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January 18.2002 

Rosario Calderon 
Otfice of Environmental Management 
US Agency for International Development 
8th Floor. PNB financial Center 
Roxas Boulevard 
1308 Pasay City. Manila. Philippines 

SUBJE- PHILIPPINES RENEWABLE ENERGY PROJECT FWlALPROGRESS REPOK 

Dear Ms. Calderon. 

With the conclusion of the Philippines Renewable Energy Project, we are pleased to povide this final report. and to 
highlight several imponant accomplishmnts of the project: 

D Development of a strategic framework for DOE's role in rural electrification 
D Policy reform facilitation, including legislative language. draft DOE policy documents. and lolicy analyses 
D National renewable energy resource atlaws for wind, solar. hydropower. and biomass. with cam in CIS form to 

facilitate analysis and planning 
D Capability development for economic analysis of rural electrification options. sample analywx and national 

databases of input files 
k Identitication of priority sites and wind measurement at these sites for hybridizing d i e w l - p o r e d  mini-@ 

with wind energy 

Enclused you will find the dctalls o l  these and many 0 t h  accompl~shmnts in our final p o r n  rpm for the 
USALD - USDOF/NREL Interagency a p e m e n t  llus final repon dembes h e  Philippines Rencuable E w p ?  
PmjecL including all task deliverables, exchanges, indicators and budget e x p e n d i m  of the pojcrt bnuaen 
January 1999 and September 30.2001. We would welcome your commens on the contents and c ismbutHHI of this 
report. The complete repon takes up two CD's: the first contaim the repon itself. and the second contains all of the 
Resource Asxssments completed during the project. We have enclosed two complete us. 

The Philippines Renewable Energy Pro jm provided valuable technical assistsnce to che Government of che 
Philippines to advance the use of renewable energy at this critical rime in the Philippines e m g y  -or. We are 
pleased to have contributed to this important USAID effort. and uwuld be happy lo assist funher IISAID's goals and 
thc energy objectives of rhe Govemment of thc Philippines. 

Thank you very much for the opportunity to assist USAIDIManila's Office of Enuironmcntal Management. 

Sincerely, 

Roger W. Tayloi 

Manager. h Ie I l l a t i0~ l  
National Renewable Energy Laboratory 

enclosures: Final Repon. Appendices. Trip Repons (two copies of entire report on CD) 

cc: Griffin Thompson. USAID -Global wlCDs 
Patricia Flanagan. U S . m  - Global wICDS 
Reuben Qwjas. NCED w1CDs 
Ron Benioff. NREL 

NREL el617 Co* B o u h r d  Golden. Colorado 804014393. (303) mraO 
Operated fa lhe U.S. Department ot Energy by Yidrrert Reseorch Insmule Bme(k Brch(c( i?!d 



The Philippines Renewable Energy Project 

Final Report 

Reporting Period: January 1,1999 - September 30,2001 

A project funded by the U.S. Agency for International Development 

Project Managed by the National Renewable Energy Laboratory 

January, 2002 



Table of Contents 
... 

Acronyms ............................................................................................................. 111 

.................................................................................................................. Overview 1 

........................................................................... Introduction to the Project I 

....................................................................... Project Status and Highlights 1 

Contributions to USAID Performance Indicators ........................................ 2 

Project Summary Data ................................................................................. 4 

Task Reports ............................................................................................................ 9 

.................................... Task 1 . Renewable Energy Market Infrastructure 10 

Task 2A . Wind Farm Analysis ................................................................. 12 

......................................................... Task 2B . Diesel Mini-Grid Retrofit 14 

Task 3 . BiomastBioenergy and Combined Heat and Power ............... 17 

...................... Task 5 . Analysis of Alternatives for Rural Electrification 20 

................................................... . Task 6 Policy Analysis and Assistance 22 

.................. Task 7A . Technology Cooperation Agreement Pilot Project 26 

. Task 7B Micro-hydro and Solar Resource Assessment 3 0  

Task 7C . Geographic Information System for Targeting Renewable Energy 
.................................................................. Deployment in the Philippines 33 

Task 8A . Management and Coordination ................................................. 35 

................. Task 8B . Capacity-Building and Training-Needs Assessment 35 

........................................... . Task 8C Strategic Framework Development 36 

Appendices 

Trip Reports 



List of Tables 

...................... Table 1 .  Contributions to USAID Performance Indicators for 1999 3 

.................................................................... Table 2. USAID-brokered Exchanges 4 

................................. Table 3. Deliverables Status, September 1999-March 2000 5 

........................................................................................ Table 4. Financial Status 8 



Acronym List 

ADB 
AED 
ANEC 
BCSE 
BEP 
ARD 
CAFO 
C M  
CEPALCO 
CHP 
CIDA 
COP 

CPC 
CSR 
DBP 
DEM 
DENR 
DOE 
DOE GlSD 
EIC 
EO 
EPIR 
ER 
ERAF' 
ESMAF' 
FA0 
FCCC 
FFHC 
GIS 
GOP 
HNEl 
HOMER 
IACCC 
IRP 
IRR 
LPG 
MER ALCO 

Asian Development Bank 
Alternative Energy Development 
Affiliated Non-Conventional Energy Center 
Business Council for Sustainable Energy 
Barangay Electrification Program 
Associates in Rural Development 
Concentrated Animal Feeding Operations 
College of Engineering and Aplndustrial Technology 
Cagayan Electric Power & Light Company 
Combined Heat and Power 
Canadian International Development Agency 
Conference of the Parties (to the United Nations F m w o r k  Convention 
on Climate Change) 
Community Power Corporation 
Climatological Solar Radiation 
Development Bank of the Philippines 
Digital Elevation Model 
Department of Environment and Natural Resources (Philippines) 
Department of Energy (Philippines) 
Department of Energy's Geodata and Information Sewxes Division 
Econergy International Corporation 
Executive Order 
Electricity Power Industry Restructuring 
Energy Regulation 
Energy Resources for the Alleviation of Poveny 
Energy Sector Management Assistance Program 
Food and Agriculture Organization 
Framework Convention on Climate Change 
First Farmers Holding Company 
Geographic Information System 
Government of the Philippines 
Hawaii Natural Energy Institute 
Hybrid Optimization Model for Electric Renewables 
Inter-Agency Committee on Climate Change 
Integrated Resource Planning 
Implementing Rules and Regulations 
Liquefied Petroleum Gas 
Manila Electric Company 



N AMRlA 
NAPC 
NCED 
NEA 
NFA 
NGO 
NIA 
NF'C 
NPS 
NRE 
NREL 
OTEC 
PALECO 
PAGASA 

PEI 
PNOC 
PREP 
REAP 
REAP-C 
REC 
RESCOs 
RFA 
RPM 
RPS 
RWEDP 
SIBAT 
SO5 
sow 
SPUG 
SRC 
TCAPP 
TOR 
TRMM 
UNDP 
UNIDO 
UPLB 
USAID 
US-AEP 
USDOD 
USDOE 
USEPA 
VlCMlCO 
Vi POR 

National Mapping and Resource Information Authority 
National Anti-Poverty Commission 
Non-Conventional Energy Division 
National Electrification Administration 
National Food Authority 
NonGovernmental Organization 
National Irrigation Authority 
National Power Corporation 
Northern Power System 
New and Renewable Energy 
National Renewable Energy Laboratory (U.S.) 
Ocean Thermal Energy Conversion 
Palawan Electric Cooperative 
Philippine Atmospheric, Geophysical, and Astronomic;tl Semces 
Administration 
Preferred Energy, Inc. 
Philippines National Oil Company 
Philippines Renewable Energy Project 
Renewable Energy Association of the Philippines 
Resource-Efficient Agricultural Production 
Rural Electric Cooperative 
Rural Energy Service Companies 
Rapid Field Appraisal 
Regional Planning Model 
Renewables Portfolio Standard 
Regional Wood Energy Development Program 
Wellspring of Science and Technology (Sibol ng Aghan at Teknolohiya) 
Strategic Objective 5 
Statement of Work 
Strategic Power Utilities Gmup 
Sugar Regulatory Commission 
Technology Cooperation Agreements Pilot Project 
Terms of Reference 
Tropical Rainfall Measurement Mission 
United Nations Development Program 
United Nations Industrial Development Organization 
University of the Philippines Los Bfios 
U.S. Agency for International Development 
US.-Asian Environmental Partnership 
U.S. Depamnent of Defense 
U.S. Department of Energy 
U.S. Environmental Protection Agency 
Victorian Milling Company 
Village Power Optimization Model for Rural Electrifici~tion 



Overview 

Introduction to the Project 

Through the Philippines Renewable Energy Project (PREP), the United Slates Agency for :numational 
Development (USAID) funded technical assistance to the Government of thc Philippines ((iOP). u d s  the 
management of the National Renewable Energy Laboratory (NREL). during J a n w  1999 - Septemba 
2001. This is the final. cumulative report for the project. 

NREL is a U.S. Department of Emgy (USDOE) national laboratory that spccializcs in ren-uabk energy 
and energy efficiency -ch and development. NREL has provided support to counties thrwghout ihc 
world to use renewable energy technologies for rural economic development. 

NREL's technical assistance project supportcd thc analysis. development impkmenlation ud evaluation 
of the USAIDManila Mission's Climate Change Mitigation program. with emphasis on renewabk energy 
activities. This assistance was provided wichin the framework of USAIDManila's suppal to the GOP on 
Sbategic Objective 5 (S05). "Climate Change Mitigation.- and also supported achievemen: of the goals 
and objectives of the GOP's Inter-Agency Comminee on Climate Change (IACCC). Specifically. it 
supported reductions in the use of fossil-fuel-based energy through cleaner fuel technologies a d o r  
i d  efficiency in energy generation, transmission. andlor distribution. NREL's technual assistance 
sirnultamusly supported the GOP's poverty alleviation effons by identifying oppommitie; for rcncuabk 
energy to be used to contribute to economic development. 

