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PROJECT DOCUMENT 

Project Number:
502486

Project Name:
CEPALCO Solar Photovoltaic Demonstration Project1

Duration:
18 Months

Implementing Agency:
World Bank

Executing Agency:
International Finance Corporation (IFC)

Requesting Country or Countries:
Philippines

Eligibility:
FCCC Ratification:  August 2, 1994

GEF Focal Area:
Climate Change

GEF Programming Framework:
Operational Program #7

Summary: Solar photovoltaic (PV) technology is a source of electricity that is cost-effective in many off-grid markets around the world.  However, on-grid applications so far have been limited to a few installations in developed countries, even though PV offers various advantages as a distributed generating source.  The two reasons for this lag are the high costs of PV compared to thermal alternatives and the need for additional energy storage because of the interruptible and variable nature of solar energy.  To demonstrate PV’s effectiveness in addressing distribution system capacity issues, a nominal 1 MW distributed generation PV power plant will be built and integrated into the 80 MW distribution network of the Cagayan de Oro Power & Light Company (CEPALCO), a private utility operation on the island of Mindanao in the Philippines.  The PV system will be operated in conjunction with a recently built 7 MW hydroelectric plant with dynamic load control, thereby enabling the joint PV/hydro resource to reduce both distribution level and system level demand, effectively providing “firm” generating capacity.  The PV plant will also assist in postponing the need for additional substation installations in the CEPALCO distribution system for a period of up to three years.  The project will thus reduce the need of CEPALCO to purchase additional quantities of thermal plant-based power, thereby reducing its emissions of greenhouse gases.  More importantly, it is expected that this plant will provide the first full-scale demonstration of the environmental and, ultimately, also economic benefits of the conjunctive use of hydro and PV-based power anywhere in the world, as well as the first significant use of grid-connected PV in a developing country.  If, as is expected, the large-scale introduction of this technology helps in substantially reducing PV systems’ costs, widespread applications worldwide are likely to result.  There exist some 360,000 MW of potentially suitable hydro plants in high-solar insolation regions of developing countries that could benefit from such conjunctive operations with additional PV power plants.

3.   Costs and Financing (Million US$):


      GEF:  
-Project Grant
$  4.025 million (includes PDF Block A Grant)

      Co-financing: 

-CEPALCO


$  1.775    million

      Total Project Cost:
$  5.8 million

4.  Associated Financing (M US$)
$ 21.0 million: possible IFC capital financing facility for CEPALCO is under consideration 

5.  Operational Focal Point Endorsement:
Ramon Paje, Undersecretary, DENR 

(Endorsement letter attached)

6.  IA Contacts:
Dana R.  Younger, IFC/GEF Coordinator

Tel: (202) 473-4779; Fax:  (202) 974-4349

Email: dyounger@ifc.org

Currency Equivalent

Philippine Pesos (PHP)  eq \O(P,=) 40 = US$1.00

(All references to "$" in the document are to US$)

Glossary of abbreviations


CEPALCO

Cagayan Electric Power and Light Company Inc.





FCCC


Framework Convention on Climate Change







GEF


Global Environment Facility









GHG


Greenhouse gases


IFC


International Finance Corporation









kW, MW


Kilowatt, megawatt










kWh, MWh

Kilowatthour, megawatthour









PV


Photovoltaic











Wp(, kWp, MWp
Watt peak, kiloWatt peak, megaWatt peak 






I.  
Background and Context

1. Photovoltaic (PV) technologies, based on the direct conversion of sunlight into electrical energy, provide a potentially unlimited source of electrical energy, because the earth’s yearly energy input from the sun amounts to more than 10,000 times current world consumption of primary energy.  Solar insolation in most of the developing countries of the world varies from 2,000 to over 2,500 kWh/m2 per year.  Today’s PV systems are capable of converting between 7 to 15 percent of this amount into electricity and, with further development, are expected to convert between 15 to 25 percent.  This suggests that less than one tenth percent of the available land area in these regions would be needed to supply all of their current primary energy needs.

2. So far, however, the supply of energy from PV compared to total energy consumption is minuscule.  Counting total shipments between 1982 and 1999, the total installed world PV capacity, at the end of 1999, has been estimated to amount to about 1200 MWp, producing, perhaps, around 1.5 TWh of electricity per year.  By comparison, in 1997 the total world production of electricity was about 14,000 TWh
 (with about 5,500 TWh in non-OECD countries), or almost 10,000 times more. 

3. PV has been shown to be the least-cost option for supplying electricity for high value uses in off-grid locations.  In on-grid applications, a number of niche markets have been identified in industrialized countries.  Most of them are related to the firming up of peak-load power demands on extended feeder lines that have reached the limit of their transmission capacity.  In these cases, PV facilities located next to the load can reduce the need for distribution network reinforcement.  A number of these so-called “distributed generation” applications have been made in the US, Europe and Japan.  Other applications of distributed generation have been the various “thousand” or “million” roof programs, most of which are ongoing (particularly in Japan and Germany).  However, all of them are heavily subsidized, or depend in part on “green power” tariff surcharges levied against consumers (as in a program being undertaken in Sacramento, California). No projects of these types of PV installations have been undertaken in the developing world. 

