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The purpose of Delivery Order No. 5 was to address the critical emergency needs of the 
energy sector of Armenia by expadmg domestic, wn-nuclear energy supplia and by 
improving the e5ciency of energy consumption. The scope of work to achieve this 
objective comprised the following specific lasks: 

Task I Mini-Hydro Electric Tdme-Gmaator Replacement 
Task 2 Urgently Needed Commoditia for District Heating and Thermal 

Power Plants 
Task 3 Fast-Track Coal Mining Propam 
Task 4 Hydroelccnic Rehabilitation and Development Engioeaing 

Assistance 
Task 5 Critical Industria Energy Consen&on 
Task 6 Oil and Gas Drilling 
Task 7 Contiadon of Buildmg W d x a u m o n  . . 

and Dcvelopnent of 
Weathaintion and Energy Services Compsnia 

Task 8 Power Plant Outage and Inventory Control Managaoeat 

The Delivery Order was paformed in two phascs: 

Phase1 wasinitidJuly 11 , lW.  T h e o b j e c t i v e w m t o p m d u a a n ~  
implementation plan for each of the above tasks. 'Ibis phase was c o m p l d  

Phase 2 of the Delivery Order was initiated on Septanbcr 19,1994. The 
objective was to implement the activitia developed for each lnsk in the Wast 1 
plan Phase 2 was to have been completed by Daxmbcr 31,1995; howwa,  
Aam&nentlModificatio Nos. 5 and 6 wac issued, which atcoded the haal 
completion date to March I ,  1997 

The budgets for the two phases of the delivery order wac as follows: 

mssLl E!b& l3.M 
Labor 5163.554 52.436.036 52599390 -~ ~ ~ . . 
Other Direct Costs S191i64 S1266.146 $1-457.414 
Ceiling Ria 5354,818 53,702,182 54,057,000 

Under the core wntracf fimds were allocated toward the purchase of commoditia sod 
equipment, totaling 51 1 ,I 38,000. 
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In d y  1993, USAID agrud to assist Armcnago in the purchase of w e n  mini-hydro 
turbines, gengators and governors to replace damaged equipment in existing hydro 
plants. USAID had intended to have tbe turbines purchased by the m a w n o r  of a 
previous delivery orda, but the manufacturer inaeascd its prices and the bud* on thpt 
delivery orda was insufficient, allowing purchase of only four of the seven mrbioa. 
The scope of Task 1, Delivery Order 5, was to prachase and deliva the Rmnining thru 
turbines and the balance of equipment necessary for seven cornplae reploccmeot rmits 
(Seven sets of generators, govcmors, switchgear and accessories). 

Hana Engineering was Bums and Roc's fllbcontradoT on Task I ,  providing qmtix  in 
hydraulic engineering and in selection of the replacement quipmmt. Hpla hd i r m d  
the previous USAID contraEtor in tbe purchase of the first four hydro-mrbk and hd 
intimate knowledge of the technical r e q ~ c n t s  of the replacement installatiom. 

USAID has recognized Armenia's inability to obtain sufficient sp~rc parts and mataids 
needed for Fcpair and minimum maintenance of district healing and tinamd powa plants. 
USAID bad obtained, through previous delivery ordas, lists of the required itans. Tbc 
seopc of Task 2 of Delivery Order 5 was to update tbac lists and purhas tbc 
reconnaended spare parts and materials. 

A USAID mining a g i m a k g  c o n . t  hd p m i d y  identified two sites for coal 
mining in Armcnia and hd dacrmincd that a fast track coal mining program could 
prodw a significant quantity of coal by the winter of 1994 (if begun in Spring 1994). 
Although Delivery Orda 5 was not initiated d y  mu&, the scope of its Task 3 was to 
implement this fad-track program as soon as possible. 

As hydIDCleciric powa is one of Armenia's few indigamus mutus, the objective of 
Task 4 was to establish a leastcost r a m  for the r+hpbilitntion and develogmaat of 
idcntifid hydIDClectric projects. and to aid in the preparatioa of aampry p k j d  
financing documentation. 
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USAID bas recognized that t h m  is an immediate need for rapid impmvcmcnt in 
industrial emrgy efficiency in Armenia due to a variety of poor cncrgy utilization 
practices and lack of proper maintenance. The objative of Task 5 was to idmtify and 
implement improvements in encrgy efficiency in five industrial plants that either provide 
critical produets for the Armenian markd or produce essential cxpon products. This 
number of industrial plants was later increased to seven. 

Task 6 Oil and GaQnlim 
. . 

An earlier U.S. G o v m e n t  npon identilied several oil and gas btaring areas in 
Armenia The Government of Armenia had i n i t i d  an oil and gas exploration pogrrm 
and had an anangemmt with the Government of Greece whereby the G& state oil 
company, DEP-KO, would donate an oil drilling rig with a x e s o r i a  to Annaua, bid 
not including transportation. The U.S. Govcmmentoffd to pay the shipping cats. 
USAID had all& 5900.000 to the contmctor of another deliverv &. Resource 
Management Associates (RMA) to purchase the requYed oil and & drilling awtslrmPbles 
for the Armenian drilling progrsm. 

The objective of Task 6 was to coordinate and mmagc tbc Jltupmeot and Rccipt of the oil 
drilling rig, to identify the required oil and gas drilling consumables for putchase by 
RMA, to arrange for shipment and delivery of the cortsumables. and to provide overall 
rnaoagemenUconsultancy to the drilling opcration of the oil wells. 

Unda a previous USAID delivery order. mother contractor. Rsource M-t 
Associates (RMA), had wmplctcd several weathaidon projects in four hospitals and 
various apartment buildiags in Yacvaa RMA had IninaJ several local pasorme1 in 
application of the wdhcrization mataials and had developed the potential for local 
entaprises to produce the materials in Armenia 

The objective of Task 7 was to mmrge the conhuation of the w a t k h t i o n  work by 
RMA on additional s e l d  buildings, pudase the required mataials and provide 
assistance to this corn of baincd local pasomrel in edablishing their own private 
weatheritation businmcs. 
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Task 8 Power Plant Outaee and Inv- 

USAID lbcogmzed that proper control of  powa plants' inventory of  maintamace 
equipment and materials will permit cost effective ou!age management and maintawme 
planning. Cuneotly, inventory at powa p h t s  is controlled manually. if at dl. 

The objective of  Task 8 was to develop a computaized maiateamcc managanau 
program for Unit No. 5 of  Hrazdan Power  plan^ which was d a  constnrtim at the 
time, and Inin plant pasonnel in its use. 
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2.0 DESCRZPIlON OF WORK PERFORMED 

Burns and Roe established an office in Yerevan to save as a base for rormaging all 
Delivery Order No. 5 activity in Armenia and for performing procurement of all 
equipmeat and commodities s o d  in NIS countries for the various tasks. Tbe office 
was staffed with one full-time --pat manager and local support pasonncl. During the 
course of the project, the staff was supplemented at times with additional Burns and Roe 
and subcontractor personnel, as the activities at the time dictated. 

Task 1 Mm-Hvdro ELCctric 
. . 

Negotiations with the manufacturus of the hydro-turbines, g- govaaors, 
switchgear aad accessories revealed tbat prices had inmead hntha. It was ddcrmiacd 
that the Task I budget would allow purchase of only coough equipment which, wbcn 
c o m b i d  with tbe four previously p u d a s a l  hydo-turbii  would d t  in only five 
complne units. Task 1 purchase ordas wcre placed for the oac hydro-turbine, five 
gamators and five sets of govaoors, switchgear and mxssories. Arwganmts for 
shipment wcre made for all itans of aquioment. The hydro -bd i i  and tbe five scts of 
go&mn. switchgear and acccssoricsha~e been delivaed However, only two of the 
five generators wac delivaed as the manufaatna, Armel- a subcuteactor to 
Andron, (both located in Yerevan), was unable to complete m a n u k t m  of the o t k  thrae 
generators. 

Tbe accomplishmrats of Task 1 arc dinSeaion3ofthisrrporl  

S t a m n g w i t h t h e p r e v i o u s l y p r e p a r e d l i s t s ~ f ~ c o d e d o p w ~ ~ ~ P L s .  
Bums aad Roc confared with the Yerevan utilities (Amucnqte. Armgnsprom, Dimia 
Heating and City Electric Distribution) to d e t d  tbe items currmtly rcquucd Tbe 
updated lists of cormnodities, with budget cost estinartes. spp~oved by USAID. 

To preperr for the &ve proeunmcnt sctivity to be paformsd in tbe Yemrsa office. 
Burns aad Roc p& "Pmcumnent Plan for Local Purchssiog of Comudities 
~ e e d e d  to MG chtical Energy N& in Armenia" (Exhibit 2-1). This doanaent was 
.pproved by USAID. Procurement of itans 6w1 U.S.A. awrca was performed by 
Burns and Roc's Washington office in atcodame with previously established U.S. 
Govamnent pfocedures. 

Pmcumnent of NlS sourced itaus was p e r f d  in Bllm d Roe's Ye- office in 
accordance with tbe Procurement Plan. while of U.S.A. 6 0 4  item was 
done in Burns and Roe's Washington office. Items procured under Task 2 arc 

' ed in "List of Commodities Purchased" (Exhibit 2-2). 



The accwnplishments of Task 2 are summarized in Section 3 of this repart 

Task 3 Fast Track Coal . . 

The two coal mining areas previously identified as favorable by the USAlD mining 
consultant were at Djadjur and ldjevan. Bums and Roe's subcontractor. Fluor Daniel 
Intercontinental, Inc. analyzed the data from both areas and recommended Djadjur as 
the more favorable. This recommendation was approved by the m n i a n  authorities. 

ELTA Company. LM.. a Yerevan based holding company invoked in mining coal in 
these two areas was selected to be the mine management organization. 
Responsibility for day-today operation of mine wacassigned k its subsidiary. Djdjur 
Mine Works. 

A Conceptual Mining Plan to extract 50.000 tonnes of coal during the winter of 1994-95 
was developed. The Plan induded the use of saapers and dozers as primary earth 
movers and backhoes for coal extraction. The precise location of the coal seam was 
confirmed through exploratory trenching. An estimate of mine operating cost was 
developed. The Plan was appmved by Armenin authorities. 

Contracts prepared, approved by USAID, and pbced induded Operating A g m ,  
Fuel Supply Contract. and Equipment Rental Contrad. 

A detailed accounting system was developed to carefully control the disburrements of 
funds to each contractor. 

All accessories required for the mining operation were purchased by Burns and Roe. 

The coal mining operation commenced in November. 1994 and proceeded until May. 
1995 when it was stopped. The mined coal was stored in a pile on the site. awaiting 
Government of Armenia (GOA) trucks to haul it away and distribute it to the local 
population for home heating. A minor quantity had been distributed from the pile by 
the time work on the mine stopped, despite nurnenws requests by local USAlD and 
Bums and Roe personnel to the GOA to organize a distribution system for the mined 
coal. Bums and Roe arranged for humanitarian distribution of a small quantity to the 
needy of the earthquakeeffected communities in the area. 

o US AID and the GOA negotiated directly over the distribution of the mined coal. without 
the involvement of Bums and Roe. The GOA wanted to be paid for all coal distributed. 
while US AID wanted most ofthe coal to be distributed at no charge. An agreement 
was reached, but US AID decided that all Bums and Roe work at the mine was to be 
stopped. 

The accomplishments of Task 3 are summarized in Sedion 3 of thii repart 



H a m  Engineering. Bums and Roe's subcontrador on this task. performed a brief 
design review and developed a preliminary capital cost estimate for the Loriberd 
Hydroelectric Project, which had been proposed for development in the Dzomget River 
Basin by EREVANGHIDROPROYECT. the national design institute of the Republic of 
Armenia. The results are summarized in Ham's draft report 'Preliminary Estimate of 
the Capital Cost for the Loriberd Hydroelectric P r o m  (Exhibi 4-1). This effort was 
performed earty in the Phase 1 period, using "core' funds. 

Before any further progress could be accomplished, Bums and Roe received nab;ce 
from USAID in October. 1994 that Task 4 was canceled and its funds deoblirrated from - 
the deli~ery order. 

In May of 1995, there was an accident at the Gwmush Hydropower Station. which 
resulted in a failure of the dam bypass channel: The ~y&nush Hydropower Station k 
the largest in Armenia. The failure was caused when a leak developed in the power 
houseand the operators were forced to divert 100 % of the Row to the bypass. 
However, the bypass had not been maintained property and the joints in a 
deteriorated condlon. Because of the high Row rate and poor condition of the joints, 
erosion started under the concrete channel. This condition continued until thwe was a 
complete collapse of the channel, resulting in a rock and mudslide which cwered 90% 
of the powerhouse. 

At the request of US AID. Burns and Roe d i i  hydraulic engineers from Harts 
Engineering. the designated Task 4 subcontractor, to do an on-site assessment and 
determine estimates of short term and long Wm costs to r e h a b i l i  the station. 
Ham's report was used by the World ~ a n k  and US AID to develop a ptan to disburse 
$3.000.000 in emergency funds to the Government of Armenia for 

- -  . 
ofthe 

Gyumush Station. -This amount was suitable for restoring two units to operatmn. a t&tl 
of 85 MW. 

Bums and Roe, together with Resource Management Assodates (RMA) (Bums and 
~oe 's  Task 5 subcontractor). and European Community E r m ~  Center (ECECA) (a 
separately funded group, also involved in energy conservation activities) met with 
repres&aWes from the invoked Armenian Government Ageroes and USAID to 
identify industrial enterprises which provide critical products for the Armenian market or 
produce export commodities. as possible candidates for improvement in energy 
conservation and energy efficiency. A total of sixteen candidate enterprises were 
identified. Criteria for saeening His total dorm to the required number of seven 
enterprises were developed. 
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Bums and Roc's Rcport on Selection of Enterprises, dated August 30. 1994. revised 
September 14, 1994 (Exhibit 5-1). identified the sixten candidate industrial plants. 
Included in the report arc the criteria used in screning these candidates. The seven 
plants selected and rcunnmended for energy efficimcy audits arc identified and 
justifications for their selections presented. This report was approved by USAID and 
authorization given to proceed with energy audits on the following recommeoded 
enterprises: 

Ymvan Brewery Y m  Cable Plant 
Ararat Cognac Plant Luis Lamp Plant 
Arerat Cement Plant Ymvan Thermal Power Plant 
Avansk Sah Mine Plant 

Thc energy audits wae performed a! all entgprises cxccpt Yacvan Thermal Powa Plmt 
At that entaprise, the Bums and Roe team w m  not pamined to perform a compkte 
audit thmfore, no further effort to improve the plant's eficiency was done. 

Results of the other audits w m  analyzed, conceptual energy improvmwt modif idom 
w m  developed and costs and payback paiods wae estimeted Thc mltr w m  
documented by Bums and Roc in" Summary and Evaluation of Enagy Audit Rcpom for 
Enagy Efficiency lrnpmvemmts a! Seven Industrial Plants in Armenia". dated MPch 30, 
1995, revised May 30,1995 (Exhibit 5-2). This document was approved by USAID. 
with the authorization to proceed with implementation of the recommended improvemeat 
modifications. 

Specifications w a e  prepand fbr the magy  efficiency improvement quipma15 as 
recommended in the report, and purchasing commenced As in Task 2, pnmmmw of 
NIS sourced equipment and m&als --accomplished in Bums and ~ o c ' s  Y ~ R I ' B ~  
office, while procurement of U.S. sourced equipment was done in Bums and Roc's 
Washington office. 

The accomplishments of Task 5 arc rd in Section 3 of this rqmn 

Task 6 Oil ad Gas DnUu 
. . 

Bums and Roc and its subconbpctor. Fluor Daniek. iospeaed the oil drilling rig b c q  
donated by the Govamncnt of (jr&ce to the Govamncnt of Armenia Lists of required 
drilling consumables for this rig w m  developed and sent to the other USAID conbactor 
(RMA) for procurement. Lata, Bums and Roe was informed that the agreement 
involving the donated Greek rig was canceled 

Bums and Roc was then informed that another oil drilling rig, located in Texas, would be 
donated, by an unidentified organization, and the U.S. Government would pay shpping 
costs and Bums and Roc would coordinate delivery of the rig and consumables. as befom. 
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Bums and Roc and Fluor Daniels inspected the Texas rig and developed a listing of its 
reauirements for consumables and accessories. It was determined that additional 
eqkpment and consumables would be ncedad to supplement the items being purchased 
by RMA. Approval was received from USAID for Bums and Roc to purchase the 
additional it& and Bums and Roc's Washington office started tbe pkamment proem 

Bums and Roc then received notice from USAID that tbe task was cancelled and its funds 
deobligated from the delivery order and the Core. All purchase ordas ploccd for tbe 
additional equipment and c o d l a  were camelled md cancellation charges 
negotiated. 

