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SUMMARY OF RECOMMENDATIONS 

I. The Er.ergy Management & Consultancy Service of Bureau 

of Energy Utilization (BEU) should be made an autonomous 

organisation as early as possible*(.5.1.2, .5.1.3). 

2. The possibility of transferring EMCS staff along with the assets 

provided under UNIDO Project to ERDC (Energy Research & 

Development Centre), a subsidiary of Philippines Nation31 

Oil Corporation (PNOC) may be explored by the Phir ppine 

Government, in case, Office of Energy Affairs, finds it difficult 

to establish an autonomous body or institution for carrying 

out consultancy and advisory service in Management and Conser

vation field. (S.1.6, .5.1.7). 

3. ERDC, a subsidiary of PNOC may be entrusted with the responsi

bility of implementing the second phase of this UN!DO Project, 

since it has the necessary infrastructure in terms of trained 

manpower and management know-how. (.5.1.7, .5.1.8). 

4. The Laboratory Building presently housing the Fue!-: and Appli

ances Testing Laboratory should be upgraded to international 

standards and specifications incorporating safety efficient 

treatment and other features. (2.6.3, 2.6.4, 2.6.1.5, .5.1.14) • 

.5. Detailed energy audits of inaustries of which project engineering 

and design of retrofit projects are an intezral part should 

be taken up. Efff'!..:tive follow-up of prelimir.ary surveys already 

conducted in industries should be carried out for this purpose. 

(2.3.20, 2.3.2 J ). 

6. Data bank on Cost and Source of Supply Energy Conservation 

Equipments manufactured in Philippines and elsewhere shold 

be established. ( 1.7 .6). 

ti 
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7. More seminars of Energy Management for top management 

should be conducted. (5.1.10, 4.1.3). 

8. More engineers should be trained for consultancy work in BEU 

so as to augment the strehgth of existing training speci~ists 

to cater for increased work Joad anticipated ir. the near future 

and also to compensate for tum over of trained specialists. 

(5.1.5, 5.1.12). 

9. In-depth specialisation of EMCS engineers in certain generic 

areas of energy conserviltion should be taken up with emphasis 

on Project s=..ngineering and Design aspects ir. each of these 

areas. (2.3.20, 2.3.21 ). 

I 0. As far as possible, orders for instruments/equipments should 

be placed with manufacturers or their representatives who 

have a well established after sales services facility in Philippines. 

(2.6.7). 

11. UNIDO should make available the necessary foreign exchange 

to the project management for supply of fast moving spares 

for maintenance of critical and costing instrument!' for two 

to tnree yt.:ars after the project is over. (2.6.g, 2.6.9). 

J 2. A UNIDO study mission may be sen~ to the Philippines to 

formulate the project for the second phase, keepin@ in v:~w 

the fact that other or1;anisations like USAJO, GTZ ot Federal 

Republic of Germany, Australian Government and Wor!d Bank 

are also f uncling :ertain projects related to E!lergy Management 

and Conservation. (2.2.29, 2.2.30, 3.1.1, 4.1.7). 



--

-•III .-

13. Phibppine Government should examine the possibility of setting 

up a revolving fund of US S .50 to S 100 million with the taelp 

of Asiar. Development Bani<, for financing Energy Conservation 

Projec-s in Philippines industries. 

14. Lrng term plan for Energy Conservation having a time horizon 

of l 0-1.5 years should be drawn up by Philippine Government 

for different sectors of the economy. (2.3.23 to 2.3.27, 4.1.10 

4.1.11). 

1.5. Mure extensive dissemination of information about Energy 

* 

Cooservation technologies as also about the services rendered 

by EMCS, should take place. (4.1.3, 4.1 • .5). 

Figures within brackets refer to paragraph numbers in the 
main body of me report. 

.. 

• 



ABSTRACT 

The lndustriai Energy Management Consultancy and Training 

Project which was funded by UNDP with UNIDO as its executing 

agency, was implemented by the Bureau of Energy Utilization, 

Off ice of Energy Affairs, under the Office of the Pr~sic:!ent,_ Gr.>Yem

ment of the Philippines. The project commenced on May 1.5, 1983 

with Chief Technical Adviser res;orting on that date. The main 

outputs of the project are establishment of (a) Energy Management 

Consultancy Service (EMCS) consisting of a group of 1.5 engineers 

trained in the field of Energy Management and Conservation, 

(b) Fuels and Appliance Testing Laboratory to provide service 

to the EMC:S group as well as to the industries in the Philippines, 

(c) computerized Energy Information Centre equipped with a good 

tibrary and an HP-1000 computer for storage and retrieval of 

information pertaining to the energy management field. 

The activities of the project included the training of EMCS 

engineers not only in the Philippines but also abroad by sending 

them on training fellowships. Tne alloc:at;on of fellowships amounting 

to 2.5 • .5 man-months was utilized in full even before the project • 

was over. Senior project personnel were sent on study tour missions 

amounting to 16.0 man-months to observe the working of similar 

institutions abroad. As part of the project, preliminary and detailed 

energy acluits were carried out in industries, respectively, during 

the 1983-87. The estimated total savings i~entified from 1983 

to 1986 amounted to 103M as revealed by the industries themselves 

to BEU authorities who did a fellow-up on their ar:tivitie5. 

In all the ~rvice~ of 9 international experts were made 

?vailable both or1 a Jortg - and short-term basis for the project. 
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A Fuels and Appliance Laboratory has been set up in a 

building specially constructed for this purpose in the land adjacent 

to Energy Research and Development Centre in Quezon City, 

about 20 kms away from the main BEU office situated in Fort 

Bonifacio, Makati, Metro Manila, Diagnostic instruments for field 

energy audits, calibration and fuel testing instruments worth nearly 

US $600,000 have been received and most of them ha,;e been 

tested already and put into service. Orders for the remaining 

US$70,000 worth of instruments are being placed. Quality as~ance 

manuals are being prepared. The laboratory will be fully operational 

for i-.-oviding calibration service and fuel testing facilities to 

EMCS staff as "'ell as industries in the Philippines by October 

1987. Currently, work is going on establishing procedures for ensu

ring quality and reliability of test results. 

A total of 38 seminars and training programmes have been 

held from 1983 to June 1987 which was attended by l,S77 mostly 

engineers working in industries all over the Philippines. 

Seventy-five technical journals on topics relevant to energy 

conservation has been acquired for the Energy Information Centre's 

library. 

The National Engineering Centre (NEC) which was awarded 

subcontract by UNIOO is currently engaged in the design of Refri

gerator Test set up and a setting up procedures for fuels testing 

and cal:bratioo services. In additiun, work on the design of compu

terized nati0tial energy data ba~ is going on for storing and retrie

val of information related to Energy Management and Conservation. 

.. 

, 
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A substantial portion of what was sought to be achieved 

at the beginning of the project has been achieved. The entire 

amount of money aUotted for the project namely, US$1,.586 million, 

has been spent and in fact an extra sum of $.50,000 has been made 

available by NEDA to cover the cost of the Jong-term consultant 

on Industrial Energy Audit for the project. 
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J .o INTRODUCTION 

J.0.1 The sudden in-:rease in the price of crude oil to a value 

of $2S (reaching a peak of $34 for a short period) from 

$12 a barrel in 1979 sent shock waves throughout the 

world and bringing about a recession in developed countries 

in its wake. The effect of this steep price increase on 

developing countries like the Philippines was even more 

disastrous. In 1981, for instance, Philippines, had to spend 

38% of her export earnings to import crude oil to the 

extent of 87% of her total commercial energy requirements 

which amounted to 87 • .S million barrels of , J equivalent 

(MBOE) at that time. 

1.0.2 The need for conserving energy therefore in all sectors 

of the economy was recognized much earlier by the Govern

ment of the Philippines which in fact created the Bureau 

of Energy Utilization, as early as 1979 under the Ministry 

of Energy by a Presidential Decree No. 1206 as amended 

by Presidential Decree No. 1573, charged with the responsi

bility of superv!sing and monitoring all phases of end 

uses of energy in industrial, commercial and transport 

sectOf's. 

1.0.3 The Bureau of Energy Utilization which consists of four 

divisions, namely, (a) Data and Anc.lysis Division, (b) 

Con!iervation Division, (c) Technical Services, and (d) 

Regulation Division, headed by a Director was initiaJJy 

manned and guided by experienced technocrats and engineers 

.. 
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from Philippine National Oil Company (PNOC). (Ref er 

Amex for Orgariizational Chart). The Chief of the Conser

vation Division, who is the project manager of this UNDP/ 

UNIDO pro~ct on Industrial Energy Management Consul

tancy and Training was charged with the responsibility 

of developing a National Energy Conservation programme 

for the Republic of the Philippines. The Conservation 

Division consists of 4 sections as shown in . Ar.nex-1. 

The very first achievement of the Conservation Division 

was in drafting and getting an Energy Conservation Law 

passed by the Satasan Pambansa (Parliament of the Phili

ppines) in J 980 known as Bill No. 73. This bilJ gave the 

necessary authority to the Conservation Division in carrying 

out some of its activities aimed at promoting energy 

conservation. For example, it was mandatory under this 

Batasan Pambansa BiU No. 73, for all industries consuming 

over 1 miHion kilo litres of oil per annum to appoint 

a qualified Energy Manager to monitor and supervise 

and conserve energy in his own industry or es~blishment. 

1.0.4 Jn order to provide the necessary opportunity for engineers 

from industries to qualify themselves as Energy Managers 

under this Jaw, the Conservation Division of BEU started 

organizing 5-day Basic Energy Management Course at 

different parts of the country at leas: 4 to .5 times a 

year from J 978 onwards. For this purpose, in the initial 

stages, it sought the help of Productivity Development 

Centre (PDC), a subsidiary organizatitv'! of the Develop

ment Aaclemy of the Philippines (OAP) and later on 
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in J 984 this job was entrusted to the National Engineerin~ 

Centre (NEC), a unit of the University of Philippines 

(UP). Most of the funds for this training activity was 

provided by the Philippine Government. 

J .0 • .5 In the year J 982, the Asian Developmen~ Bank made 

available to BEU a small grant for providing the services 

of International Expens/consultancy organization to carry 

out Energy Audit in selected industries with a view to 

iden .if y and quantify the avoidable losses of energy taking 

place in these industries and to suggest short and medium 

term measures to prevent such losses and also work out 

approximately the investment required to achieve those 

savings. This project was carried out by M/s Arthur O. 

Little, who have since submitted a report to ADB and 

Philippines Government on their investigation and findings. 

A one-month training progr~mme on Energy Audit proce

dures and Energy Management as part of this ADB project 

was also conducted for the engineers in the Conservation 

Division by the present Chief Technical Adviser of this 

project in August 1982. 

I .1 OFFICIAL MANAGEMENT 

1.1.1 Subsequent to this activity, in 1982, the BEU made a 

request through NEDA for UNOP assistance t'l set up 

this project on Industrial Energy Management Consultancy 

and Training. The project document prepared by BEU 

in conjunction with Mr. Ivan Pluhar, SIDF A of UNIDO, 

was approved in 1982 and the project became oper'ltional 
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on 22 May 1983, the day the CT A of the project, Mr. 

P.R. Srini•asan reported for duty in Manila. The project, 

which was originally designed to last 2 1/2 years was 

subseqUEntly extended for a period of If 1/2 years, i.e. 

till October 1.5, 1987 in view of the "Institution Building" 

•. tJe of activity. The cooperating and implementing agency 

chosen for this project by NEDA was the Conser-·ation 

Division of the Bureau of Energy Utilization. 

1.2 CONTRIBUTIONS 

1.2.1 The total contribution of UNDP for this project was 

US$ 1,.586,892 to cover the cost of international experts, 

training fellowships, study tour, equipment, travels, etc. 

In all the services ot 9 international experts were provided 

for the project. The details are given in Annex-2. Subse-

quently, in the year 1986, NEDA at the request of the 

implementing agency, namely, BEU, agreed to make 

available an additional sum of $.50,000 to cover the 6 

m~n-month cost of one long-term consultant (Post 11-02) 

in Industrial Energy Audit, Mr. Brian J. Cunningham. 

The total UNDP contribution comes therefore to US$ 1, 636. 892 

The Philippine Government made available a sum of 

P.S,72.S,.500 in kind of cover the local cost in respect 

of personnel and other expenses. The revised budget 

as of March 1987 of UNDP contribution is given 'in Annex-3 
' 

and that of Philippine Government is Annexure -4.: 
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1.3 OBJECTIVES OF THE PROJECT 

1.3. l The immediate objectives of the project as stated in 

the project document were (i) to 

assist in establishment and operation of an Energy Manage

ment c-nd Consultancy Service (EMCS), (2) to create 

a core of trained staff in Energy Conservation techniques, 

(3) set up a Fuels and Appliance Testing Laboratory, 

and (4) to develop standards for efficiency of energy 

"'tilization. 

1.3.2 It was decided, after the first tripartite meeting held 

on 18 May 1984, to revise the project document substan

tially for which purpose a special committee consisting 

of SIDF A and CT A from UNIDO side and national Project 

Managers and a NEDA representative from the Philippine 

Government side, was set up. However, after some deli-

berations, the committee felt that since it may not be 

desirable to e1fect any changes at that point in time, 

the original project document was left intact to serve 

as a guideline for implementation by the project manage

ment. The immediate objectives of the project have 

been achieved to a substantial degree, as evidenced by 

the increasing interest shown by the Philippine industries, 

ever since the start of this UNDP/UNJDO project, in 

the consultancy services offered by the Conservation 

Division of BEU and also by the fact that all the money 

allocated !or the project would have been utilized in 

full even before the project formally ends by October 
1987. 

--
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1.4 

1.4.1 The allotted man-months of 41 • .5 for training and fellow

ship and study tours for the project have been utilized 

in full. The engineers of EMCS were trained both in 

the classroom as well as on the shop-floor in different 

types of industries and in all subjects related to Energy 

Management and Conservation techniques. One of the 

positive result of this training by the internatianal experts 

attached to this project has been to build up a reasonable 

level of expertise and confidence among engineers of 

EMCS which has enabled them to conduct preliminary 

energy audits on their own !-t Philippine industries. No 

negative experience of any kind worth reporting was 

noticed by international experts during the course of 

this project. Details of trainin:z fe!iowships and study 

tours are given in Annexure. 

1 • .5 EQUIPMENT 

1 • .5.1 A sum of US$67.5,000 was allotted for the purchase of 

instruments for Fuels and Apphance Testing Laboratory. 

To datf!, diagnostic fuel testing and calibration instruments 

worth $600,000 have been received and all these have 

been tested and commissioned in the r uels and Appliance 

Testing Laboratory for service. A list of all the instruments 

received so far and instruments for which orders have 

been placed by UNIDO instruments for which purchase 

requisition order has been sent to UNIDO recently, is 



-: 10 :-

available in UNIDO Hq., Vienna. UNDP has already appro

ved the transfer of all instruments to BEU and NEDA 

has been requested for ~ granting their approval to 

handover these instrument5 to BEU. No reply to date 

has yet been received. However, this matter is being 

actively pursued. 

1.6 SUK:mllllACTING 

1.6.l In view of the difficulty experienced by the project manage

ment in getting the right type of International Experts 

in certain speciaJizej fields at the right time, it was 

decided to award subcontract to NEC in l 984 and l 98.5 

for the specific purpose of bringing out the following 

manuals which were urgently required for the project. 

They are (1) Guides to Quick Estimates of Energy Costs 

for industrial use, (2) Guides to Retrofitting Oil-Fired 

Boilers, kiln~ and other furnaces to use alternative fuels, 

(3) Guides to Energy conservation in food industries, 

and (4) Guides to Industrial Preventive Maintenance for 

Energy Conservation. The total amomt given to NEC 

under this contract was US$26,000 and the work was 

completed according to the schedule agreed upon between 

UNIDO and NEC without any delay. The performance 

of NEC in respect of providing quality service as well 

as bringing out the documents on the stipulated dates, 

was indeed commendable. A copy of the contract given 

to NEC is available in UNIDO Hq., at Vienna. 
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1.6.2 In view of their track record of h2. ving rendered excellent 

service to the project and also the difficulty experienced 

by the project in getting me righi type of consultants 

!or the design of Applicance Testing facilities, it was 

decided by BEU to engage the services of NEC once 

again on a subcontract basis but this time to help them 

in the entire Design, Operation and Management of Fuels 

and Appliance Testing Laboratory covering all aspects -

both technical and managerial and also in the design 

of Appliance Testing facilities. In addition, NEC was also 

requested by BEU to help them in designing a computerized 

National Energy lnformatio:. Data Base. For this purpose, 

UNIDO awarded a subcontract worth $.50,000 to NEC 

for oodertaking work and assisting BEU in the above

mentioned areas. This phase of the work is expected 

to be completed by NEC by January, 1988. 

1.7 RECOMMENDATIONS 

1.7.1 (a) EMCS should be constituted as an autonomous 

body with sufficient funding provided by the Govern

ment for its operation at least for a period of 

.5 years or till such time as it is able to be f inan

ciaJJy self-sufficient. 

(b) EMCS should charge a fee for its consultancy 

services to industries in order to become a finan

ciaJJy viable institution in the course of time -

say .5 ..>r 7 years. 
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1.7.2 EMCS engineers should specialize in certain generic areas 

of Energy Conservation technology such as waste heat 

recovery, water treatment, instrumentation, boilers, 

furnaces, electrical energy utilization, energy system 

analysis, etc. 

1.7.3 The Fuels and Appliance Testing Laboratory shouid be 

expanded with more calibration and diagnostic instruments 

and international accreditation of the Laboratory should 

be sought from appropriate international agencies after 

all quality assurance programme are implemerited and 

the training of Laboratory personnel is complete in all 

aspects. 

1.7.4 The standard and design of the Laboratory building has 

to be upgraded and improved before getting recognition 

from international agencies for its facilities. 

1.7 • .5 More and more of detailed energy audits must be under

taken by EMCS engineers in order to acquire the necessary 

expertise and specialization in depth. 

1.7 .6 Data about cost and source of supply of products/equip

ments/technologies commonly needed by industries in 

the Philippines for implementing energy conservation 

measures recommended by EMCS Engineers, must be 

gathered and buii•. up over a period of time and if possible 

these data may be stored in the HP· 1000 comDUter for 

instant retrieval when needed later on. 

1.7.7 Follow up of energy audit activities by EMCS group in 

Philippines industries to help them in implementing some 

, 
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of the recommendations made by thP.m should be on 

a more extersi'lf! scale than hitherto practiced and for 

this purpose, an institutionali~ed me=hanism should be 

2t up in BEU. U more manpower is needed for this purpose, 

·~ should • ~;-QYJCled by the Government v.-ithout any 

r-aervarion. Project Engineering and Design Work of 

Retropt Projects on Energy Conservation work should 

be taken up. 

J.7.1 More extensive contacts with the top management perso

nnel of industries than hiteno practiced should be es~ 

Jished for creating the necessary energy conservation 

consciousness among them which would subsequently 

help BEU engineers in getting fulJ cooperation from 

engineers in industry in carrying out energy audit in 

their industries. 
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2.0 ACTIVITIES AND OUTPUT 

2.1 lntraductian 

It goes to the credit of the Philippine Government that 

it initiated some actions at national and industry level 

to tackle -:he problem of reduci:tg dependency on imparted 

petroleum fuels as early as 1977 by- the establishment 

of Bureau of Energy Utilization (BEU) and by drawing 

up a I 0-year plan for Energy Development. After the 

second oil shock in 1979, when the iniernational price 
-

of crude oil was increased to $28 from $12 a barrel, 

an accelerated plan of development of indigenous energy 

base was drawn up and a IO-year plan was compressed 

to .5 years. 

2.1.2 Simultaneously the BEU, which was set up as a nodal 

point as far as Energy Utihzation matters were concerned 

by a Presidential Degree in 1979, took series of steps 

at national and unit level to promote efficient use of 

energy in all sectors of the Konomy in Philippines. The 

first step taken was to get an omnibus Energy Law known 

as Batasan Pambansa No. 73 enacted by which all industrial 

establishments are required to submit quarterly energy 

consumption reports tc BEU, which in turn collated aJJ 

the information thus received and published Ttte data 

on a quarterly & yearly basis in their official bulletin 

which is published every quarter and year. Even though 

it is compulsory for industries to submit to BEU every 

,, 
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every quarter the energy consumption figures, not all 

industries comply with this mandatory requirement. In 

fact in 198.5, only 2 I.;; industrial establishments accounting 

for .5096 of the COlsitry's total energy consumption sub

mitted their quarterly reports on Energy consumption 

in tt.eir factories. BEU is o!so actively pursuing with 

other industries to submit their quarterly returns. It 

is mandatory ooder this law for every industrial enterprise 

to emj>loy an Energy Manger duly certified by the BEU. The 

requirement for this certification is attendance in a 

.5-day Basic Energy Management Programme conducted 

by BEU in cooperation with some outside agencies s1'Ch 

as the Productivity Development Centre (PDC) and the 

National Engineering Centre (NEC), of University of 

PhiliPJ>ines (UP). 

2.1.3 In fact, it goes to the credit of the Philippines that it 

is ahead of other ASE.A.N Group of Natior.!' in having 

had the forethought and wisdom to adopt an institutiona

lize.S approach for tackling the problems of energy manage

ment and utilization in industrial and commercial sectors 

by establishing BEU. The activities in this area started 

as early as 1977. The BEU was initially set up with the 

top and middle management level positions fiJJed in by 

technocrats drawn from the Philippine National Oil Company 

(PNOC) whose services were Jent to the Ministry of Energy 

for this purpose. A couple of engineers 4 to .5 in number 

were directly recruited as Ministry of Energy employees 

to man certain sanctioned positions in the Conservation 
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Division of BEU, out of which only 2 or 3 had direct line experience 

of a couple of years in the industrial sector. The initial guidance 

in the planning and c.onduct of Con_cervation Division's activities 

was provided by PNOC personnel, who were expected to train the 

Ministry of Energy recruits O\'er a period of time for ultimate take

over of conservation Division's activities. 

2.1.4 The BEU, whose organisation chart is given in Annex 1 was headed 

initially by Mr. Orlando L. Galang as its Director who has since 

returned to PNOC (i.e. in October I 986) to head its Logistics Division 

and Shipping company as Vice-President. Mr. Victor Dimagiba also 

a PNOC employee acted for a while as acting head of BEU imme

diately following Mr. Galang's departure. Subsequently, he also 

had to return to his present organisation, namely, PNOC by April 

1987. 

2.1 • .5. Subsequntly, two more Senior Engineers, namely, Mr. Wilfredo Toledo 

and Mr. Marcial Ocampo, who were in charge of the present UNDP 

project's laboratory and Computer work, respectively were also 

sent back in June 1986. Mr. Benjamin P. Lim who was the Chief 

of Conservation Division from the IY ing had also to return 

to PNOC by end of April 1987 as per government's instruction. 

2.1.6. The SEU's Conservation Division prt.sently is headed by Mr. Jesus 

Anunciacion, an Electrical and Mec.."h.anicaJ Engineer, and a oen .. ~nent 

employee of the Ministry of Energy. All these transfers took place 

because of the policy of the Government of Philippines to send 

back such of those personnel from public sector organizations work

ing in the Ministry of Energy back to their respective organizations 

so as to avoid conflict of interest in their work. 

2.J.7. There have been some changes even since the instaJJatim of the 

• 
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new government in the set up of Ministry of Energy. The Minis

try of Energy was abolished in March I 987 and in its place 

Office of Energy Affairs directly under -:he administrative con

tro! of the Office of President was set up. The latest change 

to take place at the time of writing this report was to transfer 

all other divisions of Bureau of Energy Utilisation to the Depart

ment of National Resources. The Energy Conservation Division, 

as of today, continues to be directly under the Office of President. 

Jn a way, this might auger well for the future of Energy Con

serv:ition Division. 

The attention bestowed upon all facets of the energy proolem 

by various agencies of Ministry of Energy has paid rich dividend 

to the Philippines. For instance, the amount of money spent 

on import of petroleum products has been reduced to a value 

of S 1.47 billion in 19811 from a value of $ 2.53 billion in 1981. 

In energy terms, the petroleum consumption has decreased by 

16 miJlion barrels over an 8-year period, having gone down to 

55 million barrels in 198' from a figure of 71 mmion in 1973. 

Part of the reduction in petroleum consumption may be attri

buted to a lower level of ind!JStriaJ activity because of economic 

recession during the period 1983-86 resulting in reduced demand 

for commercial forms of energy. However, there has also been 

slight improvement in energy efficiency standards at national 

level as indicated by the energy/GDP Elasticity Ratio. For 

example, energy/GDP/Ratio computed by BEU from available 

s~;.~stical data and expressed as so many barrels of oil equi

valent per P 1000 of GNP has gone down to a figure of 1 .O as 

compared to 1.106 in 1974. This does point out clearly that 

6'nergy conservation measures have had some effect over the 



2.1.10. 

:11: 

years, though however small it might have been. 

Energy conservation activities in the form seminars and training 

programmes were stated by BEU in I 977, two years earlier 

than the second oil shock of 1979. However, since 197,, acti-

vities in the area of training and publicity were intensified. 

The Conservation : ivision conducted, during the period 1979 

to I 985, 52 energy management training programmes attended 

by nearly 2,500 participants from 989 companies both big, medium 

and small and spread all over the country. The list of training 

programmes and seminars held during the project phase is given 

in Annex. I 3. 

' 2.2. Training and Consultancy 

2.2.1. It was in 1982, that the Asian Development Bank (ADS) provided 

a grant under its technical assistance of BRU for carrying out 

energy audits in selected industries in order to assess the potential 

which exists for saving energy on the shop floor. For this purpose, 

ADS engaged the services of M/s Arthur D. Little Inc. Con

sulting Engineers based in Boston, Massachusetts, L j.A. A.O. 