Technology and Market

4. The two major reasons for the low penetration of PV in network applications are its high current cost and the need for additional back-up systems because of the interruptible nature of solar energy supplies.  The current average cost of a mid-sized PV system per installed kWp is about $6,900, exclusive of storage or back-up costs
.  This compares to between $400 to $2,000 for alternative, conventional generation sources (thermal or hydro).  In terms of average lifetime costs, delivered costs per kWh from conventional sources amount to between $0.05 and $0.14, while those from PV range between $0.30 to $0.38 in high insolation areas (1700 to 2500 kWh/m2 per year).  In addition, solar energy is available only during (sunny) daylight periods, and in variable amounts.  If short-term storage has to be added to the PV system to meet system peakload demand, the cost for PV increases to between $0.42 to $0.55 per kWh
.  

5. Recent projections indicate that PV systems costs may fall within the next few years to around $3,000/kWp or less.  This would reduce per kWh costs in high insolation areas to between $0.15 to $0.18, excluding
 supplemental storage.  This would bring PV within striking distance of the $0.14 to $0.25 costs for delivered, flat to spiky peak power supplies, as cited by Anderson (1998).  Throughout the developing world, there are a significant number of countries or regions which face peakload power costs at that level.  Many of them also have substantial, already developed hydroelectric resources with substantial storage capabilities, but insufficient water inflows to operate at maximum capacity at all times.  For these systems, conjunctive operations with added PV generating facilities could firm up the energy supplies from both sources, thereby effectively converting low-value, interruptible PV generation into firm, high-value peakload power, without the need for additional backup facilities.  The potential market is likely to be very large, consisting of several hundreds of thousands of megawatts of already installed hydro capacity. 

II.  
Rationale and Objectives
6. International Finance Corporation (IFC), the private sector affiliate of the World Bank Group, proposes to utilize GEF funds to partially finance the installation of a nominal 1 MWp PV-based power plant, to be integrated with the power distribution network of the investor-owned Cagayan Electric Power and Light Company Inc. (CEPALCO) on the island of Mindanao
.  The objective of the proposed project is to demonstrate the technical, operational and, ultimately, economic feasibility of utilizing PV based solar energy for supplementing and firming up the productive capacity of existing hydro projects, initially in the Philippines, but also as a model which can be replicated elsewhere in the developing world.  In the Philippines alone there exist several thousand MW of hydro capacity that likely could be utilized in such conjunctive operations.  This would eliminate the need for the additional installation of thermal power generation facilities (mainly diesel and oil-fired gas turbines) with their added emissions of greenhouse gases (GHGs) and various local pollutants (sulfur dioxides, nitrogen oxides, particulates and noise).

7. The project would be the first sizable distributed PV network installation in a developing country.  It would demonstrate the technical and operational feasibility of integrating operations utilizing the installed PV capacity, which is a non-firm, interruptible energy resource, with the limited stream flow of an existing hydroelectric project in such a way that the combined output of both facilities would be converted into high value, firm peakload power, to displace GHG-emitting thermal generation facilities.  In addition, the project would reduce transmission and distribution losses by being installed within the low-voltage power distribution network.  This would also allow a delay of investments by CEPALCO in expansion of its distribution plant and equipment.

Further Development of the Project Since GEF Council’s Initial Endorsement

8. In the summer of 1999, an IFC appraisal team visited the CEPALCO in the Philippines to gather detailed information on financial and technical aspects of the project. A detailed technical and economic appraisal of the project was compiled assessing benefits and costs of the project
. The study of the distribution system, load profiles and expected availability of solar and water resources suggested the placing of the PV plant within the Cagayan De Oro distribution network to obtain additional distributed generation benefits. The 1 MW plant is estimated to reduce CO2 emissions on Mindanao Island by about 1,200 tonnes annually (representing about 24,000 tonnes over the lifetime of the system).

9. A study on large-scale grid-connected PV systems
 was undertaken by IFC to explore issues and experiences of previous similar projects around the world. Key recommendations of the study have been discussed with CEPALCO and have been incorporated in the overall design of the project and the tender document for the project to be issued by CEPALCO.

10. To assess the actual global potential for possible applications that could replicate the PV-Hydro conjunctive approach a further study is currently underway. The study is being supported and financed jointly by the GEF and the German Government through KfW (Kreditanstalt fur Wiederbau), with UNEP administering the study and the World Bank and IFC’s Environmental Projects Unit providing logistical and advisory support. The terms of reference of the study's initial market survey were developed during the appraisal process for the CEPALCO
 project. The research is being carried out by a consortium led by Lahmeyer International and is expected to be completed at the end of the year 2000.