Task 7 Cont&uation of Burldme . . W- and Dcvq-~t of 
. . 

WrpmenntHm . . 

Resource Managanent Associates (RMA), as subconhactor to Bums and Roc pcptnd 
lists of weatherization materials for Bums and Roc's Washingtoo office to pun%asc and 
ship to Armenia Initially, the delivered &als were stod in RMA's Y m  
facilities, but later were transfemd to Bums and Roc w&uses and a ripd inventory 
control system esiablished. 

RMA, with its knowledge of Annenian w-on needs. developed a list of 
recommended sites at which to continue the weathaitation w o k  The list. zppmved by 
USAID, included the following facilities in Yerevan: 

Maternity Hospital No. 3 
Republican Hospital. Medical Clinic Center 
Children's Hospital No. I 
Cardiology Ma 
Public Areas at Sayat-Nova Rcsid~tial  Houring 
Energy I d M e  
No* cw=w 

Installation of tbe weatherization mateaiais was accomplished unda RMA supaviJion. 
by the eained local tshnicisns. Mid-way through tbe installation period, USAID . . 
elceted to have Armenian Relief Society (ARS) become involved in tbe wcathavatlon 
installation effort. Bums and Roc and RMA carved out a portion of the ranainiog 
budget for A S  to install weatherization mateaids at r l d  needy sites in tbe northern 
cities of Giumri. Vanadzor and Maralik. 

Thc aceomplishmcnts of Task 7 are nrmmarized in Section 3 of this rqmt 
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T& 8 Powa Plant -m v f 

Burns and Roe paformed an ovaall assessment of the status and location of the matmal 
and equipment stored for Hrazdan Unit No. 5. Also assessed w m  the existing syaans 
for inventory control and material processing 

An Activity Implementation Plan was developed, witb estimated b u d s  and approved 
by USAID. In accordance with the Plan, Burns and Roe preparrd fimctional 
requiranents and a detailed specification covering the computaizai Mataial 
Management and Warehousing System for Unit No. 5. Only om suitable W a n  
bidder submitted a proposal for developing and finnirhing he computa and pgmm. A 
sole source proposal to install and implement the system was requestad firom Hill 
I n t d o n a l ,  the c o n t t r  presently involved in the c o n d o n  of Hrpzdan Lhit Pio. 5. 
USAID approved Bums and Roe's recommendations to accept both proposals, and 
purchase ordcrs w m  placed. The computer equipment was delivered to he plnar and 
Hill I n t d o n a l  set up the and trained the operators, in accordance with in 
contract. 

The accomplishments of Task 8 arc A in Section 3 of this report 
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3.0 SUMMARY OF RESULTS 

The original objective of this task was to provide additional equipment which tog& 
with four hydro turbines provided by othas, would d t  in seven wnrplcte hydm- 
turbine genecator units to replace aging equipment. Howcvcr, equipment cons proved to 
be higher than urpected and the available budget supported the outfitting of only five 
complete turbine generator units. All equipment required for these five units was 
procured and delivered, except for the generators. Only two of the five gcnaators w a t  
manufactured, due to numerous problems at that Armenian fxtory. 

Bums and Roc had contracted with a local Armenian oompsny. Andron, to nrpply the 
gencmors. Andm9 the designer of the gencmors, wnim%d with anotk local 
Armenian company, Armelectromash, to manufacture them. It took two years for the 
generators to be designed, tested and accepted. Initially, design flaws o*u  eight 
months to be comcted and successfully t& on a prototype. The effort that followed 
to m t c  manufactme and delivay of the generators was excessive. During this 
period, manufactlnr started on the five generators but. at the end only two w a r  
dmplaed. Upon their conrplction. ~~electromash-refusal to deliver thao becslrs it 
had not received any payment h m  Andmn. AAa many commlmicooiong Bum and 
Roc dispatched its Pmcwunent Managcr to Yerevan to mgotiate with Androa and 
Armelectromash. After an agreement was reached, the two gmaabm w a t  dclivaai 

The US AID mission arcouraged procurrment of the gmaotors bom the local cuapmy. 
Andmn,mordcrtohclplocalindusby. Asittlnacdout,thiscompnayandits~ 
wmnoteapableof~ingtheequipmentineccordnnccwiththecomKt.andthe 
procuranent would have been bata saved by going to a more reliable, proven sornrr for 
this equipment. 

In spite of these problems, IWO full hydro-turbine gmcdor sets w a r  delivered to the 
Her-Ha Hydro Station in the Spring of 1997. The equipment was installed and 
commissioned by the d o n  penom~l,  and is known to be producing 126 IbW to the 
grid 

The balance of the ptPEhased equipment, consisting of thra unnplclc hydro lmits lcs 
generators, was turned o v a  to Armglcrgo. 

Included in the items procured for Armemgo, the electric gamating ulility, was the 
rewinding. installation and commissioning of a hydroturbine gencratoT stator. The unit 
providedl2.5 MW and was brought on k e  in k b e r  1995. 
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The commodities supplied to the Disbict Heating Systan resulted in an improvamot to 
the availability of heating and power from 30 % or 1,400 buildings in 1994 to 45 % or 
2.100 buildings in 1995. The USAID supplied material focused on providing dedicated 
ele.chic power to the heating plants and restoration of the network and the boilers. 

Commodities supplied to Armgasprom, the gar distribution utility, allowed it to d i s t r i i  
about17-21 millioncum!&yduringthcwintaof1994-1995. Mastpartswentto 
the rrhabihtation of the undeagmund storage facility. These parts w a c  supplied by the 
Russian finn, RUMO, the manufacturer of the gar fomprrsors. 

Yaevan Thermal Power Station was provided with a substantial amormt of chemicals and 
resins for wata trratmcnt. This allowed the station to provide heat for two disbim 
duringthe winter of 1994-1995. 

WhenworkontheminestoppedinMay 1995.about25.000comreshsdbemstockp&ed 
and auotha 25,000 tom left s t o d  in place, with the ovatmdcn removed. for 
relatively easy extraction lata. Bums and Roc rmderstands that the coal in the aockpik 
was dimbuted to the population for heating, with aboui 80 pacc~t sold by the Ministry 
of Undeagmlmd Reso- and 20 percent given to poor families. 

In accordawe with original agrrancnts, Burns and Roe provided Djpdjur Mioe W e  
with a plan for reclamation of the Land a h  the mine operation was compldrd; baweva. 
the plan was not implemented 

- 

(Task 4 canalled by us AID.) 

The emcageocy evaluation and subsquat  report relsting to the Gyumusb rchrbiliwion 
were performed under this fa& This work sqmid the decision of the World Bank to 
provide a total of $3 million to the ~ o v n m n c i  of Armenia for rehabilitation of 
Gymnush. Ofthis $3 million, US AID provided $1.3 million. Thcsc hmds w a e  
pahally provided from the dcobligation of fiuuis allocated to Task 6 - Oil & Gas 
Drilling. 
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The following energy wnxrvation quipmmt was i d l e d :  

1. Yerevan Brewery - wmplacd in the Spring of 1996 
Package boilers Air wmprrssor 
Condcnsatc return tank and pumps Fuel oil heater 
Metering system Piping and a x e s o r i a  
Insulation and heat eating Emission analyzers 
Heat exchanger Comput~  

Installation of this qu ipmat  his ambled the Brewery to operate botb tbe Brew 
House and the Bottling Plant simuboeously. In additios the installation of 
higher efficiency boil& and improvements~in the brewiog process have rcsuhal 
in a potential saving of about $62.800 a year. based on 4,200 hours of opaabioo a 
Ye=. 

2. w t  C- Plant - completed in the Spring of 1996 
Package boilers Steam Valves 
Pipe insulation 

. . 
-=Jyra 

Installation of the new boilas and eaagy saving quipment are estimated to save 
6,012,000 Bhllhr for an srmual savings of about $108.000. 

3. Ararat - to be completed by June 1998 
CO & 02 anal yzss morn- 
Emission snalyzcr QrnPUtQ 

The iostallation of this equipo~at is Qtpccted to save 128,000 Gltyear of eaagy 
for an annual savings of about S205.000. 

4. - equipment delivery to be completed by J m e  1998. with 
installation to be by plant 
Cooling water puutps losuktion and hear mcing 
Heat exchanger Thcrmomam 
Emissions analyzer Cooling tower inrtnrmentation 
Fuel oil hearer 

The iostallation of this equipmat is npeaed to save 43.500 Gllyear of energy 
for an armual savings of about s220.000. 



Bnrns & Roe Enterprises, Inc 
Delivery Order No. OS, Armeni.Critk.l Energy Needs 
Fid Report 

5. Yeman C- - complaed in the Summer of 1997 
02 determioator -meter 
Emissions analyzer 

Use of the oxygen daerminator has enabled the plant to reduce the previous high 
cable rejection rate (37%), d t i n g  in an estimated armual savings of about 
324,000 cubic m a m  of gas, based on operation at design capacity. 

6. Luis Lamp Plant - cancelled 
(Plant has become officially bankrupt and under the dies w n m l  of the 
govanment) 

T a d  6 Oil and Gas DrlUlge 
. . 

(Task 6 cancelled by US AID.) 

Funds amounting to S756.954 were deobligated h this task and used to arppar the 
rehabilitation of Gyumush Hydroclemic Station, which was damaged 6um a failure in 
the bypass system, causing a k k  and mudslide to cova most of the powabousc. 

. . 
The prime objective of Task 7. installation of weathmmbon, was wmplacd -fully 
and the following final repoa on the d t s  of the effort wac submitted to USAID: 

From RMA: Energy efficiency and Markd Reform Roject: Armenia 
Weatherimtion, dated Scptemba 1995 

From ARS: Enagy Efficiency and Market Refonn Roject: Armenia 
Weatbaization. dated March 1996 

RMA completed wcathaization on the following fscilitics in Yae~a: 
Maternity Hospital No. 3 Enagy lnrtitutc 
Republican Hospital Medical Clinic Nork Chphamge 
C h i l h ' s  Hospital No. 1 School No. 67 
Cardiology Institute Spitak School 
Sayat Nova Residmces - Common Areas Armenian h Musaun 
saryan Gallny 

ARS completed weathnizaiion on a total of 14 hospitals and schools in the northan 
cities: 6 in Giumri, 7 in Vanadzor and one in Maralik 
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Numerous lmers of thanks were received h m  building administrators of tbe above 
facilities. Copies are included in the above reports. 

The second objective of Task 7. Developing Weatherization and Eoergy Savices 
Companies, was not accomplished. The above RMA repor( acknowledges sow of tbe 
difficulties in trying to establish private weatherization c o q ' e s  which could &ue 
after USAID funding is stopped. Training is required in marketing and b h  
practics, cost estimating and accountin& and project management. Potential (paying) 
clients must be identified. Facilities must be established for m a n m g  the 

. . 
weatherization materials within reasonable distances, in order for tbe w c a t h m t m  
services to be cust-effaxive. Until these factors are accomplished, the prospea for 
success of private w e a t h d o n  enterprises without funding is qucstiouable. 

Installation and implementation of the Material Management and Wambowhg System 
was completed in Octoba, 1995. At that time., tbe cumputQiztd system had bao 
completely checked out, and spacific Hrazdw Unit No. 5 data en& into the data base. 
AN Unit No. 5 materials were logged and p l d  in allocated numbad arus and mks in 
the plant wadmuses. Pasonncl were wined in operation of tbe computaued system 
and on pmpcr wadmusing. 

The Director of HrazdPa Plant was qnu ia t ive  of tbc system It was d tht a 
planned f400,000 plpchasc of materials was reduced to 540.000 arheo tbe system 
identified that the remaining materials were already at tbc station. Witbout tbc system, 
these materials w d d  not have been located. 
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EXHIBIT 2 - 1 

PROCUREMENT PLAN FOR LOCAL PURCaASMG OF 
COMMODITIES NEEDED TO MEET CRITICAL ENERGY NEEDS 

IN ARMENIA 



2nd Revision 
to 

Procurement Plan 
for 

Local Purchasing of Commodities 
Needed to Meet Critical Energy Needs 

in 
Armenia 

(Reference Delivery Order No. 5) 



& a a e ~ * ~ ~ r m a ~ i m ~ * t d * . r d b b i t *  
-acperc. Whamtht~thnrMbcll&-bady 
r m r m a o f d . K a p r r s e s r ~ b y ~ ~ w m l d a k ~  
A l ~ , ~ M t k U . S - ~ B O C  
w h i c h a r c o f l i r g e * a r ~ t m l k - ~ p o v c t o b t ~  

"* w 
- w-i= 

S ~ ~ w d d a d y ~ m y c c m z P v i n g r c b r t m ~ k ~ i n ~  
pria of the goods p u d a d  in the U.S. aver tbat p a d m d  &an b d  NIS - 



NOTE: BRFPA will attan# to get tbs Armcnirm Re- . .. 
. .. * , ~ B v J m s d R o e  

rrpm~monfbmrr. I f t h i s i ~ n o t ~ B R F P A ~ h . v c t h t ~  
~ p r q m c d m t h t B u r n s d R o e ~ ~  LkxhtbtaistrPl . .. 
-=F=F=dbytJ.=-R#lmzmara 

- .- dkbiw- 
( a s w d l a s c o p i c s o f ~ o t b a ~ ) s h l l b t 6 k d i n t b c g e d P r a r d a B k .  

B R F P A d t h t w d t b t a s i r t a x o d r b t M  C . . -  
Rapamxxnn- NOTE: hbd&mtdfUtht 
b i d d p m p o d a i n h v c m k ~ i D p D ~  BRFPAobPim 

~ i n t h i s x u a t l u u ~  











iii Bid- 

i i i  l!klmdmd- . - 

bb. ~ S B a r h p t b t l o l m r e o f * i r t b r  
o d y ~ e s o m e t .  



a. E & o r t t m r d e t o * d A H m a t l i m t t b e ~  
pricing is mnaroar#r . . 



iii M i n g R e p a m  l b i r n m y k r ~ b a m a r i t m y b a  
mtatiors on tht pcldns diplshipp- 

iv. O v a , S h o r t d ~ - ) R r g a c s  

vi. ~ d a r r r c o r d r o f l c k p & o c ~ ~  
-~paqifrpplicabk. 