Little carried out energy audit studies with the help of some 

of the BEU engineers, who were assigned to work under the 

direct supervision of this i oreign consultancy company. A summary 

of the findings of Arthur D. Little Inc. submitted to ADB is 

available with e.E.U. 

2.2.2 In order to prepare the engineers of ~EU for catrying out energy 

audit in industries, along with consuh.!nts of A.O. Little inc., 

a 4 week training programme was conducted for BEU engineers 

in certain subjects related to Energy Conservation and Audit 

work. This training programme was conducted by the present 

Chief Technical Adviser of this project, whose services were 

• 



obtained by ADB for this purpose. The main topic of the training 

programme was Instrumentation for Energy Audit and Waste 

Heat Recovery in industries and economic thereof. 

The present UNDP/UNIDO project on Industrial Energy Manage

ment and Consultancy was the offshoot of the ADB study which 

highlighted t~ substmtial potential for savings which exists 

in Philippine industries even by adopting some simple First-Aid 

measures. As had been mentioned earlier, the UNDP funding 

for this project amounted to $ 1 • .578 million and tne counter

part funding was P.5.7 million. The project started functioning 

by 22 May 1983, with CT A reporting for duty at Manila on that 

date. 

The four major components of the project are the establish-

ment of (a) An Energy Management Consultancy Centre (b) 

Fuels and Appliance Testing Laboratory (c) Energy Information 

Centr~ (d) Mini Computer for Energy Data Storage. The first 

requirement of the project was the preparation of a work plan 

for the originally intended duration of the project of 2 1/2 

years taking into account the requirements of the Philippine 

situation. However, the work plan as finally approved by f\EU 

and also containing the list of instruments to be ordered for 

the project was submitted to UNJDO HQ Vienna shortJy there

after. A copy of the first work pJan is a"ailabJe with UNJDO 
Hq., Vienna. 

Since one of the major outputs of the project, nameJ)', estab-

lishment of Energy Management Consultancy Services was an 

institution building type of activity. It was felt by the project 

authorities after a year or so that considerabJy more time 

than the originally it1tended duration of 2 J /2 years would be 



2.2.6. 

2.2.7. 

2.2.8. 

2.2.9. 

:20: 

required and therefore it was decided to extend thf: project 

to 4 years and odd and according to this the project is supposed 

to formally close by October 1987. 

TI1e Conservation Division of BEU consists of four sections, 

namely, (a) Project Engineering and Consultanc.J', (b) Testing 

and Standards, (c) Education and Training (d) Computer and 

Building Energy Analysis. 

Engineers mainly from project Engineering and Consultancy 

Division constituted the m~.!ia core of the Energy Management 

Consultancy Service (EMCS) and as required by the project 

document fifteen engineers were made available for training 

in Energy Management and Conservation Techniques. 

The training programme for EMCS group started off in right 

earnest from August J 983 and to start with, it was conducted 

entirely by CT A. However, since CT A of this project had trained 

the same group of Engineers in certain aspects of Energy Manage

ment and Conservation technology earlier under the ADB project 
. 

{refer para 2.2.2) there was a sense of continuity and new areas 

were taken up for classroom training. The training session which 

lasted approximately 6 months was a sandwiched one and con-

sisted of alternate shop floor training and classroom sessions 

of 3 h ... Jrs duration once a week - usually every Wednesday 

of the week. 

This type of sandwiched program was found to be quite eff ec

tive because it gave the engineers an opportunity to relate what 

was taught in the classroom to a practical situation on the shop 

floor. It also helped to bridge the communication gap between 

the lecturer and the participants. Most of w~t was taught 
in the classroom was not theoretical staff, but down-to-ear ~h 
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practical information related to operation and maintenance 

of various types of equipments/technologies. 

In order to provide the necessary shop floor experience, the 

engineers were taken for one week observation training to Bataan 

Refinery Plant, · a unit of PNOC. There the engineers were 

given training in operation of boilers and furnaces, calibration 

of instruments like O.P. Cell, flow transmitters, temperature 

transmitters, Rotodynamic machinery like centrifugal pumps, 

distribution of compressed air and steam, steam trap installation, 

etc. Since Refinery operation and maintenance practices are 

highly complex and skilled, any experience gained in operation 

and maintenance even though for short period of time would 

be highly useful to Engineers. 

The feedback that we got from Engineers of BEU was very 

favourable. In fact, to train engineers effectively in energy 

conservation technology, the best type of industry sector seem 

to be the (a) Fertilizer (b) Refineries (c) Petrochemical complexes 

(d) Thermal Power Station sector. That is because all kinds 

of problems related to erosion, corrosion, high temperature, 

high pressures, safety, energy systems design are encountered. 

If one could learn therefore about the kind of problems being 

faced by such industries and possibly learn about how to tackle 

some of the problems related to energy conservation by exchanging 

ideas with experienced Engineers in these industries, it would 

benefit everybody immensely. It is then possible to horizontally 

transfer the tehnology of some of the good energy conservation 

practices of such industries to lesser efficient industrial units 
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such as textile mills, food industries, medium scale metallur

gical industries, etc. 

Much as we woulct have liked to have this training continued 

for at least 2 to 3 months at a stretch for the engineers of 

EMCS, it was not possible for administrative, financial and other 

reasons to do so and we he i to be content with what little oppor

tunity we could get to provide to the Engineers of BEU some 

training in this regard. The next best thing to do was to take 

the engineers to a number of industrier of diverse type both 

big and small in the industrial sector for observation cum-study 

tour. 

During the vis1ts to various industries they were· taught to observe 

and identify various forms of energy losses taking place, which 

normally goes unnoticed unless one is specially trained for such 

a purpose. In.other words, different types. of boilers,.fumaces, pumps, 

heat recovery systems, e-countered in the industries were shown 

and subtle operational points and maintenance requirements 

were explained on the shop floor. 

Since some of the engineers of EMCS did not have practical 

line experience in industries, it was felt that in order to boost 

their level of confidence and expertise, they should be trained 

on the spot under the supervision of CT A, for a couple of hours 

on how to operate boilers, furnaces, etc. This was done after 

taking permission from the management of different industries 

by associating the concerned boiler or furnace engineer, so that 

nothing went wrong during such demonstration and training sessions. 
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Even this little experience gained by the engineers have helped 

them to get a feel of the boiler and furnace controls. 

This kind of training had stood them in good stead in later assign

ments, as evidenced by the confidence with whkh they have 

trained some of the boiler and furnace operators in correct 

operation of boilers and furnaces such as correct maintenance 

of air fuel ratio, etc. during the course of their energy audit 

work. This kind of approach to training is at best a compromise 

and the best thing to do in future would be to help these engineers 

in getting some line experience by sending them to the type 

of industries already mentioned in paragraph 2.2.l for a 3 to 

4 months period. 

BEU engineers were also specially trained on the shop floor 

is identifying faults or deficiencies in fuel oil handling systems, 

insulation of steam pipes, furnace walls, etc. They were also 

told about correct operation and maintenance of waste heat 

recovery systems, and proper start and shut down procedure s 

of boilers and furnaces. The most important aspect of the training 

of EMCS engineers was the training given to them on the shop 

floor in different industries in the correct and proper way of 

using diagnostic instruments while carrying out energy audit 

in order to ensure accurate and reliable measurement of various 

parameters like pressure, temperature and gas analysis for the 

ultimate purpose of drawing up heat balance and energy analysis. 

For this purpose, the instruments already in possession of BEU 

were used. 

Since corrosion of cold end of boilers and furnaces like economizer 
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and air heaters is quite extensive in the Philippines because 

of the high sulfur content of the fuel oil and wrong operation 

practices, it was decided to deal with this topic at length and 

some very practical suggestions aimed at overcoming this prd>lems 

were made for implementation. 

Information about the latest technologies available, to mitigate 

substantially the problem of acid-corrosion of economizers and 

air heaters was made available to Engineers of BEU and in faq 

BEU engineers have been able to advise one or two industries 

to overcome this problem successfully based on the knowledge 

and experience they have already gained during this initial training 

programme. 

Another important topic on which some valuable inputs v:ere 

provided was on Industrial Water Treatment. One of the more 

experienced BEU Engineers undertook a special study of water 

treatment of cooling towers of nearly JO to J .5 soft drink bottling 

companies and made some useful recommendations to the indus

tries concerned in this regard. 

The emphasis during the initial trair.ing programme was to enable 

the BEU to learnt some techniques about how to get the best 

out of the existing equipments/technologies because in a capital 

scarce economy like those prevailing in d~veloping countries 

it is difficult if not impossible to replace old Ctnd obsolete equip

ments by new ones. In other words, the philosophy of approach 

was to help industries in improvin~ their managerial efficiency 

in the short term by bener housekeeping, prevention of obvious 
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sources of heat .leakages, etc. by proper maintenance and opera

tional mea.slres. BEU Engineers were given the opportunity 

to learn about "First-Aid" measures to save energy on the shop 

floor. 

Further, since in developing countries even some bottom line 

requirements of good maintenance practices do not exist, which 

nonetheless which have a profound effect on energy efficiency 

~ it was thought desirable to impart to BEU engineers some 

of the preventive maintenance techniques of boilers and furnaces. 

Proper procedures for "mothballing" or storing idle boilers and 

furnaces for long period of time when not in use were also explained. 

This particular aspect was emphasized because it was found 

during the course of the visit to industries, that a number of 

costly boilers and other ancillary equipments had corroded badly 

due to the neglect and wrong storage practices. 

The training programme also included a couple of lectures on 

how to evolve a long term corporate Energy Plan. It was felt 

that this approach was needed in order to improve technological 

efficiency in the long run of the industries in general. The 

four aspects of technology management, namely: (a) Technology 

Identification, (b) Technology Assessment, (c) Technology Induction 

and (d) Technology Innovation were dealt with rather very 

briefly. 

BEU engineers were also trained in making a quick assessment 

of the potential energy savings possible after a brief preliminary 

energy audit based on some of the nomograms specially provided 

to them for this purpose. 
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Financial analysis techniques based on simple Rate of Return 

Conceot and a little more sophisticated analysis based on Discoun

ted Cash Flow concept were taught to the BEU engineers by 

one of the PNOC Engineers when was working with BEU at 

the time of this initial training programme. This enabled them 

t.:> make a tedmo-ecooomic evaluatioo of some of the retrofit

ting schemes for waste heat recovery, energy systems analysis 

based oo cogeneration etc. 

During this initial period of training, periodic discussions and 

seminars were held once in month in order to get a feedback 

from the BEU Engineers about what they had learnt during their 

visits to the industries and also in the classroom. These meetings 

not only helped them in consolidating what they had already 

l~t but also to exchang~ id~ among themselves. 

Of the fifteen engineers who ::onstituted the core group of 

the EMCS and who have undergone this initial training programme, 

at least five of them turned out to be very good and were capable 

of carrying on preliminary energy auchts all by themselves and 

in fact later on when preliminary energy audits were undertaken 

in industries, t!lse five engineers acted as leaders guided their 

colleagues on the sh :>p floor. 

There was no f orma! or systematic assessment of the capabilities 

of all the consultants of BEU who have undergon~ this traini ng, 

but what is m:!ntio. .ed above is only a grois impression of CT A 

based on his obseivation of the work of these BEU engineers 

on-the-work spot. 

The strength of 'ihe EMCS grO\JJ) (which was initially 16) diminished 

over the yea"'s because of the resignation o~ tw~ of its more 
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experienced engineers and also the no."l-retum of two engineers 

from U.S.A., w~10 had gon~ there on UNIDO training fellowship/ 

programm~. there is ~refo:-e need to train some of the fres!lly 

inducted engineers in Energy Management and Conservation 

Techniques. 

Further since the start of UNDi>fJNIDO project on Industrial 

=nerg_t' Management Co."lSUlta"lC)' and Training a num~er of inter

national projects on a bilateral nature have fallen on the lap 

of the Conservation Division for implementation. They are 

(a) TE.chnology Transfe• in Energy Management supported by 

USAID, (b) Rational Utilization of Energy supported by GTZ 

of Federal Republic of Germany, (c) Project on Vehicle Dynamo

meter Testing U"lder the A!.JStralian Government, (d) ASEAN

USAID Programme for Building Energy Standards, and (e) World 

Bank Project on Energy Conservatio."l Stu:'.lies in selected indus

trial sectors. 

The existing 1nanpower allotted to take care .,f all these projects 

is t:x> inadequate with the result that the undivided attention 

which UNDP/UNIDO project was getting earlier is no longer 

there for the past one year or so. To remedy this situation, 

it would be desirdable to a1Jgment th-e staff of BEU by recruit

ing engineers from industries with a couple o! years of line 

experience. 

Cansultancy Service 

The six rnonths of training both in the classroom as well as 

the sh:>p floor in diverse type of industries of BEU engineers 

prepared them a:tequately for carrying out prelimina·y energ;.' 

audits in industries, with diagnostic instruments. BEU sets 
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a target for carrying out certain nurn~r of preliminvy energy 

audits every year. 

FO!· this purpose they write letters every quarter to a number 

of industries offering the servi<:es of BEU engineers and UNIDO 

Consultant to carry out energy audits in their co:npanies. A 

i>rogramme \lf visit, by BEU staff and UNIDO experts offering 

their services free of ::harge to different industries both within 

an:t outside Manila is dr .twn up at the beginning of every calendar 

year based on the replies received by BEU to their offer of 

assistance. 

Because of the se;.tere economic recession at the time of the 

starting of the Project in May 1983 (which lasted till 1986) 

the respoose by the industries to the BEU off er wa:; rather 

lukeward in the beginning, but in the latter half of 1984 an:t 

early in 198.5 the requests for BEU assistance from industries 

started increasing. Ev~ so, some of the big i11:Sir.tries like 

San Migl.tel Corporation. Benguet Mining Corpo:-ation, etc. who 

were working at full capacity in spite of econ:>mic recession, 

since the demand for their pro:lucts were more or less inelastic, 

availed themselves of the opportunity to obtain the free services 

offered by BEU. As a :-esult of this, th-ese big industries were 

able to save substantial amount of energy. 

Since thes'! big companies had already a well-trained staff in 

ene:-gy management field, all they needed was a little incremental 

h<!lp from ~EIJ and UNIDO =onsultants in identifying the losses 

taking pla-:e with th! help of diagnostic instrurnents and information 

abou-: latest technologies/products in the energy c0:1servatio;i 
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field. In fact, some of these big industries, who were energy 

efficie:'k.."")' conscious, always came back to BEU for more and 

-n:re assistance. It is indeed a pMa:lox that the relatively more 

efficient of the in:lustries in the Philippines are the cnes w!lo 

want to be still m:re efficient, whereas the sa-ne sentiment 

does not prevail amoog most of the medium an1 small scale 

m:iustries. 

Tne preliminary energy audits as envisaged takes any where 

between 2 to 7 days dei)e:iding upon the size and nature of 

industry. This a=tivity is distinct and s-eparate fro:n the "flalk

Thro" type of audits of half-a-day duraticn, wherein by just 

visually observing the working conditio:lS of pla,t and machinery 

as one walks thro the plant, cne is abl~ to idt?ntif y certain defects 

and identify certain visible losses taking place (su-:h as sp:>tting 

bare ..ninsulated surfaces, smokipg chimney, h·:>t effluents going 

d·:>wn the drain, leak of water, steam, com;>re~ air aod liquids, 

etc. from pipes, pump glands, etc.) depending on one's experien-:e. 

Tr.e ?reliminary energy audits as envisaged a.-ad carried o:Jt 

in practice is a little more in-d~pth study of the plant and is 

midway between "walk-thro" type audits of h~lf-a-days duratio:i 

or so oo the one ha."ld and Detailed Energy Audits lasting over 

a m:>.,th or so at the other end. 

In the prelim!nary energy au:lits as carried O'Jt by BEU, rn~asure

m~ts of imp·:>rta.,t parameters like pressure, temperature and 

Gas Analysis are made on the process side an:I o!lectri:al power 

in KVA or KW, power factor, as th~ case may be on the electrical , 

side are measured for a reasonable period of time, dependirig , 

on the nature of the process (whetl'ier, f0< exa~ple it is a batch 
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or continu:>us process a'ld how the equipment is loaded over 

a 24-hr. period) an:I type of duty to which various equipments 

are subjected to. Sin=e these p.:ira:n-eters have a profound in-

fluence on lhe specific eile:-gy cons".lmptio,, ·:>! value added processes, 

their measurement over a reasonable length of time, to get 

a representative picture is made. 

The mo:I JS o;>erandi adopted for most of the preli"ninary energy 

audits is as follows: 

a. Meeting with the top management arm/or plant ma!lager 

as the case may be for discussing energy conservation 

strategies an:f examinatio::l of the historical record of 

Energy Conservatio:t data. 

b. A qu'.ck walk-thro :>f th-e plant with the Engin~rs of the 

plant. 

c. Discussions with Plant Engineers ab·:>ut th-e i<in-:f of assis-

tance required from them '!or using diag?1ostic instruments 

for testing boilers, fu~aces, electrical e'luipments, process 

equipme;its, etc. 

d. Preliminary preparatie>.i f CY. use of di3gnostic instruments. 

e. Guhering information a'>o:.1t the perfo::-man.:e of different 

equipments by measuring vario;.is parameters like the ones 

m~ntioned ab:>ve over a reasonable length of time (which 

may exten-:1 from seYeral h:>urs to a couple of days on 

a continuous 24 hours basis if needed). 

f. On-the-sp-:>t adjustment of fuel oil temperature and air/fuel 

ratio of boilers a-wj furnaces to elim:nate smoke arm also 

to reduce excess air supply and if need ~ to train boiler 

.no furnace op!rators in thes~ asp!cts. 

• 
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g. Dis~ussion •11ith ;>lant managers at the con::lusio."l of the 

survey about the preliminary findings based on the instru

mented survey and to make sorne e>."l-the-sp:>t "~ick-Fix" 

type of clear and tmambiguous reco;"".lmend.iti°',s whi::h 

are ca?able of being implem;>"lted immediately an:I without 

delay, and 

h. Dra·Ningd .ip of detailed heat balallCe of process equipme:lts/ 

technologies late; after au calculations are done and writing 

a reporr: for su?>m!ssion to the managP.ment. 

In all, prelim:nary energy audits were carried out in t 93 n;Jrnber 

of industries for the duration of the project on lines indicated 

above and re;>o::-ts submitted to the m.a~a,gement. Admittedly, 

there had been some inevitable delays in the submission of repo::-ti 

by BEU engineers to the respective managements resulting in 

criticisms at times and possibly Joss of enth·.isiasm on the part 

of the industry concerned. To take the sting .'.>Ut of their criticism 

and also to sustain their in~e:-est, discussions were held about 

implementation of some quick measures to save en-ergy "" th-e 

shop floor with plant :nanag~rs at the ;>lant befo::-e th-e preliminary 

survey was co:i::luded as indicated in the previous paragrap~;,. 

Those were very help!ul a:ld this has been made a regular feature 

of all preliminary s•Jrveys. 

Since energy efficiency in indJstrie.s has a strong linkage with 

preven~ive mClin~ena:v.e of plant a:id ·na:hinery, which is totally 

Jar.king, in most of the industries, this p3rticular aspect was 

highlighted aJmlSt everywhere du~ing discussiOf'ls. Th~ report 

on prelimlnary survey report of Se:nirara Coal Company in Annex-6. 
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~ould ~ive an idea of the kind of p-:-oolems faced by industries 

and the kind of experien=e a,:I eicpertise gained by BEU Eng~rs 

in the ~nergy conservatio."l. field. 

As a res".Jlt of a substantial numl.le:-s of preliminary surveys 

carried out amo."lg divers-e types 'lf ind•Jstries, it is p:>Ssible 

to identify the follo"Ning deficien=ies as the lowest common 

den·'lmmator among .di of them: 

a. Inadequate attention paid to or benign neglect of fuel 

storage, handlbg an:I prepa!'ation p-:-iO! to b;...1rning. 

b. lmp;-oper air fuel ratio in most of the fuel consu:ning equip

ments. 

c. La::k of a::leqJately trained ma,p-:>wei to operate boilers 

and furnaces effi:iently in addition to operating it safely. 

d. Lack of even basic instruments to monitor fuel efficien·:y 

or Mn-working of some of the critical instruments/co.,7o~ 

due to !:>ad maintenance, faulty installatio:l, lac:k of s~are 

p~rts etc. 

e. Lac::k of waste heat recovery devices and improper operati:>:i 

o! these eq·Jipments in a few Ccts~s where they are fitted. 

f. Lack of return of co.~-ensate to the boller house because 

of absence of a good condensate reco,•ery system a.'ld lick 

of the right size and type of steam tra;>s. 

g. Lack of ado!q1Jate insulatio:i of hot exs>osed su:fa.:es an-:t 

bad state of repair of the existing ins:.dations. 

h. Lack of knowledg~ abo~Jt the recent advances i, Energy 

Coruervation technology. 
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a. Lacie of p:-oduction planning and -:on:rol, resulting in over

loa:ling/u!'\derloading of equi;;>m-:-a1ts. 

j. Low load factor, low ~wer factor a!ld low lcr-<ling of 

electrical motors a"ld exceeding maximu:n electrical pov.•<er 

demand ;;,ecause of the inabilit/ to evenly distril>:rte the 

electrical loa:I ·:>\'er a 2ti-hoor period. This is tied u;;> with 

item Ji). 

k. Le-ii< \lf water, chemicals compressed air and steam from 

g.la."lds of centrif Jgal pu.:nps, p~pe threads and flange joints. 

I. Total ab~oce of p-:eventive maintenan-:e of plant and 

-nachinery and poor hous...okeeping practices. 

While :.vhat is mentiooed above m;.y be true in the majorit)' 

of cases, there are still a few isla."lds of energy efficient an:I 

energv consciOIJS industries in the Pnilippines where standard.; 

of hoosekeeping and -naintenance are also high. In all these 

cases, invariably, it is beca:is'! of t:ie top :nanagement's keen 

interest and involveme:it in the energy conservati:>.1 an:I pre

ventive maintenance fun:tio~~. lo? managements of other 

industries in Pnilippines also should adopt a similar aj>proach. 

Unless the involveme:it of t:>p manago?·ilent is total in these 

two impo.-tant functional areas, energy co~servation will only 

remain an em;>ty sloga,. 

The potential fer. savings in t'1e in(.ustrial sectors is quite subs

tantial. The findings of the preliminary audits in over so many 

indunries indicate that tho<? q1.1antum of energy savings are 

Ii.:: ~r V-lere iMustri.11 furn!l:es a,.e i iv;)!Ved like in engineering 

and metallurgical ind;.1stries tha!l in boilers. Similarly, qua.,tu:n 

'Jf en-!rgy savings are much larger on th~ proces! side~ in cl 

ch~:nlcal, food p:-ocessing or other steam r.onsurning industries 
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possible °'' the furnaces sideand IO to 30% energy sa·1ing,; are 

possible in pot·cess indJStries. 

Hatt to 60"6 ?f ti1e ab-)\•e mentioned energy suings could be 

affected surprisingly with practically ~o cap:tal invest:nen: 

but -_,Y just good housekeeping measures alone. Oi»1iously, the 

c;uantu!""l of savings is det>en:ieilt u;>:>n the initial level of effi

ciency o.· inefficieocy at which the industries are operating. 

The remaining half of .50% savi,,gs ;n.entio."led a!>ove are ?055ible 

by adop:ing some mediu:n term m-..asures involving retrofitting 

of econ:>:nizers, air heaters, redesign of steam :listrib:.itio., lhes 

and c··~jensate reco-.•ery systems, etc. 

A moderate amount of capital investment is req•Jired f<>: this 

pui-pos~ which idly company can easily afford. 0Jr exper'ien-:e 

a."ld analysis sh•)WS that for more than 90% of energy CO"lser

vatio:t technology proje~ts involving retrofitting of the type 

of item:-: mentioned above, the rate of retum on investment 

hat. been from S months to a year. It therefore mak~s sense 

a.'ld is profitable for industries ~ven to borr'lw money at commer

cial rates of interestfor investment to s:ive energ_.-. 

The performance of :najo:-ity BEU engin~rs constituting the 

EMCS grrup !'las been quite satisfactcr.y and it can be said that 

they have now a group of engheers wh·) hav~ ai:q•Jr.red the nece

ssary capa~ility after 4 years of training in this UNIDO p:-oject, 

to carry out preliminary energy audit of the type des-::ribed 

in paragr.sph 2.3.8. 

As is the case everyw~.ere, the universal law of Ca:Jssian distri

bution of talent, expertise, achie1erne:it, etc. iipplie3 here also. 
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Among t'"ie 15 en3ineers, 4 t;> .5 ~f the:n 'lave acquired .a high 

d~gree of ex~:-tise and s!cHls 3nd are in :!a:t capable of carryhg 

ou-: detailed ~rgy au:hts and also detailed engineering an:I 

design of certai:l specific energy cons~rvatiO!l projects all oo 

th-eir own. Ho>"N'!Ver, 2 of the four engineers are no looger 

with the E.MCS group, one of the-n ~avi ig re:;ig'led an:I left 

while th-e other not having returned fro:n the U.S.A. after 

finishing UNIDO feUows.'lips trai "ling. · The third persoo has now 

become the Officer-in-Charge of BEU's Co."lSeivatio::i Divisio.'l 

and Tlay not be available a,1more for doing :lirect level coosul

tan=;- w.xk whih involves detailed engino?ering and design,. In 

·i~-.v of his ad.:ninistrative and other resp:>nsi~illties. 

rnere is therefore u~gent need t . .> :leve~op :he remainhg engineers 

also in '1arious aspects of detailed engineeri ig and ·:lesig:1. This 

assessment of BEU eng;neer's performance by CT'\ is not ba.c-ect 

0.1 a:iy systematic and scientific assessment tec.'l'.li:iue b;it is 

a ~ross e~aluatie>.1 based on CT A's dose interaction with the 

groJp. 