11. The market for PV continues to grow at high rates. Subsidized programs for roof-top PV applications in Germany and Japan are providing new momentum in increasing manufacturing capacity of PV, but may in the short term increase PV prices and thus affect the estimated costs of the program. Nevertheless, the longer-term goal of reducing prices of PV through economies of scale in manufacturing and ongoing technology improvement processes will most likely benefit possible future GEF-supported projects in other locations.

Global Environmental Objectives and Benefits

12. The overall objective of the CEPALCO project is  to act as a demonstration plant for gird-connected applications of PV power plants in the developing world and to demonstrate the principle of the conjunctive PV-hydro peak power generation.  It is hypothesized that the majority of the existing 360,000 MW of hydropower plants in developing countries available worldwide, (as well as a substantial number of the additional 300,000 MW of hydro plants in the developed world) are energy constrained.  This means that, on a seasonal basis, these plants are short of water and have excess storage and generating capacity.  Adding PV power plants to a power system’s generating mix would allow the reduction of hydroelectricity generation during daytime, when PV generation is available, in order to augment hydroelectric output from the “saved” water at night or during dry periods.

13. While a number of 1 MW or larger grid-connected PV power plants have been built in recent years, all of them are located in developed countries.  None of them is operating conjunctively with a corresponding hydroelectric plant to augment peakload energy supply.  In this respect the CEPALCO plant will be the first of a kind demonstration project anywhere in the world. The prospective market for replication of this type of project, which brings together the solar and river-flow potential of developing countries in an environmentally friendly way is currently being assessed in detail (see paragraph 10) and the initial results of the study appear to be promising.

Rationale for GEF Funding

Proposed Funding

14. The project involves an investment of about US$5.8 million to construct and operate a 1 MW solar photovoltaic PV power generating demonstration plant. This investment will be financed by US$1.8 million from CEPALCO’s cash flow and interest savings from postponed distribution investments and a grant of up to US$4 million from the Global Environment Facility (GEF).  IFC will act as the executing agency for the GEF funds to be disbursed to CEPALCO for this project on behalf of the World Bank as the GEF’s Trustee and one of its three Implementing Agencies.

Conformity with GEF Program and Policies

15.
The GEF Operational Program Number 7 addresses cost and other barriers to widen application of renewable energy technologies.  Through barrier removal activities, technology learning and economies of scale, the GEF seeks to bring the cost of these technologies to levels competitive with conventional methods of power generation. Specifically, those technologies which have proven themselves in commercial demonstrations, but which have not yet been widely adopted in GEF-eligible in recipient developing countries are targeted for promotion under the program. Grid-connected photovoltaics (PV) have been identified by the GEF as a prospective technology under this program area.  PV has an established manufacturing base supporting proven and cost-effective commercial “niche” applications, such as powering remote telecommunications sites and navigational beacons, cathodic pipeline protection, refrigeration for remote clinics, rural water pumping, and off-grid electrification. However, this project would fall more specifically under the GEF’s Operational Program No.7, which, in paragraph 7.7. (a) places particular emphasis on the development of “Photovoltaics for grid-connected bulk power and distributed power (grid reinforcement and loss reduction) applications.” In addition, the CEPALCO project involves co-operation with a private sector electricity company of the developing world in purchasing and operating a large-scale PV plant, reinforcing the GEF’s commitment to pioneering new partnerships with the private sector in carrying out its objectives.
Country Endorsement

16. For the Philippines, the development of indigenous and, in particular, renewable energy resources has a high priority for the Government of the Philippines.  In 1996, some 56% of the country’s power production depended on imported oil or coal.  At the end of 1997, total installed capacity was about 14,000 MW.  According to the National Power Corporation (NAPOCOR), the country’s state-owned generating company, by 2005 an additional 12,978 MW will be required, with another 79,160 MW to be added between then and 2025.  Of this generation mix, some 3,947 MW are expected to be supplied from renewable energy sources (wind, biomass, solar), plus 5,115 MW from geothermal and 4,732 MW from hydro.  Currently, over 3,000 MW of hydroelectric plants are in operation.  On Mindanao alone, the installed hydro capacity is 984.7 MW.  Almost all of the existing hydro plants are water constrained, which makes them potentially suitable candidates for conjunctive operations with PV generating plants.  

17. To promote the development of renewable energy resources, the Government has established the New and Renewable Energy Program (NREP) which is being implemented by the Department of Energy (DOE) through its Non-Conventional Energy Division.  It aims to accelerate the promotion and commercialization of new and renewable energy systems.  As part of these efforts, a major objective is: “to develop economically viable new and renewable energy systems to levels of technical maturity at which these can be commercially competitive with conventional energy.”  The promotion and development of integrated network PV generating facilities would be part of this mandate. The Endorsement Letter from the GEF focal point in the Philippines is attached (see Annex IV).


