ten times global electricity production in 1990 (Cavanagh et al, 1993).

SOLAR ENERGY. TECHNOLOGIES

Energy from the sun that reaches the earth every year could provide enough energy to supply
15,000 times the world’s annual. energy demand. Several energy conversion systems exist to
directly capture the ‘sun’s energy and convert it to electrical or thermal energy. These
technologies include solar thermal collectors (to produce hot water, steam or other hot working
fluids), photovoltaics (to directly convert the suns light to electricity) and passive solar energy
systems that make use of solar energy for light and space heating. The first two of these
potentially could make large contributions to electricity production and are described below.

Solar-Thermal Electric Technology
Solar thermal electric technologies generate electricity in a manner similar to that of a

conventional thermal energy plant. In a solar-thermal plant, solar concentrators utilize the sun’s
energy to generate a high-temperature workmg fluid for the power plant, whereas in a tradmonal

(2]
N
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thermal power plant fossil fuel is combusted to heat the working fluid, which is normally steam.
Solar thermal plants must be located in areas where there is very high, clear and stable solar
insolation; on the order of 2500 kWh/m? annually (De Laquil, et-al., 1993). MJst solar-thermal
electric plants presently operating are coupled with fossil-fired backup systems. The nine
commercially operating parabolic trough solar thermal systems located in the Mojave desert of the
United States generate 350 MW of electricity annually (De Laquil, et al., 1993). Solar-thermal
electricity has a levelized electricity cost of approximately eight to 33 cents per kWh, depending
on the solar receiver technology installed. Technological advancements are expected to reduce
costs to eight to twelve cents by the year 2000 or 2005.

Photovdltaic Technology

Photovoltaic (PV) technologies differ from typical heat energy plants in that PV systems convert
the sun’s energy directly into electricity. There are numerous PV technologies that use an array
of different materials and manufacturing techniques. The main categories of PV cells include
crystalline and polycrystalline-silicon solar cells, amorphous silicon photovoitaic systems, and
polycrystalline thin-film photovoltaics. In the present state of the technology’s development, PV
systems are generally more expensive for large scale utility electricity generation than traditional
thermal energy plants. However, PV costs have been dechmng rapidly over the past 20 years and
are expected to eventually be ¢ompetitive over a wider range of applications.

The costs for the PV systems depend on: the costs of the PV module installed; costs of other
system components; the amount of sunlight available; and the cost of operating the system and
replacing parts (Kelly, 1993). The main focus for reducing the ¢osts of PV systems has been in
improving the manufacturing of the cells and improving cell efficiency. As manufacturing costs

"decline and efficiency improves overall cell cost will decrease. However, the balance of the
system and system configuration also adds to the overall system cost, so developments in these
components also need to be pursued. :

PV systerns tend to be cost-effective in areas where grid electricity is not available. Extending the
utility transmission line 3 km for an average 300 kWh per month demand is less cost-effective
than installing a stand alone PV system, based on 1990 prices (Kelly et al, 1993). Isolated
markets where PV systems would be cost effective are numerous in the developing world but also
exist in the OECD countries. Other niche markets for PV cells include: small-scale markets such
as pocket calculators (PVs represented 22 percent of U.S. sales in 1989); and isolated systems
such as buoys, communication sites, and pumping stations. Worldwide photovoltaic sales reached
61 MW in 1994 (Johnson, 1995). : :
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Abstract

In this paper energy related CO2 emission projections of China by 2030 are given.
CO2 mitigation potential and technology options in main fields of energy
conservation and energy substitution are analyzed. CO2 reduction costs of main
mitigation technologies are estimated and the AHP approach is used for helping
assessment of priority technologies.

1. Introduction

Since early 1990s, China put great emphasis on global climate change issues in some

_key science and technology projects of the Eighth-five Year Plan. Besides, some
international cooperation projects in this research field with the assistance of the
Asian Development Bank, the World Bank etc. were also conducted. These projects
were mainly focused on macro study at either state or sector levels and accumulated a
large amount of data, few model systems and study experience that could benefit the
follow up projects in this topics.

The current study on energy sector is characterized by: (1) establishing of a China-
specific methodology guideline in collaboration with appropriate US departments and
institutions, which directs analysis of adaptive/abatement technologies as well as the
socio-economic evaluation of scenarios and response policies. (2) carrying out case
studies for some selected regions and chosen technologies following the methodology
_ guideline and aiming to provide demonstration projects for further research in China.
(3) undertaking national assessments based on research outputs, case studies and prior
researches. (4) supporting national policy dialogue on GHG emission mitigation
options.

The results of this study show that: (1) since population expansion.and high GDP
growth, energy-related CO emissions will increase reasonably in China. Production
and consumption of fossil fuel are the main emission sources. (2) heavy coal share




and high energy intensity of GDP display that there exists a comparatively big energy
conservation potential in China, and energy supply and energy end-use are the major
areas for implementing GHG mitigation technologies. (3) adjustment of industry
structure and increase of shares of products with high added value do and will play a
very important role in reducing energy intensity of GDP. (4) both energy conservation
and energy substitution by natural gas, nuclear power, hydropower and renewable
energy will be the key technological measures and a long-term strategy to reduce
GHG emission. (5) identification and implementation of GHG mitigation
technologies are consistence with the targets of sustainable development and
environmental protection of China. (6) energy efficiency improvement is a no regret
option as usual for CO2 reduction, e.g. a negative mitigation cost of 10-15 yuan/t-c is
expected for improving boilers’ efficiency. Whereas an incremental cost is always
needed to develop hydropower and renewable energy.

2. Current energy consumption in China

In 1990, China total energy consumption was 987 Mice, and in 1995 it reached 1,290
Mitce. In past decade, coal consumption in China always accounted for 76% of total
commercial energy consumption, which was quite different to the pattern in most
countries of the world, shares of oil, natural gas and hydropower were 17%, 2%, and
5%, respectively.

China's population was 1,211 billion in 1995, the average commercial energy
consumption per capita was almost 1 tce, which was about 55% of the world average.

The effectiveness of energy utilization of China is quite low in terms of the much
higher energy consumption intensity of GDP, i.e. 2.66 kgce/US$ (1990 prices) in
1990. In comparison with the average intensity of 0.366 kgce/US$ (1990 prices) in
OECD countries, China was about 7 times as higher as OECD countries. Since 1980,
China energy consumption intensity per GDP has dropped by more than 45%,
corresponding to an average annual decline rate of 4.2% (Fig. 1). During the period of
1980-1995, by contrast to 10.2% of annual GDP growth rate, the average annual
growth rate of energy consumption was 5.2%, the energy consumption elasticity was
" 0.51. It shows a significant outcome from great efforts of energy conservation .
Improvement of energy utilization effectiveness is mainly attributed to following
factors: (2) economic reform and economy structure adjustment; (b) adoption of new
technologies and new processes with high energy efficiency in newly installed
capacity; (c) retrofit of existing facilities by high energy efficient equipment and
Processes. ’ ' g
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Based on an investigation of efficiency, improvement of technical performance only
contributes a small part, about 20%, in total energy saving. The remained large part
was contributed by economic reform and economy structure adjustment. Table 1
shows the result of the investigation and Table 2 shows the improvement of specific
energy consumption for major industrial products, that also indicates the improvement
rates of technical performance were much lower than that of energy intensity of GDP.
CO2 emission from fossil fuels in 1990 was 590 Mt-c, accounted for 95% of total CO2

emission in China.

Table 1 Investigation of Energy Efficiency in China
and Comparison with OECD Countries

China OECD
198 5 1992 Early 90's
Energy system utilization efficiency (%) 25.9 29.0 34.0
Energy intensity of GDP (kgce/USS$(1990)) 3.81 2.43 0.366
Contribution of improvement of energy efficiency in - 20 -
reducing GDP energy intensity (%)
Note: 1. Energy utilization efficiency = conversion efficiency X (1-loss rate) x efficiency in
end-use devices.
2. Foreign exchange rate in 1990 was 1US$ = 4.77 Yuan.
Table2  Improvement of Specific Energy Consumption in China
and Comparison with OECD Countries
’ China OECD
1985 | 1990 | 1994 | average yearly 90's
reduction rate

Energy intensity of GDP 0.600 | 0.532 | 0.418 4.1% -
(kgce/yuan)
Comparable energy consumption | 1,746 | 1,611 1,519 1.56% 629
for steel (kgce/t)
Gross coal consumption for power| 398 392 380 0.49% - 310
generation (kgce/kWh)
Synthetic ammonia (kgce/t) 2,358 | 2,263 | 2,093 0.46% 1,000
Cement clinker (kgce/t) 206.5 | 1853 | 175.3 1.84% 113




3. Establishment of scenarios

(1) Baseline scenario

In China the national goals of energy development strategy emphasize energy
conservation and efficiency improvement and substitution of coal by other energy
with less carbon content. They are consistent with the goals of GHG emission
mitigation. Therefore, the energy development plan, as an important part of national
social and economic development plan, includes most of GHG mitigation policies and
measures in energy aspect. The national energy development plan and programmes
are taken as a principal background of baseline scemario. Following major
assumptions for energy development are made in establishing the baseline scenario:

New technologies and processes with high energy efficiency and cost-
effectiveness will be applied as far as possible in newly installed capacity.
Retrofit of existing facilities by use of high energy efficient and cost-effective
equipment and processes will be encouraged.

Primary energy supply will continue to depend largely on the exploitation and
utilization of domestic energy resources. Import of a large amount of natural gas
and oil will become a long-term energy strategy.

Hydropower resources will be exploited accelerately.

Nuclear power is expected to play an important role in easing the pressure of
fossil energy supply, especially in coastal areas where economic growth is rapid
and a serious energy shortage exists.

New and renewable energy will be an important supplementary energy for
meeting energy demand in rural and remote areas. )

Besides, some other general assumptions are also involved in the baseline scenario:

« Population

It is assumed that China's basic, long-term policy on family planing and population
control, which has led to a dramatic decline in the population growth rate in past
decade, will be continuously implemented in the future. The current population of
1,211 million in 1995 is expected to grow to 1,294 in 2000 and 1,386 million in
2010. -

« Urbanization

Along with the industrialization, the growth rate of urban population will be greater
than that of rural population. The share of urban population will rise from 26.4% in
1990 to 32.4% in 2000 and 38.4% in 2010.




« Economic Growth

In past decade, China economy has experienced a quick growth rate. It is expected
to continue the trend but at a moderate high rate: 8.5% AAGR in 1995-2000 and
7.2% in 2000-2010. And, economic reform and economy structure adjustment will
continue until a rational economy mechanism is formed.

CO2 emissions of baseline scenario is estimated by INET" model and shown in Table
3. The results show that in the next decades, energy intensity of GDP, CO2 emission
intensity of energy, and CO2 emission intensity of GDP in China will continue to
decline dramatically. The economic reform and structure adjustment will go on to
follow the current trends and still be a dominant factor in reduction of CO2 emission.
The contribution of technical efficiency improvement and energy substitution is
expected to be within the range of 15-20% and 2-16%, respectively.

Baseline scenario reveals that hydropower and nuclear power in 2030 will be as high
as 217 GW and 60 GW respectively, resulting in 26% of total power generation and
11% of total primary energy supply. Since they are carbon free energy, the energy
substitution of them for coal power will be of much importance in the long-term.

Table 3 Energ’y-relatéd CO2 Emissions in China for Baseline Scenario

1990 2010 2030
Population (million) 1,143 1,386 1,550
GDP (billion yuan, 1990 prices) 1,768 9,900 31,750
Primary energy consumption (Mtce) 987 2,242 3,556
CO2 emission (Mt-c) 590 1,324 1,855
GDP energy intensity (kgce/yuan) 0.55 0.23 0.11
CO2 emission intensity of energy (t-c/tce) 0.60 0.59 0.52
CO2 emission intensity of GDP (kg-c/yuan) 0.33 0.13 0.06

Contribution in reducing CO2 emission intensity
of GDP: :

technical performance improvement

energy substitution

15-20% 15-20%
1.9% 16.6%

* INET model is consist of two main submodels. One is Energy Demand Model (EDM) for
analyzing trends of production and service activities levels as well as energy intensity in
five major sectors, and generating final energy demand projections of the country. The
other is INET model for calculating optimal future primary energy demand and mix as
well as energy related CO, emission under different social and economic development

scenarios and GHG abatement policies.




(2) Mitigation Scenarios

It is very difficult to distinguish baseline and mitigation scenarios in practice, because
some major mitigation technologies and measures available have been involved in
baseline scenario and analysis of a scenario combining several mitigation measures
may not reflect the separate roles played by each measure. Alternatively, it could be
useful to define a mitigation scenario in which a specific mitigation technology or
measure is emphasized and acceleratively developed, such as:

« enhancing energy efficiency improvement
- accelerating utilization of new and renewable energy
« encouraging energy substitution of coal by hydro power and nuclear power

4. Priority technologies for GHG mitigation

Priority technologies for GHG mitigation in China have been developed by AHP™
methodology with respect to a set of assessment criteria, including: (a) mitigation
potentials; (b) local environmental impacts; (c) energy and resources efficiency; (d)
economic costs; (e) consistency with national development goals; (f) availability of
resources; (g) manufacturing localization and infrastructure requirement.

Technical options for GHG mitigation in two main areas are analysed: energy
efficiency improvement and renewable energy development.

(1) Energy Efficiency Improvement
1) Energy end-use sectors

1.1) Industry Sector
In 1994, the final energy consumption of industry sectors accounted for 70% of the
country total, hence industry sector is considered as a priority sector for energy
efficiency improvement. In general, the measures include upgrading processes in

* The AHP (analytic hierarchy process) method is a decision analysis tool that breaks
down the constituents of a problem into parts and allow s comparisons and rankings
of them. For example, the AHP can rank technologies in terms of specific criteria that
may be quantitative (such as specific cost data) or qualitative (such as the social
acceptance of a given energy technology).




manufacturing major industrial energy-intensive products and general industrial
equipment.

o Industry process

. As shown in Table 2, the reduction of specific energy consumption for major energy-
intensive products has been achieved by processes improvement. There will still be a
Jarge potential in GHG mitigation in future, it has been studied in Word Bank and
ADB projects and is not repeated here.

« Boilers

There are approximately 0.41 million industrial boilers with an average capacity of.
2.3 t/h in China in 1990 consuming about 305 million tons of coal, which corresponds

to 22% of total energy consumption and 25% of total CO2 emission in China. The

current efficiency of operation performance of 60-70% could be improved by 10-15%

toward nominal design efficiency.

The improvement measures include: (a) fuel quality by preparation; (b) boiler
combustion technologies; (c) auxiliary equipment, and (d) process control. In general,
the benefits of fuel saving could cover the capital investment needed for adopting the
measures.

« Electric motor and speed adjustment

Electric motors are the main electricity-consumption devices in China. Electric
motors for fans and pumps consume 35% of total country's electricity and electric
motors for other equipment consume 30%.

About half of fans and pumps need variable speed operation. At present, flow variable
operation of fans and pumps by valve adjustment can be replaced by speed adjustment
of motor using frequency variable device, and at least 30% of electricity could be
saved. Referring to the motors for other equipment, the electricity saving rate could be
up to 20%. Furthermore, high-efficient electric motors may be used to replace low-
efficient ones. Replacing the JO2 series of low efficient electric motors with YX
series ones could result in an electricity-saving rate of 3-4%. By improving motor
efficiency, a no-regret cost of CO2 mitigation is estimated to range -65 to -150 yuan/t-
c.

1.2) Residential and commercial sectors

With the urbanization in China, energy consumption among urban residents and
commerce grew by a large margin. In 1994, final energy consumption accounted for
around 20% of national total, the electricity consumption was 87.4 TWh, an increase
of 84% over that of 1990.




Mitigation technologies in residential and service sectors of China mainly cover the
measures such as fuel substitution for cooking, district heating, energy saving in
buildings, green lighting and electric appliance.

« Lighting

In 1994, electricity used for lighting accounted for 10% of national total electricity
consumption. In lamp production, output ratio of efficient fluorescence tube to
incandescent lamp was 1/9.

The estimated electricity use for lighting will increase to 120 TWh in 2000 and 230
TWh in 2010, respectively. According to the target set by Green Lighting plan, the
ratio of high efficiency lighting to incandescent lamp will increase to 1/3.9 in 2000
and 1/2:5 in 2010. The energy-saving lighting is a cost-effective mitigation
technology with an incremental cost from -55 to -12 yuan/t-c.

« City Gas

In 1990, energy consumption for households cooking (including hot water supply)
was 98 Mice, accounting for 10.3% of national total energy end-use. Within the total
energy consumption for household cooking, city gas amounted to 5.4 Mtce, serving
about 62.3 million population. About 91.3 Mtce of coal was burned directly by
millions of small stoves. Amount of about 66 Mt-c emitted by household cooking
each year accounts for 10.8% of total energy-related CO2 emissions.

From the point of view of both reducing indoor air pollution for household and
mitigating GHG emissions, development of city gas to substitute coal stoves for
household cooking should be placed at a higher priority. Possible options include
speeding up exploitation of domestic natural gas resources, making full utilization of
domestic LPG, and meanwhile, importing natural gas, LNG and LPG as a
supplemental gas source.

1.3) Transportation sector

Transportation sector is a fast growing sector in China during the period of 1980 to
1994, the motor vehicles increased from 1.8 million to 9.4 million. The energy
consumption rose from 8.0% of national total final commercial energy consumption
in 1980 to 10.0% in 1990. Transport gasoline and diesel consumption accounted for
about 90% and 30% of the national total consumption, respectively.

As the transportation is becoming a more and more important sector in China,
improving transport performance will benefit not only the global environment, but
also the local environment. Effective options to which more attention should be paid
include: phasing out steam locomotives in railway, upgrading vehicle design,
replacing diesel vehicles for gasoline ones, optimizing mix of trucks’ tonnage




capacity, improving transport management and dispatchment, and establishing better
urban transportation system.

2) Energy supply sectors

Power generation is the most important energy supply sector and its development has
been put in a priority position in China. Up to the end of 1990, national total installed
capacity was 138 GW with an annual electricity generation 621 TWh, in which
thermal power capacity and annual generation were 102 GW and 495 TWh,
respectively. It is estimated that by the year 2000 and 2010 the national total installed
capacity will reach around 290 GW and 580 GW, respectively.

