
Implementation of a Wood-Fueled 
Steam-Electric Generation Plant 
for Rural Application 

The MITRE Corporation 



Implementation of aWood-Fueled 
Steam-Electric Generation Plant 
for Rural Application 

Charles Bliss 

September 1980 

NITR-80W254 

Sponsor: Agency for International Development 
Contract No.: AID525-422T 

The MITRE Corporation 
Metrek Division 
1820 Dolley Madison Boulevard 
McLean, Virginia 22102 



REPORT 

IMPLEMENTATION OF THE WOOD-FUELED 

STEAM-ELECTRIC GENERATION PROJECT
 

AT YAVIZA 

TO 

INSTIIUTO DE RECURSOS HIDRAULICOS Y ELECTRIFICACION ( IRHE 

AND 

U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT (AID)
 

BY 

ROLANDO A. BENAVIDES (IRHE) 

CHARLES BLISS (T-H MITRE CORPORATION) 

ALCIBIADES MAYTA (IRHE)
 

ROMEO MILLER (IRHE) 

ROBERT ROLLINS (PROCESS PLANTS CONSULTING SERVICE)
 

PANAMA, R.P. 24 JULY 1980.
 



ABSTRACT
 

This document records the result of MITRE participation in a
 

team effort to establish the technical basis for the preparation of
 

an invitation to bid for a 200 KW wood-fueled steam-electric genera

tion plant at Yaviza, Panama. The document produced by the Panamanian
 

Agency, instituto de Recursos Hidraulicos y Electrificacion (IRHE)
 

is incorporated. It includes the plant description, fuel wood supply,
 

and major equipment specifications. Drawings show the schematic flow
 

diagram &.nd the plot plan. Other team members were from IRHE and
 

an independent consultant.
 

iii
 



ACKNOWLEDGMENT
 

The authors 
are grateful for valuable assistance
 

received from Abu Talib of the MITRE CORPORATION by de

veloping through telephone conversations critical infor

mation concerned with the selection of the steam turbine
 

and steam generator, and for supplementing the list of
 

potential suppliers. Also, Marla Isabel Reyes, Ruth E.
 

Rodrlguez and Magally Brower of IRHE performed the monu

mental secretarial and typing tasks needed to complete
 

the finished report within a tight schedule.
 

iv
 



PREFACE
 

The MITRE Corporation participated in an effort, during July
 

1980, in which the Panamanian government agency responsible for
 

the country's electricity supply defined the design of a 200 KW
 

wood-fueled steam electric station. The station is to be located
 

in a forested rural area to replace an aging diesel-electric
 

generator. The design and construction project is to be funded
 

jointly by the Government of Panama through its agency, the Instituto
 

de Recursos lHidraulicos y Electrification (IRHE) and by the Government
 

of the United States through its Agency for International Development
 

(AID).
 

The basic concept emerged from a study of Panamanian alternative
 

energy sources; this report concerns the documentation required to
 

enable the equipmenL procurement process to start. The documen

tation is titled, "Implementation of the Wood-Fueled Steam-Electric
 

Generation Project at Yaviza," jointly authored by Snrs. Benavides,
 

Mayta and Miller of IRIIE, Consultant Robert Rollins and Charles Bliss
 

of The MITRE Corporation.
 

The following features in the documentation are significant:
 

* 	 Alternative Systems. Two alternative systems are specified, 

from which a choice is to be made. The first is a cycle 

based on the use of lower pressure saturated steam as pro

duced by a fire-tube steam generator. The second is a 

higher pressure superheated steam as produced by a water-tube 
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steam generator. 
The choice will be influenced by a
 

comparison of capital cost and cycle efficiency differences.
 

It is likely that a third system will also be evaluated,
 

namely that involving the use of 
a steam engine rather
 

than a steam turbine as 
the prime mover for the generator.
 

Greater maintenance requirements for the steam engine may
 

be the influential factor here.
 

" Plant Location. 
An in-town location was arbitrarily speci

fiea; this will involve hauling the fuel logs about 5 km
 

by water, maintaining a substantial stockpile of fuel at
 

the plant location, and a significant consumption of
 

petroleum distillate fuel. Hence, there may be 
reasons to
 

reconsider the front-end plant design based on a relocation
 

at the forest reserve which is to supply the wood fuel
 

and the construction of a connecting transmission line.
 

" Boiler Feedwater. 
The quality of boiler feedwater is a
 

significant, if not a critical, factor in assuring trouble

free nperation. 
Boiler feedwater treatment technology is
 

complex and likely to be impractical to apply in 
a small
 

plant in a rural and remote location. Accordingly, a water
 

distillation unit is specified using off-peak steam from
 

the boiler as its energy supply. The only treatment required
 

then will be control of pH as specified by the boiler manu

facturer.
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The report is reproduced on the following pages exactly as 
it
 

exists. 
 The two working drawings are reproduced in much reduced
 

format basically for illustrative purposes. The readers who wish
 

to obtain readible copies for their 
own specific purposes should 

apply directly to the Design Department of IRHE (Apartado 5285, 

Panama 5, R.P.). Material in Appendix D is reproduced exactly 

as generated except as noted 
on page D-1. The format is that of
 

working information for use in the preparation of a formal Invi

tation to bid document. 
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EXECUTIVE SUMMARY
 

The authors operated as a project team during the period 8-24
 

July 1980, 
and further defined the Yaviza wood-fueled steam elec

tric project. This project is 
now ready for the process of equip

ment procurement to begin. 
The individual activities, required
 

by IRP-iE and AID standard practices, are defined ia a project sche

dule (Drawing number 1). The time requitement for these activi

ties, together with current delivery periods for the major equip

ment components and those for the actual plant construction and
 

commissioning, show a project completion schedule of two years.
 

Accordinily, the earliest date for the 
first Yaviza plant opera

tion is 1 August 1982.
 

Equipment procurement procedures for the Yaviza project dif

fer from those usually followed by IRHE in their day-to-day activi

ties. 
 Normally, IRHE issues an invitation for bid based on a sin

gle system completely engineered beforehand. The small size of the
 

plant, the hLgh decree of sensitivitv of the cycle efficiency to 
-'lternative malor ecuipment co-ponents, and the very limited indus

trial exoerLenc, bnckciround for the tvoe of plant at its scale of 

capacity, all indicate that bi§s received should be evaluated by 

settincq-up alternai-ive systems for the plant design and evaluating 

the costs and performance of each system against those for the
 

others. 
Equipment would then be specified and procured for the sys

tem selected. 

The substitution of wood fuel for petroleum diesel oil as the
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energy supply to the Yaviza electricity grid appears so far to re

duce 
the cost of the energy supply, but, the number of plant ope

rating staff will increase and the operating and maintenance efforts
 

will be a higher order of magnitude. Providing for the maintenance
 

and operational needs of the Yavmza steam-electric plant shou'd bf
 

undertaken at the time equipment purchase begins 
'as a special ef

fort, and a high level of priority and resources should be assigned
 

to this.
 

Attention should be given to eliminating all petroleum (i.e.,
 

gasoline) consumption in connection with the supply of wood fuel.
 

Inspection of estimates of delivered wood fuel 
costs so far avai

lable, indicate that gasoline costs alone represent at least 15%
 

of the total del,,tered cost of Youndwood at the plant site. 
 For
 

example mule power seems to be practical for use in the tree har

vesting operations in place of sophisticated petroleum fuel con

suming machinery. Also, storage-battery power electric motor dri

ves for river craft may also be practical.
 

The scope of work assigned to the authors (Appendix A) has 

been addressed as follows: 

Preparation of IFD (Items 1, 2, 8) 

The entire technical specifications section of the IFB has
 

been prepared and appears in the Report as Appendix D. The stand

ardized content, taken from a model IFB provided by IRIE, is abs

tracted and included in draft form in this Appendix. A remaining
 

task, accordingly, is to rewrite and appropriately reorganize the
 

content to produce the finished IFB document. The discussion in
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this Report supports the content in Appendix D. Simplification
 

of some of the content may be necessary because of the small size
 

of equipment.
 

Non-technical IFB Aspects (Items 3 and 8).
 

Discussion on non-technical aspects is reflected in the Re

port in the formulation, organization, and explanation of the Pro

ject Schedule (Chapter III) , and the guidelines for implementation
 

(Chaoter V).
 

Potential US/Panamanian Bidders (Item 4) 

The list is presented in Appendix E. A draft of a letter is
 

available which, with the mailing list, permits securing cost es

timates and LechuLcal inforrration earlier than otherwise scheduled. 

Maintenance OoeratLonal Traininq (Item 6) 

Aside from the effort of procuring and constructing the plant, 

the efforts to establish and implement maintenance practices and to 

traLn opeira ng personnel are vita] and most important. These ef

forts should begin at the Lime equipment is finally specified, about 

May/June 19 I. 

Alternitive types ot wood fueled systems based on steam gene

ration and turbo expansion are discussed in the Report (Chapter
 

II). Types based on steam-enine drives are obsolete and ineffi

cient (high wood consumption) because of inability to exhaust steam
 

under vacuum conditions. Types based on wood gasification and en

gine drives apparentl7 Were originally ruled )ut in the formulation
 

of the project.
 

Reference Materials (Item 7)
 

Some sources are the following:
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- Requests for estimating data and brochures from 

the list of vendors in Appendix E. 

- Contacts with local business concerns interest

e~d in energy recovery from waste material. 

- Enter IPHE's name on the mailing list for: 

Morbark industries Inc. (address in report) 

monthly news letter "What's New in Total Chip 

Harvesting". 

- U.S. Embassy Commercial Section,in the library 

(e.g., the latest edition of Thomas Register) 

(Telephone 27-1777). 

Knowledge Transfer (Item 5, 9)
 

The author3 operated as a team in which full opportunity for
 

discussion and resolution of issues and problems existed. More

over, all sections oE the Report were reviewed and agreed upon
 

beforehand and changes were introduced in the drafting stage.
 

This tinal Report, accordingly, represents the product of the
 

joint effort among all the authors.
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I. INTRODUCTION
 

The Government of Panama through iLs Hydraulic Resources and
 

Electrification Institute (IRHE) operates 
an isolated electricity 

supply and distribution sysLem at Vaviza in Darien Province. The 

sycten supplies three communities: Yaviza, El Real de Santa Maria 

and Pinogana; each distant from each other about five kilometers. 

The electricity is generated by aging diesel-electric sets, one ra

ted at 135 kW and three others at 75 kW. Diesel-oil is supplied in
 

55-ciallon drums which are mmnhandled and emptied by pumping into a
 

10,000 gallon storage tank. Sawmills in the area are not connected 

to the system. The o-ly cuirently operating mill uses direct-drive 

diesel engines to provide power to the saws and planers. Alihough, 

a petroleum refinery exists within the Republic of Panama, all cru

de oil to supply it is- imported. 

The Government of Panama has adopted a policy of developing al

ternative energy sources, an,: has aureed *;ith the Agency for Inter

national Development (AID) to cooperate i. a number of alternative 

energy pcojects which have the objective of the installation of 

demonstrazion faci1iftics emplo-ini re,.ewab!le sources of energy. One 

such project is to install it Yaviza, a wood-fueled conventional 

steam--turbine electricity -,eneration plane which can eventually 

recplace he existincj dio-el-encjine facility. 

Tow;_rd this end AID co-mmisioned a study b-' Robert Peck, a tropi

cal forester, to evaluate the wocd resources in the Yaviza area 

for the supply of the wood reuuirements of the prcjected plant) 

From Page 2 - Footnote 
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The forester's(l) report, dated 24 January 1980, 
concluded that:
 

- resources of fuel wood in the Yaviza area can meet a daily
 

requirement of 6.4 
tons of dry wood;
 

- two sources 
of wood to meet such a requirement are sawmill
 

wastes and weed trees growing along the river banks; 
and
 

- for the longer term, an 
energy forest reserve should be
 

created, and a program of tree farming should be established.
 

In addition, the forester suggested that a one-month minimum supply
 

of fuel wood be located at the power plant, and that the plant be
 

located on the Yaviza side of 
the river adjacent to the new agri

cultural produce storage warehouse recently constructed by an agen

cy of thu Ministry of Agricultural Developnent (IMIA) 
 This loca

tion is also adjacent to the town'sdrinking water treatment and
 

supply plant.
 

The wood supply function remains the responsibility of IRHE, 

but the plan is to 
delegate the laoor supply an] management func
tions involved to another agency of the ![inistry of Agricultural 

Development, the Direcci6n Nacional de Recursos Renovables (RENARE),
 

who has long-established labor supply relationships with the local 

population. 

I1-,,E has studied the past and current pattern of electrici

ty consumption for the Yaviza system, and has projected a 1990 de

mand at 184 kW. Accordingly, the installed capacity of the wood

(1) Subsequently, a broader scope study of 
the forest resources

of Darien province by Per Christiansen, provided to RENARE
by FAO, included corroborative findinqs relevant to wood
supply o the Yaviza steam-electric project.
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fired installation has been selected to be 200 kW.
 

The present purpose is to continue from the resuLts so far achLeved 

throuah to the next further step which is to assemble the infcrma

tion, evaluate the content, and specify the equipment and services 

so that IRHE can establish and publish the invitations to bid (IFB) 

for the supply of equipment and construction of the p±anz. The 

precise activities involved are specified in Appendix A. For this 

purpose, AID supplied the services of authors Bliss and Rollins and
 

IRHE the services of authors Benavides, Mayta and Miller. The ne

cessary work was undertaken as a team effort and was accomplished
 

during the period 8-24 July 1980. Appendix B is a chronolog2.cal
 

account of the specific activities in which the team engaged during 

this period. The discussion in the report is organiz ,d by Chapters 

and the detail s are presented as appendices. 

Chapter Lfaddresses detaiLs in the project concept, and developes 

the basis Eoi the schematic Crawinc and plant plot plan. Project 

implementatllon, which dovelopc s project schedule and the basis for 

the technical information in -_he IFB, is discussed in Chapter III. 

Im- Iementation guidcl ines are presented in Chapter IV. These guide

lines offer sucgqestions for carryine out the critical tasks speci

fied -in the cnstruction schedule and for The ultimate operation 

of the project. 
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II. CONCEPT OF PROJECT
 

The objectives in this Chapter are:
 

- To record the features of the project as they existed at
 

the time the work reported here began.
 

- To discuss changes that arose from the work, including the
 

rationale that supports these changes.
 