III.  
Project Activities/Components and Expected Results

Project Activities and Components 

18. The project is to build and operate a nominal 1 MW solar PV demonstration power plant, which will be integrated into the CEPALCO electric distribution network in the city of Cagayan de Oro, on the Island of Mindanao in the Philippines.  Construction and installation of the project will be assigned to a sufficiently qualified contractor by CEPALCO following a competitive bid process. The contractor will have the obligation to deliver the project on a “turn-key” basis.

19. A "Request for Proposals" (RFP) has been prepared by CEPALCO and will be the basis for a competitive bidding process to identify a contractor to undertake the project’s installation and commissioning. The RFP will become available to interested parties as soon as the final GEF endorsement of the project is obtained and IFC’s management provides its approval.  It is estimated that the construction period will be about 9-12 months.

20. The PV plant will operate in conjunction with the recently built 7 MW Bubunawan small hydroelectric power plant which is to provide power to CEPALCO’s system. The hydroelectric plant will operate as a load follower, varying part of its output inversely with the output from the PV plant.  The retained water not utilized during these periods of insolation will be stored in the hydro plant’s reservoir, to be utilized for power generation during peakload periods in which PV output is not available.  This conjunctive operation will, within the capacity of the PV-Hydro system, reduce CEPALCO’s peakload demands for thermal energy supplied from other sources.  In this way, the hydroelectric plant’s storage will, in essence, function as a zero-cost energy “storage battery” for the PV plant, converting its non-firm sunlight-dependent generation into firm peaking energy (see Figure 1).  In the absence of the PV plant, the hydroplant would operate at between 3 MW to 7 MW capacity depending on available water flow.
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Figure 1.  Conjunctive use of the PV and hydroelectric resources

21. Detailed operational data will be gathered on a daily, monthly and seasonal basis both for the output of the PV plant and the adjusted output of the hydro plant. These data will be used in relation with the demand curves of the system to assess the actual benefits of the PV-hydro conjunctive use concept in practice. Additional issues concerning the electrical performance of the PV plant within the distributed system, interconnection issues and planned operation of the hydro plant will be monitored and operational records will be compiled.

Expected Results 

22. The project will provide valuable operating experience for (i) the installation and operation of large-scale PV plants in the developing world; and (ii) the use of PV in conjunction with existing, water-constrained hydroelectric plants to provide "firm" generating capacity. Outputs from the PV and the hydro plants will be monitored and the effect of the conjunctive use of the plants in supplying the electricity demand of the CEPALCO distribution system will be evaluated. The project will offer practical experience in operating two combined renewable energy sources (solar and hydro) to better manage the supply of peak demand loads. It is expected that the performance of the plant will prove the value of using PV plants linked with optimized operation of hydro plants to increase the value of both these renewable resources for electricity networks.

23. In addition, it is expected that this project will provide valuable lessons and insights in promoting larger-scale use of grid-connected PV power plants in the developing world. Given the increasing interest and global efforts to increase PV manufacturing capacity to achieve the target of decreasing the price of this technology, a new potentially large market for this type of applications is likely to develop globally, with significant future benefits for GHG emission reductions. The successful operation of the project will increase awareness of the potential for PV applications within networked system and will likely assist in removing the barrier of the perceived limits of PV technology to the off-grid niche markets which it currently occupies. It is likely that the PV manufacturing industry will be further encouraged to scale-up manufacturing capacity and accelerate cost reduction for PV technology.

IV.
Risks And Sustainability

Technical Risks

24. PV panels and ancillary equipment may not perform according to specifications.  This risk can be minimized by limiting the selection of vendors for CEPALCO’s project to those with solar panels and equipment that have well-established, multi-year track records of satisfactory performance.  The selected equipment suppliers will also need to offer a comprehensive set of product warranties and indemnities on their products.  Some PV materials have shown signs of rapid  deterioration and fairly rapid degradation of power output.  These module types will be ruled ineligible for the project.  A certain amount of power output degradation (approximately -1% p.a.) is inevitable even with high quality PV materials and the project design has taken this into account.

25. In the past, PV system inverters
 had relatively high failure rates. This has been overcome through significant improvements in the technology over the last decade and in part by the learning effects from the more than 8,000 MW of wind power plants that have utilized this inverter technology in recent years. In addition, the design specifications for the CEPALCO PV plant call for the use of ten individual, 100 kW inverters, rather than only one or two larger ones.  One additional inverter will be kept in reserve as a spare.

26. The Bubunawan Hydro Project may be subject to rapid siltation, which could encroach upon the needed live storage capacity for the conjunctive use operation.  Remedial actions include more frequent flushing of the reservoir during wet periods.  A longer-term solution would be an increase in the height of the dam that is technically feasible and also cost-effective.  This may be done in any case, regardless of the PV conjunctive use issue, because the resulting greater peakload energy output has much higher value than the alternative run of the river utilization of the water flows.  It should also be noted that the Bubunawan hydro plant is still not in operation due to an accident that occurred during installation of the generators.  At the present time the plant’s commissioning is slated for September or October 2000.  There is also some risk that CEPALCO will fail to effectively operate the hydro plant as a load follower responding to the PV plant.  These risks are viewed as manageable and mitigated by the quality of CEPALCO’s management and technical staff.