END OF PR- PLAN 
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EXHIBIT 2 - 2 

LIST OF COMMODITIES PURCRASED 
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Computer. Desktop, 

P.O. NUMBER 

8 20U 

5825- 200 

5825- 203 

<n?<- 227 

5825- 227 

5825- 236 

7 tonne 

100 tonne 

9 tonne 

I lul 

I It11 

3.8 tonne 

2 each 

2 c r h  

UNIT PRICE EXTENDED . . . PRICErnOTAL . . . . . . . . - -. . . . ~..-. . 
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2 ewh 
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P.O. NUMBER QTy UNIT UNIT PRICE EXTENDED YRICEmOTAL 
.. .. . . . ,  

I 101 S14.000.00 S14.000 

2300 I bs S1.SO $3.450 

I tonne S1.764.00 $1.764 

2 . 5  lont~e Sl ,SlHl.OO $1.7.50 

Equlpmcnl, Elcctrkal, C:irrrlt BmmLen 

5825- 201 

5825- 201 

5 8 2  220 

5825- 220 

16 sets 

16 XIS 

10 X I S  

4 K I S  

5 each 

5 each 

30 each 

5 m h  

8 ¶US 

24 ¶US 

10 each 

32 each 
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EXHIBIT 4 - 1 

PRELIMLNARY ESTIMATE FOR THE CAPITAL COST 
OF THE LORIBERD HYDROELECTRIC PROJECT 
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Ctuptwl 

INTRODUCTION 

USAID authorid Bums and Roe to apmd one pernon-month of Core time to 'micw a hi& 
p r i o r i ~ p j m a r b u t h e L o r i b a d h y d r o p r o j s l . d e v t l o p a q i i u l c o a b r P c d m ~ ~  
andprqmea-. HMPEnginmingComprayhrpafwmedalriefckipmicwrad 
denldaorriimburv&teof~iulmflfortheLorbadHvdrodearicrtarlrrhimru 
prop& f 2  d d & t  in the &raga ~ i v e r  ty EREGANGHIDROPROYECT, tbc 
~ t i d  &dm i n s t i ~ e  of the RCDutdic of Armenk lherc arviEcr were d a r n e d  for Bums A 
Roc uada I& No3 'H Rebbiliutioo and Engineering oi Delivay OFda No3 

ncd&gnmicwcDnrinedof.n ?ammwoa 
. . 0 f t e e h n i E . l d o f u m c n u t i o a ~ ~ ~ d o c v m l  

d u m a  of the Tomtmaion Projea' Pans 1 lhrough 8 for the 'Porwaplmt Cuade cm River 
Dckd.LoribadPoPrrrpknD'. M . i n m a ~ d c v a n t t o t h i s m i e v w e r e :  

lhefindingrofthed&gnmicwucprcsartedintbcfallawingch.pers'Ibc~teofcrpinl 
cost is based on materials quantities denloped by EREVANGHIDROPROYECT .ad used 
dthout~nyrerrisionsormkUnitpricabasedoniatcnutioarldirrac~sts(wimtbc 
acepi011 of hbm nta which were &mated for m t  coaditiom m tbc rrpublic of A m a h )  
w e r e u ~ ~ n b l e d d ~ e d m t h e o ~ q u ~ n l i t i e r t o ~ e ~ o n c o a z  

~ m ~ ~ a e c d e d m ~ ~ ~ ~ ~ t p h r c d ~ a p ~ ~ . a d m  
pmvidcabatabchpforthemfle9irmtes. Buedm~aistinginforrmtion,tbc~.ad 
the & t a  indudcd in this audy should be coaddaad prrthninuy. 



!XLECED PROJECT DISCRWITON 

The propased hydroelearic development in the Dzomgu Riw Basin includes thee pLnq tbe 
Malaya Rojaf on the Urut River, Lon'bad 1 on the Gagcr Riw, ad Lmibad 2 on tbe rmin 
stan of the Droraga. 'Ibe total installed capacity wifhin the Droraga walathed .mo~n to 9 2  
MWintheselafeddtanative. T h e m a i n ~ ~ o f t h c t h r e c p r a ~ t h t m a k c r q , t b e  
development are s h m  in Table 1 : 

A U t h r e e p r o p c r S a r c ~ n m - o f - r i v a a d f o n a a c u r d c a f ~ '  fOlllKftiqZto 
powerplants loated on three diffaent rivers Two of the projefu have oow patiry a p d d i q  tbu 
v a r i a h m B h r a f o r L o n d a d 2 t o o v a t h r c t h w n f o r h W s y r ~ ~ d a  
h y W &  dmdopmmts arc selafed afta dowingforwata apply, i m i p t k  md 
(environmental) releasa. The wn!iguratia! of the three pmjccu thu form tbe hyQodeeaic 
development in the I)rorpget buio is presented on Drawinp 1 to 3. 

T h e m d e d f a t h e k W . y o p k n t ~ r e h t ~ d m t h c U ~ t R i w ( a - t r i b n u y o f  
the Dzonget). a n d t h e p c w c r h o ~ ~ ~ k l o a t e d  cm m d d i s c h p i n t o  t b e k o q e ~  River.'Ibc 
divasion drmwnsistsofake ovaflowweir lOrnh@1md35rnk~1g.'Ibepowaintakecoarica 
ofanopminginatrniningdhtedontherightbank. I t h r a ~ p a t h a m p o l l s d b y a  
radial gate m Croat of the opening. Paiodic opntion of the gue protern the intake h t  ban 
b e d l a a d d e p m i t i o M n # 3 . & 0 0 - m L w g h e ? d r u x c r c m c ~ t h e d i v i d e ~ U ~ 1 d ~  
I t k a n P t m m t - ~ t r l ~ d ~ e f r r e f l o ~ l b a r a o a d u i t ( 2 ~ 2 5 m ) ~ i n a ~ i n a  
mpaoidrl trench. nK invcn dcdors vary under an 0.03 paeart  rlope bawccn 1418.4 rn ad 
14153 m. At the dawactrrun end a reinforced ccmcrue berrdpond ( f m )  with a vohnae af 
40.000 m3 connects with a 260-m long pmnock that && about 715 m to the pavabour 



' IhepenstockbasmimrrrtedVshnpemdirnudeoutof~~ inforccd~lhvdvi tb~  
8-mm thick, 1.lS-m diamua steel piper. The head pond is aka a penstock innkc and h cuorrdkd 
by slide gates at both en& (amvyance and penstock). At the doMIsneua end of tbe h a d  paod 
the capability arins to dose the penstock and divtrt flow through a rcinforccd amauc rcuanph 
spillway canal that rum parallel to the penstock to the I)roragu River. 'Zbc spillway canal is 
du iped  to begin dischuging into I)romgct if and when the Malaya pavatrouv h shut Qm 
(outage or rrpairs). With this operation. the Loribad 1 intplrc located daamsaam oa the 
Dunget  will use the flows derived from Urut whether the Malaya pmmhoutc is v t i n g  or nol 
'Ihe Malaya powerhouse has three horizontal-shaft Francis units nted 0.6 MW ach and fed by r 
h e k m c h  manifold (steel tubes embaidcd in r c i n f d  ama-ac, hduding tbe rwo baurruarz 
and the branch elbow). The common nubine-garaator floor is at elmtian l3445 m and unit 
centaline is at elmtion 1345.82 a The pmcrhowe. located on the left bank of Droryt R k r ,  
is r surface indoor struaurr made out of reinforad amuac with a total hew of 11.6 m b 
the bottom of the m h h e  including a aqic&rucme 7.6 m hi& 'Zbc pka of tbe @mu h a 
rstangle 232 m x 15.4 m. The units disctruge througb apcn fbnna A canal mOan tbc 
apcn flume discharges and connects with the riw what aorrml dwatcz is at dentioa 13U m 
Amgrments at the Malaya pcwaplant and some of the mort significlnt f e a m  of the projerc 
are shown on Drawing 1 (Sheets 1 and 2). 

T b c i n ~ o f L o r b a d l b l o c a t e d o n t h e ~ R k r , r b w t 3 h n n ~ ~  
tPitroaoftheMalayapaanrpluu'Zbcm~coackoofa6reeovcrflovEJ r e i r r i t b a  
s t r d  height of about 11 m and a crca ckntitm at 13345 m It bas a @way d 10 
unconcrOnedbrys7mx25m~tedby2mpiaandthe~spurs90mrroartbcrk 
(df&crcst lmgth~70m).Sumtplrcopeniag.5mx2m.witbthe~atderntioa W5, 
a r e l o c a u d i n a ~ d m t h e r i g b t M o f t h e r i w . ~ t c d p a p c n d n J u f y ~ t b e  
spillway/~ondPmudrnteintplreopmingsareproteaedbytrrrhnclaanddbrfvrgmtOa 
45-m wide concrete canal with its initial rach  parallel to the riw. Overfbw opeaiw are located 
i n t h e l e f t p r p l l ~ f t h e ~ d O w N t r e a m o f t h e s p i l l w a y p m i l i o s m p e r m i t e p ~ a s ~ m b e  
ruurned to the river. Tbe mtplrc is controlled by the operuioo of a fLt gate l c a d  m tbc 4 
~ t h e i n t p l r e a n d t h e ~ o w o p e n i a g r  Thisgatewillhavetobeopaucdbymobikcrrm 
A f l u r h i n g p t h , c o n c r O n e d b y a r r d i . l p t c b p m v i d e d ~ t h e c p ~ a n d t b c i a a b c ~  
~lupaiodical~timwillprot~themtplrcopmings~bcd~depositim'Zbc~ 
ga te (45mx45  m)isqxsatedbyapam~entgantryUMe 

Anm-mlongmtakecanalladrma 1 0 , 4 0 0 - m k m g t l m a d a n q m c e v h a Z O ~ p o m l ' L b c  
~elis~.s6reeflow.ndwillbe~bydrilland~mmiDHnedUsh.pe'Lbc 
entirel~ofthehmnelwillbelimdwith30cmm40aaofpkinareinfaadamcrar'Lbc 
netcrossecrionueais4mx4m.About~aMmofthenuvlelwillbecpc.ntcdmvaLand 
pmenble mes of sedimentary rocks (including radr formahn amtact craning). and will be 
complady lined witb rcinforccd concre!c hduding the invert. About 4,000 m d o w s ~ a m  b 
the intplrc a 65-m deep shafi is proposed to abw for the ogaing of rwo more epemtioa fr- 
&pnd thenmnel outla porul theamvyurcbaxrmesa 6 r e e h c o l w r a c b m d  (52m 
~35m)placedma~idslcutthroughan&d&y~.andbrdrfi&dwitb~'Zbctopl 
lengthofthecadreachis 1 m m .  Attheinithtionofthebmmnduitrad&rbwtWm 



dowanrrpm, nrrge Pnllr are inmrporated into the mnGguratbn wih the fimaioll of pmteahg tbe 
mnvcyawc from rrridentd prasurhing when the upnream 0xu.d gue is dosed. 

The conveyance d i d w p  into a reinforeed amnrte hcadpmd. badpaad is atax 20Qm 
rquuewitb mrvargc depth of 6m. Thee usable volume ofthe h u + a d  b.boutMo.MOm' 
which will pmvide for slightly ova 25 hours of peaking at the inualled mpwiy. iht budpoad b 
anintolreforthepenstockmLonbcrd1mditishm~eaedtoaaawmehamduhihtby- 
passes the h i  1 powerhouse and fceds directly the L o n i  2 pwr comyuur. Both en& 
of the headpond are mntrded by Ilat gates. A 1,960-m penstock with an internal d-a of 3.0 
mnveys the pwr disctrsrga to the powerhouse along a cut an mva dignmmt uada an rvargc 
slope of 1.7 percent. The pmnock mnsists of a m m e  tube anbedding a Mmm thick aal Liaer. 
Both the mncrcte h mnduit and penstock are placed in the sum uuxh  f a  m a  of tbe 
alignment and stihmi togetha through I2 anchor bl& JUSI befax tbe pclwerhour. tbe 
discharp canal md the penstock split. At the daMlJtnam md of the b a d  pad. gfe caumls 
have the capabiliry to dme the penstock and divert now through tbe dd CIXKZUC 

r r a a n g u l r r b y p a s t h r t n w ~ e l t o t h e p e n s t o d r ' I h i r b y ~ w i l l q x n t e ~ t b e L o r i b a d 1  
pwrhouse is shut down (outage or repairs). 

The powerhouse b a d s c e ,  indoor r e i n f d  c o n m e  aruhlrr, 14.4 m high mt k M h g  
infr~urrTotllhe~tfromthedrrfrtubehbimatisZ.4m.'IheBDorpLnrireirUImx 
125 m including eredon bay. It houra two vertkd-dd~ Francis uniu rated 4 MW d 'Ihe 
nuin generator) floor is at elevation 1278.0 and tnnsfonnaq h e d  in an .dj.cent path arc u 
the same elevation The spriwhyd is h located by the powerhouse arucaut iht tso draft tubes 
disc~hmthebypus~~tfcedstheLoribad2pwranvylaotihturuymcntd 
t h e L o n i  1powapLant andsomcofthemostrignifiant fea~fcsoftbepojcnarcshamm 
Drawing 2 (Sheets 1 to 5). 

The main intake of this plant is represented by the mnneaion bcMat the Loribad 1 t&au and 
the L o M  2 mvyancc. An additional intake for Loriberd 2 is louted on the Gugcr R h r .  
a b u t  1LondolwnsaeamhmtheLor ikrd lpomrhaoc . I tmar i s t so fah~divar iorr  
weirwihasmctunlheightofabut l l m a t t d w i t h t h e a - e s a t ~ m  l Z 7 5 3 8 m i h t ~  
h P t f o w ~ p o l l e d b a y ( 7 m x 2 m ) ~ t e d b y Z O m w i d c p i c r r d t h e ~ ~ 3 8  
murosstherivcr(eff~~lcnghh28m).~~cwouldbe~toaplplanent 
the design flow of 20 am coming fran the upstram W t  with 1.0 am diverted from the 
G a g a R i v a , p r w i d i n g a ~ ~ o f 2 1 a m l o t h e L o r i k r d 2 ~ A r r r v l l i n n l t c a a r l  
isfedbya 1 6 . h l o n g t i d e r p i l h y l o c a t e d i n a ~ d m t h e k f t b r n t o f t h e r i v a .  A 
flushingpath ampolled by. d gtewith b a d d  b provided baasm tbewcir d m  ird the 
intake canal 4. Its periodical qxntion will protea the intake opmings from bed brd depositim 
The radial gate (5.0 m 1 5.0 m) will have to be v t e d  by a mobile p t r y  crane. 

T h e 5 2 - m w i d c m n c r e t e ~ f r o m t h e L o r i k r d  1 h ~ d p ~ n d , k a m e s t b e L o r i b a d Z  
conveyance and nms parallel IO the rivcr, nzeihg the 1.0 am sq@ema~t within 50 m fran tbe 
hberd2ddecnrerfioarhtake. n e  totlllmgthofthewnvyrrreQmIOtbef~irrborn 
3 m m .  A62kalong openpwrcanal(mewredfromtheamneaimwitbtbebypasdh 



comeas to a 2ooO.m long buried, free flow concrete conduit (cut and cmu). The h 6SO-m kmg 
portion of the pmw convqancc is a rcuangular concrete and. 

The conwyraa d- into a 2 0 h  square, reinforced coacrrte hadpoad with an 
depth of 6 m The headpond hrr a usable volume of about 200,000 m' ahieb pwider a apab&ly 
f o r r l i g h ~ m m t h . n Z J h o m o f ~ a t t h e ~ e d & t y .  Thepenaoctbegkutbc 
dawnstrtam end A 1.MO.m. 3-m intanal diameter permock canvys the powa dipmycs to tbc 
poarcrhouudongawioble r lopc~ ' Ibepennockconr iasof  a a e c i h o f t h ; r h r c #  
varying between 10 mm and 20 mm. The inibI400 m of the pcnawk arc embedded in a amauc 
tube olaccd m art and cmu and anchored to the mund throuph three aaa-ac bloch 'Zbe 
b p l . n b e o f t h e w r t a ~ ~ k m ~ ~ i n d i m d ~ 4 6 ~ r ' ~ t y a ~ m ~ ~ b a t b n s d  
lined and kkfilled with mass concrete An embedded aeel manifold mnneas to the mwahimc 
through four steel penstocks 

Theposnrhouscka9lmc+m&or&dcDacreterauaurr20mhigb.~inFhufin. 
Infrrstruaurr'ZbetoulheightfrmtheW~berLbiavcrt is .bwtMm'Zbekpkariac 
i s M m x  14mindudingaeEtionboy.It housufourwticrkhrft FmuisuniDrued r235MW 
ca& The main floor of the povahouu is at cl& 995.60 and the &omas uc bawd ia 
mldjuxntptioattheumedevnttonThe~yudkPlsolocstedtythepavcrbourcanraac 
Theamnganmt of theLorbad2parwerpknt and some ofthc rnoasipifbnt feuurnof* 
projca arc shown on Drawing 3 (Sheets 1 to 4). 



MEASUREMENTS AND COST ESnMATES 

Conamdh of the threeplant development in the Dweget basin vmdd maail the 
executionofthefoUowing: 

exmaims and earthwwks in the amount of 3.135,WO m3; 
rmk emmvations of about 610,000 m3, induding 228.000 m3 of WruWhg; 
placement of random and gravel fill meawfing about 1,880,000 m3; 

. p k e m m  of 290.000 m3 conaete and reinforced axre& (a amuwbn d 
74,900 metric tom of cement); 
- nstaaation and embedment of about 3.190 tom d struchiral s@el, indudng 
pefmock steel liner. 