Sjn:e the compo:;ition of the grou;> was S!nall, it was p·:>ssi!>le 

to •:lake such an evaluation of tile c:o:isultants as a group an:i 

abo ;,.~ivi:lually. 

This brings us to the question of spedaliutio:l iradeptt, of the 

BEU engineers. In acidition to th~ general level experien:e 

they have acquired, which is the b::>tto~n lin~ requirement fo:

~::oming a"\ effective energl cooservation cons!J~tants they 

should also acquire ~pec:ialized knowledge and i!xperience in 
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an1 <>."le of th~ follo"Ning areas depending oo tlleir aptitude an:I 

qu-'llifi=a tions: 

a. Design of ·Naste heat reco-1ery syste:n..i in i:\.j•Jstry. 

b. lnstrume;itation and autor.tatic cont .. ol techniques for energy 

co:iservation. 

c. lnd•JStrial wat~ treatm;-nt. 

d. Jnd;Jstrial furnace operation, TTiaintenance an-:1 refractorie3. 

e. Insulation practice in industry. 

f. lndu>trial boiler opration and mdin~enan-::e. 

g. Steam engineering, distri~~ion1 transi!lissioo a"ld utilization 

of steam for process use. 

h. F..nergy systems design ir..::luding Cogenerati<>."l. 

i. Financial m.anagem~t tech:ii·:i•Jo?S for appraisal of energy 

coos."!rvation projects. 

j. Project m.;.nagement teduUques for implementing energy 

cooservati:>."l t-!Chnology projects. 

:-he ab;,ve mo!ntio.,ed fields of s:>ecializatio"l are generic in 

•iature a:id one ~~ t 110 engdine--~rs ~:! BE!J s."lo-.11 :t s;>ecialize in 

each :>f the above field:;. The a:tual f iel-:ls of specializatio., 

cho;en wool:I o-~viously depend upon tile requirement of the 

BEU both cu:-rent and futu·e a-xi phased programm~ of training 

for developing ~x;>ertise in these areas may be drawn up ovith 

the necessa'!"y iipt.rts provided by UN!lP/UNID·~ u:lder the second 

phase of the project. Br di!veloplng expertis"! in th~se areas, 

it should be possible for BEU to develD? a · iosaic of well ro;nded 

technical kno·N~ow/exj)ertise in the etrea of en-ergy conservation 

technology in fi.e comhg .vears. 
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TM ~orporate efficien:y of the ability of a co:-p0t·ate entity 

to ge~rate p:-ofits is a produ•:t of its managerial efficiency 

and technological efficien-:y. ~fost of fle measures suggested 

fo:- recommen-:lation as a result of prelim~narr e~rgy 3Udits 

are essentially managerial mea;ures aimed at better housekeeping 

a.'ld "leakplugging" o-r-ratioos. 

It rnust however be realized that there is a limit to what •mi:ia

geriaJ efficien-:y can achieve. Even if assuming that rnanageriaJ 

efficiency is at t'!le maxbum level, the specific energy cons!!mp:ion 

or tor that rn=-tter cost of produ:tion cannot be !>elo71 waat 

is dictat~ or set by tlie t~hn:>logv employed for manufacture 

or val~ addition process. Since tech!'l·:>!ogie~ em;>loyed in 

·ieve~op:ng cou:itries are o~solet·~, naturally one can o<?xpect 

the specific energy cons•.Jm;>tion levels to be much hig;'ler tha, 

those prevailing in developed co:mtries. 

To cite scme exa:nples, average boiler efficiency in developing 

co~ntries like Philippines is .50 to 7096 at best ·11Mreas in devel

oped countries it is over 85% t:> 8:196 ;>lus. Similarly forging 

furnace work at an efficiency o! 5 to ! ·)96 !-\ ·:level•>;>hg co.Jntries 

whereas in Japan they may wo:k at an effl:iency of moce than 

6.5 to 7~96 plus. For in-':lustrial drying operation, the specific 

energy consumption is 2 to 3 ti-nes m:re in developiig t::oun~ri~s 

thcan iri Japan. It will not ~ wrong to say th~refo:e that fo: 

practically every energy cons•J.11.'.ng prod•Jc:t/technology the specific 

energy consum;>tion le1els are way above tii:>se in co-..mtries 

like la,>ar1 l:id W·!St~rn Europe. 

ThP. indJs~riaJ sector in d~vel:r,>ed c0tJntries of Western ~ro;>e, 

N?rth America and Japa:-1 are cons•Jming almost 3u !O .SO% !ess 
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energy for the saf!le 0-.Jtput than Wo'lat the-y did •1l B~J. ~e:en~-

less p:ogress ~ t~k~ pla-:e a.'l~ is still ta'<hg pla.::e io the 

field •lf energy conser~ation techn•l~ogy in :I. veloped cOJntries. 

Tn:- Olli)' •af 1~~elor,.>ing countries can sur-vilfe an::I grow in the 

years t;> :::ome is to mo:l.emise t..'l-eir ma'luhcturhg o· value 

ad::led operations in t:1e h:l•JStrial s~cr.. 

Tnis b-:ings us to the co.'lcept of technology 'll~emei1t which 

con>ists of fo~r distrioct p~s, namely (a) T echno~-:>gy Menti-

fi:::ation, (b) Tech'lology Assessm-~'lt (c) T~ologf Induction 

(d) T edln:>Jogy ln.'lovatiori. T :le need to develop a corporate 

energy p:an perhaps with a time horizo.'l of 1.5 to 2J years, 

as part of s~rategi-: cor.,;Xate plan: w:th tecll.'lolog,- :r.a....age;ne:it 

as an int~gral part of it, is obvi:>.Js. 

The present g:-~p of EMCS Engineers of BEU have been e~ 

to tilis line of thinking rather briefly. !bt then since this is 

a spedalized subject in :ts owri righ~, not mu::h h--..adway cruld 

be mad~. Perhaps it would be useful if a group. of 2 to 3 engineers 

p:~ferably doing planning work at p-:~sent could ta'<e ;.ip this 

area of wo:k for getting themselves tr.t;ned :ur-·L.~r b-:>~h with!n 

tre Pt.ilippines as ·Nell .ll ab,.oa-:t. 

~tional Cansultants 

availa!>!e to this proj-?Ct is given !n Annex. 2. Three long ter.n 

experts including CT.~ and siic s!'l~t-teim e,;cperts were recruited 

for the ;>roject an~ their jd.> des~ripti:>n ;, gi.,en available with 
UNIOO HQ, Vienna. 
T~ first l:>:tg term e"pert fo: the ;>:-o;ect M:-. R. ~ajaram traine-1 

so:nie if not all of SC:. U engineers in tM. do!tailed engi ieerin3 

a!'M:i de:;ign o~ certain :-etro!it en~rgy conservation projects. 
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In particol 1r, the f o!lowing topics ~ dealt .-if1 (a) Pre;>a

ra-:ion of Bill of Materials an:I their cost estim::ti:>:'l, (b) ?repra

ti·X'I :>f ·:ieoe~al LayOJt D.·a·•ings, (c) Specificatio:t o~ M:Etterials, 

(d'.· De:ailed •~icing Drawing of a Tloxl ?ired a?xternal f snat::e, 

(e) Ptc:j>a!"3tio.'l :>f Teocle• Docu:nent, etc. M-. Brian Cunnhgham 

has ~een engagP.d in training BElJ engineers in :Jetailed ·energy 

audit of some S?J&a."' industries, com~ci3.I buildi11gs which are 

centrally airconditioned- The detailed energy aooits generally 

take 1.5 days t·.> a ?nooth and invo!ves detail-eid analysis of ene;-gy 

usage p.3ttem over a 2• !lour pericxl, aralysis of t'Oe perlorma~ 

of all :najor energy consuming equi:>m-=nts with s~listicated 

dia~nostic instruments such as the ilSe of Infrared Tnermovisio.'l 

equipment, etc. for two :limensional mapping llf heat flow, 

etc. So far, .5 dt!tailed energ_, au:lits have been ca"Ti-ed ~ 

a.~ •no·e are i>l.m.~ in t'le co:ning months. 

0.1e of me diffi::u~ti-es eicperieoced by S~IJ tia~ beeil to ge·c 

consent from indu>tries for carrying o:ft. detailed energy audits. 

Mr. 8:-ian Cun.1ing;1cln ._.ai also ~e:t eilgag~1 in a.uisting BEU 

engheers in ·:a:-rying o.1t preliminary energy a1dit in additi:>n 

to hi; pdmary respcr.lSibility of carrying out detailed energy 

aud!ts. 

Tne s.._.ort-term expert, ~. Brian R~inson uugll~ BE~J engh~ers 

lli>o.Jt correct instrumentation te.:h,iqU!s for Energy Audit and 

"Tlethod•>logf of energy au:tit arxt gave very u;efu' practical 

ti;>s to BEU E.ngi-ieers !or saving energy oo the sht.>p !100< who?1 

he took f1en1 arou:ld .,,., his visiti to in:lunri-9 for energ_, a.It.Sit. 

Mr. R~e:-t Ericso., condocted se:n:rwn Oil ':ogenr.ra~ioo under 
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the au-;pices ~f Eflt?rgy Managr.ment \ssociati:>.-i ·:>f the Philippines 

(EN M.'"\?) an:I als-:> carrie<i out ~ s·xvey ~n a n•J,'T\b:: af indu.stries 

to assess Cogei\erati:JO potential which exi;ts in ?hilipp:-ie in

d,JStries. 

Mr. W:idaw Sz'1lak0"1a.i<l a:l·1ised ~ati:xra! Pi>wer Corporation 

Management ab-JU"!'. ov=rc0o-=iing erasion prllbl~.ns of S!Jl>~~ter 

~ of their coal fired thermal p-:,..oV"!:- shtions. Mr. Ge:>~e 

Yamamot:> st:Jdied the set 1.1p :»~ the Fuels and A.ppliance Testing 

Laboratory ~"lii -nade suggestions ilbo'.rt how to organize =>urse!ves 

for R~frige:-a.tor tes!ing .and r~o!.1me:lded a list of instrumf"llts 

fat P'.r.c:hase !>t the p-:-oject. 

Mr. Nill"~a• Jadcsoo, who was · :. · w~th the proje::t u;> t·l 

30th June ! 937 on a 3-:n-::nth assig1m1e::it was engaged in training 

BEU eng;neers attached t-J the rue:; an:I -~~;>!i~""lC~ T~th1g 

labOX'ato..-y in pr ope::- testing :neth-Jds an:I ;>'OCed .res and :;uper

vishg the pr:.>~:.t<:tion -::>f Qua'ity A.isw.cince ~ua.J. Mr. Jackson 

wasalsc;.assisting BEU ~~ the d-esign of 'efrigerator Test Ch3mber. 

Mr. Patrick Naihten, who wa:; 'lere for 2 m:.nths also a"OSisted 

3ElJ i:i t'le fuels an:I :1.-;>1>liance testing labcr.atory. The reports 

of s.'l:rt-ter··n r.~ultants a:-e a·1ailable with Factory & EstabZish

me lt Service Divai Jn, •JNIDO, Vienna. 

Because ::r i"·-.e spe~a!ize'J techni·:al ~.ature of tne p:-oject it 

has "l:>t :llways been possible to tnP.et the requirements of 6E:J 

in reJ;>Kt of rhe right tfPe of international -expert ·~., had 

the ki:id of experience "Nllich BEU insist~ •Jp:xl h s:>~te of the 

extraor~inary ~fforts m~ by 'JN11JO :n locati'lg the right tfp? 

of specialists. There w~~ therefo:e at tim:-;., i'levitab!e delays 
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in getting coosu~tants bot'.l ~ort and lo."lg term fo: the proj~t. 

Tnt~ adlievement of so·11•!~ if n·J~ a'I of the ou:.>.Jts, have as 

a can:requence ~en delayed :ilightly !>;.it not too :nu::h t::> aflect 

the overa'I p:oj~t ou:,lut as a whole. Even s:>, the ro!e o~ 

the intemati:>nal consu~tants ~oth short and lo:1g term h.i.; been 

cro::ial in bringing this :>'Oject upt·J the p::-es-:?ilt leve! o~ maturit;. 

In ·:>i-:le:- to de?.,e!op a,, 311 rounj persooality of lh.e BEU engheers, 

traini:lgd sessions ware hel:I fer. them in w:Uch s.Ojects like 

(a) tile art of ?Ublic s;>eaking, (b) Tecilnkal ~e(>":: writing. (c) 

How to -:le.ll •.v!th client ~ga;iizations, ~t:. by \4~ - B •• :l!nn~1g;.trn. 

rurthe!" a :'i::he::lule for tra~ning fae engheering b certain >pe

cialized tO?i:s whi·:h 'la.-e relev::m.:e t::> ::le:ailed e?ner~y audit 

w:as d.-::1.-11!1 ll? and t_:,e training sessi:ns w~re co:'lducted by CTA 

and Mr. lkian Curningha::l. T.'le sched.Jle is atta::hed i 1 r\a.,ex. 

7. 13EU e"lgineer.; we:~~ given several assignm.;-nts to b.? comp!e

ted by Mr. Bli3"l Cunn!ngham. The fo!low up activity h th;_s 

reg.ard is being taken ;.ip by M~. Cun"lingham. 

2. 5 Education, Training and Information 

2. 5.1 Tne bed rock of a"ly s~cessfuJ cons•J~tancy orga.,iz:ition is the 

read!' ai::~ess it ha; to information and kn:>wledgt: a!»Jt •~~est 

a:lva,ces i'l the field of energy conser~ati:>·. t.!Ch:ll!·l&!• .4i 

humble begi.1nhg in ~·1is di .. ection ha; been -,ac1,~ by th~ cs

tahli.s!'lm?"lt of an ene;gy in~orrn.:.tioo r.:entre a~ part of this 

?fOject consisting o~ Jibra·y conta:ni:lg 890 be>:>ks and 7 j n.Jmbf::r 

of professi~i:al j·:>urnals r~la-:ed to energy :nanagem-t"nt and :allied 

top:·:s. b adctitioo, t·atie alld ·:orn-n~~cial litera":u~e on a wi:h? 
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variety of equi;>m=nt/inst'."llrn::'flts!tedt."lolasies :--elat~d to eilergy 

fie:d ;-.,we ~:\ ob:ai:l~ from de;,eloped ·:ountries lik'! USA, 

'JK, ::icr·n.ny and Jap3n by w~ittng to ~le -:t~1u~.ict Jrr!l"S of 

these p:-•Jduc:t ;. 

Tnese pa:ll•l!\l~ts!Jitera!:U"~s are ve:-y as-~fu~ for 8c'.J engineers 

beca:ne it:C'!eps the;n ab:east ·Jf the !at~st p.-o:l·JCtsltechnologies 

in the field of energy conserva~ioo. This l!tf or f:lati·Y: Cetltre 

which !s presently h0oJ.>e1 b 8!:J JYe.n:ses is "lean~ ,ot -~,!J 

to s."?rve t•le nee-::ts :>f 6EiJ suff ~ also the needs of bdustries 

in -:he Pnilippinei. 

In ·:>rder to hel? BE J eng::leers to conduct tra:nhg ;>t"ogrammes 

in industries as well as under the a·Jspi·::es .:>f pr"\l!ess~ona! aSSG

ciati:Js"lS, bof, har::hva:·~ al'l:I so!tNa:e fa::ilities :-ta·1~ ::>ee:1 .1.-1-ie 

a·1ailab!'! to t:1-?m. .l\n ,werhead 1>rojector, vi.:ft!s> ca~ra, t~;e

vision •vith a wide angle s=r~n and video recorder 300 ?!•l;'er 

have been provided in addition to a 16 :-:i-, !ilm proj~tor. 

S?ftware su;>p·:>r't i11 ~ile form o! transpa·en-:ies o., topi:s re!at-!d 

to Energy M.;.nage;,1.:-.t ind C:>.'!l?.J~ati·Jn ha11.r: be:?n p=:epared 

by ':Tr\ !or llse .,_,, t'le Eng::1-eers of ~EU. 

During the ph.ue of the proJ•?Ct 2<1 ;-;lanua's, :>a•:tphl·~ts on vari:>us 

topics related to Energy COll;.;ervation & Manageineilt -,,,~~e pub

li;~e:I a:xf there ma'.'luab a:-~ di:;trib1Jt~d free of :~<: t·) th~ 

Englne~:-s !ro;n the i"ldunries !)fl d;:;n~n~-

.A.:l En~rgy lnfonnation Cen~re consisting o~ ~J t~chni=41 ;>e·:iod:· 

ca•; an~ ·:>ier 6~»J boot's on to;>ics related to ~rgy Manag·~mcn:, 

Con.;ervation and allied :;ubjects has been set up ;n i:art of 

this project. 



:43: 

2.5.6 At present, the energy information centre is looked after 

by one of the locally recruited U.N. staff assisted by BEU 

personnel. The system of classification of books, Journals 

at present is not scientific. When the project terminates 

and the liberary is handed over to BEU, a need is foreseen 

for training one of the BEU staff in the Library Information 

Science either in the Philippines or abroad. There is an urgent 

need to classify books and journals and literature on various 

products/technologies according to internationally accepted 

system of library documentatian. 

2.5.7 Since BEU has been equipped with an HP-1000 Mini computer 

under this project abstract of all articles which appear in 

professional journals received by the project may be stored 

in its memory in a wall designed data base for retrieval 

later on. 

2.6 Fuels and Appliance Testing Labaratory 

2.6.1 The fuels and appliance testing laboratory was established 

as part of this project to serve the needs of EMCS engineers 

as well as the industries. A provision of US$75,000 was made 

under the UNDP/UNIDO budget fo equipping the laboratory 

with special type of diagnostic types of instruments for 

carrying out energy survey and fuels and testing instruments 

and calibratian grade instruments for calibration of electrical 

instruments. A separate building, located 20 kms away from 

BEu premises in Quezon City, was built to have this laboratory 

with funds provided by Philippine Government. 
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2.6.2 Because of certain administrative and financial matters 

beyond the control of the project management, there was 

a delay in the construction of the first phase of the building. 

However, as soon as the building was completed, the first 

batch of instruments which had already been received were 

transferred to the labcratory building. As of now, the second 

phase of the building intended to house calibration grade 

instruments has also been completed. Package type of air

conditioners have been provided for the laboratory building 

and special type oi air conditioner for maintaining special 

temperature and humidity conditions (60• F and .5096 R.H) 

in the primary standards room have been ordered. 

2.6.3 It was intended in the beginning that this fuels and appliance 

testing labcratory should ultimately become a Testing and 

Calibration Centre for serving the needs of ASEAN Group 

of Nations and that it should also get recognition from inter

national bodies such as National Physical Laboratory of 

U.K. and National Bureau of Standards, U.S.A. so that it 

could become a Centre of ExceJJence for providing training 

to laboratory technicians and Standards engir.eers from deve

loping countries in the Eastern Hemisphere. This p;:.rticular 

fuels and appliance testing laboratory has the potential to 

f ulfiJ this role and all it needs is a little help from UNIDO 

during the second phase of the project. If this objective 

is still to be pursued, more sophisticated infrastructural 

facilities have to built up and a solid laboratory building 

according to international standards has to be built replacing 

« modifying the existing one. 



2.6.4 At present, for instance, no safety system is installed nor 

is the electrical wiring system designed for laboratory stan

dards. Effluent disposal have yet to be designed and installed. 

AU these and other problems will be studied by NEC under 

a subcontract awarded to it and it is hoped its recommendations 

will be implemented by BEU. In addition to safety of operating 

personnel, the building has also to be provic!ed with burglar 

alarm or other similar devices since more than $6.50,000 

worth of instruments but no ooubt situated in a well-guarded 

compound of Energy Research Development Centre. There 

are also security guards posted on a 24-hour 7-day week 

basis to guard the property. Once the laboratory equipments 

and instruments are transferred to Philippine Government. 

BEU proposes to get all the instruments insured. Even so, 

there is no harm in taking some additional security measures 

to be doubly sure of things. 

2.6 • .5 The Laboratory at present is headed by a senior chemical 

engineer from BEU and is assisted by l O engineers who are 

posted in different sections of the laboratory. Except for 

the temporary laboratory staff who were recruited in January 

1987 almost all of the laboratory staff, who are permanent 

employees of BEU, have undergone training in foreign countries 

under UNIDO training feHowship programme. All of them 

have come back after training and are in position (See Anne 

for details of training). 

2.6.6 As of date instruments worth $600,000 have been received 

and request for placement of orders for instruments worth 



$70,000 are under process. The costliest equipments received 

by the project so far are (a) Perkin-Elmer Elemental Analyzer 

(b) Fisher Coal Analyzer (c) HP-1000 computer. Since or .Jers 

for these instruments were placed with the manufacturers 

or their representatives ia1 Europe, the local sole selling 

agents of the above-mentioned instruments agreed to install 

and commission these instruments only on payment of extra 

money. In view of the sophisticated nature of these instruments, 

it was decided by the project management that a contract 

be awarded to the local agents of the above-mentioned instru

ments for maintenance for one year. For this purpose, a 

total sum of $.5,29.5.00 was provided. Had the local agents 

been involved, this extra expendit1.re could have been avoided. 

2.6.7 We were also given to understand on reliable authority that 

the FOB prices of instruments if ordered through agents 

in Asian Region like Singapore, Hongkong or even Manila, 

is lower than if ordered through agents in Europe or America. 

That is because specifications of instruments for European 

market are more stringent and therefore more expensive. 

If at all possible, in future, orders for instruments for future 

UNDP projects may be placed with their agents in Asia. 

In a way this will alw help the project authorities in getting 

prompt after-sales-service from local agents. 

2.6.8 Particularly in the case of sophisticated instruments like 

in the present case the old adage that "for want a shoe-nail, 

a battle was Jost" holds especially true. For instance, for 

want a , small fuse ?f a very special type, which cannot be 

procurecit easily in the local market, some instruments in 
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BEU are not working. Similarly, because the shelf-life of 

Electrochemical Oxygen Cell has expired the oxygen analyser 

cannot be used. Whilt: the procurement of such small parts 

off-the-shelf is so easy in developed countries and in fact 

all that is needed, possibly is just a phone call to the concer

ned persons, such a situation __ poses immense problems in 

developing countries to the project management because 

of foreign exchange regulations, elaborate paper work involved 

which is the same irrespective of the amount involved. Fur

ther a substantial lead time anywhere for one month to 

6 months is quite commonly involved in the ordering of 

small but vital spares for instru't\ents. 

2.6.9 In order to mitigate if not entirely eliminate such problems, 

it would be desirable on the part of UNIDO if it can authorize 

purchase or itself place orders for sophisticated instruments 

through exclusive local agents wherever one exists. This 

would en~ure prompt after-sales-service along with the nece

~ry maintenance of the instruments for a couple of years 

after installation. Further, when pJacing orders for instruments, 

the instrument supplier shoulJ be asked wherever practicable, 

supply along with the instruments, fast moving spares -

consumable or otherwise - ior at least one or two years 

of requirement. Wherever certain spare parts have a short 

shelf-life, instrument manufacturers should be asked to supply 

the spares (for one or two years after the project is over) 

direct to the project H' ~'· '· iement but senchng the bill to 

the executing agency respons1ole for the project. It would 

mean setting aside a small sum of money by the purchase 
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department of the executing agency for future purchase 

of small spare parts and charging that amount to the project 

uncier consideration. Such a procedure would ensure that 

sophisticated instruments are kept working particularly in 

developing countries even after the project is terminated. 

The loc:ai agent was unable to commission into service the 

Perkin-Elmer Elemental Analyzer, and as such we had &:o 

get one instrument technician from Sing~e to test and 

commission this instrument. While this technician was success

ful in doing so, ~ mentioned that the helium gas supplied 

by the local manufacturer was not the reqiJired purity. HenC:e, 

arrangements were made to procure ultra high purity Helium 

gas from abro;:>tf through UNIDO office in Vienna. As soon as 

this helium gas cylinder is received, the Perkin-Elmer Ek -

mentaJ Analyzer would be fully corr.mi~sioned. The other 

relatively expensive instrument, namely, the Fisher C.oaJ 

A'lalyzer has been commissioned and put into se!"Vice. 

The most important d~agnostic instruments acquired for 

the project namely, the Infrared Thermovision has been put 

to use already in several of the preliminary as well as detailed 

energy audits carried out by EMCS engineers. Two dimensional 

heat flow patterns were visually observed and with the help 

of the polaroid camera attached to it, photographs were 

taken of some of the steam pipes, boiler structures etc. 

Based on the interpretation of these photographs, it was 

possible to pinpoint the source of maximum heat loss so 

that corrective action could be taken. 
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Most of the fuel testing instruments, water analysis instru

ments have been tested and put into service. Already in 

a srnall way some testing work has been undertaken for out

side parties. For instance, hydro fuel oil i.e. a homogenized 

mixture of fuel oil and water (with 20% water) produced 

by one of the local entrepreneurs was tested and the result 

communicated to him. Similarly, calorific value of a biomass 

fuels like rice busk, fuel oil etc., were determined using 

the existing Adiabatic calorimeter. The above-mentioned 

tests have been carried out according to ASTM or API stan

dards as the case may be. 

Similarly. most of the calibration instruments on the elec

trical side have been tested and found to be in order. In 

fact, some of these instruments were made use of to calibrate 

a. temperature recorder belonging to one of the cold storage 

companies which was sent to BEU Testing Laboratory for 

calibration purposes. In order to gain experience as well 

as to test the accuracy of the instrument, the Kelvin Bridge 

instrument was used to measure the contact resistance of 

electrical relays and contractors and household single pole 

single throw (SPST) electrical switch of different amperages. 

