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A major policy initiative for the development of alternatives to expanded coal burning in China was the
GEF/UNDP/World Bank study entitled “Issues and Options for Greenhouse Gas Emissions Control n China".
This study has led to the identification of both prionty energy efficiency projects and needs for further work on
renewable energy development. As a follow-up to this study, the World Bank imittated, in July 1995, a one-
year study on renewable energy assessment in China, in cooperation with relevant Chinese ministries and
agencies. The China renewable energy study had two components:

Renewable technology applications for power generation: This component identified the most promising
renewable energy applications for on-gnd and off-grid electricity generation.

e Renewable technologies application for supplying heat: This component examined the possibility of
thermal applications for renewable energy to replace coal.

Carried out by the State Economic and Trade Commission (SETC) and the World Bank, this TA
project has identified priorities for power and heat-related renewable energy development in China. The study
includes: (a) assessments of the economic and fmancial viability of renewable energy for the two sectors, (b) a
review of mnstitutional and policy issues affecting their development; and (¢) an outline of priorities for
mvestment and technical assistance.

This present technical assistance proposal draws on the recommendations put forth in the World Bank
study on power-related renewable energy development in China and will closely complement the World
Bank's follow-up investments in renewable energy in China,. The SETC will be the lead Government agency
for both the technical assistance and the investment initiatives undertaken under this programme. Both this
UNDP/GEF techrucal assistance project and the complementary World Bank investment project, as well as
bilateral assistance, will be required to fully address barriers and cost issues under GEF Operational
Programme #6 “Promoting the Adoption of Renewable Energy by Removing Barriers and Reducing
Implementation Costs” and GEF Operatonal Programme #7 ‘“Reducing the Long-term Costs of Low
Greenhouse Gas Emitting Technologies™.

14 Barriers to the Greater Use of New and Renewable Energy in China

Despite their environmental and social benefits, renewable energy sources in China remain on the
margins of the energy sector. While national wind resource potential exceeds 250,000 megawatts (MW),
China had only 14 gnd-connected windfarm sites with a total installed capacity of 30 MW in 1993. At the
same time, there was no more than 3 MW of solar photovoltaic systems in use, 30 MW of installed geothermal
generating capacity and 7 MW of biomass-fueled systems in the country (see Table 2). Tremendous efforts
will be required to mtiate large-scale renewable energy actvities.

The rapid deployment of renewable energy in China faces more than its share of implementation
barriers. In fact, given the complex nature of China's mixed economy, the intended deployment of renewable
energy is doubly challenging: the normal barriers faced in the deployment of renewable energy are
complicated by the economic transition from centrally-planned to market solutions.

Under central planming, the Chinese approach to any form of technology development has been to
create manufact_uring and technological infrastructure as a prelude to the “"popularization" of a given
technology. This approach was used in the development of small hydro, which was developed through a
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combination of developing technology packages, staffing local offices 1o provide small hydro support, and
providing state credits to participating communities. Neither the Chinese Government nor local governments
have the resources to further support this approach to technology deployment.

The approach to technology deployment which is consistent with the current socialist market-oriented
economy would make use of similar activities, but in the reverse order: the first step would be the creation of
demand for the technologies and the services they provide--the second step would be the enhancement of
supplies to meet that demand. The successful experiences of every other country in the world has shown that
once the demand for a technology is created, meeting that demand through indigenized production 1s a
relatively natural second step. This approach has been used to accelerate the adoption of renewable energy in a
number of developed and developing economies. Financial incentives and government-assisted investrnent
programmes have been used to "kick-start” markets in most of the leading countries in renewable energy
deployment, including the United States, the United Kingdom, Denmark, Germany, India and the Netherlands.
A similar approach could also prove sucessful n China should the national market for renewable energy be
strengthened.

Studies and demonstration projects have shown that the current limited strength of China's market for
renewable energy is attributable to several barriers which will have to be overcome if the use of renewable
energy is to become technically, fiscally, and economically sustainable. Some of the most important of these
barners are listed below:

o Limited capacity to disserminate renewable energy Through Market Mechanisms: Although a number
- of policies which have played a significant role in opening markets in other countries to renewable
energy are being reviewed for possible adoption by China, .there is still a limited capacity for market-
based dissemination of renewable energy in China. This limitation is seen both in the lack of a market
onentation by renewable energy research mstitutions and n the limited familianty with renewable
energy technologies found among entrepreneurs, commercial institutions and investors.

Institutional fragmentation: In addition to three Government Commissions responsible for overseeing
renewable energy, there are many government agencies at different levels as well as several research
institutions and manufacturing organizations in China working on the development of renewable
energy projects. In the absence of a single institution to facilitate information exchange and promote
common policies and methodologies, renewable energy activities are often implemented in a
fragmented manner.

Lack of business skills: Few professionals familiar with the state of the art in several renewable energy
technologies have any more than a passing famuliarity with market finance, commercial enterprise
operation, and economic project appraisal. Those with the techmical skills have little understanding
about how to use those technical skills in a private sector setting. In part, this is due to the rapid
technological developments in these fields, and i part to the heritage of the centrally-planned
economy.

¢ Incomplete assessment of renewsble resources: The current understanding of the quantity and
distribution of renewable resources and the data collecting systemn for renewable resources assessment
is largely inadequate, particularly for data on wind regimes and solar insolation levels in much of the
country. This limited information poses a serious constraint to policy formulation and investment
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promotion. Where data do exist, they are often gathered by meteorological offices on an infrequent
basis at locations not necessarily suitable for wind or solar applications. However, siting wind or solar
facilities requires the availability of continuous data over several years in order to minimize the risk of
resource inavailability;

Lack of facilities for testing and certifying equipment, In many countries including China, early
enthusiasts who installed renewable energy faciliies found that the equipment did not live up to
expectations. The manufacturers of such equipment were usually small companies that were not
making use of the experience that had been gathered worldwide. As a result, there has been some
public skepticism about the viability of renewable energy systems. The low quality of the renewable
energy equipment and the resulting lack of consumer confidence in it has been shown to be an
important barrier to the adoption of renewable energy technologies in China,

High cost of renewable energy systems: Although they have generally low recurring costs, most
renewable energy systems have a high up-front cost. While some renewable energy sources can
provide energy at a cost which is competitive with conventional energy sources, others are still not
competitive. In part, this is due to the limited scope of renewable energy market activities in China
with the resulting absence of economues of scale in either production or distribution;,

Lack of suitable funding mechanisms: Individual households and small communites in remote
locations, who are most likely to benefit from the short-term gains of renewable energy, are frequently
unable to pay the up-front costs for such projects. A variety of funding mechamsms need to be tested
to determine which would be most appropriate under differing circumstances.

The prowvision of renewable energy on a large-scale will require a reduction in implementation costs,
achieved through technological advancement, efficiency gains, low-cost equipment manufacturing and the
capturing of scale economies. Financing requirements and efficiency concems dictate that development should
be undertaken through the market. Concerted action will also be necessary to develop market infrastructure,
improve information access, improve commercial capabilities in the renewable energy field, and put n place
efficient market-based incentives, where apprapriate. The scale of development needed to make a meaningful
contribution to the global environmental agenda will require time. But ambitious efforts are required now to
deepen and accelerate the renewable energy market development process. Given the nature of the challenge,
there is no time to wait for events to take care of themselves.

2 Project Strategy

This project represents an initial foray by the GEF into the field of renewable enerpy market
development for China. Tts goal is to initiate activities which will result in the removal of some of the above-
mentioned barriers to renewable energy deployment. It seeks to assist in creating a process wherein the above
barriers are removed and to build capacity for the market-based deployment of renewable energy. It aims to
create a virtuous cycle for renewable energy development through which an increased demand will lead to an
increased supply, a reduction m production costs and, consequently, a sustamed ncreased demand. The
praject will build capacity to promote renewable energy by operationalizing the recent policy recommendations
for renewable energy; strengthening a national institution to serve a clearinghouse function for the development
of renewable energy; training and facilitating information exchange on renewsble energy development;

strengthening the national renewable resource base; and facilitating the creation of standards and codes of
conduct for renewable energy technologies.
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As a complement to these national-level capacity development activites for rapid
commercialisation of renewable energy, the project will begin the process of removing barrers 10 the
dissemination of four promising renewable energy: namely (i) rural electrification by solar and wind
hybrids; (1i)) wind farm development; (iii) biogas production; and (iv) bagasse cogeneration. The
selection of technologies has been made m consultation with the Chinese authorities and collaboration
with the World Bank on the basis of recently undertaken assessments of market conditions and potential
for future GHG reductions.

Three of the four technologies selected represent renewable power applications for on-grid
generation of power. This emphasis reflects the better understanding from the expenence of other
countries of the market and policy conditions necessary for a rapid commercialisation of these
applications. They also pose the most significant potential reductions in GHG emissions. However, the
fourth technology-- solar and wind hybrids-- represents a relatively new undertaking into the provision of
electricity services to people living in areas where the electricity grnid is not accessible. While a number
of barriers remain in the widespread expansion of this technology to rural China, it has considerable
promise to meet the electricity needs at small and medium rural load conditions with little or no GHG
emissions.

Because China is the largest country in the world, the scale of assistance required to move toward full
commercialization of renewable energy is immense. This magnitude has two implications. First, this ptoject
proposed for funding by GEF through UNDP will be used to catalyze as much additional donor support for

- renewable energy activities in China as is possible. Even 50, there will remain a great deal of work to be done
in this country and in this sector. Second, it would be unrealistic to expect one small technical assistance
project to be able to remove all of the binding constraints to renewable energy commercialization in China
Some barriers will remain, and others will become apparent as these recognized barriers are removed. There
will be a need for further investment and technical assistance if all of the bamers to renewable energy
deployment through the market mechanism are to be removed. Therefore, rather than viewing this project as
the final piece of technical assistance for renewable energy in China, it would be both more constructive and
more realistic to view it as an important first step for the international community to help China down the road
to sustamable development through the deployment of renewable energy.

3. Project Objectives
31 Global Environmental and Development Objectives

The global environmental objective of the project is to reduce CO; emissions by beginning the
process of replacing fossil fuels with the use of renewable energy sources. The development objective is to
promote the widespread adoption of renewable energy sources in China by removing the barriers to increased
market penetration. Initial estimates anticipate a potential of up to 10 million tons of CO, emissions avoided

per year. Thus figure, however, depends upon the success of the project in stimulating further replication of the
technologies.
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3.2 Objectives

In order to realize the global environmental and development objectives, the two following objectives
must be achieved:

1.  To develop the national capacity for the rapid commercialization of renewable energy in China by:
(1) developng an overall market-based policy framework for renewable energy deployment; (i) training
a core group of key policy decision-makers and sector professionals; (iii) strengthening the center for
renewable energy development; (iv) assessing renewable enerpy resource potential for follow-up
investments; and (v) establishing standard specifications and codes of practices for the most promising
renewable energy technologies.