~ h e ~ q u a n b i t i e s e r e d e t a i b d b y ~ a n d s c h e m e ~ ~ ~ ~  1. 
2. 3. and 4. 

In developing unit prices for the DLoqc t  River hydmpowa 8 hid cffm au 
tookrininf-timmM~tcondittoas;~,ao~gridclina-# 
AocordingtotheocrbrlinformaharderniLble by Mr. JIclrAdrkn(8 USritircr,ofArmarhn 
origin interested in the promoting these developmenu). only minor equipment is m t I y  .rrihblc 
m the irep; howwu, l ad  labor (skitled and unskilled). cpa be w i k d  for amanrdoa rat 

Hun's m x n t  &QY* m the New IndeDardcnt States (NISI. in- that tbe m-cvahg - 
economic and aon;tnrtioa cnvimnmmt it &ging npidy. .;vd &t the pmia~ &stnx i tm 
isnolongcradcdctotheaarrntcoaditions inArmarirConrequentJy.8priocanrturrbrred 
on w o r l d - d t  conditions was generally applied and only labor rat& &-e &lazed to amspond 
to rcccnt NIS a m d i b  

In additim to Lbor cDsts rdkUing the NIS maditiolq tbe rmit p k  bebr t8ke h 
POCOUII~ the neassity of importing oDnstnvtiar equipment .ad muai.k u rsqrdrcd It m 
assumed that l ad  mrtai.ls awh as cement aggregate, 6ad, a p h k ~  r e g  hr* cooue& 
b l & ( o r ~ ~ ~ s t ~ l u m b e r m d d i a e l o i l ~ k r v n i l p b i c i n s u E E i d e a t a r p p h l ~  

Consmbdon will k undutakm by forc ip / lad  contnnoq  maxhizkag the use of b d  Lbor .ad 
materials and hnponiag consauaion equipmenu only u required. Toulforcip indvamnt would 
incroa# the prices subsuntially. 



A1 estimated uni! prices uc in US. Dobrs per unit at the 1994 leveL Fdowing is r partial lia of 
unit prices used in e&mating c o b o n  COSIS: 

Cornman Excavalioa: 
Rock Emntion: 
U n ~ d E x c a ~  
Fill: 
Ma.nCoacrrte: 
ReinfdConcrcte: 
srmcarnrlw 
Reinforcing. 
Cement: 

Per CUM 
Perm 
Per CuM 
P a  CuM 
Per CuM 
P a C u M  
Per Torme 
Pa Tonne 
Pcr TONK 

T i ~ ~ h a e  unit prica arc pnihninuy and subject to adjustments lfter hmber rmdia of tbe katim 
and site amditionr 



For the purpmc of simplification, the total development was divided in thrre utu. mmdy ka 
I (the Malaya Plant down to, and induding milrace). ka D (the Loriberd 1 Pluq fnnu tbc intake 
down to the connection with the power conveyance of the Loriberd 2 Plant). d ka IU (tbc 
hLnce of the development). BPred on the .bovc lmit price+ total amanrdm core wem 
dmlopd for the thrre uus and then for the toul dewlopmatt. Under the praeat m v b  d 
capital mst d m a ~ e .  the only rcmuio ukar into ansideration was the of dl three 
plants unda a mntinwus construaion schedule, for a total inst.lltim of 592 MW. Ibb 
assumptim might warrant hutha rcruliny. and .hanative conGgutrtioas b a d  m a riryL 
powerhouse located at the cumnt L o n i  2 sit+ should probably be enluted 

The total development ammudon costs, valid only unda the cumnt rmit price reuaurr. ur 
presented in USDollnn at the 1994 price level in the following W e  : 

Table 2 

TOTAL PRICE 
AT 1994 LEVEL 

MEGAWArrS 

PRICE/KW 

99.4 

*tin A- 



DESIGN REVIEW 

B a d  on a Lhnited review, the three nmof-river projcu codguntiam are vhblc a d  rdl- 
dcsigd. A h h o u g h ~ a r m c t , a s c m b e d a ~ ~ t h e d m i n p . o d i m . t b e  
hydraulic and stmchd deign k sometimes apcnsiw and pabrpr too mmuvatk cmt 
features indude tunnel steel linen (somuimes brddilled witb reinforod aaaae), bmg diwrsioas 
in reinforced m e t e  b o ~  arnduia, heavily reinforod co~ete headpads amadkd by pter .od 
b 3 t m ~ ~ f l r t i r r u t o p m v i & P r t i f i c i r l p o n d y l a d o a e r i r a m a L e ( t b e m e f a  
Lonberd 2). built to a u p m t  only slightly the dcsip didurge of the p o w u p h ~  On a prribniDuy 
basjs and without visiting the sites some alternative amfipxtions aimed at d w i q  fbc 
m d o n  costs are duailed in the following paragraphs first for some itam onnmm to dl 
projects and then for  cad^ spsifc project. 

~ c o n s i k r s t i o n r b o u l d b e g i w t o t b e t e d h m n t a m P d u p e c t i b e ~ d a f t m h i n .  
pthpmvidcdwithrrdial~tccontmlinthc~ovaflowweinin&oftbe~oehcmar9 
probably take care of the kd lord urumhting in £mat of the opmiag. It v9 llot are, 
h ~ , o f t h c ~ d c d t e d i m m t i h t r e e m r t o b e p m e a t i n ~ t ~ t h i a ~ t b o d r  
aod iht~anduMgetheuni t s throughlbru ionaor ioaALcatbe~tvdumerpmsided  
intheriverbcd up~ereun of thePrrin(scvad ordenof mgnhdcaarllathu~ floodvohrwr)are 
too s d  to ~roducc sand d e  rmline ibe odv effcuive lduh would be a rarliru hie - 
inmqmrsted'in the M&I alilgumnt i;;unedirt& downnrrun of the intake openiryc befm 
enter in^  an^ u n d ~ ~ ~ o u n d  or buried anmruvr i h e  dtenutiva to this rohnim is to nld.reprir 
the tughe--en-bued on a regular nkn tmana  sd~cbeduk (paal ly .  F& ntmrar h& to 
beuLrenaprrt),tobuy.dditidnmaasortoprmne@llloynmaaschdin.hrriat 
rrsistant steel (marrasitif st&) that arc fabricated by f c ~ ,  lrunt&taums All thePe are erpcariR 
alternatives when mmpard to a deaader i h t  k a civil srwttm @acing a rach of t& 
'='v="= 

Anotherfeatunincorporrted in d pmjscrsktbe bea4xmdibedmip oftbaesmumresd 
b e m i t e d t o d i n r i m p t e r ~ t i o m F i r a . a n d e f a i c r l p c m d c m r a d ~ r b D u l d  
defmeiftheaounqkrullymneedof~poarrratthirtim+orifit~aecQ~to 
kecp various sectors of mnsumption minhdy a t i d i d .  If t h e  is w urgent need for paking, 
thmthefuaaionoftbeheodpondeouMbepcrframedbyamucbrmrlkr~pmvidcdwhh 
a h d ( ~ ~ ~ t o ~ t h e u p a n g e p r o d u a d b y M r e j e e t i o n a t t h e ~ W & t b a e  
provisions, the depth wuld be amtmkd by the rubmergence rapkenmu of tbe paraoet 



4.2 The YWIp Proi/ect 

If the beadpond andipation b to k simplified (see a h ) .  l e  oDaaae hy-ps amdud 
wuld k elimhated; 

I b e n u m b e r o f l m i D i n t h e p a a n r h ~ u r e d k r r d u a d m w a ~ m o l w ( r t 9  
F& type with an opcn flume comfilpnuioa); 

~ p o w a b t w b u i l d b g c o u l d  kdaigncdasapemi-outdoosanwamwithoutanacaim 
b a y d w i t h e n & o n a n d m I l i n t r m n a p a f ~ w i t h t b e b * o f a ~ c r w r m t e d  
for the d m  (eJpedally if the number of units b redwed). 

In thisdcvdopma~t. the 105-km ~ n n t l i r a  high cmr ampnwnt h v  cuppm about 
2 2 0 0 m o f t b e ~ d u c l i n e d w i t h r e i n f d a r a e r e t e . a n d ~ b r h n e c u l i a e d r i t b r h m l c  

s t e c ~ I n ~ t o ~ ~ s u & o r t . ~ o n g c o m e & a i h r o ; y h m a c r n m p a e a t m ~ r a n d r i t h  
moughcavadkr&ouiderrdandeh.nkdmaLrr~-type-arb- 
frvorpble reach- a check should k made for hydroj.ddag and Iyh& gd*nt .Id if 
conditions pami& a lighta and more eLaic arppon that wwJd inrhk tboarae aa mdmh 
panan and wire mesh should k implanmted wbmeva pdk Havier manact sbodd k 
used~.srequirrdAaatbapm~b~wouMktoconsidaacompuioonktwemtbc~d 
W p r o c c d u r r a n d t h c u r c o f a T B M ~ e t a a p o f i r y d p ~ ~ t r u p p m r s q , ~ a 9  
rLo k tied to the tunnel driving procedure E w  if the mJr type cbanp  akmg tbc tunad 
alignm~~~t, currmt &an tocommodue tbcrcwiuionr AtumKfiryrpadrlinhmutbc 
prospstive conarcurr, witb tbe e q k c r ,  will hn to mrh 
rearmmeadatioat. 

Sowofthepotmtialopt' . . f onccpam+nc ioacduDdatheM.LyaPmemeuc~  
fortbeLorbad1Projm.swcll.Inputiculu.thefrrek-cwldkeavityeduopn 
Pnpcroidal canals ins~esd of reinforced w m t e  amduim: and the current h a d p a d  adguratia~ 
~ u l d k ~ b ) f t ~ a w k s b U C N ~ p r w i d e d w i t h ~ w a f l ~ .  



4.4 The ~oriberd 2 project 

'Ibeduign micwcnmmeatsoffaedfor t h e L o n i  1 Pmjs!a&yta  t h e b e  2Pmjs!  
(accpt the tunuel-dated pmpositionr) In .ddition, a major m m ~ m e a t  of this pluu ir a ~IU 

&as,divcniooplCirw~a~~theGegerRiver .s izedtoprathe-fbod.ndfor  
t h e p u r p o s e o f ~ t h e ~ d i s c h u g e a t h i 2 h M a m t a 2 1 o n T h c Z O a m  
design dis- is guaranteed without any major mool stnrrurr on the Geger rr a reruh of the 
conneaim of the Loribad 1 tailmce and the Lorberd 2  power comy.na. Thc phydal 
conneaimofthenoanterwsysulorstedmthekftbvlk~dtheno~nucmaadc, 
without theneedof an add i t i d  heavyanmnc. L o n i 2 c m o p a u e ~ e n v b c l l  t h e m  
~ k n t i s s h u t d a a m d u e t o t h e D m v i r i o n o f a ~ o P l e r h o w e b v - o . n . t h u r ~ t h e h e o f  - 
i h e a s r & ~ n i ~ e n t n l o d d t ~ t & s h w l d b e - d e r f d m t h e h e d  
advlatagcs and liabilities da ted  to the ammuaion of the divasim d m  m Ccrra River. bdar 
indud& it in the c d i p d m .  

- 

At t h i r h e P d a a b i n a f a M 2 ~ 0 U L d ~ a d l b e P ~ o r . a ) , o t b c r ~ ~  
Under the pmious poiiticrl o r p b t i q  the R u s h  or Ulmini.a 'Nomukd F& tdines 
might haw baa cheaper and ruclily available Cumnlty, rmdcr au intarutioart tickhg 
environment, there could be manufaauras of Wton units ha t  uc c o m g d t k  (apecirBy Itdim 
mvlufaaurcrs which would enjoy about same logistic advantages .nd ondd benefit of -t 
grants). Of course, the powert~ourc layout would have to be modified ta unmmodue impltoe 
mrchinq but sigdbnlty kss -vation would be rrquired in the aahhK  pi^ A h ,  Pcltm 
turbines could be easily r e p a i d  by Ading without the n d t y  of taking the nmaa rput. thus 
allowing for a configtadon without senling bash at the intake 



CONCLUSIONS AND RECOMMENDATlONS 

Based on a prdiminuy aamination of the available documents related to the h- 
developmenu in the Dzorapt River Basin. it is concluded that: 

1. Ihe amf@uatiom are viaMe and the hydraulic and suuaunl design are chrrPaizai by 
a high professional I d  

2 I h c r e ~ t b e . n y s t o l o a r r r c o l l J r m a i o n ~ b y ~ o r c w r r d u c h y r p e r i f i c  
projm f a a n a ,  sucb rr paws amvyura, h a w  and river intaker 

It is rcamumndtd that: 

1. Additional &on should k put fotth to find .nxpuMe dutionr to amtrd arrpaded 
sedimenr traveling to the mnchines during flood events 

2 Viu at the intake and pcwd~oute  sites, walks along the convyure dipwuts rr d 
as aamination of the geologic corn should k performed to confirm o ~ m e  of tbt 
s t~tcmenumademtheCmrhPdimPmjattartLeLaikd~ClorrJIknwd 
by EREVANGIUDROPROYECT. Visiting tamr should indude a hydrakfaic 
spsialiq a ge01duka.i engineex, and a mntraaor manrgcment t a m  ~ t a t k  thr 
would have Lnorvtedgc of the tunnel arnsmrubiiity upecrs. 

3. M~rhouMbehcldPriththemn~ld~espccipiiasto~rbefacbJhgd 
some of the mentioned alternatives and to .srm the I d  eontnaors' crprbilitia .ad tbc 
need for c o ~ o n  management expatriate aaivities 



, Reinforced Conaete 

a 
I Includes all earthworks in the powerhouse area. 

I Includes randan and gravel fill 

1 Includes penstock steel (liner) and powerhouse 
superstructure. Does not include gates, bridges, or 
electro-mechanical equimnt. 



1 Includes all earthworks in the powerhouse area. 

a Includes randan and gravel fill. 

3 Includes penstock steel (liner) and powerhouse 
superstructure. Does not include gates, bridges, or 
electro-mechanical equipment. 



1 Includes all earthworks in the poverhouse area. 

a Includes random and gravel fill. 

1 Includes penstock steel (liner) and powerhouse 
superstructure. Does not include gates, bridges. or 
electro-mechanical equipment. 
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I Includes all earthworks in the paucrhouse area. 

a Includes randan and gravcl fill. 

3 Includes penstock steel (liner) and powerhouse 
superstructure. Does not include gates, bridges, or 
electro-mechanical equipment. 
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Task No. 5 
Critical Industries Energy Cooservarion. 

REPORT ON SELECTION OF ENTERPRKES. 

Issued: August 30,1994 
Revised: September 14,1994 

Tbat is an immediate for rslpid imprwmrents. due to high casl ad Limitrd 
supply of W. Thc needs for thac improvrments arc dut to a vprkty of pmr cna~). 
utibtion practias and low a m g y  cfticicncy of designs, which wac b a d  m wry low hrl 
cost existing when the plants wae built and lack of nem~ary maintauma. Tbc prognm 
developedbyUSAIDNef~ntoreduaenagy c a w m p t i o n a n d ~ i n a i s t i a g p L n t r  
quired a f u l  seieaion of active en-. Tbc awmnic ptsirrvrc pwidcd by USAID. 
subqurmt implemnta~ion of rroornmcndalions, and htalklion of new cquipmmt will 
t h e f a c i l i t i a ~ , ~ u a t h e n e e d f o r i m p o r t e d f u c l , r r d u e c ~ . s n d r s d u c c ~ o f  
thefinalprodud 

Thirrepoatisasummary forPhascIof ActivityhphmtatioaPLM. arhichrepPirsd 
field investigation and evaluation of inductrial entcrprirts in Armarin tbu prwide aiticpl 
produaforhrmenianmarhcorproduauponawmodities. ThirRpansbowSbrnktioa 
aimit developed by involved h m c n h  Gowammatl A g a d q  USAIDIYaevao ad 
rrprrsntativa from Burns and ROC Cornplay (BRC), Rcsowce MPnagmrnt hmda&s, h. 
(RMA)andEumpanCommunityEncrgyCmm-AmwniP(ECECA). II is~l is lSrnma 
of iadushial enterprises visited durkg field audit and list of iadustriPl en- da%d fa 
t h e f u t u r r W a p e J I I , I I I a n d T V o f A c t i v i t y ~ ~ t u i o n ~ .  