Constrained by domestic energy resources, coal-fired power contributes over 90% of
total thermal power generation, which accounts for over 80% of mational total
electricity generation. Specific fuel rates for power generation were 392 gece/lkWh in
1990 and 381 gce/kWh in 1995, 60-100 gce/kWh higher than the fuel rates of thermal
power in developed countries. In 1994 coal consumption for power generation
amounted to 400 million tons, accounted for 31% of national total coal consumption,
and the corresponding CO2 emission was about 207 million tons of carbon.

Three major measures to mitigate CO2 emissions of power generation sector can be
summarized as follows:

. adopt advanced thermal power technologies

Total thermal power generator commissioned into operation during the period of
1990-2000 will be more than half of total existing generation capacity. 300 MW and
600 MW sub-critical units with net efficiency over 37% will dominate the newly
installed units, so that the average fuel rate of thermal power will decrease notably
from 392 gce/kWh to 365 gce/kWh.

More advanced generation technologies, such as Integrated Gasification Combined
Cycle (IGCC), Pressurized Fluidized Bed Combustion (PFBC) in second generation,
will be commissioned into operation in succession beyond 2000 to realize
desulphurization as well as to improve net generation efficiency to 39-45%.

« speed up hydropower exploitation

China is abundant in hydropower resources, but its exploitation and utilization level is
much lower, e.g. hydropower capacity by 1990 was only 9.5% of total 378 GW
exploitable capacity. Priority will be given to exploitation of large hydropower bases
at the trunk and branches of the upper and middle reaches of the Yangtze river, the
Yellow river and the Hongshuihe and Lancangjiang. A number of pumped-storage
power station will also be built for peak load adjustment.

« step up nuclear power development

s L




Nuclear power will be developed preferably in the coastal areas of East and South
China, where there is shortage of primary energy resources and can accept high price
of electricity because of being economically developed regions.

(2) Renewable energy development
1) Biomass

Consumption of biomass energy resources, including straw and crop stalks, fuelwood,
and all kinds of wastes, amount to about 250 million tce in 1994, which made up
about 40% of energy consumption for daily life in rural areas in China. Direct
burning of biomass is an usual but inefficient way to utilize biomass nowadays.

High yield tree species for fuel forests, and their cultivation and plantation
technologies will be developed and commercial forests fields will be constructed.

A programme to accelerate the application of new technology in terms of utilizing
farm biomass energy and developing manufacture and market service system will be
implemented. The technologies include: (2) high efficient direct burning (improved
stoves); (b) anaerobic digestion (household, medium and large digestors); (c) biomass
densification (biomass briquetting); and (d) biomass gasification.

In 1994, 1.2 billion m3 biogas were produced mainly for rural household use. The
targets of biogas development will reach 2.3 billion m3 in 2000 and 4 billion m3 in
2010, which could supply 7.55 million families in 2000 and 12.35 million families in
2010.

2) Solar energy

There are rich solar resources in China: two thirds of China's territory possess a solar
radiation intensity above 600 MJ/m2-yr. Regions where space heating is needed in
winter are sunny belt; thus it provides a possibility to use solar energy for buildings.

Great efforts will be focused on diffusing energy saving buildings, solar water heater,
and photovoltaic power system. It will be necessary to develop manufacturing
capacity in a large scale and create a marketing service network for accelerating their
application, especially in the regions where solar energy resources are quite abundant.

According to incomplete statistics of 1994, solar water heater installed were up to 2.9
million m?2, passive solar house 2.6 million m2. Citing the development target, solar
energy heater and passive solar house will increase to 10 million m? and 50 million
m? in 2000, respectively. -
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3) Wind Energy

Total wind energy potential of China which could be utilized is estimated to be 250
GW. In east coast areas and nearby isles of Southeast China, the average annual wind
speed reaches 6-9 m/s (meter/second) and the accumulated duration of the wind speed
ranging 2-20 m/s lasts more than 6,000 hours per year. These are the right places for
building wind power farms equipped with medium and large wind turbines and
connected with power grids. Regions with great wind energy potentials also locate in
the Northeast, North and Northwest China, where average wind speed reaches 4-6
m/s, and the accumulated duration of wind speed in the scope of 3-20 m/s lasts 5,000-
6,000 hours per year. Considering such conditions being over vast prairie and
scattered rural areas, mini or/and small wind generators have been introduced for
herdsmen and peasant households use.

Application of mini and small wind generators will be facilitated by establishing a
system of production, market and maintenance service. At the same time, it is
necessary to make great efforts for manufacturing localization of large wind turbine at
the unit capacity of 200-600 kW.

In 1994, total installed capacity of grid-in and stand-alone wind power generation
reached 30 MW and 19 MW, respectively. According to the development targets,
total capacity of wind power generation will be 300-400 MW in 2000 and 1,000-
1,100 MW in 2010.

5. Summary of Mitigation Potentials

Share of energy use in primary energy for power generation will gradually go up from
the current 30% level, and share of thermal power will increase too. Since coal will
still be a dominant source in primary energy for a long time in China, adoption of
advanced and more efficient coal-fired generation technologies will become a very
important GHG mitigation option. There would be a potential of reducing 114 Mt-c in
2010 compared with 1990 by improving power generation efficiency alone.

Share of hydropower and nuclear power is 19% of total generation in 2010 in
Baseline scenario, the effect of CO» reduction is quite obvious as they are generation
technologies of CO2 zero-emission. Compared with 1990, potential of reducing CO2
emission in terms of substituting hydro and nuclear power for thermal power would.
be 90 Mt-c.

There will be great potential of emergy conservation and CO2 mitigation by
improving the energy utilization efficiency of large quantity of universal equipment in
the industry and residential sectors, such as boiler, motor, lighting etc. Adoption of
advanced technologies for these three kinds of equipment could result in 90 Mt-c of
CO2 reduction in the year 2010 compared with 1990.
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COz2 Emission mitigation potential in improving energy efficiency, power generation,
energy substitution are summarized in tables 4, 5 and 6, respectively. Finally,
assessment of CO2 mitigation options of priority technologies in terms of some
important criteria is shown in table 7.

6. Conclusion

China is a developing country and facing a problem of keeping a balance between
social and economic development and environmental protection. China gives a
priority to economic development, at the same time also pays great attention to
environmental protection. Energy is an important material base for economic
development and a major source of causing many environmental issues as well. Key
energy issues analyzed in this paper are strategic and aimed at creating an energy
system compatible with China's sustainable development over a long term. This
requires energy efficiency improvement in both supply and demand sides, wide
utilization of clean and renewable energy,-and cost-effective performance.

There exists a great potential for energy efficiency improvement and it is often a no
regret option for CO2 reduction. Development of renewable energy of biogas, wind
power, solar heater etc. have not only good environmental benefits in substituting for
fossil fuels, but also great social and economic benefits in providing rural residents
(two thirds of China’s total population) with energy necessary for improving living
standard and promoting rural economy development. Thus, they are GHG mitigation
options to which attentive consideration and implementation have to be given.

Practices in the economic reform started since later 1970s showed that economic
structure adjustment played a key role in reducing energy intensity of GDP in past
more than ten years, and will continue to have great impacts on the efforts of GHG
mitigation in the future until a national economy system with reasonable mix is
established.

Some important issues, faced in making a strategic and long-term energy system
program soundly compatible with environment, should be paid enough attention and
solved well by implementing corresponding policies and measures.

In energy supply area: (a) to use coal more cleanly and more efficiently; (b) to
establish national and regional pipeline network for supplying cities with large
amount of natural gas; (c) to realize modernization of biomass energy use, such as
biomass gasification for turbine power generation; (d) to make a comparison among
nuclear power, advanced coal power and power generation by importing natural gas
in terms of detailed analysis on investment requirement, foreign exchange
requirement, costs and safety etc.; (€) to adopt the Integrated Resource Planning (IRP)
approach for choosing the least-cost options among alternatives of energy supply and
demand ranked in terms of cost and influences on society and environment; (f) to
create laws and regulations such as energy law, energy conservation law etc.; (g) to
arrange demonstration projects for advanced technologies.
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In energy demand area: (a) to set emergy prices by the market for the goals of
stimulating efficient use of energy and production of energy-saving products; (b) to
reduce or cancel subsidies for current technologies, then shift to demonstration
projects of energy conservation in order to promote researches and utilization of new
technologies; (c) to cover the external costs of energy production and use into energy
prices by tax imposition or government’s regulation control; (d) to develop
performance standards of energy end-use, and institutionalize the energy audit; (e) to
enhance and diffuse Demand Side Management (DSM); (f) to strengthen information
exchange, education and training of energy efficient use.

While China establishes its energy system to support the sustainable development,
obstacles in natural resources, funds, technology and management institution will
occur:

. Imbalance of resources kinds and distribution with abundant coal and
hydropower and limitation of oil and natural gas. On one hand, resources should
be used reasonably and efficiently. On the other hand, oil and natural gas could
be imported, e.g. importing large amount of natural gas from Siberia of Russia.

.« Shortage of funds that restricts resources exploitation and technology import.
Ways to address the issue include: to raise funds through multi-channel
domestically and abroad, and to make a good use of funds. At a GDP growth rate
of 10% per year, the capital stock will double in about seven years, performance
of new investment will have a overwhelming influence on economic
development in the future.

» Lack of advanced technology for energy use. In contrast to developed countries,
capital funds are in shortage and expensive whereas labour forces are relatively
cheaper in China, which could influence, more or less, the application of new
energy technologies. Based on the current technological status and allowance of
technical, financial and security factors, adoption of technological leapfrogging
manner might be an effective way to move more quickly to the latest and most
advanced technologies and to speed up the improvement of energy efficiency.

« A set of proper institutions should be organized in the current dual system of
planning economy and market economy in China to perfect energy management
and promote energy development.

13
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INTRODUCTION

Energy consumption in Indonesia is growing fast in line with the development of national
economy. During (1990-1993), emission of CO, gas coming from energy sector increased
from 150 million tones to 200 million tones in 1993. Whereas, the total methane emission
from the oil, gas and coal sub-sector reached 550 kilo tones in 1991 and increased to 670 kilo
tones in 1994. This amount of CO, and Methane from energy sector was 26% and 10 %
respectively of the total it’s emission of Indonesia.

Based on the last two decades of Indonesia’s economic growth experience, as a developing
country this high economic growth rate of Indonesia in the future will be kept until reaching
the newly industrialized country level, which is more than 6% annually in the next decade.
This high growth rate economic projection will also added the level of GHG emission in the
future.

As a developing country Indonesia is one of the fast growing countries. The GDP growth in
the year 1995 was more than 7 percent, therefore growth rate of energy consumption in this
country also rose follows the economic growth.

Sources of GHG Emission Mitigation

Main direction of the GHG mitigation is through minimizing the use of fossil fuels. This
minimizing, in the area of energy can be achieved through fuel diversification (switch to non
fossil fuels) or conserving the utilization of energy.

Scenarios

In term of the controlling of GHG emission due to the energy utilization, the mitigation
scenario tries to control Indonesia’s GHG at least 10 % in the year 2010 and 20% in the year
2020 below the emission level of business as usual (BAU) scenario.

For the BAU scenario, we adopt from the doing nothing case result of the Environmental
Impacts of Energy Strategies for Indonesia studies that is completed in 1993 done by joint
research study between BPP Teknologi Indonesia and KFA-Juelich Germanyjs) with updating
the national economic projection growth rate which follows the official GDP growth rate
target released by National Development Board (BAPPENAS), and initial mitigation option.

In the BAU scenario, MARKAL model applied for analyzing the optimum energy system cost,
through the determine the final energy supply mix as well as technology mix for the utilize
energy such as final utilization, energy transportation and energy conversion (refineries and

Mitigation of Carbon Dioxide Potential from the Indonesia Energy System 1
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power plants). The energy conservation, such as maintaining efficiency processes was
introduced in this model beside choosing the cheapest fuel supply selection.

~

BAU Scenario Projection

The current energy demand in Indonesia, including non-commercial energy so far is dominated
by residential sector, with the share of 46% of the total domestic energy need , followed by
transport and commercial sectors as the second and the third energy. Starting from around
2000, the industrial sector share increased to approximately 40%, followed by transportation
sector at 25%. This trend indicates that the industrialization process takes place in Indonesia.
Electricity demand is expected to increase steadily at the rate of 8.2% annually up to the year
2020. The demand industrial energy in 1990 was 789 Peta Joule (PJ) and is projected to grow
~ at the rate of 6.6% annually, and will reach the figure of 5,979 Peta Joule in the year 2020.
The commercial sector, currently, consumes energy accounting for 18.5 Peta Joule and is
projected to reach 279 Peta Joule in the year 2020 (table 1).

Table 1 Final Energy Demand by Sector (PJ)

1990 1995 2000 2005 2010 2015 2020

Industry 789.41 1,159.17)  1,612.17) 2,210.62| 3,05544| 4,265.53] 5,979.40|
Commercial 18.24 29.32 47.23 73.25 113.93 178.23 279.60
Govern Public 11.11 17.63 27.12 4145 63.82 100.01 158.00
Residential 1,140.99| 1,274.10{ 1,390.07| 1489.60( 1,583.67| 1,676.79| 1,772.30
Transport 538.77 777.52) 1,106.64| 1,560.75| 2,218.51| 3,210.44 4701.30
Power Plant*) 717901 1,078.63| 1,549.33| 2,247.16( 3,261.00| 4,837.03] 7,234.58

Total 3,216.42 4,336.37) 573256 7,622.83| 10,296.37| 14,268.03| 20,125.18

*) Fuels input for power generation

Considering the Markal model optimization, the primary energy supply mix, for the year 2020
will be 18,551 Peta Joule increased at the rate of 5.9% annually comipared to that in the year
1990 (3,369 Peta Joule). The supply mix also changed, in the year 2020 will be oil (37%),
coal (34%), gas (16%), and biomass, hydropower & geothermal accounted for 13%. In the
year 1990, the fuel mix was dominated by oil (39%), and biomass (30%). The natural gas
supply reaches 21% and the rest comprises of coal, hydropower and geothermal. (see table 2)

Mitigation of Carbon Dioxide Potential from the Indonesia Energy System 2
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Table 2 Primary Energy (PJ)

1990 1995 2000 2005 2010 2015 2020

Coal 194.95 351.61 754.46] 1,442.65| 2468.64] 4,094.30] 6,476.80|
loil 133334] 1,739.32] 1967.93] 2,502.32[ 3,356.10] 4,729.98] 6,814.32
[Gas 693.85| 1,063.96] 1,362.35] 1,623.69] 1,991.72] 2,409.47| 2,998.79
Geothermal 72.53 91.02 100.22 108.13 109.96 103.84 102.49)
Hydropower 69.22 97.76 349.04 426.46 44932 449.30 453.89
Biomass 1,005.38] 1,134.34] ~ 123839 1,333.79]  1435.84] 1,553.22] 1,705.15
Total 3369.27] 447801 5772.39] 7437.04] 9,811.58] 13,340.11| 18,551.44]

GHG emission of the energy system is as follows: CO, emission from the utilization of energy
in Indonesia increased from 150 million tones in 1990 to around 200 million tones by the year
1993. Qil combustion accounted for approximately 60% of the total CO, released followed
by natural gas (30%) and the remainder released from utilization of coal. (Figure 3)

MITIGATION OPTIONS
Residential sector

In this sector, the options that can be applied to reduce the energy consumption are:
- substitution of electronic ballasts of fluorescent lamps for conventional ballasts;

- substitution of compact fluorescent lamps (CFL) for incandescent light bulb;

- substitution of solar home system (SHS) for kerosene lamp;

- improvement of efficiency for refrigerator;

- improvement of efficiency for air conditioning

- substitution of LPG stove for kerosene stove.

e Lighting

Lighting is the most important. Expanded use of compact fluorescent lamps (CFLs), which
require less electricity than standard incandescent lamp to produce the same light output,
could have a major impact. A lamp ballast is needed to provide a suitable starting voltage,
thereafter limiting current flow during operation of fluorescent (and mercury) lamps. Ordinary
magnetic ballasts dissipate about 20--30 percent of the total power entering fixture. More
efficient electronic ballast (also known as core/coil ballast) makes use of better materials to
reduce ballast losses to about 10 percent. Such ballasts will increases the efficiency of the
ballast/lamp system approximately 20 to 25 percent relative to that of system with an ordinary
ballast.

Most solar home system (SHS) is 50kWe per system, use solar collector and battery can
operate 3 unit fluorescent lamp (6-10 watt), a radio cassette and 1 B/W television set [ salim]

Mitigation of Carbon Dioxide Potential from the Indonesia Energy System 3
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Electnﬁed households in Indonesia, it is assumed use 2 light bulb of 40 W during 4 h/d, 2 light
bulb of 25 W during 6 h/d and 2 fluorescence lamp of 20 W during 5 h/d for each household.
Non-¢lectrified households consume 100 liter kerosene per house per annum. About 10 % of
non-electrified household is potentially use SHS.

The total cost of CFL (including the cost of the lamp and the electricity to power it) is roughly
one fourth the cost of an incandescent bulb, but the initial capital cost for a CFL is about twice
higher. While for electronic ballast for fluorescent lamps the initial capital cost is three times
higher than conventional ballast.

The parameters of today's lamps and of the suitable replacement options are shown in table 3.

This option was apphed in some household specially in urban household. The penetration of
this option is about 5% in 1995 and will increase to 30 % in 2010 and 60 % in 2020.

Another option for lighting is switching from kerosene to electric lighting. In rural area, in
addition for stove cooking, kerosene is used for lighting. In new electrified household most of
people change from kerosene lamp to electric lighting. Switching from kerosene lamp to
incandescent bulb saves energy in many applications (depending in part on size of electric
T&D losses) and also improves lighting quality. Using a small fluorescent tube or a CFL is
more efficient, though more expensive, option.