2. To begin removing barriers to the widespread dissemination of promising altemative energy
technologies: namely (i) rural electrification by solar and wind hybrids; (ii) wind farm development, (in)
biogas production; and (iv) bagasse cogeneration.

4. Project Description

4.1 Objective 1: To develop national capacity for the rapid commercialization of renewable energy
systems in China

The activities included under this objective are expected to overcome barriers to the market-based
expansion of renewable energy in China These elements are intended to strengthen the ability of the Chinese
Government to implement identified policies, to strengthen the national institution charged with facilitating
renewable energy development, to build up a body of skilled professionals, to develop a system of national
standards to increase the quality of locally-produced renewable energy technologies; and to improve the
information base necessary for renewable energy investments. These activities focus on the removal of
barriers which are endemic to all renewable energy interventions, as opposed to those activities under
Objective 2, which are specific to a particular technology. A detailed description of each of these actwvities is
given in Annex L.

Activity 1.1: Operationalizing market-oriented renewable energy dissernination.

In recent years, a number of mnovative technical assistance activities have been undertaken recently in
the renewable energy sector in China Currently, the assistance of UNDP is requested to see that these
activities get operationalized with a minimal delay. UNDP’s initiative will review all recent recommendations
and organize a serious of information and training workshops to provide a forum in which these proposed
policies can be reviewed by a wider audience. The activities to be considered in this activity are the factors
determining the market penetration of renewables, impacts and determinants of foreign investment in China,
the formulation of pro forma power purchase agreements for renewable energy supplies, and the information
needs to make the policies a reality. Care will be taken to coordinate closely with initiatives sponsored by the
World Bank, the Asian Development Bank, other donor agencies and relevant Chinese initiatives.
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Activity 1.2 : Strengthen an existing institution to serve as a major renewable energy
center

The center's role is envisioned not as a research institution but rather as a clearinghouse for renewable
energy information, technologies, developing tramning and facilitaion programs of different types. The
proposed center is not meant to centralize all work related to renewable energy, but rather facilitate the work of
existing institutions in this field and draw on their expertise to address the challenges China faces
accelerating the use of renewable energy. It will also serve as a broker for informanon for individuals,
organuzations, and comparnes both inside and outside of China

Activity 1.3: Train policy makers, renewable energy professionals and businessmen in
market-based renewable energy development.

The success of China’s renewable energy program will be determined to a large extent by the
availability of an adequate number of well trained professionals familiar with the development of market-based
renewable energy options. This will be achieved by a vaniety of means, including longer courses, study tours,
semninars, and workshops bringing in foreign experts, entrepreneurs, consultants, and potential joint vernture
partners to explain how renewable energy businesses have worked in other countries.

Activity 1.4: Development of National Capacity to Assess Renewable Energy Resource
Potential in China.

- Accurate and reliable resource data and information are necessary to develop long term
strategies and to implement successful renewable energy projects. However, the current data
collection system for China relies almost exclusively on existing weather stations. The locations of
most of these stations and the type of measurement systems used in these stations is inadequate for
assessing the resources at the best wind and solar regimes in China. Investments cannot procede ahead
without a better assessment of wind speeds and solar resources. This project will build capacity m
techniques for assessing the geographic and temporal distribution of resources in the absence of
adequate ground-based data currently being collected in China, and for validating the resource at
candidate sites where renewable emergy applications appear feasible. Information collected on
renewable energy resources will be incorporated into a Geographic Information System database,
which can also be used to display other relevant information, such as the location of transmission and
distribution lines, existing generating facilities, roads, land use, and population centers, to assist in the
site selectiodn and evaluation process.

Activity 1.5 : Development of standards, codes of practice and certification procedures for
the renewable cnergy industry.

As part of this activity, standards will be developed for the various renewable enerpy technologies,
using both mtemational practices and local experience. These standards and codes of practice will be
developed on the basis of a participatory process incorporating inputs from national, regional and local industry
associations. These will be designed to ensure reliable renewable energy system operation in accordance with
high quality design cnteria and will be utilized to lead to the overall improvement in the quality of the
renewable energy equipment available in the Chinese market. Procedures will be developed to certify the
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quality of manufactured products as a positive incentive for both producers and a positive signal for
consumers. The Government will select appropriate institutions to serve as certification centers. Product
testing will be undertaken at existing qualified test facilities for which retrofitting or upgrading of facilities will
be required, and additional resources will be required for the certification laboratories. The installation and
performance of renewable energy technology systems will be certified based on field testing when appropriate.

4.2 Objective 2: To remove barriers specific to four promising rencwable energy technologies.

Earlier studies have examined the economic and financial wiability of vanous renewable energy
technologies as well as their investment potential. However, before moving to large-scale implementation of
the mmvestment projects, several technology-specific barriers to the widespread adoption of these projects
through market channels needs to be addressed. Four promising technologies are selected for inclusion mn this
project, and the nature of the activities to achieve the objective are described below. In accordance with the
project strategy, the objective will be the development of both a policy environment and technology packages
that are cost-competitive with conventional technologies and can be sustaned through market activity.

Activity 2.1: Removing Barriers to Electrification through Solar and Wind Hybrid
Systems

It is estimated that nearly 200 million Chinese do not have access to the electricity gnd. Many of those
that do have access to the gnd cannot obtain electricity from that grid due to power shortages. Hybrid
o technologies making use of solar, wind, and in some cases, diesel generators hold the potential to help
provide power to this large group of people. While estimates of the potential for electricity generation
through hybrid technology cannot be calculated accurately, it is clear that they will provide a key element in
meeting the electricity needs of China’s rural population over the long term. The hybnd power technology
component builds on exsting Chinese expertise to establish the in-country capacity to bring high-quality
reliable renewable energy-based hybnd power technologies to the Chinese market for off-grid electricity
services, This project activity will expand local capacity to facilitate hybnd power technology
commercialization through four field tests, designed to the technical, economic, and socio-cultural
effectiveness of this technology under typical market conditions. For residential applications, small-scale
PV/wind/battery/inverter units will be installed in approximately 200 homes i a pilot region. Three hybrid
power systems with different size specifications (PV/wind/diesel combinations) will be installed in three
adjacent communrties where they can be served by a single local operatons and maintenance center.
Consideration will be given to re-powering three of the village-scale decentralized grids where, due to
logisitcal problems, generation is rarely undertaken,

The capacity-building portion of this project will support international workshops, meetings, and tours of
commercial manufacturing facilities and hybrid power mstallations. It will assist the Chinese in improving
the designs of their hybrid systems and establishing international collaboration which will result in the local
production of high quality hybrid power components and systems.
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Activity 2.2 : Removing Barriers to Wind Farm Development

While the defimtion of optional sites for windfarms is still rudimentary, it is estimated that
windfarm development has a short-term potental of 1000 MW and a long term potential of up to two
hundred fifty times this amount. The barriers to realizing this potential are: (i) A lack of experience on
windfarm performance and electric grid intercation parameters; (i) The limited demonstration of the
financial and economic wiability of wind farms in China; (lit) An inadequate policy environment for
mvestment in wind farms, notably the lack of a standard independent power purchase agreement (PPA)
and supporting regulatory framework; (1v) the cost of advanced wind-farm components in China; and (v)
the limited availability of wind resource data suitable for wind farm project 1dentification.

This project is designed to begin removing these barriers by: (i) helping Chinese evaluate the
international best practices in the areas site selection, planning, O&M and electricity utility grid
integration as well as the manufacture of wind turbine equipment; (ii) developing the capacity for wind
farm site identification, screening and characterization; (i) conducting pre-feasibility assessments for
several of the leading sites building on the wind resource data collected under 1.4 to bring down the
cost of commussioning wind-farms; and (iv) identifying optimal power-sector development plans
which will enable the Chinese electne grids to incorporate an intermittent power source like wind.

Activity 2.3: Removal of Barriers to Large-Scale Anaerobic Biogas Production

Current estimates place the fraction of liquid organic waste from agncultural and industrial process that
— are processed in anaerobic digestors at less than 10% of the potential. If all of this waste from medium to
large pig farms were captured, this would result in the capture of roughly 600 Mm3 per year of methane,
enough to fuel roughly 100 MW of power. If the distilleries and other industrial entities processed their
wastes in biogas digestors, this would account for another 900 Mm3 of methane annually--approximately
another 150 MW. Despite China’s positive experience with small-scale biogas, its utthzation of larger-:
scale biogas digestors in the agricultural and industrial sectors is quite limited, attnibutable to the existence
of a number of barriers to development. The major barriers at the project level preventing anaerobic
digestion applications from reaching economic and financial viability are a complex mix of technical, policy
and financial issues include; (1) lack of standardization of the design and construction of large-scale
anaerobic digestion systems; (i) inappropnate separation, control and handling equipment; (iif) limited
application of knowledge gained from the operation of existing plants n the design of future plants and
poor acquamntance with international best practices; (iv) low financial retumns for small-size biogas systems;
and (v) policies creating few, if any, incentives to increase biogas production.

The project is expected to remove these barriers by:

Developing a biogas strategy to address the need for large scale community sized biogas digesters:
This will involve a survey of the market potential and a plan of action to meet the market demand in the
short and medium terms.
e  Designing typical large size biogas plants which will serve as demonstration projects for the widespread
dissemination of biogas technology: Demonstration units will vary among specific feedstocks, but will
incorporate pig farm waste, distillery waste, and other feedstocks. The objective will be the
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development of standardized biogas plants that are cost-competitive, are inexpensive to design, and are
sustainable through market activity.

e Building several biogas digestion plants and monitoring their performance: This will require techmical
assistance to improve local practices in the areas of waste handling, separation, and process control. An
attempt will be made to bring international best practice to the attention of the Chinese participants.
Promusing new technology which obtains a higher yield per unit of input has been developed n
Germany using an enameled steel anaerobic digestion chamber. The wiability of this method will be
studied as a contrast to experience with the traditional masonry construction method.

e Disseminating results of biogas demonstration: The performance of the pilot systems will be reviewed
with an eye toward both the standardizaton of the designs for easy implementation and the
dissemination of further information to interested farmers, communities and local governments
through seminars, workshops and public meetings.

Activity 2.4: Removal of Barriers to Bagasse Cogeneration

The production of cane sugar is a major economic activity in China. While 7 provinces are involved in
sugar production, the majority of the cane sugar production is focused in the three (3) provinces of Guangxi,
Guandong, and Yunnan. There is a major sugar industry expansion program underway 10 increase sugar
production to 10 million tons per year from 650,000 hectares of cane by the year 2000, up from the 6.2 million
tons produced in the 1994/95 crop year from about 420,000 hectares of cane. Although the estimates are
fraught with complications, one estimate of the total natienal surplus power gross potential from the sugar
industry has been placed at between 688 MW and 870 MW, Using new higher pressure and temperature
equipment, the expected investment requirements in the higher efficiency systems can be estimated to be Yuan
6,640. per kW installed (U.S.$800. per kW installed).