ThrsefinnswaeparticipatinginPhascIof T a s k I S i n ~ .  BumsPndRa 
CMnpmy (BRC) ~pnscntcd by Mr. V.Shamts P.E. Rcsmm MMpgaDmt knocinm. h. 
(RMA) ~prr~cntcd by Mr. Rokrt Ericksa~. and Eumpvl Community Encrgy Ccnm - 
Armmia (ECECA) ~prrsented by Mr. A.Litk .  The Europan Community EoaKy Ccam - 
Armenia is a separately fundcd group, which is coopaPting with BRC and RMA d m  



avrgy audit phase. 

The following Gmanmartal Agarics were parttclpahng 
. .  . i n ~ I o f T a s k i S b c i p i q l  

tocrevc(hclistofpossiiIccandidatnforawrgyudits: 

a) Miaistry of Energy. 
b) Armtnagaraladka. 
C) Minisay of Food Indumy. 
d) Minisrq of Light Indumy 
C) Ministry of C o n d o n  Mataiais 

The following critaia for tht sl&tion of tht indumiPl eaDcrprioes were dcvdopd 
during the mectingJ with tht Gownmental Agtncies: 

a) E n ~ s h a l l b e a c t i v c  
b) Entcrprisc shall provide critical mntaial 
C) Entwprisc shall use majority of raw mataids from Amah .  
d) Entapripe shall have potential for avrgy lmscmaion 
C) Entwprisc shall be of manageable size. 

W I ~  tht sssiscpm* of Armmian Guverumcntal AgerrcLs, Burns ad Roc CrmpPny. 
Resource hhagmmt Azsociates, Inc. (RMA) and Eilmpvl Commlmity Eamgy C h l ~  - 
Armaka (E(=ECA) were able to idmlify sixtan (16) possible cawMale idus t rd  p&nts. 
ThesplantswereinvtstigVedfolthdr~caditimsforawrgyaMcMtiaa 
possibilities. The slcctioa consisted of tht following induJtrinl eataprisa: 

1) Yerevan lhamal Rimer Plant (YTPP) - plant is curm111y poduciaO s i a ~ ~ ~  ad 
botaraccrfordis&ictbcatingandelectrieityfordcctricrl~rresdr 

2) Yerevan Cable Plant - plant is producing dsnical csMa and w i ~ ~  neakd for 
Rbuilding of dectrical system in Armaria. 

3) ARRt Cement Plant - plant is producing cement needed for rebr6ldiag of 
the Armenian infrastnrturr. The amcat is h tht apat CtWllmodity. 

4) Yerevan Ceramic Plant - plant is producing carmic tila and is being 
modmizd to produce palie insulation needed for the aragy osta. 

-O(U 2 



9 AanskSaltMurmgPlant - p l a n t i s ~ d t r q ~ f o r d o m e s d c .  
animal and agricultural nscds. It is Plso thc q commodity. 

8) h u a ~  C w  Plant - plant is producing high quality cognv~ d brPdics 
for Armenian and inttrnabioaal coawunption. 

10) 'caritas' woodworking Plant - plant is prod- doors, wiadw, ac. 
It is also a tnining xhool for carpentas. 

11) 'Ccntrolitc' Plant is a foundry. which am producing cast iron. brass d 
aluminum for heavy industry. 

12) 'Sirius' Plant - plant is producing resistors, diodes. aC. 

13) Ycrcvan Vitamin Factory arc producing vitominS neadcd for hummu md 
animals. 

14) S i  Factory is producing silk tatile for Qmertic use. 

IS) Ycrcvan(iatchPlantisproducinggyparmmrtaLlrformt~ 
industry. 

16) Luis Lvnp Plant is producing large variety of incmdaccnt, fluaacmt md high 
intensity discharge lamps. 

I) Ycmmn Thamal Pmua Plant OTPP) 
2) Avan.sk Salt kJining Plant 
3) AmwCognr Plant 
4) YaevPnCablePlant 
5) y-Brrway 
6) Amw Cement Plant 
7) Luis Lamp Plant 



TbcYaevannKnnalPowaPlantCrrpP)isamainprodumof~yddistr icc  
~ ~ f o r c i t y 0 f Y a e v a n .  YrPPinaaIldcapaci~is5.5MW. ~ t l y d y o l r  
(out of seven) unit is opcdng. Tbt opawional lo- for onc unit are very high. Tbadat, 
aninaeareofovaalleffiacncyofopcratiaawillpmvidcssvingofarrgyMdfud. As& 
of previous arrgy oudits done by RMA. axygm d m  controls aac insPlbd far taro mrin 
units. ~gs izeofYacv~lTPP,onlyoncortwoimprovemntsiharldbenn.LLrcd 
during this scope of work. 

@g 24 hours pa day providing Armenia with high grade salt for b-. a&u& ad 
Pgricultunldemands. T b t t a l t m i n e a n d t h c p l a n t u c t h c s w r c c f o r L r g e ~ d h e r t  

hrPRt Cognac Plant q u i r a  pnxxss s @ m  24 h pa day. Tbt boiLn in.nllal io 
thcboilaplYltarevayddandunrrli?bk. Tbtefficiencyofthcunitsisimtb.n4Opcrceot 
Therraren~comMongarl~intothcboilam. Thchdlatkmofmodaa 
packagdboilawiththcefficicncyof 8 5 % c a n d r a s t i a l l y d u r h d ~ a d  
raduacrstofthcfinalprodua. Thcplanthasmanagcabksizeformagyamsemtioa 
improvancnts. ThcplantisusingArmeniannwmateriatsudthcfurolproduaisaoamrof 
aport. 

YcrrvanCsblcPlantisthemPinsllppliaofcoopaandrlumiaumarirrsBxArmmir 
andmctypeoftkabksiskingexpostcdtoRussia. Tbtprrviou~arrgyplditspafamsd 
b y R a a r r C e ~ t A u o c i a t t J ( R M A ) ~ o ~ m p o t m t i n l a r r g y ~ ~ ~ . r ,  
which could be dam by modifying boikr plant and by modifying the coopa d t i q  pass. 

YacvYlBrmnryisamainprodumofthcbacrsforcityofYcrrvan. T b t h w u y  
conoistsofthcmainphn,thcboilaplantandtheEhillaphnt Tbtbmwqisqaahgmost  
of thc time. Thc plant has manageable size for magy coMantioa improvemcats. 'Zbt 
modificationofthcboila,thcchillaandinsollptionofPdditimPliasuktioafar~~ 
PndchiUdwatcrline~ean~uaLrge~Vingtofarrgyandduathcc~nofthefinrl 
produa. 

L u i s L P m p P l a n t i s p r o d u m o f a a r i d c v r r i e t y o f ~ 1 . f l u r r r ~ a n t a d h i g  
intensity discharge lamps. It a h  prod- all p h g i q  matqiPl naesary for shipping of 
finishedproduds. Bcauseofthcglasshrmaas,plantopa~tts24hourspaday111yar 
round. 

Within ncommnded industrial en-. thc Amat Ccmmt Plant is highly 
&pending on thc natural gas imported from Rutsin and TurhncnisEnn. At thc rpm time. thc 
production of this plant is highly needed to rebuild Armenian infnsrmchtrc. Thc phnt has 



@ItyofnpomngcemcnttoGeorgio.Tullay,innudM~mpltbcWoar& 
prices. By q l a c i n g  damaged hlkn ud pmiding ktttr tiltntion systrm for this plat cm 
nvt#)mhictoasofthecemcntpcreachhourof~m. Tbkwillgrcotlyreducc 
Ptmoaphaic pollution. The amvwsion of the Lcilnr to bum AmrcniYl mined ad instead of 
imported nahml gas will  reduce dqwmbx of the plant From forrign energy oamxr. 

1. Yacvan Cuamic Plant - need invstmcnt in amr of S1.000.000 USD a 
modaniztitsmveyalintstoproduccpcrliteinarlatioa. Howcvcr,thirast 
could k grcotly reduced by making multi-segment typ of the pcrlitc kuhtkm. 
Modanization of this plant thall k a sepvate task- 

2. YatvanOilRdinayFoctory - highlydepadsoadclivayofmwmmahl 
From Georgia and Russia. Roductioa is near 5-101  of pcvious aprity. 

4. 'caritas'woodworLingPlant - p l a n t i s v a y u r u l l u d v a y ~ ~  
Howeva, itcouldkrsommaded forthesdnr&Itiagprrj&S whicbBGlld 
k part of thc different task. 

6. 'Sirius' Plant - most of the plant is clod due a, ipd; of raw mrtai.ls 
and energy. Most of tbc productc produced by thir plant k ouubbi. 

8. Yacvan Gatcb Plant - plant will k dosed in 34 y e ~ n  became tk marby 
r a t r c c o f t h e r ~ l ~ m a t Q i a l S n e n r i t s a d a n d t h c p l a n t w i l l k d ~ ~ t k  
diffacnt area. 

9. Yaenm Vitnmia Facbq production k highly dcpeDdiag oa fh ign  raw 
mataial. M o r t o f t h c p l a n t i s c l o n d d u t a , ~ o f r p a r m u a i ? t s d ~ .  
Production is near 5-101  of previous Capacity. 



Armenia. Such industria inclldc ~ n c r ~ ;  and Pomr Chkathg Plants, Mining Idusfry. 
Food Indusfry. ManufaEhrring Industry aad (3msmt&on Indusfry. Tbt nlected pbts 
rrprcscnt active enterprises we= energy imprwunents could k d k v d  in R k t i n l y  s k f  
time with the fume reduction in fuel amsumption and reduction of lirborac pollrdlntk 
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1.0 PREFACE. 

This qmt premts  the results of enagy audits conducted at six indumial plants in Armenia 
from mkr 1994 to D a r m k r  1994. In te rna t id  teams from Bums and Roc Company. 
Research Management Associates of Madison. Inc. and European Community Energy Ccatrr - 
Armenia participated in the audit work and in identifying UIC mmmmaded Enagy 
Consendon Mearures (ECM's). 

Thc ECM projcds dacribed in this Rpon afe being implemented by BUM and Roc Comp~ay 
within frameworlc of the Emergency Energy Program for Armenia for United States Agency 
for Intanat id  Development. 

The main objective of this project is to identify and implement improvements in energy 
dficknq at smn indumial plants in Armenia that either provide critical pmduas for dw 
Ammian market or produa essential upon producu. 

Thac is an immediate med for rapid energy improvements, duc to UIC high cat and limiled 
supply of fuel in Amimia. The nads  for these enagy improvements are duc a, a b a y  of 
poor energy utilization practias and low energy efficiency inherent in UIC plant designs. Thc 
plants w a t  built on the basis of very low fuel cons which is inconsistent with the CLUIUII 

'world cost' of energy. 

Tht ecanomic assistance, subsequent implementation of mmmmadatim. and inanllPtion of 
new equipment will save energy. d u a  n a d  for imported fuel, d u a  emhicms. and rrduot 
manufaEhrringw 

During the initial visit to Armenia in August 1994, hftecn (IS) indumial en- wat 

sumycd and evaluated for potential Energy Conservation Saving oppommitia (ECSO's). Tht 
list of critical indumial entPpriscs and UIC selection criteria wat dcvelopd by bw Armmiaa 
Govanmental Agencies. USAlDIYercvan and reprrsntativa from Burns and Roc Company 
(BRC), Reswra Ma~gcment  Associates, Inc. (RMA) and European Community Enagy 
Center - Anncnia (ECECA). The Eumpan Community Enagy Center - Arnunia is a 
sparPtcly funded group, which was -Ling with BRC and RMA during the awrgy nudit 
pharc- 

The following Ammian Gwcrnmenal Agencies assiW to cmte dw list of passibk 
candidates for energy audits: 

a) Ministry of Energy. 
b) Miistry of Construction Matmals 
C) Ministry of Food Industry. 
d) Ministry of Light Industry 



Based on the results of the initial visit to Armenia, seven indunrial enterprises providing 
critical products for the Armenian market or produce essential export products wue sdectcd. 

Fnnn September 1994 to December 1994 ECECA and RMA unda the direct askmcc of 
BRC amducted seven energy audit studies. A rcpon of the enagy audit for ach facility was 
irsued with recommendations for Energy Conservation Measures (ECM's). The lia of 
implementation items to accomplish those recommendations was then d i d  with the 
USAIDNemm office and Directors of the selected industrial enterprises. 'Ibis report 
addresses only those implementation items which are within the scope and funding of this 
USAID Task. 

The following criteria for the selection of the indunrial enterprises wue developed during thc 
meetings with the Governmental Agencies: 

a) Enterprise shall k active 
b) Entaprise shall provide critical material 
C) EntQpriS shall use majority of raw mataiafs from Armenia. 
d) Entaprise shall have potential for energy conservation 
e) Entaprise shall be of manageable size. 

Using the selected criteria the following industrial enterprises we= selecled for the final 
dezailed energy audits: 

1) YerevanBrnwcry 
2) AralalCognacPlant 
3) Avan Salt Mining Plant 
4) Aralalcement Plant 
5) Yerevan Cableplant 
6) Luis Lamp Plant 
7) YerevanThamalPomrPlant 

Yerevan Brewery is a main producer of bar for City of Yerevan. The bmvay is in opntim 
for most of the year. The plant has manageable dre for enagy consavatim improvements. 
The impromncnt in proass temperature controls, modification of the boilas and installation 
of additional insulation for the steam and chilled watcr Lines will produce large savings of 
energy and reduce the cost of the final produa. 

Ararat Cognac Plant requires proass steam 24 hours pa day. The b u m  installed in the 
boiler plant are very inefficient. The plant is udng Armenian raw mataials and the final 
product is a source of export. 



Avan Salt Mining Plant consists of salt mines and the main plant. The plant is opcnting 24 
hours pa day providing Armenia with high grade salt for human, animal and igricullural 
demands. The salt mine and the plant are the source for large electric and heat ansumption. 
W~thin thc selected industrial enterprises, the Ararat Cement Plant is highly depadant cn tk 
supply of d gas imported from Russia and Turkmenia. At thc same time, thc pnd- 
of this plant is viral for rrbuilding the Armenian infrastructure. 'Ihe plant has thc capability of 
q o r h g  c c m t  to Georgia, Turkey, Iran and Saudi Arabia at below marks prices. 

Ycman Cable Plant is thc main supplier of copper and aluminum wircs for Armcnh, and one 
type of the cable is being exported to Russia . The preliminary energy audits perfond by 
RMA show some potential energy saving measures, which could be achieved by modifying tk 
copper melting process. 

Luis Lamp Plant is producer of a wide variety of incandewnt, fluorescent and high intmsity 
discharge lamps. It alto produces all pafkaging mataial mcessary for shipping of tk finished 
products. Because of the glass furnaces, the plant operates 24 houn pa day all year round. 

TheYcmanThemal Powerplant (YTPP) isamainproducaofelachicityanddiarid 
htating water for City of Yerevan. Cumntly only one 55 MW unit (out of seven) is opating. 
Opaational losses for the one unit are very high. Therefore, an increase of ovaall efficiency 
of operation will provide savings in energy and fuel. 

3.0 UTILITIES COST IN ARMENIA. 

The cosl of tk utilities in Armenia mrr provided by Annatia's Minimy of Ena6y. 
The cumnt price structure of energy products is vay volatile and is king changed mmthly. 
Enrgy rates. therefore, were prorated to international and USA ram. 

Tabk #l 'Energy Rates in A d :  

Item 

1 

2 

3 

4 

Price is based on international pricc for crude oil. 
** Price of water in Armenia d e p d  on cost of elecmcity and already higher thcn in USA. 

Item Description 

Elachicity 

Mamut (Heating Oil) 

Natural Gas 

Wata 

Quoted Ram. 
of 04m/95 

$0.0351 kwh 

$0.55/Gal 

$0.064 1Cu.M 

$0.125ICu.M ** 

USA llrtrs 
as of 03/15/95 

$0.QSI hvh 

$0.65/Gal 

$0.175 1Cu.M 

SO.091Cu.M 



4.0 TECHNICAL SUMMARY AND PROPOSED COST OF MPLEMENTATION 
OF ENERGY AUDIT REPORTS: 

This sation of the repon pmvida the technical summary, engineering calfulationr, deign 
slrctches, payback calculations, and proposed cost of the recommended implmiation items 
at each industrial plant. The items selected for implemencuion am based on the d t s  of tk 
enagy audit  ports performed by ECECA. RMA and BRC. These ituns wen diocusscd with 
USAID offia in Yerevan in December of 1994 and with the managemart of each industrial 
entapris. 