Table 3. The parameters of today's lamps and of the suitable replacement options

Lamp type/parameter Conventional Replacement
1. Bulb Incandescent lamp CFL
Power consumption 40 Watt 11 Watt
Life time 1000 hours - 8000 hours
Cost per unit 05$US 55%US
Investment Cost (8000 h) 43$US (8x0.5%US) 55%US
Inv. per household per year 115808 2%US
Electricity cost per year 5880 1.63US
Total cost per year 738US 3.6 $US
2 Fluorescent tubes Conventional ballast ‘Electronic ballast
Power consumption © | 20 Watt 20 Watt
Life time " | 8000 hours | 8000 hours
Cost perunit - 25%US 7.5$US
Inv. per household per year 1.1$US ' 343US
Electricity cost per year 493%$US 3.7$US
Total cost per year 483 US 7.1$US
Total Cost per year- 12.1$US .1 10.7 $US

Note : Electricity cost per-kWh 0.05 $ US (PLN Regulation)

e Refrigeration

Mitigation of Carbon Dioxide Potential from the Indonesia Energy System 4
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Refrigerators are a key appliance to target for efficiency improvement, since their significant
electricity use is growing rapidly. Application of energy efficient features such as increased
insulation, more efficient compressors, and improved door gaskets can reduce their energy
use significantly.

The estimated 60 % of urban household and 3 % of rural household that operate refrigeration
in 1995 will increase to 75 % and 5 % in 2010 and 90 % and 10 % in 2020. The number of
refrigerator in operation in Indonesia that is estimated 2.5 million in 1995 will increase to 25
millions in 2010 and 50 million in 2020

For the consumption of electricity, assumed that availability (time of operation per year) is 90
% or 7884 hours per year. Electricity consumption of every refrigerator in 1995 is 100 watt,
70 watt in 2010 and 60 watt in 2020. In 1995 all capacity refrigerator is 100 watt. In 2010,
90 % of refrigerator operate by 80 watt, and 10 % of remaining refrigerator by 100 watt. In
2020, 60 % of refrigerator operate by 65 watt and 40 % operate by 80 watt. The specific
consumption of a typical refrigerator in 1995 is 788 kWh/a, 646 kWh/a in 2010 and 578
kWh/a

e Air Conditioning

The use of air conditioning in homes is growing in many cities. Efficiency improvements for
air conditioners include better internal insulation in the equipment, larger heat exchanger,
higher evaporator temperatures, dual speed or variable speed compressor motors to reduce
on-off cycling, more efficient rotors and compressors, advanced refrigerants and more
sophisticated electronic sensors and controls. The value of reduction does not yet give
information because of incomplete data information about them. Therefore this option haven’t
apply for mitigation scenario.

Industrial Sector

GHG mitigation option in the industrial sector areas in Indonesia is identified as using variable
speed motor, and cogeneration of heat and power for captive power.

Motors is the dominant appliances in the industrial sector. There is big energy saving
potential through industrial motor’s efficiency improvement. Motors assumed consume 75
percent of the total industrial electricity consumption. Use of the variable speed motors will
replace ordinary motors step by step, all new motor installation assumed using variable speed
motor. In the year 1995, variable speed motor assumed already accounted for 10% of the
total motor installation, in the year 2010 will reach 25% share, finally accounting for 50% in
the year 2020.

Mitigation of Carbon Dioxide Potential from the Indonesia Energy System 5
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Electricity consumption can be saved 11 percent by utilizing variable speed motor. With 20
hp average motor utilization in Indonesia, availability 60% (5256 hours p.a.), capacity factor
80%, and load factor 60% this condition requires 37.64 MWh p.a. electricity with ordinary
motors. By utilizing variable speed miotor that condition only requires 33.20 MWh p.a., or
12% saving. '

Cogeneration and diesel combined cycle are waste heat recovery technologies. Cogeneration
is conversion technology that produces electricity and heat/steam simultaneously. This system
" can improve efficiency from 30% to 80%. Heat/steam is generated by utilizing waste heat
from conventional power generation. Usually industries that use diesel, just throw away
waste heat to atmosphere directly. Whereas waste heat can be use for heating hot water or
produce steam. Theoretically, heating hot water utilize 80% of the total waste heat from
industry, however generating steam can utilize only 60-70%.

Industrial cogeneration usually is a modification of the conventional power generation with
installing additional heat exchanger. Based on the its output, cogeneration can be categorized
as bottoming cycle and topping cycle.

Bottoming cycle uses 400-600 °C waste heat temperature as the input of the power
generation. This high temperature waste heat is usually produced by heavy industry such as
basic metal industry. Due to the medium temperature level, steam power generation
performance also is not so high, therefore, steam power generation efficiency is relative low.
This condition is the main reason why this technology has limited market share.

Another cogeneration technology, is topping cycles, differ with one before, the process of this
technology is starting with generating electricity then by installing absorption chiller the waste
heat can be used for various uses such as industrial processes, and air conditioning. Based on
its main generation types, topping cycles cogeneration can be categorized as steam turbine
cogeneration (STC), gas turbine cogeneration (GTC), and diesel engine cogeneration (DEC).

Due to the complicated modification needed for cogeneration installation, in the year 1995 the
cogeneration utilization in the industrial sector accounted for 5% only. In the future, the new
industrial design is assumed to use cogeneration. Share of cogeneration in the industrial
sector is assumed to reach 25% for the year 2010 and increase to 40% for the year 2020. In
term of the energy consumption, fuel for the power generation can be saved about 2.5% in the
year 1995, 12.5% in the year 2010, and 20% in the year 2020.

Commercial Sector

According to the study of Research Agency of Bandung Institute of Technology it is shown
that: ‘

Mitigation of Carbon Dioxide Potential from the Indonesia Energy System 6
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- energy consumption in hotels is 49 % for air conditioning system, 17 % for lighting system,
19 % for utilities system, 8 % for transportation system, 2 % for laundry system and others
5 %.

- energy consumption in office building is 56 % for air conditioning system, 15 % for lighting
system, 17 % for utilities system, 15 % for transportation system and others 3 %.

- energy consumption for public building (such as hospitals) is 57 % for air conditioning
system, 19 % for lighting system, 16 % for utilities and 3 % for laundry system.

Lighting

Energy consumption for lighting in commercial, public and office building is about 15-19% of

+ total energy consumption in this sectors.

Lighting in commercial building is provided by three types of systems: incandescent,
fluorescent and high-intensity discharge (HID). As with residential applications, replacing
incandescent lamps with CFLs in commercial building is a viable option. Fluorescent lighting
systems are the most common type of lighting in commercial buildings.

A number of energy saving lighting controls is now on market, including multilevel switches,
timers, photocell control, occupancy seniors and daylight dimming system.

e Air Conditioning

49-57 % of the electricity consumption of the two sectors are for air conditioning. As in
residential sector, the reduction of energy consumption in this technology can be done by
efficiency improvements include better internal insulation in the equipment, larger heat
exchanger, higher evaporator temperatures, dual speed or variable speed compressor motors
to reduce on-off cycling, more efficient rotors and compressors, advanced refrigerants and
more sophisticated electronic sensors and controls.

e Solar Collector

Solar collector is used for heating warm water (< 50°C) for hotel. Due to the geographical
position of Indonesia this option has great potential. The usual ways for heating warm water
consumes 130 KkJ per liter, which shows that this purpose consumes about 10 % of the total
energy demand for heating.

Power Generation

Power generation technology is growing, and the development power plant technology is-
adapted to be more environmental friendly." Power plant technology option in the BAU

-scenario such as gas combined cycle, coal fired with flue gas desulphurization and
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denitrification, nuclear, coal fluidized bed combustion, gas turbine and other conventional
power plants have been taken into consideration. Technology mix result for the BAU
scenarjo pure base on the economic perpective, in this scenario model only find the minimun
cost. The efficient technology, such as nuclear power plant and coal fluideized bed
combustion don’t come into solution due to the high cost requirement for these plants.

In the Mitigation scenario the advanced power plant technology such as integrated coal
gasification combined cycle, pressurized coal fluidized bed combustion, and fuel cell added to
the model. '

~ . With regard to the non-fossil fuels, Indonesia have 75 GW of hydropower, and 16 GW of

geothermals. Actually Indonesia also have big reserve of natural gas but natural gas plant is
far away from the demand (geographical constraint), therefore these resource not utilise
maximum for domestic used.

MITIGATION SCENARIO RESULT

From the result of the BAU scenario, by introducing CO, constraint result, the MARKAL
mode] calculates the optimal solution, an optimum energy system cost that produces less CO,
emission.

Reduction of CO, emission by 10 % in the year 2005 and 20% in he year 2020 of its level in
the BAU scenario will change the final energy mix. The demand of coal as a dirtiest final
energy will be reduced by 8% in the year 2005 and 30% in the year 2020 compare to the BAU
scenario result. , ‘

Some demand side management and energy conservation are already introduced in the BAU
scenario, in the mitigation scenario this program will be more interesting  ****** T ower
final demand in the industry, and residential is advance achievement of these programs.
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Figure1 Comparison of Final Energy Consumption (BAU-Mitigation)

The mitigation result for the power generation is very different from the result for the demand
sectors. The total fuel input for power generation is growing ten folds during 30 years from
700 Peta Joule in the year 1990 to 7000 PJ in the year 2020 for the BAU scenario. For the
mitigation scenario, as a result of utilization of more efficient power generation the fuel input
for power generation will decrease by 5% in the year 2005 and 13% in the year 2020 from
that level in the BAU scenario. Total fuel input for the mitigation scenario in the year 2020
will be about 6300 PJ.

Fuel input mixes for power generation will also greatly differ For the BAU scenario coal will
be the dominant fuel input, accounting for more than 75%, but for the mitigation scenario the
domination will be disappear. Coal and gas will have similar share (25%) followed by
hydropower and diesel fuel with more than 10% share respectively. Nuclear will come to the
solution but still with limited share (2.5%).
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Figure 2 Comparison of Fuel Input for Power Generation (BAU-Mitigation)

Total primary energy of Indonesia for the mitigation scenario will be lower than that in the
BAU scenario, a reduction of 5 % in the year 2020. The primary energy mix will also be
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different. In the BAU scenario primary energy dominated by coal and oil, accounts for 25%
respectively, followed by natural gas (16%). For mitigation scenario, oil will be the highest
source, accounting for 47%, followed by natural gas (19%), coal share remains 13%, blomass
(10%), and the remainder is supply by hydropower, geothermal and nuclear.
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Figure 3 Comparison between Primary Energy Supply (BAU-Mitigation)

The projected total CO, emission for energy sector will grow at the rate of 7.4 percent
annually from 150,600 Giga gram in the year 1990 to 1,264,500 Giga gram in the year 2020
for BAU scenario. The most possible target of the CO, mitigation is 10 percent reduction
from the BAU scenario CO, level in he year 2005 and interpolated until 20 percent reduction
in the year 2020. The CO, level for the mitigation scenario will grow one percent less than
BAU scenario (6.5%) from 150,600 Gg in the year 1990, 374,800 Gg in the year 2005, and
will reach 1,006,800 by the year 2020.
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Figure 4 Comparison of CO, Emission

Mitigation of Carbon Dioxide Potential from the Indonesia Energy System 10




Indonesia, US-Country Study Program

Cost Requirement

Energy diversification and other CO2 mitigation action will required another 43 billion US$89
discounted energy system cost during year 1990-2020 compare to 600 billion US$ (BAU
scenario requirement). Annual investment requirement comprised of the private sector as well
as goverment expenditure for energy system in the year 2020 will be 47 billion US$89 for
BAU scenario more than 20 fold compare the annual investment in the year 1990. For the
mitigation scenario the additional investment in the year 2020 will be about 3 billion USS$.
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Figure 5 . Annual Energy System Invesment Cost Requirement by Scenario
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Development of the Mitigation Plan for Slovakia
Energy sector

Tvan Mojik, Ministry of the Environment of the Slovak Republic

1. | General

According to the review of national communications from Annex I countries
(FCCC/AGBM/1996/7), Slovakia is in 21st place among countries in.descending order of
GHG emissions. With respect to GHG emission per capita Slovakia is in 14th place and from
the point of view of GHG emissions per GDP unit Slovakia is in 7th place. However, within
world wide GHG emissions those originating from Slovakia are nearly negligible, but GHG
emissions related to per capita or even to GDP are significantly high. Since energy production
is responsible for more than 70% of GHG emissions (88% of CO, emission) the high ranking
of Slovakia is evidence of the high energy intensity of the Slovak Economy.

2.  Position of Slovakia with regard to the Berlin Mandate

As is common in countries with economies in transition there is no stable trend in
macroeconomical values in Slovakia. Although the general shape of possible development
curves is known, in fact the exact level of the real curve is not predictable. The history of CO.
emission in Slovakia is in accordance with the starting part of the curve (Fig.1).

According to our analyses the Slovak Republic surely will meet the basic UN FCCC obligation
for Annex I countries, i.e. to limit anthropogenic emissions of GHG in the year 2000 to the
level of 1990. However, the above mentioned uncertainties are the main reason why we have
no firm guaranty of fulfilling our domestic target (20% CO; reduction in 2005 compared to
1988). Analyses made within the Country Study program have indicated that there is good
possibility of reaching the domestic target but uncertainty is high and certain conditions have to
be met.

In addition, due to expected trends of development (more or less steep increase) we are not
sure we will be able to keep with the reduced GHG emission level beyond 2005. Therefore, the
Slovak Republic can accept strengthening of the FCCC commitments as follows: 10% GHG
emissions reduction in 2005 based on the 1990 emission inventory. Further reduction related to
the year 2010 would require measures not yet considered realistic.

3.  Measures with impact on GHG reduction

Carbon dioxide emission from fossil fuel combustion activities (excluding transport) is
responsible for 71% of the overall GHG emission recalculated with GWP (Fig.2). This is why
attention is focused primarily on measures in that sector. It is necessary to improve both
implementation and effectiveness. The original purpose of those measures is not connected




with climate change. However, the impact of the listed measures on GHG - and carbon dioxide
reduction in particular - is substantial. Mitigation scenarios analyzed later deal with the
intensity, extent and quality of implementation of the measures. In accordance with the first
national communication of Slovak Republic, the most important measures are as follows:

e Act on production, distribution and consumption of heat

- addresses heat consumption efficiency in public sector

e Act on consumption tax
- tax exemption for owners of small hydropower plants, cogeneration cycles, renewables
(wind, solar, biogas, geothermal)

e Liberalization of energy and fuel prices '

- At the present time, enefgy prices in Slovakia do not reflect the production cost. The
intention of the energy policy is to remove in stages the fuel and energy price subsidies. In the
case of electricity, there is cross-subsidising with regard to the industrial v. the residential
sector. In spite of the approved policy, subsidy removal from small consumers has been
postponement couple of times as because it would potentially increase social tension. Recently
(August 1996), the electricity price for small consumers was increased by 10% while for large
industrial consumers by only 5%. Although it was a step in the right direction the price
increase was strongly criticized by trade unions.

The coal price is also highly sensitive. Slovak mines produce low quality coal at high costs
because of underground mining. To sustain employment in the region the coal price is
subsidized. Natural gas price for small consumers is also subsidized.

e Programs for supporting energy saving .

=  Program supporting activities resulting in savings of energy and imported raw
materials - annual savings about 2.3 PJ
Projects for this program were chosen with an emphasis on savings and payback.
Investments of total USD 36 million have been supported.

=  Program supporting the building of renewable energy sources - the annual production
of 8570 MWh

=  Program of additional insulation and removal of defects in apartment houses - the
annual savings about 120 TJ <
Governmental subsidies are provided to owners of apartment houses for
improvements of thermo-insulating properties of building structures.

=  Program of energy consumption reductlon in apartment and family houses - annual
savings about 130 TJ
The program is de81gned for owners of apartment and famﬂy houses and their heat
suppliers. The maximum support for one project is USD 10 for 1 GJ saved heat per
year or 17 USD for 1 MWh of electricity saved per year.

e Air Protection Act

- surprisingly the most effective measure for CO, emission reduction

According to this law and related regulations existing sources of emission have to comply with
a set of emission standards expressed as pollutant concentration in flue gas. the deadline for
compliance with the first level of emission limits is 31 December 1998. There is no limitation of
CO, but for fossil fuel combustion the standards for SO also highly important from the point of
view of CO, emission reduction.
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For numerous boiler operators/owners the fuel switch from coal (or heating oil) to natural gas
is the most convenient way to fulfil the required emission limits. In addition, in many cases itis
also the least cost solution. The specific price of 1 GI for coal is comparable with the price of
natural gas and in case of coal there are costs for waste disposal to pay and the need to install
and operate equipment for fly ash and sulphur dioxide emissions control. Since the emission
factor of CO, per 1 GJ produced is significantly higher for coal the fuel switch option is
positive with regard to SO, emission reduction as well as CO, emission reduction.

4., The baseline scenario

The baseline scenario has been defined as the behavior of the society (producers, consumers,
government etc.) if no action to reduce greenhouse gases emission is needed. Thus carbon
dioxide emission reduction is not required and is not taken in account as motivating factor in
decision making.

Under such a condition a set of key elements was assumed to be in force:

e Public and industrial energy production

All boilers will comply with required emission limits either by replacing of outdated coal and
oil boilers with new or retro-fitted equipment with abatement technology in order to achieve
emission limits.

Options considered:

fuel switch from coal/oil to natural gas

lower sulphur coal

desulphurization - wet scrubber, semidry, dry

fluidised bed combustion

combined cycle and boiler retrofit in order to achieve higher efficiency

4384838

e Electricity production

The baseline scenario assumes the electricity production from nuclear power plants remains at
current levels during the analyzed period. Power supply from nuclear power plant in Bohunice
will be replaced by production from the new nuclear power plant at Mochovce.

The structure of the electricity supply system plays a positive role in the CO, emission level.
The fact that more than 50% of electricity is produced from non-fossil sources (nuclear and
hydropower) causes the low level of aggregate CO emission factor (226 kg COo/MWh) for
electricity from the grid.

e Prices

The heat price will continue to be regulated and subsidized in order to keep low price level and
partially cover a limited price increase in following years. Electricity and natural gas price will
also be subsidized.

e Transportation

Road transport is the source of approx. 90% of CO, emissions from transportation. The
baseline scenario assumes the growth of transportation to be proportional to the GDP growth
with some positive impact due to the improvement of the energy efficiency of vehicles engines.
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e The GDP growth

For the period 1995-2010 the average annual GDP growth was assumed to be 5.4%. Separate
GDP projection for relevant sectors of the economy was made (Fig.5 for selected sectors). No
different scenarios for GDP development have been constructed. The energy demand for each
sector is consequently based on respective GDP development.