The objective of this activity is to provide the technical assistance needed by the Chinese sugar
industry to overcome specified techmcal barrers which wil] enable them to develop a surplus power program
for the entire sugar industry based on substantially increasing the cogeneration efficiency of the sugar mills,
with the efficiency gain directed to producing electricity for export to the grid. These barriers involve (I) the
lack of a power purchase agreement; (ii) limited familiarity with the higher pressure boiler design; (in) a lack of
financial and engineering capabilities; and (1v) a lack (perceived or real) or capital to support such projects.
This project activity is explicitly designed to overcome these barmers by assessing the market potential,
optimizing the sugar industry for both increased production of sugar and increased power generation,
designing a demonstration plant using increasingly high pressures facilities that will result m significant co-
generation, obtaimng the capital to build the demonstration plant, and constructing and supervising the
constnuction of that plant.

s, Rationale for GEF Financing

This project is designed to accelerate the commercialization of renewable energy in China, thereby
reducing GHG emussions from China's energy sector. It has been designed as a technical assistance project to
begin the process of removing specific, tarpeted barriers to the dissemination and commercialization of
renewable energy. It has been prepared to be fully consistent with GEF Operational Programme 6:
Promoting the Adoption of Renewable Energy by Removing Barriers amd Reducing Implementation
Costs.
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Following the United Nations Conference on Environment and Development (UNCED) in 1992,
China affirmed its commutment to the development of renewable energy in “Ten Policies For Sustainable
Development”, China's Agenda 21 White Paper on China's Population, Environment, and Developtment in the
21st Century. China also completed the report on Issues and Options in Greenhouse Gas Emissions Control
supported by GEF and formulated the China Environmental Acton Plan supported by the World Bank. These
documents support the importance of renewable energy technologies increasing energy supply and reducing
CO2 ermussions in China. Renewable energy use also provides to improve living standards and contribute to
sustainable social development. Current policies aiming to maintain the rapid rate of economic growth are
likely to keep China on a traditional development path with high coal consumption well into the next century,
thereby 1gnoring the massive renewable energy potential in the country.

The proposed project is designed bearing in mind that this is a period of rapid economic
transformation in China. It considers that strategic changes introduced into China's energy supply scenario now
can have significant long-term impacts on both the local and the global environment, if the market
commercialization process is strengthened. Therefore, the project has been designed to accelerate thus
commercialization process. Current electricity supply in China is approximately 180 GW and is expected to
double within 20 years. Even if a mere 5-10% of this amount could consist of renewable energy supplies
thanks, in part, to the early implementation of thus project, GHG emissions could be significantly reduced.

In order t0 achieve the greatest potential in the area of renewable energy technologies, China requires
both capital and technical assistance to improve its current production capabilities. As mentioned previously,
~ the enormity of the task requires a concerted effort on the part of all donors to give renewable energy
development in China a push toward market-based commercialization. This project is intended to form a
catalytic part of the push. However, by itself, it will not be sufficient. Clearly, more assistance will be required
to reduce implementation costs, remove additional barriers which may emerge, and to give renewable energy
in China the type of attention it merits given the nature of the global environtmental challenge.

6. Sustainability and Participation

The proposed project will be undertaken during a period of significant economic and regulatory
reform in China  Sustainability of project initiatives will to some degree depend on the Govermment’s
continued cormmitment to such reforms, and the degree of private sector involvement. Demonstration of the
technologies and applications as wel] as information dissemination are key elements of the proposed activities.

The participation of NGOs and local communities in workshops and seminars will be essential to their
SUCCESS.

The implementation of the project will strengthen the political chmate for renewable energy
development; in particular, the project will increase awareness among policy makers of the importance of
renewable energy supply and environmental protection. There is a need for increased funding of the renewable
energy sector if any headway into the rapid deployment of conventional power sources will be required..
Appropnate government policy will create an enabling environment in which both domestic and foreign
financial resources can contribute to the successful commercialization of renewable technologies. Relevant
policy issues that will be addressed include: pricing, taxation and standards for renewable energy technologies.
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Under typical conditions, the four technologies targeted for attention under Objective 2 of this project
are nearly commercially competitive at the moment. With the support of this project, the World Bank’s
complementary investment project, and additional bilateral projects, it is possible that all of them could
represent profitable avenues for future investment. On the basis of careful economic and technical analysis,
hybrid systems-- both household-scale and community-scale-- may represent least-cost options for rural
electncification in remote areas with adequate wind and solar resources. Wind-farms are not now
commercially competitive with fossil-fuel generation of electnicity. However, the activities proposed in this
project will push them toward greater competitiveness by reducing implementation costs. With small techmcal
improvements, livestock farms with more than 10,000 pigs can become competitive as a source of electricity,
in addition to obtaining substantial local benefits for waste processmg. Elsewhere in the world, bagasse-based
cogeneration is an important part of the sugar industry, Once the activities under this project are completed,
the door should be opened for more substantial nvestments in bagasse-based cogeneration to begin to
generated power from excess steam on a profitable basis.

7. Institutional Arrangements for Implementation

The State Economic and Trade Commission (SETC) will be the Chinese implementing organization
responsible for monitoring and guiding the overall implementation of the project, It is important that the
institutional arrangement be well-defined and compatible with the project’s overall poals, since a number of
project components will be conducted in different locations by different actors. The project will be UN
executed In order to facilitate programme coordination, dissemination of project findings and policy
development, a Programme Steering Commuttee will be established. The Commuttee will consist of
Tepresentatives at a deputy-director level of key ministries for renewable energy dissemination. To ensure that
that it remamns manageable, the Steering Commuttee will be opened to only four or five key mimstnes. A
comprehensive consultation process will be conducted 1o select the participating agencies and identify the most
suitable chairperson. The membership and operational structure of existing inter-agency energy and
environment coordination groups will be reviewed to assist in this selection.

The Steering Committee will meet at least once a year, with the first meeting to take place
immediately following the project inception meeting. The Steering Committee will be responsible for. (I)
advising beneficiary agencies regarding inter-project coordination and national dissemination of reports and
findings; (1) mobilizing mputs from all concerned munistries to support project activities; and (iii) providing
guidance for policy 1ssues for rapid commercialization of renewable energy.

A Project Management Office (PMO) will be established to act as a secretariat to the Steering
Commiuttee and a technical resource center for the different project components. It will closely liaise with the
executing and implementing agency in the momtoring of the technmical progress of each programme
component. It will regularly report to all co-financing agencies. It will be headed by a full-time National
Programme Director (NPD). The NPD will be assisted by a full-time international adviser and a
multidisciplinary team of national and mtemational consultants.

8. Project Financing, Budget and Work Schedule

The preliminary project budpet is for US$ 27.0 million, of which USS$ 8.802. million is requested from
the GEF. The budgets for the individual components are given in the following table in US dollars. The
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amounts in the first column represent the commitments of the Government of the People’s Republic of China
to provide funds in the indicated categories. The second column represents estimates based on discussions
with beneficiary enterprises and households; the third contains information from bilateral donors or other
funding organizations. The fourth column provides the budget requests from UNDP and the fifth contains
those requested from GEF, representing incremental costs in the individual categories. The detailed calculation
of Incremental cost is in the Annexes.

Should it prove impossible to mobilize the totality of the US$ 14.23 million expected from enterprises,
household and bilateral aid agencies, the Government of China will cover any inadvertant shortfalls in order to
preserve the financial soundness of the project. For example, for activity 1.2, the beneficiary center is expected
to provide US$ 250,000 to complement Govermnment and GEF financing. The Government implementing
agency will have the responsibility to ensure that the selected center be in a position to mobilize the requested
funds and that the totality of activities can be implemented in accordance with the agreed budget.

The project is envisaged as a four-year project. The draft timeline or Gant chart for all project
activities are presented followmng the budget tables.

9, STAP Technical Review

The STAP technical review (attached as an annex) considered the proposal to be “excellent and
technically sound”. The corrections raised by the reviewer have all been made. The reviewer also
raised a question about the above paragraphs regarding the Chinese contribution. In response to this
question, UNDP has clanfied the position of the the Chinese government on this contribution. Their
position 1s that the State Economic and Trade Commission (SETC) has committed itself to meet any
budget shortfall which might be encountered from either local or bilateral funding sources.

14



212 986 6998

-DEC. -23" 96 (MON) 18:20  GEF/UNDP TEL:212 906 6998

Amnex 1:

Annex 2:

Annex 3:

Annex 4:

Annex §:

LIST OF ANNEX MATERIAL

Incremental Costs and Project Activities: Objective 1
Incremental Costs and Project Activities: Objective 2
Budget and Timeline

STAP Technical Review

Government of China Endorsement Letter

P.017



212 Sv6 6958

~DEC. -23" 96 (MON) 18:20  GEF/UNDP TEL:212 906 6998 P.018

ANNEX T INCREMENTAL COSTS AND PROJECT ACTIVITIES:
OBJECTIVE 1

Objective 1: To Develop National Capacity for the Rapid Commercialization of
Renewable Encrgy Systems in China

The activities to be undertaken under Objective 1 are applicable to the development of the
renewable energy sector in China. They are targeted at spccific barriers to the rapid
commercialization of renewablc cnergy. As these barricrs and the activitics to remove them are
generic to the renewable energy programme of China taken as a whole, the incremental cost
discussion views the activitics 10 be undertaken as a unit. Following a brief discussion of the
incremental costs of these activities, the details of the activities to remove the identified barricrs are
discussed in greater detail.

1.1 Broad Development Goal:

The devclopment goal being pursued by the Chinese government is the provision or supply of
sufficient clectricity and energy to meet national development needs at the lowest possible cost.
Withour any intervention, mecting this goal will requirc increased use of domcestic coal for power
generation and direct consumption.

1.2 Basecline:

In order to meet its dcvelopment goal, the Chincse government has an ambitious power
development plan, which will result in an mcrease of 5.7% per annum in ¢oal use in the power
sector between 1990 and 2020, Overall, coal use is expected to triple by the year 2020.

The Chinese government counterpart contribution of US$2.1 million and the contribution of other
Chinese institutions of US$0.75m are considered as baseline expenditures for this project. In the
absence of this project, the Chinese contribution will likely be spent anyway. However, it is not
altogether clear that the funds will be devoted to the activities proposed in this project. It is likely
that some renewable energy activitics will be supported, but they will be undertaken in a less
comprehensive and systematic manncr.

Although China has adoptcd a renewable energy policy to supplement its coal-based growth path,
without further assistance, that policy is unlikely to achieve its stated goals. While the policy
cstablishes targets for the use of spccified renewable energy sources, many of the preconditions
necessary for the rapid dissemination of these energy resourccs are not met. Support for rencwable
energy development has been complicated by the economic liberalization and reform process which
is currently undcrway. The creation of a supportive policy environment and the establishment of
the pre-conditions for rapid commercialization of rcncwable energy as contained in this proposal
are essential if the stated poals and targets for renewable energy are to be mct.

1.3 Global Environmental Objectives:

The global environmenta! objective being pursued through this project is the provision of increased
quantitics of cnergy from renewable sources. Increasingly, this energy will have to be produced in
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response to market incentives and market mcchanisms, which means that a great deal of technical
assistance is required to commercialize the production of energy from renewable sources. The
activities proposed in this project are consistent with GEF Opcrational Programme 6: Promoting
the Adoption of Renewable Energy and Reducing Implementation Costs.