- To present the technical plant design in schematic form both
 

as 
a flow diagram and as preliminary plan arrangement of the 

equipment components and fuelwood handling facilities, and 

- To d.iscuss the environmental emissions. 

The discussion in this Chapter is divided as to economic aspects,
 

fuelwood supply, technical plant design, and environmental emissions.
 

A. 	 ECONOMIC ASP]",C:FPh 

The economic aspects of interest are zhe project size, its ca

pital cosL, and the savinwfs between (1) the foreign exchange 

cost of the petroleum fuel driving the present diesel-electrlc 

units and (2) the do-itestic cost of collecting, transporting, 

handling, and preparin<i the wood fuel r-cnuirement of the plant. 

Converting a foreign exchange expense to a localized expense 

generates ne.j local emplo-rment and corzesponding economic 

growth. This hcnefi L is obvious and 2s not further addressed 

here, since securing it is no doubt the rationale for adopting 

the project in the first place. 

1. 	 Project Size 

The size of the project is stated in the AID Panaima 

Project Paper on Alternative Enery Sources (page 22) as 

120 kW. In early 1980, a brief study by IRIIE of the futu

re growth of demand,based on pas- demand experiences for the 
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Yaviza distribution network,produced a projected daily
 

average demand in 1990 of 
184 kW. Curently peak demand 

occurs about 7-8 P.M. and is about 140 kW. Average de

mand on May 10, 1980 reached a high of 97 kW.
 

IRHE projected demand by discounting 1970-1980
 

growth, which averaged annually about 27%, to an 1980

1990 averaged growth rate of 2.7% 
 They attributed the
 

high growth rate to non-recurring factors. It appears
 

that this projection of averaze demand caused
 

an increase in the project size from 120 kW to 200 kW, 

and this is the installed capacity upon which the designs
 

and specifications resulting from current work are based.
 

Since the project is conceived as a demonstration project
 

and is adequately sized 
co meet current demand, we belie

ve that the 200 kW is appropriaze. 

Nevertheless, certain pozentia! developments in e

lectricity demand are apparenc, which could affect IRHE's 

statistical projection significantly and which should be 

at least noted. These are the following: 

- One source of fuelwood is :lanned 
to be the waste
 

produced in the Doncella sa;.mmill. The power for
 

this mill is now mechanicallv sapplied by diesel
 

engines. At the 10 X/kWh charge now made by IP.-.E 

in the Yaviza area, electricity would be signifi

cantly less costly to the sawmil' operator. At a
 

delivered cost of $1.25 per gallon, for diesel
 

fuel and assuming that his diesel equipment is
 

17% efficient (which is the efficiency of the Ya
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viza diesel-electric plant), the equivalent po

wer cost from the diesel fuel tQ the sawmill ope

rator is about 16.7 /kWh. Connection of the
 

Doncella load to the Yaviza plant, as well as tho

se of other sawmills in the area, if the necessa

ry transmission line were built, could be a signi

ficant increase in the day-time load of the pro

jected wood-fueled steam-electric plant.
 

- IRHE's Department of Isolated Power Plants has un

der consideration the iKnking of many communities 

in Darien Province, including La Palma, the pro

vincial capital, into one transmission (,rld and the 

closincl down of the very small isolated generating 

stations. The projected plant at Yaviza could 

serve such a network with a greater utilization 

of its instaLled capacity. 

- According to Ri:NARE, some consideration is being 

given to uhe construction of a plywood mill in the 

Yaviza area. Plywood manufacture could offer a 

large stead" electrical load, if the fdctory were 

to be serced from Yaviza. On the other hand, it 

could al.;o >fcer an olternative market for Don

celIla's waste wood, and thereby place a price 

on this fuel sourcce. 

Because of this apparent pocential for load growth which
 

is not considered in a statistical projection of demand,
 

the physical layout of the Yaviza plant provides space
 

for future expansion of capacity by the installation of
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a second unit.
 

2. 	 Capital Cost
 

A recent estimate of the capital cost of the Yaviza
 

plent appears on page 11 of Annex 1 to the Project Grant
 

Agreement between th- Republic of Panama and the United 

States, dated August 21, 1979, as a total of $450,000. 

This includes the costs of construction, technical assis

tance and training, and the first year of operation. The 

estimate is now one-year old in an inflationary era. More

over, as will be apparent below, the details of the plant 

design have been modified. 

At the small--scale of the equipment sizes which the
 

pro-lect call-( foL, ,nd with the high degree of sensitivi

ty of required eiuiorxnt szm (,,articuLarly te steam 

genera tcr and wood supply faciLLies) to turbo-generator 

efficiency, roparinq a capital cost estimate at this ti

me could msiear. n ]\ igh cfr ow. The earliest dace 

when a realiF.tic cr,-,t ustimato can be prepared appears, 

from the project .,-edule presented in Chapter TV, to be 

about Janu ,ry /'ebcuarv 1981, .whten the equipment selections 

w-Ill be better defined. 

3. 	 Projected Saiv ncis 

In the AID Panama Project Pacer - Alternative Energ.' 

Sources, Page 1 of Annex H-4, the cost of diesel fuel
 

at Yaviza in 1S78 per gallon is given as $0.5501. The 

current (July 1980, cost is 1.2286 per gallon. Using 

a heatinq vlaLue of 150,009 Btu"gal on and a cycle effi

ciency for the djisel-r.lectric ,.(nerator of 17, , the 
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cost of 	fuel per kwh generated is (125) (3413)/(150000)
 

(0.17) = 16.73 0.
 

No definitive cost estimate of chipped fuel-wood
 

at the steam-generator burner feed location has yet been
 

made, but an 
idea can be obtained by assembling data ex

tracted 	from reports by the FAO (Per Christiansen, March
 

1980) and by AID (Robert B. Peck, January 1980).
 

Christiansen, pages 39 and 40, gives 
a cost of
 

B/.10.50 per cubic meter of roundwood delivered to Yaviza
 

by road. Peck, pages 28 gives a cost of
and 29, 	 $27200
 

per year at an averag_ 17.5 m3/day production delivered
 

to Yaviza by wateor and an annual cost of B/.14000 for the 

river craft, cjasoline, and maintenance (i) The total is
 

B/41,200, or (41,200)/(365) (.7.5) = B/.6.45 per cubic 

meter. 	 Using an average price cf 0.5 (6.45 + 10.50) = 

B/.8.48, a density of 40 lbs/cubic foot, and heating value
 

of 7250000 Btu/tonne, the cost of fuel-wood delivered at the
 

plant dock is
 

(8.48) 	(2204) (1000000) = B/. 1.83/million Btu.
 
(35.31) 	(40) (7250000)
 

(1) 	 in this ficure, Peck a.-ortizes the capital equip

merit (canoes and engines) in one year while allow

wing $2000 for maintenance at the same time. This
 

appears 	to be a highly conservative approach.
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If the cycle thermal efficiency (determined below) 

is 7.97%, then the cost of wood is B/. 1 83 (3413)/(0.0797) 

(1000 000) or B/. 0.0788 per kWh. 

The difference between current diesel oil cost per kWh
 

generated 	and the projected wood cost per kwh (remembering
 

tha, the extra cost of wood handling and chipping is yet
 

to be accomodated) is 16.73 - 7.88 or 8.85 0/kWh. Total 

savings, of course, will depend on the quantity of future
 

generated 	electrical energy, after allowing for the fixed
 

and variable costs of round-wood handling and chipping, 

and on whether definitive cost estimates made, when suffi

cient design data are available, support the estimate above. 

B. 	 FUELWOOD SUPPLY 

The power plant has threp sources of fuelwood av.ailable 

to it, two of which are immediate supplies, and one a future 

supply. The .immediaLa supplies are the scranwood generated 

by the sawmill at Docclia, about 5 km. downstream from Yavi

za, and the iiarves"inq " f weed trees in a forest reserve of 

800 hectares which RiKNARI: has set aside for the future supply 

of the Yavjzax power plant. It is possible that weed trees lo

cated outside the reserve may also be harvested. 

The future supply will be assure by planting trees of 

the luecuena species, in the forest reserve, which, on the ba

sis of a six-year rotation cycle, are expected to reach a size 

of 15 cm. in diameter and 10-12 meters in length. 

The concern to be addressed here is the fuel wood supply 

in the first few years of plant operation. According to Peck, 

page 3, the boiler fuel wood requirement is taken at 6.4 tons 
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of dry wood per day, or in terms of the units used in this
 

report, 12.8 tons of wet wood per day. As shown below, the
 

projected consumption of fuelwood at full design capacity of
 

the plant is 28.34 tonnes per day. At current average plant
 

capacity, the wet wood requirement is about (90) (28.34)/(200)
 

or 12.75 tons/day, about equal to Peck's estimate.
 

Peck's observed (pace 9) that the Doncella sawmill bur

ned about 300 cubic meters of scrap wood weekly when the mill
 

fully operated. During our visit, the saw was not operatinq
 

(there was no reserve of logs at the plant). Only the planer
 

was operauin on the rou::h planks from previous sawing opera

tions, which hal been st.cked in the sun to dry. The pile of
 

unburned waste was small.
 

At an average bulk density of 20 lbs/cubic foot, 300 cu

bic meters weekly is a production of (300) (35.31) (20)/(2204)
 

(7) = 13. 3 .'nnes/day, adequate for the initial need of the 

plant. But, it is clear from observation durinq out visit, 

that the waste wood ma-, not be available in the required quan

tity constantly througho-t the year. The Yaviza plant should 

therefore have an oltern.tLive source of fuel-wood. 

With respect to the harvestipn of weed trees, we discus

sed with RENARE a require:mant of 398 trees per day, assuming
 

an average trunk diameter of 6 inches and length of 16 feet.
 

-
This number is equivale:n to the fuelwood tonnage (28.34) re

quired to operate the plnt at full capacity continuously. Ir
 

RENARE's opinion, obtsining this number poses no problem du

ring the initial six year period, while the energy plantation
 

is being established in he forest reserve. Moreover, it is
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unlikely that this quantity will actually be required.
 

One further, but minor, source of 
fuelwood is the nume

rous weathered logs floating in 
the rivers surrounding Yavi

za. 
 These logs represent a navigation hazard to small river
 

craft, particularly, to the outboard engines. IRHE, in the
 

public interest, could offer to purchase such logs at 
the plant
 

gate to a price formla attractive to the local teen-age male
 

population, who could earn an 
income while at the same 
time
 

clearing the rivers. 
 The number of logs purchased this way
 

should be limited to avoid abuse by unauthorized cutting in
 

the forests. Also, freshly cut logs from such a source should
 

be readily identifiabie and easily rejected. 

C. 	 TECHNICAL PLANT DESIGN 

Appendix C contains a descripLions of the technical plant de

sign and operation, a prcliminary schematic diagrar showing ma

terial flows and equipment components, and a preliminary plot 

plan of the 'cquipment cc:-ponents to establish [he approximate 

dimensions of the recu. red site. The discussion in this sec

tion focusst.,s on the teou-nical factors which determined the 

information conLte-nt 
of 7-:_ endix C. 

1. 	 Turbi ze Steam Pate 

The single iost im,:rtant technical factor in the plant 

design is the st a.- rate required by the turbine, i.e., 

pounds oE steam re_-ired per kwh o cenerated electrici

tv. Selections tra-. three small--turbine manufacturers 

using the oreviousi" established inlet steam pressure of 

250 ps _; with zero saperheat and an enhaust pressure of 

4 inches of mercur- solute as stated in the Pana-AID 



ma Project Paper on Alternative Energy Sources (page 3
 

of Annex 6), produced the selection of turbines shown
 

in Table 1.
 

In addition, the turbine manufacturers individually
 

suggested a turbine speed of 
5000 RPM with about a three
 

to one gear reduction to match the generator operating
 

at 1800 RPM.
 

2. 	 Steam Quality
 

An area of caution, fully supported by the turbine manu

factuiers concerned a rigid requirement that steam quali

ty exceed a minimum of 972 (3% maximum water droplet con

tent) to avoid excessive erosion of the turbine wheel.
 

3. 	 Turbine Salo ction Basis 

Turbodync provcie, information for their unit 30052W 

which vwuld ope-rate at inlet conditions of 350 psig with 

190'F of superheat and at an exhaust pressure of 4 in

ches Hg. The steam rate is 22.6 lbs/kWh. Erosion pro

blems are obviously avoided when the 
steam is superheated.
 

We chose the Turbodyne 300521 as a basis for the plant 

design, and accordingly, the in 'et pressure of 350 psig 

at the turbine and. a steam superheat of 190'F above sa

turation temperature. These ca.ditions determine the 

steam generator design and the calculations in Table 2. 

4. 	 Fuel Wood Requirement 

On the basis of the turbine selected, the fuelwood re

quirement at ratcd capacity, continuously operating, is 

28.34 tonnes/day. The overall cycle efficiency from fuel
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TABLE I 

TURBINE STEAM RATES, LB/KWH 

MANUFACTURER 3600 

TURBINE SPEED 

RPM 5400 RPM 

Elliot 

Type CYR 

Type DYR 

33 

28 

26 

24 

Te r 

Wor Lhinqton (Turbodyne) 

30-35 26 

Type 30051W --- 26.35 

(at 5000 RP) 

Source: 	 Turbine manufacturer's suggestions using 200 K capacity, 

250 psig inlet pressure dry saturated steam, and 4 inches 

Hg exhaust pressure. 

(fol lows Page 12) 
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TABLE 2
 

CALCULATION OF WOOD REQUIREMENT BASED ON MANUFACTURER
 

(TURBODYNE) SUPPLIED PERFORMANCE DATA
 

1. 
 Inlet Steam Conditions 
 350 psig, l90 0 F Superheat
 

(6260F Total Temperature)
 

Outlet Conditions (Steam) 
 4" Hg. abs.
 

Turbine Speed 
- 5000 RPM
 

Turhine steam rate is 22.6 
lbs/kWh
 

200 x 22.6 
 = 4520 lbs/hr.
 

4520 (1325 - 94) = 5,564,000 Btu/hr.
 

3. Wood Fuel 
Requirement
 

Boiler Efficiency (50' moisture wood chips) 
= 65%
 

Wood Heating Value 
= 7250 000 Btu/tonne (wet)
 

(5564000) (24) 
= 28.34 tonnes/day (wet) 

(0.65) (7250000)
 

4. 
 No. of trees harvested/day (rated capacity)
 

3
 
Assume: (a) Wood dersity 50 lb/ft
 

(b) Average dimensions 6" 0 x 16' long
 

Weight of tree 
 TT(0.5V x 16 
x 50 = 157 lbs/tree
 

4
 

No. of trees (28.34) (2204)/157 = 398
 

5. 
 Efficiency of Power Generation Cycle (Wood Fuel 
to Generator
 

Terminal)
 

5564000 = 42800 Btu/kWh, or 
 3413 x 100 = 7.97% 
(0.65) 200 
 42800
 

(follows page 12 and Table 1)
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wood to generator terminals) is accordingly 7.97%.
 