The pupox  of SO5 is to reduce the growth of emissions of geuhusc gases in the Philippi- h-ough the 
development of appropriate policies and regulations. and improved access to information and tbchnology. 
that encourage the use of cleaner fuels and energy efficiency measures in thc power seaor. Rcncuable 
energy is a key component of the program, and has been identified by the W P  as a priorin a d v i e  as the 
nation entm the 2lst century. In this regard. the GOPs drah 'National Action Plan on Cliaate Change- 
(November. 1997:l) states that "the first recommendation of this pape...is to shih the enerky mix  auax 
from fossil fuels towards renewabla." This is an activity of the highest priority. 

Ovaall guidance and management of this assistance was provided by USAID's Office of E 18ironmnrl 
Management and the SO5 Executive Comminee. They worked with NREL to assure that these s c t i v i k  
directly support SOS's performance indicators and results targets. At the same time. h is  as-' .lslanr 

responded to evolving GOP needs and capabilities, which were imponant given the change; in GOP 
administrations during the project period. and changes in the electric sector. Most of the as-'  stance war 
comple~e by December 31.2000. with final conclusion of all tasks by Sepiember U). 2001. 

Pr@ci Highlights 

The Philippines Renewable Energy Project completed imporcant delivaables that are being used in the 
Philippines and built capabilities in the Philippines through collaborations uith GOP counterpans and ocher 
groups that are active in  Philippines energy i&ues. 

Throughut the projest. NREL task leadm worked clmcly with counterpans in the Non-Cc nventional 
Energy Division (NCED) of the Philippines Department of Energy (DOE). Smtegic Po*- Utilities Grwp 
(SPUG) of the National Power Corporation (NPC). and the National Electrification AdIniniJntion (NEAL 
Together with these W P  counterpans. the Project engaged the Philippines pnvate sector. n~ngovernmental 
organizations (NGOs). and academic institutions in using the products of the v & w  lash is nd derrloping 
capabilities. 



NREL's technical assistance contributed significant deliverables that aid the Philipplncs' rcncuabk e m 0  
development efforts. Fmm the pmject overall. some of the most important deliverabks hrm EEW 
technical assistance include: 

9 A strategic hamework for DOE'S mle in rural electrification flasks 1.6. and 8 0  
3 Policy reform facilitation. including legislative language. drah DOE policy docuwnts. and policy 

analyses (Tasks 2 k  2B. 6. and 7A) 
9 National renewable emgy resource atlases for wind, solar. hydropower. and biomass. with data in GIS 

form to facilitate analysis and planning (Tasks 3.78. and 7 0  
9 Capability development for economic wlysis of rural electrification @om. sampk . d y r c s .  and 

national databases of input files (Task 5) 
9 Identification of priority sites and wind measurement at these sita for hybridiiing diiel-powacd 

mini-grids with wind enagy (Task 28) 
9 Development and application of a screening process for wind farm sites (Task 2A) 
9 Opportunities for businss investment identified and pmmoted. especially for uindldicrcl h).brids. 

s o l a r - p o d  agricultural warn pumping. and mini-hydropowa (Tasks 1 and 7A) 

The Task R e p m  in the rest of this repon will describe these highlights and accomplishments of the pjox 
in p t e r  detail. 

Contribution to USAID Performance lndicatocs 

NREL conbibuted to major USAID performance indicators during 1999 and XXX). Achie\emcn& included 
contributions to policy goals. cleam fuel goals. capacity building tools. and USAID-bmkerd exchanges 
The results for both yean are summarized in the following tables. and the specific ~ p o m  tn USAD 
performance indicators are provided in the previous pmgress reports. 

TaMe 1. Contributions to USAlD Performance Indicators, 1999 - 2000 



Table 2. USAlDbrokered Exchanges (January 1.1999 - September 30.20C'l) 

Personnel I Dates ( Accomplishmen& 
Paul Galen I 11130-12/16/98 I Held 19 meetings with key elecmciry sector p l a p  
Pat Keegan 1 lUI4-18199 I DOE agreed engage in 'Tast track" policy reform to i m p \ -  ntnl rencwabk 

I I energy markets. 
Kevin Rackstraw 1 2220-2711999 1 (subcontractor for Task 2a) Wind farm site preliminary uracninp: 

I I I Technical coopeation with international wind d e v e k ~ m n t  eff& of I 
I USAID. world Bank, Winmck. DOE 

Paul Galen I 2L?&3126/99 [ Analysis of policy environment of the e ls t r ic  indusay in the Philippim 
Peter Lilienthal I 2227-3IIU99 I Demonstrated NREL's Villaee Power Plannine soRuarc (HOMER ViPOR. 

I and che ResonaI Planning Modell and 
Pat Keeean 1 311-1 1/99 I Follow r h e h  on the orevious mlicv 

1 for remfintng uslng wtnd lshnologta  
Larry Flowen ' 316 16/99 Completed wlnd resource scoutln~ tour wth PNOC 

- 
Dennis Ellion 

resource estimates for windldieul mrofifs and wind farm applications with 
NPC. Discussed NREL's wind rrsource m i n e  rrulfs u wairshoo. -- .. - 
discussed them w~th  USAID. W~mock. and Phtltpplnzs a g m m t r o m  

Ron Whtre 318-19199 Held tnternal workshop for DOE As& npportun bes ro u a k  with RECs 

315-16/99 

1 and ANECs for market development Ronded a l l n l a p  b u w n  a US- 1 

based tirm and a prownclal government that a htghl) Itkcly to raul t  m a  

. . 
for the DOE.- 
Facilitated and accelerated rhe large-scale use of 
through wind mapping. Assisted in identifying potential sites for large uind 
farm applications and locations of r e w  diesel W o r k s  with the pocmtial 

private investment on the o r d a  of 51.0 million. 
Li Brady 3120-31/99 Established collaborative relatiomhips with lofal G I s  dam holden and M i 

expens. I 

Laura 3122-44/99 Addressed issues on work planning. information colkrtion m u r a g e m a  i ' Vimmerstcdt and coordination in suppoi of 
. 

Dave Renne Oreanized the MimHvdrdSolar  rcsourrr subtarks. 

Ralph Ovaend Held meetings to discuss Biomass rrsourcc -meit a d  the a v a i h l i t y  1 
413-24/99 of indigenous biomass conversion technologies. 

Ralph Overend WS- 16/99 Worked on h e  Wood Fuel Situation in che Philippines. Aneadcd World 
Bank Workshop. 

I a o m  Weingart 6'12-2W9 (subcontractor for Task OTnp and assoc~ated uwlirshop engaged publr 
~ - -  

sector and private =tor lead& in discussions to arsiw policy de\rlopmcm 
and renewable e m g y  program to expand rencwabk e&rg) m u k m  

Ron White 6'13-26/99 Conducted market analysts and market development rurk  Pmn-~pned in a 
World Bank comultati~nlworkshop. M a  a n d k - ~ f m e d  with Probkcal 
officials. USAID representatives. and local pnvatc xlta funs mith 
to the productive uses (i.e. o k r  than i l l u m i n a h l  of renea-abk-genaated 
electricity. 

Laura W13-2@99 Consulted with Philippines c w n t a p a m  I clienu on ncxr steps f a  the 
Vimmmtedt TCAPP and the P h i l i w i m  Renewable E n u p  Project. TCAPP Fa-Track 

Actions recommcnda~ons. and TCAPP workplan.. 
Robeno 6'18199 Initial model minine at NREL for rewescntatives from two agencies. M A  
del Rosario: (del Rosario) and P&CO t~avuvo;. lTravel fundire for ih;se - 
Ponciam Payuyo ~pesen ta t tvcs  rac from N R E L ~ ~ ~ I . )  
Paul Galen W 2 1 - W B  Follow-UD on imolementatmn of Fast.Track w l r v  rerommcndatnwa. ~~~~ -~~~~ . . 

P~otided assistance to NCED regarding their B m g z  y Electrification 
Planning. Assisted W E  on e l s m c  p o w  indusay n-sauowing m u e n .  

Ron White 1W1-11110199 Evaluated existing market mearch and conducted intmiews with the 



I I I Philippine Renewable E m g y  Industry. began draft rqmm on comaaints to I 
I l n d i b y  growth. exp~oredl~~nt-venturc and inv+strnnt oppanoutla.  

Paul Cdlen I IW9-IU21199 I Held several meet~ngs with DOE. USAIDIMmla. PYOC. NPC. and PEI'  

Guuld lssua for d s ~ s ~ o w m a k e r s  at NPC and NEA r c g a r d ~ n ~  such h ) b d z m o o  
Ralph Overend 0911O- 16XX) Prowded t s h c a l  support to B l o m  Pol~cy Workslap ovanrzcd bb\ L'S- 

Peter Lilienthal 

Liz Brady 

Tony DeCasm 

AEP and o h m  lo c&blish a &ination tkchanisr, ia biomass 
development in the Philippi-. 

Laura 09117-29/00 PREP indicators and n w w .  G a M  information during mu uortshops 

1 1R-24/99 

I 10-23/99 

1 1/29/99 

Vimmastedt related to planning for Bank lending. Discussed with US.UDIM&~ 

F w d  on policy related tasks and CIS. 
Held mining workshops on NREL's Village P o w  Planning Models. 