1.4 GEF Project Activities

In order to achicve this global environmental objective, 2 number of barriers found in the energy
sector in China must be overcome. These barriers include a policy environment which has only
recently been open to private investment; shortages of personnel familiar with renewable energy
production in a market environment; institutions which focus on technical rcsearch in the context
of a statc-run economy but have no relation to commereial undertakings; a limited information
base for locating and building rencwable energy facilitics; and Jow quality of some renewable
energy tcchnologies which results in hmited consumer confidence. In order to overcome these
barriers, a great deal of work must be undertaken to improve the policy environment, increase
human resource potential, strengthen institutions, cnsure high quality of rencwable energy
equipment produced in China and build consumcr confidence in renewablc cnergy supplies.

The discussion bclow summarizes the activities to be undertaken to remove barriers to the
increased commcrcialization of renewable cnergy in China.

Activity 1.1: Removal of Policy Barriers to Renewable Encrgy Development

-~ China’s overall energy policy appears broadly favorable to renewable energy development, but to
date, steps taken to operationalize this policy have been weak and have received little attention
outsidc the circle of renewable encrgy experts, Although some small support is needed 1o provide
morc consistent information for the suggested policies, much information already exists. What is
needed is a pragmatic approach on how to implement thesc policies to make widespread usc of
renewable energy in China a reality.

Two tasks are proposed under this activity. The first focuses on operationalizing the adopted
recent recommendations on market-based rencwable energy development made from the various
activitics. The second will focus on internalizing the external costs of energy production and use.

Tasks 1.1.1 Operationalizing Market-Oriented Policies for Renewable Energy Dissemination: A
number of innovative technical asistance activities have been undertaken recently in the rencwable
energy scctor in China. However, in the absence of follow-up support, there is a dangcr that these
studies and recommendations will remain only in the heads and bookshelves of the particpants.

This activity, to be undertaken with the support of UNDP, will assess all of the recent work
undcrtaken on renewable energy pricing, investment policy, and financial and economic incentives.
It will identify potential gaps and provide support 1o address them, It will then organize a scrics of
information and training workshops 1o provide a forum to discuss thc proposed in centives for
renewable energy policy with local decision-makers and potential entrepreneurs and identify urgent
stpes to be taken to enable as rapid an implementation of these policies as possible.

Task 1.1.2 Internalizing the External Costs of Energy Production and Use: This task will
draw upon the previous and ongoing research intended to cstimate the externalities and
environmental damages caused by energy production and use in China, to focus particularly on
issues relating to the internalization of these costs via some form of carbon tax. Most of the work
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undertaken in this activity will focus on environmental damages that arc local or regional in nature,
such as SOx, NOx and particulates. Reccntly, an interdisciplinary rcsearch programme has been
initiated by Harvard University and Chinese experts in the rcsource economics of encrgy
production and use. The UNDP/GEF projcct will rely upon the leadcrship of this other project in
the area of the internalization of external costs of renewable energy. GEF support is requested for
coordinating project activitics with the portion of the Chinese/Harvard activity that will examine
CO2 damage functions and its implications for carbon taxation, subsidies, and carbon trading.

Activity 1.2: Strengthening the Center for Renewable Energy Development

The Center for Rencwable Energy Development (CRED) was established by the State Planning
Commission under the auspices of the Energy Research Institute in early 1996. Its task is to
facilitate the accclerated commercialization of renewable encrgy. CRED is presently supported by
the Government, but the Center is expected eventually to become financially independcnt. The
cstablishment of CRED and the level of the baseline support provided by the Chinese government
rcpresents a significant commitment promoting the widcspread adoption of renewablc energy
through market channels. This UNDP/GEF project is intended to strengthen the Center by
providing the funding essential to conduct activities that would otherwisc not be carried out, but
which are essential to the removal of barriers to renewable encrgy commercialization in China. As
thc CRED will play an important role in the implementation of this project, it is important that it
also have the capacity for project supervision and technical and financial management. CRED will
also serve as an information center and c¢lcaringhouse for renewable energy investments, and will
be rcsponsible for organizing workshops and training under Activity 1.3. [t will provide free
access to information on technology and resourcc endowments. As it is intended to become
financially indepcndent, one of its income-generating tasks will be the provision of scrvices for the
planning of rural electricity to communities and areas not connceted to the grid. This activity is
designed to help CRED achicve these goals.

Task 1.2.1 Training CRED Staff in Project Management: CRED staff will be responsible for
undertaking analyses leading to the development of projects. They will also be responsible for the
supervision of this and other projects. Thercfore, there is a necd for CRED staff to be trained i
modem cost-benefit analysis as well as project management and supervision practiccs. This task
will include two separate, but inter-related training activities for CRED staff. The first will be a
training course focusing on financial and cconomic analysis of renewable encrgy projects and
options for junior analysts from CRED, thc Energy Research Institute (ERI), and other institutions
in the energy sector. The second activity will provide the CRED staff members, who are expected
to serve as individual task managers for this and othcr projects, with training in project
management, accounting and reporting. Thc aim of this latter activity i1s to provide thc managerial
and accounting skills needed to track and manage renewable cnergy projects.

Task 12.2 Strengthening CRED’s Information Management and Documentation
Capabilities: As the Center will play a critical role in facilitating the commercialization of
renewable encrgy activities and investments, it is inportant that it has a strong information center.
This is intcnded both to provide actors within China as well as those from outside of China with
free access to information. Tt will accumulate documcentation about renewable cnergy technologies
and projects from around the world, in both traditional and electronic form, including CD-ROM, as
well as vidcotapes. It will also havc acrive internet capabilitics and eventually establish a CRED
Home Page on the World Wide Web. The manager of the Information Center will visit several
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major renewable energy information centers in other countries. This will provide essential knowl-
edge of available renewable energy information and data resources, and on-line information
available via the WWW and from specialized information centers. The CRED Information Center
will cstablish operational links with a few key rencwable energy centers such as Riso National
Laboratory (Denmark), CASE (Western Australia), and NREL (United States), to leverage their
formation resourccs.

GEF support will provide ongoing access to international renewable energy journals via
subscriptions and purchase of rceent back issues, and permit the Center to establish a solid core
library of reference books and materials in other media (CD-ROM, videotapc). The Center will
also maintain a current library of software tools (data bases, technical performance simulation
modcls, financial and economic analysis models, etc.) for use by CRED staff. A renewable energy
information specialist from an international renewable cnergy center will be retained to work with
CRED in the design and launching of the Information Center.

As a key institution in the commercialization of rcncwable energy. CRED will also play an
important role in documenting successful applications of renewable energy in China. It will also
provide information on rcnewable energy invesrment opportunities for potential investors both
inside and outsidc China. This role is particularly important when viewcd in the context of the
activities under Objective 2, but also in other technology areas in which this project is not active.
CRED will activcly post information on its WWW site. The ability to produce high quality
newsletters and other publications in both Chinese and other languages, and publicity, including
video materials, for successful renewable energy opportunitics in China will help eliminatc a major

= mformation barrier that is luindering the promotion of renewable energy in China.

Task 1.2.3 Capacity Building for Planning Services for the Provision af Electricity to
Communities Not Connected to the Electricity Grid: A significant barrier to the widespread
provision of rencwable energy-based electricity scrvices to off-grid communitics is the lack in
China of a systematic methodology for idcntification, design, and implemcntation of rural
electricity service projects and enterprises. Scrccening and planning tools are required to assess the
community energy needs and priorities, to c¢valuate the technical and financial opportunities to
provide electricity services, and to design the projects to supply these scrvices. Drawing on
cxperience elsewhere, a methodology will be developed to identify communities suitable for
renewable energy based electricity scrvices. This methodology will serve as the basis for the
rational planning of rural clectrification throughout China. CRED will be able to utilize this
methodology to help provincial authorities throughout China plan the provision of electricity to
rural areas.

For communitics with low energy needs, limited willingness and/or ability to pay for energy
services, and scattcred homes and community facilities, the least-cost options will be household-
scale PV systems (solar home systems), wind electric systems, and PV/wind hybrid units. These
may be purchased (outright or on credit), or leascd by houscholds, or a local energy services
company owning the equipment would install the systems and bill for their usc on a flat monthly
fce basis that reflected the cost and energy supply capacity of the equipment and its maintenance.
Larger and more wealthy off-grid communitics will be technically and financially suitable for the
use of renewable energy-based hybrid powcr systems, ranging from ca. 10 kWe to 100 kWe.
Other renewable energy options such as microhydro or biomass-based power generation may also
be options. The least-cost preferred option or mix of options (such as a hybrid system for the
“core” of a village, and small PV/wind/battery units for distributed applications) will depend on the
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solar and wind resources, the physical and topological characteristics of the expected electricity
loads. the mix of productive and consumptivc uscs of electricity, and the willingness and ability of
the community to pay for clectncity services.

The methodology will combine field surveys with the use of technical, economic, and financial
analysis tools (software and data bases), and will involve the use of computerized geographic
information systems, databases, global positioning systcms, and participatory evaluation
techniques and fora. This activity will develop the tools for this analysis and field test them for the
provision of clectricity services to rural communities under Activity 2.1. Key elements of the
methodology are shown in the box below.

Project Preparation
Selection of pilot repions
Identification and selection of candidate communitics
Preparation of rural socio/cconomic and cnergy survey instrument

Surveying and Mapping of Candidate Villages
Socio/economic survey of utility- and privately-electrified villages (baseline)
Socio/economic surveys, including participatory assessment
Physical survey (GIS technology) and mapping (GPS technology)

Analysis and Assessment
Encrgy demand and load profile calculations
Assessment of renewable energy resources
Power system selection (configuration, sizing)
Power system capital and operating cost assessment
Power system perforinance projections
Design and costing of the low-voltage AC power distribution systcm
Project/business economic and financial analysis
Participatory review and appraisal

Project Design and Packaging
Feasibility study report
Project proposal (technical/economic/financing)
Strategic business plan (if relevant)

—

Activity 1.3: Training and Information Exchange

Two of the barriers to renewable energy commercialization in China are the lack of information
about investment opportunities and the limited numbers of individuals with cxpericnec relevant to a
commercial market approach to renewable energy development. This activity has been designed to
overcome these barriers through two tasks.  Although the activity will involve individuals from a
large number of organizations, enterprises, and agencies, its implementation will be managed by
the CRED.
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Task 1.3.1 International Utility Internship Programme: There are few Chincsce professionals
who are famliar with rcnewable energy technologies and also with project identification,
devclopment, negotiation, and contracting in a fres-market environment with independent power
producers (IPPs). Under this activity, ten Chinese professionals selected from several different
agencies will be placed for intemships of up to six months duration with agencics involved with
mdependent power generation, negotiation, and management. UNDP will usc 1ts collaborative
arrangements with the E-7 coalition of OECD electric utility companies to place these mdividuals
in worthwhile internships and to supervise their experiences. The aim would be 10 select either
utilities actively involved in purchasing power from indcpendent gencrators or IPP’s working with
renewable energy gencration to providc the Chinese with experience relevant to renewable
electricity provision through independent gencrators.