Very interesting result were obtained. 

Even though some minimum number tests have been carried 

out, the laboratory is not fuJJy operational in the true sense 

of the word. For instance, the fumehood which is required 

for carrying out experiments involving hot gases and toxic 

fumes has just been received and it wiU be instaJJed within 
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the next month or so in the alloted place. There are a number 

of loose ends to be tied up on the management side. Proper 

procedures for receipt of test ~mples of either fuel, equip

ment or instruments received for testing and their storage, 

despatch etc. have to lay down. Reporting of results, estab

lishment .:>f a Quality Assurance Programme, estiR'ation 

of confidence level of measurement and steps to be taken 

to reduce errors in measurement, maintenance of proper 

environmental conditions for carrrying out tests, etc., are 

some of the items to be dealt with. 

Safety precautions against fire hazard and personnel safety, 

safe operating procedures and conditions for handling toxic 

and poisonous chemicals, acids, and their safe disposal ar 

all important matters which deserve to be attended to imme

diately. It is only after all these issues have been tackled 

successfully to be satisfaction of everyone, can the laboratory 

become truly operational. 

The NEC which has been awarded the subcontract by UNIDO 

is expected to deal with all the above-mentioned issues 

including training of laboratory personnel. The details of 

the subcontract are available in UNIDO Hq. It is expected 

that NEC would complete this portion of the work by October 

1987. One could therefore expect t~ Fuel and Appliance 

Testing La ... oratory by October 1987 i.e., by the time the 

project formally ends in which case there would have been 

a delay of 6 to 8 months in the commissioning of the labora

tory due to reasons beyond the control of project management 

authorities. 



2.6.17 

2.6.18 

2.6.19 

di: 

There will be a great demand for calibration of instruments 

commonly used in energy audit work for measuring parameters 

like pressure, temperature, and gas analysis by the industries 

in Philippines. Facilities for calibration of the above-mentioned 

type of instruments should be established on a model similar 

to the one existing in Instrument Association of America's 

Headquarters office in North Carolina, USA. Since two of 

the engineers of BEU attached to the laboratory have already 

been to that institution in USA mder UNIDO training fellow

ship programme, it should be possible for these Engineers 

to duplicate such facilities in this laboratory. 

As and when the laboratory becomes fully operational, it 

would be desirable to charge a reasor.able fee for carrying 

out any type of test in the laboratory. The quantum of fees 

to be charged for different types tests is something that 

~~:o.ild b'.: decided by the BEU management. The income 

derived fr 'lm making a\•ailable the laboratory test facilities 

to outside parties can be utilized for meeting part if not 

the total cost of maintenance of laboratory instruments. 

Wide publicity should be given to the activities of the labo

ratory once it becomes operational. 

A calorimeter room has been set up by BEU without any 

outside hc?lp according to ISO standards, and it is fully opera

tional for the last 3 years. A test programme for testing 

window type of air cooditioners of 1 1/2 HP and below was 

launched in March 1984, in cooperation with Product Standards 

Agency (PSA), Association of Home Appliance Manufacturers 

(AHAM), and .5 appliance manufacturers. It was decided 
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that a mini ,num Energy Efficiency Ratio (EER) of 6.8 kilo 

joules/wan-hour for l 112 HP models and below should be 

set for voluntary compliance. During 1:he period 1984-U, 

16 basic models of airconditioners were tested out of which 

only IO mode!s met the suggested minimum EER standards. '!llls 

is a very useful facility and wil! help the local marklfacturers 

in improving the EER as well as product quality to meet 

international standards. The U.S. Navy in Subic Bay, we 

are given to understand, will buy for its use such of thos-. 

air conditioners in the Philippines which have been tested 

by BEU and certified as meeting the minimum EER require

ments. It could thus be seen that this test set ~ for air 

conditioners has proved it's usefulness to the Philippines. 

UNIDO has provided an airconditioner for upgrading this 

t~~ facility. 

Similar test facilities for Refrigerators, lamps, ballasts, 

LPG stoves and water t'teaters are in the process of being 

designed by the NEC as part of its subcontract work with 

UNIDO. Even if the design work is completed by the end 

of 1987 the actual construction of these test facilities for 

the above-mentioned items can be taken up only during the 

secor.J phase of the project. However, there is scope for 

reordering the priorities for establishing test facilities for 

the above-mentioned appliances and it is up to the project 

management to examine this issue afresh and take decisions 

accordingly. 



2.7 HP-1000 Cc!nput!:r 

2.7.1 The HP-1000 computer which was obtained for rt-~ project 

after considerable am<Ult of discussion and debate, could 

~ commissioned only in April 19&7 because of reasans beyong 

project management a control. It is presently located in 

the BEU premises in a separate air conditioned roorr. which 

is provided with a stabilized power supply. The HP-I 000 

computer project was being handled by a Seni<Jr Computer 

Specialist who has since left the BEU because being an empl~ 

yee of PNOC, he ~ to go back. Presently, the HP-I 000 

computer project is being looked after by 2 engineers of 

BEU, both of .mom have undergone training abroad - one 

under UNIOO fellowship programme a..rxt the other under 

US-ASEAN project. 

2.7 .2 There were initial problems about commissioning the Computer 

because of some defective or mismatched part. After this 

problem was rectifi~, the HP-1000 computer has been commi

ssioned. In order to fu.'ly exploit the power of this computer, 

it is essential to either develop custom built software for SEU's 

use or it has to purchase software already developed by outside 

agencies. On an average much more money spent should 

be spent on software to put the computer to its optimum 

use. NEC is now given the task of training BEU Engineers 

in the design a."ld development of a National Energy Data 

Base. This wask, assigned to NEC, as a subcontract by UNilJO 

is expected to be completed by October 1987. 



2.7 .3 It is desirable to get all the BEU engineers trained in the 

use of HP-I 000 computer and they should also taught the 

basic of programming. That way, it wouJd be possible to 

develop some simple programmes for doing routine Energy 

Calculations useful in energy audit work and possibly later 

the same group of Engineers could de~lop mere sophisticated 

and involved software for Energy Systems Analysis, etc. 

It is only by having a ccre group of trained engineers in 

the field of computer programming is it possible to fully 

exploit the potential of the HP-1000 computer. Till then 

it will remain l!nder-utilized. 

3.1 Of the four immediate objectives set out to be achieved 

(refer paragraph 1.3), the first three objectives have been 

substantially achieved and on a scale of I to IO, the achieve

ment rating wouJd be between 7 c1c 8. However in respect 

of developing standards for efficiency of energy utilization, 

much remains to be done. As of date, energy efficiency 

standards only for locally manufactured room air conditioners 

of I 1/2 HP and below have been drawn up. Work in respect 

of evolving energy efficiency standards is in progress. Admit

tedly, any progress in this direction is bound to be low, 

because setting standards is a very complex issue and interests 

oi a number of conflicting groups have to be reconciled 

while drawing up standards. 

3.1.J It was intended, at the beginning of the project, that BEU 

engineers should have acquired the necessary skills and exper

tise in carrying out detailed engineering and design of certain 



type of retrofit energy conservation projects. Among 15 

engineers of the BEU only 3 or 4 engineers have acquired 

this capability and the rest of the engineers have to be brought 

to the same level. This output could be achieved only partially. 

But the engineers of BEU are well versed in carrying out 

preliminary energy audits. On the whole, the results achieved 

compare favourably with the objectives of the project. It 

would not be wrong to claim in fact that we have progressed 

far beyond the midway point in our journey to achieve the 

objectives of the project. 

4.0 Utilizatian Project Results 

4.1 As has been mentioned earlier in paragraph 2.3.2 it was 

some of the big industries, who first started utilizing with 

great benefit to themselves the services of BEU engineers. 

This is a clear proof of the level of expertise achieved by 

BEU engineers as a result of the training they received by 

UNIDO experts attached to this project. The fact that the 

very same industries come back to BEU requesting for more 

help and assistance is a clear rpoof of the benefits that 

some of the industries have derived as a result of BEU's 

consultancy services. 

4.1.1 Another significant result of project's activities has been 

the training of about 3400 engineers from all types of industries 

over a 4 year period. This has created a proper climate 

which is conducive for further energy conservation work 

in industries. 



4.1.2 The establishment of ai·conditioning to!St facilities !>y SE _1 

w!ii:h was apgr.tded illith UN!DO's help. has ~eated aware

n~ss a!'noog co.'lS•Jm:-rs to gll in far air conditioners with 

a high Energf Efficiency Rati.o (EER). Fo:- eamp:e, U.S. 

Navy a: S;.abic Bay wants only soch of those air conditi-JnerS 

which have b~n certified by BEU as conforming to minimum 

EE~ standards prescribed by them. -

4.1.3 The same degree of awasreness which exists !n big respect 

of energy utilization does not exist among industries in 

the medium a:id small scale sec to.-. '\ more intensive pro

gramme of educatian of the top management an:I training 

of engineers and workers and d;.SSemination of inf ormatian 

about latest technologies a-e factors worthy of attentian. 

In particular, dialogue with the top management personnel 

periodically would go a long way in utilizing more and more 

BEU's consultancy services 1o1 saving energy an the shop 

f!oor. 

4.1.4 The modus operandi adopted by BEU at present to get requests 

for Energy Audits from industries, is to write a routine 

letter to a number of industries, hoping that ;at least one 

or two of them would respond an.:f request for BEU's services 

which in any case in provided free of charge. A more dynamic 

approach would be to seek out the industries and prevail 

upon them to utilize BEU's services. This type of approach, 

is especially needed to make an inroad into the small and 

medium scale sectors. It may seem paradoxical but ·~rue 

that if BEU were to charge a reasonable fee for its service, 

the demand for its service is bound to grow. This has been 
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the experience of ccnsultancy organizations elsewhere. 

Therefore BEU should charge a fee for its services in the 

near future. 

4.1 • .5 Dissemination of information about energy conservation 

technologies and good energy management practices should 

be m a much wider scale than hitherto done, particularly 

ammg small and medium scale industries. Instead of giving 

away pamphlets and literature free of cost to the industry 

if token fee might be charged to recover cost of printing 

at least. 

4.1.6 Another factor which might affect the pact of energy conser

vation work in the future is the availability of capital in 

Pesos as well as in Dollars for buying some equipments 

like economizers, air heaters, instruments and automatic 

control systems, for monitoring and control of energy lltili

zation etc., for saving energy. In fact, even when adequate 

finance is available at reasonable rates of interest, very 

of ten J top management in industries are unwilling to invest 

in energy conservation projects, because at all points of 

time they can find alternative projects on the mar.ufacturing 

side which are more attractive from their point of view. 

Therefore, education of top management as mentioned in 

paragraph 4.1.3 seems to be the only answer. They should 

be that told energy conservation improves not only product 

quality buy also reduces atmospheric pollution and results 

in overall productivity improvement and that energy conser

vation and good preventive maintenance practices are the 

bottom line for industry's progress towards prosperity. 
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4.1.7 A project. on "technology transfer on Energy Management" 

of $5 million has been financed by USA AID for implementation 

by office of Energy Affairs. The objective of this project 

is to identify certain industries where latest energy conser

vation technologies could be applied to be financed out 

of the funds provided by USAIO to the Philippine Government. 

A committee has been established by office of OEA involving 

an interested parties for implementing this project. 

4.1.8 It would be advisable for OEA Philippine Government to 

approach AOB to make available to them a revolving fund 

of any where between $50 to $100 million for financing 

energy conservation projects in the industries. AOB, which 

had earlier financed a study "Potential of Energy Conser-

·ion in Philippine industries ·ould be willing, according 

to some informal sources to fund, if such a request were 

to be forthcoming from the Philippine Government. 

4.1.9 It is indeed a matter of satisfaction that some if not all 

of the companies ·where energy audits were carried out, 

have been able to save energy in their units to the extent 

c,f 5 to I .596(Though in some cases the quantum of savings 

are larger) by implementing some of the energy conservation 

measures recommended by BEU engineers. This has been 



brought out in a follow up survey carried out by BEU. Accor

ding to the findings identified by BEU, the amount of energy 

saved in monetary term is equal to Pl67 million ($&.4 million) 

from a total of 40 companies with an investr.lent of JOI 

miJJion ($.5.0 million). 

The analysis of energy consumption figures by BEU as repor

ted by the industries, shows that 88 companies have reported 

energy savings through reduction in specific energy consump

tion in 1986 over 198.5 levels. This list of 88 companies 

is giv.en in Annex-11.. :iome of the measures adopted to 

save energy on the shop floor is given in A!lneK-1~ .The 

specific energy consumption of different industries is given 

in Annexure -13. 

4.J.10 A policy framework for promoting energy conservation 

already exists but the full implications and details of it 

are not known to many of the industries. For example, 

many of the industries are not aware of the fact that Board 

of Investments wiU allow industries to import any equipment 

or technology for saving energy free of import duties on 

certification and endorsement by BEU. Therefore there 

exists a case for wider dissemination of information such 

policy issues by BEU to industries in Philippines. No doubt, 

likewise many more incentives could be thought of to acce

lerate the pace of energy conservation. For example, provision 

of low interest loans for purchase of equipments, allowing 

accelerated depreciation of equipments used for energy 

conservation etc., are some of the measures which could 

be considered by the Government. 



4.1.11 A lot more ground needs to be covered in the area of policy 

and decision making. OEA, in view of the recent administra

tive changes brought about, is having enough dout to push 

through many more policy level changes aimed at giving 

a further fillip to energy conservation programme in the 

Philippines. As such work in this area should be intensified • 

.5.0 Cmclusions 6: Recommendations 

.5.1.l This project on Industrial Energy Management Consultancy 

and Training whkh has been in operation for the last four 

years, has clearly demonstrated that if an institutionalized 

approach to the problem of Energy Management and Conser

vation is adopted, it is possible to make a dent in its armour. 

A good beginning has been made and Jot of ground has 

yet to be covered. But then, "A Thousand Mile Journey 

Begins with The First Step Forward". It is to the credit 

of Philippines that it is ahead of other Asean Group of 

Nations in this regard • 

.5.1.2 The desirability of making EMCS as an independent entity 

financially and otherwise has been emphasised by UNDP repre

sentative in all the tripartite meetings held so far. It was 

suggested that to start with, a small fee should be charged 

by BEU for the services it renders to the industries. Mr. Orlando 

Galang, Acting Director of BEU, had promised to take a 

step in that direction from January J 987. But then because 

of his sudden departure from the scene (having been trans

ferred back to his parent department, namely PNOC) no 

further action was taken in this direction. 
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5.1.J It is strongly recommended that this important suggestion 

of UNDP making EMCS an independent and autonomous 

body working outside the rigid framework of Government 

rules and procedures shcuJd be pursued vigorously by the 

Philippine government, as only then it is possible to provide 

quality service to the industries. Further, it wilJ also be 

possible then to compensate the already weJJ trained staff 

of EMCS at rates close to if not equal to those existing 

in private sector or public sector autonomous corporations 

like Philippine National Oil Company (PNOC) or National 

Power Corporation (NAPOCOR) • 

.5.1.4 It is only when a reasonable fee is charged for the services 

rendered by specialists of EMCS, that there is a commit

ment on both sides. The revenue generated by the EMCS 

consultancy services is bound to grow in the years to come 

and if experience of other countries be any guide, a time 

frame of .5 years is foreseen tor the services to become 

financially viable or self sufficient • 

.5.1 • .5 If this suggestion to make EMCS an autonomous body is 

not acted upon expeditiously, there is a distinct possibility 

of the existing and weU trained staff of EMCS leaving· 

the organisation in the coming months and years to seek 

greener pastures elsewhere either within or outside the 

country for which ample scope is emerging in view of the 

recent upsurge in the Philippine economy • 

.5.J.6 Since, during informal discussions with the officers of OEA 

during the last stages of the project, it was indicated that 



is headed now by the former Project W.anager of 

this UNOP/UNIOO project, who has acquired valuable 

experience an.. "I expertise in this area over the years. 

(d) The Fuels & Appliances laboratory is located 

within the EROC compouid and as such logistically, 

it would be most convenient for EROC to manage 

the affairs of the laboratory. 

5.J.8 This aspect of (dentifying EROC as implementing agency 

for the second phase of this project may be kept in mind. 

If for some reasons, this suggestion does not find favour 

with Philippine Government, then the scope, nature c..ld 

objective of the project to be implemented by OEA have 

to be worked out de novQ, ~ause OEA, is now being assisted 

by GTZ under a bilateral technical assistance programme 

between Philippines and Federal Republic of Germany in 

the field of Energy C.onservation. Similarly USAIO and World 

Bank and Australian Government are funding programmes 

on Energy Management and Conservation to be implemented 

by OEA • 

.5.1.9 Under these circumstances it would be prudent for UNIDO/ 

UNOP to rede!i.~ its projects so as to not to overlap witt. 

the activities in OEA being funded by other governments/ 

agencies. Expansion and augmentation of the existing Fuels 

ilnd Appliance T estiog Laboratory under the SP.cond phase 

of the programme, so as to make it a Regional Accredited 

Laboratory for Asean Group of Nations as far measurement., 
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calibration and standardisation of procec"' oarameters used 

in the production, transmission and utilisation of energy 

are concerned. may be considered by UNIDO/UNDP for 

implementation • 

.5.1.10 For the success of the energy conservation programme, 

the education of top management at one end of the spectrum 

and the workers directly in charge of fuel consuming equip

ments on the other is very crucial. An optimum combination 

of "CARROT AND STICK" policy should be adopted in deve

loping countries to save energy. It is easier to educate 

and train middle management peopJe but the bottlenect 

is at the top • 

.5.1.11 Much of avoidable energy wastage taking place in the indus-

trial commercial and transport sector in developing countries 

like the Phi~ippines may be attributed to the following 

factors; (a) obsolete Equipments/Technology, (b) Untrained 

or unskHled manpower, !d Lac:.C of information about latest 

technology, (d) Lack of managerial Know-how, (e) Lack 

of av. "'ability of capital, and (f) Lack of incentives and 

motivation for workers. Each one of the above issues must 

be addressed either separately or together in order to achieve 

the ~oal of energy efficient operations • 

.5.1.12 Since trained manpower is the very foundation on which 

any efficient economic activity rests, massive training 

programmes on a scale far greater than what is currently 

being done for industry personnel at all levels must be under

taken. More funding $J\ould be provided for this purpose 

.. --
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which can be channelled through bEU. The attitude of the 

engineers in industries general to energy conservation mea-

SUT"es has been a very positive one. BEU should al~o train 

more ~ngineers in the field of energy management and 

cooservation by the existing senior staff not only to take 

care of the increased tempo of activities in the years to 

come but also to compensate for the turnover of trained 

staff. 

5.1.13 There is a need to develop a holistic or system approach 

to the problem of energy conservation because of its strong 

interface with process technology, preventive maintenance 

and capacity utilization of plant and machinery. There is 

also a need to develop a strategic long-term plan - having 

a time horizon of 15 to 25 years - for saving energy in 

all sector! of the economy. Any tactical short ormedium term 

plan drawn up should dovetail without any contradiction 

on to this !ong term plan. This concept needs to be introduced 

at all levels - both at the Government and Corporate levels. 

5.1.14 This project need!> to be extended by providing more quality 

inputs by UNDP/UNIDO to develop BEU engineers to take 

up detailed engineering and design work in industries and 

to develop the Fuels and Appliance Testing laboratory as 

a regional laboratory for serving the ASEAN Group of Nations. 

The Philippines is weJJ equipped in terms of trained manpower 
·-

to absorb effectively any high quality input that UNDP/UNIDO 

may provide in the coming years during the second phase 

of the project. 

--
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TRAINING 
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1'he attached budget of the above project i.s hereby revised" for 
tllC? fC'lJt"'wl'in9 J'tUC'J~SCS: 

( 1J T,, I°•• aal.i:c? .1.lv•111 .. -c ;iutlaori.z."ltion -~· issued on li .Januoiry 1907 
and also adv311Cc authorization •L• issued on 29 April 1987 which 
reflected the following bucJgebtry c:Nqlges: 

. . 
- the increase in BL (11-02) .and (11-50) by 6 9/• and 0.3 •I• 

xespectbely. 
- the deaease in BL tll-05) by 3 9/a,, 
- the inczwase in BL (13-GO) of $ 7 ,,350 1 BL (lS-00) of $ 1,494 ; 

BL (16-00) of $ 3,,500 ana BL (39-00) of -$ 10,,900. 
(2) TD reflect .cblal 1.986 ~n4itUZ'U ... JCQC&tet! by~ wuUftt 

agency. 

"!'he change to the p:r:oject budget - la>P input. b as ~= 

Previous UllDP input - pi:oject budget cocJe ( :S ) 

Revised U!IDP input - project budget code (IC )(M) 

UIDP input - incrcaso (decrease) 

Previous UNDP input - project bu4get code ( g ) (M) 

Revised UNCP input - project budqct code ( L ) CM) 

urmr input - increase (decrease) 

rrcvious l.RfOP input - project budget code ( L ) (AA) 

Revised ll'll>P input - project budget code ( H ) 

U:fOP input" - increau (deer .... ) 

J.c t tor C roni Hr. A~ VaDsil iev. Deputy Direct.or
Gcmcroi l, 1>10, UlHDO/Vicmna 
A11cr.c~n JJl?h,, IC of tlit? F.x'?t;Ut ir1•J A'.JC11Cy 

Turh61n J~. Mangun, Resident Representative 
1\pprov.:,1 on bohalC o! tho United Nntions 

llnvc l 01 llllC'n t rr09r ........ 

$ 1,586,892 

$ 1,586,892 

$ 1,586,892 

$ 1,635,607' 

$ 48,715 

$ 1,635,607 

$ 1,635,607 

14 1.(l.dl 1907 
l>atc 



PIU/82/00:Z : Industrial energy .r.ADA~t 
Consliltanc:y and 'training. 

httlJS.IW 

:IUl6£T "1. - (Al) . DIFrtnJIC[ 
9/• s .,. s 

:1, rlli.J~CT PC&StEL 
: II lat•a. Prelts'1 ... 1s 

11-01 Cbatl Ttdaa1t1I Jdwi~r: 41.2 315.413 : 41.2 315.473 : ••• . : 
11-02 llldn. btre C.•. 12.t 75.154 : 12.1 ~.154 : ••• I : 
11-13 C..C.l led 
11-f' lltel./~a1c1I 12.t 11.m : 12.1 11.m : I.I I : 
II-OS fHI 'Arltl-at. Tnh• : 3.1 19.JSI : 3.1 19.351 : I.I I : 
II ... Sllerl-T~1a. h~rts I.I 71.IU: ••• 11.IJ) : I.I I : 

11-99 M-Tet1I ll.2 551.212 : 13.2 ·5'1.212 : I.I I : 

IJ-11 ~aaistr1t1wt S.,,.rt : 17.255 : 17.255 : . : 
I! II Oftacaal Tr~I 12.541 : 12.541 : I : 

- 11-lt llSSI .. tests 29.•·: 29.218 : I: . 

: 19-11 c..ntat Te• Ul.JIS:. .. .• : I : 
: 

:20 ~ : : .: 
: 21-01 SD-C..trects t.e.•: , ..• : I: 

:30 l'IAJIJI& : : 

: ll-00 hi ..... ,, 111.1'3 : 111.2!3 : I : 
'. 32-00 ,,.., y ....... 124.237 : 124.237 : . : 
: ·3a-oo Prltr l11r·s 5..,,.., (9.922): ff.922): . : 
-------
'. J'·lll''(Cllll'Oilf.at T•t•I ?IS.HI : ?IS.HI : . I : 

·------------------------------- ----· 
; 

: 4'-DO EUUIPllCIT 122.512" : 122.512 : I : 
. 

. : 59-00 1JsctLLMEOUS 32.211 : 32.211 : . : 

· : '9-00 PIOJtCT 10l'M. 1.tJ5.I07 : 1.1J5.I07 : 0 : 
:••r1:s!:•rss•••••s•••t1sass•••••••••••••••••S•••••••••••••• ... ••••••••••c••••••••••1ss 

:m&n ..... (Al) IUD6ET ••• DIFIWICE .,. s· .,. • .,. s 

1912-1915 977.757 : 977.757 : D : 
1911 211 .437 : 211.1'37 : . : 
1"7 371.•IJ : 371.413 : . : 

1.1JS._lt7 : I .135.I07 : . : 
••••n••••: ·······•••: ········••: 

, 



--

rtll/R2/()\)2 : Industrial Enercn· Management 
Consulbncy and Tt·aining. 

:.-0 -i· (M) :Budgr.t ~I •• (M) •rrrma .: 
ml• s .,. s .,. s 

:II PIOJtC; PEIS'al 
:II l•t"I. Prefessie..1s 

11-11 Oitf fedllic1I lft1ser: 41.4 
: 11-12 llldn. t•rtr c.... I.I 
: 11-13 C.1etllel 
: · 11-14 fltcl./IKUa ... 