4.1 Yenvan Brewery. 

Y e m  Breway is one of the industrial enterprises in Armenia that opaPlcs dl year mud. 
Starting from the beginning of March and ending by end of November. the plant oplPm fraa 
16 to 20 h o u n  per day. During the winter the plant is partially closed, -use it does n a  
pmdua fresh bar, but is p d g  beer from mrage tanks. Baween Octoba 1993 and 
Scptcmba 1994 plant was opaating for 4,218 hours. 

The main awgy sources used at Yerevan Bremry am the following: 

Elearicity 
Fuel Oil (mazout) 
Watcr 

Thc cl&eity is mainly used to provide plant with elsaical lighting,  opera^ chilkd water 
and brine systems, opaate equipment, and run compressed air i r o n .  The fuel oil is being 
used a~ the boiler plant as a source of fucl for the boilers producing aeam for tk brew house 
and also for bottle washing equipment. Water is required for plant own nee& and for brewing 
bea. 

4.1.1 Modifiition to the Boiler Plant (ECM I l l  

Thc boila plant at Yerevan Bremry contains five (5) boilers. Two 'Lamashire' typc boikn 
am abandoned for safety reasons. The third 'Lancashk.' typc is opaating at the present time. 
Each boila is rated at 1.8 tons of steam per hour. Thc operating boiila is past its useful 
&a Life and is unable to mtisfy the required aeam demand. This deficiency was o b d  
during the energy audit. The efficiency test performed on the opaating boila, indicates that 
the unit operates at 38 percent efficiency. which is unacceptable. Two modem typc boilers am 
also located in the boiler mom. These boilers am DKVR-4-5-13 nted at 4.5 tons of steam per 
hour and arc 15 yean old. These boilers arr p m t l y  not opaving due to the lack of 



sufficientfuel. ThesteamatomizcdbunvnandcombusbioncontmlsinsPUtdoamtsboikrs 
arc of artdated design and thaefore cannot pmpcrly modulate hwl flow to pwidc the Lad 
requircdbythebmvayproms. lkboikrsarcaLPoinneedofminorrrgPiniDduding 
rrfrrctoryarorkandrometube~lrrmcnt.WetheDKVRM~~maybefiradwith 
m1.thaeisard~toopcntethcsetmitssstheel~dcclnaunptionofdnftfPuu 
high. The&ffrciariesofthcMaphtarramPinowrccofmcrgywsocintheBRarrry. 
As it's shown in ECECA report, boiler losses arc lccamtabk for 60 paant of annml use of 
mazout. 

Thetstimahadpcakkdrrquirrdtoopcntethebreway i s . p P m t i d y 3 . O t m s o f s e ~ n  
per hour. As shown in ECECA report during hby 1994 boikr plant used 75 tons of mpzaa 
Harrtycclnaunptioaofthemvoutwillbe48g3Uoarperhourwith460arolLingharninhby 
of 1994. With the efficiency of the boikr of 38 paant. boiler was able to prodwe 2.1 tms 
ofsteamperhour,whichwas~fficienttopmvi&steamforBrcwHo~ptandBottlingPlnnt 
atthcsamctimc. Atromcpoints,proassinaBrewHouswasstoppedmtilBoCtlingPlnnt 
d d  ntisfy its need in steam. In- of a modw high efficiency boikr/bumcr pxtage 
opa?ting with at least 83 paant combustion efficiency will reduce hwl oil consumption to , 
approximatclycmchalfofcumat~. I 
In order to kmasc the opaating cffidary of the edrting boikr plant and reducc the fud oil j 
ammption, the following itans arc raoommadsd for impkmenrztion in the bo ik  plant 

1. LnaallnearboikrlburnaspnchgcwithPutrmnticboikmmbuscion 
and f&dmtcr controls. 

2. Installstubhwloilhatcrandthctrialhatacingformtpipcs. 

A saving of hwl at the boiler p h t  will be realized W on effiiciary of modan cornbuman 
equipment operating at 83% efficiency vcrars out&tcd combustion equipment opaating with 
38 % efficiency. ThenearequipmentwillprmitproductionofthenquindpaLLadof3 I 

tom of s t a i n  per hour. 
I 



New boila wlnm burner 

Not achievable 

Fuel Consumption for 2.1 rlhr 
steam *macitv. GPH 

Basal on fuel con of $0.65 per gallon and 4,218 houn per year operation the annual saving to 
prwi& plant with 2.1 tons of steam per hour will be as follows: 

50.65 x4218 x (48.0 - 39.2) = $24.127 USD 

ilk amount will k funha reduced by electrical con of opaating air atomking burnat to 
annual saving of approximately S 18.000 USD based on intnnational pria for muout and to 
approximately S 15,000 USD in local cost of mauwt. 

Thc brewery house is a major user of steam at the Brewery. Thc amplified flow dhgMl tix 
a b&r making process is shown on Figure #l and the d d e d  flow diagram of the proaa can 
k found on drawing M-101 'Beer Production - Flow D i  in Appendix A. The punps 
andnlvcsucnotshown. 



1 -  

PII 
.............. - 4--- 

------------------------. . -------------- . - - - - - - - - - - - - - - - A  , r t m  - : PII 

4.13 Modirkation to Steam Umge io Brewing Proerrra (ECM n). 

Themain usasof stavn in thc B m  H o u p c s ~  stam jachuofTsnk11, 2and stramads 
in thc outdoor water storage rank and basement warn storage rank. At thc present ome, maa 
of thc steam. after its bem condensed in thc above vesslr. is being dumped to thc ary  dnin 
and some of it is being flashed to atmospherr due to lack of steam trapping dcvias. The 
tanpuatu~~ of this condensate and flashing stam mixturn is approximucly IW C. 

9 
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Table #3 S t a m  Coasnmptioo .t Brewery H a s c  

Items marked '*' quire such ~ m a m t  of steam d y  during initial start-up. Afkr that 
steam is d v  m u i d  to overcome losscs a, ambieat d t i m  ad omsioa?l fill-u~. 

Vdume of Liquid 

Tanpaohlrr 'In' 

Tam#pane'0utD 

~utdoor bo;& storage tank loss*i during 1 0 T  watha im 1650 ~ b l ~ r  of s ~ ? m ~  

Basement 
Talk 

Item Dcsa@m 

ToCll~mamtofstevnrsquiredforthcBRaayHouoemninppeaLr-is3.0~of 
s t e P m p c r h a r r . W h e n t b c r y s t c m i s o p a n t i n g ~ i t r m r m P l d t i m ( w i ~ t b c ~ t n d  
addoorbotwr?hcrstongctanLPhczted),thcquirrdvnamtofthcsp~misrpp-ty2.6 
To-. TlE curreat boikr a p r i t y  u appmxiamdy 1.8-2.2 tam of slum pcr born awl is 
unabkmprwidcplantwithquirrd~mamtofthcaam. 

Lb. 

OF 

OF 

TlE ~ m a m t  of energy saved by installing amdume rrtura rystcm is rrlntcd mouat of 
~savedkssthcco~tofpumpingthccoadenntebPckmboikrplan~ Tmpaalmof 
amdamtcmcadarsatcpumparillbeannmd 120T.Tempavurroffcadaroma,tbc 
boiknisPnwmd12T. Appmximccnagytningwithcoasiderntioafor~typpuas 
a r i l l b e q u a l m 1 . 8 g p h o f ~ ~  ~onfudco~tof$0 .65pcrgnlknad4.218harrz  
pcryaropaationthc~nualsaving considaingbuchtyppoassaril lbe~motdy: 

Unit 

$0.65 x 4218 x1.8 = S5,OOO USD I 

18800 

53 

158 

Tank I1 

18800 

140 

210 

Tank R Outdoor 
Tank 

33100 

53 

194 

5500 

53 

167 



R e - i l m  

4.1.4 Automatization of Beer MnLing Process (ECM n). 

Thc technological process of bmw making is done manually by uperaton. Thc ttmpavun 
amid of rhe process is also done manually. As result of this. each batch of beer is b d  
slightly differ& and a lot of steam is being wasted for overheating tanks # I  and 2 and thc hot 
watrr aorage tanlrs. The flow diagram for tanks # I  and 2 an similar and am shown in Figure 
R Tanpuature Control for Tanks # I  and R'. 

T-Comdla Junction Box 

Fki- - - - --- 

: \ ; R C S M C ~ B ~  "- 
From Steam Mavl 

:- 

Fmm Tsdr #2. 
Oudmr Hot WPcr 3- TslS; 

~&&atwc Confro1 for Tanks # I  and #2. 

Thc flow diagram for outdoor hot water storage tank and basement hot waur norage tank is 
similar to the diagram for Tanks I and 2. The complete flow diagram can bc found on 
Drawing MlOl in Appendix 'A'. 

Thc automatic control system will prrvenr tanks from ovcha!ing and h f o r c  ~pproximatdy 
10 percent of steam will bc saved. The annual saving considering batch proms will bc equal 
m thc following: 



(800,000 BhrRIr x 10 1 1 145.000 Btu/gal) x 50.65 x 421813 hr = $505 USD 

T b t c a p i t a l c o J t m i m p k m c n t t h i s E a u r g y ~ M e ~ ~ u r r i s p l r p r o x i m p t d y  
$7,560 USD. Tbt payback from this implanartation is Pppmimntcly 15 yam. is 
~ c a U y ~ l e .  ~ o w r m , w b c n ~ ~ ~ m ~ a t i ~ t a t a I ~ , ~  
paybrktimcwillberrducedspproltimzttly3timMortopppoxillloPtly5~. naehe, 
an rsomrmd m implrmeat this Eaagy flmcrwion M e ~ n n t .  This also will irnpcOH 
quplityandcons'uoencyoffinalprodud. 

T b t h o t p n t a s t ~ ~ g c t a n l a n & d t o b e ~ i n o r d c r m c o n s m a u r ~ y .  TbtaIt&or 
stongc tank has edprity of 15,000 litas and surface prea of 49.6 4. maas a 544 4.ft. 
Thc1tongeIanklOCatCdinthebasancnt~edprityof2.500li~aandarrfpccucraf15.1 
4.metcrs a 163 sq.ft. Thc majority of slum pipes don't hru insulabioa. Tbt dmaIcd 
aca of Jteam pipes in the Breway H o w  and boikr plant is appmximnotly 440 q. mePrs a 
4.750~. ft. Tbtchilkd~ntaandbriaepipingpreplpoinrwedofminnllnhn. Tbt 
abimPtcdpraofchilledw~baandbriae~andrrLrcdcquipmentmdtpnb~4,a)0q.R 
Asdculvedfrom ASHRAE'Flmdunentlls'theheDtlossfromtherYllrarrfpccwillbers 
shownintheTPble4bclow: 

ItCm D c m i p h  q 
W t  Iank 

Pipes 4750 

Bvsdonfuelco~tof50.65pagalloaand4.218harrspa)1cuopentionandomsidaiag 
batch type of @ens the annual saving calcukd by ECECA and BRC will be equal to 
$11.500 USD 

W.Os9oso25 12 



4.1.6 'Ibe Wort Cooler Heat Exchanger (ECM is).  

A d d i t i d  saving at the Brew House can be achieved by installing a won coda (heat 
adwger) shown on Dwg MI03 in Apptndu 'A' before won cooling tank. Thc mnpnhlrr 
of the finished wort before entering the won coola is approximately 95' C. In the won 
coda, the tanpaaturc is reduced to 6' C in hm, stages. During the primary stage. coding is 
by water pasdng through primary cooling coil. and during the tefondary stage, coo@ is by 
brine passing through sccmdary coil in the won cooler. Thc new heat exchanger urill pafora) 
the following functions: 

1. Pruxol won from 95" C to 15" C and reduce amount of cooling water. 
2. Prrheat fksh water for a process h m  12' C to 45" C 
3. Reduce amount of steam required to preheat the above water. 

Installation of wort cooler will save following amount of cnwgy: 
a From precooling of u a t  

b. From prdKating process warn 

or total enagy saving achieved by won cooler is equal to 836.200 Btulhr or 245 KWH 
Basd on electricity cost of $0.05 pa KWH and 4,218 hwn pa year +on the annual 
saving calculated by ECECA will be equal to 5,200 USD. 

4.1.7 CompresPed Air (ECM lr6). 

The comprrssed air is used at the bottling lines and at the boila plant. Thc duty comprssa 
has m presswe amml and opemta amtinmusly at NI load. Rtsturr regulation is ixhied 
through the use of prrssure relief valves fined to the air Raivcrs and leaks in the systems. 
Air is used to opcntt the filling line and for fucl atomtimion during boila --up. Its usgc 
at the boila plant is oaasional and is only to blowout mazout fucl liner in the winter. Thc 
new bunnrs pmposai for boila room will be equipped with their own air compressor for 
--up. The bottling plant is using approximately 5 cubic nmen pa minute of the 
compreJscd air at 5-8 atmosphere prrssure. The plant' main compressor station is able to 
produce 10 cubic me tas  minuk using single &r comprrrror 4uipped with the 75 KW 
mom. 'lhree Moskva type B E  1018 two stage reciprocating air compressors uc located in the 
comprtssed air shop. &ly one of the com&sson is bclimd to be saviccable. The 
comprtssed air system is badly leaking with approximately 70 parmt of the compressed air 
king lost. Thaefore, a local air compressor with dryer and rcparator installed near thc 



boalingLinesarillpmvidebettaopaotioasandsaveenergy. mnerwcanpresnrrwFar 
thiropcrot icmsudsquippedari thairdri~sudcodenaseby URicadSM5Jhugand 
Food Administntion requkmats will have a 50 KW (65 FIP) maor. Thaeforr, vtllll 
savingarillbC25KWpcr~orannualmvingof: 

5 0.05 x 4218 x 25 = 55.270 USD. I 

Inordcrmamtrolaragyusethrwghouttbcplaat,tbcfollowingmctaingsysPm~ 
rsommcodcd: 

a. Sram. 
Stammtheringstation~nttbcboilaplanttomonimrudcacltrdaam 
flowtoeachshop. 

b. combmion Monitoring 
Portable Combustion Arulyla shall be provided to the boiler plaat to adjust tbc 
burners. 

c. Ek2ricity. 
~ ~ w e d ~ ~ m P i n e L c t r i a l d i s t r i b u t i o n I p t i o a t o m a n i t a a n d  
cacltrol electrial consumptioa of each shop. 

d. Water. 
Watermdaingstat ion~eda!tbceachshoptomonitormdcacl trd~ 
amsumption of each shop. I 

Whcntbcawrgyusageinf~isavPilnbk,itarillbePlllyzeduriryPC-bPPadavrgy 
nunagamat softwan, which arill k abk to show were sdditioaal aragy could be smd. 
Monitoring udTargetingofenergyuseisadisciplinedapproachtoawrgymuugcmmt 
which ensures that aragy ~~ources  arc used to rauimum amomic sdvlnpgc by amedbg 
awrgyuseandplanningwaysofduciugawrgyanrte. 'Iheannualcostmvingpwidcdby 
sub-mctaing system is estimated to k rpprmtimPtcly $8,000 USD. l%e a ~ u a J  arn mving 
provided by combustion Malyla is estimated to k appfuximatcly $3.200 USD. 

~esr imvcdaragymvingspnshoaminTabktS 'EaagySIv ingsn tYercv~a~ .  
'IheestimatcdamsmaionarnofECM'sisshoaminTabkt6. 
'Ihethippingeonwasesrimvcdontbcbucof50.35pcrpamdofi~~htrsauningthu 
the shipment arill k done by cacl9incn. 'Ihe labor cost was estimated by using 'Means 
CaLstruction Coa' adjusted by Lrk of equipment by five times and b a d  on S2 pr how 
nlvy- 



I ECM 11 I 8.8 GPH I S24.130 

T 8 b l e # 5 ~ S . v b g s a t Y a w a o B m r m y m  

Itcm Daaipion 

Item -on Possible Estimated 

ECMR 

E C M ~  

E C M U  

ECM# 

ECM f6 

m n  
Total 

Possible Emgy Saving Posnik h u a J  Saving, 

Nolc: Tbt rtual saving based on the aurnba of Pctual opcnting hours estirmted m k 
4.218 houn per year. 