Following these internships, the CRED will organize a series of workshops to be held in various
parts of thc country to cnable the returning interns to present summaries of their experiences to a
wider Chinesc audicnec.  Past experience with internships and training workshops has shown that
workshops of this kind not only helps inform a wider audience of the findings of the intemns, but
also forces the intcrns 1o consolidate their thoughts in a systematic way. Some help from
sponsoring organizations may be necded to enable everyone involved to achieve the greatest
possible benefit from this activity.

Task 1.3.2 Training in Business Financing, Establishment, and Operation for Renewable
Energy Entrepreneurs: Achieving China’s ambitious goals for renewable energy policy under a
mixed socialist economy will require the establishment of a large number of business enterprises
focuses on the production and sale of renewable energy technologies as well as the production of
renewable energy by small, decentralized independent power producers. Providing business skills
to those familiar with renewable energy technologies represents an important step toward
overcoming this barrier. This workshop, the material for which is being developed under Activity
1.1, will attempt to provide potential Chinese entrepreneurs with the tools and perspectives they
nced to operate businesses. It will target businesses and the staff of technical institutcs that may
interested in operating businesses dealing with any renewable energy technology. Among its
activities, the course will include IPP operators to relate their experiences, TFC representatives to
explain their requirements for financing or cofinancing of business initiatives and renewable energy
projects, and representatives of commercial investment houses to discuss business and project
financing opportunitics and requirements.

Task 1.3.3 Organization and Management of Renewable Energy Investment Fora: An
important barrier to the establishment of renewable energy businesscs in China is the lack of
information on the part of both Chinese and outsiders about renewable energy business
opportunitics in China, and how to obtain business and project financing. This task will facilitate
a series of workshops in China focusing on rcncwable energy in China and on relevant business
opportunities. This activity serves two purposes. First, it will bring in industry leaders in
renewable energy power generation from around the world to help them explain to interested
Chinese parties about their operations in their home countries. Second, it will serve to cxposc them
to potential investment opportunitics in China. These workshops will be technology-focused. They
will include a set each on wind farm operation; industrial-scale biogas production and biomass-
based cogencration; and off-grid renewable energy-based electricity supply options. These will be
organized in several provincial locations where the renewable energy rcsources are significant. For
cxample, wind farm workshops may be organized in Inner Mongolia, Ghansu, and Guangdong
Provinecs.

21

P. 023



ety 212 906 6998
(DEC. -23' 96 (MON) 18:23  GEF/UNDP TEL:212 906 6998 P. 024

Activity 1.4 Capacity Building for Renewable Resource Assessment

One of the most important barriers preventing the expansion of China's renewable cnergy resources
is the lack of detailed and reliablc information on renewable energy resources. Without adequate
information, potential investors have no idea of the feasibility of wind or solar investments. Little
or no renewable energy development can proceed without a better information basc. The following
tasks are designed to create a process and the skills necessary to begin removing permanently the
barricr of inadequate information about rencwablc cnergy resources. This barrier serves as an
obstaclc to investment in renewable energy and makes the process a piecemeal one. The
incremental costs of the project arc taken as the cost of these tasks designed to remove the
information barrier:

Task 1.4.1 Training in Resource Assessment Techniques and Site Selection: Effective site
sclection first involves evaluation of existing resource data in a way that allows for the screening
and selection of candidate sites. Thesc sitcs will then undergo further on-site monitoring and
evaluation. Products such as resource maps arc used for accomplishing this. Typically, available
data bases, such as those from thc National Meteorological Bureau, do not include data from
potentially good wind and solar sitcs. These products must be developed using models and data
interpolation schemes. This task involves on-the-job training to enable Chinese analysts to usc
advanced screening techniques mvolving GIS and remotely sensed data to analyze wind-resource
adequacy, site access (highway availability), and grid connectivity to select twenty potential sites
for wind resource assessment data collection in Task 1.4.2. It will also identify 10 potential
villages for hybrid electnfication. This activity will involve the use of advanced models, global
data sets, and interpolation proccdurcs so other products can be developed for use as tools in
identifying and cvaluating candidate wind farms and sites for community-scale hybrid facilities.

Task 1.4.2 Renewable Resource Data Collection: This task involves the acquisition of and
training in the installation and use of specialized wind and solar measurement equipment to be able
to prepare pre-feasibility studies for a number of sites over a number of years. The availability of
this data is a prerequisite to the establishment of wind-farms and an adcquatc resource base will
preatly expedite, and therefore reduce the costs, of new wind-farm deployment.  This equipment is
to be installed at the candidate sites identified in Task 1.4.1. The information at thesc sites will be
used in Activity 2.2 to carry out pre-feasibility studies. In addition to thcsc monitoring facilities,
cquipment for data processing, archiving and calibration will have to be obtaincd and the
participants trained in its use. Approximately 10 sites for wind measurements (5 stations per sitc)
will be set up and 10 wind/solar measuring stations will be ¢stablished in order to provide a solid
information foundation for futurc investments in these technologies.

Activity 1.5 Specifications, Standards, Certification, and Codes of Practice

The successful widespread commercial diffusion of renewable energy equipment will require
technical specifications for technical performance and safety, the development and use of standards
for product testing, cvaluation, and certification, and commercial codcs of practice. Technical
specifications lead to widespread standards, and agreed-upon test and evaluation methods are then
used to certify that equipment meets the specifications required by the standards.
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Standardization of equipment is yet another consideration; standardization can help assure that
key components and subsystems can bc intcrchanged, increasing the reliability of afier-sales
service, maintenance, and repair of systems in the ficld. Codcs of professional practice for
equipment suppliers, installers, and service organizations will also bc nceessary 1o ensure the
reliability and sustainability of the equipment.

Technical specifications arc required for such equipment as solar water heaters, wind turbines,
inverters, PV panels, battery charge controllers, and for baticries used in specific applications.
These spceifications arc neeessary to ensure that reliable high-quality products can succeed in the
marketplace. Without such specifications, shoddy inferior equipment may be sold, and when it
fails to operate properly it will damage the entire process of commercial diffusion of similar
products. Also, inferior and cheaper equipment will drive the needed ligh-quality products out of
the market. European, Japanese, North American, and Australian companies, among others, have
developed rigorous specifications for such equipment and systems. For some products, like PV
panels, intemational technical specifications for PV panel performance and for PV testing and
certification are well established. For others, such as charge controllers, they arc still cvolving.
The establishment of specifications for technical components of hybrid power systems is essential
to ensure the functional compatibility of the components in a reliable system.

Standards for testing and cvaluating the performance and quality of individual components,
subsystems, and systems will also be required as part of the commercialization process. The
implementing agencies will work with their counterparts abroad to review existing test and
evaluation procedures, and adopt them to local conditions as appropriate.

Some forms of certification are required for commercial products, such as safety standards for
electrical equipment. Other forms of certification may be voluntary, but can enhance the value and
marketability of a product if the certification means that the product has passed a rigorous set of
standardized tests. Industry associations are important actors in the establishment of
specifications, standards, and certification practices.

A standards committee will be established for the project, to coordinate this work. The project
team will review and discuss available rclevant technical specifications, and hold one or more small
international workshops with experts to discuss the devclopment of similar standards and
certification procedures for China. The project team will revicw the ecrtification procedures used
in several other countries for solar, wind, and balance of system products to cvaluate their
relevance to the commercialization objectives that GEF projcet 1s supporting. The following
activities are seen as essential to establish codes, standards, ccrtification procedures and thereby
remove an important barrier to renewable ¢nergy commercialization.

Task 1.5.1 Development of Process for Standard Specification, Certification, and Codes of
Practice: Under this task, several workshops will be held to establish the process by which standards
are specified and certification and codes of practice are established. The process will have to be
participatory in nature, sceking to build consensus on both the process and the standards and codes.
The process will have to be flexible enough to cover not only the technologies discussed below, but also
other technologies which might require some form of assistance at a later date. The proccss wiall also
establish a renewable energy tcchnologics standards and certification team or committee (with
government agencies and corporations participating, in addition to the GEF project team)
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Task 1.5.2 Review of Standards for Intermediate-scale wind turbines (1-40 kWe): This task will
involve the development of functional specifications reflecting system design requirements and field
conditions. The development of technical standards will be undertaken through collaboration with
standards mstturtcs, spcaialized centers (e.g. Riso Lab, NREL), and wind industry associations (e.g.
European Wind Energy Association, Amcrican Wind Encrgy Association). It will also focus on the
development of test procedures for technical evaluation and certification.

Task 1.5.3 Development of Standards for Solar Water Heating Systems: Upon examination of the
solar water heating industry in China, it was found that the expanded use of this technology has been
hampered by the uneven quality of the product resulting in low consumer confidence in the technology.
In most respects, the solar water heating industry faces no significant barriers to widespread
dissemination and commercialization. However, the development of reasonably high standards for solar
water heaters is an exception. 'Without significant assistance in the area of standardization of designs, 1t
15 unlikely that the industry will begin to achieve its potential. GEF support is required to remove this
barrier of product quality and standards which stands in the way of the rapid commercialization of solar
water heaters. This task will focus on the development of technical specifications for system components
(solar thermal collectors, valves, control units, hecat exchangers, and storage tanks), and for packaged
systems. This will be done in association with standards associations, professional societies, industry
associations, and specialized centers (especially those found in Scandinavia, Germany, Japan, US,
Australia). The standards will then be publicized and wrilized for system certification.

Yask 1.5.4 Balance of System Standards and Certification: Onc of the greatest weaknesses found in
small-scale renewable encrgy systems around the world is the rclatively low quality of the balance of
system (BOS) components. This equipment, particularly the inverters, batteries and controllers, are
often the weakest part of any system and account for many of the system malfunctions. This activity
will establish a set of standards for these components, and make rccommendations for certification and
test procedures for  bi-directional single and three-phase inverters, industnal batteries, and controllers.
These standards will be published and utilized for system certification.

Task 1.5.5 Development of Certification Center for Renewable Energy Technologies: Oncc the
standards have been established, there will be a need to test the equipment being produced to certify that
it complics with the standards. Under this task, all renewable energy certificaton needs will be
analyzcd, and the capabilities and needs of the different cancidate laboratories will be assessed with the
goal of a cstablishing testing and certification laboratory for small wind turbines, photovoltaic systems,
solar hot water systems and the balance of system (BOS) components. While it is likely that morc than
onc center will be selected, it will be important that laboratories meet international laboratory standards.
Bilatcral fuinding of $1.0 million is being sought to strengthen the facilities of the selected centers.

I, S System Boundary:

The boundary for the above analysis and discussion is the Chinese energy system.