27. Another risk is related to extreme weather effects such as wind damage from typhoons or severe storms.  While the northeast coast of Mindanao is not part of the Pacific Ocean’s main typhoon belt, the plant could still be subject to damaging wind forces.  Preventive measures include appropriate structural designs for foundations, fastenings, and PV panels as well as adequate insurance coverage.  The site will be well fenced and monitored so that plant damage due to theft or vandalism is not expected. Furthermore, adequate insurance for the project will be obtained according to standard IFC's practices. 


Other Risks and Issues

28. The electricity sector of the Philippines has not yet been fully reorganized, restructured and privatized.  This results in the continuation of artificially low tariffs that distort economic benefit calculations.  Also, the costs of alternative energy from outside sources, generally diesel power plants, could be subject to arbitrary tariff rules that could affect the calculation of the financial benefits from the PV plant’s electricity production.  Discussions about these issues and the projected economic value to CEPALCO of the PV plant’s output over the next 20 years will form an important part of the final negotiations between IFC and CEPALCO over the terms and conditions of the GEF grant agreement.

29. CEPALCO, with the approval of the appropriate Filipino government authorities, will own and operate the PV plant.  This is in spite of the fact that GEF funds will cover up to 71% of the project’s costs.  This is appropriate given current GEF policies to more fully involve private sector entities and the previously mentioned governmental approvals.  The planned deregulation of the power sector may prevent CEPALCO from continuing to own power plant generation assets directly.  To mitigate this risk it is expected that CEPALCO will manage its ownership interests in the PV plant through a subsidiary or intermediary entity (this is the case for the Bubunawan hydro plant as well).

30. There is also some risk that CEPALCO could choose to close the PV plant prematurely in order to extract the re-sale value of the PV modules, to re-deploy the technology to off-grid customers within its service territory, or for some other reason.  This risk will be managed by requiring CEPALCO to commit to operate the grid-connected PV plant over a specified number of years and to provide the necessary reports to IFC and the GEF over this time span including information on the plant’s operational performance and a final report at the end of the agreed operational period. During this period IFC will retain partial ownership of the PV plant -corresponding to its contribution to the overall project cost. The IFC’s Environmental Projects Unit will also carry out standard project supervision missions over the project’s life.

31. The near-term market costs for PV panels may be driven upwards as a consequence of recently announced or ongoing grid-connected PV government subsidy programs in Japan, Germany and other OECD countries.  This could increase the overall cost of the CEPALCO PV plant, possibly to a level that exceeds the expected capital budget (consisting of the value of CEPALCO’s discounted benefits from the plant output and the GEF grant of up to US$4 million).  A competitive bidding process is being used by CEPALCO to yield the lowest cost supplier of a PV product of suitable quality for the project. 

32. Another issue is the possible reduction in the level of estimated benefits to CEPALCO to be derived from the PV plant’s impact as a distributed generation resource.  Because of delays in starting the project, CEPALCO has notified IFC that it has proceeded with the installation of its next distribution substation investment which the PV plant’s installation was designed to defer.  The interest cost savings of a three-year delay in the construction of this unit had been counted as a benefit from the PV plant.  This benefit reduction will be made up, at least partially, by the delay-caused increase in the present value of interest savings from the next generation of system expansion components. A second issue is related to the costs of alternative energy whose estimated future economic value forms the basis of the benefit calculations. The reform of the Philippines power sector has still not been implemented. Therefore, the likely future costs of avoided energy purchases from alternative sources cannot be established with certainty at present. A third issue is that the final cost of the plant can only be determined through a competitive bid process which cannot be initiated and completed prior to the final GEF endorsement of the project.  These issues will be the subject of negotiations between IFC and CEPALCO representatives prior to finalization of the GEF grant agreement. 

V.  
Stakeholder  Participation And Implementation Arrangements

Stakeholder Participation

33. The implementing entity will be CEPALCO, a private, investor-owned utility with a peakload of about 80 MW.  It serves about 69,000 customers.  It is the third largest electric distribution utility in the country.  CEPALCO holds the power distribution license on the island of Mindanao for a coastal region reaching from the city of Cagayan de Oro in the west to the town of Jasaan in the northeast.  CEPALCO obtains the bulk of its power supplies from NAPOCOR, which is expected to be privatized in future.  NAPOCOR supplies power to CEPALCO through several substations at 138 kV or 69 kV respectively.  While the company is mainly a distribution utility, it also holds part ownership in a 18 MW diesel power plant owned by MINERGY and in BPC, which is currently constructing the 7 MW Bubunawan hydro power plant.  CEPALCO has been negotiating a possible corporate financing package of some $21 million with IFC, consisting of both loans and an equity investment.  Another recently added minority shareholder of the company is the Hawaiian Electric Company, which, incidentally, also operates a PV rooftop power generating installation as part of its system in Hawaii.