Understanding the baseline in accordance with the definition above, we had to include
all measures taken to comply with the Air Protection Act. Since the Act is currently the
most powerful force for GHG reduction, substantial GHG reduction is already included
in the baseline.

S.  The analysis of available options

In order to prepare the CO, emission scenarios and to analyze the possible CO, mitigation
options, the following steps and sector breakdown were used:

1. Analyzing and modelling the system of electricity and heat supply from public power plants,
cogeneration and heating plants. -

II. Analyzing and modelling the system of district heat supply from local private and municipal
heating plants

1. Bottom-up analysis and CO, scenarios modelling of each of the following sectors:
Industrial sector:
- chemistry
- metallurgy (except steel production, see item V)
- machinery
- pulp & paper industry
- construction materials (cement, lime, bricks, etc.)
- food production- wood products (furniture, etc.)
- other industry :
Construction
Agriculture and forestry
Services (hospitals, institutions, schools etc.)
Retail
Residential sector (part of energy consumption not covered by the centralized supply)

IV. Analyzing of the transportation system

V. Analyzing steel production in VSZ Kosice enterprises (the source with the largest share of
CO;emission -

VI. Data aggregation and total energy sector modelling.
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Since the Air Protection Act is to be fully effective in the beginning from the point of
view of influence on emission limits on behavior the main task was to analyze the impact
of the Act on CO; emission levels.

As shown in the Table 1 and Figures 3a-c for the industrial and nonindustrial sectors and for
district heating supplies, the efficiency increase and fuel switch from coal to.gas are the most
effective measures with the highest CO, reduction potential. Introducing combined cycles
would lead to significant CO, reduction as well, but typically needs more- than twice the cost
per tone of CO, saved. Cost is understood as an investment cost (discount rate 8%) and the
cost of fuel burned within a lifetime of 25 years. From the industrial sector measures for iron
and steel enterprises VSZ Kosice are excluded; however, they are taken in account in the
construction of scenarios.

6. CO, emission scenarios

6.1  Industrial and nonindustrial sectors

Scenarios for industrial (Fig.4a) and nonindustrial (Fig.4b) sectors are described as follows:

Scenario 1: The fuel switch and new technology implementation is assumed for outdated
boilers that have to be replaced anyway within the analyzed period. No carbon
tax.

Scenario 2: The fuel switch and new technology implementation is assumed at boilers that
have to take measures to comply with emission limits within the analyzed period.
No carbon tax. This is in fact the baseline scenario.

Scenario 3: The fuel switch and new technology implementation is assumed at boilers that
have to take measures to comply with the emission limits within analyzed period.
A carbon tax at the level of 10 USD/t CO,is imposed.

The solid line in Fig.4a and 4b corresponds to scenario 1. The impact of applying emission
limits to all regulated boilers (scenario 2) is expressed by the dashed curve. This is almost
identical with scenario 3 meaning that, imposing of a carbon tax, even at relatively high level
(approx. 50-100% from coal price), has practically no effect on CO; reduction. This is because
within the effort to comply with the applied emission limits, low cost options will be chosen.
Only relatively expensive additional CO, mitigation options will be left. Imposing a carbon tax
at the same time as emission limits compliance is required would cause decisions to be made in
favour of more expensive options with higher CO; reduction in a few cases only. The main
reason for it is the lack of financial means for investments in hence investors are looking for the
least cost investment options even if not so profitable in the long-term. In addition, the
investor's choice is also influenced by the availability of alternatives. Presently, there is a dearth
of viable and readily accessible alternatives to fossil-fuel energy sources.

6.2  Centralized heat supply

The influence of emission limits, heat and fuel price regulation and the imposition of a carbon
tax imposing has been considered in constructing scenarios. Scenario 2 corresponds with the
baseline as defined above.

As can be seen on Fig.4c, there is a relevant CO, emission reduction expected under conditions
of scenarios 3, 5 and a little less reduction scenario 6. The significant attributes common for
the scenarios 3 and 5 are subsidy removal and deregulation of heat price while keeping fuel and

\

International Workshop on Greenhouse Gas Mitigation Technologies and Measures 5
Beijing, The People's Republic of China, November 12-15, 1996




electricity price regulated. Electricity price is important because the competitiveness of this
medium, if the heat price is increased. Scenario 6 shows the slowing effect of the deregulation
of fuel/electricity price on CO, emission reduction. The difference between scenario 3 and 5 is
in the imposed of a carbon tax. In the sector of centralized heat supply the most positive option
is clearly the removal of the subsidy from the heat price and general price deregulation.

6.3  Electricity generating system

Scenarios of electricity supply sector (Fig.4d) are descnbed as follows:

Scenario 1: Electricity is produced from the nuclear power plant at the same level (i.e. 4x440
MWe installed capacity). The retired NPP Jaslovske Bohunice is replaced by a new NPP
Mochovce with the same electricity output.

Scenario 2: After closing down of NPP Jaslovske Bohunice no electricity is produced from
nuclear power. Electricity demand is covered by new combined cycles.

Scenario 3: After closing down of NPP Jaslovske Bohunice only half of the original electricity
output is produced from NPP Mochovce (i.e. 2x440 MWe installed capacity). The rest of the
electricity demand is covered by new combined cycles.

Scenario 4: After closing down of NPP Jaslovske Bohunice only half of the original electricity
output is produced from NPP Mochovce (i.e. 2x440 MWe installed capacity). Electricity
demand is covered by coal-fired power plants equipped with additional fluidised bed
combustion.

It is no surprise that the lowest CO, emission level is forward in the case of keeping the whole
electricity output from nuclear power on the original level. In case of the scenario 2,
production of such volume of electricity that is produced in present time from NPP would
increase release of CO, by approximately 8000 Gg (22 % of CO, from energy production in
1994) if produced from fossil fuel (the combined cycles).

6.4  Iron and steel enterprises VSZ Kosice

The steel production in VSZ Kosice represents the biggest CO, source among individual
enterprises (19% of CO, emission in 1994). The energy supply - steam and electricity - is
assured by 6 boilers using anthracite as the main fuel and process gases as the auxiliary fuel.
The electricity grid of the VSZ is connected with the national transmission system and VSZ
participates in the electricity supply regulation. Nevertheless, the total yearly balance is in
equilibrium. In our modelling the electricity produced in the VSZ is balanced separately from
the national electricity grid. The electricity and heat demand as well as the cocking coal and
other energy inputs are driven by the steel demand for production.

The modelling of the VSZ considers two scenarios only:

Scenario 1:  (the baseline scenario) with the present technology and present industrial energy
source. The use of low sulphur coal imported from Russia will ensure of the
requirements of new emission limits for SO, and other pollutants are met.

Scenario 2: (the mitigation scenario) with the implementation of continuous casting and
combined cycle. The combined cycle will include a gas turbine heat recovery
steam generator in order to supply the steam in the operating steam turbines. As
the fuel in the gas turbine, natural gas is designed. In the heat recovery boiler
the blast furnace and converter gases will be used to obtain the superheated
steam of the same parameters as from the.current coal boilers.
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The results of modelling are presented in Fig.4e. Implementing of the combined cycle and
continuous casting will bring the reduction of CO, emission to the level of 550 Gg in the year
2000 and 524 Gg in 2005.

6.5 Transport

Transport in Slovakia is responsible for only 10% of GHG emission (1994). There are no
reliable assessments of the impact of possible measures addressed to GHG reduction. That is
why only a baseline emission projection has been made and no scenarios constructed (Fig.4f).

6.6  Aggregated energy sector modelling
In the aggregated model three scenarios were applied.
Scenario 1: pessimistic scenario that expects no or only poor implementation of emission
limits :
Scenario 2: the baseline scenario with the full impact of emission limit implementation
Scenario 3: represents the scenario with the impact of the following mitigation options:
e DSM
The total yearly electricity conservation of 742 GWh has been estimated.
e Continuous casting and combined cycle implementation in metallurgy
enterprise VSZ Kosice.
¢ Residential sector
Energy saving measures as assessed within several studies. The realistic
decrease of heat demand is considered on the level 15.6 PJ and is based on
better insulation and implementation of delivered heat measuring for
individual flats.
¢ Nonresidential buildings
Energy saving measures representing a total decrease of 60% of heat demand
is achieved in the year 2005.

The aggregated scenarios as the results of modelling are presented in Fig.6. Differences in the
year 2000 between scenarios 1, 2 is 357 Gg and between scenarios 2, 3 is 1648 Gg CO.. In the
year 2005 the differences are 487 Gg and 2223 Gg respectively. The distance between scenario
curves represents in the year 2000 less than 5% of total value. However, values of scenario 1-
are over the domestic target level after the year 2002 and values of scenario 2 are over the
target after the year 2003.

7. Summary and discussion

Having all the analyses and modelling completed the most effective measures could be
identified as follows:

e increase in boilers effectiveness

fuel switch (as a consequence of emission limit implementation) -

deregulation of heat price while keeping fuel and electricity price regulated

unchanged level of the electricity production from nuclear power plants

continuous casting and combined cycle implementation in VSZ Kosice enterprises
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Imposing of a carbon tax, even at relatively high level (approx. 50-100% from coal price), has
surprisingly, practically no effect on CO,reduction. On the energy production side it is because
all low cost options will be chosen within effort to comply with applied emission limits. On the
demand side it will not affect consumers' behavior because while heat and electricity prices are
under regulation the energy producers would cannot include any part of the cost increase into
the consumer price. Thus there will not be higher motivation for energy savings.
Deregulation of fuel and electricity price although having a with negative effect on carbon
dioxide reduction should be applied together with deregulation of the heat price in favour of
price system consistency.Introduction of emission limits is measure with a high positive impact
on carbon dioxide reduction through the most frequently accepted option, i.e. fuel switch.
Recently the pressure towards postponing the deadline for complying with emission limits is
getting stronger from source owners. It is highly probable that effort will be successful,
although to what extent is not yet known. Regardless of the time frame introduction of
emission limits can move the CO, emission curve to the right only but cannot lower the angle
of increase significantly. That can be reached through a change of economic structure towards
less energy intensive GDP production.

The above listed measures are not equally feasible:

e The increase in boilers effectiveness will proceed continuously due to the necessary
equipment modernization. '

o The fuel switch depends on the timing of emission limit enforcement, but sometime within
10 years it will take place.

e The nuclear program is highly dependent on the availability of financial resources. It is
almost certain that electricity production from NPP will not be lower in the future than at
the present time.

e The continuous casting and combined cycle unplementatlon in VSZ Kosice enterprises is
not implemented from the governmental level since VSZ Kosice enterprises are privatized
and there is no reason to use legal tools for the enforcement or encouragement of such an
action. There is only one possible force: the market.

e Last but not least: deregulation of the heat price within the five year time frame is unlikely.

The above listed measures represent the current base for the mitigation plan. Since all but the
last one (the deregulation of the heat price) are either out of the influence of government or in
force already the main effort should be focused on the heat/energy price system. Related
auxiliary measures addressed to energy saving should not be forgotten.

Within the Slovak Country Study a first - and only general - draft of action plan to mitigate
climate change is expected to be prepared. This will be worked out in detail in the framework
of the Slovak Action Plan that should describe specific measures to be taken by particular
enterprises.

Efforts will be focused mainly on measures for complying with the Air Protection Act. The
time frame for elaborating of the Slovak Action Plan is dependent on when and in what volume
financial resources will be available (domestic or from abroad).

8. Conclusions

There are high uncertainties of the projection of ‘both the rriethodological nature and
applicability of individual mitigation measures.Methodological uncertainties are very difficult to
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overcome currently because all the relevant economical values in Slovakia are not developing
in clear trends. This is typical for countries with economies in transition. For that reason there
is no firm base for extrapolation and all forecasts have very weak base. In addition, our
economical system is still establishing the rules (within the taxation system, privatization, anti-
monopoly system, bankruptcy procedure etc.) and each newly introduced rule has a significant
impact on subsequent development. However, it is difficult to foresee within a 15 year time
horizon what rules will be approved for introduction let alone their influence on the future
behavior of the emission sources.

There are several barriers towards the implementation of mitigation measures, all of them
basically of a political nature.

The leading priority in budgetary policy in Slovakia is strongly weighted towards obtaining
high incomes into the state budget. All expenditures viewed to be not urgent or of high
importance are ignored. In accordance with that, no new positive incentives have a chance to
be approved (e.g. tax exemptions). Furthermore, the expenditures for environmental
investments are limited only those necessary.Emission limits introduction requires relatively
high financial expenditures both from private and public (the state budget) sources. The
postponing of emission limits introduction would be facilitated by the low ranking of
environmental issues within the governmental expenditure priority list. In addition, the number
of emission sources are substantial e.g. for public heat supply and that is why it is not possible
to apply legal consequences for not complying with required emission limits - shutting down of
the emission source. Xt is already obvious that carbon dioxide reduction due to the
introduction of emission limits will be in full force later than expected.

The Slovak Government is not willing to increase social tension. For that reason energy price
deregulation is going very slowly and significant progress in this field is not expected in the
near future. Another factor working against investments in a more effective electricity
production is the existing monopoly of the Slovak Power Plants enterprise that is the only
electricity producer in Slovakia. The company is in state ownership.

For social reasons (i.e. to sustain employment in region) the price of indigenous coal is
subsidized despite its low quality. '

As a consequence, scenario 2 from aggregated carbon dioxide emission scenarios (identified as
the baseline scenario) is not very likely. Although the UN FCCC target will be kept in the year
2000, the CO, emission level of the year 1990 might be exceeded within 10-15 years. Further
analysis will have to be carried out and additional mitigation options proposed and if evaluated
as effective, also implemented. Negotiations on energy price deregulation should proceed on
the interministerial level to speed up the process.
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Workshop on Greenhouse Gas Mitigation Technologies and Measures
Beijing, November 12-15, 1996

Mitigation Measures and Programs in Hungary

Dr. SaGndor Molndar
Systemexpert Consulting Ltd
2-4 Mikoviny S. u. 1037-Budapest, Hungary

1. Introduction

In Hungary there are four main governmental programs, which may result in a decrease of

emissions of anthropogenic greenhouse gases (GHGs):
National program of energy efficiency improvement and energy conservation
Afforestation program
Volatile organic compounds (VOC) emission reduction program
Program fo reduce the use of oyone depleting substances

These ambitious programs were launched in the beginning of the 90's, but they have been
slowed down because of budgetary problems. The comprehensive action plan for mitigation of
GHG emissions should be based on these ongoing programs. These programs should be
expanded by further measures and programs in order to fulfill the requirements of the FCCC. In
the next sections the results and prospects of the above mentioned programs will be summarized.
Also the results of the mitigation study supported by the U.S. Country Studies Program are
included.

2. Energy efficiency improvement and energy saving
2.1 National energy saving program

The efficient use of energy should become the general habit of the actors in the economy.
To reach this purpose, the preparation of the National Energy Efficiency Improvement and Energy
Conservation Program was started in 1991. The Resolufion of the Hungarian Parliament
(21/1993./IV.9/OGY) prescribes that a program should be presented to promote energy saving,
conservation, and efficiency increasing. The Minisiry of Industry and Trade has elaborated the
concept of the program. The Government accepted it in April, 1994.

The basic idea of the program was to set up an operational capability for the energy
conservation. The main godls of the energy saving program can be summariyed as follows:
Environmental protection
Reducing the dependency on imporis
Saving domestic energy resources
Postponing the construction and installation of new base load power plants
» Increasing the competitiveness of the economy
Adjusment fo the energy policy of EU and to the OECD/IEA recommendations
_ As aresult of such a program, the GHG emissions can be reduced, foo.

Two targets for medium-range (by the end of a 10 year period) and other two targets for
long-term (15 years) were set up. The minimum target has the following key assumptions:

» The annual growth rate of GDP is expected {o increase in the next years after a long period of
economic recession (cca 2-3 %/year).

» The price system of energy carrers should reflect the realistic expenditure and the cross-
financing should be ceased.

M
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« Energy awareness should be developed as a consequence of price rising of the energy

carriers.

Table 2.1 presents the expected benefits of the program.

Table 2.1. Summary of fargest, expenses and benefits of the energy saving program
Target saved saved total relative

energy energy cost investment investment
PJ/year M USD M USD M USD/PJ

medium ferm minimal 63.7 373.0 422.0 6.6

medium term maximal 124.4 708.0 1250.0 10.0

long term minimal 193.4 1120.0 2148.00 11.1

long term maximal 309.3 1739.0 4036.0 13.0

The breakdown of medium term minimal is presented by Table 2.2. Saving potentials have

been estimated by the experts of the Ministry for Industry and Trade.

Table 2.2.

Possible energy saving (per year) by measures and by sectors

Energy
conservation
measures
(savings in PJ)

energy
sector

industry

agriculture | transport

communal

residential Total

1. Energy awareness

1.0

6.5

2.0 4.0

7.0

14.0 34.5

2. Upddating energy
technologies in industrial
production

20

20

3. Updating energy
technologies in
agriculture

0.5

0.5

4, Efficiency
improvement

of energy production
equipment

0.2

0.2

5. Efficiency
improvement
of energy transportation

25

0.5

3.0

6. Efficiency
improvement
of consummer's
equipment

0.3

0.7

0.5

1.0

20 45

7. Reduction of energy
transmission and
distribution losses

0.6

08

04

8. Cogeneration

27

1.0

2.8

9. Improvement of
energy
management

duildings

in

03

0.5

10

1.0 28

10. Improvement of
themnal insulation

1.5

1.5

11. Optimising the public
transport cooperation

5.0

5.0

12. Reduction of energy
consumption of vehicles

25

4.5

13. Use of renewable

0.1

04

0.2

0.3 1.0

energy resources

Overall energy
savings (PJ)

7.6

127

34 13.5

9.2

17.3 63.7

Total energy

comsumption (PJ)

327.5

219.3

1046.5




A wide range of energy rationalisafion and diversification programs has been supported
by the World Bank for the last decade:

e The first agreement ('Energy Rationalisation and Diversification 1Y) was signed in 1983 and the
program finished with success in 1990. The total amount of the loan was 1069 M USD.