11-15 rw1 ' .., .. ,. TnlHt : 
: 11-se Sllert-t ... llferts 

11-H SQ-T1t1I 

IJ-11 Adil1•11tr1t1-. ~l 
: 15-IO Orticia~ Tr ... 1 

: l!-00 Ctlipe•Hl Total 

:20 SUllClWTUC1'S 
: ii-DI Swb-Co1lr1tls 

:lO TIAllll& 

: ll-DD Ftl 1..-ips 

: 32-0D ''°" Tr1i1i19 
: 31-DD Prior ltar's S..i199 

: 3'-DD CMpo111l Total 

: 0-0D tOUJPIEIT 

12.1 
I.I 
7.7 

IO.I 

: : 

••• 2 : 41.2 
39.911 : 12.1 

11.m: 12.D n.• = 3.1 
11.~ : I.I 

531 .... : . 13.2 

79.-5 : 
11.es. : 
25.718 : . 

f.CS.779 : 

74.!0I : 
; 

96.541 : ........ : 
(9.9U): 

214,781 : 

122,512 : 

J7.S'7 : 

: 

315.413 : (1.2) 
75.154 : I.I 

~.772 : 
l!.351 : 
11.m: 

511.212 : 

17.255 : 
11.541 : 
29.211 : ..... : 

74.981 : 

111.m : 
124,237 : 
(9.922): 

215,111 : 

m.s12 : 

32.211 : 

(3.1) 
1.3 

3.1 

-

: 

s.591 
35.!Sf : 

: 

ra.551>= 
.... Jll : 
-: 
31,242 : 

7,.lSI : 
1.414 : 
J.•: 

-43.511 : 

: 

4.747 : 
I, 153 : 

11.•: 

(5.771): 
.. ---------····--------- ·-· -------------------------------------- ---

: 'J ·PO rlt\JCCT 1UTAL 1.511.8'2 : 1.13S.ID7 : . 41.715 : 



--

Mll/8:?/002 lnJustrial F.11cr91• ttanage11ent 

Consultancy and Training. 

: ID PlOJtCT PUS<ml. 
: 11 l•l'I. Pr•f~sie .. ls : 
: 11-01 Clai•f TfCh•ic1i AdYis•r: 
: 11-02 ladls. h•rgy Coa. 
: 11-03 C.1tfllH 
: 11-04 lltct./llftlaeaicel 

11-os·r1e1 • Appli.c. Testi19 : 
: 11-50 Sbert-TtJm bperb 

: 11~,, s.t-·Tet1I 
:----~----------------
: I HIO Mlii•i9trat iw !llfll""l : 
: 15-0D Offiria.I TreYll 
: lf-00 li"9iM Cnb 

·----------
: 19·00 c.., .... t tot•I 
·---
:LD ·smmnum 
: 29·81 M-Ctatrectt 

:30 11AJHI& 

: 31-00 Ftll"O•bips 
: 32-00 &r"I' ir•i•i., 
: 38-80 Prier ,,...., Seti11ts 

: 39-00 C..O•l Jot.I 

: 
: 4'·00 tQIJIPlltlT 

: 5!1-00 115aUMEOUS 
:------
: !9·00 .PWECT 10l'AL 

: m&tT -i· (M) : 
.,. s : 

: ...... 30!;112 : ...... 309,112 : 
6.0 3!,900 : 6.0 39,900 : -

: 
t2.I 11.m: i2.1 11.m : 

hUtlllW 

am mm 
.,. s 

••• 
••• 
I.I 

' : 
0 : 

t : 
1.8 "·· : 

LO n.• : . ·t.1 t . .. 
7.7 11.• : 7.7 11.511: ••• . : 

I0.1 531.M : •. I 531.M: I.I . : 
:-

79.915 : . "··: . : 
11,154 : 11.154 : - . : 
25.711 : 25,711 : ' : 
-: 

M1.m: 141,7'19: . : 

,..... : ·1.e,•: . : 
: 

: . 
91,541 : 91,541: . : ....... : ........ : . : 
tl.922): (~.922): . : 

204,108 : 204,UI : . : 
: 

122,512 : 122.512 : 0 : 
~ 

37 ,917 : . 37,917 : 0 : 

1,511,192 : 1,511,192 : 0 : 
:11111111sss1111s1ss•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• 



--
Pt-JJECT 8t'06£T CO\'tll!Ki llllOP. Ctl!fTllBUTIOlt 

(la U.S. Dollars; 

Co~r.~r~ : Pfil~l~~llltS 

fr~,~~~ io. : PMl/@l/90~/!1/01/37 

l'ro1ect title : Industria" Energy Manageme~t Consultancy 
m1•l Trai · in9. 

------·-----
10TAL 1912-14 1915 

.,. s .,. s .,. s 

: ... nt•Jll:t rcL~'llCL 
·II lnl'I. rrof~SIOlllS 

11-~1 \Ji•~• Ttrll•1r~1 AdY1"f'r: 4ll.2 Jl5.47l : 19.1 121.IN: 11.3 75 .. 701 : 
: II ·O! llldlls. [arr~, ••. 12.0 75.154 : 
. I HIJ C.anllH 
: 11-tM [lttl./~ct..11t1l 1-2.0 71.77i : 6.9 44,115 : 5.1 34, 757 : 
: 11-95 htl • Anhc. Tnll119 : 3.0 19.350 : 
: 11-50 Sbort-Tera £-..rts 
: 11-51 r .. 1s' Aeplic. T.sl1 .. : 2.4 17.512 : 

11-52 Bide. £11tr11T [Y•l.(Ct1ttlltd) 
11-Sl Ct11tal [:1Dtrt(S.~01t.): .. 
11-5• Coal COlllllstaoa . 2.l! 15.659 : 
il-55 CCH1t1ter1t101 l.l! 19.121 
11-51 f•tls • ~l1t.Ttst1 .. : 0.4 i.155 : 

: 11-57 lid. Catr" a.d1t s,.c.: 1.2 12.131 : 1.2 12.136 : 
11-58 

11-99 Sab-Tot1l 83.2 561.212 : 21.I 165.195 : 17 .6 123.295 : .. _________________________ 
I~ ~~ Ada1n1slr~t1~f S.rir•~t : • 17.155 : 21,835 : ll .427 : 
I" ·8P IJf flc-ral Tr.avtl 12.5•1 : 4-.550.: 2,277 : 
16-0l' ~·••r~n Crsts 29.110 : 6.211 .: ... ___________________________________ ,. ____ 
!~·00 ~~tatnl T~tal 6!0.365 : IH.3111 : 141~199 : 

----· ··--------------------·-·------ ·----------------------
::l' S~..tmAt.15 

: 11 111 !'1b-C01tract' 7•.•: 11.121 : IJ,371 ; 

·--·----------------------------------
: 2!·00 CtlllOOatll Ttl•I 74.tOI : II .121 ; 11.m : 

:---------------------------------------
:?a Tl.\11116 
:l1-oo r111..,h1ps 
: 31-01 fft11t AoDl1anct (ilDAI 5.251 : 4,971 :- 272 : 
: 31·01 Bld9.tatrGY Sltlld.(ITO): 2.•32 : . 2.432 : 
: Jl-03 (JIA): 2.432 : 2.432 : 
: J1-oe ta~·o. Ots101 (~) 10.797 : 10,7'7 : 50 : 
: Jl-99 [a9'9. Dts1Gt (l.1111) 10.797 : 10,747 : 51 : 
: 31-10 Petrol. tCllt (llDA) II.Oil : 17,719 : 294 ~ 

: oi 1-1 I flOllt Aof It t. ' lei" D- 12.00• : 
IN'at T1st1ae (IA) 

JI I) .. (ID): 12.004 : 

... ·----------------------------------

. - . _________ .. 

-

Dalt Prto.rt~: 15 111 1987 
bist.0115-lbd 

1• 1917 
r .• I .,. s 

II.I 71.977 : 1.0 39.114 : 
2.5 14.57! : 9.5 61.275 : 

3.0 l!.350 : 

2.4 17.512 : 

2.1 15.159 : 
2.1 19.121 : . 
t.4 6.155 : 

21.1 1s2.55z : 11.-s 119.739 : 
. 

13.993 : 20.000 : 
1.721 4.00I : 

13.00I : 

171.217 : llf.739: 
: 

15 : 50.415 : 

15 : 50,415 : 

12.004: 

12,004 : 

:) 



·-. --
- 1. -

--------------------·-------------------

!' u £1of:r·iv Sv~t~ r1 lll .\ 

"!::o·:I!' I I 1 r-0: 11.!\! 
- tA!") 

~I - I~ I t':'I'\ ! I , _,I ~ V!" I. y 

[!l•r'!"I •:oa~•ll•n' rvn 

.•.' l111 1~ '""' TN1111q 

lttl 
IDP) 

•.' (II ~l11dy iNr fUlJ;/llrl.J 
1.' t•l St;aJy· Toer (llAll:JILSl 
J:-o~ Stad\· Toer (llST/.k:lt 
l!-05 St~~' T09r (IDAl 
3i-o5 Stadv Toar(JC/A!l/6Sil,): 
J!-01 Stadv TO'lr (ClJiJ 
32-0& Stwdv T09r (l!'Ll 
J!-f! Sta~v Toer (ZYR) 
l!-10 St•~Y , .. , (l..•~,, 

12-11 F1e1~ i ADPlrc. 
Tnt119 CAR> 

)!-12 Stady TOii' CJTT1:4AAI 
!!-13 Fa!l5 & A:lpl1c. Test1a~: 

( fo.A!~/llA) 
32-lt Stady Tovr (COJ 
12-IS Studv !oar 

TOTAL 
IQ}• s 

8.!53 : 

l.!SJ : 

l. "' : 

3.1'5 : 
3.196 : 

101.1'3 : 

11.6.~ : 
IJ.U7 : 
11.121 : 
Z.777 : 

13.493 : 
ll.491 : 
II. 796 : 
2.·112 : 
1.777 : 
6.0l2 : 

4.2&0 : 
18.000 : 

2.SOO : 
10.9;5 : 

1912-1• 
a/• s 

4!.12S : 

·11.&i! : 
13.447 : 
11.321 

36.397 

1915 
a/• s 

"' : 

2.m : 
13.493 : 
13.491 : 
11.117 : 
2.772 : 

43.927 : 

1916 
al• I 

l.!Sl : 

1.!Sl : 
3.191 : 

3.191 : 
3.1. : 

51.502 : 

419 : 

1.m: 
-1.112: 

8.198 : 

1917 
9/• s 

4.liO : 
11.000 : 

2. 509 : 
10.955 : 

35.715 : 
--------------------------------------------------------------· 

(9.~:!I: (9.922): 
. -...... -------------------------------------------------------------------· 

.?15.60! : 95.522 : 34,171 : 59.780 : 3S.11S : 

. ------·-------------------------------- -----------------------
: co ['1J I Pll[IT 
: •1-eo ErPt~I• £11111111t1t 
: ci-oo •on-£JOtldlble tet. 
: •e-oo Prior Y11r·1 s.,r•et 

121.717 : 
S87.7St : 

C&.964): 

83.143 : 
,,".112: 
(1.311): 

25.542 : 
881322: 

· C2.7N): 

1.332 : 
33,957 : 
(2,llt): 

6.000 : 
107.•68 ; 

'. ~~~:~~~~~~~~~-~~~~----------------~-~-~-.S-12_: ___ 3_IO-.-.--: ---1-1-1.-07-1-: ----,,-.-.--: --c---1~i1~ ..... ~ ..... ~I } ___ :.-)J~,J 
:~~ ftlS~tlJJ'.!i[OllS 

· 5' Ufl CCll'l!ton~nt Total J2.116 : 11.187 4.948 : 1.075 : 10.006 : 

. -.... -- --· ·-----------·:.---------------------------------------·--------------------· 
211,437 : J76,41J j· 

........................... 
,;, . 

: 99 · UO l'lt•JlCT Tl)TAL 1.IJS.607 : 161.113 : 31! .D74 : 

t" »· '/~ 
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Annex 4 

I 

curreat l"peratlag 
Exp!!l!J't.na 

_ ... , ...... 
udother .. -.1 Operatia9 capital 

SerwJce• ·bpoWa outl•x• "Tolt•l 

•• FunctJona 

'· Golneral A&taJnJatratJOD 
~ncl Support SerYJcoa .p 351,CDO 1' 250,000 r 1' 608,00D 

2. Energr ConaerwaitJoa and ,.._,._.t SerYJCOa 596,000 1,1ao,ooo 1,'176,oio 
J. Data Collection and 

AAalrala 228,000 250,000 ~78,000 

•• ftd\nlcal .. rYIDM ... . . 
a:walualtl• of Crude Oll 
•nil 'fotrol- Product 
Supply of tho COUntrJ 111,000 119,000 Z27 ..... 

5. Re9'1la1tJon,JnapectJon, 
Adjud1catJon and LlcoaaJag 
Se&'Vlc•• 2,025~000 1,139,000 J, 164,000 

Total, Function• 3,325,eoo 2,928,000 6,253,000 

•• Project• 

'· For lite oreratlo~l • 
lta'l'•I i;-nl• of ll•• 
Technical Aaalatanca 
eo.ronant of the 
Sltraa:tural Adjuatmenlt 
J.oan (SA I. II J C lllRI> • ..oan 
tto.2266-PH) 2;675,000. 3,880,0DO 6,555,000 

· LO•n Proceed• l,675,000 3,880,000 &,555,000 

2. . For the htabllal.ent 
and r,. .. nthtn nf an. 
Enar•rY Mo111•vt..a11t Conaua tanay 
center 1•1.toa· tit• Jn1k1•Lrlal 
r.nonn """"9-nt l:nt11111l tancy 
aml Tral11ln9 l'rojai:t (ma>P 
r;r111L Flll/ff2/002/A/Ol/J7.) 375,000 540~000 915,000 ---

Peao rount•ra»rt 375,000 540,000 915,000 



--
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LIST OF TRAINJt«.;S/SEMINAAS HEU> MING 1l£ PROJECT At\SE 



--
I r>·<· .. ·· ~ / -// u:;1 ltr lll1\!llU:C/SlMIW\RS ur:ornTM.rn l!Y lJ[U 

------
j 

-
I 
I 
I 
' 

.J 
I 

-
-
-

l. ,"(th UJS le ["rr9y 
: llnJ 9rr1l'n l Tr il in i 119 
Course 

Z •· llH lon.l i Wurl.shop 
on Cnerov 
t<'nservation 

J. Sr!'ninar· un Energy 
Co·'!!C?n·a t Ion 
lechnolugy 

4. St1Mln~r/llorl:sho11 
for the? . 
l n; i nerr i ny Acadcr. ..! 

~.. :~H fJslc: 
l!rf'rg;- HanagCfllt?nt 
lra lniny Cuurse 

(.. ~eninJr tln Tota 1 
S) s lt'1:1 A11prl'arh 

' 

fl. 

tc £11cr9y rtana9C?n:cmt 

Srt11 i n.1 r i\:orJ. sho11 
on f 111!1·yy Mi\nJ9l•nen L 
for ~:l•d hJ!ll Sea 1 c 
I n:Jus tr I l's 

1 ~L EnenJy 
rl:t• i\9l'flll'11l Training 
l Olll"S" fur lhf' 

' l•· H l lJt•ve l UpNf 
( CUfl l rl PS 

'"" r 11rnn 
r:.11,\111•11w111 I,-,, il1l1111 

( "1.l'Sl' h•r lh<· 
t •'.> s l l't•\·1! I l•J•ed 
( 11 mll°il'S 

10. (.~nd Basic 
l' hl'r·:iy Mana~ll'fflr.nt 
'r it n t 119 C"urse 

I l. ~·;~11111ar on 
h·f'Hn r t ,.r 
f :,1 111 l l'lhHIC •! 

DJ\T [ 

Au~. 1-5, 
1983 

Sert. 7-9, 
1983 

Oct. 11-12, 
1903 

Oct. 17 --19 , 
·1983 

Ji\n. 30-
F C!~ • J , 190~ 

Feb .• 22-24, 
1904 

lla!·ch 27-29, 
1904 

May 3-20, 
1904 

,111111? lU
,luty 1 /. 
1 ~!115 

June 25-29, 
1904 

J\u9. 8- lf), 
l 9t~4 

t:o. or 
i'MTJClrANTS 

J~l 

28 

109 

JO 

55 

38 

10 

19 

46 

76 

I • • 

,, n .. r COORl>lHATING 
AGEUCY I : . ·/: 

,. • . . I\. .. : • ( ·I 

UEU/DAP 

BEU, Etf1AP, UtlESCO 

SEU I EN-LI\? I J ETRO 

CEU, DAP 

UEU, UPEROf I/NCC 

BEU. DA'P 

f.\EU, OAP 

DEU/OAP/TAC/UHDP/ 
UtHDO 

ll[U/llP[R()f" J /H(C/T AC/ 
li~UI' /Utl 1 lJl' 

• BEU, UPEROFl 

BEU, UPERDFI 

.. 



I 
I 
I 
I 
I 

-
t 

---I 
t 

• • • 

•.. . . -· 

::. Sro~inJr(ln 
(~:.•:•uter 
1\:~:l iC3l fon 
~II ( lll'1'9)' 
~~., '1•11"l'"rn l 

13. Trainl'rs' St"G•inotr/ 
•;01 l shop "" 
lnrr~r n.rn~grment 
• •J1' the 
r II~ I n('('r· 1 n~ 
/,( JlJl'IRI! 

1.t. I ~··st llational 
rc~t 111' lnJustry 
t:t·d.-shor on 
I '''-'nJy Conserv' t .on 

15. r 'rs t r,.:Jt iona 1 
Clment lnJustry 
\!rd.shop on 
lr1er9y Conservat i'n 

I G. £ r.~rr;y t:Jnilgl'l1ent • 
1 r 'in i "" r ourse 
r. ,· l~1 ,\o.lu.1 ling 
l••:;nl',•rin~ 
~tu Jt•nts 

I : • ~Jn! lli\t; le 
L n.•nu· U,mayl'fl11m t 
1 r. in'"'' l'uurse 

19. ~.:11•inJr '-'" 

w. 

f.r 1•rc ~n hir ~Ii n I n9 
ln1lus try 

I!; l fiJ liona 1 Mint 119 
I 'Ju~ try Uurkshop 
"'' Energy Conserva t Ion 

?J. 5t'lrtlnar on [nerqy 
M,m:sgP.menl Sys trnrs 
i II l\u iJ d foq 5 

~~. =~·tu f\3s le 
r IUT~I)' Hi\nl~ririent 

• 11 l In I 119 Cl'Ul'St? 

• 2J. Srr1 Ina r /Uurt sht'f'I 
un <lpt tn1h at ion 
l1•c'111i11uP.s for. 
I nd11Slr·ta I £ neryy 
C r>ll';l'rva l Ion 

' ~ 

--

Aug. 22-~•1, 
. 1984 

llc t • l ~- 13 , 
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EXECUTIVE smQIAllT 

Introduction 

This report de1tcribes the fiad!Da• of the merr:y suney at . 
'ieairara's Captive rover Pl .. t (CPP). ?be platvide atudy of CPP 
v .. conducted by experts frm the BEU'• -Can-1~ _. Project 
Ena:iaeerint: COlllPOHd of Messrs. J.C. Alaunc1ac:ioa. 11.J). A1aa7a, 
and C.A. Quirante, BEU consultant Hr. P.I.. Sr:l.niYUaa of UIDP/UlllDO. 
The 5-day visit of the theraal plant vu carried ..ut from 19 to 23 
tiny 1986. 

The Pnl'rKJ aunoy flf CPP va11 undertaken to 1 .... atify and 
•Hea• poll'fttial arena, pruvilk- reclWfttlff J11prcrwwdta for. 
eneray comHtrvatian 1n the plant. '!he i-eport outlinaa tho current 
operational probl-... of CPP and the necea .. ry acdt :.a the ca11Panr 
have to undertake to llitif?ate such nrobl ... and conaeauently iaprove 
overall -efficienC!'• life, ufety, reliability of t~~ central power 
plant. 

Seairara Conl Corporation is the bipeat coal 1dnin1t Uni fn 
the Philippines vtth a coal •inefield operation rated at ·1.0 "1llinn 
Mtric tons per annua. 1'he Bureau prorided the company on 
F~bruary 17. 1986 a cnal expert fl"Oll UNDP, Dr. V. Szulakowsl:i 
'" hrlr rhra t-rrC'vr qunUty cnntrol of the coal u11ed in thr rlnnt 
nnd aiti~nle current coal-related probleas in tt.. power plant. 
Cht Frhru~ry 19, Jqftb, BF.ll exJl('rt~ and Hr. ?.R. Srinivasnn of 
UNDr/UtHJJO conducted 1an in-house ae11inar on energy conservation 

· nnd preventive a.1intrnnnce and this vas attended by about 30 ainesite 
personnel. These cont1ultancy aervices are vart of the BElJ's 
UNDP/UNIDO-aas!wted Energy HltnDJelleftt and Conaulta11ey ~rvice 
CEMCS) Prnjocc. 

PreltaSnnry ftndfna• of th• aurvey·vere reported to Messrs • 
.J. Lttc, Jr., TSJ> tL.,n:i,:er., C. ISAc-nlao. Coat leduction eo.itt•• 
Daainann, and A. Mnputi, ~he CPP ~upe1'1ntendant dUl'inll the 
111:tn11~rwnt •r.tfnr. hrld nt tht' 111.ttt. Me•tta. P. RoMlea. Enercon 
u(f tc-rr nnd J. Hii.:mdn, Asttistant c.-rr Superint .. 1dent aasiRted 
:h·; BEU tt•:t111 in tlw rlnnr l:l~r. 

Tht' queAtJou r•r drm.'iu~ ur :> detailed ene:t'~)' balance a1 
"'"t:J:r!ltc•d .. ,. tlw 111:111:i1:t•llC'n1 : nr the Cnptivt' Power •'lnnt VA• 
.·11~.1a1rrr'' c:irc•iu: ,,. h~· r.!·~ .:·:·: .. ·u: nm1 nftc.•r n cl&!tnUc.•d 

••!,fllRJllftl lclll 11( lhc.• rc•c.•or&H ·'. \.tirl~Jnr, nf tll<' power Jl]nnt, it 
.... ,. rnnd ml1•d Lluit Jt ill lh';: iwr dcairnble iu,r !ensible nt this 
• .. :nl of llf"tf• II 1•:1rry f'Ct~ •:••··'nu CXC'rr.it1• jn \'iC'V o( the 
.:!1:•n•d St• I ;1!· I 1· .111.' r:ipJd f ! I! · · iM1f. '1!° de11:mrt (or eleC' tricit~· 
· • ,. .... r he> ..: : i,..~ ! 1 ~ • vhit'h r.. "" thf' 11t•nc1v l nact cf'ndition• 
c11ential for evaluation ot hailer ~nd turbine eff icienci••· 
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lten11whJlr, BEU would ht- vJl U111t to hrlp St-aJnr:t l:nnl t:nr11nrni::irin 
in the trai11in1t of boiler operators in efficient orerntion of 
chain grate stoker-!ired boilers once arrllllReaent5 nre .. de t~ 
auppl7 the correct •iae nf cnnl nrC'Ordine to apecif ic:ations to the 
Captive rover· Plant. Detailed onero balance of CPP ca alao be 
draw up at that poiat of tiM. Likavhe, B'IU wuld be happy to 
traia the eaa:ineer• or the mrkediac and ulea division fT• the 
c_,_, n "Coal Utilization Tedmoloo''. so t11at they would be in 
a position after the training provide tbe necenary technical h~p 
and guidance to their cuatmers on •ttera related to choice of 
equi,.ent, operational problem;, and illprove11111t r~ cmib..Stion 
e!f iciency in boilers, etc. 

Chain ~rate atoker-!ired boiler• cannot burn coal efficiently 
if the cnlnriftc vnlue of conl fnlls belnv 4721 Kcal/kg (8500 BTU/lb). 
Coal ns eurrlied to the 11over plant is likely to contain lnt of fine11 
even in the !oreaeeable future, and the disposal of fines to outside 
parties llfty poae special problems. Furtber, the possibility of CPP 
being supplied with pro1tressivcly lover quality coal in the years to 
coae cannot be ruled out beceuse -of the policy of aanageaent to sell 
higher sracles of coal to outside parties in order to ~enerate 
subatantinl corporate revenues. One of the ways to tacll• this 
problea vould be to retrofit the exi•ting boil.r• vith fluidized 
bed cDllbuat:lon equipment, since in that event it would be possible 
to bum efficiently very low s:rade fuels contain:lDll billh percenta~e 
of f taea. 1n !act, fluidized bed boiler• can operate vith 100% 
of -3111 size coa13 hnv:lng cnlor:lf ic value •• low aa 3333 Ecal/kg 
(6000 B11J/lb) with boiler efficiencies approachini 85% plus. A n~IDber 
of CCJllPanies in U.K., U.S.A., Sveden and Finland are capable of 
designing and supplying retrofit fluidized combustion equipment for 
burning low ~rnde cod. BEU woul~ be very happy to assist thl" 
110nageacnt or sucb a retrofit sche• or project. 

In the energy survey. 11· exallination of the conditions under 
which the power pl:lnt w:ttc workinJ: revealed 11c.e .111v:hiua hut IMj<'r 
deCicienc es nnd it wns the considered opinion or BEU experts tb:it 
:lt woul" be prudent and worthvbilc on the part of the 1D1tnn1te•cnt 
ln conccntrnl<' in the fir-Mt inf;t:mce cm lhe !oll'":in~ Jlcm~ :u; llu.· 
hc-nef 1t:; ''' the- "''llftllnm· b~· i•!'lc-mcmtin~ th,•• W0\1lr: he- rn,.,rll!C'u,;. 
11ae rrohi~111 nrc-:111 nrc- t! iv.ld,!d into tvo (2) nrens :md nr<' narrnll•d 
as !ollows: 

MANAGERIAL 

The atntion over:i!l efficiency lrv,:ls are ]""'· :i:ad the life 
of pm.er rl nnt <'qub•l"'t f':trticularl y the fltea• t"r"~nf' is rrdnrC'<! 
due to ther111.1l cyclin:.. Tiu.• 111:1na~~·1111.m: · :· jori t~· 111i.,.1: id he tc• 
( OTllUlatt> better pr1•dllt'Ll "TI rlnnnin~ nil' ::C'ntro]. ~ f·. tf' Tiii~ I hC' r· '11•: 
continuoudy !or two or tiarflc llORth• at " stretch followed by 



ID.'1intenft11Ct' or tUhl' equiJ19ent, if 'f'IOSSible. Jetter coordination hctwt-l'll 
m."·kt•t .lu•~ :md 1•rodurtlnn, 5lt,ckp111n~ or coal durir.. Jenn sensuns 111Ust 
bt~ J:ivcn c&msidcration. An urttent attention to pr&. 11er prodcction 
1•lf\aninr. :mcl control would result in a unifora load de.and and his:her 
lo:acl factor camp~red to the current factor of Ca~t1ve uouer ulant oi 
0.49 to 0.74%. Coaaplin~ this ~-1th the supply of the right size of 
ct,al Ln thl' hollera in CPr vJll bri .. A nbmtt clr.-tic 1..,rnvrwnu 
In tbe cH1ciency of the plant. while at the ._ tm having a salutary 
e!f cct anthe l:lh or boilers and turbin'• 1D the pClllK -pl•t. 