34. CEPALCO has consistently been in the forefront of Philippine utilities with respect to the use of renewable energy resources and energy demand side management (DSM) programs.  In 1998, the company filed a substantive demand side management plan with the Philippines Energy Regulatory Board. The program contains specific time schedules for the various program components that the company has itself committed to undertake.  As part of this program, CEPALCO is expected to collaborate actively with the IFC/GEF Efficient Lighting Initiative (ELI), which now operational in the Philippines.  CEPALCO also has developed an active program for possible investments in renewable energy resources, including small hydro plants ranging from a few hundred kW to as much as 12 MW, wind power installations, tree plantations in conjunction with wood-and waste biomass power plants, remote and on-grid PV generation facilities, as well as a domestic solar hot water heating program.  However, it is constrained at this time from undertaking more than a handful of the most economic of these programs by capital constraints and return on investment criteria.  CEPALCO maintains an active program of collaboration with the Sacramento Municipal Utility District (SMUD) in California, the owner and operator of the path-breaking “PV Pioneer” program, which includes PV generating facilities (in individual grid-connected plants of up to 2 MW and dispersed rooftop installations) totaling several megawatts.

35. CEPALCO's senior management is quite interested in renewable energy and perceives this project as an opportunity for the company to gain knowledge and experience on renewable energy projects. CEPALCO’s President participated in the recent EXPO 2000 Conference on Energy 21 in Hannover, Germany both to present the project and discuss potential for the Philippines of this PV-hydro conjunctive use concept.

36. CEPALCO’s management and staff have consulted fully with potentially affected local residents of Cagayan de Oro.  The plant will be located on approximately 1.5 hectares of vacant land within the city limits of Cagayan de Oro. There are no known serious potential environmental or social issues associated with the proposed PV plant and the hydro project is already under construction and was previously subject to a full environmental review. The project will be fully compliant with IFC's environmental and social review procedures. An environmental report for the proposed PV project has been drafted and will be made available publicly following its acceptance by IFC.

Complementarity

37. The proposed project is fully complementary to other ongoing GEF PV projects which are primarily aimed at the off-grid market.  As noted earlier it is also complementary to other IFC/GEF financing efforts for efficient use of electricity in the Philippines.  It is also complementary to all other known GEF-financed renewable energy projects and programs.

VI. Incremental Costs and Project Financing  

38. The GEF grant will cover only the agreed incremental costs of the project. The incremental cost is equal to the cost of the PV plant minus the baseline cost of providing equivalent electricity generating capacity, energy, and other distributed electricity benefits from conventional sources as agreed between CEPALCO and IFC based on the economic analysis for the project as outlined in the 'Detailed Appraisal of the 1 MW Grid-Connected Power Plant' report. The results of the analysis are summarized in Table 1 below.

39.  The final value of the project and detailed economic benefits from the PV plant will be estimated in greater accuracy when the final cost of the PV plant is known, following the competitive bidding process for the construction of the plant. Currently the indicative incremental costs are expressed in the table below as costs (in parentheses), incurred to the company by obtaining electricity from the PV plant instead of a conventional thermal plant.

All figures are discounted present values over the project's operational lifetime. More details on the incremental cost calculations can be found at Annex I (Incremental Cost Analysis).

Table 1.  Results of Economic Analysis


Net Benefit (Cost)


Benefit or Cost Type
(Phil. Peso)  eq \O(P,=) 
(US) $

Generation
Avoided Cost
43,624,599 
1,090,615 

Transmission capacity
Avoided Cost
7,605,865 
190,147 

Ancillary services
Avoided Cost
2,535,417 
63,385 

Substation capital
Avoided Cost
15,166,820 
379,170 

Substation maintenance
Avoided Cost
2,025,960 
50,649 

PV plant capital
Capital Cost
(224,547,360)
(5,613,684)

PV plant maintenance
Operational Cost
(6,085,632)
(152,141)

Total
(159,674,331)
(3,991,859)

VII.
Monitoring, Evaluation and Dissemination 

40. A planned Monitoring and Evaluation plan is under development between CEPALCO and the IFC and will include adequate mechanisms to ensure that the performance of the PV plant operating in conjunction with the hydro plant’s operations will be monitored on a regular basis. Data will be gathered on a daily basis and records will be compiled on the performance of the PV and hydro plant, along with demand curves within the distribution area where the system is operating.

41. CEPALCO will also undertake the responsibility to provide interim and final reports on the project, describing details of the construction, installation, operational and other aspects of the project. Since the project has significant demonstration value for the GEF appropriate arrangements will be made with CEPALCO to facilitate access to data and/or on-site visits by interested parties, in order to use the experience of the project in similar projects planned.
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INCREMENTAL COST ANALYSIS

Broad Development Goals

1. The development goal of the distributed generation PV power plant is to prove the technical, operational and, ultimately, economic soundness of using PV generating plant conjunctively with existing, water-constrained hydroelectric power facilities.  This will increase the total firm (i.e. dependable) energy capacity of both the solar and the hydro components.  In addition, the plant will help to postpone the need for adding subtransmission and distribution facilities in an expanding power distribution system.