Provided training, gathered information in suppcm of thc GIS subcasli to 
assist in opening up markets for renewable energy in the Philippines. 
Meetings with CPC-Shell: (follow-on to Ron White ~ntmduction). Mmings 
with NREL expens on fuel cells. PV testing and nanJards. c q  drying. and 
hybrid systems. Meetings with USDOE. USEPA'. and USDOD' on the 
Energy and Envimnmcnlnl Security Initiative. 

implemen;ing a renewable energy strategy-for nwl e1strif~:ation 
David Renne 1W2-29/00 Conducted a solar resource assessment uurksb to r?rien- draft find rcpat 

Arranged spaific investment actions that the TCAPI' will use to admm.-c 
renewable energy development in he Philippines. 

Laura 

of the solar resource assessment developed for ihe Ph limlnes. Conducted a 

216-25/00 Ron White Conducted market analysis and market development *a(;. 

Ron White 3131-4/19/00 Conducted market analysis and market development d. D i s d  
strategic hamwork for rural electrification with rcncnabks. 

7 

1 Roger Samson 41-17/00 Identifed challenges and oppomnitia to enhance bicmass mugy 
development. 

Ralph Overend 415-26/00 Briefed P-DOE on p m p  Iodate; continued gcha ing  information on thc 1 
sugar industry and Dendrothermal Program of thc 1 9 e .  norkcd on rwal 
electrification issues; met with Univ. of Philippines. I r a  Bams 
subcontractor. 

Laura WIO-23/00 Reviewed specific plans for TCAPP work with DOE and . m a n i l a  during 
Vimmerstedt next ten months. A p e d  on next steps for DOE and I)A -4 decision on pilot 

p m p m  for PV-powered water pumping. Planned h y h p 0 n - u  marku- I 
development actions. Identified possible steps to advance diesciluind ! 

hybrids for isolated grids. 
Ralph Overend W18-29/00 M a  with officials of PDOE. Preferred Errrgy Inc.. and Developem 

Academy of he Philippines on GIS biomass s w e y .  Participted in 
Philippines-Hawaii Energy Efficiency and Renewabk Encrpy M d n g  in 
Cebu. 

Ian Baring- 09/03-09/00 Advanced analysis of wind hybridit ion of SPUG d i s k  and uplad 

I 118-22100 

micro-hydro resource assessment obtaining &ehokkr feedback. 
Ian Baring- l lRS-3(Y00 Prime rnaenter at Technical Training S e m i w  on n i ~ d l d i a c l  hrbrid wnrr ! 

V i m t e d t  

- 
could systems sponsored by M~EL ~ c m i a n d  h-4 by ~ h l ~ l p p ~ r r s - h ~ ~ . '  

PDOE. and NPC of the P h ~ l ~ p p ~ r r s  
Laura 03110-17/01 Met mlh coopa tors  m Manllr lo take next steps on TC.4PP inwstnxnt 
V ~ m t e d t  actlom. Dtscussed how future TCAPP nork can bea comlement and 

suppon overall work p m p m  of USAIDIMmla. 
T~mochy McCoy 0111&2.5101 Global Energy Concepts (GECI met wlth slakcholdm to mlor and 

1 streamline he site screening criteria for the Philippines. and visited 6 sites in ~ 
Luzon to apply rrccnlne, enten3 

K e t ~ n  Sm~th  W16-25/01 Global Energ) Concept, tClECl met ulth stakeholder to mlor a d  
streamline the site screening criteria for he Philippines. and bisited 6 sites in 
Luzon to apply screening criteria. 



Project Summary Data 

Table 3. below. summarizes outcomes for major project deliverables and milestones. Tabk 4 pro\* a 
financial summary. The Task Reports section provides greater detail. and the M c e s  j m b i d e  copies of 

Keynote speaker at the Renwable enugy and Rural Ekcmfication 
Workshop held by USEA and USAID and spa-! by PDOE. USAID. and 
NEA. Discussed uith NPC. PDOE. and USAID a b n  renuabk 
technologies for diescl retrofit projects. I Ian Baring- 

Gould 

the documentation of he deliverablcs and mil&tones. 

05115-26/01 



Table 3. Dellverables Summary 

Task Deliverable o r  Milestone 
# 
1 

1 

D l -  Capacity Building: 
Init ial ization Workshop 
l leport  

'World Bunk Preaentatlon 

I 

Progress 
Report 

1 

1 

1 

3 

D5- Capacity Building on 
Value Chain Analysis 

1 0 2  - Market Analysis Plon 
(rcvised deliverable) 

Final Outcome 

Completed 3/1/99. 
market assessment 

Inlernal Workshoo 

I J ( ~ a ~ e r  copy) 
Cornolered 6/24/99. l n f o rGd  World Bank oroiect IAddrcsslng Market 1624Barr1ersr2.~pt 

I 

3 

I 
1 

I 

1 

. . 
Barrlcrs to 
Renewable Encrnv I 

113- Rapid 1:icld Appru~sal 
A~s i~ tance  

I)(> - Vi~luc ('hum Analysis 

1)4 Rcplrt on market 

~om~le1ed6/17/99. Developed value chain analysis 
capabilities. 

Complcted~/91M) Recommended approaches for 
analys~s o f  of f-gr~d renewable energy apphcallons. 

Infraslructure. Value 

-. 
Commercialization 
Renewable Energy 
Market 

~nnplcled lOC25199. Supported use o f  field data to 
mprc~ve electrification program design. 

-- 

'~~mplclcd 411 Xl(X1. Ihxumenced value chum 
.~~nccpt und Vulue Chain Worbhop. ~~ ~ ~ 

DSutlach.ppt; 
DeliverablcS.nf 

Cham Grkshop  

Market Analysis 
for Off-Gid 

Dchv2.nf 

Renewable Energy: 
An Approach t o  
Better Analysis 

Assistance in  the 
design and conduc~ 
of a Rapid Field 
Appraisal 111 s u p p ~ n  
dcplt>yment I I~ Sc~lar 
I l t ~mc  Svrlems in  
l lnelcclr i f id 
nuranguys 
l ' h t ~ t ~ ~ v ~ ~ l t a ~ c  Value 
Chuin . . Analyals .. .. . 

Dcliveruble3.r1f 

Deliv6.rtf 

.. . . . . -. 



l ) l ? & D 1 3 -  Summaryof 
dixcuihions w ~ t h  lenders 

Task 
# 

1 

1 

I 

Deliverable or Milestone 

distortions 
D7 81 D8 - Draft und Final 
description of value-chain 
constraints 
119 - Recommendations for 
market development bused 
on Value Chain Analysis 
D l 0  & D I I -  Summaryof 
dis~ussions: investments 
and necdcd analysis 

I 

I 

D 14 - Letter repons on 
Iil~ancing and joint ventures 
* Ihcture and asnrinted 
~ii;~terials on suslainubility 

?A 

Progress Flnnl Outcome 
IRer f l  1 

W~nd-Specific Policy Brief 

ZA 

Cancelled 

Cancelled 

Site Scrccnlng Results 

Documentation 
Tltle 

Electronic Flle 
Name 

2 

2 

p h e s  I 
3 C:omplcted 3/8/01. Assessed pdicy issues for grid- Appendix A. AppcndixAed- l .nf 

connected wind farms. P h i l i ~ ~ i n c  Wind 

I 

I I 

~ a r ;  knalysis and 
Sile Selection 

~ 

Completed 2121100. Identified potential for shallow 
tubewells, rural energy services, and photovoltaic 
module assembly and public investment that could 
contribute lo attracting private investment ~ 

Completed 3/1/00. Assessed the issues in matching 
renewable energy projects with lenders 

Cuncellcd 

Completed 6/15/00. Rcsp~ndcd to USAID request 
for tutorial to define the conccot of sustainabilitv. 

Sustainability.nf 

Summary 
Discussions: 
lnvcslments and 
Needed Analysis 
Summary of 
Discussions with 
Lenders 

3 

I 

Dcliverablel0.rtf 

Deliverablel2.nf 

-- 

Complctcd 8/28/01, Evaluuted six sites for wind 
farm potential. 

- ~p 

(;ompletcd 3/5/99, Assessed tlpp~rtunity for wind 
farm pro~act dcvcl~~pmcnt. 

Analysis 
Philippine Wind 
Ikrm Analysis and 
Site Selection 
Analysis 

Philippines Wind 
l:urm Pro~ect 
Scoping Analysis 

Final-Tnsk2A-303 
4cd-l.nf, 
AppcndixAcd-l .rtf, 
Appendix R.nf; 
AppcndixC.nC 
l~pwl l~ i~n . i t r  
I'IIILNREL.rtf 



2B ldent~fy Candtdate Dtesel 
M~nt-gndr for Analysls 

28 ln\tullatton of 
Anemometers at Selected 
S1tes 

Prtrcersing of Anemometer 
Dam 

*A~ldtt i~~nul Ilata ('ollcct~o 
ILlt~lprncn~ itnd bpUrC Parts 

28 Analysis 0fRctrofit 
Economics 

2B Prcsentati~rn of Results and 
Recommcndalions 

28 
28 

Informed World Bank pn>j&t 
of wind farm pobntial. 

~~ - 
Completed 3/1/99. Selected best mini-grids for 
hybridization with wind generation. 

~ o m ~ l e t e d  717.000. Installed a~em~~mears and 
collected 1 year of wind data at each of 12 sites. 

Cancelled. 