1.6 Additional Domestic Benefits:

Some of the technical assistance activities to be undertaken under this objective would also carry over to

help the acceleration of the commcreialization of non-renewablc cnergy resources in addition to
accelerating the commercialization of renewable energy rcsources. In addition, the increased uptake of

24



: =y 212 986 6998
DEC. -23" 96 (MON) 18:24  GEF/UNDP TEL:212 906 6998 P. 027

rencwable cncrgy under this activity should also result in a decrease of emissions of local pollutants,
notably SOx NOx and particulatcs.

1.7 Incremental Cost Matrix

An incremental cost matrix is presented below summarizing the above discussion. The total costs of the
activities to be supported under objective | of this project arc cstimated w cost US$8,700,000. Of this
amount, US$2.85 million are to be contributed by Chinese sources, either the Chinese Government or
individual cooperating Chinese entities. Because these expenditure would be made with or without the
project, cven though they might not fully be devoted to renewable energy in the absence of the project,
they are considered as the bascline costs. UNDP is providing US$0.500 m as part of baseline support for
renewable energy development in Chuna. The incremental costs of the activities to be undertaken under
Objective 1 are taken to be US$H5.4 million, of which GEF is requested to provide US$3.25m; and other
bilateral donors are providing US$2.150 m.

25



Table 1.1 Incremental Costs of Activities Defined Under Objective 1

Costs National Global
Benefits Benefits

Basetine Suppori for activities which may or may not be devoted lo renewable energy by Energy sector CQO2 Emissions will

Chinese government and other instinnions: continues to rely on continue as forecast in

Gov't  $2,050,000 coal baseline
Others  $750,000
UNDP Policy Support for Renewable Energy Development  § 500,000
Total US$3,300,000
Project Case | Barriers removed (o Rennewable Energy Commercialization, specifically Removal of some key
barriers to the Reduction in CO2
From outside  Chinese & other accelerated emissions
funding sources funding sources  Total commercialization of

Activity 1.1 Policy Barriers $ 50,000 +$700,000 = $750,000 renewable energy

Activity 1.2 CRED Support $1.000,000 +$500,000= $1,500,000

Activity 1.3 Trng & Info $750,000 +$700,000= $1,450,000 Reduction in emission

Activity 1.4 Resource Assm’t $1,950,000 +600,000=$2,550,000 of focal pollutants

Activity 1.5 Standards/Codes 1,650,000 +800,000=$2,450,000

Total from all sources US$5,400,000  +%$3,300,000 = $8,700,000
Increment Acocelerated renewable | Aoceleration of

energy uplake commercialization of

Total Incremental Cost Required from outside sources = US$5,400,000

Amount Requested from:
GEF  US%3,250,000
Others US$2,150,000

Carry-over to [PP’s for
conventional
electricity generation

Reduced Pollution

renewzble energy

Reduction in CO2
emissions
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ANNEX II: INCREMENTAL COSTS AND PROJECT ACTIVITIES:
OBJECTIVE 2

Objective 2: To Remove Barriers Specific to the Commercialization of Four Promising
Renewable Energy Technologies

Activitics proposed under this objective address the removal of four sets of barriers to the commercialization of
four specific renewable energy technologies considered promising for China. The four technologies--hybnd
systems for decentralized power, wind-farms, medium and large-scale anacrobic digestors, and bagasse
cogeneration—-have been selected on the basis of a revicw of market conditions and barmicrs w thair widespread
dissermination. A numbcr of other promismg technological options are not addressed m this project because they
were not considered promising, no barricrs were identifiable to their disscmination, or the identified barriers
could not be removed through rechnical assistance activities.

This annex presents an incremental cost analysis of the activities proposed under Objective 2 of the project.

As the national and global development goals are the same for each of the four technologies, this part of
the discussion is shared. The incremental cost matrix is shared for all proposed activities under this
objective. Tt serves as a summary of the activities and costs. However, since the barriers and the activities
to address the removal of those barriers differ per activity, the discussions of cach of the project activiics
goes into greater detail about the nature of the proposed activities.

II. 1 Broad Development Goal:

The development goal of the Chinese government being pursued in this context is the provision of power to
its population and economy n the most cconomically appropriate fashion.

I1.2 Baseline: !

To date, the pursuit of this goal has entailed a heavy reliance on coal for both power generation and dircet
thermal applications. In the future, this coal-dependence, and the concomittant increase in air pollution,
can be expected to incrcase. Under the baseline, coal use can be anticipated to triple between the years
1990 and 2020,

In the absence of this project, the Chinesc contributions of US$2.12 million from the Government of China,
and US$4.05 million from other Chinese institutions will be made in the enerpy sector. Although these
funds will not necessarily be devoted to the samc rcnewable energy activities, it is possible to consider them
as baseline activiics. Without the support envisaged n this project, the barriers preventing thesc activitics
from expanding sustainably will not be removed and these baselinc activities will largely be continucd
technical demonstrations. There can be no widespread dissemination or adoption of these renewablc
technologies unless these barricrs are removed.  For example, in the case of Activity 2.4 dealing with
bagasse co-generation, Chinesc sugar mills will replace existing boiler facilities with similar units instcad
of searching out improved boilers with cogencration potential.

Under the centralized Chinese system of technology management, Government goals for priority
technologies, such as renewable cnergy, could be enforced through the official budgeting proccss. With a
socialist mixed cconomy as exists at the present, the Government can only state its goals and let market
incentives drive the diffusion of the technolopy through the economy. Whilc this new approach will
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dynamizc the private sector and result in the acceleration of the technological innovation, a number of
barriers have been encountered which prevent this new approach from unleashing its full power. Once
these barriers are removed, these important technological innovation will begin to disseminate themsclves
throughout the Chinese economy.

1.3 Global Eavironmental Objective:

The global environmental objective being pursued through this projcct is the provision of increascd
quantities of electricity and cncrgy from renewable resources which will result in little or no increasc in
GHG emissions. These rencwable energy technologies will have to be diffused through markets which are
only weakly established in China. Technical assistance is rcquired to pget over the barriers to the
commercialization and cventually the widespread dissemination of these technologies.

IL4 GEF Project Activities

As has been discussed elsewhere in the proposal, China’s energy policy states that rencwable
energy resources will be given priority in the future. Howcver, given the transition under way in the
Chinese economy, the promotion of these resources and tcchnologies will have to take place under a new
mechanism which depends more upon the market than the state. In order to make the amrket-bascd
disscmination possible, a number of activities to remove barriers to the market-based dissemination of four
rencwable energy technolopies which are considered promising for China are proposed as part of this GEF
project. These activities, and the barriers which have been identified as preventing their commercialization
and subsequent widespread dissemination, arc described in the following discussion.

Activity 2.1 Removal of Barriers to the Dissemination of Community and Residential
Hybrid Systems

Analyses of the Chinese renewable encrgy systcm have demonstrated that hybrid systems hold
significant economic and environmental advantages over fossil-fucl based power generation for supplying
clectricity to decentralized populations.' However, they have not managed to disseminate themselves
throughout rural China because of the existence of a numbcr of barriers which prevent their widespread
dissemination throughtout China. These threc bamers arc:

Limited information about hybrid power systems: Hybrid systems are a relatively new innovation
and only one Chincsc rescarch institution , with limited capacity and capabilities, has been actively
working with them. As a result, policy-makers, businessmen, and the population at large know
relatively little about these systems.

¢ Technological weaknesses in system components found in China: Although a few hybrid systems
are currently being produced in China, several of the components used are of a poor quality. This has

' See J. Weingar, cntitled “Incremcntal Costs of Hybrid Power Systems in China”, (unpublished). and John

Byrne et al (March 1996), Levelized Cost Analyses of Small-scale Off-grid Photovoltaic, Wind, and PV-wind
Hybrid Systems for Inner Mongolia, China. University of Delaware: Center for Energy and Environmental Policy.
summarized and presented in J. Weingart, entitled “Incremental Costs of Hybrid Power Systems in China”,
(unpublished).
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and will continue to limit their ability to disseminate widely throughout the Chinese markcts. In
particular, charge controllers, inverters, and other components arc not consistently of a high quality.

Institutional arrangements to insure delivery of technology: There is no institutional arrangement
that will cnsurc the sales, mstallation and the after-sales scrvice of thesc hybrid systems. In gencral,
rural houscholds and communities cannor finance, operate and maintain these systems on their own, but
as of yet, there are no local businesses which have demonstrated their ability to fulfill these needs
while maintaining financial viability.

The following tasks respond to the need to remove these barriers through training, the improvement
of hybrid systems produced locally in collaboration with industry, and the collection of performance data
through the establishment and careful monitoring of pilot facilities in rural China.

Task 2.1.1: Strengthening of Hybrid Technology Center: Under this task, the project will strengthen the
Hybrid Technology Center of the Institute of Electrical Engineering for professional training in the design,
testing and evaluation of components and systems. The goal is to utilize international experience,
particularly from countries which have successful hybrid programmes (e.g., Australia) to improve upon the
design of locally-produced hybrid systems. It would collaborate with local electrical goods producers to
improve the quality of componcents and systems that are assembled and used for demonstration as part of
this activity, This center would also collaboratc 1n the development of standards for testing, evaluation,
and certification of components and subsystems for hybrid powcer systems.

For the residential sector, PV/wind/battery/inverter hybrid units arc presently being tested in a few
homes in Inner Mongolia. This experience has revealed some technical weaknesscs that must be corrected
before large-scale application begins. The required improvements are in the battery charge controller
components. The project will also identify areas of improvements to be considercd by the supplicrs of PV
modules and batteries. However, the project will not directly addrcss tcchmeal issucs related to the
improvement of either batteries or PV panels.

For the community-scale hybrid power units, improvements arc necded in the systemn controllers,
possibly in deep-discharge batteries for solar and wind applications, and in the design and manufacture of
intcrmcediatc-scale wind turbines (1 kWe to 50 kWe). For wind turbines in the § kWe to 50 kWe range,
there arc several urgent needs with regard to uppgrading Chinese products. These include design and
production of the blades, improved gearing mechanisms, and advanced solid state controls. An important
need is the devclopment and in-country manufacture of high-quality single-phase and threc-phasc bi-
dircetional mverters with embedded programmable controllers in the range of 5§ kWe to 50 kWe. An addi-
tional technology commercialization effort is required in order to establish standard data acquisition and
remote monitoring systcms, to permit the monitoring and to some extent the control of community-scale
hybrid power units by telephone, packet radio, or satellite links.

Task 2.1.2: Pilot demonstration of residential PV/wind hybrid power units: The UNDP/GEF project
will support a closely monitored pilot demonstration for residential-scale hybrid systems. The hybnd
center will provide small PV/wind hybrid units to households in Tnner Mongolia, and will monitor and
examine both the technical pcrformance of the system and also the potential profitability of the units on
either a sale or a utility-based ownership basis. Interested participants will be asked to choose a dclivery
modcl under which they can participate, and their payment schedule will be established and maintained
accordingly. Between two and three hundred installations will be necessary to demonstrate the technology,
the economics and busincss requirements for delivering electricity services through this technology. It is
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essential to gather information on both the private sale and fee-for-service delivery means. Revenues
generated on the basis of the rcsources provided through the GEF grant will be used as an endowment for a
revolving fund to enable the hybrid center to expand its work to other areas.