2. By adding PV generating facilities to already existing, but capacity constrained hydro plants, the capacity utilization of the latter can be optimized, while the energy produced by the PV plant is being converted from low-value, secondary (i.e., non-dependable) energy to primary energy, thereby replacing high-cost thermal, environmentally polluting peakload power supplies.

Global Environmental Objectives

3. The global environmental objective of this first, conjunctive use distributed generation PV power plant is to prove the soundness of the technological approach so as to induce the widespread adoption of this technology in appropriate GEF-eligible countries on a worldwide basis.  With appropriate financial support from the GEF, this could lead to substantial cost reductions for PV technology, which, in turn, will make the technology cost competitive with other power generation alternatives.  The result will then be substantial reductions in the emissions of GHGs associated with electricity generation from alternative thermal power plants. 

Baseline

4. In the absence of the project, the sponsoring company, CEPALCO, would proceed with its presently planned investment and development program.  The investment program would mainly consist of the timely installation of needed additional distribution facilities such as substations, reinforced transmission and distribution lines, and additional feeder cables.  In addition, CEPALCO would purchase diesel power plant produced electricity to meet its peak load requirements from outside suppliers.  The total costs of these components, both for the needed investments and energy purchases over the project’s planning horizon of 20 years, would amount to an estimated total of US$1,773,966 (i.e. total of avoided costs Table 1, paragraph 39) expressed in discounted present values at 10% and January 1999 prices.
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The Alternative and Its Global Environmental Benefits

5. The alternative would consist of the installation of a nominal 1 MW PV power generating plant, strategically located within a selected one hectare area or areas of the CEPALCO distribution network.  By locating the PV plant close to appropriate load centers, the need for additional distribution facilities would be delayed, leading to cost reductions of the planned baseline investment program.  Appropriate load controls would be incorporated so that the PV plant could be optimally operated in conjunction with a new hydroelectric power plant to which CEPALCO has access but which has limited storage capacity.  This storage capacity would be utilized to replace the PV generating capacity at times in which sunshine is not available (i.e., evening peak load periods).  This conjunctive operation would convert the PV generated energy into firm, peak load energy. 
6. Conjunctive use of hydro and PV will reduce the need for purchased energy from outside diesel power plant operations.  The total output of the PV plant over its projected 20-year life expectancy is estimated to be about 39 million kWh.  This will reduce GHG emissions from these thermal generating facilities.  The total avoided GHG emissions over the 20-year planning horizon for operation of the PV plant would be about 24,000 tons of CO2.
7. The incremental costs of installing and operating the PV power plant instead of using the baseline alternative are estimated to be about US$4 million, based on current PV equipment market prices.  The total costs of the PV alternative would amount to some US$5.8 million (expressed in present value terms), while the savings from reduced outside energy purchases and savings in capital costs resulting from the delay in distribution facility expansion would amount to about US$1.8 million, also expressed in present value terms (see Tables 2a and 2b below). These costs are estimates since the final cost of the PV plant will depend on the bidding process.  Exact costs will be established during the bidders' appraisal, but GEF funding will be restricted to eligible incremental costs only.
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Table 2a:  Incremental Cost


Baseline
Alternative
Increment

Global Environmental Benefits
0
24,000 tons of CO2 emissions avoided
24,000 tons of CO2 avoided

Domestic Benefits
39 million kWh of diesel generated peakload energy
Reduced air, water & noise pollution, along with 39 million kWh of PV generated peakload energy
Reduced air, water & noise pollution

Costs
US$1,773,966
US$5,765,825
US$3,991,859

Table 2b:  Component Financing (in US$):

Component
GEF
CEPALCO
Total

PV Capital Costs**
4,000,000
1,650,000
5,500,000

Hydro Capital Costs
0
0
0

PV Plant Maintenance
0
150,000
150,000

Total
4,000,000
1,800,000
5,800,000

  
Figures are rounded; a full economic appraisal can be found in the  "Detailed appraisal of the 1MW grid-connected PV power plant" (see available reference documents).


Logical Framework:  CEPALCO

Narrative Summary
Key Performance Indicators
Monitoring and Evaluation
Critical Assumptions

(a)  Sector-Related Country Assistance Strategy (CAS) Goal

CEPALCO  addresses CAS goals related to environmental protection, improved infrastructure and services in power "through direct financing and technical assistance for private projects and non-traditional fuels"

The size of this demonstration project is relatively small-scale (1 MW), so directly quantifiable impacts on the CAS will not be available.

The value of the project is in demonstrating the potential for future applications of the scheme in the country.
Additional projects similar to this installed in the next 5-10 years.
(Goals to Bank/GEF Missions)

Prices of PV to continue to follow a declining trajectory.