5. Comparison of Water and Fire Tube Boiler Design
 

Small, less than 10,000 lbs/hr, water-tube steam genera-

tors are available to suic the pressure and superheat
 

conditions upon which the calculatiris in Table 2 are
 

based. A list is 
included in Appendix E.
 

In summary, both water-tube and fire-tube boilers are
 

available 
in the capacity desired. The water-tube design
 

offers higher pressure steam than the fire-tube design
 

and the supply of superheat in the steam. This is the type
 

of boiler which car be built in larger sizes almost with

out limit, which is an advantage ii the Yaviza plant should
 

become a prototype from which larger capacity units would
 

be built in future -ears. Moreover, because of the lower 

quantity of resident boiling inwater the water-tube de

sign, it is a "safer" unit to operate. Fire-tube boilers, 

on the other hand are likely to be less expensive, but 

with lower steam prcassures and cycle efficiency, wood re

quirements will be higher. Also, more attention will ha

ve to be paid to l.-iting the wetness (water droplets) 

in the st.ean to thc. allo-.able level. 

The specifLcato-ns for the steam generation equip

ment in Appendix D are written to allow both the water

tube and fire-tube yvpes to be offered. 

6. Feed WaLerQuality
 

The quality, o. purity, of boiler feed water is a criti

cal factor. Dissolv-ad impurities cause corrocan tube 
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sion 	by an acidic reaction, pH less than 7.0, and also
 

can form deposits on tube surfaces which raise tube tem

peratures and Promote mechanical failures. 
 Boiler feed
 

water 
treatment by chemical additives and/or ion exchange
 

must be carefully done and water quality continuously mo

nitored. 
Because of the remote location of the power
 

plant and its small size, we decided to use distilled w..a

ter 
and left it to the manufacturer to recommend an addi

tive, if necessary in his opinion to maintain alkalinity
 

in the feed water (pH above 7.0). 

7. 	 Dryinq Vuel Wood 

The nominal moisture content of chips from green wood is 

expected to be about 50, whether made from logs 
or from
 

Doncella waste. The effect of this mo'sture content is
 

to lower the 
thermal efficiency of steam generator. In
 

the case of the water tube design at 5000 lbs/hr genera

ting capacity, the thormal efficiency drops from about
 

77-82% net at 5-10' moisture content to 65-68% net 
for 

green wood. If fuelwood were to be dried, additional
 

wood would have to be burned to supply the necessary heat,
 

the heat in the stack gases being insufficient for this 

purpose. Moreover, the complexity of the plant would 

increase because of the operation of a- additional piece
 

of equ.ip:ent. Accordingly, the pl.ant design omits the 

drying operation as not justified by the beni fits. 

If, during the wet season, the water content of the 

fuelwood chips beco:mes excessive, the 
fire 	can become
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unstable. Therefore, a steam coil is installed in the
 

combustion air duct-work to preheat the combustion air
 

°
 to about 150 r. 
 Air preheat then will stabilize the
 

flames and prevent loss of combustion.
 

D. 	 ENVIRONMENTAL EMISSIONS
 

The replacement of the present diesel-electric station by 
a
 

wood-fired steam thermal station will change the type and ex

tent 	of emissions presently experienced at Yaviza. The size
 

of the steam generator in the station is considerably smaller
 

than the minimum size of steam generators now regulated in
 

the U.S. by the Environmental Protection Agency. The minimum
 

size is a heat input of 250 million Btu/hr, about 25 times
 

larger than the Yaviza unit.
 

1. 	 Sulfur Dioxides
 

The sulfur content of diesel fuel depends on the sulfur
 

content of 
the source of crude oil used in the refinery
 

and the extent to which desulfurization of product frac

tions is practiced in the refinery processing. All sul

fur in the diesel fuel consumed is discharged to the
 

atmosphere as sulfur dioxide. 
A similar situation will
 

exist for the thermal power olant. Any sulfur content
 

in the fuelwood will be discharged to the atmosphere as
 

sulfur dioxide. A quantitative comparison can readily
 

be made once typical sulfur contents of fuelwood and die

sel oil are known.
 

2. 	 Nitrogen Oxides
 

The sources of this pollution are the nitrogen in the
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fuel and the nitrogen in the combustion air. The fuel
 

nitrogen is the first to zeact and will probably entire

ly appear as 
nitrogen oxide emissions. Prediction can 
be
 

made by analysis of the nitrogen content of 
the fuelwood.
 

The extent to which the nitroqen in the air will 

react with oxygen aepends on temperature distribution
 

characteristics of the fuel combustion equipment and the
 

kinetics of 
the chemical reaction 
between nitrogen and
 

oxygen that can occur within the temperature distribution 

pattern. The nitrog-en oxide content of the present diesel 

exhaust gases can certainly be readily measuied. For the 

thermal plant, can mademeasurament be only after opera

tion; although the )oLler manufacturer can empirically 

design the Fuulwood burning system to promise reduced 

ni trojen-oxide formation. 

3. Particulatcs 

Particulates appear in 
the diesel exhaust gases, par

ticularLy on load chancges, as sub.iicron particles of un

burned carbon which may contain decomposition hydroca 

bons of a complex riture. The rnA in the U.S. is curren

ly concerned wiLh ;-otential hr-ful health effects, since 

the submicron particles readily reach the lungs in the
 

breathing process and the hydrocarbon content is thought
 

to be carcinogenc.
 

Current research work has not vet produced conclusions
 

that justify regulation. 

More fully barned particulates will discharged from
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the thermal station stack to the extent they are not
 

captured by the separator provided in the ductwork of the
 

steam generator. The extent of emission unquestionably
 

will be less than the particulate emissions from the open
 

burning of waste wood now practiced at the Doncella saw

mill, a practice which car disappear when the thermal sta

tion operates.
 

4. Othc Sources 

A solid ash residue will be produced in the thermal 

station, a type of emission source which does not exist 

in the present diesel plant; coarse ash from the burn

er grate of the steam generator and fine ash from fe 

dust separdtor in the flue to the stack. 

The ash can be disposed of in an area selected for 

the purpose. The ash can be used as d soil conditioner, 

but only a relatively small quantity will be produced. 

By use of Doncelia waste wood, the ash residues at the 

sawmill can be eliminated. 

Noise levels at the therral station should be con

siderabiy less than present noise levels at the diesel

electric station. 

The ecological impiications of weed wood harvesting
 

and of the deliberate growth of trees as an energy resour

ce in a dedicated plantation are assumed to have been e

valuated with a positive conclusicn at the time the de

cision to build a wood-fired steam-electric station at
 

Yaviza was taken.
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III PROJECT IMPLEMENTATION
 

Project implementation comprises 
thirteen scheduled tasks which are
 

to be undertaken by IRHE personnel and two tasks, namely (a) 
 the
 

interim supply of roundwood from weed tre ha ryesting and (b) the
 

ultimate supply of round,-ood from an energy plantation, botn of which 

are to be undertaken by RENARE on 
IRHE's behalf. The interrelation

ships among the thirteen IRHE tasks and the time required for their
 

accomplishment are shown on Drawing No. 1. 
Based on the standarized
 

practices of the IREE organization and on current delivery schedu

les for manufactured equipment, the total time 
to bring the projec

ted steam-electric power station at Yaviza into operation is 24
 

months. Accordingly, with a 1 August 1980 starting date, the plaIt 

should be ready for optration on 1 August 1982.
 

A. RENARE TASK 

The details of thu RENARE task are to to be covered by a written 

agreement between RENARE and IRHE, which is currently being negotia

ted. This agreement provides for the ultimate dedication of an 

area of 800 hlt-ctares as a forest reserve to supply the ultimate 

fuelwood neecls or, the Yaviza station. Of this reserve, 200 hec

tares will be wro-ked immediatelv. The reserve is located upstream 

of Yaviza on the Rfo Chucunaque, jusL upstream of its junction with 

the Rfo Tupi., un both shores extending perpendicularly to the ri

ver axis. The aqreeme:nt provides for IRHE to pay stated costs 

and for PENARE to manage the efforts and labor involved to bring
 

the roundwood supply to the power plant dock ready for unloading. 

Accordingly, on the basis of estimates of wood requirement
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presented above, the maximum physical capacity to be planned for 

by RENARE is a continuous daily supply of 28 tons of roundwood, 

initially by the harvestinq of weed trees and eventually by the 

harvesting of trees from an energy plantation. Actual consumption 

of the power plant in the early years will be considerably smallur. 

Since the plan is to acquire a wood chipper capable of accep

ting a maximum log diameter of 6 inches (15 cm.), the harvesting
 

diameter projected for a 6-year growth of the luecuena tree species
 

selected for the piantation, a saw installation at the plant will
 

be needed to reduce over-size logs along the longitudinal axis to
 

an acceptabLe cross section, should the diameter of the weed trees
 

require this. 

RENARE's activities should be planned to establish a 30-day 

stockpile at: the plant by 31 July 1982. 

B. IRLIE'S SCItEDULED TASKS 

IRHE's task,, are two types, the administrative tasks which are re

quired to enable the procurement of equipment and the construction 

tasks required to enable the erection of the plant. 

1. Administrative Tasks 

The administrative tasks are shown in the schedule (Drawing No. 1),
 

as tasks 4 through 9 inclusive. Their accomplishment by the stan

darized IRIIE procedures is estimated to recuire a tutal of 10-11
 

months. The earliest date for preparing a definitive capital cost
 

estimate for the entire project, a definition of the operating cost, 

and an estimate of bus-bar electricity cost will occur during the
 

evaluation of bids received (task 8), that is, during February/
 

March 1981. However, the preparation of a cost estimate will be
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unofficially undcrtaken in parallel with the task to prepare the
 

technical information for bids (task 4), 
 during .August/September
 

1980. 
 For this purpose, the authors prepared a sample form letter.
 

2. Construction Tasks
 

The construction tasks are of 
two types: those pertaining to the
 

acquisition and the improvement of the site 
(tasks 1, 2 and 3); and
 

those pertaining to the procurement and erection of the equipment
 

(tasks 10, 11, 12 and 13).
 

It is clear that the allocation of responsibility, and delegation
 

of authority, to 
the project manager should consider either (a) en

compassing both the administrative and the construction tasks in
 

one person; or 
(b) ensurinc, a smooth and effective transition,
 

about June 1981, from the person discharging the administrative 

responsibilLty and the person discharging the construction respon

sibility. in any event, the activities of RENARE under the RENARE/ 

IHE agreement should be monitored to that reliaassure a ble wood 

supply is available to the plant at the ]'.west practical cost upon 

its completion and during its oper:ition. 

C. TECHNICAL INFORIMLAT[ON FOR PREPARATICX 01' INVITATION FOR BID 

Technical information Foi preparation of -he tcchnical specifica

tions section of the information for bid (IFB), which is the acti

vity to be undert-tken in Task 4, is contaied in Appendix D of
 

this Report.
 

The technical infocmation incorporates the following:
 

- the technical specifications for the equipment comprising 

the Yaviza woodfueled steam-electr.c plant, and 

- general information recuired by 1P E practices applicable to
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the supply of the equipment.
 

The technical specifications are developed from the plant design
 

factors discussed above and from the description of the plant con

tained in Appendix C. The general information istaken from a pre

vious IRHE invitation for bid, which was adopted for use as a model. 

The model used was the technical specifications section of the In

vitation for Bid, issued for the San Francisco de 1a Caleta, Panama-

City - Extension of the Thermal Power Plant, dated June 1973. 

Appendix D is presented in draft form. The reason is that the 

paragraphs to be extracted from the model IFB are referred to rather
 

than copied, as •time did not permit furthe'_ effort. Instead, the re

levant pages of the model IFB with the markings are duplicated and 

appear immedLatel' following Appendix D. Accordirgly, once Appen

dix D is modified by copying into it the paragraphs referred to, and 

the applicability confirmed, the complete technical specifications 

section of the TFB for the Yaviza project will exist.
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IV IPLLEMENTATION GUIDELINES
 

The objective in this Chapter is 
to provide technical and adminis

trative judgments and opinions on the topics headed below, for use
 
at the appropriate time in the execution of the various tasks deli

neated in the Tentative Project Schedule 
(Drawing No. 1).
 

A. 
 USE OF THE MODEL IFB
 

In the review of a copy of the Technical Specification for the San
 
Francisco de la Caleta Panama City 
- Extension of the Thermal Power
 

Plant (used as 
a model for the type of IFB to be prepared by the
 

IRHE project manager in order to 
solicit bids for the equipment
 

items compi-"sLnq the Yaviza Woodfueled Steam-Electric Station) the
 

authors found It to represent a completely engineered station design. 

On the other hand, the -present effort to prepare technical
 
specificaLions 
 for the 'aviza IFB represents only the conceptual
 

design engineerinig portion of work.
the The presently drafted IFB
 
technical 
 speci fications in (,\ppendix D)mav be issued to interested
 

bidders who will submit prices descr i of
and tions the equipment 

they manufacture,which may be considered for the Yaviza plant. As
 
discussed below in Section B, the Yaviza project team must study
 

the bids received, and select a suitable combination of equipment
 

meeting the basic requirements and having oreconomic technical 
advantages ovel otherthe eon ipment offered. From this selection,
 

a technical specffication for purchase may be prepared.
 

The functonil. di Ffezenca 
}eh een 
the PloCxe TFB anc the Yaviza TFB should 
be continuously kept viewin during the course of the project ac
tivities. Moreover, when preparing the 
leqal section of the IFB, 
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for Yaviza, the legal requirements specified in Chapter 3, Procu

rement of Equipment and Materials (AID Handbook 11 - Country Con

tracting) must be incorporated along with relevant legal require

ments of IRiIE.
 

B. BID EVALUATION ASPECTS
 

The discussion in this section is 
relevant to the activities in
 

Task 8, which is scheduled to occur during January through April
 

1981.
 

The basis ior the 0 Kc ss.on is an assumotion that the response to 

the publication of the Yaviza Invitaticn to Bid, which is the result
 

of Task 6 in the schedule, is voluminous.
 