In addition to this project activity, the Province of Inner Mongolia and the US Dept. of Enerpy arc
co-financing a project to assist suppliers in improvement of the quality and reliability of thc equipment and
support services for residential units. US-NREL is currently working with the GoC to facilitate
US/Chinesc collaboration for local production of high-quality charge controllers. About 300 systems will
be mstalled under this parallcl cofinanced activity to test technical and commercial viability over the next
two years. The proposed activity will not only supplement the performance data assembled under this US
collaborative effort, but it will augment that technical data with more information about the feasibility of
profitably providing electricity services through this promising new technology.

Task 2.1.3 Community-scale pilot projects using hybrid power units (10, 30, und 50 kWe): Three pilot
facilitics wall be installed at three different levels of system capacity to meet threc different community load
profilcs: 10kW, 30 kW, and 50 kW. These community-scale pilot projects, which will be clustered in the
samc province for logistical reason, will each embody a community-scale mini-gnid of a different size that
is of interest to Chinese conditions. Consideration will be given to refiring onc of the local community
dicsel-based grids built by the Ministry of Power, but which do not now function effectively.
PV/wimnd/diesel power units and associated low-voltage minigrids will provide ¢nergy at the level of 50 -
300 kWhe per day for economically productive uscs, community needs (school, health clinic, potable watcr
supply, telecommunications, etc.) local government offices, and limited residential cnergy demand. The
performance, costs, and maintenance requirements of these systems will be established through these
prototype commcrcial operations. Again, emphasis will be placed on carefully monitoring both the
technical and finaneial performance of the systems.

The pilot hybrid system installations will incorporate suitable technologies to assure revenue
collection, such as prcpayment meters or power management units that deliver a specified amount of encrgy
per day for a monthly flat fec). Communities, houscholds and community-based organizations will be
required to pay for the services they receive. Revenucs generated by the pilot facilitics on the basis of the
resources provided for the community-bascd systems will serve as an endowment for a revolving to
facilitate expanded work with hybrid systems.

The hybrid power system installations will bc clustered so that they can be supported by an
associated local center that will be cstablished for operation, monitoring, maintenance, and repair. The
establishment and operation of the local support facility will provide essential information on rcquired
staffing, training, cquipment, and capital and operating cxpenditurcs for such centers as an essential
component of large-scale commercial diffusion. The center staff will monitor the operations of the pilot
nstallations using remote monitoring cquipment, carry out routine and preventive maintenance, record and
analyze system pcrformance records, and monitor end use patterms. At present, many electric utility
companics centrally monitor distributcd large conventional powcr plants using rcmote monitoring
equipment. For the hybrid actwities involved in this proposal, remote monitoring and control will be an
essential part of large-scalc use of distributed hybrid power generation units. Data acquisition and remote
monitoring packages will permit auromatic monitoring and control of the hybrid power units from the
nearby operations center. Packet radio (digital radio) will be used for remote monitoring and control if
reliable telephone lines are not available. Low-earth orbit satellites using “store-and-forward" messaging
may also be used for remote monitoring, although their availability for use in activities of this kind in China
have not yct been explored.
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Bilateral sources are being solicited to provide additional technical information exchange and community-based
system demonstrations.

Activity 2.2 Removal of Barriers to Windfarm Development

Although the identification of pnme sites for wind farms is still undertaken using rudimentary
techniques, official estimates indicatc China's near-term wind generation potential to be 1,000 MWe.
Available data indicate that China has world-class wind resources, with a technical potential estimated at
250,000 MWe.*> For wind to become competitive as a source of on-grid generation, a number of barriers to
wind-farm development will have to be removed. The removal of these barriers and the enhancing of China’s
capacity n these areas will result in the reduction of implementation costs, which will, in tum, help make wind
compctitive with fossil-fuel-based gencration in China.

The barriers to realizing China’s cnormous potential for the gencration of electric power through wind-
farms have been identified as the following:

s  Limited demonstration of the financial and economi¢ viability of wind farms in China;

e  An inadequate policy environment for invcstment in wind farms, notably the lack of a standard inde-
pendent power purchase agrcement (PPA) and supporting regulatory framework. The lack of a
standard PPA rcsults in very high transaction costs in the negotiations betwecn a wind farm developer
and the electric utility company.

e The lack of reliable in-country supply of advanced wind turbines (which in the near tcrm will be
addressed through joint venture wind farm projects using imported components with local content in
the form of site preparation, civil works, buildings, wind turbine towers, ficld wiring, and the electric
utility intcrface)

o The limited availability of wind resource data suitable for wind farm project identification, and
associated limitations in the identification of the most promising sites for wind farms; and thercfore

»  Substantial uncertaintics in wind farm technical and financial performance and cleetric grid intcraction
parameters for specific locations and wind farm technical parameters.

Rapid removal of these barricrs is essential if China is to reach its goals and to cmbark on a successful
major program of wind electric power devclopment.

The following technical assistance activities have been designed to assist the Chinese in overcoming these
barriers to windfarm dcvelopment. Although these activities will not directly result in the construction of
wind-farms, they will provide the essential education, training, and cxperience to permit China to
rationalize and rapidly expand its wind elcctric power development program.

* See “China: Power-Related Renewable Encrgy Development Study” (1996) ASTAE, IENPD World Bank
Washington DC. (various pages)
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Task 2.2.1 Assessnient of International Experience of Windfarm Development  The goal of this task is to
familiarize the Chinese who rught be involved with or make decisions rclevant to the wind industry with the
experience of windfarm development in other countrics. Two sets of actors will be involved in this active
programme of study tours and asscssments. The first set of actors will be professional staff of the Electric Power
Research Instiute (EPRI), the Mimustry of Electric Power and the Chinesc windfarm companics. They will
undertake study tours to windfarm sites and wind turbine manufacturers. The goal is to provide them with an
understanding of wind-farm technology and how wind-farms are dcveloped elsewhere in the world. The
candidate locations would be India, Germany, Dermmark, the Netherlands, the UK, Costa Rica, and the US. The
second tarpet proup are policy makers from thc Ministry of Electnic Power, the Electric Utilities, and the
Ministry of Industry. The purpose of their study tour will be to visit the industrial complexes in different
countries around the world where wind-turbine components are produced. The focus will be less technical in
nature than the first group of activities, but will be intended to convinec them that the wind-coergy industry can
serve as a leading sector for development.  The potential sites for visitation would be in India, Germany, the
Netherlands Denmark and possibly the US.  Both study tour programmes will be coordinated through the
European and Amenican Wind Energy Associations and arc intended to feed back into the Chinese wind
development effort.

Task 2.2.2 Utility Planning for Windfarm Integration with Electicity Grid: In all countries making use of
intermittent energy sourccs such as wind, there are a complex sct of engineering and cconomic questions. These
questions involve issues of system optimization, cost-minimization, capacity utilization and capacity credits, and
the potential risks of internuttent supplics. To date, the Chinesc clectricity systems have not faced thesc issues in
a substantial way, and this shortcoming will scrve as an additional barrier to windfarm development. The goal of
this technical assistance activity is to assess the impact of intermittent technolopies on the electricity systems and
to optimize gencration planning given the unique constraints posed by these intermittent power sources.

Task 2.2.3 Project prefeasibility assessments: Prcfcasibility assessments require at least one year of
hourly wind resource data, so they cannot begin immcdiately unless full wind data scts are synthesized
using locally available wind data. Prefcasibility assessments will be conducted for ten of the leading sitcs
for windfarms, using the sites identified under Activity 1.4. These assessments will be conducted by teams
of international and Chincse professionals, drawing on cxperienced expert consultants in the wind energy
field. The goal is twofold. First, the process is important because it will result in a number of Chincse
teams who are trained in doing windfarm pre-feasibility assessments. Future prefeasibility studies will
seem casier and their costs should be lower. Second, the product of the activity, the prefeasibility studies
themselves, will give the Chinese agencics a ready pipeline of windfarm projects which can be allocatcd to
developers who can then carry out their own feasibility work. This will scrve to "pre-condition” the markct
and to accelerate and lower the costs of commussioning those ten facilities. ($600k)

Activity 2.3 Removal of Barriers to the Commercialization of Large-Scale Anaerobic Digestors

Despite China's relative success with small, household-size biogas units, there arc still relativcly
few mcdium- and large-scale anacrobic digestors in operation in China. According to somc estimates, the
750 plants of this sizc which are in operation in China manage to process only about 10% of the liquid
organic waste generated on-site. If large-scale biogas digestors could be installed throughout China at
large livestock farms having more than 10,000 pigs, therc is potential production of over nearly 600 Mm3
of biogas, approximately equal to another 100 MW of generating capacity. If all of the distilleries in China
were to install these systems, there would be an equivalent of 900Mm3 of biogas generated per year,
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roughly enough to fire another 150 MW of generating potential.” The adoption of medium and large-scale
biogas dipestors by farms and industries has been hampered by a number of technical, political, and
financial barriers. These barriers are listed briefly below:

e  On the technical side, because of relatively simple traditional designs which make use of masonry tanks
(as opposed to enamelized steel tanks) and the lack of automatic temperature sensor and control
equipment, the yield is relatively low by international standards. In tum, this means that the economic
return 10 the technology is marginal.

On the policy side, the price of coal is still lower than international market prices and environment
regulations requiring factories to process their cffluent are not enforced.

» Finangcially, the current VAT system provides refunds on some fuel purchases, but nothing in the case
of self-penerated fuel. Conscquently, the financial returns are weak. Although distilleries face higher
rates of return from biogas systcm opcration, livestock farmers are dependent upon a relatively weak
market for fertilizer in order to ensure adegquatc financial returns using current technology. If
productivity of the plants can be increased, the profitiability (and therefore the sustainability) of the
installation of these facilities of these plants will increase, even for smaller-scale livestock producers.

With improved technology, gas production will increase, but at a higher capital cost. Commercialization of
this technology is needed to make available improved technological components at a lower price.

This activity will focus primarily on the activitics rclating to anaerobic digestors of the wastes from
livestock farms. A secondary focus of the activity will be digestors for distillerics and food processors.

However, as the technical challenges arc simpler and the economic returns higher in the latter case, and the
distilleries are “required” to process their effluents (such requirements are only occasionally enforced), the

attention of this GEF activity will be on the needs of livestock farmers for profitablc biogas installations.

Three Pilot Plants will be built, partially financed by loan resources and partially financed by GEF
resources. The three plants arc nitially intended to test the potential financial and cconomic returns from
utilizing the biogas directly in boilers, injecting into a town-gas system, and using it to generate electricity.

With improvements and standardization n the design, these projects are expected to become commercially
viablc in the future.

Five activities will be undertaken in order to remove these barriers to the accelerated commercialization of
medium and large scale anaerobic digestors.