Ai. :.hilt 'Point, we wul.d like to -.bu:1.aa to tllle c...,.n:r the 
nred for i111provC'9ent in the .U,.rviai.Ou of the iaterlocklng conttols 
nf the bl'ller plant. Control rooa operaton mast ~ Kainecl on how 
tt• &'lkt" tht' best-known selection of control Mttinp during variation 
nr 110!1 er J&,11cl. lf cuntrols are mnuallJ operated. CPP should 
rstablisb tht' correct sett:ings ·of 1trate openinR <-> and speed (:;) 
thnt ..:urn:spund to the anticipated load chnn1te. lbis will prevent 
11ny overshootinJt of tbe correct control setting (a current perennial 
problem of the plant as shown in Appendb A) and el-c...inate unnece-ssary 
V:l!ltnlt(" or coal which is estimted to be about 0.02 Ml' of coal per 
Hl: r.rnrr :at I Oil. 

TECHNICAL 

Jn:adc.>tJU:llt" r.o."ll rrerarntion rrior to FirinE in Bo~lers 

The r .nnt con•uwd a• 9Uch as 20. to 35 percent 11Dre coal·thnn 
nt>ce&Anry ltccnus• or the cmpletely wrong size of coal being fed 
to the holler. ln view of this. the plant :is beset with the 
rollnving current operational probl ... : 

I . 

., .•. 

3. 

Unnc.>Cl!Hnry electric power is consu.ed in coal crusher. A 
i;crrcnin,: proc:eH should be provid•d before the coal crusher 
110 that coal Unea of -4m size •• well as coal between -3111111 
and +i. .. size,. nre Mdc to by-paes the crusher and only co;ials 
or shes of +35- above 11re 91lde to paes throu1th the crusher. 

l>uRt nuh:mcc prffents n pT'oble• to the pCIWl!l" 11tntion. A 
"S"nk F"~J?Cr&" ii; neccs!lary to climimuc the hPuflekeepini: 
pr11blr.111 whfch ill cnuAed hy the .prcacnce of coal du111t evcr~"Vhcrc· 
Jn th<' 1•m1er plant. 

Hir.h r:irhon con:ent nnd unburned conl in th<' n•h is beyond 
'"'' lc•lcr:ablr level. the coal •• fired contained fines or 
nhuul 'iCI tet 70 pcn·cnt 1trith the right 11J'" nf nett hdn1t 
1nurc Lh:rn 20 percent. li.ddition of llOilltUre hy 88 llUCh aa 
10 t<' 20 percent to ·the conl before !irinSt ,,dll reduce siftinr. 
""'' h1n"h11ln1 tn rhr r1t·a, rnrchv ffre hed whlrh pret&lnc•• 
11 , ~1111111 •• ,.,., 1111•" ~"''1 lh•·••·I·~ tto1kt1·to ,,.,,.,,;,,,:•I•. i1t11••• 1 ~•; 
h:nH tun, nsul dac:nm"c carbon lulB n! abouL 11 to 5 percc&1L • 
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4. High exceH air. Correct size of coal is a very uaatial 
prerequisite for the efficient operation or chain s:rate •tnlter. 
l'•·•11•nl I~, Lh• e•*l••m~ ha vtu1U na l'IUI 1 1h11t l•• liJ p.h 111r1111.::.- "Jr 
d about 192%. n1is DllOUlltsto 15% of the total daily coal 
cansU11ption. 'Ibe plant is currently ooerating its boilers 
at 70% efficietlr'y.. RoueYer, the h~h level of oxy~en present 
in the Clue ~as can be dealt vi.th only after proper slz~ of 
coal supply is ensured to the boiler. 

lnnfUdent Dedp Features of the Boiler 

lllprovnent or modification of certain operational syetns or 
redeaip of certain aub8Y9t- to acc:emdate possible energy 
aavinga artld/or i11PrcweMDt :lia the life and reliab1llty of CGllPCJllents. 
aaf ety of boiler operaeioll. 

1. Slagr.ng probl• in furuce n.fnctory valla. Cl.inkers at 
refr ctory vaUs iDterfere vltb tbe fre ••i int of tbe 
coal bed along the fumace length to. the uh pit. the probl• 
can be elildnated bJ lining both sides of the refractory valls 
to a height of 23 ca. froa the bottaa vi th W !con Carbide 
lricb a1 ahDUD in draving (A). 

2. Acid-corrosion of dr beater and econoaher tubes and 
r••u•aes. In order to prettect ecanOldara and air heaters 
a,:alnst tht- poaillblUry of acid-corroa:lon. • b,_,..a• duct 
ahauld bl- provided as 9hoYn in d1"aVi"tt (I). 

). lepl8CeMDl or 1:8U~ Jle•a plates eft1")' a:ls (6) ... tbs. 
Such li(e or the t:a._. glaH is tao 8hort ..S the pNHDt. 
aupplien •1 be asked to supply better ..-UtJ a.. ~na. 
Abo, Jtrcwide nhsolur• ~·• d••• THdtaa of the 1Jo.1ler dnm 
Cr• th~ gpur-.ti1q; Cl0t1r by il11•talltaJ a ~1-colwr,..... 
al._ and .,.tnpaa ca... n.dttaa of t11e ..._. 1--1 "DDto die 
boiler operacsaa n ... tllrOUllt • .,., ... wlft'••· 

4. lt:;•"'IW tu ltuller tnhl'I' C'llt19'\-J "r ~~c l.kt11tal opettllltt uf 
Jraia valwA. Prcwiu • fOCtJ_,,..,.,r Jwkllla ana..-antt 
i or ~ dr•t• wJws. Al•, tltftalladm or Mnn 1 J 
nua~rc:uru o:ahes r:· ~tda the tt~!leort m1H11rttl)' 11frer 
•Sn iatnp valw-tS h- i.,,ort11n1 inr boUcr1 that ere connected 
t<• " c~ header . 

S. l.ro"10ft or boiler :1:"91 dw to tmpt....-t of weer panicle1 
:-: 111..,enonk vrlCM"td• fr...- ,."''' blnwl"a. ,... drau 
,. hn fnr rr11CtvnJ nf ..t•rur. fr·-. rhct llftOtblCllllr.I' UM• 
"'''" .d ..... , cloN' "" tb• 11c!n: or tbr llOOcbJowSftA •• 
Pr"'°' IC!llltl,. 4'f' 11• "' ndurl' re• an .11baolua .Sat .. the 
H'ftl~th nr .,.v1"111\<'• r •tea• ~~,·~. -..... wh:IC'h C:amfftt .,. drained 

._.: i .. :-uveh "' 91Qt '-ture • 

• 
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l. Bnnaaclc5 are still present in the condenser ~bes even ~fter 
tre~t!n~ ae3~"llter vitb chlcrine. -~e rlant should not ~nly 
Inject chlorine Into the intake •UllP and into the circulntin~ 
water rumr exit ripe. but nlll<' Intl' the •U91P in vhich th• 
auction pipe• of the cinulatinlt vater pU91ps nre located. 

2. There is an unreliable suppl'!' of chlorine. Oalorine for 
aea~ater tteatmnt is worth Pl20,000 per year. If for s09e 
rer·"an• chlorine cylinders fr• Mnnila do not reach tlae 
island in tia. coolinR veter treatmnt would be affected. 
lt ii aut:1te•ted thnt the ccmpany ~o for :an an-sitr sndiu• 
l•T1•n11·lth•rl1r ,. ...... ralur I•• 1 .. •H-11ufflc•l .. u• h• rhlurhw. 

3. Explon•I,,. p-avela fM" thP Mataeralher 'Plant aTe illPOl'ted 
fr• Alllltria. 7or futun nqui~t• of 1tuavel for the 
,.,.. 1 :•..-1 flltrrs. lacal scwurces in t1"' Philippine!' .. ,y 
• ..., .. 1 ...... 

Uuatl•f Kt!!Y ... U.nUablt" 1>.C. ,..... !apply lyat• 

1. VuaU•fict~ D.C. ~17 .,at• for the hrbtae 1. _.ic . ...... 1.. drnit t.naker ~atlon. .......ciaton and alarm. 
la vlev of the criticality of thi• D.C. 8U191'1! for vital 
fweUonl• of tW •lllCCrkal •!'MM ttr the re-el' t'llmte 
• ..-r• •t or tndut1tTSal leal-acid batterit-tt .. , .• 
prcwrided. "° thnt vbile one Ht i8 -- chnTpd the other 
•t !• in t1ervlce. 
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ll.! lh.•t•ft~/k~h 

lfllt.F.R HEAT M'f£. ,EU.r.P. F.TrlCH::rcv 
o. ·.·~ .. .. ... . '·• . 1; ,'>On - 19,•JOfJ ltt•n:~'h 13~3 ITU /1b ;,~ 

-------------------------~-...-------------.... --------------··--------------------------------------------------
*Jor ~rea~ 

"8ft .. •rtal 

·hchntcal 

St'la:s Ccr.dltl•m• 

• "l•t• fl•ac:·::,t l•"ll ln 
lc1u! d•=tan«!. 

.. • 1...-quate co1tl 
pr~atton prior to 
ftrtn, tn ~fttlere •IHI 
too .. ch "ftne• tn 
coel" •• rtre4. 

~. t ... uf f tetent •••l~n 
feature• of t8 
ltotler. 

-·· t ... rreett'"' veter 
treat11eat 1y•t ... 

- . Unsattsfact.,r•1 11nd 
unrel lahle 1>.C. pc"'·er 
auppl y syste::a • . 

Doscrlptton of En•rcon 9J?portunltz 

I. ~cr~J~tton of bo::er production rtnnnln~ anc 
ct'fttrol, better cr.~rdtnatl~n b•tvoen 
1'lll'ketln1 and pr.,c!\:ction·. 

2. t:apl'oYetll9nt tn the 1up•rvi1ion of lnter1ockln~ 
control• of the bc11•r plant. 

l. Pl'OYt•ton or 1cr••nln~ proce11 before the cru1her. 
2. Ad•ltton of 119llt~r• to the coal before ftrln•• 
J. Catttrol of exee11 1tr level fro• 1921 to 201. 
•· 111•t•U•tlon t'f "Sen le Fo9'~er1". 

l. Lint-. of floth 1t~•1 of refractory wallt with 
Stlteon c:..rt.ld• ldck1. 

2. Prnt1ieR of 11·by-pati duct to protect ei:ODOlllbttH 
1111.t atr hlater1. 

'· lleptae ... nt of s•u•• •l••• vith better qualtt1 
•t-c•l.or ,.., .. -1•11 and trln1f 1renc• of veter 
1 ... 1 re.tins onto th• boiler operatinw floor 
tht .... • IJ•t ... of •lrrora. 

4. fr..tatan of • fool-pl'oof' lockinR arr•nR ... nt1 
fet ••.tn val'le•• s. f'r99t1teft of lratn •• clo•e to th• point of th• 
•eot '1owtne. 

I. 1n•t•llatton of an on-•ite Sodiu• Hypl'oehlorite 
C.aeHtor. 

2. ~ploratton of th• ~•• of tocal gravel for the 
eravel fUteu. 

3. Injection of chlorine into both the intake and 
•uetion pipes of th• c.w. pu111p. 

I. Provision of a spare Ht of inclustdal lead-acid 
batteriea. 

A·:erue Sttvinc1 

t), l)t, ?iT Con 1 /~IW 
by t~~rovln~ S.".R. 

0. ')2 HT Coal /MW 

n .>.. 
o.or. HT Coal/HW 
0.3S KT Coll/HW 
lndluct 

N.A. 

Indirect 

tn~irect 

Indirect 

Indirect 

N.A. 

N.A. 

Indirect 

ln~irect 

l 

' f 



'St-9lrnra Coai-Hlne is considered as the hipest coal ainc 
In t~ "'1lJrl'inl"1'. 11K- three ainefield (Unon~, Hillalian 
and Pantan) Rft In thp f1tlmacl nf !efnr11 tn r".1tluy11, Antfq11e. 
Open pit alnl~ operation is pre•ent11 done at tbe ~ field 
vhtch hna a rated capacity of I 111111• Mt' per amaua. Aho, 
then .. re a llmber of IM!l~e open pit am. :Ill the 
blar··, uai111: CDllftlltional eartt.o.tna eqgi,._t for onrburden 
'H91Dvals and cNl extract!•. '1'be coal 1line Produce• aub-· 
blt ... !nau1t coal vtth calorific •alue t'Anldnr. f1"Clll 4610-5170 
lu:al/k~ (8300-9300 ltU/lb). · 

Tht" co.,1-r ired thcr.al plant rated :at 15 ~ supplies poucr 
to afnrHeJd to run the four (4) SR400 Voeat-Alpine Ah. Bucket 
Ulaeel Exca•ators (IVE'a), about 4 ka.-loaJ owerland comre1ors, 
llUlll' ,......., etc. IVE'• are used in cutting 30-taeter hitth 
bencllt!S and ft• tntal daily output ia about 20,0DO bank -3 
of cn.,J and e»Vetburdea. lelt -c:omeyon are udl bed 1.n ttans
portJn.: run-of-.fat" coal to coal stockp:lea a..O OYerburden 
lo dt111pslte. '!he plnt -inta:lns two (2) atockplles of Tun

of-.1n .. ronl in tier atnckynnt. Conc1 qlualtty r.oal (aelf'Cted 
c-11.-i I ) I~ ,;1•ld let N:atlm.,l l°l'Wl!r Ccururnt fon (tll'C) ancl Atl:att 
Kinlnr. Cctr.,nr:atfon vhilr cmt•lnnted conl or lov ttriade cnal 
b cC11111n~d in tbP thrni:tl rlant. · 

n1r t)")' Jt-:a 1 rNadJ t .i ""'' "r rcwwrr Mrn• icr nr CPP 8Te 
re!lt"Clt-d b the foad d:lar.rll9K nf Fi~. J nnd Fiat. 2. Shawn 
Jn Fis:. I nrt· the :wvrrn1w 1111ntblr vnri;1t·inn nr the pen!· and 
avernr.r dninncl in l'BS. FiJ:. 2 exldbht-d the typical holirly 
vnrtntfmnf thr ln.,d d11r1nr f:lvr rnnR .. rnrfvr d111• in "'"" JiJ86. 
tlur;l ,.; LI•" tJa•. tht· dc-.:•11d tC' ht· a•t doc~ not foll"" n 
emu~;:-· •.-nt p:ntrr11. tl111.;. r.,•ncrnttt'!." sil.:mr cn1•11cicy and output 
rrqu. rt·d ti' 91C"t"t lht"a rnnnnt bf> r 4'n•rnist!"d· 

I .•:n: I :H"tor ,,r rlw r •• inr ;,. "'""' .:iwt lcw .:sreci:alJ~· ill 
lllHS. Thr Pt-rfnn..,n\·t• r:m::r.• fT'm :•t· Jew ns '1.49 to a 
hiJil ''" oi u. 76 111dicnran1: an .unts1rnct\" 211-hour-por-day 
etrrr~· · .. !. ,:j th f'\•:at. dcs:om,• pe-rir:h .·!·~·~· nvern~e lrad. 
1•111l11ui" ··1il\". lht· C'C""f'Oft\" '.'f'Ctl'Atl.!1· ; :i1 o llCT'M2 plant Vitia 
hlt:h :•i·M•r:u int: C"Cttlt "r' unit of L-Srt·f~~r. CPr18 CO•t per 
kwh !'•••""' ! rnr. f'f'. 1) I ,. 'fl, 79 Cr..-!•:·• · •d tf' ttrher th'""'-.,] 
1tlnnrr ~'' 1he com.:T'\· \:::n nhl'ln ~"· ·. :" ~•.J6 tter l:wh, 
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FUEL CONSUHPTION 

Table 1 ahous the plant performance in 1985 exhibiting the 
variation of thr 110ftthly fuel conSU111ption of the theT11al plant 
and thr Unonl Diesel rlant. A typical bnurly CODSUllPtion of CPP 
are ahoun in Appendix A. Fipna fr• which .the- daily boiler 
trend cunea were establ.iahed an taken f'nl9 the lot:aheeu of CPP. 

Roted in the tre:ad cunea are the erratic control aettinl?s 
or the irate opeatn1 an4 .,... of .the ar•h in eatidpati.DD of 
a load ChanJe. Fra. the •hlta of the control roaa. it 1• our 
vjev that the operators by-Yirtue of their •kill• and experience 
•nage to •ke nmd• •election of control eettinp. thu8. 
-nually oftrriding the aut~tic COlltrol. without very aach 
know1RJt what is going an in the qatea. In order to noid any 
vHt•1t• of coal due to incorrect adjustment or aettintts. such 
pra.:tice or .... ,ing the interlocking controls of the plant 
mmually should. 'be illproftCl. Operators ... t be ttained on hov 
to -ke the beat-lmlllllll selection of caatrol settings to avoid 
different oreratora or even the ... operator -ting different 
wrlectinna of ccintrol •ettin1s vhen f11eed vith the aa.e conditi"1l~ 
uf fur.I qualf.ty. hPiler load. and boilt"r cnnchtletnl'. 

Froa thr hniler trend curve-a shown in Appendix A. our nn:tlysis 
rf'vrall' the followin1: 

1. 

2. 

Jndiacriainate selection of control •·tt1n~" during 
audden chnn1te in boiler load. 

ln npt•rftttn1 the un!t belcw 301 etf iu ·M.C.1l •• n 1Ctt 
nr hent available in th. •teDll 1• va•ted and if converted 
tn C'o.'ll cnn•Ullption would BllCIUnt tet 11 lo11s of about 
JR.5 tonnes of coal i-er day. 11th b nbout 34% of tbe 
unit'• •vera1te coal cons1111ption 'Per day. 

l. An avernr.e coal or :1bnnt 7 .9 toon,.111 pl'T d:1v vh:lrh j~ 
nppraxb.ntely 13% of dnUy coal rm1u-rticm 11 f'Ut 
into v:tste due to fluctunUns; sLr:~ dc..-.nd. Whh 
Cluctuatintt steaa deund, it alsc- l•e-rn.es verv dHfieult 
tc- ""curl' 1:ood cOllbustinn and stl!n.,~· l'rr:t• pressurr. 

Tahl• 2 nnd Table 3 •""" tht" cl.,..ic:nl :111 .. 1"11•11 (proxi•Me 
annly11b) etf Solllrnr11 coal and nllh iii bc-!ler . ,,hrlt. rf'llJ'f''""- ~vc:1y. 
11ae reprt-untattve ...,1. or cnnl nnd a11h ven cuJlected .,, l\ElJ 
durinr. the rcrtnd or ob•n•tion et! vorkin~ of thl' bo1ler11. r,pnl 
expert" .fftllncl tllC' 5et1Jrara cetnl v!t'• hittl· .•11h (p11] intt pr1•N· · 1<•111 
htocam•C' etf .lt11 hi~h citntent or nlkalbi rw·•n nm! r..,n. Tnl•I · '\ 
lncUrnte11 the rrC'flonco of hiath cnrbon crint~n! :mcl unburnl : o•:o I 
in ••h. 
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Janunry 
Feobruary 
ttarrll 
April 
""r 
JUI' 
Jul,. 
Auiust 
Septellber 
October 
Novf'llheor 
llrcnihcr 

.J 

Table 1 

not.'TllL \" FUEL CONSUHl'nON 
(19tt5) 

Captive Power Unona: Dihel 
Plant Plant 

HT Coal Liters, ADO 

2.893 71.550 
2.333 12,577 

-'·°'' 10.793 
4.074 63.302 
3.541 69.977 
J.699 21,605 
3,031 5,994 
2,822 1.882 
2.518 52,696 
l.023 

' 21.843 
l.156 26.003 
2.234 66. lJ4 

Power 
Cenerntion 

HUR 

2,604.2 
2.059.7 
3.477.1 
3.254.7 
3.182.8 
3,027.6 
3,067.7 
2.623.0 
2,489.8 
2.672.4 
!?.536.9 
2.281.0 



Tnble 2 

lllDll r.AI. AffAl.YSF .. c; OF SEKIIARA mAl. 
(r1·11xl .... tl" AnnlYnh;l 

Hobrurn {P 10s•c, I 

VOi, % 

Ash, % 

FC, : 

AUL, % 

llV, kal/k~ 

Sulphur'*. l 

N:12o in coal*. % 

'~o ln c-r1nl *• l 

"Air-Dried" Basis 

18.37 

37.S6 

9.41 

34.66 

9.22 

4,956.S 

0.78 

0.56 

0.16 

"As-Received".Basis 

25.90 

34.10 

8.54 

31.46 

(*Cn.d :m:tl ~tsJfl frOll the rrt'viou1 rerort of n:. W. Szulakovski.) 

· / 

I 

I 
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Mobture, ~ .. 
vas. % 

A8h, % 

FC, % 

All., % 

llV. · ten l /kf: 

.J 

--

Table 3 

CllF.tlU:AI. ANAl.\"~F.S OF A.c;JI 
(Proxi .. te Analysis) 

"Air-Dried'" Basie 
~ 

4.74 

7.64 

66.16 

21.46 

25.15 

2.117.2 

I 

"All-lleceivett" Baeis 

28.70 

5.72 

49.52 

16.06 

1,584.6 

,. 



TIIE C.\PTI\'f. l'OVEll J'LANT 

Tiu! 15 HV thermnl plant consists of 2 x 7 .5 MW Austri:m-a.'\de 
boill'r-turbPRrDCrntnr units. n•e two chain ~nte stnkcr-fired 
l•nfl rrll hnvr " rr•h lnrd 11trn" output nr 7'2 llllllH•R ftml r11n!'Ullf'I I till 
nr nbnut su.ouo KT oC lnv s:rndl' coal per ,. ... ,... Hrudaa• br•.lJ er 
wnrUntt rrc•1ure is 56 bar 1tnd •tea• te11per1tture of 453•c. E.'\;:h 
bpiler hn11 n •urerhenlcrs. ccPucwizer. air heater nnd dc,;upt•r-
hentinJ: sy11te.. .:. 

err•~ hpl\crs are t~ll-radiati01• trrc boilers nnd nre 
equipped with tr1tvclli11g chain Rt"•te stoker driven by a sl1..,ft 
at the rrnnt of the 1:rate. 1he coal :ls conveyed throutth the 
Snlet o( the travelliftlt ~r:tte to the Jrtlte 'bed and thfckne•• 
of bed is "'" e by the 1tuilotine door. 1he nece•U!'! residence ti• 
for the coal, in order to en1ure an efficient combustion, iR 
achievn throus:b a suitable cmbir_adon of th coal l1tyer thickness 
nnd th- 1trau speed. ea.bustf on air :ls led throup the s:rate 
layer froa the •orious air znnes or the ,rate. 'Jbe combustion 
is tf ."l'linated befnre the clinker d .. sections and the slns: ~oes 
to the alas: hopper. For each air zone, the air flov can be set 
separately by Mans of •aually operated dampers called "air 
trou~lu;". i.-edlatcly under the ttrate bed. »' . primary air flov 
ls set nute&'\tically durinJ: operation ao that ide:al combmr::t:fon 
conditions nre achil'vcd. The secondary air fJ.,., i~ nona.,llv kept 
con,;t:ant. Snderendcnt of the boiler load. This is !ntrodurc.>d 
int" thr furnace hy n _forced Can in the ris:ht s:lde of the boiler. 