]. Section off Alternatives 

Two alternitives ar-e apparent at this time. Other may be identi

fied during the eva luation of bids. One is the use of firetube boi

ler at the maximum practical generation r'ressure and zero super

heat. The other is the use of a watertube boiler at higher levels 

of pressure) and a specified level of steam superheat. Each of 

these alternatives support a different selection of steam turbine 

and will recjuire more or less fuelwood with resulting differences 

in steam generation capacity. Accordins.!', cor'parison of indivi

dual equipment items across system-s will he illogical. 

Lach syv. tem must be studied inciividually, and the combined 

effect of the perfoi-mance and cost of the eqcipment of that sys

tem compared to tLhe, alternat ive system. 

2. Evaluation as a1 Syc tem 

In system evaluatluion, the components and their performances which 

are specific to the system, are identified. Their costs are lis
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ted and stumarized and the performance of the entire system esti

mated in 
terms of cycle efficiency, fuelwood requirement, operating
 

and maintenance manpower, land requirement, and other factors which
 

may appear useful. 
 Two cost figures are then estimated for the sys

tem: (1) the capital 
cost of the plant ready to operate; and (2) 

the generation cost of electricity at the bus bar. These data are 

estimated for each system identified.
 

3. Comparisons of Intangibles
 

Certain aspucts ot 
 each system evaluated will be intangible. Exam

ples are: (1) the salety aspects of a lower-pressure firetube boi

ler versus a highe--pIressure watertube boiler in the event of mis

operation of the relief v-ilves; (2) 
 the greater attenton that needs 

to be paid to fet-(dwater ciuaji]ty in the case watertubeof boilers;
 

and (3) th: greatei po-ob~ibiliuv with a firetube boiler 
of damaqe
 

to the turbine should ex.cessive water be present in the 
high-pres

sure steam. 

Such intancii.blc factors would have to be weighed qualitatively and 

subjectively in order to judqe the attractiveness and acceptabili

ty of the least cost system. 

4. Presentation of Sa-]tlction 

A selecton on da ti sh-)"- be madu and recommended to IRHE ma

nagemeint, togeth,- thewi th evaluations of all systems considered, 

a statement of the intangibl e factors and their treatment, and the 

rationale for the rc<commendation. 

C. SPFCTPICATTON OF AJX,[LT.XRY EDTP:iIFNT, 

The auxiliary equipment comprises the feedwater pump, miscellaneous 

transfer pumps, the feedwater doareator tank, various storage tanks, 
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power saw for reducing oversize logs longitudinally and other items 

shown, 
or not shown (such as maintenance tools), on the flow dia

gram in Appendix C, or which may be introduced by the bidders. The
 

costs of 
these items will have been estimated approximately, but on
 

a consistent basis, when the alternative systems compared.were 

Once the recommended system has been selected, the detailed and
 

formal specifications for the auxiliary equipment for this system
 

have to be established to enable procurement when the system selec-

tion is officially approved.
 

A useful procedure for the task of identifying and specifying the
 

auxiliary equipment is 
to involve the prospective plant manager
 

and to solicit his views 
as the responsible person to assure 
relia

ble operation.
 

D. FINAL PLANT DESIGN
 

As soon as it 
appears thal- the recommended selection will be appro

ved, the final plant design can begin. This is task 11 in the
 

Tentative Project Schedule. The two parts 
to this task are the
 

civil works and the equipment integration. 

1. Civil 1;orks 

Because of the intense rainy 
season at Yaviza during the final
 

months of the year, all 
areas 
should be sheltered beginning with
 

the roundwood storage. 

Except for the turbo-crenerator/condenser package, shelters may be
 

open sid1ed with sufficient roof overhang to protect reasonably
 

against a driving rain. Construction may be of local materials
 

(such as those observed during the visit to 
the Doncella sawmill)*
 

but,around the boiler and turbo-generator construction should be
 

fircproof.
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All working areas 
should have concrete or wood floors suffi

ciently elevated above grade to avoid flooding. Others should be
 

graded and provided with adequately sized drains to avoid water
 

accwu-, mulation in pools. 

The design of the dock should provide for a rise and fall of
 
level of the river which could exceed 15 feet at times, and the
 

prospect that excessive erosion of 
the river bank 
can occur because
 

of the rapid river current.
 

If it is determined that the plot width should be reduced 
(see no

te 1 on 
the plot plarn drawing), the stacked height of logs may be
 

increased to reduce width.
 

In this event, labor and equipment needs should be reviewed to 
as

sure efficient and effective log handling.
 

2. Ecwipment Inteqration 

Equipment integration will show the piping and electrical wiring
 

requirements, the control panel layout 
to permit centralized ob

servation and corrc_-tion of operating conditions, insulation of
 

live steam lines, interconnection of .ontrol valves and sensing
 

devices, painting for corrosion prevertion, valves, vents and
 

drains, and other such items to 
produce a finished plant. The
 

final eliipment locations will final
enable foundation drawings 

to be prepared.
 

E. INTEGRATTON OF NEW PLANT WITH EXISTING TLANT AND TRANSMISSION 

SYSTEM
 

We understand that TRIHE operations no;.: have plans to relocate the 

existing 135 kW diesel electric generator to the original power 

house on the Yaviza side of the river as 
a means of reducing the
 

cost of delivering diesel fuel. 
 At the same time the Yaviza steam
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electric plant design also provides space in the Plot plan for the
 

relocation of the 135 kW unit as standby and for start up purposes. 

It would seem that any current relocation plan should be reconsi

dered -o avoid unnecessary expense.
 

In any event, the electrical interconnection between the projected
 

and existing plant with respect to the transmission line should be
 

designed and should provide for control of load sharing between the 

two generating units to any extent from zero to 100% zeto 100% to 


ro.
 

1". PLANT 'MAINTENANCE ASPECTS 

The Yaviza stea-electric plant will require paying serious atten

tion to preventive maintenance, especially because of its remote 

location and sensitivity of equipment to n~w tactors, such as water 

quality, that do not apply as seriously to diesel-electric instal

lations. Maintenance in general in the Yaviza area can be a se

rious problem. For example, during the visit to Yaviza, the trans

fer pump for the drinking water system between the settling tank
 

and the storage tank was disassembled, and apparently inoperable 

for a long period judging from the accurmnulation of cobwebs in the 

storage building for the treaznng chemicals. 

As soon as the equip-ment specifications are known, at the time task 

10 begins (June 1981) , a maintenance practice for the Yaviza steam

electric plant, which assures reliable operation, should be formu

lated and officially adopted.
 

InadequatE maintenance could, without justification, mar the 

potential success of the Yaviza installation as a demonstraticn of
 

petroleum fuel. substitution by a renewable energy source.
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G. OPERATIONAL ASPEC'S 

A larger operating force is required for a steam-electric plant, 

than for a diesel-electric plant. The shift supervisor would con

cern himself mostly with the operation of the turbo-generator-con

denser package, while the second operator would concern himself 

primarly with the steam generator and fuel supply beginning with
 

the ooeration of the Day Storage Silo.
 

The day shift would be concerned v ith log receipt, handling, chip

ping, and maintaining the supply of chips in the storage silo. The 

supply of locjs to the plant pier is the responsibility of RENARE.
 

H. FUTURE LOAD-CROWTII STIMULATION 

Given a successful demonstration of the Yaviza steam-electric 

plant and a f vorable co2 ,t experience, IRHIE could find it artrac

tive to stIUlaI oad-growth deIliberatel" to utilize the full ins

talled capacitv oC th pltiit. At such a tine, the following sug

gestions may be appropria te. 

1. Conversion o Lmestic ?',onliances 

A significant use of petroleum products occirs Li the service area 

of the Yaviza plant CS- lig.LIf Led petroleum cas for domestic cook

ing and as kerosene for fueling refrigerators. Conversion to elec

tric cooking and to conventional electric iefrigeration would seem 

to be in the national interest, at least, if not in IRHE's direct 

interest from an i ncome and capital return Toint of view. 

2. Servicing the Doncella Saw Mill 

The need for power at the Doncella Sawmill appears about equal to 

present average demand on the existing Yaviza power plant. The 

new unit could readily handle this load. At h.e urrent tariff for 

electricity, the sawmill could realize a significant energy sa
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vina which they might be willing to use in part to help pay the
 

cost of the transmission line. Also, receiving electricity from
 

Yaviza would give the sawmill operatDr a vested interest in sup

plying his waste wood as fuel, and he mi'jht conceivably be willing
 

to loid waste aboard IRHE's or RENARE's river craft. 

3. Interconnection of Isolated Networks
 

One objective of interconnecting the isolated networks of Darien
 

province is to eliminate the very small isolated diesel electric
 

generators. 

Such interconnection would enable the Yaviza station to utilize
 

surplus installed capacity Lo service a larger area. 
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APPENDIX A
 

SCOPE OF WORK
 

Backqround
 

The Water Resources and Electrification Institute (IRHE) has 
se

lected Yaviza, Darien as the site 
to construct a wood-fired, steam
 

boiler turbine electric system to provide approximately 200 kW to
 

the communities of Yaviza, Pinogana and El Real. 
 The goal of IRHE
 

is to replace an existing, aging diesel system :ith one that helps 

alleviate Panama's dependence on imported petroleum.
 

The equipment of the proposec. plant will consist of 
a boiler, tur

bine, alternator, and auxiliary equipment related to drying, stora

ge, and chipping of the wood.
 

Tasks 

1. 	 Select equipment components necessary to result in 
a totally
 

functioning system. 
Equipment will be of U.S. or Panamanian
 

origin. Ta-k'v._rii inclucde the preparation of 
a detailed equip

ment 	 schematic. 

2. 	 Prepare techrucal specifications and performance standards that
 

will represent: 
a section of the IFB for equipment and techni

nical assistance. 

3. 	 Advise IRilE on non-technical aspects of the IFB. 

4. 	 Prepare a list of potential U.S. or Panamanian bidders to be
 

considered by TRHE. 

5. 	 Transmit sufficient know.;ledge to IRHE engineers that they 

could prepare similar specifications at a later date. 

6. 
 Advise IRHE concerning maintenance standards, training local
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personnel, and other types of wood-fueled systems available.
 

7. 
 Suggest reference materials to IRHE that would prove useful for
 

future work of this nature.
 

8. Assist IME as 
time allows with the other sections of the IFB.
 

9. Prior to departing from Panama, prepare a written report sum

marizing work performed and make additional recommendations.
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APPENDIX B
 

aRONOLOGICAL ACCOUNT OF ACTIVITIES
 

(8 - 24 July 1980)
 

Arrival formalities and initial introduction of the authors
 

were completed in the morning of the first day. By noon of the
 

first day, active work was underway.
 

A tlow chart of the wood-fueled electricity generation system
 

was developed on the blackboard and drawn uo in draft form, for re

finement as the individual equipment specifications were developed.
 

The selection of 200 kW size was discussed and reviewed briefly.
 

Since this installation is to be considered a demonstration unit,
 

the size was considered as adequately large for its intended ser

vice.
 

It was agreed the Scope of Work extended from supplying fuel and 

treatment of boiler feed water to the 480/240 volt generator 4 .rmi

nal connections. 

IRHPI will arrange separately for the connection of the wood fueled 

electricity generation facilities to the existing 13.2 kV net. 

For the output of 200 kW, steanm rates for the generator turbine dri

ve were estimated from curves and other da-a published by three po

tentiol turbine manufacturers (Terry, Worthington, and Elliot) . 

Previous development work for the Yavza project was based upon 

a steam generation pressure level of 250 psig and no superheat,
 

which had appeared logical since most excerience with wood-fueled 

boilers has been with the fire tube type bofier, and 250 psig is 

considered to be a cgood safe upper pressure limit for this type of 

boiler. 
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The steam rates resulting from the estimates were twice 
as
 

high as 
those previously estimated during the project development,
 

and resulted naturally in a considerable increase in the fuel re

quirements, beyond thos- considered in the Peck report.
 

it was agreed at 
this poinr to seek clarification from the
 

three major turbine manufacturers cited above before proceeding
 

further with detailed specifications. Their published data in this
 

range of steam pressure, and considering the lack of superheat,
 

appeared to be unreliable.
 

Moreover, ar increase in 
steam system pressure (to 400-600
 

psig), and designing the boiler to include superh; ting (100-150'F 

over saturated steam temperature at- operating pressure), would great

ly reduce the r team rate and Fuel requirements and small water-tube 

ecuipmentl In the c1pac Lty rdnge of interest could be avai lable. It
 

was dec 
 _(_l IoIvestIqate the availability of a wood-fueled water
 

tube type boi ler uih(-ifin wich would perilt attaining these prefe

rable coi tLions of nn)eratLior.. In the c)i:-.ion of all concerned this
 

appeared rnOt a;pprcc-ibly 
 to increase the complexity of the system, 

while redticing fuel requirement and provic.ing additional operating 

fiexibL t
K,,
 

The various components of the system from fuel 
 gathering to 

power generation terminals 
were listed, c-c separated into logical
 

groupings representing the scope of the 
i:.Kaivldual technical spe

cifications to be prepared for the invitat.on to bid document. The 

main groupi ngs wert: 

Fuel gathering and transport. 

Fuel handling and storage.
 

Stcam generation, including boiler feed water system.
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Turbo generator and condenser.
 

At this point in the progress of the work,an outline of the
 

contents of the final report was developed in order to plan the
 

work effciently, and some 
time was given to discussing the field
 

trip to Yaviza to assure as much as 
possible was covered in the li

mited time available for the trip.
 

Friday, 11 July, 1980, the AID coordinator and the project team
 

flew to Yaviza 'here they were joined by the local RENARE represen

tative. The 
towns of Yaviza and El Real were visited, the existing
 

diesel pow_r generation installation and the site chosen for the
 

wood 
fueled electricity generation installation were inspected, the 

area designated by REMNARE an a fuel plantation was seen from the ri

ver, and the sawmill operation at Doncella and its potential supply 

of waste-wood fuel were visited and inspected. Through general ob

servation during the field trip, an appreciation of the local envi

ronment ''as obtained by tho icam, which will be reflected in the 

dTv, ]_pment of the final plant specifications. 

The second week was begun Yy organizing meetings with the Director 

of the Isolated Systems Department of IREE on Monday 14 July 1980, 

with PL]NAR. r-'presenatives on July , theTuesday 15 and Director 

of Enerqy and Tari ffs of IejE on Friday, 18 July 1980. 