Task 2.3.1 Assessment of Best Practice in Use of Anaerobic Digestors for Waste Processing and
Energy Production: This activity is intcnded to provide greater information about the current state-of-the-
art in anaerobic digestion and thereby stimulate technological innovation on Chinese biogas designs. The
task will involve two steps. First, it will cntail a visit by Chinese specialists to a number of countries where
anaerobic digestors operate routinely making usc of best-practice technologics. Particularly relevant in this
case are Germany and Denmark.  Second, there will be an international review of best-practice undertaken
by a selected intcrnational group of experts in consultation with the Chinese counterparts. This is intended
to ensure that Chinesc cxperts are familiar with the current “best practices" from around the world.

7 See analysis contained in “China: Power-Related Renewable Energy Development Study” (1996) ASTAE,

IENPD World Bank. Washington DC. (various pages)
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Task 2.3.2 Design and Construction Supervision of Three Pilot Plants: As part of this activity, a
Chinese team will design and supervise the construction of three pilot anaerobic digestors using state of the
art technologies, as identified in Activity 2.3.1. Thc goal is to adapt those practices to Chinese conditions
and explore with various configurations to attempt to identify a design which maximizes gas vields subject
to cost constraints. Three pilot plants are selected initially to test the feasibility and financial returns from
using the gas directly, transmitting it into 2 town-gas system, and using it to generate power. These are the
three most common options for usc of the gas in China.

Task 2.3.3 Construction of Three Pilot Phase Plants: In order to overcome the technical barrier to
improved medium and large-scale biogas facilities in China, this task will construct three such plants to test
and evaluate different design parameters prior to developing standards for the expanded procurement of
these plants. This is important in order to reduce the risk of sub-optimal operation and to ensure that the
improved designs work well under Chinese conditions. Because of the risk vo the livestock farmers and the
uncertainty of their economic rcturns, the GEF grant will pay for one third of the cost of the three plants
being installed. The remainder of thc costs will be bome either by the owners of the facilitics themselves,
financed either by Chinese government loans or soft loans being requested from bilateral sourccs. Because
the market for the fertilizer by-product from livestock farm digestors is weak, the installations at livestock
farms are at risk of obtaining relativcly low retums, so that special care needs to cxcreised in the financial
arrangements,

Task 2.3.4 Continuous Monitoring and Evaluation of Pilot Installations: Aftcr the pilot facilities are
installed, continuous monitoring for the first year will be necessary to study the performance of the systems
and obtain performance data for at Icast the first year's operations. A detailed evaluation of plant
operation, including social, technical and financial performance, will be required in order to make
rccornmendations for further design improvements and to prepare the model procurement specifications.

Task 2.3.5 Development of Model Procurement Specifications: This activity will involve careful study
of the performance of the pilot installations in order to develop model procurement spccifications for
medium- and large-scalc systems. These specifications will rclate to tank size, material and construction,
automatic sensor equipment, and the other key components in order to make possible their prefabrication.
It will also make these specifications widely available to potential users of the technologies as well as to
potential producers of the equipment. This is seen as a critical step in lowering the capital costs associated
with these installations. This acuvity will also facus on the facilitation of the commercialization of large
and medium-scale digestors. It will use the model procurcment specifications to find local companies
which can manufacture the main components of the new improved dcsigns.

Activity 2.4 Removal of Barriers to Bagasse Cogeneration

China’s Ninth Five-Year Plan aims to incrcase sugar praduction to 10 million tonnes per year from
6.2 million tonncs 1 1995. At present, none of the wastes from this sugar milling activity are utilized for
the generation of excess powcr for export to the electricity grid. For Guangxi Provinec (which contains
roughly one third of the sugar production in China), the potential for excess power gencration is estimated
at 350 to 450 MW. Extrapolating from this figure to that for all of China given the naturc of the facilities
in existence provides an estimate of between 700 and 900 MW of excess power which can be exported
from the supar mills to the electricity grid based on current sugar production levels. As sugar production
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increases, 50 too would the projected cogeneration potential. All of this electricity generation potential
would carry with it zero net emissions of greenhouse gases as the biomass feedstock is grown on an annual
basis.

Investments in bagasse cogeneration can be profitable and sustainable once the technical designs
and details of the installations are known in China. The technology is relatively well-knmown in the rest of
the world and would bring a strong economic retum. However, there are no such installations presently in
operation in China. Analysis has indicated that there are several barriers to the implementation of surplus
power projects based on cfficicney inercascs in Chinese sugar mills. These are listed below.

e Limited Experience: Bagasse cogeneration has not been done in China previously.  Sugar mills, by
tradition, have been “‘energy self-sufficient” and there has been no incentive to develop a surplus energy
condition. There is some familiarity with the concept of surplus powcr, but nonc with the complexity
of technical and business issues involved in implementing such projcets.

o Infrastructure: There is no infrastructure in place with which to develop the “business” of supplying
surplus powcr to the grid, i.e., no contract mechanisms, no pricing schedules, and no guiding ovcerall
Government policy. There is also a limited set of technology available locally, and that which 1s
available is not suitable for co-gencration using bagasse as a feedstock

» Financing: A a very big obstacle to widcspread adoption of surplus power supply from the sugar
industry is a real or perceived lack of capital to support such projects. Electricity peneration
investments normally require access to capital with loan terms of at least 10 years which is possible
because of the long term contracts available to sell power to a gnd. Current sources of finance
available to the Chinese sugar industry have 3 - 5 year terms and taking on a second (in addition to
sugar production expansion) short-term debt service to enable surplus electricity generation has no
appeal to the sugar mill operators.

The potential local and global environmental benefits that bagasse, as a renewable source of
biomass fucl, inhcrently offers can only be taken advantage of if thesc barriers are removed. There is no
opportunity to obtain thesc benefits if bagasse is used inefficiently or, in the worst case, is land-filled. The
barriers can be overcomc by providing appropriate technical assistance inputs and developing the
contractual mechanisms for surplus powcr generation to be conducted as a routine business. These are the
cntical elements to address. A commercial-scale pilot project will provide the “come se¢ and touch”
cxample for the industry to follow. This projeet is expected to contribute to the removal of the barriers by
providing appropriate technical guidancc, training and capacity building, establishment of the essential
contracting framework, and by assisting in the development of the framework for a longer-term financing
plan. However, because of the profitable nature of the investment, GEF funds are being used for the
technical assistance and engincering studies--either bilateral soft loans or State-financed loans will be uscd
for the actual investment.

The following tasks are envisioned as being important to the removal of the barriers to bagassc cogeneration

A

Sc; “China: Power-Related Rencwable Energy Development Study™ (1996) ASTAE, IENPD World Bank.
Washington DC. (pp 24-27 and Annexes). For more dctail, see R. Chronowski, 1996, “Bagasse Cogeneration for
Surplus power Production for Grid Supply” (unpublished).
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Task 2.4.1 Evaluation of Technological Requirements and International Best Practices: Under this task, the
Chinese team, in collaboration with a team of international consultants, will review international "best practices”
in the fields of bapgasse-based co-generation and review plans for adopting this technology in China. Study tours
will be undertaken to Indoncsia, Thailand, India, and possibly othcr countries with significant experience in this
area. Again, the goal will be 1o leamn from other countries’ expericnees for adaptation to China. (150k)

Task 2.4.2 Optimization of Technical and Agricultural Practices for Bagasse Cogeneration:  Drawing
upon task 2 .4.1, this task will cvaluate the various options for both boilers and sugar cuitivation practices in order
to optmize the systems used n China with respect to both sugar production and co-generation. On the
technology side, local availability of key components will be important, and the activity will examing all of the
relevant options from low-pressure to high pressure systems. The goal will be to identify the optimum
configuration of boiler technology, turhine specifications, and instrumentation and control for bagasse-based
cogeneration. This will result in a set of design specifications for improved bagasse facihitics in China which will
be used to design the initial Pilot Plant. It is possible that the efficient small and medium boilers developed under
the World Bank GEF Projcet on Small Boilers may be a candidate for use in these facilities.

In addition to examining the technical options, the task will evaluate agricultural practices both species
selection, agricultural productivity and the length of the sugar processing season with an eye toward altering
current practices in ordcr to maximize sugar production and increase copeneration potential. Through a
consultative process, the options will be screened, evaluated, and certain of them recommended for adoption in the
arcas where the pilot plant will be established. ($325k)

Task 2.4.3 Identification of Commercial Risks, Project Financing and Power Purchase Agreements: Under
this task, thc power purchase agreement for the power plant will be finalized and the commercial risk of the
undertaking will be evaluated. This latier 1s important in order to remove the barriers to large-scale commercial
financing, The project financing for the pilot plant will be facilitated and ncgotiated. It is important that the pilot
plant goes through the same evaluation and implementation processes that other plants will face in order to ensure
replicability. Finally, technical assistance will be nceded to prepare the powcer purchase agreement for the Pilot
Plant, which, if carefully prcpared, can serve as a template for future bagassc-based co-generation plants.

Task 2.4.4 Design and Oversight of Construction of Pilot Plant: Under this task, a Chinese team assisted by
cxpenienced international cngineers working in this arca will design the pilot plant based upon the design decisions
reached in Task 2.4.1 above. At this stage, the prefcrable option will be 2 high-temperature, high-pressure
system. This design i3 expected o incorporate many of the best-practice elements identified above as well as
serving as a model for fiture cogeneration plants at other sites. This task will also extend to overscemng the
construction of the plant to ensure that it meets the design specifications. However, the actual financing for the
plan will be obtained from bilatcral or loan sources.

II.5 System Boundary

The boundary for the above analysis and discussion is the Chinese energy system.

I1.6 Additional Domestic Benefits

If the technical assistance activitics included in this projcct succeed in removing the barriers that they are

intended to remove, these four renewable energy technologics will be able to diffuse themselves widely

through profitable, commercial means throughout China. This means not only that incrcasing quantity of
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encrgy will be produced, but that it will also be produced with little or no local pollution. Sulfur and
particulate emissions which can now be linked to coal-fired power gencration will be reduced. However,
given the rapid growth of eleetricity demand in China and the need for time to disseminate the rencwable
energy tcchnologies, there may be little noticeable difference which is attributable to this project. Such
differences will only emerge over the medium to long-term.

In addition to the additional energy and air-pollution benefits, the installation of large-scale biogas plants in
pig-farms will heip reduce the water pollution, or more specifically, the CBOD in the wastes currently
discharged from pig farms to water courses. This will be an additional domestic benefit from the proposed
activity. With rare exceptions, livestock farms in China are not required to treat their effluent. In contrast,
distilleries are increasingly required to treat their cffluent. Because of this local environmental requirement,
GEF support is being aimed at the pig-farms and not the distilleries.

II. 7 Incremental Cost Matrix
The incremental cost matrix is contained in the following page for the activities specified under Objective 2.
Of the total incremental costs of US$12.2 million, GEF is being asked to provide US$ 4.935 million and

the rest is being sought from bilateral soft-loan funds. Tf bilateral sources arc insufficent to mect the needs,
China State Economic and Trade Commission (SETC) has agreed to make statc Joans available.
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