DraR Project Repm 
*Assessment and 

processing and assessing data that they 
collected from the installed anemometer 

Cancelled 

stations. 

~ocumentntlon 
Title 
Philippines Wind 
Farm Project 
Scoping Analysis 
(presentation) 
Status Report. 
NPCISPUG 

NPC/NRELILISAID 
anemometer for the 
islands program: 
Status Report ~ ~ 

I -- 

Electronic File 
Name 
Philippines WB 
Slides.ppt 

PhilAID 9-99 
rcport.rtf 

9-month review o f  
sites.dw 

Completed 512001. Assisted SPUG in- lDcscrtption of (Contractual 

Completed 7/21/00. Mtxlified the 
NKO to providc mare data 
and spare pafir. 

Arrangements 
between FIRE1- and 
NPC-SPUG 
regarding Wind 
Data; 
Clarification of wind 
speed monitoring 
issues; 
NPC/NREU[JSAID 
ancmomcter fc)r the 
islands program: 

arraignments 
between NREL and 
NPC.doc; 
~ l ~ ~ ~ i f i ~ ~ ~ i ~ ~  of 
wind speed 

issues.doc; 
9-month review o f  
sitcs.doc 



'ask IDeliverable or Milestone 

-- - 
3 World I3ank Prerentation 

3 l ' ini~l repon on biomass und 
Irl~rncryy potentials. 

Leport Tltle Name 
3 Completed 1'2/2000. Developed policy Issues for the use of Concepts for large 

strtements on issues important to diesel retrofit wind with large wind diesel based 
projects. diesel based power power systems 

systems in the f ina1 .d~ ;  
Philippines: 
The effects of Effects of RE and 

Renewable Energy Spinning Reserve 
Penetration and On 
spinning ~eserve on (3 ids .d~  
Power Grids: 
Summary memo 
prepared for Paul 

~ ~~ Galen 
3 DOErneetingS- 17- 

0 1 .doc 
3 PhilMay-Olreport. 

doc 
3 PREP Task 2b 

final 
assessmcnt.doc 

Completed I'JZOOO. Developed GIS datn of Biomss Energy see CD-ROM 
hic~muss reu~urccs. Resource Allus ol' the "Resource 

Philippines A , ,  rsesrments" . 
I Completed 6/24/99. Informed World Bank project of Biomss und WBPh6-24.ppt 

biomass I hicrnergy p)tcntiul. Bimnergy in  the 
Philippines 

3 Completed 9RS101. Quantified biomass and Strategies for 17inalRpt09?501 .nf 
hiocnergy ren~urcc base und identified priority uses Enhancing Biomns~ 
III pramote ecc~nt~mic Jevel~~pment Energy Utilizntion in 

-- - p~ -- 

C:ancelled. 
- -  

-i 



Task 
# 
5 

- 

Deliverable or Milestone 

Main Training in Munils 

Progress 
Report 

2 / 3 

Final Outcome 

Completed 11130199. Trained government. industry. 
NGO, and academic representatives on use of 
computer models for rurul electrification options 
evuluation. 

Documentatlon 
Tltle 

Electronic File 
Name 
PR2-Trngpar.rtf; 
PR3-Trainings in 
Philippines.doc 



. . 
dmu. 

Electronic Flle 
Name 
draft2.ppt; 
HOMERManual5.rtf 

HOMER Sample 
Files (folder): 
HOMER Resource 

;ble o r  M I I & o " ~ ~ ~  liGogr& 
R e ~ e  

5 Initial Training at NREL I 

5 Interim Report on Data 3 
Analysis 

Resourcc Data: 
Philippines Wind 
Data 

- 

Final Outcome 

~ o r n ~ l ~ l e d  6/18/99, Trained Philippines analysts on 
HOMER tool. 

Ct~rnpleted 8/29/01. Completed internet-published 
sample analysis of Sicud. Palawan, and HOMER 
i n ~ u t  files of Philippines solar and wind resource 

Files (folder) 
(also muy be 
downloaded from 
http://www.nrel.gov/i 
nternutionrl/twldho 

Documentatlon 
Title 
HOMER Training; 
HOMER Truining 
Manual 
Sicud; 
Luzon. Visayas, und 
Mindanao Solar 

6 

I 

1 
2 

I Dri~l't Report on the Policy 
Environment: Before and 
After 

I 6 

6 

1:;1*t Track 
Rccommendat~onr (filed 
w ~ t h  Tusk 7A) 

1:dd 'Track Next Steps (filed 
w~th  Ta\k 7A) 

- 

I 

Puniully completed September 1999. The "Before" 
version of the Repon on the Policy Envin)nment was 
u chapter of the ESMAP r e p n .  "After" portion 
cancelled. 

Completed 3/16/99 Identified highFiority policy 
changes. 

Completed 3 /24m.  Identified 
priority policy changes. 16. 1999 Meeting 

with Secretary of 
linergy 'Tiaqui on 
1:ust Truck Action 
I L C ~ ~ I I I ~ I E I ~ J A I I ~ , I I ~ .  
Ixcculive Summary 
I'rc,p)bcd rust Truck 

for 
Rcnewuble Energy 
Technologies 
Prc)posed Fast-Truck 
Actions to Promoa 
Renewublc Energy 

Pei38a2.nf 



Task 
t4 
6 

6 

6 

6 

0 

Deliverable o r  Milestone 

'I'rcscntation to l.egislators 

('ommcnts on NRE Bills 
(Omnibus Bill is a separate 
item, below) 

*Kcvision of Draft NRE 
13111 

Cc)mmcnts on Elatric 
Power Industry 
Restructuring Act - 
September 1. 1999 Version 
(Succesv~r Bill to the 
Omnibus Bill) 

I';~per on HI'S ('bncept 

Progress 
Report 

1 

I 

I 

1 

I 

Final Outcome 

Completed 3/12/99. Prcsentcd renewable energy 
policy issues to Philippines legislators. 

Completed 12/17/98. Commented on draft NRE 
bills. 

Completed 4PJ99. Provided draft language for NRE 
Bill. 

Completed 9/23/99. Commented on draft bill. 

Completed ?/I 1/99, Inlrtdoccd Rcncwahle Pt~rtfolio 
Standard concept. 

Documentation 
Tltle 
Universal 
LevylRenewirble 
Technology 
Application 
Summary of NREL 
Comments of Draft 
DOE NRE Bill: 
Comments on the 
Philippines DOE 
Proposed Renewable 
Energy Bill 
House Bill 4329 

lnitinl Thoughts on 
Administrution's 
Proposed Omnibus 
Electricity Bill HB 
4579; Comments of 
Russell Profozich. 
Office of 
International Policy. 
U.S. DOE, and Paul 
S. Gnlen. Senior 
Policy Analyst, 
Inlernnlional 
Program$. U.S. DOE 
/ NREL 
Thoughts on Purpose 
and Design of a 
Rcncwnhlcs Portf~blio 
Stnndard (UPS) for 
the Philippines 

Electronic File 
Name 
01-Subicl.ppt 

02-Nrcsuml.nf: 
03J'hilcornts.rtf 

04-Nrcbill4.nf 

05-Omnibus I .rtf 

07-PhilRPSl .nf 

- 





Tuvk l ~ e l i v e r a b k  or Milestone (progress 

7A 

7A 

. 
Policy Reform through 
I)OE Memos and EO: Draf 
Fast Track Implementing 
I)cxuments 
See also Task 6 (Fast Track 
Ilecommcndutions. f i s t  
Track Next Steps) 
Inve~tment Action Areas 
(revised deliveruhle instead 
of Invcstment Solicitation) 

7A 

7A 

(~ocumenta t ion  JEledronlc File 

Investment Action Areas 
(detail on WindlDiesel 
Ilyhrids) 
Investment Action Areas 
(detail on 1.3ydro) 

7A 

7A 

7H 

- - 

-- 
Comolcted 8130199 Prov~ded draft t 

Investment Action Arcns 
(detail im PV Agricultural 
Water Pumping) 
C';q>iihility Duilding 
S~lrnmnry 
Microhydr(~ Rea~urcc 
A\~crsn)cnt 'Training 

. . I Regulations No. 1-95 1 
ICanoleted l l51m Identified and described TCAPP Investment ~TCAPP Investment 

dtsuments for DOE'S consideration. 

Investment Action Areas 

provisions of 
Executive Order No. 
462: 
Amending Certain 
Provisions of Energy 

ERI9Samd.rtf 

Action 
Opponunilies; 
Proposed TCAPP 
investment Action 

Collection 
Completed 1/5/00. Identified and described W ~ t e r  Pumping from 
lnvcstmcnt Action Areas. Shallow T u k  Wells 

Action 
0pponunities.nf; 
TCAPPIAO.nf: 

Cumpleted 115100. identified and described 
investment Action h a s .  

Completed 1/5/00, Identified and described 
Investment Action Areas. 

Areas; 
Trip to San Diego f o r  
BrcezElcctric Technical 
Technical Assistnncc Assistance.nf 
Phils. Mini and 
Smnll Hydro Data 

. . . . . 
l&urce assessment and resource measurement l~crlar Reu)urce I rcnne-10-00.d~~ I 

Completed l/3l(W). D~rumented TCAPP's 
cc~ntribuuon tli Capability Building. 
(.(~mnletcd 10127100. Trained technical stuff on 

Assessment 
Workshop and 
hlicr:~ hydra 
Re~)urce  Asxessment 
and Training 

in Centrul Luron 



Task Deliverable o r  Milestone 
# 

Documentation 
ITUk  

7B IIOMER files o f  Solar 
,Rcaourccs (with task 5 - 

7B 
78 

revised delivcrublc replaccd 
Sdur Resource Rcpon) 

- 
Philippines 

! 8/28/01. Converted complete national Sicud; 
solar resource data into tiles that can be used in  Luzon. Visavas. and 

Rcyional Micruhydro GIS 
National-lrvcl Solar Report 
and Resource Maps 

HOMER analyses. 