Ti neeting with the Directni of the Isolated Systems Department 

provided an insichL for the team of the particular problems of 

maintenance, source of suppV-, and lack suitable,of reliable, boi

ler feed water at uho remote Yaviza location. 

PENAPE personnel were qi',en the most estimaterecent of 

fuel wood requiiements for Yaviza Project, the ofthe and means sa
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tisfying them developed by the team. RENARE personnel presented
 

their views on the wood cutting, reforestation, 4nd transport of 

fuelwocd to the power generation site. It was suggested they con

sider another means, possibly the use of mules, to move the cut 

trees within the plantation instead of the diesel-powered minitrac

tor presently under consideration,and thereby save diesel fuel con

sumption. RENARE and the team agreed the cut log> couLd be trans

ported either by a multi-canoe fleet: or by a catamaran Lype of spe

cial motor driven barge. General agreement was reached that the 

wood resources were adequata to supply plant needs. 

The intervals betweon meetLings were devoted to preparing a 

preliMLnary schedule, plot p1lan a -raigemen t, and a more definitive 

flow diaqr"im of the pro>act. The techn Lcal descriptions and speci-

fications for the ci uipment and fac1lities at the gjeneration plant 

site were also developed. By Monday evening 14 July 1980, it was 

learned that the hi iler could be a water tube type, since there are 

current manufacturers, and the turbine efficiency could be increased 

by using 350 ps'.g steam withL90 F of superneat, levels of genera

t Lon ava Liable frem current boiler manufacturers. These two im

provements were incorporated in the equipment specifications.
 
The third week was devoted to the preparation of the final report and 

submission to IRHE and ATD. Triefins were gieven on the content. 
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APPENDIX C
 

DESCRIPTION OF PLANT
 

The plant comprises all physical components between the production
 

and harvesting of the fuelwood and the terminals of the qenerator.
 

Included are the auxiliary components such as the supply and puri

fication of the boiler feedwater and the transport of fuelwood to
 

the plant. 
The schcmatic arrangement of the component, is shown
 

on the Invitation to Bid Flow Diagram (IRIHE Drawing Number 3). 
 The
 

preliminary arrangement of the plant is shown on 
the Preliminary
 

Plot Plan (IRHE Drawing Number 4). 
 Both of these drawings are
 

part of this Report. 

Although IRHE retains responsibility for all components and
 
their management and operation
1 , RENARE, by agreement with IRHE, will
 

take responsibility for design,the supolv of labor, and Twnzgement 

of the initial harvesting of .7eed wood, the delivery of fuelwood
 

to the plant dock, the planning and establishment of the tree plan

tation, and the ultimate harvesting operations.
 

IRHE will provide the capital equipment for this purpose, and
 

these capital costs are to be 
included in the definitive capital
 

cost estimate for the Yaviza steam-electric plant.
 

IRIE retains the responsiblity for negotiating for supply,
 

loading at the 
source and transporting the waste wood production
 

of the Doncella 
(and other) sawmills 
to the plant dock. It appears
 

likely that the river craft involved can 
manage both transport
 

functions 
(waste sawmill wood and weed tree harvest).
 

1. FUELWOOD,RECEIPT, 1TANDLING, AND STORAGE
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Upon arrival at the plant dock, the fuelwood is unloaded by
 

derrick and lifted 
to a staging area adjacent to the fuelwood
 

storage area. Bundling of fuelwood at the 
source should be
 

investigated to simplify the unloading operation and minimize
 

docking time for the river craft at the plant dock. 
 In the
 

staging area, waste wood is preferably fed to the chipper, and
 

the roundwood preferably stored.
 

The roundwood storage pile shown five inis as foot height 

to facilitate manhandling the logs. 
 Because of the requirement
 

for a 15-day storage, the width of the storage pile is 240
 

feet, which may be excessive for the available property. 
 The
 

height of the pile can be increased to suit the property width, 

and this wa, require reconsideration of the handling technique 

by providing mechanical assistance. In any event, the pattern 

of reclamation of roundwood from the storage pile should be 

designed such that the max.,mum period of storage for any log 

does not exceed 15 days. 

The chipper is located between the roundwood storage pile
 

and the chipped fueiwood storage shed. Two options are avai

lable for its LnstallatLon, one mowc.-le aon track, the other 

fixed at one end of the area w%.th the installation of convey

ors. Three options are avalable for the chipper drive: an 

engine, probably diesel; electric --otor; electrican and an 

motor and fly wheel assembly to le.-el load on the generator. 

The most practical choice of options 
-..
ill depend on manufac

turer's recommendations, labor requirement, cenerator opera

tion, and cost.
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The choice should be made during the evaluation of the bids
 

received.
 

Chipped fuelwood is fed to the chipped wood storage shed,
 

whose proportions are similar to those for the roundwood sto

rage pili. The storage shed crossection is shown on IRHE
 

Drawing No. 2, located on the following page. This storage is
 

likewise operated so that no chips are stored longer than 15
 

days. The shed is provided with connections for snuffing steam
 

to fight fires caused by spontaneous combustion of the chips.
 

Such fires will be detectable and located by noting smoke e

missions at the top of the shed.
 

Chips retrieved from the storage shed are delivered by 

conveyor to the day silo from which the steam generator re

ceives its fuel supply. Again a choice of conveying methods has 

been allowed. The capacity of this silo is shown as one-day, 

but when the labor requirements of the plant are estimated, it
 

may be found that a 64-hodr supply capacity should be provided 

to carry the opDeration through the weekend without further 

transfer from the chip torace shed. 

The entire operating area -s to be protected by a roofed 

structure with sufficient overhang to orotect against the most 

intense rains. Construction 7ay be of locally available mate

rials. The floor of this area should be of concrete paving or ..ood, 

sufficiently elevated above grade, to nrotect the storage 

and operating area against flooding during heavy rainstorms.
 

The installation of stoim drains or covered trenches leading
 

to the river could be useful in this respect.
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CHIP STORAGE, SHED.
 

CHIPPER OPEN il BAFFLE 

CHIPPER DI:CHARGE&SD 

ACCESSDOOFS. 

ELEV. T'- 0 

PROVISION FOR 
SNUFFING STEAM 

SLIDING PANELS CHIP RECOVERY. 
TO CONTROL 
FIRE. 

CHIP 

.. BELT. 
-CCNVEYCR 

_ _ _ _0'-O" GRADE. 

/ DISCHARGE, SCRAPER. --

ALT. DESIGN 

CHIPS DELIVERED 
VIA BELT CONVEYOR. _1 CHIP STORAGE CONVEYCR. 

LOCATED IN SHED RIDGE 

DRAWING N0 2 
C-3-A (NOT TO SCALE) 



2. STEAM GENERATOR
 

There are two options in the selection of the steam generator;
 

a fire-tube design, 
or a water tube design. The selection
 

will be made during the evaluation of the bids received. 
 In
 

either case, the combustion air supply is provided with a
 

steam coil, operated by steam from the boiler, to preheat the
 

combustion air during the wet season, when the moisture con

tent in the fuelwood chips could become excessive. The main
 

criterion for selection of steam generator type appears to
 

be the effect of the pressure/superheat conditions of the
 

steam generated on the cycle efficiency for the entire plant.
 

The chip feeding and combustion equipment will be inte

gral with the steam generator equipment, and its design will 

depend on the ultimate selection. In any event, because wet 

chips are to be burned, the furnace chamber should have aieas 

of uncovered refractory walls or arches to insure the stabili

ty and completeness of combustion.
 

The required purity of the feedwater makeup depends on 

the generation pressure. 
 This will be higher for the water

tube unit than for the fire-tube unit, and accordingly main

taining the required feedwater quality will be more critical 

for the water-tube design. In any event, specifications have 

been included for the feedwater makeuno to come from a water 

distillation plant to reduce to a mi.imum the necessary atten

tion to be paid to maintain water purity. 

The size of the unit will depend the blowloon wn recom

mended by the steam-generator manufacturer and the amount of 

steam vented to the atmosphere during periods when the steam 
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generator cannot respond sufficiently rapidly to sudden re

ductions of demand on the plant.
 

The 	 capacity of the water distillation unit should be selected 

to provide for the water needs within one 8-hour shift in or

der to provide overcapacity by operating for a longer daily 

period. 

Instrumentation provided with the steam generator will
 

regulate the generated steam pressure at the rated level by
 

controlling the fuel and air rates to the burner, provide for 

venting steam at times %'henthe effect of reduction in firing 

rates cannot accom.odate sudden reductions in demand, and se

parately relieve pressure when this becomes excessive for any 

reason.
 

Periodically, coarse wood ash is to be removed from the 

burner grate area and fine ash collected from the ash sepa

rator. This production can be transported to the disposal 

area. Equipment design can be arranged so that ash removal 

can occur during the day shift when labor is available from 

the roundwood handling operations. 

The steam generator is protected by an open sided fire

proof structure, with sufficient rnof overhang to protect 

against intense rain fail. 

3. 	 TURBO-GENERATOR/CONDENSER 

Although the selection of the steam turbine will determine the 

cycle efficiency of the plant and the selection of the steam 

generator, the physical size and arrangement will not vary 

significantly. Regardless of selection, the turbine is pro
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tected again5t water droplets in the steam by a steam separa

tor mounted at the turbine inlet. 
The inlet steam connection
 

between steam generator and turbine should be as short as
 

practical with provision to accommodate pipe expansion with
 

no forces exerted on the turbine nozzle. The connection bet

ween the turbine-exhaust and condenser should likewise be 
as
 

short as practical to minimize pressure drop between these
 

equipment items. 
 This line should be designed with a minimum
 

of flanges.
 

With respect to the condensation of exhaust steam, the
 

turbo-generator supplier has the option of specifying either
 

an air-cooled or water cooled design. If any a water-cooled
 

design is chosen the water supply would come 
from a pump in
 

the river, be screened, passed through the condenser, maintain

ing a minimum velocity of 7 feet per second, and discharged a
 

maximum distance from the intake point. If a river source
 

for the watcr distillation unit is used (instead of the local 

drinking water supply) , the t:o intakes can be combined. 

Turbine manufacturers appear -:o agree separately that 

the turbine speed should be 5000 RPM driving an 1800 RPM ge

nerator. It is likely that the final selection will be this
 

speeds with an appropriate gear box intalled.
 

Turbine regulation to the demand on the generator will 

likely be the standard Woodward governor. The project ter

minates with the connection to the cenerator. 

The turbo-generator/condenser ccquipment is to be instal

led in a totally enclosed file-proof building.
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4. 	 MISCELLANEOUS EQUIPMENT
 

Pumps, tanks, and deaerator are shown on the schematic flow
 

sheet. Sizing of the equipment will depend on the ultimate
 

selection of the critical equipment components discussed abo

ve.
 

5. 	 INTEGRATION WITH EXISTING PLANT.
 

The 	logical future for the existing diesel-electric plant is
 

the transfer of the 135 kW unit to the site of the steam-elec

tric plant for use as standby, and possible peaking when load
 

growth justifies.
 

Depending on the decision in this respect, the responsibility
 

remains with IRHE to redesign the present transformer installa

tion, add 	additional equipment, and provide the controls for
 

load 	 sharing between The two generators to meet the demand 

of the transmission network.
 

6. 	 FUTURE EXPANSION
 

Because of the prospect that unforeseen events can in

crease the demand on the Yaviza station beyond that forecas

ted by the statistical projection, the preliminary plot plan
 

provides snace for a second installation. The fuelwood hand

ling 	and storage area can support an additional plant by in

creasing its height. The chip storage area could operate for 

an additional shift to supply a second day silo. 
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APPENDIX D
 

DRAFT
 

OF
 

TECHNICAL SPECIFICATION SECcUI"
 

FOR THE
 

WOODFUELED STEAM - ELECTRIC PLANT 



NOTIE:
 

Appendix D is complete as regards the technical specifications
 

directly related to the Yaviza Fuelwood Electricity Generation
 

Pro3ect equipment requirements.
 

The present document contains inscruction to copy certain
 

p1ragraphs from the Technical Specifictions sectiorn of the 

Tnvitation for Bid issued for the S. Francisco de !a Caleta, 

P1incmij Citv- Extension of the Therrral Power Plant. These 

paragraphs represent general requirements which when incorpo 

rated in tLih( present document will complete it for issue to 

interested bidders. 

*The relzvant pages of this Technical Specifications section appeared
 
in the original document following Page D-39. These pages have
 
been omitted since the purpose of reproducing the original docu
ment as illustrative of the result is still retained.
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DRAFT
 

YAVIZA, DARIEN, ,"OODFUELDED
 

ELECTRICITY GENERATION PROJECT
 

TECHNICAL SPECIFICATIONS
 

Note: 	 The notations (copy) or (copy Vo/aragraphs) used in 

this draft reflers to c,-mp.ing t*e idlentical numbered 

paragraph frnm the S. Franciscc cc- la ati, Panama-

City - 1E.tension of the Thermal Pow~er Plant -

Technical Specifications. 
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GENERAL INDEX
 

SECTION 1. 
 General Prescrip-ions
 

2. Equipment Specifications
 

3. Testing
 

4. 
 Guarantees
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Section 1 -
 General Prescriptions
 

1. 	Scope of the Technical Specifications
 

The Technical Spccifications cover 
the design, manufacture,
 

shop testina,nreoara in 
 F -t. - and provision of construc 

tion and start up assistance for the 7machinery and equipment 

releiant to the present Iilvitaticn for Bid.
 

All bids received in accordance with the 
terms and conditions
 

of the Invitation for Bid shall be studied and 
evaluated taking
 

into consideration all facts such 
as orice, efficiency, relia
 

bility, manpower requirements, etc.,and the most appropriate
 

equipment chosen for purchase.
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3. Regulations and local conditions- Technical details
 

3.1.1 	 (copy)
 

3.1.2 	 (copy, except as marked A(
 

3.2 
 Local conditions
 

3.2.1 	 Site location Yaviza 
is located in the province
 

of Darien, along the Chucunaque river, at about
 

'
latitude 90 05' and longitude 77042 . Most of the
 

year it is accessable only by air and boat.
 

3.2.2 	 Meteorology
 

(IRHE to fill in from records)
 

3.2.4 	 Service Water System. 
 The only available water
 

is river water, running along the south, side of the site, which
 

is affected by tidal waters and therefore conta-'s contaminants.
 

The Analysis of River Water if found in Table D-1
 

The specifications for the plant also c:nsider the production of
 

distilled feed water 
from excess stea -oduction.
 

3.2.5 Fuel The power plant will burn .:nodfuel from an Energy
 

Plantation or any other avaliable source.
 