A mtthnntcal dll~t st'pnrntnr is inatnlled nCter the :air
hcnter. n1r du.~t collected is vlt11drawn from the •er:ar:ator',; 
hopper by n •crew conve)•or nt the bottOll nnd trant1tportec1 che 
dust nncl :.shes to the :ash disposal sys tea by a Btl'efll v inr l:f ned belt 
convryor. 

n1~ two boilars are connoctod in pnrnllel and o cOllllOn atc.>.am 
hr:tdcr pt"ovides stoa• to both or to nny """ etf thr tvrt atrn• 
turbines. 111e tvo Ptoa• turbines haw an individual 11urbce 
cnnclt'n!H'r o( divided box-type {or Condenain~ thl' cxh:mo;~ 1CtC?:n1~. 
Crr llSCK KMVnter for their cnoling SystellS. atak.-iar V:'lrt'r for 
tht' tvn hoilers istrcated :tt the dcmlnernlizC'f rlnnt wn:;";ch luu: 
twc• unit~ o! s:rnvcl f iltcn; cnch aupplyinr. nm• cntJon :nul onr :inion • 

• 
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UBSERVATlUN Atll> RECOHHall>ATl<lfS 

I .o r.en~rnl 

• 
l. l rJnnt Lo.'\d 

TI•P Cnptiv~ Pouer Plant which bas llDV an installed 
cnrnclty oi IS Ill consistini of 2 x 7.5 Ill tarbo-atenerator 
sets is 11everely •derloaded. lt •s --=ertained that 
even at a productin leYel of 1 •illion toanea of coal 
ppr nn11 .... , tht- anxf- electrical load V! uld nnt be 11nrc 
t! .• 1n R HW. Such belnR the cue, at the preeent avern1tl' 
Jtroductfnn level of 450,000 toanee iter nnua. the avera1:e 
.a.ondtni banlly exceed 4.5 Ill or ao, though --..ury peak 
load" •:IRht '9t"al"la a Ciiure of 7.S MW. Na wna corrobornted 
hy prrv 1°'"' ~rr oraance or the plant that are ahovn in 
tlae load dlattr._ :Ill Appendix A. Undoubt• .:lly, the plant 
ba.. " lov load factor vhich iDclicatea an aateady 24-hour
rer-day operatian vith p ealt de.and perio~• above n•.ra1te 
load. lt is npined that in Yi• of the apredictable load on 
tlae 11tt'Rtt"a .nnd lnad tn1Jnl!1t ·or 2 to 4 MP., BClll'leti•s over a 
ID-ainutta period, the (teneratiDJ plllllt capacity and output 
rPqUired to meet thea cannot be forec: "ted. 1hia •ke• 
CPI' experienc• operat1im8l probl- nc:b •• hi1th 1teneratinf! 
cn11t J'C!r unit or en8f'l1 due, partly, to inaccurate DdjuatMlnt 
of cnntroJ 11ettinga of boiler Dlant. 

nil' madden vnriations of .load imposes heavy ther11al 
•trcRaes on the boiler and more particularly on the turbine 
rotor. In fnct, the stem. turbine is more •uRCcptible to 
~t'l dn&,r.ed in the lonr. run becanae it is 1tcnernlly de,;Js:ned 
l u vnrk undrr Rlr.ndy l cNld cmd J timA. Further, therr b 
11 J l•llntlnn 1111•1•11ecl hy tiff' •nufncturer nn· thl' nllllher nf 
Rl:trllUr.91 nnd Rlopp1~8 of the StCNtll turbines .ln II year, 
... hirh in thr prc-lltmt c11ae, w ~thered fro11 the rower plnnt 
Rtaff, vatc :arttund 10 or 12 por year. '!his figure, however, 
llC'Mofl tC' hnvr been ncoeded in t:he first quarter of the 
v1•:ar it :w li. 

l:··:or:111•d !=1mtdPWnR :ind Rtnrt upa, 1tOWeVer, enrofully 
Tl'J!111:11t··· "'''""r certft.ln tberml 11trcsse• on the ms11tve 
i;1r:ar.- :1t:-H11r rurnr vhich in the lmr. nm •it:ht ht' 
drtt· tlli\'111 ~I nnd rnuso dlatortlon of dae turbintt r.ettor 
rl'1t111:tnr. tn httnvy vibrntions leftdin~ co early brenlcdown •. 
FurtlK"r. r11n11 lnr. nf th• aten ·tUTbilK' und .r very low lnad 
rttnd i!: •::• 1:1t Jn% and below) !or austa:lL.ld period• vill 
rc.•1tu 11 111 I av pre Hur• end of the at.- turbin• blades 
rhurn 111r r. rena. nt 3600 r. p. •· , of auc:h hi1ther dtmsi ty 
nncl , .... :, .. ··:•111rr rlmn wlmt t.iaC!y wart' car!r.inallv dc.esir.nr.d for 
bc·c:aur., : : hi "'!~ucrd vnt"uut1 conditions (or thl' order of 
(1 Jn. .... ., :i;::w1:a :?(• in. Ilg. nt full lond conditions) 

IO 

.. 
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rn•vnilin~ Jn lhr cnndenaer aht"ll. 'Thi •. cnu~ 11 riM" in 
,. .... rxlaau1't htteNI trt11ter11turf' and ross:lbJy tht- J •• r. 1.-ncl 
~r~rin~ tc::r~r~turr ~nd ai&:bt als~ result in distortil'l! 
and/or brcnkn~r of L.r. blades. 

ll J11 lht•n•fure '"'l _.•lral•lr '" n.. llll',. turM1K•N 
Ul'ldl'r ~ry low 1-.1 ccmdltl ... for .,., 1. -.:tb or ttmr. 
1.l' •• crr•a operatian last llQ 11. 1916, il ti.. ate.,. 
turhinP• preN"nth ia•bllled an Lllerforr to •ne their 
ruu dHlRn ure,· it i8 wr, ....atw tllat dleee •t ... 
turhine11 should be loaded u •1fomly u 1'0Ri.,le ower 
a 24-hour period and as near full load emitttt-. as 
prt•ttihle. OhYiOUs)y, under the pnteellt d~tances. 
thb .ens t<' be a diffJ.cult cmditJ.• to Ille .achiewed. 
However. it should be the priority o( die -a-t to 
Und vn:rs ncl ..... or optimlly _. aaif-.ly loadfnr. 
thr Cl'P not only to fncrea• the efridellcy of the payer plant 
ht11 "''"' thr Ufr nr -.:tnr ltf'ml 11f .... J..-..u lfkl' h11Urra 
and 11tl':nit turb.baes. 

1.2 Cn.'ll Size 

f.Ctllf;fdrrJnuhe tr11e and nntun or the load J-ro11ed on 
lbr '9oJh•r fta Vf'll nil thr Sia' or CO.'l] WDde.nafla .. lr tl' 
it, it is felt that n •rreAder •taker equiJl)led boiler 
bnu11r .. "n11ld bt!tter suJtcd the l'Ul'JIP•• bt-cau• th.,. are 
cnrnblr nr ~tin~ sudden chan~es :ln lCNld de.nnd without 
lP«' ••ch Joas of cHiciency vhUe bum.n,: c:unb with a 

.;8Urh hfr.l1rr JIC!rCC!nttl~f' ttf f:ln•fl. JIC*rYCr. -Mrt'U rh:aJn J!rntr 
Rfc>krr-Ured are capable, thouath to a .. cl• les11er deJ?r•r. 
or tnkin~ cnre or varJnbl• lctad demnds. rruvidrd rhe- richt 
fli~l' of cnnl i• supplied to it accordin' to specJf icaticaw 
rn•t1r.r llwd hy the boJJer llftnuf ftrturPr. 

At prrst'l•t. hnwt'v.er, thr !" i~c "' r.MI nfl •mrrt ic.ocf i,c 
n•I IJ,.r v:i~· nut nf thr tsPecf rtr:ot Jnnts n111 v:ttt rrvr•nlnl f.\• 
Che· !;ic•vt• :mnlvsllc 1•f n rt"Pr••fM.'11&.:•l Jvr S.'l••ltt "' n•:al :1ir. 

fla.·:· Jn11t thr "-'llr.r. rnrrJl'C' mu rv~nrd:•v h\· I~!?. n~rfnr 
thf· , .... rind ur nb11crvntletn of vnrtJns: or th•· hpJl1·n.. 1-:l1fh· 
h ...... hr l'Ollsibl• to hum 11 lit:lr. lCMll"r s:rndc r-o:·b th:m 
'""1:11 rl••· rhnfn r.rnrr stnkC!r hr nrtP.tnnJly dl••fr.nc•rl frtr 
.,, ii· ......... •111111 ..... 1.; irar h•n,. i 1 ht· 111tt•ntcroil ,. "'' ,,r '"'~"· 
11 111:n '"' ••11 l I 1t11f•el h1•1 1• 1 11 ll1t•1 •• .. •lutt h•" I "' • I Im I II 11 I ~ • 
nf •·nnl n• t1uppl:lod trt tbc cbnlr. s:rate stetker dcvlntefl 
,,., r.iurh frts thr Ci·· UJcatiM•t i:u• .... tiff• rm•,· .. , rr•'"'"::: ~. 
ft je. wJ I not illf'C11~·~i:1lc- tr t-w·i rnnJ •ff f~i<'m.;•·. At rr,·: 
11 v,·:-, 11,!nY)" p&'llnlt~ tr. bcin; ;~::.~ by tlK :s.,n:!;:c::.:nt It~· 1.·:·· 
unduly lauYJ lo8• of carbon in Hh. It is our •scmate that 

" 
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. 
as .. ch as 20 to lO ,.n:ent ..re cml thRI' necenny. b 
befDJ: pr~tly .c:GllScntd Mcau8e of tbe c.-letely vraag 
ab.-• or coal Mi~ npplied to the ..,iler (as a.ch as 
7f: rc-rrrnt ftnl"tl in cnal •• 11ppU.rd ntt iq::a:lnst the 
•l lrealatrd rr.qulre.rnt or not 90rt' thMa 10 percc.-nt fJnr5 
Jn ......... r -:... ......... •he}. aerer Tftblr- 4 ror 
a!•ve ... 1,.b or cud ._._.at CPP a.oner-. 

• 
lt ta mr ncr •ttm dl6-.fan th9t ~ coal 

or the rildat ..-ctfmat19a to die ............. ..,,1ntt 
• a ftnt .._.tial .., a illpEMA\c the effki9DcJ of 
.. Ott. tt u .. •a.ate. ._. • _. ..,..._ 
eln•llere. dlat a.ppl~ ttf Wfi•t -.. ~ ..i. -W ~t 
1a a ... ,., of a ••• ef lO 1ID .n .. UI t .t the CMl 
canatly •ta, cu I • - •• I wad.• •IA H•. TG 
•tart villa. ._.le •t11 •..a. ef --- -.t ...._she 
of appradliatel.7 um ti Tl _, ..... ~l• to the 
pa.rer pleat - • trial ....... 

. · 
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2 

l 

" 5 
6 

7 

" 
' JO 

II 

12 

1l 

14 

I\ 

'" 
ln1aJ 

.. , 

+35--
1.294 

1.aSI 

0.42'1 

0.713 

-0.700 

0.12D 

1.4119 

1.261 

0.710 

1.400 

0.9?9 

0.509 

0.490 

0.501 

o. :?~9" 

"·''•5 

J.1-.C• . 

I 'l!f . 

Tftle 4 

SIDE AllALTSlS OF CPI' QIU. 

~ .... FU. Total S!!p1e - -
l.'85 1.515 5.717 12.251 
1.791 1.491 3.772 8.212 
o.• 0.1• 4.650 6.519 
%.'1: l.703 3.!!2 9.tso 
3.333 1.l85 :..635 9.453 
2.212 1.654 4.,,. '·"'° 1.011 1.411 ··- 13.322 

'·"' ··- .,_,., 
11.911 

2.317 2.266 4.636 9.929 
3.310 2.249 3.698 10.657 
:?.'42 1.808 S.511 10.1190 
l.325 1.529 6.651 10.014 
l.~5 1.248 6.457 9.740 
1.35' l.l'JO 9.425 12.580 
:.11,0 :?.518 7-.973 12.907 
3.qc,3 J.702 5.486 13.Cilf; .. 

!?9.378 92.531 161.622 

!?:? • '•:? JR.18 57.25 100.00 
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2.C Coal 11andl Ing 

2.1 St-... :-.pn ts 

Aa -. poiatatl ..- Sa die urlta l'.,_.t .t llU, the •thod 
of fteeM'll CGe1 1 ......... h .. d9dn4. - f• - pnc~&c:Dla, 
coal ehoul.• .. __. .. • a .._. ......, ... 1. a•wnd fl.ear. ta 
die f.- of aq st• .r aot .-. dim 1S ft •t ldtlll. pardc:ularl7 
..._ coal aa is pn11at17 ne caa, cmtat. too -.ch of f1••· 
U -coal la •t«W for ... dim 6 .. 111a •~ a aaetcb. dlen 
it :la PftferMla. to Cl .. St 1119 tip pertim ef ma! ... Vith 
• IMall~ ••to piacat .,."mat t of llDt a1T up 
co die ~ pile. C:O.raa die ..._ .r die ..i . ..., "1 
plntk at.1en te prewl9l illllW el at 11¥'1 rlc air ttllch is 
rea,1aaf.Dle fK. I HKLJlla ·1llll•tlm ia tm ae1. ...,, ia 
also reca ti I te BIMfMI• if 8Dt t:ell 117 eH a ate coal fiDea 
1D coal ,... 

2.2 C!!!hls 

Sl11ee coal au ecor.I n "tbe -coal ~ •lnadJ eoatains 
a aubataat1al perent:aae of f iw llecauee of the WNa1cal 
uture of the maiaa aperatiall, 1artber ..-ratioa of fiaes 
vbile paasiag tllrouAh tbe coal C'~-uber, wb1&:ia la installed 
for thb purpo9e of eupplJiaa crushed cod to the c:eatnl 
power plant, ebcluld be awdded. 1or tbla pur"••• it :le 
eusa•ceu that a Knn prori.ded bef on dae coal uuaher •o 
that coal fin• of -'- aise as wll as coal betvH.a -lhm 
and +4ml sizes are .U. to by-paea the CTUPer and anl-. 
coals of sizes of +JS- abaft are •de to ".ass throulh the 
crmaher. 'lb'b vill abet rc-ault in Jrtsa vrar nnd tenT nf 
""' lllP"Ct l.....ere or the cru•hera and nlan re11Ult in J~~ReT 
pC'· ·er cun11U11ptioa of the cru•hn. 

CcNal fines, i.e. coal po~:lclcs havinr. -' .. c!ze and 
belnv should be Rparated and :heH •J be .old and 
shipped to utilitJ paver plaot11 like llPC'a Calaca unit 
vhirh in any case vould requir~ fin•" bec-11u·'• th•iT hoil•r,. 
•r•· Jc:situl•d Cor pulverised fuel fi~i1u;. Sine.- $&o.airara 
eo.-.:: ~1rporntion is PlreadJ auprJ,~int: c:CN1l t'o Nr~·' 11 

p°"CT plant at Caleca., dJ.apOP] Of fines to tla• l'llOUld 
nor p"4'tt • problea to the ••ttcmnt. 

2.3 Ml:•l llU•f Collection 

Ar rra.ant a~t ••nuNkftr.snr. i• • pTnMn ~\°au1a 
ol '11 .. preHDCe of , .•• :.J du•t '"""~"Vhcr• :In tltc.- ••••wr •ta~1: :. 
Thia. i. .. bc"uac whi•.: bandl1n" ~:rJovar .;:-y ~u...! throur,t-. 



1h .. a. .. 11 run""""r r1• 11 .. rual h1ml;nr In rlae: hnll•r lmu&I! 111a.I 
wltJ Ir trnnllfrrr!ntt lhr ..,._. cu.,J h·t• lh<' t.uulu~r ltt lhl' 
hopper a substantial aa.ount of fines are Jtefter&tt?d. The• 
fines are carried away by the vind all over the rower ~lant. 
This rroblea can be ait~ated if iaot tot•J.ly eli•inated-by 
the acldition of water in the fon of a fine spray ower 
the conwyor belt. tDcidenully. edditiOL of water (salt 
vater·Pould iaot be added at any cost or •t any stage to coal 
because chlorides pruent in Alt -ter •ill giwe rise.to 
tr.Able •a.. deposits in the ltoller panes) vlll Uiprove 
C'Nlbu•don effkiac1-bec•u• of we ..Uon .. ratioG of 
ts.. fuel bed ""1cla a,aia u ae a naul.t o! the fiau in 
coal •tic~ to biqer Nrdclu of coal in a thin fil• 
of vater nrroundtaa it. SmedmH ._ter .u.d v.lth cenaiia 
chemical addithes is aho spn,ed on at -• :.rat~ic points 
to preYent dut •iMDCe. 

IUcron-she particl• of cod duat in the atllDsphere. 
hoYewer, can be taken care off by :lutalli111t vh8t is lmoUll 
•• "soaic Pogers" in vbich water -pardc1es are broken into 
• Unr 11i•t (of JO to 15 mcnn shes) vbich aho _... 
rl~trJca\ly ch.:artted and tbia attrllet ~ abaorb fine coal 
dust tn the an.osphere. 'l'he ... dre8a.of th• ...... racturer of 
this type of equipment is t:ben in Appendix B. 

J. U lluJI r1 lluu11r 

l.t Cnnbustion Efficienr.\' 

3.l.1 Chain Crate Stoker-Firc!d loilera 

Chain Rr•te stolter-f ired boilers ar• capable of 
humintt a wide variety of fuels like anthracite. 
bit•iaous c:oala, lipite. pemt, tlOOd, etc. llOll'ever. 
chain 1trate •toker• an 'ft?'J senaitiYe to C'oal sb.e
and henc• the reccmle!nution• in 1 ar1 for pan~rnplu: 
to the •1U1tcl9ellt to be unc011pr•isja1: as f nr ,.,. thr 
•upply of correct sise to the boiler (ar.cordinr. ,,. 
•pees) 19 concenaed. It 9hould, however. be re11K..::h!•n:d 
r'•ftt chnin ttr•te •tokerfl are unauitabl• fnr bumi!• .. 
conl with •tron1tl1 cakin1t characterbtt.r.fl, i .... rr-;il i; 
hnvlnJ n tnclont-y to tlllt"ll vl1Ue UI 1ctrr.11l11r. r.,.hur.! iou. 
5uch types of coab can be bumt 1JUcr.nd11J1~ m1h- ,.,, 
nA underfeed •toker. 1'11c MMllina chnroc:tcrbt i.·t 
o! coal fr• different .._ in leldrnrn Coal aj111?ts 

should be deterained in the near futun accordin:· 
to lritbh or American •tandards in tlK' coal """~ .... ;. 
laboratory for 1o1.1ich rurpoN nece ... ry equi,...nr 
"hould be procured. 

,,. , • :. ............ ·• • "A'°\ .• 



• 

Chain ~rate stoker-fired boilers respond to 
rl11111~11 h• )pad •Hrl• al~r than tqtrC'ftdPr atnkr.r
.r lrl"d bo.1Jen. n1ereforc, it b alwnys a good 
prnctice to 1n(ora the boiler hnullt' people about 
suddc!ft loed clumps at least 1 hour in adftnce. 
That .ay it vW dve en~h thle for boiler house 
Pf""Pl• to tab ure of load ~es i3 load daand 
vinout aacrif icing the efficiency of boilen in 
opeT"atiCIQ. It 1a to be noted that :lD the caH of 
diein stntter-f:l.red boilers first degree respanse 
bJ load cbaDJes is obtained by ariatian in air 
llow quantit)" aDd MCGlld degree reapoDR by 
duln(te i• ~te speed ancl third degree ~e 
"1 chance Sa coal bed dliclmna. 

3.1. 2 "Fines 1D CN1 • u Fired 

lll'preaentatbe ..... 1es or coal fr. the hoppc!T' 
jut as it enten the f uraace an the chain grate 
stater vere collected at periodic :bltenala ad 
..:C11mlated a.er a 12-bour period for sine analysis 
in tbe coal laboratory. 1be nsulta of ~be sine 
analysis are pven in Tmble 4. Xt could be nen 
fr• it that the coal as fired caatained. fines 
-an)'Where fr• 4S to 70 percent vi th die right size 
.,r coal of -30- and +4• not beina eon tMn 
2ll ttCrcrnr «'r so nt anyti•· oa all days. Ewm thou~h 
trnv~llin& t~ of chute is provided on top of the 
cnal h«'pper nt thr entrance to the -.iler furnace, 
pri1111dly for thr purpoH of distributing coal as 
unlforaly :ss posldble aero•• the full width or the 
chain ~rnt• atokcr. this purpoae is not bei111 
achlcvt'!cl bcr.:.u•t" at preaent no llDbtilre is added. 
ln fact. :lr """• oltaened that as the chute ttaftl 
r rom ODt" enc: uf thr hopper to the ott.er • there va• 
n tendency for hcav:ter particles of ~•1 "tO eettle 
"" 'ttlK" 11tdt- ""'fl" U11hter particle. rtf coal Httled 
un tllL" "!'r«'•itl' side. Surh • tenclent-1 for ~·~•don 
or co.'ll :.-ould • 111n:l11iaed tc• a lara• ncant if not 
rntal 1 ,. "rt'Yt'nted h• addf t:ian of 110iatun to coal 
ii• th• tr:-v .. Uin,; chute abov~ the hopper to the 
cxtrnt rf H~ :" 12 percent ncm vhen current size 
nccnrdins: tr spceifications of coal is supplied. 
Tlw rult h that for every J% :lncreaN :oal fines 
1tvcr mad nbov• 10%, 110isture to the extent of 1% b 
to be c:.-:"1

•• fnr roob containing 20% fines, therefore, 
110isturc :.c:::it ion •hould be to tu extent of JO to ~2%. 
Any •ddi; ""' n( 11nJ•tur• to the CM] hefnre firtn~ 
t' i·l I 1 • ·'•• • ,, i( I h11• ""'' ltl •"'h11 ! '"' 111 I h,1 f h111. rt111I 
tlM?r-eh' • ,. ·c· c.•xrc·•• aJr nu&! J11prove itinltion. TI1is 
t-xtr11 • · · • •• h~"•r Tf'clnC".s ovenll boiler efficiency 
by about o f ev tenths of 1% • 

. ~ ........... ~·· . -
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Agaill, a "Hry -esaential pr:erequisite for the 
efficient and trouble-free operatiaa of chain grate 
atolr.er-.qu.,.d boilera is the correct size of coal 
vbich •boul.d be between -lOmm and +.\ma with not 
•re tha 10 to 15 PftUllt finea (i.e. -3- size 
particl•>• lecaue of too 9llCh ~inea in coal •• 
fired Cu -.w:h u 50 to 10 p9l'Cell.:) aa.i .iao the 
HlftPtioa of d1f f ennt ai&aa of coal across the 
Vidth of the furnace, the ruistance of the f-1 bed 
to the flov of primary air frm beneath the grate 
is not ti. ua as air tends-to follov die path 
of leaat · reaiatence. SegregatiCJG, therefore. rea•.z lts 
in a patchy fire bed reeulting in ·-ery illtenae 
ca.buatlm in certain pref erred apota is leeding 
to clinker f orMtlCJG. once the cL.nker f ormtlon 
takea place, air ·flCN will abift to another plmce 
or luat resistace - Tepead.ng the ._ process 
of clinker formatlaa all ower aptn~ Pr~si,,ely, 
therefore- afur ~time, clinker foratlon take&_ 
place all war the grate as in fact has been obaer'Ved 
in the boiler under obsenad.CJG. J;ince clinker is 
a fused ••s of uh, With lot of ·coal ad m'burned 
carbOD trapped U it, it bec:Gma 'illpen1ous to the 
nov, thua, caudn& :blcruncl carbaD l.oe•~ 

1'he analyaia of uh in the lahracory dillcharaed 
by dae boiler on the daJ• boilan •• mular 
1•bHrva[Jun, rev.alwd tt• rnhlrJftl" vnh• tP 1 ... 
2.500-3000 ltu. 'Ibis 1a almost aae-third the value 
of coal as fired. Normlly. asb dhchartte fra11 a 
chain grate stoker-equipped boiler should not 
contain 110re than 10 to 20 percent of fixed carbon. 
The intolerably high carbon content.and •~n unhurnrd 
coal in :'te aab at present can be attributed to 
exceHive f illea in coal u fired ancl 110 110iature 
additioa to coal, in other words. due to aeareiation 
of diff crent coal sizes in the funac:e across tlll' 
full width of the chain 1rat• atoker. 

3. J • 2 · Slaeaine ·at :·runaee ~ bfl'aeton- tlalla 

Both aide• or the chain s:rate •taker in thr 
Curnncr or the boiler are lined vr ch rrfractori,·J; 
r1aht tet cha bocc•. Thu •• not be a vary 
delireble arraa1eM1tt, baauae durtn11 oparadon•, 
th&'r"' if • tendenry for the ' ; ia.kera in the fumac• 
particularly tho•~ in contact v1th th• refracto~1•• 
on both tbe aides t., Ket fu-.d with thn, thus. 
1n: r.derr1n1t vitl1 tho: fru "'"'nlent of thf' cnnl f111d 
alcmtt the furnac• hus:th to ti• .. 1111h pit. Whett ri:i1 
prt'b] f'1P becD11C1 IPY<•n, rht- d hirer haf rr· h~ (. ; .. J l'ICIR• 
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vith the help of a laq poker bar introduced fnia 
the (eediq and bJ raiaing the suilh~ door. 
5'lcb a procedup 1a a.. can-tng and clarin& that 
pr.oceH, a lot of col.cl air vil1 infilttau :lllto 
the fum&a, cool :«na tbe Miler coaa1derabl.7 and 
nductna t1M output of the Miler. tb:la ktad of 
• praa.lm 1a .PftM'"-t17 HSaa ..,.neced ..., tbe 
Wier ._. •calf. 

----~ - ·--.. ~ --r;-~ .. 
1a order to ONft..a t1da problea; there u. 

t1iO ciJ. 8'iffRchla!mC.."iW'""1~ ~q;:+•u 1 ; It 
the refnctory .u. to • hdabt ~~ &.. • 
tbe ltottm wlda UHCID Can:lde ldcb. Smee. . 
SiliCGD Cadaide bricb Mw a mcfa JdaMr' tbet-1 
coaductiYitJ dla nfnctory •deb, .tMJ 1ana tlae 
abilitJ to caallllct mt npidly tllz .... dim to 
the oata18 fna t....., .. t -1 ta cmtst with 
it. 1lae n.ltat tBlf«'ahre of eaa1 a CGDtKt 

v1ll ...... 1-- tllu - tile -- of nfncto17 
ltricb thenby ·~ hda of ... "1.tla die 
SWcoa Cantde kicb. Altmaad.w .. a ...-. 
lauder (c;f lS CL Z 15 "Cll. aisa) .., be "pnnded 
oa Nda eidea of tile cba1a srata ..._ to .tdch 
dam ~.r. tr. tbe \oiler bm c:any:l.Da water 
at .. mradaa teperahn fna the IMdler drlm 
are co .cted. · tlda 1a apl•tmd bl the attached 
draviaa (A) 81loldDa croa• Hcd-91 elefttioD of 
cbe Miler. 