3 

~ i n d a n a o  ~;lnr 
Resource Data; 
Philippines Wind 
Data 

Cancelled. 
Completed 1110/2001. Provided full set of national 
solar resource  ma^ imanes on Resource Atlas CD- 

IIOMER ~cbource 
Files (folder) 
(also may bc 
downloaded from 
hnp://www.nrcl.gov/i 
nternational/tooldho 

Asscssmcnts" 
~ ~ 

Assessment o f  Sol& Solar-repon.pdf 
Resources in  the I! 

70 IN;ltionul-Level Solar 

l l ~ ~ t c r i m  Replrt 
7(' l~cnewable 1:ncrgy GIS Plan 
UA ~~ews le t t c rs  ( '~uhlic) 

~ 

3 

1 7C 

7C 

7C 

mcr/download.html) 
Completed 11/24/00. Developed national GIS data CD  o f  
c~n  solar resource "Resource 

Asscssmcnts" 
Completed 1 111 8/99. Assessed institutional Institutional 
cnvimnment for implcmcntation and long-term Asxssmenl o f  
clf~ctivencss o f  a rencwablc energy CjlS Geographic 

Information System 
Activities Within the 
Republic o f  the 
I'hilippims 

C:ancclled. 

C'unccllcd 

Reu~urcc GlS Atlas 

in~titutional Asscssmcnt 
Interim R c p ~ r t  

Nccds Asscssmcnt Interim 
Rcport 
'Technical Assessment 

1-3 

I 

Cuncelled 
Completed l i ~u r  111 eight editions 6/00. 
Volume I, lasuer 1 - 4 

('ompletcd 7/99 

~ 





Tat 
# 
1 
2A 
2B 
3 
4 
5 
6 
7A 
7B 
7C 
8 

jle 4. Task Contact lnlormatlon - - 

Task Name 
Rcncwable Encrgy ~ a i k e t  Infrastructure 
Iliesel Mini Grid Retrofit 
Wind F m  Analysis 
Biomass - Bioenergy and Combined Heat ~~ and Power 
Ocean Power ~ 

Rurnl Electrification Analysis of Alternatives 
Policy Analysis and Assistance 
Technology Cooperation Agreement Pilot Project 
Micro-hydro and Solar Resource Assessments 
GIs for Targeting Renewable Energy Deployment 
Coordination Task 

NREL contact - - 

Roger Taylor 
Larry Flowers - - 

Yih-Hue1 Wan 
Ralph Overend 
Roger Taylor 
Peter L~lienthal 
Paul Galen 
Laura Vimmerstedt 
Dave Renne 
Liz Brady 

1 Roger Taylor 



Table 5. Final Project Financlais 

# 

I 

2A 
2B 
3 

4 
5 

6 
7A 

7R 

7(' 

XA 
XR 

X(' 

TaskName 

Rcncwable Energy Market Infrastructure 

Wind Farm Analysis 
Diesel Mini-Orid Retrofit 
Biomass-Biocnergy and Combined Heat and 
Power 
Ocean Power 
Rural Electrification Analysis of Alternatives 

Policy Analysis and Assistance 
Technology C(~~pcration Agreement Pilot 
Projcct 

Micro-hydro and Solar Rcw~urce Assessment 

(i lS lor Targeting Renewable Energy 
Duployment 

Cqr~rd~nution Task 
(';1p;lc1ty-I3uilding and Training Needs 
Assessment 

Slr;~lcgic 1:rsmcwork Devclopmcnt - New 2/00 

'I'III~II 

NREL Task Leader 

Ron White 

Yih-Huei Wan 
Larry Flowers 
Ralph Overend 

Desikan Bharathan 
Peter Lilienthal 

Paul Gulen 
Laura Vimmerstcdt 

Dave Renne 

Liz Brndy 

Pat Keegan I 
Paul Gnlen 

Roger Tnyli~r 

Total Budget 
(311100) 

$245.000 

$84.000 
$90.000 

$210,000 

$ 
$104.000 

$158.000 
$100.000 

$100.000 

$100.000 

$197.163 
$25.000 

$25.000 

$1,438,163 

Final Actual ProJect 
Spending 

$247.630 

$95.99 1 
$91.093 

$205.240 

$ 
$104.602 

$158.000 
$100.140 

$92.035 

$98.380 

$195.747 
$25.000 

$25.000 

$1.438.858 

Percentage Spent 

101% 

114% 
101% 
98% 

101% 

100% 
100% 

92% 

98% 

99% 
100% 

100% 

100% 



Task Reports 



Task 1. Renewable Energy Market Infrastructure 

Task Leader: Ron White1 

Major Acemnpiishments 
The major accomplishments of this task included: 
9 Development of capability in the Philippines to analyze renewable energy mark&; 
9 Analysis of Philippines rural renewable energy markets; 
9 Identification and analysis of a major barrier to rural renewable energy marken: the need for 

sustainable institutional pathways for implemenration of renewable energy as a cornpomnt of rwal 
electrification. 

The capability to analyze renewable energy markets can be used to clearly identify priority issues ad 
barrim. which is especially important when scarce public resources are &vocal to market &.velopmcnt. A 
mies of workshops increased renewable energy market analysis capability in the Philippines. especially 
the DOE. through hands-on market analysis activities and inlmducrion tothe m h  litmanre. (Please 
see Appendix I -Renewable Energy Market Infrasbwture: Value Chain Workshop [D5amh.ppl :  
Summary of Value Chain Workshop (Delivmable5.fl; Photovoltaic Value Chain Analysis [ 3cliv6.fl). 
Written guidelines for future market analysis were provided to encourage the use of the marka analysis 
capabilities that the workshops s ~ e d  to develop. (Please see Appendix I - Market Analysis for OfiGrid 
Renewable Energy: An Approach to Bener Analysis [DelivZ.nfj). 

Analysis of rural renewable energy markets provided specific examples for the development ~f market 
analysis capability, established a hamework for analysis of renewable energy technologies that can bc 
applied in future analyses, and identified major barriers to markel development. ( P l u u  see Appendix I - 
Summary Discussions: lnvesmnts  and Needed Analysis [DeliverablelO.fl). 

The need for sustainable institutional pathways for rural renewable energy use war a key i m i a t  of this 
task. Development of the Strategic Framework followed directly from this insight. and conu b e d  to 
DOE'S rural electrification program design. (See task 8C) 

Find stshrs ot Ddiverabier 
Most deliverables for this task were completed as originally pi&. Tuo new deliverables AWC ddcd in 
response to USAID and W E  q u e s t s .  Thcse new deliverablcs (m identified in the original uat plan) 
replaced four [hat were canceled bsause they were determined to bc l o s u  priority. 

. . I chain constraints 
I D9 - R s o I I I I n ~ n d a t i 0 ~  f a  markd &VCl 
I based on Value Chain Analysis 
I D l 4  - Letter rrpacs on financing andprnt 

' Because Ron White is not working at NREL. please direct all inquiries about this task to Rev Taylor a 
Laura Vimmerstedt. 



Task 2A. Wind Farm Analysis 

Task Leader: Brian Parwm' and Yih-huei Wan 

Major Accomplishments 

The major accomplishments of this m k  included: 
> Communication of the enormous potential for wind energy use 
> Establishment of utility-scale wind generation as a high-priority option in the minds of govcmmnt ad 

industry decisiorkmakm. 
> identification of policy concerns for wind farm development 
k Development of the Wind Farm Site Assessment Mnhodology 
k Assessment of six sites to identify wind farm development potential and establish priorities f a  site- 

sps i f ic  wind data collection 

This task improved some of the fundamental conditions for wind farm development: dccisio,makas' 
knowledge of wind energy potential; understanding of policy issues for wind energy; and i k o u n u y  
knowledge of potential sites and their evaluation. This m k  used the data from the wind mapping activity 
(a separate project) for w m a c h  and communication to various stakeholders. govanmcnt off cials. ad 
wind industry players. The wind map of the Philippines was completed in 1999. and publish& in final 
form in 2001. This first national-level wind resource assasment was s p o n d  by Department of Science 
and Technology's Wilippines Council for industry and Energy Research and Development 
(DOST/PCIERD). PNOC. USAID. USDOE. and Winrock with Preferred Energy. 1ncorpora:d. in 
collaboration with the National Power Corporation. 

Before mapping and communication of the mapping results. the Philippines' wind rrsollrrr ulr widcly 
believed to be poor due to the c o u n ~ ' s  location in the tropics, where wind speeds are oRen law. The 
mapping and results communication through this task successfully challenged h i t  m n v e n t i o d  wisdom 
such that key dexision-makers for wind farm development now recognize the enormous wind mourn 
potential in the Philippines. 