At the Energy Plantation the selection of trees for fuel shall 

be made 	by a forester. Fallen, logged tnees shall be bucked
 

into 5-8 foot long lengths and transporfe4 by boat to the power 

plant landing durinj and 8 hour daylight shift. 

At the power plant fifteen days of lo- storage and fifteen days 

of chip storage shall be maintained.
 

Chipping and chip storage activities shall be carried out during
 

one 9 hour, dayligh shift per day, seven days per week.
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2. 	Plant Layout
 

The new 200 KW tWoodfuel Electricity Generation Project
 

at Yaviza, Darien, will operate in conjunction with the 135 

KU Diesel Generation Unit presently supplying the electric 

power requirements of Yaviza, El Real, and Pinogana. 

The Plant will consist of an Energy Plantation operated under 

the Cirection of RENARE, and a power generation site operated 

by IRHE where whole or split wood logs or sawmill scrap will 

be converted into chip fuelwood , stored as required, supplied 

to a steam generator which may produce a superheated interme 

diate pressure steam to drive a turbo generator set producing 

200 KW of 240/480 volt-3 phase-60 cycle power with 0.8 power 

factor. 

The 	 plant will be completely intecjratcd a--, will be operated and con 

trolled from its own resources starting from fuel logs.
 

The preliminary plant layout may be fo<rU on drawings
 

3 and 4.
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TABLE D-1
 

Sheet 2 of 2
 
22 Rio Tuira Pinogama 10:50 River Clearer
 

23 
 Rio Tuira Cuacua 12:10
 

23 Union Choco R. Tuira 12:30 p.m.
 

25 La Hoya R. Tuira 3:05 p.m. 
 I Hr. from union Choco
 

26 Pinogama R. Tuira 6 p.m.
 

27 R. Pirre 8-3 11:39
 

29 El Real High Tide 8-3 
 11:45 R. Pirre
 

30 R. Chucunaque 8-3 12:30 p.m. 
Donocep
 

31 Yaviza R. Chucunaque 3-8-76 2:00 p.m.
 

32 8-4 R. Chucunaque Reverso Ignacia
 

33 R. Chucunaque Baja de Boca de Uragantl 
(8' deep)
 

34 8-4 R. Uraganti Boca ( 4 feet)
 

35 R. Chucunaque arriba de Rio Uragantl: 
 8-4
 

36 R. Chucunaque Near Re- . Ignacio with Prec.
 

37 Small addition to 
tributary R. Ch'cunaque near 

Reversa Ignacia. 

38 Rio Chucunaque abajo de la boca de rio chico 2-8-76
 

39 Rio Chico a 
100 mts. de la boca ,crecito) 3-8-76 

40 Rio Chucunac:ue abajo de ]a boca de Rio Chico 3-8-76 

41 Rio Chico a 100 mts. 
 do la boca 2-8-76
 

42 Rio Chucunaque arriba de la 
boca de Ria chico 2-8-76
 

43 Rio Chucunaque arriba de la 
boca de! Rio Tuquesa 3-8-76 

44 Rio Chucunaque arriba de li boca del Rio Chico 3-8-76
 

D-7
 



3.2.6 Transportation The preferred port of entry is Port
 

Balboa, Panama. 
 If material is received in Pdrt of Cristobal,
 

Coin, Panama, it must be transhippec overland to Balboa and 

then on small river craft to Yaviza, Darien. 

Commercial dir facilities for passenger and freight are 

available aL Tocumen Airport, Panama City.
 

There is an air strip at Yaviza, but any freight would have
 

to be manhandled from the trip,across the river,to the
 

site of the power plant.
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4. Materials and Workmanship
 

4.1 General
 

4.2 (copy)
 

4.3 Testing
 

Testing shall be conducted in accordance with ASTM or ASME
 

standards. 
The test on equipment shall be manufacturers
 

standard unless mentioned otherwise in the equipment specifi
 

cations.
 

All testing cost shal) be borne by the supplier of equipment.
 

4.4 Workmanship
 

4.4.1 	 (copy)
 

4.4.2 	 (copy)
 

4.4.3 	 (copy) 

4.4.4 	 (copy)
 

4.4.5 	 (copy,
 

4.5 Tropicalization
 
(copy) 

5.1 	 General
 

(copy [-/paragraphs only) 

The electric po~wer for internal plant use shall be 240 V + 

10-% at 	60 cycles/sec. + 5%. 

5.2 Electric Motors 

5. 	 2. 1 Design Requirements 

All equipment motor drivers shall be fan cooled totally 

enclosed type in 	 .with NEMLAaccordance 	 stardards. 

(copy paragraph only)
 

5.2.2 Local Control Station A NEMA classD stop-start pushbutton 

station provided each onshall be 	 for motor and located a stanchion 
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near by the motor, except when a common control panel is
 

provided located within sight 
 of the 	motor.
 

5.3 	 Low Voltage and Control Cables
 

(copy p:iraqraphsonly)
 

5.4 	 Accessories
 

(copy V/pa ragraphs only) 

Relays or oLher control devices shall be located in NEMA
 

standard enclosures Clcss D exolosion 
 proof wherever possible,
 

or,of 	 CcUvaLeit construction suited to the ranote tropical 

conditions of the environment. 

5.5 	 Earthtn g 

Earthiniq contacts shall providedbe for all individual 

items of equipnment, and when equipment is packaged and skid 

mounted all equipment shall be grounded to the 	 skid. 

5.6 Test on Electrical Equipment
 

5.6.1 (copy L-X paragraphs on!y) 
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6. Treatment of Surface
 

6.1 	 Treatment for shipping.
 

(copy kTYaragraphs only)
 

6.2 	 Standards for Preparation of Surfaces for Painting
 

(copy V/'paragraphs cnlv) 

6.3 	 Application of Paint 
- General Szandards
 

The supplier of equipment shall be responsible to apply 

sufficient shop coats of quality paint so as to 	guarantee three 
years life to painted surfaces when sub: ecr to the 

climatic conditions stated 	above (Section 3.2.2.). 
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Section 2
 

EQUIPMENT SPECIFICATIONS
 

1. General 

1. ! Scope 

The presenz Section 2 covers the Technical Specification
 

,or the following lisLed pieces of equipment which constitute 

all the major :equipmfnt requirements for the Fuelwood Steam
 

Turbo Generation Plant. 

Item No. Descriotion 

C-i Wood Chipper, with alternate chip storage 

handling schemes and alternate drivers. 

C-2 Chip fuelwood recovery conveyor with alter 

nate schemes for delivery of the chips 

to the top of the fielwood day-storage slo. 

S-I Day S:orage Silo. 

SG-I Steam G2nurator, complete with all acces: 

ries. 

TG-1 Turbo Generator Set, complete with condaenser 

and al_accessories. 

BFW-I Boilef Feed Water preparation equipment.
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1.2 Limits of Supply
 

All items covered 
in the present Section 2 shall be furnished 

complete with all accessories required for an integrated opera 

ting plant whether specified or not. it shall be the respon 

sability of the equipment suppliei, or suppliers, to assure the
 

completeness oC 
their supply to meet the req[u-rneents of the 

specifications. 

The equipment duties specified herein have been selected based 

upon published equipment efficiency cLhta available to the plant 

designers. }3idders may quote more efficient equipment as an 

altecnate, modifying the design to suit, and supporting the 

reliability of the more efficient equipment in their bid docuents. 
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SPECIFICATION FOR WOOD CHIPPER, 
 Item C-I
 

Capacity Ratinq: 
 4.5 metric 
tonnes per hour, greenwood, 50%
 

moistire, 50 #/cu. ft.
 

Fee: 6" max. diameuer logs.
 

Chia size: 2" to 3" maximum.
 

Mounting: 
 Narrow gage railway car 
 flat bed, or fixed.
 
Drive: Enigine or elecarlc rotor. With an electric motor consideration

sh-ill be give:i to the installation of a flywiheel in order toreCduce the torque requrarent and the effect on the turbogenerator. 

DescrLrt.on ol, Op,_-ation: Logs, or split sections, shall
 

arrive fcon an Lnergy P lao-Ls tion, as well as scrap slabs from
 

a sawinil 1, ind bt- stored in Piles along one side of a narrow gage
 

track. The chipp'er shalI 
:rave l along the track, parallel 
to the log .torage pile, 'nJ e hand fc-'from theptle. It shall deliver 

by pneu:ntic conveyor the ch-t, product to the ridge of a chip
 
storage shed, ru:ining peral 
 e] to the tracks, requiring a 12
 

foot. hoi i±zonti ImYtt,eirnt 
 1r.20 foot vertical I ift of the 

chip product by mn,,t:nitic cc-:eyor. 

Reference i()tes: 

a. The specifications of 6" inax. diameter logs is based upon 

i]c;g reco';e:able from z:.e reforestation program which will 

reonice 6-7 earsL- to re]!ize. 

b. Mountilng tLhe chipper o,- a flat car is one alternative.
 

The ch el-)f
coul (d be mcnted on a fixed foundation, and 

deliver ch Lps to an e ;.roo bin where a bucket conveyor
 

v ou]d Inmo rLthe c lug to 
- belt C'OMlVE or- running along the ridge of the 

chip storage shed. See chap stora:4e shed Drawing Ao.2 Bicider 

may quoLe this alternatz-'e separately considering a 12 foot 
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only pneumatic horizontal movement, elevatoran 	 with 20 feet 

vertical lift 
(screw or bucketype), 
and ridge supported
 

belt conveyor with a travelling discharge mechanism to
 

distribute chips along 
240 	feet of chip storage shed
 

b. 	 Bidder shall quote t flatcar seprarely. 

c. 
 Bidder may quote equipment wlts smaller log dia.etor feed restructions. 

The cost of the a-,ditional log splittiny operation will be considered 

when evaluating proposals re-celv l. 

Information to be supplied with bid
 

1. 	 Complete description, sketch, and pictorial description
 

of 	 the equipment being offered. 

2. 	 Diameter and lenith oF feed -olls. 

3. 	 Feed rate and size of chips. 

4. 	 Power unit type, size, fuel consumption, fuel tank (if any) 

capacity. 

5. 	 Chipper openiLng size and number of 	 knives. 

6. 	 Weight and overall dimensions. 

7. 	 List ard cost of spare parts for two years operation 

8. 	 Quoted p-ic shall inclade s:,ply of six (6) sets of 

draw~irs zlld Installation, Operating and 	 "aintenence 

instructions. 
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SPECIFICATION FOR CHIP 
RECOVERY CONVEYOR 
- Item C-2
 

The fuelwood is recovered from the chip s orage shed by 
a
 

belt conveyor travelling lengthwise under 
The center of the
 

storage shed. Feed to the conveyor is controlled by slidingpanels 

operated from one side of the shed. 
A walk path is provided
 

on either side of the shed to allow an 
operator to sweep
 

residual chips on 
to the conveyer.
 

The fuelwood is 
then carried laterally to the base of the
 

fuelwood day-stOrage SLIO 
 where it is elevated to the top of
 

the c;.lo. Either mechanical (bucket elevator, inclined conveyor,
 

or heLic--l screvs) o, pneumatic means ... be quoted by Bidder 

for Lh150movemen t.
 

CapacLty: 8 tons/hr
 
4 hours operating/day


800 cu ft/hr 

Main Recovery Conveyor: 240 feet long. 

Lateral conveyor: 12 " " 

Vertical Lift Conveyor: 30 feet lif-

Conveyors are to be M-Vered by 220V-3 shase-60 cycle electric 

TEFC motors. 

[nformaLi.on to be s nopplied with bid 

I. Pr ce and descc--pt ion or Main RP_,'-- -- Conveyor.
 

PrLcc ind doscripLion 
 of alternate .- eans of performing
 

the LateiL ] and ve tLi:a] lift itove-nt of the chips.
 

2. Materi-ats of uonstruction for all eciment. 

3. Capacity and speed of conveynrs 

4. fforsepower of drivers. 

5. A clear definition of limits of supiy. 
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6. 	List and cost of spare parts for two years operation
 

7. 	Weight and overall dimensions.
 

8. 	Quoted price shall include supply of six (6) sets of 

drawings and Installation, Operatina, and 1*antenance 

instructions. 
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SPECIFICATION FOR DAY STOP-AGE SILO 
- Item S-1
 

The volume of chipped fuei:;ood required for oAe day (24 hours)
 

firing at 200 KW plant output is 
3200 cubic feet. A 12-foot
 

diameter by 30 ft. straigh- side silo would provide this volume. 

The actual dimensions may ".ary to meet the :%nufacturer's stan 

dard equipment, provided the desired volume is maintained.
 

Materials of construction, such 
as wood, concrete, or corrugated 

steel, are commonly used with steel band reinforcement.
 

The base of the silo shal 
 be de. gned to accomodate a rotating 

vertical my' stand assemb_:- (with chains of sufficient length
 

attached at t,..o foot intervals) driven by the motor of the boiler
 

fuel feed system. The asse-ably agitates the fuel 
 chips to
 

assure 
free flowing concitions to 
the inlet of the boiler fuel
 

feed system.
 

This item shall be field assembled from locally available
 

materials.
 

This item may be purchased locally in its entirety.
 

The need for supporting pne.nmatic dust separator equipment
 

o- the roof will be determ-'.ned after selection of the appro 

priatu conveying system for t.e recovered chips.
 

Bidder may quote supp];' of -:ezign and engineering drawings 

sufficiently detailed to p~r:i. purchase of materials and 

erection by others. 
 in this case,Bidder shall quote the
 

supply of any special parts.
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SPECIFICATIONS FOR 
THE STEAM GENERATOR - Item SG-l
 

The steam generator comprises all components-between agitating
 

and transporting the fuelwood chips from the day storage bin,
 

tnrough the combustion of the fuelw.,ood, and the stack for
 

discharging the combustion gases. 
Also included are all pres
 

sure 
 parts between receipt of feed water and discharge of
 

the generated superheated 
 steam. A fly-ash separator is
 

to be installed before the stack or the induced araft fan.
 

Include provisa-n for 
steam heating the combustion air when
 

required by excess water content in 
the fuel wood, and preheating
 

the boiler feed water while colling the furna grates, if practical. 

Steam Requirements 

Capacity: 4600 Lbs/hr required for 200 KW Electrical 

Generator output 24 hours per day. 
 Stable opera
 

tiun at 502 capacity mus= be guaranteed. 

Minimum Overdesiqn: 1 5% 

Superheater outlet pressure: 365 psig. 