1.8 GPH 

.ss GPH 
4.2 GPH 

1.83 GPH 

25 KWH 

ECM 11 

ECMR 

fS.000 

so5 

f11,500 

fS.m 

55.270 

s1 I ,m 
w.805 

Cost of 
m. 

s 
53,600 

S 3.200 

 an so5 56,800 

ECM 14 fll.500 S32.000 

524.130 

fS,000 

-16 

m n  
Total 

Costof 
Shipnent, 

s 
S10.500 

S200 

SW.000 

S 12.600 

U,270 

~11,200 

S42.805 

Total 
Coa. 
S 

Slll.la) 

S 16.000 

Ryback 
ycus 

4.6 

3.2 

S 14,500 

~18.500 

- 

S 1,500 

~ 2 s ~  

S400 

sm 
S18.000 

~21,300 

5224.560 

3.42 

1.9 

3.58 



A r P r v C o g r r P c P l a n t i s o o c o f t h e i n d ~ c n ~ h A r m e n i P t h o t o p e n r e s d ~  
lrmld. ~ ~ t i s a u o f t h e s o u n a o f e * p o r t t o o t h a c o u a ~ .  Thepbtopenta  
~ y 4 . 0 0 0 h o u n p r c a I a d v ~ .  BmuseofitstechnologicPlpraa~s,ArPru 
C o g a a c P l v l t u p e s d y f u t l ~ t o r a P h t n l g a ~ t o p r o d u o c a M 1 R q u i n d f o r ~  . .  . 

p a x y c s , ~ t o p r o d u o c ~ P n d e l e c t r i d t y t o o p a o ~ c m o f h i n a y . D u r i n g t h e a u g y  
audit. ekchidty was supplied from thc electric utility and hctory's d i d  gawnton. During. 
January 1995, ckcbicity gavntrd from thc factory's partidy annphd h w  plant 
srutcd. The new plant is d nt 400 KW, but is pramtly gcncrPting only 
200 KW due to equipmmt problems. The Arant - Plant is using 200 KW of daetricity. 
WaIcr for thc plant is supplied from thc city water system. Both electricity and ars~r 
amsumptionPRmctacd. 

The boikt room at the CogMc Plant amahs two (2) nuin boilers modd DKVR4.5- 
13, which PR prsmtly opcnhing. Thac boilers PR nted at 4.5 tons of s tam pr hour cocb 
PndpreI4ycvsold. Thest*unPto~bumassad~bust ionamtmkinsta l ladfm~ 
boikrs~ofverywtdatcddesignPndc~nmrtmod~futlfloartopovidetheloPdRquind 
bythcbrcarayproms. Theboilers~~inncedofminorrcppinincludingo~mcblk 
replacanart. Thercarra lsofwrE4.9boi lersnteda10 .9tonsofa~1prhour .W~~ 
being urcd only for heating during thc winter, when the nuin boilas PR shutcknm. 

~b-arrcdpabkofo~withthcodtingsof4b'prrmt&100~tof 
nrcd culrities. Providine these boilers with modan combwkm cauinncnt will iarrasc 
combus;iondficicacyto~motcly80prrmtwithafutlfloar;nobuktionof5:1,arhicb 
will pennit adjusabk output of from 0.9 to 4.5 tons of a ~ 1  pr hour. 

~atimotedpcaklorlRquircdtoapcntcthcCognrcPlvlt i s l p p m i d y 3 . 6 a m s o f  
s&amprbour. ~obscrwddailyccmsumptionoffutldurmrimmof6amsprday, 
W ~ t o t h e m a w n d e f f i d a r y o f t h e b o i k t a n d m a r i m m h a r r l y a n a v a p t i a n  
of 107 GPH. InstaIWm of modan high cfficicacy bumex pachge opazhg with aI least 80 
pacartcombustioacfficicacywillrequirt~ximotcly75GPHto~pbtsmmlood. 
Thedailysavingofthefuclwillbeappxidy 1.8tonsprday. 

I n o r d a t o i n a a r s e t h e o p c n t i n g ~ o f t h c a i t t i n g b o i k t p l a n t P n d d ~ f u t l d  
ccmsumptim the following items arc racommended for impknmtaIh in thc boikt plant: 

1. Install new b m  for DKVR4.5-13 boikrs with oug#n?tic boila combustion 
amtrds. 



2. Install mw automatic feed water controls. 
3. Repair DKVR-4.5-13 boilers (tubes and refractory). 

Tabk nD Fuel Saving with New Burnersm. 

Based on 4,000 opaating houn per ycu and con of fuel of $0.65 per gallon. the annual 
saving will k $83,200 USD. 

- 

BoilaCapacity, TondHr 

Efficiency, 96 

Fuel Consumption for 
q u i d  load. GPH 

Fuel s a d  per 4,000 hours, 
t0"sperycu 

433 Insulation d Steam Pipes (ECM n). 

=sting Boila wlncw 
b u m  

Itan Description 

Thc stcam distribution system at the Cognac Plant is in need of pipe insulation. 
A p ~ ~ o x i d y  800 m a m  of 50 mm steam pipes are uninsulated. Thc ~ahlated heal kss 
from uninsulatcd pipes as per ASHRAE 'Fundarnmrals' is as follows: 

Existing Boiiu and Burner 

- - 

4.5 

56.2 

107 . 

480 

a. Uninsulatcdpipes: 937.500 BtuMr 
b. Insulated pipes: 62.000 BtuM 
c. Enagy Savings: 815.500 BtuMr 

4.5 

80 

75 

BaPcdon4.000operatinghounperyearandcoaoffuclof$0.65pergallon.thcannlPl 
saving will k $15.700 USD. 

4.23 Replacement of Steam Valves Pipe h k s  (ECM n). 

Thc stcam shut-off valves on main steam header and some distribution pipes are leaking. A1 
least 120 linear metus of distribution piping is leaking and should k replaced Thc e a i d  
percentage of leaks claimed by valve manufacturers could k as high as 3 pnxnl of total flow. 
Thc vnount of stcam saved by -lacing valves will k 108 kg/Hr or approximately 262.250 
FWHr or approximately 1.8 gallons of mauwt per hour. Based on 4,000 operating houn per 
year and cost of fuel of $0.65 per gallon, the annual saving will k 54.680 USD. 



43.4 Combustion Analyzer (E€M 14). 

Thc installation of new burner q u i r e  to perform some adjustments to obtain optimum 
performance. In order to do this task. purchase of portable cornburdon analyzer is required. 
Thc annual saving of fuel in keeping burners at their best performance will save appmximudy 
6,450 gallons of fuel or $4,200 USD. The actual saving wiU be higher. if old heating boilers 
will be also m y  adjusted. 

43.5 Total Envgy Saving hogram and Cost W i t s  

Thc &mated energy savings are shown in Table bYI 'Energy Savings a~ Cog~c Plant'. Thc 
&mated umstruction cost of ECM's is shown in Table %9. 
Thc shipping cost was estimated on the base of $0.35 per pound of item wight asumhg tha~ 
the shipment will be done by containers. The labor cost was estimated by using ~ M B R ~  
Conmuaim Cost' adjusted by lack of equipment by five times and bawd on S2 pr hour 
=m la- 
Tabk 18 "Euergy Savings at Ammt C-c Plant 

1 Itan Description I Possible Enaav Saving. Btu/Hr I PonibkAnnualSavinp. I 
I ECM 1 1  I 4 m  I $83.200 I 
I ECMR I 875500 I 515.700 I 

Tabk IC9 'Cast Wites and Economical Evaluation of Rsomwndrd Itam for 

ECM n 
ECM 14 

Total 

I -14 1S4.200 I $4.500 I portable I n 0 0  154,700 1 1.1 1 

262250 

234230 

601 1980 

Anuat Cognac Plant8. 

- - 

$4.680 

$4.200 

5107.780 

Itan Description 

ECM 11 

ECMR 

m n  

Total 

Possible 
Annual 
Saving 

583.200 

515,700 

$4.680 

S 107,780 

Esrimated 
Cod of 

Shipment 

51,400 

none 

rime 

Enimated 
Equipment 

Cost, S 

592,000 

$14.600 

$2,600 

$123.100 

Estimated 
Cod of 

installation 

$7.600 

included 

$200 

1.1 



4 3  A m  SPlt Mining Plant 

Thc Avan Salt Mining Plant is located outside city of Yerevan. Thc Plant consistr of salt 
mims and the main plant. Thc plant is providing Armenia with high grade salt for h u m .  
animal andagricultural demands. The salt mine and the plant have large electric and heat 
consumption. Thc undagrwnd openlions have a wry large elccoic drives and am MU energy 
intensive. Thacfore, this area was regarded as low priority. The plant opaafions for 
production of crynalline salt consume large amounu of fuel, steam and electricity and 
hadm was rrgarded as high priority area for energy audit. 

The following itans were considered for implementation: 

Insrall heat exchanger for preheating brine with condennte 
Insulate condensate tank for first evauoration stme 
Provide equipment for adjusting b i l k  (combukm analyzer) and i n s u m  
deaaator and ratair insulation of boiler eumomirers. 
Insulate hot air duct to drier and provide hot gas recirculation 
Upgrade cooling tomr with mw controls and smaller size pumps. 
Move mazm~t storage tanks closa to boila plant. install electric stub hrel heater. 
insulate and heat trace fuel l k .  

The production at the plant is divided in to tm, diffmnt groups. Om of them is mechanical 
mining of rock salt and the second is a leaching of brine from the borrhola. Thc brine 
leaching method is used to produce crystalline salt. 

Thc praxss diagram showing the crystalline salt pmxss is shown in Figure #3 'Modified 
Recess Flow Diagram'. 
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Modified Recess Flow Diagim 

43.1 Heat Exchanger for Rebeating Brine with Coadeus~te (ECM fl) .  

The modified d i  shows proposed heat uchanga (item 8). which will prchm brine using 
ademate from staa 2.3  and 4. The condarsatc from thes staea has tun- 90 C. 
70 t and 50 C. &~&wl~. At the p-t time all condarsaoc-w GPM) k n  thest s& 
is being discarded to the drain. 

D 

The heat exchanger installed after pumps as shown on drawing M-104 in Appadix 'A' will 
preheat brine from 12 C to 24 C and provide saving of steam and furl in the amount shown 
below. 

Q = M C '0- Tn) = 6.700 GJlycar 

l l ~ ~  annual saving will be 533,500 USD. 

2 0 
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43.2 hahtiug chadamu Tank tor F i  EmPonth Strp (ECM IZ). 

Thccadensr tehnlr forfYa~onr tagcdotsaochPvcinsulPtmn . . . mdbCPliswuiuJl0 
thcmvinmment iMePdofbeinguscdfor~sal ts .  ThccoadeDsaDtfromfirst 
eMponticllrrsgcbastanpenturrcloscto 1WT sndcmmtly isbeing fed t o m  ttninallnal 
tp lkinthc~airfrom~it i srrturaedtotkboikrptatat lowcrocmpcmturr .  
InsulPting of this tank will save nppmimztely 1,300 GIlyear, which comspmd to m a d  
rwings of $6.500 USD. 

Thc boikr plant at tk salt mines is relatively ruw. It was qgdd in 1990-1991. Thc pbm 
has thr& (3) boilas, two (2) model DE-25-13 and one (1) model DKVR-25-13. M am rued 
P C 2 5 ~ ~ ~ h a t 1 3 i t m . T h e b o i l ~ p l p n t ~ ~ h ~ a q u i p n c a t t o m o n i t o r m d . d j l r s t  
combustioninthcboih. Additionofacomb&rru)ymfa.djllstingboilasmdburnar 
cannvcasmucbas 11,700GIlyearbasalonthcmasurrdcombustianeffidarcychtriag 
magy Wt. This will comspad to S58,MO USD in savings. Scdioas of inrulntion inside 
b o i k r p l p n t a r c t o b c r c p l a c e d . I n a r l p t i n g ~ m d ~ ~ o f b o i k r s m m m i m J  
willnvemagy. H ~ , c h t r i a g s u d i t t h i s s n i n g d n a b c e Y P l ~ m d a l c u k e c d .  

A t t k d o f c q d l m m  . . saltisdrkdinsidttworogtiagdnrmdricn. Horair(10,000 
cu.mlhr)isgenaPttdby tarog~sbumcrsfiringintoabricltbuiltcanbumaachambcr. 
InrulPtiagtkbaairduatotkdrkrandpwidinghotgLsRcirculntioawillave 
~ y 1 , ~ G I P Q ~ . * a a r r s p o n d t o ~ d e a a g ~ ~ o f # . 0 0 0 .  
E c M w i l l b c f u r t h c r i n v e s t i g v s d b y U Z E C A f o r ~ ~ . T h e e v 4 p o n t m a t t k p l r m  
~reinn&dofthcruwinsuktioll. TheinsuLtimofpaxaevlparoonwillnvc 
approximately 11.000 GI pcr year, which cornspond to annd avrgy avings ofS57.000. 
TaalsavingofthisECMwillbct62.000md 12,000GIpcrym. 

4 3 5  Upqsdc d Codist T a r s  (ECM 83. 



43.6 M o d i f i i  to Fbd Stomge Spstcm (ECM P6). 
I, 

~mpmutmaksnrclasnducarmddPbudomdboilaplant. hhzmtispumpedfrocn 
maPc tanks to thc acw boikr plant. During cold watha thc mrz~ur  mQs in tbc pipa tld 
t h c b o i l a ~ t ~ n o t ~ .  T h c e d m n g ~ a o r P g c t a n k s l o c o t e d o c p t b t ~ ~ t  
w i l l b e ~ i a n d u r e d f o r ~ t n o r s g c .  ThcinsrPUntionofelactricstubfuclhclPa. * ~ a n d b c z t t r a a f u c l l i n a w i l l s l v c o n t h c f u c l w y a d d u r i n g c d d ~ .  
m~nualsviagoffuelformU3Mwillkcqualto5,800GJlyar. 'IhiswillurrrsJpru 
to annual saving of $29,000 USD. 

~atimstedavrgys1~m~inT~kflO'Enagy~PtA~WtMirr 
P l s n t ' . T h c ~ ~ o n c o ~ l o f E C M ' s k ~ i n T o M e f l 1 .  
Thcshippiagcost~at irmtedonthcbartofW.35perpoundof i~~trtarmingthrt  

B t h c ~ t w i l l b e d O M b y c o n t l i n e r s .  T h c l a b o r a r s t w a s a t i ~ b y u s i a g ' ~  
Cost' adjusted by lack of equipment by five times and bved on St per hour 

nLryrPtes. 

I E C M f 4  1 lZOOO GJN 

T 8 b k # 1 0 g E n e r g y S l ~ d A r l m S & ~  

s I a t 6  I 5800 GJlY 

I 

I Total I 43500 GJN 

Fassibk Annual Saving 

$33,500 

M.500 

$58.500 

Ihcm Descr@i011 

ECM f l  

ECMR 

a n  

PossibkEacrgy saving 

6700 GJlY 

1300 GJN 

~ ~ ~ O O G J ~ Y  



T b c A r P R t C Q R m t P l P I l t i s ~ ~ o f t b c J . l g c l t g a s a m a m v r z i a A r m m i a ~ t k ~  
industry. I n a f u l l o p n t i a g y e n r t b c ~ u s a ~ B ~ c u b i c m o a s o f d t r r .  

* comspording m an awrgy inpd of 2.5 PJIyenr. With tk aarmt awrgy akk mat is 
~tgasavaibbletopwidearcgulPrfudPlpplytotbcplPnt .  Duringentk1994yenr 
~plMtbpcopavcdfordy450boun.  



Due to lack of gas, the plant was not operaring when the energy audit was conduacd. 
'Ihacfore, it was not possible to collect any first hand operaring data. However, the 
opportunity was taken to make a study of the installed plant and equipment and to assess the 
company's approach to energy management. Operating data collected by plant opnting 
pmcmcl in the past were collected and analyzed. 