The policy environment for wind farm development, another crucial factor. was assessed at h e  beginning 
and end of this m k ,  documenting significant improvements even as  remaining challenges were noted. This 
assessment can serve as a guide if the government chooses to p m m e  wind energy lhmugh f& policy 
development. Major changes include passage of the Electric Power Industry R e f m  AEI o f  2001 
(R.A. 9136). the strong interest of PNOC. refinement of policies regarding the government'% perticiption 
in wind resource development under E.O. 462. sueamlining of requirements under Energy Regulation 1-95. 
and development of a draft model power purchase agreement. Remaining issues include maj-n policies thal 
are uncenain because they an subject to negotiation on a case-bycase basis. banias to foreign devciopas 
because of requirements for domestic Philippines equity, thc small size of tax imnti\,es. unaililabilirv of 
'lake-or-pay" contracts for wind farms. incomplete wind rights policies. and high costs of p i J  faillm to 
Independent Power Producers. (Please see Appendix 2A - Appendix A. Philippine Wind Farm Anal~is  
and Site Selection Analysis [Append~xAed-l.docl). 

The Wind Farm Site Assessment Methodology and the assessment of six candidate sites povtde a 
systematic m e w  for wreening sites for their development potential, and establish priorities for site- 
specific wind data collection. Based on this work. further site evaluation could be conducted and sites 
selected for resource data collection. Selection of good sites for wind famu is a aitical acp in their 
development. because of the local variability in factor such as wind resource. the a p p o p i a t n r s s  of h e  
location with respect to orher pre~xisting land uws or environmental characteristics. and suitbility of rhe 
site for grid access, accessibility. tenain. ownership. and soil conditiom. The site assessment pmdm of 
this task will help decision-maken use systematic. quantitative processes for slte selection. ~ l ' l w u  see 

' Please direct all inquiries to Yih-hwi Wan. 



Appendix 2A - Philippine Wind Farm Analysis and Site Selection Analysis [final-Task2.A- 3092-M- 1.d; 
AppendixAed-I.&, Appendix B.&. AppendixC.rtf. AppendixD.rtf1.) 

Final Sfatus of Deliverables 
All of the deliverable5 for this task were completed as originally planned 



Task 28. Diesel Mini-Grid Retrofit 

Task Leader: Lawrence Rowm3 and E. Ian BaringGould 

Major AcwmpIishments 
The major accomplishments of this task included: 

Identification of diesel mini-grids with good opportunities for rmafit with wind e m g y  
9 Installation of I2 wind mowce monitoring stations at the likely sites. with extra cquipm-nt 
9 Collection. quality control. and dissemination of wind m e  data from the stations 
9 Use of data from wind resource moniton by a private developer to select sites and islands with pal 

resources for funha exploration 
9 Assessment of policy issues with major technical components, especially spinning m e  

This task paved the way for the retrofit of diesel mini-grids with wind energy. contributing d i d y  to 
efforts of BreezElectric with Philippines Hybrid Energy Systems. Inc. (PHFS1) to develop a b x t  40 MW of 
wind for these grids. Selection of good diesel mini-grids for exploration. wind mource data .vlkctioh and 
NREL's independent assessments all contributed to the advancement of this development oplanmity. 

Fourteen mini-grids me se l ecd  for exploration. based on wind rtsourcts and grid charactcistics wrh as 
genaating capacity and daily duration of operation. R e m e  diesel mini-grids repmen1 one ~ r f  the mat 

cost-effective applications of wind energy because cost of diesel genuation. already relati*elr high. is ev+o 
higher due to fuel tramportation. Where wind resources are good enough. a wind e m g y  retr,fit will 
reduce the overall cost of generation. These retrofits are nwst cost-effective where generating crprity is 
relatively large and where he grid operates 24 hours per day. (Please see Appendix ?B - Stants Rcpon 
W S P U G  WilAID 9-99 report.rtfj). 

Site-specific wind resource data is essential to verify the resoume before an invcamcnt c m  be mdc in 
wind project development. In close collaboration with NPC-SPUG. this task plurchased anj m g e d  f a  
installation of 14 wind resource monitoring stations. including extra backup cqulpment (PkLP see 
Appendix 2B - No cost modification to Contract AAM-030202-01 for NRG Syste~ns Inc [NRG 
Philippines MOD-OO.doc ] ). The task then ensured that quality wind data was poducaf. 'Ibis povidcd 
on-the-ground. site-specific data that has been used by BrcuElcctric I PHESI. and also inqxord in- 
country capabilities within NPC-SPUG to collect and use wind dam. This capability de\rlqmen( includes 
use of the Hybrid2 hybrid p o w  system simulation sofiwarc. [Please see .4pxndix ZB - 
NPUNREUUSAID anemometer for the islands program: Status Repon [9-monlh review c f sites.docl). 

Assessment of the site-specific wind resoume data shows that five sites have good rtsourcts f a  continued 
development. two islands appear to have good nsourm for continued development on the isand though 
perhaps not at the selected site. and wind resources on aracher five are insufficient at he sela3ed site and 
may also be insufficient on the entire island. The remaining two monitoring stations wae damaged a rheir 
components stolen. and did not produce data for analysis. BrcezElecmJPHESl has relied on the uind 
resource data and the analysis provided by this task to plan its proposed projecL which is in aJr& pre- 
feasibility sages asof October. 2001. (Please see Appendix 2B - Description of Arrangements b u c c n  
NREL and NPC-SPUG regarding Wind Data [Contractual arraignments between NREL d 
NPC.doc]; [Clarification of wind speed monitoring issues.docl: and NPC/NREUUSAID anmomc~a for 
he islands p m p m :  Status Report [9-month review of sites.docl ). 

' Please direct all inquiries to E. Ian Baring-Could. 



nnal Status ot Deliverabks 
Two of the five deliverable for this task w e n  completed as originally planncd. h uuc ~~anmlkd. and 
substitute deliverables completed instead. as summarired below a d  described in "Deliverables for 
Philippines Renewable Energy Program -Task 2b - D i l  Mini-Grid Retrofit- (PREP T& 2b Final 
Assessment.doc in Appendix 28). 

Additional Data Collection Equipment and Spare Present results and recommendations 
Paru SPUG and NCED 
Policy Analysis for Diesel Retrofits Draft project report 



Task 3. Biomass-Bioenergy and Combined Heat and Power 

Task Leader: Ralph Overend 

Major Acwmplishments 
The major accomplishments of this task included: 
> Development and publication of the Biomass Energy Resource Atlas of the Philippints (ixluding a 

biomass GIS), with biomass resource data and maps for rice hulls. coconut wastes. anima man- 
sugarcane bagasse, forsay residues and wastes. and urban solid wastes 
Detailed analysis of biomass and bioenergy potential. including resources from a@ultnal d u e s  
and dedicated energy crops, and applications for household. electricity generation and agricultural 
energy use 

This task developed comprehensive national infonuation on biomass resources and their potertial. 
Biomass resource data is essential to efficient. sustainable use of bioenergy. The Biomass Energy Resource 
Atlas of the Philippines provides detailed data on the gsgraphic location of the resourm. an! includa 
GIS format to facilitate analysis. Bioenergy pmject planners can me this data to i h t i f y  g m i  pojat 
locations and to calculate initial estimates of the appropriate pmject size. Rojm locauon is a major fMor 
in bioenergy projects bcxause of the expense of transporntion of the biomass feedstock. (PI- sae CD- 
ROM named 'Xesource &ments." "BioAlfas" folder and 'Xeports\Biomass: folda.) 

The analysis of biomass and bioenergy potential quantifies the potential biomass r m ~ x  base. and 
identifies several uses for biofuel chat would innease household energy security. promme ulf-relian! 
agricultural practices, and improve human and environmental health. These include householl e of 
multi-fuel stoves. generation of eleclcity from bagasse or sugar cane trash. and agriculnnal usts wrh as 
sugar cane trash for (hmnal processing in sugar mills. Identification of beneficial bioewgy k sa is 
particularly important in the Philippines. where a rapidly expanding popllation and rising fossil h r l  e=mrgy 
costs mean increased pmssm on the use of biomass resources for energy gemtion.  The an; l p i s  
produced by this task muld help set priorities for research and development to expand the biomass urpply 
and enhance energy conversion technology. (Please we Appendix 3 - Strategies for Enhancine Biomass 
Emgy Utilization in the Philippines [FinalRp~2501.rtfl). 

Flnal Sthrs of Deliverabes 
All of the deliverables for this task were completed as originally planned. 



Task 4. Ocean Thermal Energy Conversion, 
Tidal, and Wave Energy 

This task was originally planned as a very small effort to review commercially available Ocean 
Thermal Energy Conversion. current, tidal. and wave energy technology. This task was not 
pursued because other outside work was being done that reduced the need. and because an 
appropriate counterpart was not identified. 



Task 5. Analysis of Alternatives for Rural Electrification 

Task Leader: Peter Lilienthal 

Major Acwmplishmants 
The major accomplishments of this task included: 
> Development of capability among Philippine energy planners to evaluate alternative .pp~rha for the 

delivery of rural electric services 
> Training of Philippine energy agency staff on the use of NREL's v~llage pow planning nodels 
> Establishment of an in-country training capability for NREL's models 
> Analysis of Philippines-specific village power applications, and the use of these analyses for ppc l  

development and for instruction 

This task developed capability and completed analyses that contribute to effective planning for wal 
electrification. which is cnrial to use wisely the funds that are available for the Philippines pwmment's 
ambitious rural electrification goals. Thrwgh a series of workshops and meetings. the task klped high- 
level Philippines energy plannm understand how to improve evaluation of rural elecbic mi-- 
alternatives. This included consultation and dialogue on tailoring these evaluation techniques to the 
Philippines institutional arrangements. 