Suprheater outlet temperature: 190' F superheat. 

A dry seium production at no supe-hea:, but at higher pressure 

to allow superheating by thottli- will be considered. 

Feed water
 

Source: Turbine condensate plus d:stilled water make up,
 

deac'-ated and chemically treaLed per boiler manufacturer's 

recommendat ions.
 

Blowdown: PMnufacturer's recommendAation. 

Chemical Additives: ManufactuLrer's reco.menda tion. 

Fue lwood 
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Quality: Green chips.
 

Size: 2" to 3" largest side. 

Dryness: 50% moisture (variable)
 

Heating Value: approximately 3300 Btu/pound, as 
fired.
 

Other Information: Chips, approximately 15 days aged.
 

Chip density, 50 pounds per cubic
 

foot. Bulk density, 20 pounds per
 

cubic foot.
 

Ambient Air Temperature: 
 85°F (use 85% humidity)
 

Control System
 

Vendor shall propose an appropriate system to cortrol fuel
 

'iring cate and combustion air in response to steam header
 

pressure variations.
 

The boiler control system will also activate a control valve
 

to rcliev(o excess pressure in the turbine supply header
 

(365 psig operating pressuL-e) should the firing control not 

react in time to limit the turbine supply header pressure. 

The stecLt turbine, generator willbe the basis of a single 

source of electricity to an isolated system. The unit shall 

be responsive to the largest practical extent to 
load changes, 

without discharge of steam to atmosphere, by proper selection 

of z-eam drum size and design pressure, fire box configuration,
 

and design capacity.
 

Control shall be by mechanical or electrical means.
 

Minimum accessories to be provided by vendor : 

1) Boiler feed water 
level controller and contzol valve:
 

2) Safety Relief Valves.
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3) 	Steam header pressure controlled vent valve and exhaust
 

head.
 

4) Boiler drum level indicator.
 

5) Try cocks
 

6) 	Non-return valve.
 

7) 	The fuel feed system and drive, including the rotating
 

vertical pipe stand (located in the feed silo) which agi
 

tates the fuel chips to assure flow t the feeder.
 

8) Blowdown valves and blowdown drum.
 

9) 	Start up auxiliary burner, capable of burning waste
 

lube oil.
 

10) 
3team header pressure gauge and temperature indicator.
 

11) Draft gauqes
 

12) Deaerator 
 vessel, complete with all accessories, sized
 

to satisfy boiler requirements..
 

13) Boiler feed water suppl, pumps, two re--- Ired, sized to
 

satisfy the boiler requirements and -E ode regulation.
 

14) Chemical additive system.
 

15) Vendor to 
list other recommended ins:r:entation or
 

accessories provided with the package.
 

Design Codes: 
 ASME Power Boiler Code,._' Standards, NEtIA
 

Vendor Information Req.,ired:
 

Boiler design capacl.ty:
 

Boiler capacit', range:
 

Boiler design pressure:
 

Boiler Design Temperatures:
 

Steam drum steam volume:
 

Heating surface, steam coil:
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Heating surface, superheater:
 

Furnace Volume:
 

Calculated firing rate at design capacity:
 

Overall thermal efficiency:
 

Stack temperature:
 

Stack height: 

Fly ash separator type:
 

Fly a .h saparator material of construction:
 

Maximum conLent of particulates in stack gas:
 

Minimum boiler feed water quality:
 

Poier feed water pumps data sheet:
 

Deaerator 
 drawing, including list and description of 

accessor les: 

Maximumi blowdown rate: 

Tube mateoria for steml heat trarsfer surface 

Tube material for sujerheater neat transfer surface
 

Refractory type and Specification:
 

Physical dimensions:
 

Weigh t:
 

Vendor shall all
furnish special tools, and data describing 

boiler response to changes In 
load 	and fuel moisture content.
 

Instructors to bidder: 

1. 	Include list and cost of recommended spare parts for
 

two years operation.
 

2. 	 Quoted price shall inclzde supply of six (6) 	sets of
 

drawings and Installatio., Operating and Maintenance
 

instructions.
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3. 
 The pressure, temperature, quality, production capabilities
 

and operating controls of the 
steam generator must be com
 

patible with the turbine selected for item TG-l, 
Turbo
 

Generator set.
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SPECIFICATION FOR THE TURBO GENERATOR SET- Item TG-1
 

Scone of Equipment
 

The turbo generator set comprises all components between the
 

main, pressure controlled, steam header through the steam
 

turbine, gear reducer and synchronous generator to the 3 phAse,
 

240/480 volt, 60 cycle generator termianls. Controls and
 

accessories are 
to be provided as specified below, and all
 

equipment mounted on a suitable base plate.
 

Steam Conditions:
 

Pressure: 365 
psig with 190'F superheat
 

Exhaust Conditions:
 

The turbine vendor shall select a back pressure and specify
 

and supply an air-cooled or water-cooled condenser to meet this specification 

representing the most 
efficient combination of turbine and
 

condenser. Present plant design based on
is a back pressure 

of 4 inches HIg. Ambient air condition are 85°F and 85% 

humidity. A water cooled condenser should be considered using river waterat minimum velocity of 7 feet par second. 
Power Recuirements:
 

200 KW (250 KVA) at 240/480 V - 3 phase - 60 cycle 

0.8 pf.
 

Generator Ratinq
 

Continuous service, overload capacity 110% 
for 2 hours, tempe
 

rature rLse, 105'C, stator and rotor. 

Reductin.q.GeAr Nt inqil 

The American Gear Manufaccurers Association (AGI.A) recommenda 

tions shaLl ,)ply Vendor shall 
state AGMA service factor in
 

his proposal. If service 
factor is less than 2, vendor must
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support his selection.
 

Turbine Rating 

Con,:inuous service, overdesi:..ed to meet generator overload 

conditions, and constructed to meet API,or equal, general pur 

pose standards and NEMA SM-23 1979.
 

Equipment Specifications
 

Steam Inlet Control Valve
 

The control valve shall meet ASA pressure temperature regula
 

tions, and be selected to provide rapid, smooth, response to
 

tie governor's signals. 

Vendor to include a complete description in his proposal in
 

uluding manufacturer and type.
 

Steam Separator
 

A steam sooarator of the h:ghest practical efficiency shall be
 

provided to protect the turbine in the event steam quality re 

duces to wet steai. A co:-t-nuous duty steam trap, sized for 

these conditions,shall be trtvided. 

Vendor to provide operatin: specifications for this equipment
 

in his proposal, selected -r.anufacturer, and type.
 

Separator to be designed pet the ASME Code, Section VIII.
 

Turbine
 

The turbine shall be selec-ed for its record of ruggedness
 

and reliability during cor: _nuous service in areas innaccesible 

- " to the maintenance of h&_ Ecquipment pieces. 

A horizontally split casin2 :.:ith inlet and exhaust connections
 

in the lower half is preferred.
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The rotor shall be a solid steel forging dynamically balanced, 

and the shaft minimum SAE-4140 material with chrome plating 

or better, in the gland areas. Vendor shall describe rotor, 

shaft, bearing, nd glands to the fulaso extent in his pro 

posa1..
 

Luorication protection during start up and shutdown shall be
 

described in venlaor's proposal.
 

Provide overspeed trip independent fro. the governor.
 

Toli l (o ,- r,r
tL1v 

Th_,! Luir)ine ,nvernor shall be a Woodward NEZA "D" class or 

equal. 

Recuc ing ( ear 

A stiittable ratio reducing gear shall be supplied in accordance 

with AG..IA sLandards and API 613reconmo,af:-. 

The casinq shall be heavy djty cast iro.n construccion, hori 

zont al I split. 

Cear z'nd pinion are to b. namically balonced, vendor to ad 

vise kolarances in his propasal. A dc::nI-holical design is 

preferred to balance axial thrust. Veoc::r to describe fully 

design and material.s of construction in n-s prcposal. 

Vendor to advise extent of zesting included in his proposal. 

Generator al, ccessories 

The basot load characteristics of the ex:sz:ng 135 KW diesel sys 

tern prodicing power for the area today are: 

m.a ximumload Ovt (r two hour oak period: approx. 150 KW. 

in iwui;, )loadovei two hour aoriod: appr:.. 63 KW 

Average daily load: 85 KW. 
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Generator Design and Construction 

Editorial The content in the following discussion is taken frcm specifications
Note: prepared for a 24q urban installation. It should be modified as further 

consideration of the conditions at Yaviza and the iil size of the 

cenerator. 

1. The generator of air cooling cyce shall be manufactured using the 
best available materials for the required conditions of operation and 
according to the most up-to-date engineering practice and technique. 

The generator shall be designed for the following local 

conditions: ambient temperature not exceeding 400C, ele
 

vations 10 n above sea 
leval, presence of sawdust and
 

salinity in the air.
 

The alternator shall withstand without harm the oversoeed
 

of 202 as well as 
three phase short circuit at its terminal.s,
 

according to applicable Starards. 
 It shall run quietly and with 

acceptable vibrations under load condition, with rated vol
 

tage + 10%. 

Des.ign characteristics shall be as follows: 

a. Thiee-phase, multipoes according the speed, 60 

cycles synchronous generator; 

b. Rated voltage (phrase-to-phase) 240/480 volts 

c. Rated continuous outD-_i 250KVA 0.80 lagging power 

factor.
 

Said output shall be keot within lImits stated by the 

Standards for rated v-oltage + 5% and within the safety 

limits of the unLt, even if not in compliance with the 

Standards, for rated vcltage + 10%. 

d. Peak output (2 hours :er day): this value shall be
 

110% of rated continuous output at the rated power
 

factor; the temperatures may exceed the limits stated
 

by ANSI Standards but shall be within 
the safety limits
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of the unit. 

e. Short circuit ratio (referred to 250 kVA and 440 V): 

not less than 0.65. 

f. Deviation of the wave sh  (with no load voltage at the 

terminals) not exceeding 5%. 

g. Permissible continuous load asymmetry: the value of the 

negative-phase-sequence current shall not exceed 0.2% of 

the rated current. 

h. Rotor short-tne requirements for unbalanced faults: in 

accorcance witn ANSI Standards. 

i. Telephone Lnf 1uence factor with generator at no-load and 

ratud vol tage: 

balanced Ti[' not exceeding 70 

residual T ' not exceeding 50 

k. M.ax ,ibrat ion amplitude on bearings: 20 micron (peak 

to peak) 

2. Stator 

2.1 Stator Frame The stator firame shall consist of a 

strong hcusinj of suitable thickness, Ln order to obtain 

a protect ve structure <aucibl e to g_,arantee: 

el noitIAoxLOf aI p os- I vibration curaing. operation; 

studiness to ;. thsLand .:andling durin_: transport Eond erection. 

Inspection holes shall be provided wherever necessary for 

the purpose of inspection and maintenance. 

The stator frame shall be mounted on a bed-plate, common 

to the turbio, foreseen in such a manner, that the weight 
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of the equipment shall be uniformly distributed over the
 

foundation.
 

The supply shall 
include, besides the bed-plate for alter
 

nator, the foundation bolts and all the other necessary
 

steel parts.
 

2.2 	 Stator Core
 

The stator core shall 
be made up of low loss, nor aging
 

type silicon steel laminations. 
Special attention shdil
 

be paid to the insulation of the laminations and to 
the
 

finishing of the edges after punching.
 

The stator core laminations shall form several packets,
 

separated by ventilating ducts; each packet shall be
 

perfectly compact so 
as to avoid vibrations.
 

Particular provisions will be taken to avoid the effect
 

of the double frequency vibration; after core flexible
 

mounting sha] t Le adopted. 

2.3 	 Stator WILnd i.n 

The stator windings shall be made 	 uo of coils insulated 

in cL:iss B.
 

Each coil 
 shall be composed by insulated straps of electro 

lytic copper, having recouced thickness and internally 

transposed. 

Each coil shall be insulated with the thermosetting resin 

base insulation, Ln order to prevent the mica migration
 

phenomenon.
 

During the manufacturing, the coils shall be 
submitted to
 

special treatment to prevent air inclusion between single
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conductors and insulating materials
 

The part of the coil to be embedded in the. slots shall
 

be varnished with semi-conducting varnish, in order to
 

distribute in a uniform way the potential gradient and
 

to avoid potential difference between the slot wall and
 

the coil surface.
 

The stator coils shall be adequately clamped with external
 

rings to prevent any deformation or damage in the case of
 

short circuit at the stator ternunals. 

The stator windings shall be star connected and the ends 

shall be brought out the casing by means of nine bushing 

insulators (6 on the generation side and 3 on the star 

centre side). 

The bushings shall b so dimensioned as to allow the pla 

cement on each one of them a sU[ri I .... ductor, according to 

the capacity of the genertor. 

The coils ends, clamps devices and covers shall be designed 

so as to minimize additional losses and to avoid vibrations. 

3. Rotor 

3.1 Rotor Core The rotor core shall be of forged steel
 

with high mechanical strength characteristics. 

The forging shall be checked by ulrrasonic inspection.
 

The whole rotor shalL be seasoned and balanced both from
 

the mechanLcal and the thermal noint of view.
 

Suitablu grooves shall be provided on the rotor surface
 

to reduce losses and improve venti lation.
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3.2 	 Rotor Winding Axial ducts in the interal body
 

of the rotor shall allow an efficient ve:ttilation below 

the 	conductors. Slots closed by means 
of non-magne-ic
 

wedges shail be provLded in the rotor for housing tne wind 

ings. The rotor winding, made of proper silver alloy bars 

with 	high mechanical resistance, shall be insulated accord 

ing 	to class B and pressed into the slots 
so as to form
 

a compact whole with the rotor intself, taking into account
 

the effects of maximum o-erspeed. In addition suitable
 

locking caps 
shall be fised on to the rotor coil ends to vith
 

stand the effects of centrifagal forces.
 

The 	 insulal ion an, the construction of the rotor details shall 

be such as to avoid ground faults in 
the winding during
 

operation and deformation under a.y condition 
of operation. 

An overspeed test shall be provided for the rotor and a 

carefull chcck of the rotor shall be achieved, before assem 

bling into thie stator. 

4. 	 Air Cooling System 

The alternator air cool ing syste- shall be of open circuit
 

type.
 

Cooling air taken up from the surrounding ambient passes 

through one set of filters and is conveyed to the
 

generator heads.
 

Tile 	cooling aLr circuilation is obtained by means of fans
 

mounted on the shaft outside -he blindage rings. The outlet 

air 	returning to the ambient air.
 