It would be unreasonable to judge the normal working p m d a s  at the plant from the state of 
equipment and general conditions around the plant from the obmations made during 
prolonged shutdown. Howevu, it must be noted that the housekeeping sandads at the site 
arc poor. Some equipment in the conaol room is missing or damaged. Insulation on the 
district hating pipeline connecting the plant to the town of Ararat is in a natc of repair and 
rrqukrep-t. 

When the plant is o p t i n g ,  there arc very high dust emissions to the atmosphac. Much of 
the exhaust gas from the kiln/cyclone prchcater system is uncleaned because only one of six 
precipitator fields is operational. In order to protect the environment around the plant, and to 
eliminate a major health nuisance, it is remmmcnded that the precipitator intanals, which am 
available in Russia, be purchased and installed without delay. 

Ararat Cement Plant consins of two plants. the 'old' 1931 plant which was using 'M' type 
technology for making cement and 'new' 1989 plant, which is using modern 'dry' type 
technology. At the 1931 site. there arc three (3) wet process kilns which am no longa 
opntional. Thes kilns were originally coal fired, but in 1960 they were switched to nand 
gar. The new kilns arc modem R u s h  designed plant which utilizes some J m  
technology under licenses. The new plant is capable of producing 3,000 tons per day of 
cement. The simplified flow diagram for Ararat Cement Plant is shown on Figum 14 ' Annt 
Cement Plant Simplified Row Diagram'. 



C P r b o n M o ~ ~ x i d c ( C 0 ) M a c r i s r a q u i r r d m ~ h i g h ~ c e m m b y c a m o l l i s g ~  
d ~ ~ a d f o r s a f a y m a s u r r s .  T h c ~ m a s u r r m n r o f t k a r b o n m o l ~ 1 6 d t  
anramtion in tht kiln will d o w  tk pl.m pf- to k monitorad ad catrolled 
rmrhmorr~cnnattlyfhptisprcscnttydooc~infrrqucntlymkal~nrtrsurrmcnt. I t i s  
m r m a l @ c c t o m a s u r r u r b o n m x i d c ~ . n d . r r m g c f o r p k r n a i p i n c r p c o f  



Ro- 

high CO content. This will avoid the possibility of explosion in the downstream elearmPtic 
praipitator. It is recommended that this inslrument are indslled as miller of high 
priority. 

4-42 Imtnllntion of Oxygen (0, ) Meter (ECM #2) 

Oxygen (4, M& is required to produce high quality amcnt by conmlling kiln conditions 
and for safdy measures. The continuous measurement of the oxygen conccntntion in thc kiln 
will allow the plant paformana to be monitored and mmIIed much mom accuntdy dut is 
presently done with infrequently taken Orsat measurement. Then will undoubtedly be oome 
energy savings, but in any case, the installation of oxygen analyzer is ncassary for nfdy 
msom and to ensure that there is complete combustion of natural gar. It is rctommcaded 
that this instrument are installed as matter of bigb priority. 

4.4.3 Installation of gas and electricity mcten and Pudmse DesL Top Computer ritb 
Energy Management S o l k m  (ECM K3). 

Installation of gas and electricity meten is required to measure consumption of major 
processes and equipment uses. The utilization of computer will assist in analyzing cnagy and 
production data and will become beginning of Monitoring and Targeting System. 

P 4.4.4 h v i d e  a Portnbk Infrared Thermometer (ECM 14). 

Portable infrared thermomdcr is required to measm wtsidc tcmpnturr of thc kiln and 
thatby locate hot spots, which arc sign of damaged brick lining. Sincc the kiln was not 
observed in operation it is not possible to quantify the extent of the ndiation and convcEaion 
losss from the kiln. These losses arc high if the i n W  lining of the kiln is damaged thus 
giving rise to hot spots. This is not only a waste of energy, it is a h  a waning sign for 
equipment damage. 

4.45 Purchase Portnble Combuslion Analyzer to Monitor Boikrs (ECM #S). 
a 

Thc pwr plant at the Ararat Cement plant consist of four (4) Russian type boilers modd DE- 
25-13 rated at 25 tons of stcam pa hour. The power plant provides sprc hating and . . 
domestic hot wakr to nab) ;  town of Ararat. The boilen were installed during m&ammbm 
of 1989 and arc physically in a good shape. The combustion monitoring for thtv boilers is 

0 done manually. In order to incrrav their efficiency, a portable combustion monitor should be 
purchased. 

Thc energy saved by utilizing the above energy improvements was calculated by Mr. Alan 
Littler from ECECA and summarized in Table X12. 

i) 



4.4.6 Total Energy Saving Program and C051 Estimates 

'Ibc &mated energy savings an shown in Table 812 'Energy Savings at Anrat Canen1 
Plait'. Thc &mated construction cost of ECM's is shown in Table 813. 
Thc shipping oon was estimated on the base of 50.35 per pound of item wight assuming thrt 
the shipmcnt will be done by containers. The labor cost was estimated by using 'Means 
Constnrtion W' adjusted by lack of equipment by five times and based on $2 per hour 
=m ms" 

Tabk f13 'Cod EstimaIes and Ikonomical Evaluation of Reeomwnded Itam 81 
ArPrac Cement Plant'. 



YacvsnCPbkPlantisthcmainsuppliaofcappaandPluminumarirrsfaArmcaiPmdar 
typeofcrbkfaoilfid&iskingaporrsdmRurda. Enccgyauditsatthcplnntwar 
pafarmedby RMAinOaobaof 1993andinOctokrof 1 9 9 4 s h o w ~ ~ t i a l ~  
saving masurcJ. 

'2bc boila plnm at Yacvsn Cabk Plant consists of four boilas. T m  boilas a DKVR-I& 
23 nted at 10 tons of stam per hour at 13 Bars ach and taro boilers arc DKVR-65-13 Rtsd 
at6.5tonsofsteamprhouratlOBarse4ch. Theboil~~ucequippedwithomdataibumcn. 
addatcdm~luPlcombrutioncontroIsandoutdatedbumaafaysyacms. Thcfkdua&r 
pumpsuclcahnganddyawpunpisarline. 

Dming thevisit ofWrmsand Raarrgyaudit team in Dcccmkrof 1994. thc -of 
thcYcrrv~lCPbkPlantdcddtdnotmRhPbilimcthcboilapbnt '2bcdcdsionwumdtm 
bring steam directly from the Ycrrv~l Thamal Power Plant.  om, d y  thc fdloving 
arrgy ansav?tioa masurcs should be implanentsd: 

Dmingthcmvlufacbningproass ,cappaingots~mcl t td intht~ .~pocess  
requirrs that oxygen umtent and melt and fum~ce tenrpaMes be mainphrd within limiIs; 
howem, thc factory has no such mcPsurcmnt &vices. h a result, rpprorimoody 37.5 
pacentofthcvlirrproducedisdloa,qualityandm~bercjectalandRmdtsd. 

' 2 b c ~ i s ~ k o f p r o d u c i n g 5 b a u o f & p e r & y . D P i l y ~ d g u i s  
q p m x i d y  3.000cu.mdar. Appmximdy 350cubicwtenofgyauredQringst lDb 
by time. Installation of Coppa Mdt Oxygen Muaing Stdon and use of ararld 
rrvcabout27.000cubicmdar~permcmth. Thisarouldresultinananndgassving 
mtaIing 324.000 &c meters or $38.424 USD. 



Thc bunurs insallad in thc melting furnace am Adom adjusted tk optimum canbustion by 
using Orrrt device a vinrally. By amtrolling combustion of thc b u m  with a pomMc 
combustion analyzez an additional saving of n a h d  gas could be achieved. 

Thcmagysavaiby u t i l i d a g t f w s b o n a m g y i m p r o v a n e n t s w a e ~ b y  Plant Chid 
Enginar f a  RMA and summvited in Table t14. 

Thc cstimatsd magy savings am shown in Tabk t14 'Energy Savings at Y n  Cabk 
Plant'. Thc cstimatcd amsauaion atst of ECM's is shown in Table 115. 
T h c s h i p p i n g a t s t m e s t i m a t c d m t f w b u c o f W . 3 5 p e r p a r a d o f i t c m ~ t ~ t t p l  
thcthipmcntwillbedarebyamainas. Thclaboratst~cstimvedbyusing'Mepu 
Construction Cost' adjusted by i r k  of equipment by five times and based m S2 per hour 
=w- 

I I I 

ECM #I  Cu-Mctas 324,000 $38,434 
I I 

Tabk n 4  -m sa* at Yerrrm c8bk Phnt-. 
8 

Total 

ltcm Description 

Cu.Metar 

Unit 

324.000 

Possible Energy 

538.424 

Pamik Saviug, 
S 



w n s  .cast-.~ld~eowmial~-ot-w 
Yaw8Il cable Phnt. 

Luis Lamp Plant is produar of a wide variety of hcmdmuat, fluorrsant ad high iarmsity 
dischagehnps. Italn,produmPllpldrPgingmnmialneoas~yfashippiDgofthcfiairbsd 
produds. BccPusofthcgLpsfunrsas,thcplPat~almast24hatnpr&yPllyem 
lound. Howenr , thcbo i ip lant i sopaPt ingappro~y4 ,000hatnpryen .  

~ ~ R r m r n S y r t e m i n C o r m g r t e d P i p a S h o p  
IasulnteBoil~~andStrnmPiping 
RegLcc Leaking Saam Valves oa Mnin Herder 
R e p a i r o f L L o l c r m C o M g z O a d S b o p ~  

I b c m a i n u ~ a s o f s v l m i a t h c ~ P i p a S h o p p ~ e ~ m d p o c a s e q u i p a r a t t  At 
thc pmmt lime. mmt of thc steam conden- is being dumped to thc city drain and olhcr 
cadcasPoefLshestovmosphacductolpEkofstcmtnppingdcvica. Thetanpr~hueof 
t h i s ~ n d f l a s h i n g s v l m m i x t u r r i s s p p r o x i m a t d y  1mc. 
The quantity of the stcam condensate lost is approximldy 0.5 toas pr barr at a cost of aboul 
K2.SOOUSD annually. 



Thcmsjorityofrtampip~a~notinsulatcd. TheatimataJkDgthofskampipesinthe 
plsntwi~insulationkappoximatcly~linar~withthetozalpipMfrxuep 
pboUt 980 sq. R Thc value of insulation is illusated by data from ASHRAE 
'Flmdammt?ls'. T h c h c a t l o s s f r o m t h e p i p c ~ w i l l b e a s ~ k l o w :  
Hatl0ssfromuninnrlatcdpipcBTUpcrsq.ft-hr-T: 3.78 
Hat loss from iasuiatsd pipe BTU per sq.ft-hr-T: 0.252 

Togl energy saving by insuiahing Jtcam pips (4,000 hrs): 7400 GJlyeu 
Annual Enagy Saving $37,000 USD 

w 
4.63 Repho hakhg  Steam Valves on M.in H a d a  (ECM #3). 

S h u t o f f v a l ~ o n t k m a i a ~ h a d a a ~ e l a l d n g .  AtleYtlOOliaarmeearof 
dimbution piping is also leaking and shauld be npkad Valve ~lyrufrturrrs claim tint if r 
vahn is leaking, it could be losing at least 3 parent of steam flow. Thcrrforc. tk amount of 
Jtcam~VCdbyrrpbcingvalvcscouldbe@m4470GJlycu,whichcarrespaad~mad 
saving of $22,350. 

I 
4.6.4 RLpirdkakstohmgatdSbopE911JPBPCO1(ECM84). 

w 
T h c q u i p m a t t i n s t z l l c d i n ~ R p r S h o p i s b a d l y l a l 6 n g r t a m .  Thcrepninrrsdto 
beQnetothequipmcntnrencars~pryPndwillprovide~1l1d~~of~.921BtulRra 
appoximatcly S 10.200 USD. 

Thc&mvsdenrr~ysa~~sboaminT&k116'Eacrpy~at~~PLnt'. 
T& atimatsd c a w d o n  cort of ECM's is sboam in Tsbk 117. 
T h c s h i p p i n g c o r t w a s e s t i m n t e d o n t k b u c o f t 0 . 3 5 p c r p o u a d o f i t e m ~ ~ t b a t  

w theshipmentwillbedmbycontainas. Thclsbacortwascairmalbyuring'Mcmz 
Conrtnrtioa Cost' adjusted by kk of cquipmmt by fivt tima and b u d  on SZ pcr han 
rPlnry- 



I ECM 1 1 1  

Topl 14816 m.OSO I 

-- - - 

m n  - 
ECM 14 

I Topl I $72.050 I 

- - 

4470 

2450 

T w n 7  w C a & ~ d ~ E ~ d R c c o m m a d e d E L B a f a  
Lab h p  PhnSm 

ECM #I is not reawnmaded due to paytack of 8.5 yeus. 

- 

m . 3 5 0  

S10.200 

' Z b c Y ~ ~ ~ T b Q m P l P w r P I a n t C y r p P )  hamPinprodumofdcuricityMddirtria 
h d n g  wales far City of Y a e v ~ a .  CumnUy mly m 55 MW (out of sewn) unit is 
oprPfing. ~ ~ a a n l l o s s n f a r m u a i t u c ~ y h i g h .  'ihcrrfac.aninercucofd 
efficaaryofopentionarillprwidt~~vingofenagymdhrl. 

'Zbc~udit~~atYQHMThamPlPwrPlplltinOdObQ1994mdDecQnbQ 
1994 by Mr. AlylLittlafromECECAwith thcusistanrrdBRCpasamtlmnkdlPrge 
ddiciarywithplvltcadingtowa. 'Zbc~ciaqofthccooliagtoarcrs~folmda,be 
W a w ~ l e ~ u d ~ 0 1 1 ~ m s d t t o r e p o d r a t h a o l l e ( l ) c o o l i a g  
toara. H0wew~thtcosteStimatedu5480,000USD,iCbyadthtbudgetofthisT~ud 
tht idea to repack aw (1) cooling tower was abandomd. 

Emmatal 
Coa of 

Shmmmt 

I t a  Dcsmptm . . Enimated 
Equipment 
Cost.$ 

Pasnik 
Annual 
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I)mingthtabUgyludits, thtwdit tam ~ u n s b k t o i n v e s t i g a t e o t h a v e ~ ~ o f ~ p l p a t f a  
possibk crragy ~vings dtanatbm. As a d l .  thac will be m improvanarts mdc at 

TheamgyP\rditevPluamioaindicvedthatabUgydiiekncyi~ts~pOgbLad 
aat c f h i v e  for tht plants slcchd for implementation. The aragy cffi* impmvmwntt 
PRduc todfac to r s inc lud ing :  

UtiliEPtionofimprwdttclmdogyforpnxmandoprPtiau 
IrnplancnPtaoa of more d h i e ~ t  b u m  and control ryrtcms 
EfFideDcygainsduetoimpwedinsulPtioaandn!uwuyofopcmingbsoa. 
Modification of pro- opuatiom to dua  opaating lmots and to tak SdVMogc of 
W w .  
Fiffiacnl -king of amgy use by intadyc rnctaing and monitoring of a m g y  w. 

Thelmjcnilyofthtl?sammadedEnergyColuaMtioaM~prognmfor&~ty 
hwcdmpkpaybacklessttPnZye~rsandach~ . . 

ECMh,a~ybockwithia*s 
ycnrpa~critcria.~~dRsultsofaragymeaaue~implarwmPtioarrrr~in 
tht Tabk 118. 

T h e p r o g n m ~ t s a s i g n i f i c P n t ~ t y f a t h t s d c a c d i a d u s o i a t o i m p w c  I 
opazting prfomamx through ductions in a q y .  'Ibc prognm should yield rignificpat 

P 

Table #l8 .Combined Rcsub d Eoag. 

Plant Namt 
Impkumtath Rognm 

Annual Savingl. 
S USD 

ImplemeaPtaoa 
Cost. SUSD 

Payback, Yan 



duction in the cost of the final product since the cost of production will dacrrast with 
implementation of the proposed energy reduction program. 

Thc program has been construcud to utilize Russian mataials whaewr possibk. Uniad St- 
technology, however. is recommended for major prooesr upgrades and improvanents to bw 
combustion efficiency of the existing boiler plants. 