The main goals were as follows

- Energy saving

+ - - Fuel switching

- - Energy infensity decreasing

- Structural changes

- Investment of effective products and technologies
e The second loan agreement ("Energy Rationalisation IIY) was signed in 1986 (24 M USD) and

finished in 1993. It was subdivided to two subprogrammes (A and B). The goals of programme
"A" are similar o the terms under the Loan | (above), whilst programme "B" developed and
established a new energy saving monitoring and evaluating sysiem.

o, The third loan programme (‘Energy Rationalisation llIY) agreement was signed in 1989, the
deadline was 1995, the total amount of the loan is 10 M USD. The main aim is energy related
investments with direct energy saving.

e The fourth loan agreement” (Energy and Environment”) was signed in November 1993 the
amount is 100 M USD. The loan is raised by the Hungarian Power Company Lid. The main goals
are the next:

- A new combined cycle co-genercn‘lon power plant unit

- New dispatching center

- Enhanced environment monitoring system

- Human resource management system development
The planned deadline is the end of 1999.

In 1991 the German Government made 50 milion DEM available 1o support the purchase
of coal by households in order to offset the unsatisfied demand for coal in Hungary ('German coal
aid" energy saving credit tender system). On the basis of an agreement signed by Germany and
Hungary the Government declared that 60 % of the amount received from the sale of coal, worth
50 million DEM, may be spent on preferential credit facility aimed at energy saving.

This soft loan program based on the financial service of the Hungarian Credit Bank, which
developed a credit tender system with the following aims:

Improvement of end-use efficiency,

Reduction of energy loss,

Utilisation of energy optimising technologies,

Waste-heat uilisation,

Renewable energy utilisation,

Peak demand reduction,

Computer controlled processing system with energy saving,

Improved heat insulation systems,

Lighting system modernisation.

In the last three years there were 139 applicants with 25 M USD total investment demand
and with 177 M USD soft credit demand. The Tender Jury accepfed 57 applicants with 72 M USD
loan demand (total investment 95 M USD). The implementation of the accepted tenders resulied
about 1.7 PJ in the overall energy saving. The estimated financial benefit of this energy saving is
cca. 5 M USD/year.

2.2. U. S. Country Studies Program

Within the framework of the U.S. Country Studies Program, we chose the ENPEP (Energy
and Power Evaluation Program) program system 1o develop mitigation scenarios for the energy
, sector. The emissions of three greenhouse gases, namely the CO2, the CO, and the NOx were
modeled. In our model runs, we focused on the power generation and on the district heating. For
these activities, there are several opporiunities to abate the environmental pollution. In particular,
the following measures are planned in the near future:

e Fuel switch to less polluting energy carriers
¢ Retirement of aged power plants of low efficiency




» Construction of fiuidiyed bed units and combined cycle gas turbines
» Construction of a new nuclear power plant
* Increasing of the share of cogeneration in the electricity and heat supply

In our model runs, although we calculated the emissions of all the economic sectors
(power secftor, district heating sector, indusiry, households, services and transportation), we
focused on the power sector in the development of the scenarios, as this is the most controllable
sector. We examined two types of scenarios for the power sector: in the first one we supposed
that a rather drastical retirement program will.be redlized, while in the second one we did not
consider any refirements. For the end-use sectors, we did not assume any difference in terms of
the possible end-use technologies, but we examined three demand growth scenarios, a low, a
medium and a high demand growth scenario. Thus we examined six scenarios alfogether:

Case A: high final energy demand growth rate and the retirement program will be realized
Case B: medium energy demand growth rate and the retirement program will be realized
Case C: low energy demand growth rate and the retirement program will be redlized

Case D: high final energy demand growth rate and the retirement program will not be realized
Case E: medium energy demand growth rate and the retirement program_ will not be redlized
Case F: low energy demand growth rate and the retirement program will not be realized

Figures 2.1. and 2.2. show the the final energy demands, Figure 2.1. shows the total final
energy use by the three different base cases, while Figure 2.2. shows the final energy use by
sectors and by cases.In Figure 2.2. only the name of the sectors are indicated, the order of the
colums corresponds fo the values for the high, medium and low demand scenarios, respectively.

Figure 2.1. Final energy demand in Hungary by cases
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Figure 2.2. Final energy demands by sectors

IND |
ouU
SER |
TRA

Figures 2.3 through 2.5 contain the main parameters of the scenarios. Figure 2.3 shows the
existing capacities by fuel type ftill 2010 for the cases in which the retirement program will be
realized.,i.e. for scenarios A-C. In scenarios D-E, we do not assume any retirements, thus the existing
ccpaciﬁes remain the same for the whole period. Figure 2.4. shows the possible new capacities for
scenarios A-C, while Figure 2.5 shows the same for scenarios D-E. As far as Figures 2.3. through 2.5.
are concerned, we have to mention that the dafa shown in the figures correspond to the input
data of the model runs, where the reconsiructed power plants and the power plants with fuel
switching are also modelled as retfired and at the same time newly built capacity. In Figure 2.3, the
cathegory .other” means those power plants which are small cogeneration units with different
types of fuels, this part of the power sector is considered as constant.

Figure 2.3: Existing capacities for scenarios A-C
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Figure 2.4: New capacities for scenarios A-C
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Figure 2.5: New capacities for scenarios D-F
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Main results of the compufter runs

Figures 2.6. through 2.11. contain the main results of the computer runs. They show the
CO2, CO, and NOx emissions casused by the energy use, respectively. As far as CO2 emission is
concerned, one can observe two big decreases in the cases when drastical retirements program
is assumed: the first one is in 2001, the second one is in 2007 (see Figure 2.6.). In cases with no
retirements, there is only one significant decrease, in 2007 (see Figure 2.7.). The same is frue for the
NOx emissions (see Figures 2.10. and 2.11). The decreases of CO2 and NOx emissions in 2001 are
the result of the retirement of the old, not efficient codl fired power plants in the electrical sector
(Figure 2.3.), while the second decrease in 2007 is the consequence of entering of the first new
nuclear unit (Figures 2.4. and 2.5.). In case of CO emissions, almost the whole amount comes from

the transportation sector, the share of the electricity sector is unsignificant - this is the reason, why
no decreases can be observed.

Figure 2,6. CO2 emissions caused by energy use in the cases with retirements of power plants
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Figure 2.7. CO2 emissions cased by energy use in the cases without retirement of power plant
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Figure 2.8. CO emissions caused by energy use in the cases with retirements of power plants
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Figure 2.9. CO emissions cased by energy use in the cases without retirement of power plant
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Figure 2.10. NOx emissions caused by energy use in the cases with retirements of power plants
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Figure 2.11. NOx emissions cased by energy use in the cases without retirement of power plant
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At the examined demand levels, the mitigation scenario (Case B) results in 28.4 TG CO2

and 122.6 Gg NOx reduction in the examined period 1996-2010 compared to the baseline
scenario.

The increase of greenhouse gas emissions from the energy sector cannot be avoided in
the near future, even in the case of a minimum growth rate of demand. This will be a natural
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consequence of the expected economic decelopment affer the deep recession of the lafe 80's
which led to a profound political change in the region. Because of this expected increase of
emissions, Hungary has chosen the period 1985-1987 as a base level for the implementation of the
FCCC. The results of the inventory developed with the support of the U. S. Country Studies Program
shows that the peak level of CO2 emission in 2006 will not reach the level of the base period.
Primarily, the construction of a new nuclear plant may resulf in a relevant decrease affer this year.
It is expected that there will be no increase of any other greenhouse gas emissions after the
economic recovery, i.e. after 2010.

We have also examined how the different carbon faxes would influence the greenhouse
gos emissions of the Hungarian energy sector. For these calculations the model sysfem ENPEP
(Energy and Power Evaluation Program) and the model EFOM_ENV (Energy Flow Optimization
Model) were applied. Three scenarios were taken info consideration as follows.

e Scenario |, This is the baseline scenario. It is supposed that GDP will begin to increase in the near
future, i.e. before 2000.

e Scenario . Different significant energy saving measures (see Table 2.2)) are added fo the
baseline scenario. These measures should be supported by the government.

« Scenario lll. This is a pessimistic scenario. It is supposed that GDP will begin to increase only after
2000, and the lévei of the energy consumption in 2000 will not exceed that of 1995.

Four different cases of carbon taxation were examined.

e Case 1, without carbon tax on fossil fuels

e Case 2, where 50 USD/Mg C in 2000 and 100 USD/Mg C in 2010 is built in the prices of fossil fuels

o Case 3, where the measure of taxes are 100 USD/Mg C and 200 USD/Mg C in 2000 and in 2010,
respectively

e Case 4, where 35 ECU/Mg C carbon tax and 0.7 ECU/GJ energy tax will be infroduced for fossil
fuels from 2000

According to our results, the infroduction of the. carbon tax for fossil fuels significantly
decreases the coal consumption. It also decreases the rate of increase of hydrocarbons to a
certain extent. In particular the use of gas increases less than that of oil products, since the supply
of natural gas involves higher invesiment costs (extension of the pipeline system). It was found that
there are practically no difference between the effects of Cases 2 and 4. However, these effects
are significantly smaller than those of Case 3. The application of 100 and 200 USD/Mg C would
resulf in a cca 6-8% CO2 reduction compared to the baseline scenario. Af tthe same fime, the 200
UsSD/Mg C might double the price of fossil fuels. This means that carbon taxes cannot be
considered at the moment as a redlistic mitigation option considering the economic and political
sifuation of the country. Figure 2.12 presents the resuls for CO2 emissions in case of different
carbon tax levels.
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Figure 2.12. CO2 emissions at different carbon tax levels and cases
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3. Afforestation program

In the mifigation assessment, first, mitigation options were analysed. Based on the analysis,
four scenarios of expanding carbon sinks by reforestation were developed. The possible benefits
of other options - e.g., enhanced regeneration - were also analysed, but they were considered to
be ineffective and, hence, rejected. Then, the Carbon Sequestration Model by Reforestation
(CASMOR) was developed to describe the processes of a reforestation system, as well as fo assess
the rate of carbon seugesiration, and its costs and benefits. Finally,- the results of running the
model in the four scenarios were analysed. The CASMOR model used in assessing the rate of
carbon seuqgestration, as well as costs and benefits was designed by developing the respective
submodel of Comprehensive Mitigation Analysis Processes (COMAP) to fit Hungarian conditions.

It is supposed in the CASMOR model that normal, professional forest management is
carried out on the reforested land using three free species groups. These groups represent the
several - about 10 - possible tree species that could be planted complying wiht site, economic

and social conditions in the country. A relatively slow-growing broadlived species group s
characterized by Black Locust, a relatively fast-growing broadlived species group is characterized
by Poplar, and the evergreens are modelled by Conifers. Any other combination could also be

12




used. As far as the main processes, functions, inferrelationships are concerned, we had fo

consider the following facts.

» Forest cover is increased by reforestations.

e Carbon assimilation by plants is the only process that increases sequestered carbon pools and
reduces atmospheric carbon.

» Carbon pools in Baseline Scenario are also to grow in time, but slowly.

o Carbon pools in Mitigation Scenarios in CASMOR are modelled in a bit more detailed way than
in COMAP.

o Carbon released in forestry operations may be small compared to the carbon fixed, yet, it is
accounted for here to get a complete picture of the carbon cycle.

« The Stream of Costs and Benefits are very difficult to model, but the siream is better modelled if
yearly costs and benefits are taken as they emerge rather than taking averages as in COMAP.

As it was mentioned above, the only option in Hungary fo coniribute o the reduction of air
carbon to a considerable extent is reforesting large areas. Since forestry is fairly developed in
Hungary, litle could be achieved by, e.g.. enhanced regeneration, agroforestry or urban and
community forestry. Note that the term “reforestation” is used here in general fo plant frees on
bare lands, because most of the agricultural fields, bare lands or clearcut, buf not yet
regenerated areas used 1o be forested ares. “Afforestation”, on the other hand, is used for all
kinds of afforestations, including reforestation and regeneration. As compared fo the size of the
country and to the forest area, a large area of agriculiural land could be reforested. This can,
however, be done on the long run. Therefore, it is assumed that reforestations can be carried ouf
by 2050. It is also assumed that the reforestation project could be started next year, i.e., in 1997.

The majority of the forests in Hungary are managed in a sustainable way. This means that
protecting and maintaining existing stocks is done without exira effort. Thus, to speed up
mitigation, expanding carbon sinks is necessary. The most imporfant methods for this expanding
are afforestation, and enhancing reforestation in clearcut forest compariments where
reforestation is delayed for some reason. According fo recent surveys, more than one million ha of
former agricultural land awaits conversion. Most of this land used to be covered by forests before
the intensive extension of arable land centuries ago. Roughly one half of this area is found in the
lowland of the Eastern part of the country, the other half is scattered in the hilly paris of the
Northern and Western parts.

Affer a large-scale privatisation program, a considerable part of this land is or will be
owned by local farmers. It is generally in their interest to utilize their land profitably, which may
mean that the timber grown in their forests is used in the farm itself. Many people are planning to
develop a farm where agriculture and foresiry are combined. However, afforestation could not
be limited o smaliholders' lands. There are large areas, too, that are owned by regional and local
governments. In afforesting these lands, professional foresiry companies would help. These
companies would also help private landowners to assess site conditions, select appropriate tree

13




species, provide the landowners with improved propagation material, and to prescribe and assist
in fechnology. The long fraditions of afforestation, many nurseries, the expertise of tending and
other silvicultural work, as well as other elements of professional background of these foresiry
companies would ensure high efficiency in afforestation. Because of low wages and relatively
high unemployment in the regions concerned, enough workers will be available for doing
necessary field work. For mechanisable operations, good quality machines are at hand, too. The
Hungarian Parliament has recently passed the new Forest Act. This will ensure the sustainable
management of the new - and also of all other - forests in Hungary.

As for the sites of the land available for afforestation, they are usually of medium quality.
About 80% of the afforestations would serve for timber production, and the function of most of the
rest would be protection, mainly environment protection. Land for conversion could include
several thousand ha of free belt for arable land protection and channel and canal protection,
roadside belt and also snowbelt. Because of site conditions, fast growing species can be planted
on a large portion of the land fo be converted. Preferable fast growing species include Black
Locust (Robinia pseudoacacia), improved (Hybrid) poplars (Populus x euramericana), and
conifers (Pinus silvestris and Pinus nigra). In addition to breeding, the latest achievements of
research on silviculture and yield can also be used o optimize tree growth and, hence, maximal
COqy-sequestration.

Scenarios are developed from current trends, as well as from natural and technical
potentials. The forest cover of the country is still below the European average. Hungary can meet
only about 70% of her need for timber from the country's own forest resources. In addition, large
areas abound where agriculture is not profitable any more. We would like to join the European
Union, within which the potential of agricultural production has a substantial surplus. Because the
market of agricultural products is saturated, agricultural production has - and increasingly will -
become unprofitable on large areas. This has also resulted’in high unemployment in agricultural
regions.

All this prompted the government to launch a new afforestation program in 1991, The aim
was fo afforest 150 thousand ha by the year 2000. Contrary fo the plan, which outlined that the
yearly afforested area would increase by the time, it dropped from 6700 ha in 1991 to 2874 ha in
1994. Today, i.e., at the half of the original period, only 16% of the total 150 thousand ha has been
afforested against the 50% planned. Because the reforestation rate dropped under three
thousand ha by 1995, and by considering the currently difficult economic situation of the country,
it may happen that not a single ha of new reforestation will be done for several yvears. For the
most-likely-frend scenario, i.e., the baseline scenario, therefore, it is assumed that no reforestation
will take place until 2050.

It is also likely that an afforestation of 3,000 ha per year will be done during the next 50 plus
years. This will require effort of the country, but it can easily be done if polificians decide so, in
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which case no exira propaganda should be pursued. This will be taken as a mitigation scenario,
namely, the likely-trend scenario ().

Although the momentum of the former afforestation programs has been hindered by the
ailment and the fransition of the economy, the conversion of the land from agriculiure fo forest
must be speeded up. The couniry has great potentials for that. The three other mitigation
scenarios were developed by analysing these potentidls.

The second mitigation scenario, the programmatic scenario (Il) that could be carried out is
similar to the current afforestation program of the government (.e., fo make afforestations on 180
thousand ha in the next dgacode). That would require finding additional sources in the country,
and some foreign aid, too. However, the program is.already prepared by making fairly good
assessment of the land available, its allocation and site conditions, as well as of the species to be
planted. In this scenario we assume that the program is restarted and that 210,000 ha forest will be
planted by 2010 (this is equal to a yearly reforestation of 15,000 ha).

The third mitigation scenario, the achieveable scenario {lh requires a yearly reforestation
of 11,000 ha land by 2050. This would result in reforesting almost 600 thousand ha land. According
to the latest analyses, this is the area the site of which can be regarded as suitable for forest
management with acceptable beneﬁ’rs. However, the rate of reforestation is not comparable any
more with the production capability of the country, so foreign aid is needed to help decision
makers o engage in this program.

The fourth, and last, mitigation scenario, the technical potential scenario (IV), represents a
reforestation of nearly 1 milion ha land by the year 2050 af a rate of 18,000 ha per year. This
program requires aid for the country. This is, however, the mostly preferred scenario because of its
beneficial effects: it ensures the highest rate of C-sequesiration, green cover on unused or
marginal agricultural land, it creats the most job opportunities, it increases biodiversity to the
greatest extent. Most data are taken from earlier measurements and correctly describe both
natural processes and technological aspects. Figure 3.1 presents the carbon sequestration in Tg
by scenarios.
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Figure 3.1 Carbon sequestration by scenarios

RN
N o

carbon sequestered (

0 PR e —— mnEE -
2990 772000 {30107 - 24 3030 ¢ T B030™

RS

Year

4. VOC reduction program

The main target of the VOC Programme is to'prepare a strategy consisting of a reduction
plan and an implementation plan for VOC emissions in Hungary (DHV, 1995). Phase 1 of the
project was completed in 1993. The result is a survey -of the emissions of selected industries in
Hungary. Phase 2 of the project resulted in a reduction plan for selected industries which are as
follows: graphic industry, metal surface treatment industry, fextile printing industry, painting
processes (various indusiries), storage of chemical and oil products (chemical and oil industry),
rubber and plastic industries.