The material criloyed for the manufactre of the ventilators and filters 
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shall be selected with particular care tak
 
ing into account the aggressivity of the ambient air.
 
Stainless steel or aluminium alloys shall be preferred.
 

5. Bearings
 

The alternator shall be insulated with reference to
 
leakage currents in order to 
avoid damage to the bearings.
 
The alternator shall be equipped with two 3ournal bearings
 

lined with white metal for which oil forced lubrication
 

is provided. 
The bearings lubrication system shall be
 

in common with the turbine.
 

6. Excitation System
 

6.1 General The generator shall be provided with brush
 
luss excitation system 
 able to guarantee all
 

conditions of alternator loading.
 

6.2 
 Exciter Main Components The excitation system shall
 
comprise (but not necessarily limited to) the following
 

main components:
 

a. Alternating current main exciter, directly connected
 

to fne generator shaft.
 

b. 
Pilot exciter, consisting of a oermanent magnet high
 

frequency a.c. generator, prov'ding power to 
the voltage
 

regulator and coupled to the above mentioned main exciter;
 

c. 
Rotary diode rectifier,supplying excitation to the
 
generator field. 
 The rectifier assembly shall be dimensio
 
ned in such a way that rated operation shall be allowed even
 

with 25% 
of the diodes out of service.
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Series -fused diode protection shall be provided with
 

blown-fuse signalling device (visible in operation by meaas 

of a stroboscope lamp through a suitable transparent
 

window).
 

d. Regulating equipment which shall consist mainly of
 

the fo]lowing components;
 

voltage regulator with ad3usting rheostat for the control of the 
voltage of the generator from 0 up to 110% of the rated voltage; 
current regulator;
 

transistor operational aimplifier;
 
under excitation and overexcitation limit devices;
 

pulse generator;
 

meters, rectifier blowers, space breaker, controls
 
switches, signalling lamp_ and accesbories.
 

All regulating equipment shall be mounted in a switchgear
 

assembly which shall be placed near the generator unit.
 

The assembly of the components shall be such as 
to assure 

very easy maintenance and replacement. Particularly the 

thyristors and diodes power units shall be mounted in
 

withdrawable cases 
and all the regulating components in
 

standLrd modules.
 

Electronic components used in the system circuit shall
 

be operated well below their electrical and thermal limits
 

to ensure reliability and long life. 
 No oompoment shall
 

operate at more than 50% 
of its nominal current and voltage
 

ratings, and all the static units shall be designed to
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operate at 
a maximum ambient temperature of 50'C with
 

out the use of auxiliary cooling equipment.
 

Ambient temperature shall be considered as 
the air tempe
 

rature surrounding the cabinad housings. 
 Provisions
 

shall 
ne made for a spare amount of diode-thyristor power
 

supply units (25%) so that it 
is possible to allow the
 

maintenance of an 
out of service modular part of the re
 

gulating system while the generator is operating at nomi 

nal rating. 

Automatic and manual controls shall be provided and auto
 

matic change-over from cne 
to another control system 

shall intervene in case of failure without a change in
 

generator 
 output voltage. The voltage regulating system
 

shall be so designed as co 
satisfy the following special 

characteristicas: 

ceiling voltage rating 1.6
 

regulator accuracy + 0.5% 

6.3 'ilteinative Excitation System In case the brushless 

system be not a Bidder's standard, an equivalent excita
 

tion static system may be accepted.
 

All excitation system component parts shall be preferably
 

assembled on 
one panel. Allinterconnecting cabling and wi
 

ring are in 
the scope of the supply. The features and
 

the layout of the system shall be submitted to the Engineer's
 

approval.
 

7. Service and Accessories of Alternator
 

7.1 Bushing Terminal Box 
The nine bushings terminals
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of the alternator shall be contained in a sheet steel
 

terminal box.
 

The terminal box shall be suitable for connection 4f
 

cables.
 

7.2 Heaters Alternating current resistors shall be
 

suitably placed inside the casing of the alternator in
 

order to keep the windings dry in the event of prolonged
 

interruption of operation.
 

7.3 Name Plate The alternator name plate shall be made
 

of stainless steel and signed in accordance with Standards.
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Instructions to Bidder
 

1. 	Include list and cost of recommended spare parts for
 

two years operation.
 

2. 	Quoted price shall include suppy of six (6) sets of
 

drawings and Installation, Operating, and Maintanance 
instructions.
 

3. 	Data sheets for the turbine, gear, generator and lubri
 

cation system to be provided in bids.
 

4. 	Quoted price shall include complete ccrtrol system inte
 

grated with the boiler control and supplier shall furnish
 

a detailed description with the bid. Electric means of
 

control is preferred.
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SPECIFICATION FOR THE BOIhE±q FEED WTER 

PREPARATION EQUIPMENT - ITEM BE';-l 

Scooe of Equipment 

Two 	alternate supply sources of boiler feed water make up are
 

to 	be considered.
 

River water, influenced by 12-18 foot tides, of quality as
 

reported in Section 1 of the Invitation to Bid, is available
 

running along the south side of the site. 
 It requires fil
 

tration and treatment to make it suitable for boiler feed.
 

The steam and electric power produced within the plant system
 

would be available during most of the day in sufficient quanti
 

ties to supply a Water Distillation unit sized to meet the
 

selected boiler requirements. Condensation could be by air
 

or water, as is economically most convenient.
 

Instructions to Bidders
 

1. 	Bidder may elect 
to bid on one or both of the above des
 

cribed alternates.
 

2. 	A complete description of the equipment selected and the
 

utilities and chemicals required to operate the unit at
 

The required capacity are to be included in the bid.
 

3. 	Include list and cost of recommended spare parts for two
 

years operation.
 

4. 	Quoted price shall include supply of six (6) sets
 

of drawings and Installation, Operating and Maintenance 

instructions.
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Section 3 Testing
 

The supplier shall carry out all neccessary tests to assure
 

the satisfactc y design and manufacture of his equipment in 

accordance with the various standards and the present Speci
 

ficacion at -his expense; included in the bid price of 
equip
 

ment and services.
 

The supplier shall make all preparation for test and provide
 

the test apparatus and personnel and shall in.orm the Engineer
 

in adequate time of the imminence of the tests to be withnessed 

counters ma,.ntain written records of the tests and their results 

comtersigned by all present, and shall inform any local antho
 

rities necessary to be present at the tests.
 

Bidder shall specify tests included Ln his bid price and where they 

will be performed. 
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Section 4 
- Guarantees
 

Bidder shall clearly state the extent of his guarantees as 
regards equipment , materials, and performance, and to what
 

extent he will make good any failure to meet guaranteed
 

conditions.
 

The completeness of guarantees shall be a consideration in
 

the bid evaluation and selection of a supplier.
 

Bidders should consider the remoteness of the location of
 

the plant and the need for guaranteed serviceable equipment
 

requiring a minimum of maintenance.
 

D-39
 



APPENDIX E
 

List of Available Suppliers of Equipment and Services
 



APPENDIX E
 

LIST OF AVAILABLE SUPPLIERS OF EQUIPMENT AND SERVICES
 

Wood Chipper
 

Morbark Industries Attn: Gerry Morey
 
Box 10^'n 
 Telex 227443
 
Winn, :-chigan 48896 
 Phone (517) 866-2381
 

Bush Hog Div. (Allied Products Corp.)
 
P.O. Box 1.039, Selma, Ala. 36701
 

Fulghum Ind., Inc.
 
S. Main Street, Wadley, GA 30477 


Nicholson Mfg, Co. 

3670 E. Ma:ginal Way South 

Seattle, Wash. 98134
 

Passavant Corp.
 
P.O. Box 2503
 
Brimingham, Ala.
 

Vermeer Mfg. Co.
 
3804 New Sharon Rd.
 
Pella, Iowa 50219 


Lindicf Mfg. Corp.
 
1881 W. Country Rd. C
 
St. Paul, Minn. 55113 


Universal Saw and Tool Co.
 
Tylertown, Miss. 39667 


HMC Corp.
 
23 Maple St.
 
Contoocook, N.H. 03229 


Superior Machine Co., Inc.
 
492 Cashua Road
 
P.O. Box. 3258
 
Florence, S.C. 29502 


Murray Machinery, Inc. 

104 Murray Blvd.
 
Wausau, Wis. 54401 
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Phone (912) 252-5223
 

Telex 032-204
 
Phone (206) 682-2752
 

Phone (515) 628-3141
 

Phone (612) 633-3072
 

Phone (601) 876-3442
 

Phone (603) 746-4691
 

Phone (803) 662-1042
 

Attn: D. Demopoulos
 

Phone (715) 845-3151
 



Silo and Feeder
 

Sprout Waldron Div. (Koppers Inc)
 
802 Logan St. 

Muncy, Pa. 17756 


National Bulk Equipment Inc.
 
12729 Riley St.
 
Holland, Mich. 49423 


Godfrey Conveyn Co.
 
P.O. Box 1088
 
Elkhart, Ind. 46514 


Roger Dunbar, Inc.
 
P.O. Box 149-T
 
New Paris, Ind. 46553 


Marietta Techtonics, Inc.
 
Box 323 T
 
Marietta, Ohio 45750 


Steam Generator
 

ABCO Ind., Inc. 

2675 East Hwy. 80
 
Abilene, Texas, 79604 


York Shipley 

E.N. Poyet Assoc. Inc.
 
P.O. Box 349
 
York, Penn. 17405 


American FYR-FEEDER Eng. 

P.O. Box 285
 
1265 Rand Rd.
 
Des Plaines, Ill. 60016 


Wellons Inc. 

P.O. Box 381
 
Sherwood, Oregcn 97140 


Ray Burner Co.
 
1303 San Jose Ave.
 
San Francisco, Ca. 94112 


Industrial Boiler
 
P.O. Box 936
 
Thomasville, GA 31792 


Telex 841411
 
Phone (.717) 546-8211
 

Phone (616) 399-2220
 

Phone (219) 293-9535
 

Phone (219) 831-2960
 

Phone (614) 373-9445
 

Attn: Don Briston
 

Phone(915) 677-2011
 

Attn: Larry Kreischer
 

Phone (305) 666-1938
 

Attn: Victor A. Ganger
 

Phone (312) 298-0044
 

Attn: Martin Nye
 

Phone (503) 625-6131
 

Phone (415) 333-5800
 

Phone (912) 226-3024
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Zurn Industries Inc.
 
Energy Division
 
One Zurn Place
 
Erie, PA 16512 


Deltak Corp.

P.O. Box 9496 T 

Minn., Minn. 55440 


Lasker Boiler & Eng. Corp.
 
3203 S. Walcott Ave.
 
Chicago, Ill. 60608 


Turbine Generator Set
 

Terry Corporation
 
Ralph Healey & Assoc. Inc.
 
P.O. Box 93643
 
Atlanta, Ga. 30318 


Elliott Overseas Company

1570 Madruga Ave. 

Coral Gables, Fla. 33146 


Worthington Turbodyne Corp. 

5915 Ponce de Lyon Blvd.-Suite 11 

Coral Gables, Fla. 33146 


Trane Murray Div. (Trane Co.)
 
1106 Washington St.
 
P.O. Box 967
 
Burlington, Iowa 52601 


Skinner Eng. Co.
 
P.O. Box 1149
 
Erie, PA 16512 


The O'Brien Machine Co.
 
Green St. and Powerhouse Place 

Downingtown, PA. 19335 


All Power Supply Co.
 
130 E. Washington St.
 
P.O. Box 1189
 
Norristown, PA 19404 


Energistics, Inc.
 
1917 Lynn Blvd.
 
Birmingham Ala.
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Phone (814) 452-2111
 

Telex 290812
 
Phone (612) 544-3371
 

Phone (312) 523-3700
 

Phone (404) 351-1861
 

Telex 518703
 
Phone (305) 661-6081
 

Attn: Hector Mayorga
 
Telex 519590
 
Phone (305) 661-1087
 

Phone (319) 753-5431
 

Phone (814) 454-7103
 

Telex 835319
 
Phone (215) 269-6600
 

Phone (215)279-2880
 



Therms Electron Corp.
 
101 First Ave.
 
Waltham, Mass. 02154 


Coppus Eng. Corp.
 
341 Park Ave.
 
Worcester, Mass.
 

Condensers
 

G.E.A. Power Coolina System

P.O. Box 81608
 
John T. Hopkins Dr.
 
San Diego, Ca. 92138 


Graham Mfg Co. Dept G.
 
170 Great Neck Road.
 
Great Neck, N.Y. 11021 


Ecodyne Corp.
 
MRM Div. Dept. TR
 
608 First St. S.W.
 
Massillon, Ohio 44646 


Boiler Feed Water Preparation Unit
 

Sou'heastern Control Corp. 

P.O. Box 1420
 
8333 S.E. Pine Circle
 
Hobe Sound, Fla. 33455 


Riley Beaird
 
P.O. Box 31115
 
Shireive Port, LA. 71130 


Agua - Chem
 
P.O. Box 421 

Milwaukee, Wisc. 43201 


Small Architect - Engineering Services
 

U.S. Sources
 

Jose Rivero Associates Inc.
 
P.O. Box 4825
 
San Juan, Puerto Pico, 00936 


Mater Engineering
 
P.O. Box 0
 
Corvallis, Oregon 97330 
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Phone (617) 890-8700
 

Phone (714) 455-4270
 

Phone (5161 482-5200
 

Phone (216) 832-5091
 

Attn: Dave N. Bauer
 

Phone (305) 546-3884
 

Phone (318) 865-6351
 

Telex 26679
 
Phone (414) 962-0100
 

Phone (809) 782-6084
 

Phone (503) 753-7335
 



DSS Engineers, Inc. 
 Phone (,305) 792-6660
7483 Northwest 4th. St.
 
Ft. Lauderdale, Fla. 
33317
 

Panamanian Sources
 

In addition to sources that may already be known to IRHE,
additional 
sources might be developed by consultation with:
 

Camara de Comercio
 
Ave, Ecuador y Ave. Cuba
 
Apdo. 74
 
Panama 1, R.P.
 

Lic. Aurelio Barrfa
 
Telephone 25-4615 and 25-4245
 

Sindicato de Industriales de PanamS
 
Edificio Maheli
 
Ave. Bolivar
 
Apdo. 952
 
Panama 1, R.P.
 

Lic. Daniel Vega P., Execucive Director
 
Ing. Vincente Pascual, President
 
Telephone 61-1066 and 61-1130
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MITRE Project Approval:_ _ _ _ 