One resource for managers of rural electrification program is a trained energy agency staff. c@k of 
using village planning models to quantify and characterize electrification alternatives. This task M y  
trained staff of at least 10 agencies to use HOMER. HOMER Express. and ViPOR NRU's s i t e  of 
models. (Please see Appendix 5 -Training Participants List [Tmgpar-nfj). One lrained analm has since 
presented and trained 162 people on using the models. (Please see Appendix 5 -Trainings in 
Philippines.doc). The Asian Development Bank has directly funded Philippines organizatiom IO p\ide 
additional t r a i ~ n g  and user support. 

In addition to developing analytic capabilities in the Philippines, this task also developed data and 
completed analyses. including development of HOMER files for renewable resourrrs for Luz~m. Visayar 
and Mindanao. In cooperation with NREL, a HOMER analysis for a feasibility sndy u9s de\eloped by the 
Philippine DOE's Affiliated Non-Conventional Energy Center at the State Polytechnic Colkg: of Palawan 
for the electrification of the Sitio Sicud in Palawan. This task also developed HOMER analysis fiks for 
representative village electrification situations using Philippines data. The data and analysis f ks mmtiMe 
the Interim Report on Data Analysis. and they w& aiso distributed to training participants as inmurtiooal 
material. (Please see Appendix 5 - HOMER Sample Ftla (folder) and HOMER Resourre files (foldat. 

Final Status of Delivembks 
Thne of the four technical deliverables for this task were completed as originally planned. TTs fomh 
deliverable. a Draft Electrification Plan and Planning Recess Repon, was originally intended to develop a 
plan for a single region of the Philippines. Because the project did not select a regional focus. this repx 
was not completed. 

Deliverable Canrefled 
Draft Electrification Plan and Planning Prccess 
Report 



Task 6. Policy Analysis and Assistance 

Task Leader: Paul Galen 

Major Accomplis/~men*I 
The major accomplishments of this task included: 
b Development of draft legislative language and rcmmmndations and comments on lcgislatitivt 

language, especially during development of the New and Renewable Emgy Bill and of the bills 
leading to the Electric Power Industry Reform Act of 2001 (R.A. 9136) 

b Assessment of policy issues and development of drafi policy language leading to modification of EO 
462 and ER 1-95. 
Review and rcmmmcndations regarding DOE'S Rural Electrification Program contribubng to the 
development of the Strategic Framework for Rural Electrification 
Analysis of a Renewable Portfolio Standard as an option to promote renewable energy in the 
Philippines. leading to ongoing serious consideration of an RPS 

This task assisted policy change through input to decision-makas on priority renewable cnqy ismcs by 
clarifying the alternatives and facilitating the steps llbcessary to achieve such change. This in:luded 
consultation and mitten refommendations and analyses. and development of drafi regulatay and 
legislative language for consideration. Recommendations on the NRE bill provided a clear r a t i d  f a  
legislative action that focussed on the economic development and e m g y  securify benefits as well as the 
environmental benefits of NRE. Recommendations also identified a Renewables Portfolio St& u the 
distribution level as an important policy option to promote renewable emgy; suggested kgis atim action 
to ensure transmission and distribution access for all power sources; acknowledged the benefits of h . M  
NRE plus fossil-powered generation and recommended their promotion. and identified numerous 
clarifications and changes to ensure internal consistency and implemenlation efficiency. ( P k x  sac 
Appendix 6 - Summary of NREL Comments of Draft DOE NRE Bill [Nresuml .rtfl: Cornmutts on the 
Philippines DOE Proposed Renewable Energy Bill IPhilcomts.rtf)). 

Electricity sector reform culminated in the Electric Power Industry Reform Act of 2001 (R.A. 9136). 
but the work under this task addressed issues affecting renewable energy in d i m  versions of the 
legislation. The development of the reform package faced the challenge of privatizin~ the NPC and 
introducing competition in wholesale and retail supply. even as the government sought (and continues to 
pursue) dramatic extensions of electrical senice to unelecvified populations. The intawtion; k u u n  
these sometimes contradictory goals were a major topic of analysis under this task. This tncluded 
evaluation of the effects on NRE of policies proposed to privatize and ~ s m w t r m  the elacaic p o w  MU. 

in order to identify the ways in which electric sector reform could assist, or at l e a  rat impedz NRE 
technologies that may contribute substantially to mating povmy alleviation and universal x%icc gmls. 
(Please see Appendix 6 - [Omnibus I .m). 
A series of refommended DOE policy changa. known as the Fast Track Action Rrcommmndano~. 
were largely implemented through modification of Executive Order (EO) 462 and revision to ER 1-95. 
This task. working with task 7A supported DOE to make the changes T h r s  new replatmy documents 
improve the policykgulatwy framework to promote i d  penemtion of renewabks. by clarih+ng the 
government's share in renewable energy projects (EO 362. revised in E0232). sueamlining c n p m t e  track 
record requirements for new and renewable electricity generation projects, providing p m  tegulatory 
flexibility on spinning reserves. removing the thermal efficiency requirements for cogeneralit n facilities 
using new anirenewable energy, eliminating the requirement for a Pourr Purchase .Apcmcat. and 
removing the requirement for project review and approval under the poser development plan ire\lwd ER 
1-95). (Please &e Appendix 7~ 1 documents From first Propess Repon.) 

28 



The review and recommendations on DOE's Rural Electrification program nspondcd to immdiatc mxds 
of DOE decision-makers by assessing the near term options that were available to m e t  elecufication 
goals. and alsn contributed to the development of a longer-term approach through the Strategic Fnmcuak 
for Rural Electrification (Please see mk 8C). 

This task analyzed and applied the RPS concept within the Philippines renewable e n q y  and elemic p o w  
sector context. A Renewables Portfolio Standard creates a market for renewable resources. while 
allowing market forces to operate in the electricity supply market to bring consumers the 
economic efficiency and service quality benefits of competition. Clear documnution of chc 
benefits of an RPS contributed to decisions to include it in sevual versions of the NRE bill. ad IO in 
continued consideration as an important element of DOE's emerging NRE policy. even lhoug?~ no 
legislative or regulatory implementation had established an RPS as of Octoba 2001. ( P k  $a Appendix 
6 - Thoughts on Purpose and Design of a Renewables Portfolio Standard (RPS) for the Philippim 
phi1RPSl.rtt-J; Implementation Issues and Benefits of Adopbng a Renewable Portfolio SIudud in 
Philippines [Summfin.rtf. Rpsfin.rtf. 10-Appendix.nf1) 

Final Status of Delivembk 

All of the deliverables for this task were completed. Substantial flexibility was designed into ibc original 
work plan in order to be m n s i v e  to the dynamic policy environment. 



Task 7A. Technology Cooperation Agreement Pilot Project 

Task Leader: Pat Keegan' and Laura Vimmerstedt 

Major AccompIishmmts 
The major accomplishmenls of this task included: 
b implementation of resommended policy refonns 
b Investment -promoting actions for three renewable energy applications: for solar-poumd apnculnual 

warn pumping. widdiesel hybrids, and hydropower 

This task advanced oppormnitia for private-sector investment through policy reforms to impo\T business 
conditions and actions that directly encouraged investment in specific renewable energy appliaaiom. Thc 
activities funded through this task of the PREP complemented TCAPP activities that w a c  furdcd through 
USAIDIGlobal. which continued aher this task was complete. 

The policy rewmmndations (the F a t  Track Action Recommendafiom) and thew ~mplemenubon uuc 
a cooperative effort with task 6A and arc described above. 

Investment-promoting actions encouraged invesrment in solar-powered agricultural water 
pumping, windldiesel hybrids. and hydropower, with close collaboration with he private sector in 
each area. In solar-powerd agricultural water pumping. this task cooperaled with tad I and 
WorldWater Corporation to develop and propose a pilot program approach to the Depannrot of 
Agriculture. This pilot program would identify the best applications for solar-powered u-ata nurqing to 
replace diesel pumps in govemment-subsidized agricultural water pumping program. The collabaati\r 
efforts of this task and WorldWater led to DA's official expression of interest in exploring the techmloe). 
as shown by the signing of a MOU among WorldWater. DA. and NREL in 2001. 

For widdiesel hybrids. this task identified issues for market development and possibk appmacha to 
advancing private investment. This market development and investment emphasis cumpkme.ited h e  
technical work of task 28. TCAPP worked directly with a private developer. BrruElacaic. Incorpaucd 
to support a review of their approach to a diesellwind hybrid pmposal at many of the sites identifd in mk 
28. This led to BnezElectric's active development of the project. which was ongoing and continues lo 
receive TCAPP assistance as of October 2001. 

For hydropower. this task improved the quality of information about existing and posiible new 
hydropower sites. to help private-sector project proponents evaluale opportunities. Tlrlis task used 
the new database to identify retrofits and upgrades of existing mini-hydropower facilities as an 
important market. and to identify technically promising sites. TCAPP has continued o develop 
these sites as model commercial projects, and was preparing pre-feasibility assessmerts as of 
October 2001. (Please see Appendix 7A - [TCAPP lnvesmnt  Action 0pportunities.nfj: Ropoaed 
TCAPP Investment Action Areas [TCAPPIAO.rtfj). 

' Because Pat Keegan is not working at NREL. pleaw direct all inquiries about this t ~ s k  to Laura 
Vimmerstedt. 



Final Status of DeIivenbles 
All of the deliverables for this task were completed. The investment-proming acticns were 
pursued instead of  the originally planned investment solicitation. because h e y  were t n x e  

appropriate to the status of  market development and he level of information available. 