The reduction plan indicates emission soLlrces and summarizes the type of associated
measures. In Phase 2 some workshops for the selected industries have been organized fo achieve
the goals of the reduction plan. The aim of the workshops is to reach consensus on the possible
measures for the oil and chemical industry. The results are included in a list of (potential) measures
for specific types of sources, as well as the special conditions and unceriainties of these measures.
Conditions and uncertainties can be e.g. technical or economical or can be the competitive
position relatfive fo other countries. Furthermore, the indicative costs (e.g. in HUF per kg VOC) and
the possibilities for financing measures became clearer in Phase 2 of the project.

There are several possibilities for the control of VOC emissions. Measures for the reduction
of VOC emissions focus on products and/or process modifications (including maintenance and
operational control) and on the refrofitiing of existing plants. The following list gives a general
outline of measures available which may be implemented either singly or in combination:
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e Substitution of VOCs e.g. the use of water-based degreasing baths and paints, inks, glues or
adhesives which are low in or do not contain VOCs,

e Reduction by best management practices such as good housekeeping, preventive
maintenance programmes or by changes in processes such as closed systems during
utilization, storage and distribution of low-boiling organic liquids,

e Recycling and/or recovery of collected VOCs by conirol techniques such as absorption,
condensation and membrane processes; ideally, organic compounds can be reused on-site,

« Destruction of collected VOCs by conirol techniques such as thermal recatalytic incineration
or biological freatment.

Some concrete possibilities with estimates of emission reduction and energy saving are
listed in Table 4.1. '

Table 4.1. VOC emission reduction options

Opfion|Description Industrial sector VOC-reduction |Energy saving
(ton/yr)° (GJly)°

1 Recuperative  incineration|printing industry 200 3.600
with heat recovery chemical indusiry

2 Regenerative adsorption|printing industry 100 2.700
(active carbon) with reuse  {chemical indusiry (refineries)

3 Decentral, point sourcelprinting industry ° 2.800
ventilation chemical industry

4 Water borne paints painting processes 80 2.940

5 Floating roof (VOC with low|chemical industry (refineries) 95 3.800
vapour pressure)

(°VOC reduction and energy savings are indicated for one installation and/or one company; ®this relates to an
infegrafed measure in which the conceniration is increased, flow is reduced but no emission reduction is
achleved; a more cost-effective, end-of-pipe technique will be necessary)

The recent VOC emission reduction is due the economic decline (see Table 4.2.) and the
autonomous and voluntary measures made by industry.
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Table 4.2. The Hungarian VOC emission (Gg) in 1988 and 1990 (source DHV, 1993)

Source Category 1988 | 1991

Energy Production 1.0 1.0

Qil Industry (Mining, Storage. Refineries, [35.0 |25.0

etc.)

Traffic (incl. refueling) 90.5 [725
Solvent Use 785 {445
Total 205.0 | 143.0

In addition, the MERP issued a decree-in 1995 on the control of hydrocarbon emissions
resulting from storage of petrol and its distribution from terminals to service stations (stage-|
measure) and ifs refueling fo all motor vehicles at service stations (stage-ll measure). In several
cases, environmentally friendly investments by companies coincide with their business interests with
even some savings redlized (e.g. Hungarian Oil Co., printing industry).

5. Program of phase-out of ozone depleting substances

Hungary acceded to the Vienna Convention and the Montreal Protocol in 1989. The
London Amendment to the Protocol was rafified by Hungary in November 1993 and the
Copenhagen Amendment in June 1994.

The Hungarian Government enacted these international conventions into the national law
and order by ministerial decrees. Decree No. 13/1992 (V.12.) of the Ministry for Environment and
Regional Policy issued with the authorization of the government regulates the use of ozone
depleting substances in full c:ccordonce‘ with the London Amendment. The enforcement of the
Copenhagen Amendment is ensured by the 22/1993 (VII.20) Decree of the Ministry for Environment
and Regional Policy that replaced the previous decree.

The decree establishes deadlines for phasing out of the controlled substances in different
fields of consumption, bans the establishment of new technology using the controlled substances,
and establishes an authorization for their import. It also prescribes obligatory reporting about the
use of conirolled substances as well as penalties for violating the regulations. The prevailing
decree establishes earlier deadlines compared to the deadlines of the Copenhagen Amendment
in some fields of use since meeting them may cause difficulties for some ODS users. Table 5.1 shows
the use of ODS’s
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Table 5.1. End use of ODS in Hungary (in Mg)

SUBSTANCES (metric tons) 1986 1989 1991 1992 1993 1994 1995
CFC-11 1483 1120 806 690 651 190 200
CFC-12 2087 2100 1544 1090 937 791 850
CFC-11/12 1620 1370 160

CFC-113 160 160 120 90 62 31 50
CFC-114 10 30 10 10 8

CFC-115 8

All CFCs 5360 4750 2660 1880 1668 1020 1100
Halon 1211 446 425 255 150 54

Halon 1301 7 15 20 20 10 -

Halon 2402 2 1

All Halons 455 440 275 170 65

CTC (carbontetrachlorid) 700 630 1320 200 124 70 70
MCEF (methyichloroform) 570 780 580 447 290 250 150
MBr (methylbromide) 53 45 77 70 50

Hungary had not enough financial resources for the new ODS-free technologies and
investments to be implemented by the Copenhagen Amendment until the end of 1995. Therefore,
Hungary applied for a GEF grant to help its ODS phaseout activity. Work for the GEF support
began in 1993 with the contribution of the World Bank as executing agency for the GEF. The main
conditions for the GEF grant were as follows: prepare a couniry programme for phaseout of ODS
with issues listed above; legislative measures for economic incentives of recycling of CFCs and
halons; eligible projects for enterprises using substifutions for ODS's,

6. Discussion and conclusions

Four main programs have been discussed in this paper. For Hungary, the restructuring of
the energy sector is crucial fo fulfill the duties underiaken by signing and ratifying the Framework
Convention on Climate Change. Since there are a lot of aged and unefficient power plants in the
country, and the specific energy consumption is relatively high, both supply and demand side
measures will contibute to the reduction of greenhouse gas emissions. The national energy saving
program covers both supply and demand side measures. However, this program needs a lot of
capital for invesiments. This may postpone the program considering the economic problems of
the country. However, the electrical sector has been partly privatized and some of the nur owners
have dready undertaken new invesimenis.

It is also difficult fo forecast how the afforestation program will proceed in the future, since
this program also needs a great amount of capital. It seems that 3000 ha/year can be faken even
in the near future. It is generally expected that GDP will grow by 4-5 %/year after 2000. This would
relevantly improve the efficiency of these programs.

The programs of VOC and ODS reduction have been successful, although these emissions
have less importance from the vieWpoim‘ of climate change effect.
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1. INTRODUCTION

In June 1992 the representatives of 176 countries including Ukraine met in Rio de
Janeiro at the UN Conference to coordinate its efforts in protecting and guarding the
environment. Signature of the UN Framework Convention on Climate Change by around 150
countries indicaies that climate change is potentially a major threat to the world’s environment
and economic development.

The project “Country Study on Climate Change in Ukraine” is coordinated by the Agency
for Rational Energy Use and Ecology (ARENA-ECO) and supported by the US Country Studies
Program Support for Climate Change Studies.

The aim of the project is to make the information related to climate change in Ukraine
available for the world community by using the potential of Ukrainian research institutes for
further concerted actions to solve the problem of climate change on the global scale.

The project consists of four elements:

o the development of the GHG Inventory in Ukraine;

e assessments of ecosystems vulnerability to climate change and adaptation
options;

e mitigation options analysis;

e public education and outreach activities.

This paper contains the main results of the third element for the energy and non-energy
sectors.

Main tasks of the third element were:

e to select, test and describe or develop the methodology for mitigation
options assessment;

e 1o analyze the main sources of GHG emissions in Ukraine;

e to give the macro economic analysis of Ukrainian development and the
development of main economical sectors - industry, energy, transport, residential,
forestry and agriculture;

o to forecast GHG emissions for different scenarios of the economic
development;

e 10 analyze the main measures to mitigate climate change.

2. METHODOLOGY

A deep crisis of Ukrainian economy considerably complicates the assessment of future
GHG emissions. Today it is extremely difficult to define correctly the terms of economy
stabilization, directions and rates of further economic development. the level of progressive
technologies implementation, energy efficiency, etc.
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Also it is impossible to use mathematical models and methodologies, used in the developed
countries and earlier used at planning of the development of Ukrainian economy: the regressive

analysis, production functions and input - output models.

According to above-mentioned a methodology, mathematical models and software were

developed.

Accounting and iterative equilibrium models to forecast the development of economy,
direct and indirect GHG emissions were used. Optimization models were applied to create

mitigation scenarios and to estimate mitigation options.

The carrying out of investigations have included following stages.

L N —

- Selecting and defining methodologies.
- Developing the baseline scenarios for the period up to 2015.
. Macro economic analysis.
4. Analysis of mitigation measures in all scenarios.
5. Estimation of GHG emissions in the long-term:

6. Developing the mitigation scenarios.

7. Recommendations and conclusions.
Within the framework of each scenaric, the groups of the national experts elaborated the
development of economy sectors and their basic output products, fuel combustion, and
mitigation measures.
There were considered the following sectors and subsectors of economy.
1.

[N

N oL L

Fuel & Energy Complex and its subsectors:

1.1.  Power & Heat Supply;

1.2.  Coal Industry;

1.3.  Oil & Gas Industry;

1.4.  Oil Refining.

Industry and its main subsectors:
2.1.  Metallurgy;

2.2.  Chemical Industry;

2.3. Mechanical Engineering;
2.4. Building Materials Industry;
2.5. Food & Beverage Industry;
2.6.  Other Industrial Sectors.
Constructing Sector.

Agriculture.

Household and Services. -
Transport. .

Other Sectors of Economy.

considered as primary fuels.
Alongside with it in a metallurgical sector coke and coke gas , and in a household sector

coal briquettes and firewood were taken into account.
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3. CURRENT UKRAINJAN ECONOMY, SOURCES AND LEVELS

OF GHG EMISSIONS

3.1.  General characteristic of economic situation

Ukraine is one of the largest countries in Europe, occupying the area of 603.7 thousand km?,

with the population (1990) - 51.8 million (Figure 1).

There is a favorable climate and fertile ground in the country. The economy of Ukraine, up
to declaration of independence, was developing as a part of an economic complex of the USSR in
conditions of a centralized management system and practically closed market. The structure and
price levels for the goods and services sharply differed from world ones. The decision of local

and global ecological problems was practically ignored.
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Figure 1. Map of Ukraine

As a result the development of heavy industry - fuel and energy (FEC) and mining-
metallurgical (MMC) complexes. heavy mechanical engineering and agriculture was of priority

importance.

In 1991 Ukraine has proclaimed the independence and proceeded to economic restructuring
in a direction of the market development and democratic state construction. However. the
transient period became very painful. and the country entered to the continuously deepening

economic crisis.
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The analysis of a situation change during 1991-1995 shows the constant strengthening of
crisis phenomena - fall of output production, especially in industries of low energy consumption,
and, as a consequence, decrease of GDP and growth of its energy intensity (Figure 2), increase
of problems of payment for critical import of energy carriers, that causes negative balance of
foreign trade balance and difficulties with energy supply of the countrv, and chronic growing the
budget deficit.

BGDP
OEnergy Consumption

1990 1991 1992 1993 1994 1995

Figure 2. GDP and Energy Consumption trends, %

3.2.  Sources and levels of GHG emissions in Ukraine

The assessments of GHG emissions have shown sharp decrease in the period 1990-1995,
connected first of all with essential fall of production. So, fuel combustion and associated GHG
emissions were reduced by about 40 % in 1995 relative to 1990 (Table 1). GHG emissions in
industrial processes have decreased more than for 50 %.

Table 1. GHG emissions in 1990 and 1995 and its comparison, Tg

GHG/Sources [ 1990 | 1995
Yo - . . . Direct GHG o Nt o R A
CO,, GWP factor -1 i 711.447 425.299
Fuel Combustion 662.632 402.394
Industrial processes 48.815 22.905
CH,, GWP factor -22 10.115 7.150
N,O, GWP factor -270 0.038 0.016
Total CE* emissions 260.5708 161.8736
- Indirect GHG v Tk
Cco 7.295 4.046
NOx Lo 2.043 1.140
CxHy 1.007 0.471

* CE - carbon equivalent
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4. MACRO ECONOMIC FORECAST

The assumptions of a national economy to overcome the crisis are connected with the
following factors:
" e stabilization and subsequent crowth of production;
e privatization;
o stabilization of the legislation; .
e improvements of taxation and currency policies;
o restoration of economic links with the CIS countries;
« help of the developed countries.

In Ukraine as a transitional country, where considerable economic and social change is
expected over a nearest future, it can be quite difficult to select a single image of the future as
more likely than another. Therefore three macro economic scenarios have been developed to
reflect low;, medium and high economic growth (Figure 3):

o the pessimistic baseline scenario;
o the baseline scenario;
e the optimistic baseline scenario.

The baseline scenario of the economy -development is based on the state ‘programs on
development of energy, industry and energy saving. This scenario is not “business-as-usual’, it
include the adoption of technologies and practices that improve the efficiency of resource use
and thereby reduce GHG emissions. Such defining a baseline scenario reflects the significant
efforts of the Ukrainian Government to increase energy efficiency, to implement new
technologies, to reduce energy losses, etc. For example, recently National Energy Program was
adopted by Parliament. Therefore the baseline scenario should include a whole set of measures
presented in such programs. .
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Figure 3. GDP growth
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5. BASELINE SCENARIO

During the given period energy demand (Figure 4) become higher than 1990 levels after
2000, despite of energy saving measures including in baseline scenario. But significant growth
of GDP (in baseline scenario 132% in 2015 relative to 1990) lead to reducing energy intensity (in
optimistic baseline and baseline scenarios it will be lower in 2015 than 1990 levels). It is
connected with implementation of above-mentioned Program, directed on the increase of energy
effectiveness of the economy, including active energy saving policy and alternative energy

sources.

typical for all the scenarios. ,

)
180 %

Depending on the scenario of the economy development the levels of energy demand are
much differed, however the tendency of decrease of energy intensity in the period after 2000 is
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Figure 4. GDP and Energy Intensity Trends for Baseline Scenarios

In structure of fuel combustion (Figure 5), share of gas is increased in future due to the

2015

growth of its consumption in residential sector. in oil refining and as a motor fuel in transport.
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Figure 5. Fuel Combustion for baseline scenario

GHG emissions in baseline scenario (Table 2) in 2000 are lower than 1990 levels, therefore
UN Framework Convention obligations will be fulfilled. But further GHG emissions will
essentially exceed 1990 levels. Therefore there is obvious necessity to analyze mitigation options

and to develop mitigation scenario.

Table 2. GHG emissions trends in baseline scenario

1990 [ 1995 | 2000 | 2005 | 2010 | 2015
Direct GHG emissions - LA
CO,, Tg 711.45 425.30 "535.63 742.06 977.64| 1109.46
CHgy, Tg 10.12 7.15 8.47 10.37 12.21 11.78
N20O, Tg 0.04 0.02 0.04 0.05 0.07 0.08
CE. Tg 260.57 161.87 201.77 271.52 348.95 383.45
C " .-COzuptake in Forestry R
CO», Tg -51.98| -64.89 | -66.64 | -68.55 | -70.70{  -72.78
- <7 % Total R R
CE, Tg 246.35 | 144.17 | 183.55] 252.83| 329:67|  363.60
- ) . Indirect GHG emissions Toek T T e
CO, Tg 7.30 4.05 6.03 7.77 10.23 11.56
NO,, Tg 2.04 1.14 1.58 2.09 2.64 2.91
C.H,, Tg 1.01 0.47 0.85 1.15 1.55 1.82

6. ANALYSIS OF MITIGATION MEASURES

Main mitigation measures presented below were analyzed (Figure 6).

Policy instruments

State regulation of rational energy use in all sectors. including:
» legislation. supporting energy saving and environmental protection policies;
e bans and controls on inputs and emissions. equipment efficiency standards;
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fees, taxes, subsidies, prices, stimulating implementation of efficiency technologies and
equipment;

research, development and demonstration programs to improve and disseminate information;
energy and environmental audit, R&D centers, information and personnel training centers,
energy management at the enterprises, licensing requzrements patent rules, etc.;

DSM; '

control devices for energy consumption.

This set of policies will stimulate energy effective and ecological development of Ukraine.
Restructuring of economy
A strong role of energy-intensive sectors (energy, mining-metallurgical complex, heavy

mechanical engineering, etc.) will not be continued under conditions of market and low energy
use sectors, services and agriculture are favourable.

Technological options
Implementation of energy effective technologies are the most important for reducing GHG

emissions (Figure 7):

Cross-sectoral energy saving options: efficiency lighting equipment, motor drive systems
improvement, more efficient combustion of bad quality fuels, improvement of the heat
supply systems, utilization of secondary-energy resources.

Sectoral energy saving options:

The most effective measures are follows:

Energy Supply: technological and efficiency improvements in power sector, high efficiency
gas supply system, effective coal mining.

Metallurgy: improvements in coke making, recycling of technological processes of blast
furnace, coke oven and converter gases, adopt1on of electric arc furnaces, decrease of output
of the most energy intensive production.

Mechanical Engineering: efficiency technologies of metal processing, use of high quality
raw materials.

Chemical industry: improvement of the technologies of ammonia, calcium soda and
phosphoric fertilizers production.

Building materials industry: improvement of technoloclcal processes of cement, glass,
brick, wall materials production.

Food industry: improvement of technological processes of sugar, spirit, vegetable oil
production.

Constructing sector: improvement of technological processes of concrete production.
Agriculture: reduction of a share of energy intensive plants, improvement of post-harvest
drying and storage, switch to low carbon energy sources etc.

Residential sector: switch to energy sources/equipment with low-carbon emissions,
insulation for existing and new building shells, shift to more efficiency household
equipment. -

Transport: manage transport demand. improvement of vehicle technical efficiency. fuel
switch, improve traffic flow.