(b)  GEF Operational Program Goal

1. The project falls within the scope of GEF OP7, which identifies "photovoltaics for grid-connected bulk power and distributed power (grid-reinforcement and loss reduction) applications" as one of its priorities.

2. Greenhouse gases reduction.
· Increased awareness of the option of PV plants for electricity power generation

· Greenhouse gas emissions avoided
Same as above
· Prices of PV to follow a declining trajectory in the medium term.

· Suitable electricity systems with appropriate hydroplants and insolation will be identified at a larger scale globally.








(a) Project Development Objective
To demonstrate the technical, operational and ultimately economic viability of conjunctive photovoltaic - hydroelectric electricity generation operations.  
The hydro plant operating under water-saving conditions, due to the solar output, will be used to produce higher value peak-demand electricity.


Technical and operational data from the PV plant and the hydro plant.
(Objective to Goal)

· Effective incoming solar radiation at the proposed site will be approximately equal to or better than that calculated.

· CEPALCO will optimally manage the conjunctive operation of the PV and hydroplant components of the system.



(b)  Project Global Objectives

To demonstrate the principle and operational feasibility of PV and hydro conjunctive use in the developing world, opening up the potential for further large-scale applications
Measurement of actual production of the PV generating plant in kWh of peak and residual non-peak output. Calculation of avoided thermal power plant produced generation and resulting GHG emissions.
Establishment of a continuous recording system measuring solar insolation, PV and conjunctive hydroplant energy production during peak and non-peak demand periods.
As above.



Project Output

The hydroplant will save water, due to the solar output, which will be used to produce higher value peak-demand electricity
· Data and operational records of the PV-Hydro conjunctive use.

· Report on lessons learned from installation and operation of the scheme.
As above
(Outputs to Objective)

As above

Project Components/

Sub-components

(main activities that must be undertaken in order to accomplish the results)

1. Installation of the 1 MW PV plant.

2. Interconnection within the electrical distribution system of Cagayan de Oro

3. Measurement and monitoring of PV plant outputs and operation of the hydro-plant in a mode that 


Inputs (resources provided for project activities)

Capital Cost 

GEF Grant:     $4,000,000

CEPALCO

Co-financing:  $1,650,000
Sub-total:        $5,650,000
Plant Operation and Maintenance:

CEPALCO:       $150,000

Sub-total:          $150,000
Total:            $ 5,800,000
· Disbursement agreement between CEPALCO and IFC at the various progress stages of the installation, and operation process.

· Interim and final reports of the project.


(Components to 

Output)

Actual procurement and construction costs of the plant and control equipment will not be substantially higher than estimated in the economic analysis.
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Available Reference Documents

The following documents are available for review by contacting either Mr. Dana R. Younger or Mr. Gunter Schramm, Environmental Projects Unit, Environment Division, Technical and Environment Department, IFC.

1. CEPALCO: The company, its operating environment, financial position and expansion plans

2. Detailed appraisal of the 1MW grid-connected PV power plant

3. Large-scale grid-connected photovoltaic systems: A survey of field experiences and recommendations for minimizing technical risk

4. The present and future prospects of PV-based network generation 

5. An assessment of the potential for the commercialization of conjunctive photovoltaic-hydro power generation: Study Terms of Reference

6. Environmental Report for PV Power Plant

N:\CTEEP\Projects\Cepalco\ProjectDocument-Cepalco July 2000 FINAL 80700.doc

August 7, 2000 4:28 PM









Annex II�Page 1 of 2





Annex II


Page 2 of 2











1 Formerly referred to as CEPALCO Distributed Generation PV Power Plant.


( A peak watt (Wp) measures the output of a PV system, when the panel is at 25° C and receiving 1000 W/m2 of solar insolation. 





� International Energy Agency (1999): Key World Energy Statistics from the IEA, Paris


� The average costs per kWh for PV generating plants are far more sensitive to the rate of discount chosen than are those of  thermal plants.  This is because of the long life expectancy of PV plants and their very low operating and maintenance costs.


� Data based on Dennis Anderson, “The Economics of Photo-Voltaic Technologies,” draft, Oct. 1998. 


� According to the US DOE’s PVMaT program, PV module manufacturing costs are expected to fall from a current level of between $2 to $2.50 per Wp at current world-wide industry production capacity levels of some 120 MWp/year to 1 to $1.50/Wp when production capacity increases to 350 MWp/year.


� Further details on the company are available from IFC ( see available reference documents).





� The study “Detailed Appraisal of the 1 MW Grid-Connected Power Plant” is available from IFC (see available reference documents).


� The study " Large-Scale Grid-Connected Photovoltaic Systems: A Survey of Field Experiences and Recommendations for Minimizing Technical Risk" is available from IFC (see available reference documents).


� The terms of reference for the study are available (see available reference documents).


� Inverters are electronic devices that transform the DC electricity produced by PV to AC electricity which can be connected to the distribution network.
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