I 
Additional Data Collection Equipment and Spare ( Present results and recommendations --I to 
Parts I SPUG and NCED 
Policy Analysis for Diesel Retrofits 1 Drah project re* 



Task 78. Micro-hydro and Solar Resource Assessment 

Task Leader: Dave Renne 

hior Aeoomplishments 
The major accomplishments of this task included: 

Data gathering. quality control, modeling, mapping. GIs development. and printing of maps to shm- 
estimated hydro resources in each wamhed and to show estimated solar resource 

P Microhydro training seminar. including resource assessment and rrsourct measuremnt techniques. 
and solar resource assessment training seminar 

This task completed the assessment of NRE resources. so hat wind, biomass. hydro. and solar ~aurrrs all 
are estimated with national geographic coverage. To accomplish the hydro assessment. rhe m;L needed to 
undertake extensive data garhering of datasets that included rainfall. topopphy. and existing m a m f l o w  
measurements. The task a d d d  significant data quality issues with these datases. and applied 
innovative modeling techniques to estimate the hydro resource. (Please see Trip Report f a  Tisk 78 named 
"i-enne- 1W.doc.") 

Similarly. for the solar resource assessment. the task galhered existing solar measurements. Modeled 
estimates based on cloud cover data were reconciled with the actual measured solar radiation data from IIK 
three stations that collect it. Unfortunately. most of the PAGASA statiom collect only sumhi r  data. 
which was not useable for this assessment. Using advanced resource assessment approaches. both global 
horizontal and tilt-at-latitude resource estimates were completed. (Please see Trip Report for Task 7B 
named "renne-lW.doc.'? 

For both hydro and solar resoune assessments. the data resides in an Arcview CIS format which allous 
funher analysis. The task also provided a full set of resource maps on CD. The solar resomx has also 
been converted into HOMER input files (along with the Wind Atlas data). (Please see Apperr ix SWOMER 
Resource FilesBolar Resource and Appendix SWOMER Resource Files\Wind Resource.) 

Training seminars presented the resource assessment data to NRE analysts in the Philippines. Thac 
seminars included discussion on resource assessment approaches. data issues, modeling techn ques. dam 
management, and use of GIS-based resource data. (Please see Trip Repon for Task 78 named "fcnne-10- 
00.doc.") 

Final Status of Deliverabies 
The national-level microhydm and solar maps and atlases. as well as mining seminars f a  both micmhybu 
and solar resource assssment were completed as originally planned. The regional-kvel atlas urn not 
pursued because the project did not select a regional focus. A formal solar rrsourct report uai not 
completed; however, the purpose of this deliverable was fulfilled because the complete solar r- data 
set was converted into files that can be used in further analysis using the HOMER s o f t w ~ .  

I 
I Regional Micmhydm CIS 

Dell, erables Added 
HOMER files of Solar Resources 

Delrverobles Concrlled 
Solar Resource Repon 



Task 7C. Geographic lnformation System for Targeting 
Renewable Energy Deployment in the Philippines 

Task Leader: Laura Vimmmtedt and Liz Brady 

Malor Accomplishments 
The major accomplishments of this task included: 
b Assessment of institutional issues. needs. and technical issues for the development of a wnewabk 

energy GIS 
9 Development of a GIS with resource assessment data including comprehensive national cam f a  wind. 

solar. biomass. and hydro 
9 Trained management and technical staff from govcmmcnt institutions on the use of GIs Tor m w a b k  

energy planning and analysis 

Development, maintenance, and application of a national renewable energy GIS in he Philippines is an 
ambitious goal. requiring significant attention to the institutional entimnmenL beyond just rhc technical 
needs. Human resouns, data resources, and funding all m crucial to long-term success. This task 
reported on the institutional environment. including the status of these resources within Philippines 
institutions, in the report, 'Institutional Assessment of Geograpluc lnformation S p e m  Activities.- This 
report is useful for planning the national renewable energy GIS because it identified both and 
opportunities for improvement within existing institutions. (Please sac Appendix 7C - lnuinnional 
Assessment of Geographic Information System Activities Within the Republic of he Philippixs 
[gisint.tttJ). 

This task coordinated the publication of a single coherent GIS data ur. based on the national data f a  nind. 
solar, biomass, and micmhydro that was developed lhmugh o&u tasks and projects. This m< published 
the data in collaboration with PA Consulting, for distribution at Philippines Energy Week ?NO. The 
Philippines now bas the national-level data to detaminc where each renewable errrgy res0un-e can best 
contribute to mgting energy d. Some of the data can also support initial analyses at a mrc deuikd 
level. for example. the wind and solar resource data is ready to be used in HOMER analyses cf specific 
electrification projects. (Please see Appendix 5 ,  folder of HOMER Resource Files.) 

Training of management and technical staff on GIS developed initial irrcwnuy capabilities a d  musts 
to plan, develop. maintain, and use a renewable energy GIS through an i n d u c t a y  nurkshq~. Continued 
development of this human resources is vital for an effective GIS. (Please sac Trip Repom - 
Task7B-lbl159w.rt0 

Final Status of D e l i v e m b k  
The Institutional Assessment Interim Report was completed as originally planned. The remailing Interim 
Reports, and the GIS Plan. were not completed. Instead of the N d  Assasmen1 Interim R q a t .  lhis task 
provided an in-depth handscm GIS training seminar to a d d m  capability n&. In consultation nith 
USAD and DOE during Dave Renne's October ZOO0 travel to Manila. it was determined that a substantial 
effort was needed to compile all of the renewable energy resource data for solar. wind. and nucmhydro that 
was developed lhmugh other project tasks into a single intepted format. and published this cn compact 
disk in cooperation with PA Consulting. This task undmook these actititia instead of the Technical 
Assessment Interim Report and GIs Plan that were planned as original del i tables 

Workshop 
I Renewable Energy GIS Plan 

Delivembles Added 
Comprehensive GIs data for solar. wind. 
biomass, and hydm resources 
Deliverables added: Introduction to GIs 

Delircrables Cmcelled 
Needs Assessment Interim Repon 

Technical Assessment Interim Repoct 



Task 8A. Program Management and Coordination 

Task Leader: Laura Vimmmtedt 

and 

Task 88. Capacity-Building and Training Needs Assessment 

Task Leader: Paul Galen 

This is a combined task report for Tasks SA and SB. and is abbreviated bsauv it is a management &. 

Major Accomplishments 
The major accomplishments of this task included: 
D Ensuring responsiveness to changing needs of W E  and USAID 
D Integration of capability building activities throughout the project 
D Completion of the project within budget 
D Communication of the results through newsleners and progress rcpwts 

Final Status of Deliverables 
Fewer wmmunication deliverables were provided h originally planned. These changa included 
periodic, rather than monthly. emails of task-spccific highlights; Four newslencrs inwad of e ght. and thm 
pm- reports instead of four. Tk capability building deliverables were complaed thrwgh indibidd 
tasks without the development of the capability-building plans that were originally anucipatec. 

Deliwrables Added I Deli~~erables Concelled 
Newsletters 5 - 8 

Task 8C. Strategic Framework Development 

Task Leader: Rogm Taylor 

Major Accomplishments 
Major accomplishments of this task included: 
D Characterization and documentation of the d i v a  institutional approaches ("pathways3 mdm 

consideration for rural electrification in the Philippines 
D Systematic screening of the institutional pathways to identify the ones that W E  might u~sh t o w  its - 

resources to promote 
D Communication of the strategic framework to rural electrification decismn-maken in the Philippines 
D Decisions within W E  about rural electrification program design that take into account th- strategic 

hamework results. 

This task provided a framework for decision-making about allocation of scarce W E  resource.; to promote 
one or more institutional pathways to rural electrification. DOE (Reuben Quejas) and an XREL team 



worked together to characterize the different institutional pathway options identified possibilities inclding: 
Retailed Individual Enoepencun linked lo Manufacturn. T n d i t i d  Runl U m c  Cooper;ulves. h .aLd U1+ 
Barangay Pourr Associalion. Run1 EDcrgy Senrice Companies. SPUG. PNOC. publicly- or pnrucly-hnW NGO. 
Franchise Model. Informal Genetalon. Super C-ion (RESCO ovcr sevcnl RECs). and M Go\~mnmt  l'nit 
with a Municipal Utility. For each of these institutions. its implemcntalion of ~ n l  elecuifimiw was &%zit&. 
includine factors such as: Caoilalilation. Leadershid manaeemcnl. MatkHloroduct idenllfimion S a h ~  to CUSI- - - 
Insrallalionlwnia. Financing to cuslomcr. Rcvcnuc cullenion. A m  to DBP funding. Inherent CusIxner Density. 
DOE Influence, Re-existing Institution. "National" coverage or adequate scale. and ovaall lil;elihood of 
Success. 

Using this characterization, the institutional options for rural electrification were screened to xka &me 
that appeared most promising because of their funding options. service coverage. and c o m o n  to DOE. 
Based on this screening, electrification through rural electric coopenrives or rural energy senice 
companies were wlecled as the most promising pathways. (Please see Appendix SC - Matrix xls) 

The results of the sbategic framework activity were communicated and d i s c 4  through a matshop in 
Manila in April 2000 and a presentation to then-Semtary Tiaoqui. in May 2000. This omemch. along with 
the efforts of Reuben Quejas, appears to have successfully incorporated the major lessons learned from this 
task into Philippines DOE planning for rural electrification. (Please see Appcndix 8C - P h i l i p i m  
Framework.pdf) 

Final Status of Ddivwsbles 
This task was added after the beginning of the project lo rrspond to DOE needs. A final rep011 
contemplated during task development, ldm~ional Pafhwa~s ond Recommendafionr for rhe Sunoinable 
Delivep of Rural Energy Sen.ices. was not completed. 