Fuel substitution: It is necessary to increase share of nuclear fuel, renewable, secondary

and non-traditional energy resources. Shift from coal and petroleum to natural gas, use of
coalbed methane and biogas.

Reduction of losses in Gas Supply System.
Improvement of industrial processes.
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Improvement of waste treatment.

B Energy saving options

BDSM

Olindustrial Processes
DControl devices for energy consumption
BImplementation of 3 GWt at NPPs

DRenewable sources

HReducing methane emissions

8.10%
0.50% . 11.46% O Shift from petroleum to NG

RLosses decrease in gas sector

DB Waste treatment

Figure 6. Mitigation options

ElCross-sectoral measures
15.49%
REnergy saving in FEC

OEnergy saving in Industry

D Energy saving in Constructing sector

R Energy saving in Agriculture
8.97%

10.59%

1.89% ’ DEnergy saving in Residential sector
° 0.41% i

ElEnergy saving in Transport

Figure 7. Energy saving mitigations options

An investment-efficiency analysis of GHG abatement have given a possibility to compare
all these different options in an integrated procedure (Figure 8, Figure 9). An investment curves
express the investments per unit of emission reduction as a function of quantity of GHG reduced.
A horizontal line shows the average level of specific investments. The square of each block
represents the total investments to corresponding option.
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Figure 9. Investment curve
A package of above-mentioned measures was included into mitigation scenario:
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7.  MITIGATION SCENARIO

Realization of mitigation options will reduce the fossil fuel consumption by 3800-4000 PJ.
Fuel combustion in mitigation scenario is shown at Figure 10.
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Figure 10. Fuel combustion for mitigation scenario
Energy demand and energy intensitv will be essentially decreased relative to baseline
scenario (Figure 11).

%
180

1560 Eoenlle™

140

P % .
J,. e .- 3
. ... Mmgafxon
< L i — scenario
120 '.l ,\ — . oy—
# . ;‘_;_‘ Eaa
S e " -
LS oy “ -
- fau] =~ «==Baseline

100 /& = = e scenario
o
ey stmessy  vyesm
8 T Energy
Demand
60 } + t
1990 2000 2005 2010 2015

Figure 11. Comparison of baseline and mitigation scenario

Besides above-mentioned options a set of mitigation measures in forestry was included in
mitigation scenario: forest protection and conservation. increased efficiency in forest
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management, harvesting, reforestation, agroforestry, etc. CO, uptakes will be increased by
approximately 15 Tg in 2015 with the $1220 million additional investments.
The resulting GHG emissions and uptakes in a mitigation scenario are presented in Table 3

Table 3. Total GHG emissions and uptakes in mitigation scenario, Tg

| 7990 | 1995 1 2000 | 2005 | 2010 | 2015
L EEE Direct GHG: emissions:.t. T RS
711.446 425.299| 530.042 569.149| 598.016 634.352
10.115 7.150 8.3835 7.951 7.467 6.738
0.041 0.017 0.036 0.042 0.044 0.045
260.570 161.873| 199.668 208.2541 213.449 219.242
< Carboyrdioxide sinks ‘i forestry .- S e

S i L

-51.98' -64.88L -67.51 -7].66' -78.18| -87.29

L R R e LR T
659.466 360.419 462.33 497.49
246.350 144.17 181.26 188.71

S oSS idireet GHG emissions " 3555 v - w i L - de

CO 7.295 4.046 5.964 3.958
NO, 2.043 1.140 1.564 1.605
C.H, 1.007 0471 0844 0.833

Investigations results allow to make an important conclusion that in a long-term period
future GHG emissions will not exceed the 1990 levels in spite of essential GDP increase.

The comparative analysis of baseline and mitigation scenarios (Figure 12) indicate that
direct GHG emissions will be reduced by more than 100 Tg in 2015 with the $30-335 billion
investments. : :

400 19

350 4+

300 +

250 -F

200 +

150 +

100 4 Mitigation
scenario
50 +

0
1990 1995 2000 12005 2010 2015

Figure 12. GHG Emissions Comparison of Baseline and Mitigation Scenarios
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8. CONCLUSION

Such study in Ukraine is extremely important, because in the base year of 1990 it occupied
the sixth place in the world on GHG emissions. Hence, the potential danger of GHG emissions
on environment from the territory of Ukraine is rather great, and the measures on their reducing
is necessary. A choice of 1990 as a basis for Ukraine is very indicative not only in connection
with the fulfillment of obligations, accepted within the framework of the Convention, but also as
it is a central point, after which fall of manufacturing production, inflation and crisis began. The
transitional period has caused the basic difficulties in forecasting of the economy development
and GHG emissions. In the main governmental documents, in particular in the National Energy
Program, it is emphasized, that, taking into account incomplete. definition of future development
of economy, given measures should be specified annually, proceeding from the concrete
conditions, specification of investment priorities and resource possibilities.

Investigation results will form the basis for the National Action Plan, directed to the
mitigation of anthropogeneous impacts on the climate.
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POTENTIAL OPTIONS TO REDUCE GHG EMISSIONS
IN VENEZUELA
by
Nora Pereira, Yamil Bonduki, and Martha Perdomo

I. INTRODUCTION

The Government of Venezuela ratified the United Nations Framework Convention on Climate
Change (UNFCCC) in December, 1994. The Convention requires all parties to develop and
publish national inventories of anthropogenic greenhouse gas emissions (GHG) as well as
national plans to reduce or control emissions, taking into account their common but differentiated
responsabilities and their specific national and regional development priorities, objectives, and
circumstances. Within this context, the Ministry of Environment and Renewable Natural
Resources and the Ministry of Energy and Mines developed the «Venezuelan Case- Study to
Address Climate Change».

The study was initiated in October 1993, with the financial and technical assistance of fhe
Government of United States, through the U.S. Country Studies Program (USCSP), and the
Global Environment Facility (GEF), through the Umted Nations Environment Programme
(UNEP). ‘

The main objectives of the Venezuelan Case-Study to Address Climate Change are, among
others: i) develop a national inventory of anthropogenic emissions and removals of all
greenhouse gases, ii) assess GHG mitigation options, and iii) formulate a natlonal climate change
action plan.

According to the national GHG emissions inventory [CVCC, 1995], the major sources of CO2
in Venezuela are energy combustion (56 %) -and deforestation (42 %). Regarding CH4 emissions,
the major sources are the energy sector (59%) (mainly from the fugitive emissions of the oil and
gas production systems), and the agricultural sector (29%).

This paper, presents a summary of the technologies and practices that could be implemented in
the country in order to contribute to both climate change mitigation and national development
efforts. The selection of the sectors included in the mitigation options assessment was based on
a detailed analysis that took into consideration the contribution of the main sources to national
GHG emissions, the relevant natural and' socio-economic characteristics of the country, the
reduction potential, technologies for emission reduction, and local experience in related fields.

The mitigation analysis concentrates on options to reduce CO2 emissions generated from the
energy sector and land use change. In the energy sector, the analysis was centered on the energy
industry, the transportation sector and the manufacturing industry, since these three sectors
jointly generate 94.4% of the CO2 emissions resulting from energy combustion.

For land use change, the mitigation options deals with the forestry sector, which includes two




broad categories of sustainable forest practices: management and conservation of existing forest
to reduce or avoid carbon emissions, and management for expanding forest cover and thus
carbon storage in the country.

II. MITIGATION OPTIONS IN THE ENERGY SECTOR

Venezuela has diverse and abundant energy resources. The total volume of proven energy
reserves in 1995 was 112.5 billion barrels of oil equivalent (BOE), where oil represented 63.8%
of the total, natural gas 28.1%, hydroenergy 0.2% and coal 7.9%. The potential of renewable
energies in Venezuela (including solar, wind, biomass, geothermal and mini-hydro energy), has
been conservatively estimated in over 4 million BOE/day.

Oil production decrease from 1970 to the beginning of the 90’s decade, due to a significant drop
in crude oil and products exports, from 3,785 thousand BOE per day in 1970 to 2,352 thousand
BOE per day in 1994, as a consequence of the OPEC strategy to control oil production. Exports
share in total natlonal production decrease from 95% to 78% during the 1970-1994 period.

Power generation capacity in the country increased from 2,677 MW in 1970, to 18,613 MW in
1994. The ratio of thermal to hydro capacity was 68/32 during the 70° decade to reach 24/76
in 1994 , mainly due to the completion of Guri hydropower plant. The country's population that
had access to electricity services jumped from only 60% in 1970 to 90% in 1994.

The main changes in the structure of final energy consumption.in the last 20 vears were: (i)
increasing of natural gas share in industrial consumption, rising from about 45% in 1970 to
almost 52% in 1994, as a result of the basic industries growth, (ii)'i increasing of LPG share in
household consumption from less than 10% in 1970 to almost 40% in 1994, and (iii) increasing
of electncn:y share in total final consumption from 7.9% in 1970 to 14% in 1994 and from
26% in 1970 to almost 50% in 1994 in the household sector.

II.L1 Methods and Instruments .

The GHG m1t1gat10n assessment includes the selection of options and evaluation of their impacts
on CO2 emissions and the energy system, including associated cost: An integrated study of the
national energy supply and demand systems was carried out in order to identifv, evaluate and
compare possible mitigation options.

Two scenarios were considered, according to the Guidebook for Mitigation Assessments [Sathaye
& Meyers, 1996]: i) A baseline scenario, consisting on a description of the plausible future of
the Venezuelan energy system, where no specific actions to reduce GHG gas emissions will be
taken; this scenario includes the adoption of enhanced technologies and actions to obtain a
greater efficiency in the use of resources and ii) a mitigation scenario, which describes a similar
future to that of the baseline scenario regarding the evolution of macroeconomic and social
aspects, but assuming that efforts will be made as to the adoption of mitigation measures.




The assessment considered the following activities:

Development of a macroeconomic scenario; prospective of baseline energv demand using the
LEAP model [SEI-B, 1993]; evaluation of the power system expansion, using the ELECTRIC
module of the ENPEP model [ANL-EESD, 1994] and PLHITER models: construction and
projection of the energy system’s supply and demand network using the BATL ANCE module of
the ENPEP model; estimate of the baseline scenario parameters; identificacon and assessment
of potential mitigation options; impact assessment of several mitigation options with the
BALANCE module; and identification of barriers and feasible mitigation cotions.

II.2 Baseline Scenario
Assumptions

The energy baseline scenario for 1990-2025 period was based on a macroeconomic scenario that
assumes a sustained economic development, - where the barriers that currently restrict the
country’s economic development will be overcome but without major structural changes taking
place; the oil industry reduces its participation in the gross domestic produc: (GDP) from 28%
in year 1990 to 24% in 2025, while the manufacture industry share increases from 15% to 17%
in the same period, as a result of the aluminum and petrochemical industries development; a
moderate decrease in the contribution of the service sector is also assumed. A reduction in
population growth rate from 2.4 in 1990 to 2.1 in 2025, and a GDP growth of 4% per year
between 1990 and 2025, are assumed.

In the sectoral energy demand scenarios, changes in energy use intensities are assumed as a
result of improvements in the equipment efficiency, a better energy management, and changes
in life style. A gradual increase in energy prices is set forth until they reach their opportunity
~ cost (FOB export costs) in the case of oil fuels, or their marginal cost, in the case of natural gas
and electricity.

The scenario assumes that there will be transformations in the energy svsiem as a result of
economic development, but no further efforts will be made to establish specific policies or
measures to control or reduce greenhouse gas emissions.

Results

Primary energy production, 1000 million BOE in year 1990, would double bv 2010 and would
be 4.6 times higher by 2025. Table 1 shows that this high increase (4.4% annually), is basically
due to fossil fuels production, basically encouraged by exports that grow at about 5% per year.
Final consumption and fuel uses for electrical generation grow at lower rates. between 3.3% and
2.6% per year, respectively (Table 2).

In the baseline scenario hydroelectricity generation increases up to 88544 GWh by year 2011,
remaining constant therafter thorugh the study period. After 2011, the demand increase is




covered with natural gas thermal generation.

On the other hand, final energy consumption, 189 million BOE in 1990; would almost double
by year 2010 and would almost triple by 2025. This represents a growth of 3.3% annually
during the period, which is lower than the average growth assumed for the GDP (3.9%), and
higher than population growth (2.2%). This means a reduction in the energy use intensity and
an increase in per capita energy consumption. Final fossil fuel consumption grows at 3.3%
interannually, while electricity consumption grows at 3.0%. Natural gas shows the highest
growth (4.2% per year), which implies an important penetration of this fuel in consumption, by
increasing its participation in the total final consumption from 33.0% in 1990, to 44% in year
2025. With respect to energy consumption by sectors, the industrial sector shows the highest
growth, with an annual rate of 4%, followed by transportation (2.7 %), and residential, services,
and other sectors (1.6%).

These results show that under this scenario, there will be structural changes in energy
consumption by sectors and by fuels, that could be summarized in a penetration of natural gas
and a higher participation of the industrial sector in the final energy consumption.

Tables 3 show the estimates of C02 emissions generated by the energy sector activities,
distributed by sectors and fuels. In general, it can be noticed that the emissions growth is
somewhat lower than energy consumption, which is mostly due to a higher use of natural gas
against liquid fuels that have a higher carbon content.

II.3 Mitigation Options Assessment
10.3.1 Industrial Sector
Steam Generation

Mitigation options are aimed at increasing the average efficiency of boiler and the use of fuel
with lower carbon contents. Two mitigation options were considered for boilers which are
operating in branches classified by the International Standard Industrial Classification of all
Economic Activities (ISIC) as: (31) Foods, Beverages, and Tobacco; (35) Chemicals and Coal;
and (37) Metallic Basic, which all together consume 82,4% of the energy used in steam
generation. These options are: Boilers conversion from liquids fuels to natural gas and efficiency
improvement of existing natural gas boilers through annual maintenance programs [Mantilla &
Pereira]. : : : -

In the baseline scenario, only the incorporation of new natural gas burning boilers is considered
due to the steam increase requirements in this sector for the 1990-2025 study period, which
slightly increases the average efficiency of these equipments.




OPTION 1: Boilers Conversion from Liquid Fuels to Natural Gas

This option basically deals with the substitution of the burner and the inst=llation of pressure
regulators and automatic valves. Efficiency of the converted natural gas bwiler reaches 85%.
Implementation of this option is assumed to begin on year 2000 and finisk by 2005, when all
liquid fuel boilers would have been replaced. Table 4 shows the investment and operation costs
involved in the application of this mitigation option. Table 5 summarizes erergy savings, CO2
emissions reduction and the cost for the final user. Although the option invalves costs through
the modification of boilers, the final result provides economical benefits.

OPTION 2: Natural Gas Boilers Maintenance Program

Combustion adjustment is one of the measures that allows boiler efficiencw to increase. This
adjustment consists in obtaining a correct oxygen-fuel mixture in order t> have a complete
combustion, according to the type of burner used. In addition, maintenance program includes:
elimination of steam leaks and sealing of oxygen chamber, cleaning fireside boiler tube, proper
refractors repairs, adjustment and proper burners cleaning, adequate inspeczion of control and
safety devices.

Implementation of this option is assumed to begin in 2000, initially on 20% of existing boilers,
and will be progressively extended up to year 2004, when all the boilers would have been
covered. This option will only be adopted in branches 31 and 35 where the natural gas boilers
efficiency is low.

The operating and maintenance costs for each year, necessary to implement this option, as well
as the new boilers efficiencies as assumed for this mitigation measure are shown in Table 6.
Table 7 shows results related to energy savings, CO2 emissions reduction. and the final user
costs.

Direct Heat

In 1990, the metallic basic industries (branch 37) registered a consumption >f 41% of the total
energy in the manufacture industry and 50% of direct heat consumption “ar these industries
[Garcia & Pereira, 1996].

The steel and aluminum industries consume almost the total energy for direct heat in branch 37.
Two mitigation options were formulated for these industries: Changes in iro= mineral reduction
and combustion efficiencies improvement in natural gas furnaces for founcrv and lamination.

The baseline scenario considers a tendency behavior in the developmer= of the steel and
aluminum industries under the following assumptions: energy demand for using direct heat will
increase at an interannual rate of 4.2%, there will be no actions concerning zlevant changes in
processes, and there will be some improvement in energy efficiencies due =0 the renewal and
introduction of new equipment.
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OPTION 3: Changes in Direct Reduction of Iron Ore

Table 8 presents the characteristics of available technology in the Venezuelan st22l industry. The
"H&L" and "Midrex" technologies are the most important regarding capacity ind production;
‘however when analyzing their specific consumptions of natural gas per Ton of production, a
significant difference could be observed (4.86 BOE/Ton and 2.04 BOE/Ton:. This difference
is due to: (1) the actual value of the "H&L" technology is more than double the theoretical value
(2,1 BOE/Ton) and (2) the "H&L" is the oldest reduction technology and did cot fully achieve
the designed production levels. Thus, CO2 emissions reduction could be obtained through energy
efficiency improvement of the "H&L" technology or a conversion or substinzion process to
more efficient technologies. Furthermore, the Midrex technology could also be improved.

This mitigation option was developed under the assumption that efficiencyv “or the "H&L"
technology will improve from 43 % by year 2000 to 73 % by 2025 and will be mantained in 80%
for the "MIDREX" technology. Technological changes from "H&L" to "MIDREX" are assumed
to take place in years 2005 and 2010, while improvement of "MIDREX" will occur by 2015,
with investments of M$ 200, M$ 255, and M$ 280, respectively. Table 9 presents energy
savings, C02 emissions reduction and the final user costs obtained for this opgion.

It is important to bear in mind that only between 20% and 30% of the gas used in direct
reduction furnaces is consumed as fuel for direct heat, the rest is used as procass gas (feedstock
use). The results obtained considered only natural gas used as fuel for dirsct heat, which
represents part of the potential of energy savings and emissions reduction. If szving of process
gas were included, the emissions reduction potential would be h1gher and thus mitigation costs
per Ton of CO2 might be considerably reduced.

OPTION 4: Combustion Efficiency Improvement in Natural Gas Furnaces

In this mitigation option, a typical furnace with its own characteristics was cons:dered taking as
a basis, reheating lamination furnaces of steel products and furnaces for alumizum alloys. The
designed thermal efficiency of furnaces was found to be low.

The main assumptions are: energy efficiency increases from 42% by year 2009 2 70% by 2025;
increase of yearly operation and maintenance costs of 20$/BOE by year 2000: znd investments
of M$ 0.4 by 2010. Table 10 presents energy savings, C02 emissions reductioz. and final user
costs.

IL.3.2 Transportation Sector C 4

As explained in [Segnini & Pereira, 1996], big cities in Venezuela have high vzhicle densities
and especially, low fuel efficiency, mainly due to fleet age, poor maintenance. and high traffic
volume. In order to accelerate an improvement of fuel efficiency in the transport sector, the
Venezuelan government is developing an ambitious plan, focussing the effort initially, on the
public transport fleet.




Three mitigation options were assessed in detail: switching to more larger capacity vehicles, less
private vehicles share, and switching from gasoline to natural gas vehicles.

The baseline scenario considers a road vehicle fleet of 2.7 million units in 1990, where
passenger vehicles represents 81%, and freight vehicles 19%. Average road transportation
demand growth rate for 1990-2025 period is assumed to be 3.4% per year for both passenger
and freight. Regarding the demand structure evolution, private vehicles represented 33% of the
total passenger demand in 1990 and it is assumed to grow at an average rate of 4% yearly,
reaching 97,000 pass-Km by 2025, which represents 40% of passenger demand. Public
transportation share is assumed to decrease from 63 % in 1990 to 56 % by 2025. In this segment,
small buses decreased from 25% in 1990 to 22% by 2025. Railroad share maintains a small
percentage of about 3.5%. Regarding freight transportation, it maintains almost a constant
structure along the period 1990-2025, where light 2 axle trucks share is about 7. %, heavy 2 axle
trucks 14%, 3 axle 43%, and 4 axle trucks 36%.

OPTION 5: Switching to Larger Capacity Vehicles

This option considers the switching of public transportation from small buses to large buses.
Also, a switching of light duty trucks to heavier trucks is assumed.

The main assumptions are: private and public transport shares in total passenger transportation
demand are the same as the baseline scenario. Share of public transportation presents the
following changes: small buses tend to disappear by 2010; medium buses 1990-2025 growth rate
per year change slightly from 3.03% in the baseline case to 2.85% for this option; and large
buses share increases from 23% in 1995 to 35% in 2025. )

On the other hand, two axle light duty vehicles share in freight transportation demand, decreases
from 8% in 1990 to 1.6% in 2025, while in the baseline scenario its share was almost constant;
and heavy duty freight share increases in 5.5% yearly along the period; in baseline case it is
constant. Table 11 presents energy savings, CO2 emissions reduction, and mitigation costs for
the transportation system.

OPTION 6: Less Private Vehicle Share

Private vehicles share in transportation demand (pass-km) decreases in relation to baseline
scenario, while large buses share increases according to the following assumptions: private
vehicles share is maintained in 34%; annual growth during the 1990-2025 period is 3.5%,
compared to 4% in the baseline scenario; and large buses share increases from 23% in 1990 to
28% in 2025, which represents an annual growth of 4%-against 3.3% in the baseline scenario.
Table 12 presents energy savings, CO2 emissions reduction, and mitigation costs for the
transportation system..




OPTION 7: Switching Gasoline to Natural Gas Vehicles (NGVY)

The Venezuelan government has initiated a promotion plan to switch gasoline by natural gas
in public transportation, taking into account that the gas price is significantly lower than
gasoline. The plan includes subsidies for motor conversion.

The assumptions for this case are the following: public transport demand is the same as in the
baseline scenario; conversion to natural gas until year 2000 will be 10000 small buses, 15000
medium buses, 10000 taxis, and 25000 light duty trucks; public transportation demand by year
2000 (NGV), will be 7,073 passenger-Km and 16,042 passenger-Km by 2025; assuming that all
new public transportation demand will be satisfied by natural gas. Energy intensity is the same
in both gasoline and natural gas vehicles. Table 13 presents energy savings, CO2 emissions
reduction, and mitigation costs for the transportation system.

I1.3.3 Electricity Generation

In the baseline scenario hydroelectricity generation increases up to 88544 GWh by year 2011,
remaining constant therafter thorugh the study period. After 2011, the demand increase is
covered with npatural gas thermal generation. Consequently, an increase in hydroelectrical
generation capacity would contribute to CO2 emission reduction. To this effect, Venezuela has
an economically usable hydroelectrical potential in the High Caroni and Caura rivers estimated
in 10000 MW of capacity and 65000 GWh/year of medium energy [Jimenez, 1996] . Currently,
feasibility studies to develop this potential have been carried out, but without enough cost data
to perform a complete mitigation assessment; however, an expansion case study of the power
system that only included the Tayucay project was carried out.

OPTION 8: Increase of Hydroelectrical Capacity with Tayucay Plant

Projects characteristics are as follows: capacity of 3000 MW; annual energy of 15300 GWh; 6
units of 500 MW each; beginning of operation by year 2012; and cost of 2130 $/KW.

The development of Tayucay plant would imply an investment cost increase of about 700M$ and
an operating and maintenance costs decrease of 72M$. Table 14 presents energy savings, CO2
emissions reduction, and mitigation costs.

II.4  Analysis of Mitigation Options Results
The results for each mitigation option are summarized in Table 15. The most effective options
correspond to the transportation sector, in terms of both contribution to emissions reduction and

costs. For the three transportation options considered the cost were negative, which means that
their application would provide benefits for the national energy system.

Regarding the manufacture industry options, boilers conversion from liquid fuels to natural gas
also reflects negative costs, but to a considerably lower extent than those for the transportation
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sector; likewise, the emissions reduction is also considerably lower in comp:z—zon with the rest
of ‘the options. Efficiency improvement of natural gas boilers that present c:::s¢ to zero cost, is
more effective in reducing emissions than boilers conversion but not in ter—: of unit cost.

From the options showing a positive cost, efficiency improvement of nz—=al gas furnaces
presents the lowest total cost but is not very effective in reducing emissior=. -herefore, it has
a high unit cost that is very close to that of the option dealing with changes i= —e iron reduction
process, which requires higher investments.

The increase in hydro power generation is the alternative with the highest tot=" st but it is very
effective in reducing emissions; compared to direct heat options, unit cost := ess that half.

Figure 1 shows the "discrete step” curve where the cost and the extent of the e—ssions reduction
of each alternative are presented.

These options were analyzed separately but neither the interdependency that —:v exist between
them nor the effects that they may have in the energy system if they were joi—7 analyzed, have
been assessed. However, it should be noted that they are highly independent ==ons, except for
those in the transportation sector, which may require a few adjustments in cZ=r to apply them
together. In spite of these limitations, and the small number of analyzed cc:ns, cost curves
were built in order to have some global results for the energy system. Tz== 16 shows the
estimated series for average and incremental costs while and Figure 2 shows Ze corresponding
curves.

III. MITIGATION OPTIONS IN THE FOREST SECTOR

III.1 Forest Clearing and Greenhouse Gas Emissions

According to the last comprehensive study of vegetation cover in Venezuela, =« forested area
of the country in 1980 was roughly 57 million hectares [MARNR, 1982], ==ch represents
more than 60% of the national territory. About 75% of this forested lanc :: classified as
closed forests and more than 70% is located in the southern region of the coiz—y, where the
Amazonian Basin is also located.

Agriculture and pasture activities, as well as other development projects, ha- = :ifected large
areas of forest in the country. Logging is not considered to be a major cause :: ieforestation
because wood production is based on a few species and trees are harveszZ selectively.
However, logging leads indirectly to deforestation as the forest areas are opr=zed up through
road construction and are, consequently, subject to further intrusion by agricu"—=al colonists.

The annual rate of forest clearing in Venezuela has not been consistently doce—e=anted. Rough
estimates have provided a wide range of annual forest clearing, from less tha= 3)0,000 ha/yr
[Cataldn, 1993] up to 600,000 ha/yr [FAO, 1993]. For the greenhouse s emissions
inventory, [CVCC, 1995], the average deforestation area was estimated to be :pproximately
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517,000 ha/year during the last decade.

Forest clearing accounts for about 44% of national CO, emissions (carbon emitted from
disturbed forest soils is not included in this estimate). Biomass burning that occurs in
conjunction with changes in land use is also an important contributor to trace gas emissions.
Biomass burning accounts for approximately 5% of methane, 26% of nitrous oxides, 6% of
nitrogen oxides, and 34% of carbon monoxide [CVCC, 1995].

III.2 Mitigation Options Analysis

In this study, the mitigation analysis for the forest sector deals with the options that have been
traditionally considered priority government programs to manage, enhance and protect the
country s forest resources. These options are: natural forest protection and management,
establishment of industrial and small-scale plantations, and development of agroforestry
systems.

The mitigation assessment was based on the following steps: i) comstruction of a baseline
scenario to determine possible trends of carbon emissions from forest clearing: ii) assessment
of carbon storage in pilot forestry projects and associated costs; iii) construction of mitigation
scenarios to assess Venezuela“s potential for storing carbon, based on forest practices; and
V) identification of main barriers for options implementation.

II1.2.1 Baseline Scenario

The baseline for carbon dioxide emissions from land use change in Venezuela was developed
using several assumptions regarding i) carbon emissions from forest conversion and ii) carbon
sequestration and comservation in forest plantations and managed natural forest. The
assumptions mainly deals with rough estimates of the rate at which lands will be converted
from and to forest use. Estimates of carbon emissions and sequestration are based on the
IPCC/OECD methodology for national greenhouse gas emissions inventory.

Annual cleared area is assumed to drop between 30% and 40% towards 2025. as a result of
new policies implementation to control and reduce degradation of natural forests. On the other
hand, the country is going through an important economic crisis that might already be
affecting the process of land use change. Government subsidies for agriculmral activities
have been drastically reduced while high inflation rates have considerably increased the cost
of developing new agricultural lands and have produced an important reduction in wood
consumption and production. It has been assumed that these trends could produce an
additional 20% reduction in the base year’s deforested area.

Thus, annually cleared area in 1990-2025 period is expected to decrease steadily. From an
average of 517,000 ha/yr, deforestation in the country will drop to 232,000 ha/yr by 2025,
which implies a deforestation rate reduction of one third as compared to the 1990 s figure.
The total forest area of the country will then be reduced from an estimate of 51.8 millions
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ha in 1990 to 38.1 millions ha in 2022.

Carbon dioxide emissions from forest clearing (excluding those from disturred forest soils)
will then reach about 54,000 Gg by 2025, a significant reduction with respect = the base year
(84,790 Gg). Emissions do not decrease in the same proportion as deforestatica does because
average biomass density of cleared forests was estimated to increase from 215 tons of dry
matter per ha (t dm/ha) to 160 t dm/ha, based on the assumption that a great f-zction of forest
clearing will occur in areas less affected by human intervention.

Regarding carbon sequestration, the scenario assumes that apnually plant=d area will be
comparable to the average planted during 1970-90 period (20,000 ha/yr) wzile the area of
managed natural forest for sustainable wood production is estimated to doubl: the average of
the previous period, reaching about 14,000 ha/yr, as a resuit of ongoing goverament policies
to encourage the adoption of sustainable forest practices and improve har::sting control.
Based on these assumptions, annual carbon dioxide sequestration has been :stimated to be
11,000 Gg by 2025.

Net carbon dioxide emissions will then reach about 43,000 Gg, which reprzsents a decline
of approximately 45% with respect to the base year (79,260 Gg). In adiition to lower
deforestation rates, the increase of the forest managed area is responsible for -2duction of net
carbon dioxide emissions in this scenario.

II1.2.2 Carbon Storage in Forestry Projects

Two different forest projects, an industrial plantation (Uverito) and a manageZ protected area
(Ticoporo Reserve), are used here as case studies in order to extrapolate this i:cal experience.
to a broader context that includes carbon emissions reduction and seques—ation. Project
selection was based on the following main criteria: a) should be considered successfully or
with high implementation potential, b) applicable on larger scale in the coun=v, c) based on
sustainable forestry practices, and d) should cover a wide range of possible mitigation
options.

Carbon sequestration potential and associated costs were evaluated for both the Uverito
Plantations and the Ticoporo Reserve in order to assess the value of thzse projects as
mitigation options. This analysis is briefly summarized below [for details s== Bonduki and
Swisher, 1995]. The information and data used for developing the case studies were obtained
from the Corporacion Venezolana de Guayana [CVG, 1993] and the Verszuelan Forest
Service [Seforven, 1993]. The carbon stock accounting method is from [SwisZer, 1991]. The
costs and carbon storage results for each project type are summarized in Ta>le 17.

II1.2.3 Mitigation Scenarios

The results of carbon storage densities and associated costs of the case stucwes are used to
determine the amount of carbon that might be stored in the countr: through the
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implementation of similar forestry options under two different scenarios: a technical potential
scenario and a constrained scenario. In both cases, the following mitigation options are
included: forest protection, forest management in small areas, forest management in large
areas, small scale forest plantations, industrial plantations, and agroforestry systems.

The technical scenario is based on estimates of the amount of land technicaliy suitable for the
development of mitigation options, without considering socioeconomic, legal, and other
limitations. However, the potential land areas that could theoretically be fully allocated for
mitigation options development were adjusted in order to avoid overestimation of carbon
sequestration potential. Consequently, the results of this scenario might be considered a rather
conservative upper limit to the amount of potential carbon storage through the adoption of
proposed options. In this scenario, the mitigation analysis was carried out only for year
2025.

Estimates of available land for each mitigation options relied mainly on i) some studies that
have characterized potential land use of the country, based only on physical parameters
[MARNR, 1982, and 1991], and ii) on assumptions made on the amount of lands that could
be allocated for mitigation options development, based mainly on technical considerations.
For the options that deal with forest protection and management, potentially available areas
were also analyzed within the context of the baseline scenario in order to assess the amount
of forest that could be subject to sustainable management practices. Thus, the total amount
of land potentially available for mitigation options implementation has been estimated to be
about 19.7 million hectares while total carbon storage reaches 1,437 MtC (Table 18).
Based on the results of average unit mitigation costs from the two case studies, total
investment cost for this scenario has been estimated to be about US$ 13.7 billion.

The constrained scenario tries to provide a more realistic picture of the country s potential

to store carbon, since, as acknowledge in the literature, socioeconomic factors may limit the

actual availability of land for the purpose of storing carbon [Sathaye and Meyers, 1995]."
However, given the difficulties in assessing the influence of economic, institutional, legal,

demographic, and cultural factors on present and future land-use decisions. estimates of the

land area that could actually be allocated for each Initigation option was based mainly on

rough projections of a feasible development of the forestry sector in Venezuela by 2025.

Thus, the total land area in this scenario represents less than 50% (about 9 million ha) of the

total suitable land estimated in the technical scenario. Total carbon storage in this mitigation

scenario reaches 695 MtC by 2025 (Table 19). -

Based on the results of average unit mitigation costs from the two case studies, total
investment cost for this scenario has been estimated to be about US$ 5.7 billion.

II.3  Analysis of Mitigation Options Results

This general analysis of mitigation options in the forest sector shows that there is a
considerable potential in Venezuela for reducing CO2 emissions through the adoption of
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sustainable forest practices, especially by slowing the rate of forest loss and degradation.
Maintenance of already existing biomass in natural forests should then be the first priority of
forest measures to reduce the amount of carbon released to the atmosphere. More
importantly, forestry projects designed within the context of climate change issu€s basically
deal with deforestation, which is a significant environmental problem in Venezuela.

Based on the two case studies and the mitigation scenarios, forest protection and management
of native forest represent the two options with the highest carbon conservation potential and
the lJowest carbon unit cost. Expansion of the forest cover through the development of
intensive forest plantations also presents a high potential to offset carbon emissions in the
country.

IV. BARRIERS TO MITIGATION OPTIONS IMPLEMENTATION

In the energy sector, low energy prices represent the main barrier to any mitigation program.
In spite of the last energy price increase, oil products and natural gas prices are still below
the exportation FOB value and the marginal costs, respectively. Thus, energy still maintains
a low share of the users cost structure and does not incentivate investments in energy use
improvement programs.

Even with the future price increases assumed in the baseline scenario, other types of measures
will be needed to promote and encourage these programs since, in general, the users have
. other priorities and, in many cases, more attractive investments opportunities. Also, in most
cases, the users lack the knowledge on how to achieve a rational energy consumption and the
associated benefits. The measures should then be oriented at developing education and
training programs, energy auditing, adequate financial mechanisms, and equipment standars.

Another important limitation to mitigation strategies implementation is the lack of institutional
capacity and legal instruments for developing the mitigation measures. Venezuela lacks
adequate institutional arrangements to deal with energy demand management.

In the forest sector, stopping or drastically reducing deforestation, through the application of
effective measures to protect native forests, may appear to be a rather simple and high-impact
alternative for offsetting greenhouse gas emissions. However, the primary causes of forest
clearing in Venezuela are not related to forest activities and, consequently, the definition of
feasible mitigation options will depend upon a good understanding of other economic sectors
and how they account for land-use change. Land tenure, rural poverty, political interests, and
weak implementation of land-use planning instruments and environmental laws are considered
to be key limitations to any effort dealing with forest conservation efforts.

On the other hand, forest plantations might be considered more applicable in the longer run
due to the higher costs involved in the development of this type of project. Land tenure,
economic factors, and lack of incentives represent some of the most important barriers to the
development of forest plantation and agroforestry systems in the country.
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Community participation, local benefits, institutional capacity and competerw=z as well as the
involvement of non-government organizations are other relevant issues ==t need to be
addressed in an assessment of forestry projects for offsetting carbon emissicn: i Venezuela.
Given the social issues involved in the land-use change processes that hzv= characterized
Venezuela, a closer analysis of the main constraints and opportunities for the mplementation
of mitigation options will have to consider non-carbon benefits as the key c:o—ronent of such
initiatives.

Political decisions to implement mitigation programs and the allocation of fimz-cial resources
for programs promotion and development are other important factors for be= Ze energy and
forest sector since any mitigation initiative, regardless of the associated ec: -cmic benefits,
requires adequate financing and human resources for planning and implemeartion.
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