3.1.3 Bish Lnel of O!tpu n·staclt Gu 
. -.. . ... . ·- ... . .... 

· ;• ~EU aperu caaductecl • 80riu.\.of "..tU~ :o,f 
•tack aaa.: 'z ad COJ concentntim iifot"' lnY ~ 
after ecODamsu, air beater, wbald.c:al dut 
collector. '!be air ....,,1, to die Nilel· eae 
acas~•e u eridmced 'bJ the 1--1 ot OKJI• 
pruent ia the n. ps at the ait 11f boiler. 
'l'be preamt leftl of acua d:r i• 'the boiler 
reprueata a loo of about 31% of aY&ilable heat 
iD fuel iaput. "It u 'tberef ore the priority 
of cbe boiler operator to ensure a at.a'tmm a90Unt 
of air Mc:eUU'J for CC111Pletely buna1Da die f•l 
:la ·aupplied io cbe boilar fumaca. 

A cornet cmcrol of ace•• &tr u ....... t:lall7 
illponaat ta che operadoa of ltoilen •. .,.,,, depart 
fr• iH DOR•C cacnl •tttaa. will uc,u .. 
... oi. M&t io.c co die •tack ,.. -. llilh 
uc:a .. air .n.c vhila lov nc:eae UT 1aft1e .., 
caun iacamplate COllbuet:lOD. :l11CTUM parciculate 
n!Hione, crAte aploli•~ con41tiona, ad promote 

.. 
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corrosion and foulint in the superheacer. Lov excess 
air levels is 110re danterous in the )oiler operation 
becauae thia pr090te slag build up. tube> vasta~~. 
and high ra~ of plua&iDB and corrosion in the air 
heater. therefore. it is neceaaary and is rec01mended 
to ..,.,,. about 20% excess air duriDJl nor.al op.eration. 
table S abowa.the naul.t of tbe flue gu anal7sia -
of en boilan. u the pruent .... a1r u 
reduced fraa 1921 to 20%. a 'boiler efridacy Ulprow
MDt of 13.1% can be realised. Alao, tbia "111 result 
to a fuel uviDla of about 15.1% or O.S Hr coal per 
hour. lefer Table 6 for boiler efficiency calculation. 

llouever, diil aapect of cClllbation cmtrol can 
be dealt vi.th only after proper aiae of coal supply 
i• euured to the boiler. In a chain grate atoker
fired boiler not only is it illportat to aupl7 the 
right quantity of air, but it abould be aupplied at· 
the right place ad the right u-.. For inat:mce. 
60 .to 80% of the tocal quantity of ah 1a •tapplied 
aa pri.Mry air. while the rewinder u ·auppUec! as 
aecoadary air abaft . the gnu. 

In dill "type of boiler, the MCaMarJ air is 
blown fn at a hip preanre in the riRht aide nf tlte 
grate at about 2 •· abaft the grate. The air i• 
supplied not onlJ to )!um the .Olatilu evolved 
fr• the bunm1 c:oal •H on the p-ace but also 
to create the neceaaar, turbulence 1D the ,funace. 
For this ruaon, cha pruaure of aec:ondary air 
should not be leas than 30 to 40 ca. v.J. The supply 
of priury air beneath the chain ~ate stoker 1• 
~d into aeveral air ... led COllPU'tMDt• eac:, of 
v1:.ich ia provided with its own daapera. The • 
objective of •uch an arran1tnent :la 'to adjuat the 
al!IDUDt of air preaaun in each of the• compartments 
in accordance vi th cOllbu•tion require ..ent•. Tb~ 
pre1aure of prillary air auytplied ben~ath the er•~• 
•hould be not lea• than 7.S to 10 ca. w.f:. lr 1• 
nbo ncce•aary to adjuat thr under s:rntc nir ~rt-a!'urcF 
Jn different &ones alonR the len~th of -tokcr (from 
rumace and to the a•h pit end) depending or• rhe 
!uel bed thickne1a and al•o the cype of fuel uaed. 
Sine• the-fuel ~d pro1re1si•ely reduce1 in t~ickne11 
"' it proare•1e1 fra. hopoer •nd to ••h di•ehar~e end. 
it 1• obvious that the da..,ers at the near ent should 
be closed to a l•r~er extenr thai\ da.per1 in the 
proeffdinl sone1. 

... 

• 
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FLUE CAS ARALYSIS OF CPr BOILERS 

9:50 AM 3:40 PH 
T!I!?•• •c % °' % 002 Tep., •c !..!l 

lef ore Ecanam.ar 

1 335 8 8 324 18 
2 335 7.5 1.5 -324 11 
3_ 335 i0.5 7.5 324 u 
4 335 10 i 324 10 

Af cer· A1r Rutar 

J 208 9 7 · 234 a 
2 208 . 5.5 10.5 234 10 
3 208 6 9 231. 10 

" .. 234 11 

Alter Du•t Separator 

1 200 12 9 220 12 
2 200 7 10 %20 10 
3 200 8 10 220 12 
4 - - 120 10.~ 

loller l.o9d 4.4.., .3.0 .111 

Coal ConllUllPtion 3.6 th 3.2 di 

··--· ·-~ .. 

U!!! 

9 
9 

10.S 
9.5 

10 
9.5 
7 
7 

6.5 
9 
7 
7.5 

. f 
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Table 6 

BOU.ER EFFICIENCY CALCULA.nON 

Miias Balance, Jtt:./~. 

Stoichi011etric Air 
Actual Air 
Flue Cas, ~ 

H~&> 
S02 
02 
N2 

Total Flue Ca• 

Calorific Value 
Total Heat lnpur 
Flue Cns Loas, Scn•ible 

IC1h! J :u I •'I! l.o"n 
1 C'l:. I l.1,KfH!J; 

1-"ltrnt · 

BUILEk EFFlCfF.RCY, t 

,, . 

Cuttf!nt Le•el of 
ExcHa Ai'r 

(192%) 

6.12 
17.86 
1.71 
1.13 
0.02 
2.72 

13.7, 
, 

19.32 r.-

4,956.~6 
S,014.57 

833.70 
660.05 
49.56 

1,543.31 

70.0 

.. 

Horml Level of 
Excess Air 

(20%) 

6.12 
7.34 
1.71 
0.94 
0.02 
0.28 
S.6S 
!.60 

4,956.46 
4,980.33 

385.91 
549.56 
49.56 

985;0) 

80.6 
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1'he adjuat11enta to air auppl~ befteath the ~rate 

haft to carriad out ... uai11 after an oa-the-apot 
1napect1m of the callbuation conditiau in the 
furnace and the autcaatic conttn1ler1 installed 
c:amaot tab care of dl1a opti•hinl fanction. Even 
thouah. bcdlera _, a autamticallJ conttolled to 
t•k• c:are Yariat1CID9 in load dellatl, it ia ob'riaua 
that a lot of vorlt to o,tilr.laa c.._ tiOD CGDdiUolla 
haw to carried oat ....... 11, Oil the ..... noor. If 
this is the cue, boiler operators have to be 
..,ec:1ally trained :In properly distri0 ut:lng the priury 
a1r •uth the cbain arate atoker. 

3.2 Boiler Aux111ar1 .. 

3.2.1 Ecanailber and Air·ateaer 

At prea•t, daen :la no bJ-paa ,....... prori.ded 
for bJ paaaina ecan..snr mui ~ heatar. Sacha 
bJ-pau fr• the Git of nperlluter to the 1Dlet 
..chat.cal CJC].oae :la derd co be- ..... tial Nc:auae -
duriD& •tardllc .... •toniD& .... low 1aU aperatiaD 
of the "11.er, tile ·n.. au t ... 4nture to the 1Dlet 
of tbe • ..., .. ~ ia lsaly co fall Ml• 4z7•c. In 
•ucb an ..... t, tbne ia • pouilafJ.ic, of as.!-corrotaiDD 
of air heater aM ecGDClldur tube8 ad tta•URU taking 
place because fl• pa temperature aight TUcb dev point 
levela. Since Sud.ran coal conta:lna about 0.78 percent 
aulphur ncb an acid-corrosioD of ecODGlliaer and 
air beater aurfacu is a diatinc:t poas1bil1ty. 

In order to protect ecOllOltinr-. and oir hearers 
apinat the poAibilic, of acicl-coi-oaiOll, it 11 
recomended that a "1-f•A duct be providecl •• shown 
in the acc_,..,JiDI draviaa (I), vitb a claper _provided 
in tbe by-pan duct u veil u the aiatinR :lnlet 
duct to the econOllizer. Al • rule, econ--r and 
air heater should be put into .. r'Yic• only when inlet 
te.p•r•ture of ·the flue pa -co thee ono.iseT 11 above 
'21•c. lf the flue ••• te11perature ~all• bel°"" ~:7•c, 
then the flue RA• 1h<'Uld be .,,_,,.._.. d:lrec:th tC' the 
chi•"'Y thr0t11h the ..Chanical eyl"loae•. 'l'be opcr:itiOD 
of tbe d..,.r• in the lt)-pus N•A•• and m1D f111t sas 
pa•••R• at inlet to cbe acDD011is.T .. , be either 
autOllll~it or 9ftua1lv concrollttd. 1n the e¥aDt or 
1M111unl ~cmtrol, a tareful vatt"h ••· rha inlec t1111Hrature 
of the flue aa• tCt tM econcmiHT 1bouJd be bpt, 
10 tlulf daiper1 could be operated at the approprSat• 
ti• 01 indicated ab11·1t:. 
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,\ aln:;I !trr:tr:tl or i!!: ln!ttnl 1 ... 1 :tftrr tlar :tir h<-:ttt"r. 
lh•• 1lu•:1 r1•l lrr1 ... 1 In llM• hottrrr •~ vl1la1h:tv11 "'" n 
·=·· • •. , · , ,.,".,., .•• ,. .:11 c 111· 1 ... , • •• 1•f 1 h1• l1c•1•! ... , :111.1 

I 1 .:w!::·;·•·:· r t•ol I 1• I hr :t~h 11 I r.pc.!t:• I !t'.""!:l ra hy hr 1 t .-c•nvr~·11r. 

nu.- r.:t!t :tn:tl\"!:f!r "'"'""' :tnd :tft .. r thr 9<"<"11.,nic:al 
1l11•:f ~1·r.:1r:ttl'r rr.vr.:tl!t :m incr.._,_. tn RXY!:ftl level 
i11 ~1·:•.:1r.:1111r. Atr fn-lrnk.'lf!!C" ht r.•tia::trd- 1"1' h<- :ahnut 
~.,; kr.. rc•r l'rra•d :11ul is JICllU'i"1y cOl'lfns:, Jn from 
1111•:1 h'"l"l""rr·ur dn!:I r~,,.:al r.tlwr,;. Crfrr tr• l":ahlr J 
•••••••• flnr r..:1~ :tnnl\"!:h; .. r c:rr hc1flrrn. 

· To• h:tY•• nn e•l 1 Jr JC'hl rt•l l....-1 11111 nf dURt fn tbr 
.... ·h:111k:al l'C'p.,r:atnr. prmrrntt ... "' JntenuaJ rouun~ 
I•" ,....t'."'inr. "r.ulnr1'."' nnc' N"Yt"T •lJC111inr. nn nwerffJJ 
1•f dn!tl 111-rrc-n Js nrce111U1Ty. lt itt :l~rtant that 
111• ln-lr.nk.,t:t" nf :ifr :b ~ttt"cl .-.peci:alJy at tllf' 
tu,.....-r,; ,.,. n•ow:al v:a1vt-f;. An'.'" afr fn-le:akn~P would 
rt•tarh ti' tltr. lnc":tW of (:an J'fl'!l!T r: 1JIF and 11'~ • 
h• pr:art Irr.. v:at r.r v:udtlnr. .. r laut cnttat le ...,.1;1n, 
I!; nl Im f'lll'l~rd ch1rlnr. f"'Crb:111l• o~ tltr dtt!tl srrnr:ttPr 
lt• t•sumrr r....-lrtr c·lr:tnlJnr•F nf :all 11.'lrls. 

l"o•r· I h•ul•l1-frt"1• :n1tl rrf It• Jt-nl Rnc•I hlc"'-'illJ~ 1•f 
l•1•i l1•r h1•:11 1 r:mr.frr m1rf:u·rs;. lt i!t vrn· r!=tirnti::il 
•·· ,,.,...,,.,.:all thr l!ll•ir.111n• .. -hirh ._,y h.,vra• :1rr11•1l:11t•&I 
i•• ::,.,., 1.1,...-,., ~•··a• I i111°!t. r.u :t!: ll• rrc•\•c"11i c·1·1•r.i&111 

•• 1 1 ••. j 1,.,. 1111•1•!; elm· It• i,.. inr.•'MC'lll ,,( 1."!'lll•r p.:1r1 ir l1•r. 
.,, !:111•1°l!:1•nir \•1•l1""ilit•,;. n ... ra•r •••. , •• lhc• dr:tin ,.,,jnt 
: ··• ...... 1V:1I c•f a•i.:111rc• frc• the• flPPl blrovr.r Un("); 
r.h1111I1! 1 ... :us d 1"''' tc• thr rc-Jnt Pr thl" •Nt bl&W.ln~ 
: ... rr:s.•! Jc•:tl•lr ,..,. :trt t •• rrdtK"l" to :m :tlt"'91Utl" a.Jni••• 
' .... • ··11,:1" 1•f !S..... I• I 1...-rr •lr:t• r!pr? inr vhic-h cnnnot 
! .. - .tr:1i111•cl c•ff•·c·1h•1•I~· Pr ~i1&turc. Sine" tbP. aPOt 
1·' ...... , .train \':•l\·1· h: lflt"ntrcl f:1r :l\r:t\' (f"jr.. 1l • 
• ;,..,,. i!: :t dif::in.·t "•'J;~lbJli1~· of 1&omr hori%lTitt:il 
...... , ; ... ,r. r•f ~•·•·• 1•11"-'rr i;rc-:u. I inr,; HPI hcinr. dr.:winrd 
· !, .. ,., i\·1·1~· 111•:1 1 ... ,,,,.,. r.r•tJl hl,,...lnr.. lham. :tllnvh:r. 
''•'!'la' ':.'!'1l1•r f'!'11'1 irlf',.: Ir• hr rrt'!"•llr.: tit hf~Jt flJICCdtr 
"'' 111·~1 I r:nuri 1•r 1mrr :trrr.. 

11 ir. r.:rrlu•r !"''"'Jhlc thr 11r.rvkr lf.Cr or 
: '•·· ·····•I ltl1..,.1•r v:a lvr 11r:1ts vJU l'f' 11hortl"ncd. 
I'•• ' ., ........ , 1 ••ho•·•J; ltrf1\1J:hr nh,,.ft 19\• f hf• rrl"flC"m'C" or 

··· ·•· : ·· ·11,. ·h·•'f• I rtr. In thr ••·r~,• .. ,~. ·lnsar.r thr 

!h• :'""' lol11vrr vr:1lv1• flr:tl'' ·"'"' lt11 111•:t)Jnr. 
d :1flt!. n1rrr fore' prnv ision or ndditional drn1n 
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nn!ncs nearest to tlle pnJnt of aont hlCtUJng •T N 

I l ..... Ll·1 · •. ,- ,. 'I I I" , ...... ,. ,-.. , .. , .. "'f I. I ...... 111 I lilt= 
lnllr I 11 I II• U·~ II II I· 'I • t ,.... "I· 

the •nu[act.m-er-m ut t:he l.aJ len. 

The pruent method of diachaqe of ub fr• the 
boiler mder wter eeal ad it• ......._t trauport 
to the aah ailo thraugla a ateeply !acUaed ltclt 
conveyor is quite .. tiafactory. llauewer. for the · 
belt COMeJor. ila U... of die ateep incltae prorided 
in the oncful deaip to CClll8U'ft space. a W!'J 
special ~ of 'belt CCMl~OT vith pnjecdou ill 
m a1dclle ad alao an ti. aides (to pnftllt au 
slipping baclt) is ltrwiW _. ewn l's-to 2 wan. 
dda belt .... to .. tlUcari..s ..... a ... Uiported 
Mlt coetina MOO.DOD or so bu to '9e tutalled ta 
1.ts place. In cmla' to cwarc- data ,aralalea. the 

. power p1-t enc111een -- cam· .. vfth - altenati.-e 
ac"- of laandlmc and 41.,....1 of uh wlleftbJ a l•• 
eapenatw belt ew••Jor vith a 1ncl1• of 10• to 16• 
vauld be p~. '1'lda ac._ ... to be ..S.t• 
aatisf.ccory and • nee llHI to the __,_.t that 
they co abUd hplnent• data Kbewe. 

3.3 Boiler Accessories . 

3.3.1 Uater Le.el Cauge Class 

Each boiler is provided with two (2) gauw:e 
glasses and are llOUftted at each end of the"clrua. 
ln additioa to this. a re.nte type of vater-lewel 
indicator is installed and ..,....ted m the inatnment 
control panel. At preaent. coasidcrabl• difficulty 
i• experient:ad ila the utnteunce of P.ae ~lua 
of the boiler drua. This is hec~nan or the apedal 
desls:n of attaeh8ent of the flat ~·u~e -la•s plate 
to the boiler dnm. It is su,;1te11tecl that the destp 
of pu1te atl••• connection tet th&. 1·.•flc:r dnaa emnl~e=d 
:l.n ec.buation lnpneerinJt (CE) etr bah<._:-oc:k and Utlcox 
boUor• •1" adopted nrlactn1 ''"" 11reant deiatp 
•• in our opilaian, they an •r• 1'nhu11r and '"8• 
lus •inteanea probl- •Y k aa~rred :111 the near 

· futUT'e. At pTeaent. the t~r" ! r·~ t1tea• ..,.,.,. 
In 11• flat ••"• 11••• \ .. .-......... ,,,,.,hu;r•nl due· ''' 
albU ruct:laa ia qulu pranounr••d •king U .tHf Ir.ult 
for the operatin& •taf f to nad rhf. vater Jncl tn 
absolute PUI• ala... h b fur11..:r '"'' •iev tbn' 
the couH of thia ia tlw ext•tcnc.. "' rniper11rnr .. 
. shock duriaa periodic blouiDI to clear die pup for 
any foreip •tarial•. 1he taperature ahock can cauH 

• 

• 
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rn,sion oC the aica and ~ossible bnakaJe of the ~lass. 
nie replacaient of gauge glass plates -eYery six (6) · 
mnntl111 ~ tc- he tn<a short.· 'lbe pre11ent auppliers of 
llab .,! be a.keel to aupply bettc!r quality or 1tlaas. 

At pru•t• apart froa the drua lnel :lndieator 
in the boile~turbiM ..-ntor canttol roaa, vldch 
is an :ladirect •tllod of -..dna •tu lnal in 
the boiler dnm, tben is ao ~ of 1ln:lng access 
to the ab80lute puge glw read:lna of the •oiler dna 
froa the operatina floor. Jn aame countries. it is 
MDclatoey for u.....tttfng the boiler 119ter left! 
in the abaolute pu~ 1lua -ted an the boiler drua 
to the operating tloor throup a 979tea of llirrora 
boun •• "Perbcope•. Frm the poillt of Yi9 of 
11af.ry nf boiler operatian. sbdlar arraaae-nt should 
be made in the pl.at al.H. 'Ii: Uould be possible to 
1aacall a b:l-coloar page glau and brilla the reading 
of the boiler *- -tar ln.l • tc tbe Miler 
nperatl• nnor throu~h • •t• of mrrors. Thia 
vuuld of c011rae •cenitate rotat~ the exbtint: 
ab.olute .-ae a1m as....,17 1»7 90• and .aldn1 • 
direct hole :ID tbe cat-walk atljaceu ~ the boiler 
valla ao that direct liu of Daht for tr•..S.••ion 
or dl'Ull lnel :Imp through • syaua 1f 11:1.rrors rigbt 
up to the operadna fioor. beca II posaible; 

3.3.2 Drain Val•ea 

1he boiler blOYdoVn .. 1,,.. and dradn valves 
are operated to dra:la off water vhich accU11Ulates 
m coo Un~ dOYn the boiler. The drain valves 
or vntr.r val.ls are to be operated only clurinR 
stopping and starting.of the boilers and it is a 
danJC!roua practice to open tbea dur:lag Gr vhile 
boiler is :la aenice aa it vi1l adftnely affect 
thr ts.,f ctr of vater valb and ri..r tubes :ln the 
funuace. Since, aa vas reported to as, there 
were ame instancu in the past vhn SOM of these 
drntn valves vcr• opened by llistake by the boiler 
et1•craLora causina; considerable d-se to boiler 
tubes, it is rec~ed that thue drain valves 
should be provided vith fool-proof lockinK arrans:ements. 
For in1nance, a si91ple steel strip can be lock velded 
to the valve handle and 'Yalve body 11akin1 it :1.91po~sible 
"' "l•ttrnrP tlw. vAlva, caktnai care to ....e that th111 
11tocl •trip b ro.,.ed durJna •tartJllR nnd 11t.,1•1'lnr. 
oC boiler. 

3.3.J Netn-leturn Valve1 

Since tlae tvo boilers are comaectacl to a comon 
header to that either of the boil.er• couJ:ct:aupply •tea• 

JO 
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t~ an~ ~ of the tvo steaa turbines installed, 
it VPUld be necessary to prodde non-return "Valves 
"'' h1•rb t!Mo hnlhtra f~iar.-ly after •tn arnr 
v:al Vt!ll. 

4.0 Vntcr Treai.nt 

4.1 Ha • .-Ur Vater 

1be .Ue-up water requinmmata at pre.enc ,.,....t to 
about.,,.. (7) peruat. ~ fipn u radler cm tba 
btah •ide and •r be partly, 1f not vbo111. due to the 
periodic bbuins: o( the aafet)'-9al.ft tbrou n which •~ 
e11eapea to the atmspben without beiq e.dea8ed wbenewr 
the boiler preuun rhes q a reault of r.:dden drop :In 
load cm the boiler. It is oar 'Yiev, therefore, that the 
plaat baa to keep a close vatth of iacreuu :In boiler 
vater l011s because of the hip eot1t of proridillg .ake-up
w1ur.r. JnclJacrlalnate cwreratian of dralna, bl.....tt111111, 
aoot blou1"9t. and especially pump lub •auld be elialnated 
and a leakap test of the !tlant has to be undertaken to 
idrnt.H~ unnt"t·r•-ry va1i;1n1;c• .,r treated nter. 

n ... rrobloa of S."'!ety-valve blovlni cam be .t~ated 
ta a ·1ar~r extent. if not totally elillinated. hy antici~atin~ 
tlte load chant?e• as •ch in aclvanc• •• one possibly can 
and •king corresponding adjuataenta to air supply. ttrate 
aped and fuel bed thickness, •nually unrridini the 
aut011Dtlc control. 1n other vorda, alertness of the 
cetntrol ~ooa nperatora and certain nntlcfpatory accian 
on their part will pr~nt vnat• ~f 11t••• throu~h safety 
val vea. Stlt'h n11 ovcrridi11~ supervl11fon nvc-r thr ex18t1n~ 
autmatfC' control beccmes nece•sn~ hac:11111e or the relatively 
slow resretn .. or chain iraLc atoker-f lred boiler to chan~es 
in load claaand. 

Jntctalled in th• plant are tVI• (2) uniu or gravel 
f11trr,. c:ach ,;ups•h-Jnr. I rnLJoo :md I nnJon. The fflt•~rr· 
~pernu- dnwn(Jow nnd tit~ ltt'd ill 11111t1•ort••d ftv 11Pveral 
t"ouraes ~r t:r•ck•cl s.:rnv1·l. 1n• urrPr non io11 of the brd 
rnntsh•t nr J .~:». -· a:rnln rbe s:rnvr·b. while the lrwver 
l.:tyer ., r1•pntK'd ur ,:r:lvt•it. Vith l!r:1tn f; • .:I" or 3-S -· 
tt:•x•- 11rtttntt ror """d lnr.' or tlw rn r~-r ill 0.6 bar 
(?0 Ct .. v.t'.) lackvn11la vntC'r R&mcr:tl IY OUlntmU to about 
f .. !J pt.-rr,·:as etf th• total !low. 

h• tho ol1•111h1t·1·nt1r1•i 1•l1ml, 1111- 1•1111•1•1111•11 111 lltt• 
•vc• r.rnvo•I : 11 t•!rl' .hucr :al 1 .. 1! Imel Jw.,.,.,. hnrd nnJ 11hr1111t. 
!n •lzc· ::llnvinc t'h:innc:IUr.~ 'in the !:1~ ·~. llcrauN of 
r11i,.. rvrt• '"'" 111rrrr1•11tlt:l ytreaaur•· • •. int1r!11lrd n11 

tlteH f.f.1~• co indicate che pruaure drop acr•• filcar 

..,, .... •·· 
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The introduction or chlorine into the intake ~UllP 
preceedini the band fiber is through a pipe vhose cliscbar1te 
is at only one point iD the middle and became of the 
rel3~helr quiscent nature of suvater iD ·aJ.s iDtalte sUllp. 
chlorine is not gettiDg a1xed daorouJhly throughout the 
tank. this is eddenced by the fact that. of the DIG band 
fillers .Installed to re-owe ezttaMoua .. tter fraa seawater 
before it enters the clrculatias ,..ter ......,. the one nearest 
to th• chlorine diacbarge pipe is relatbely free of 
barnacle deposit vhile the band filter farthest avay froa 
the- uw ripe ts esperiendni barnacle giouth. lt is 
thedore recci ded tbat the injection of chlorlne be 
uaif ora acrou the vidtb or the intake 1n111p. poulbly 
by prcwldin1: a perforated pipe. 

l'nllll!lltly, chlorine vorth •120,000 per ,..r ta used 
and it is broudat hem lllDila ia 1~ cyHlldan and 
separate chlodae iajecU. .,.n. is iaatalW. If for 
ew reuan. chloriae CJliaden do not.ruda the ialaad 
in tble. cooU.1a111ater treatmat vauld i.e affected. 
ln l'rder tb be tberafore sel(-nfficimt 1ia chlorine, 
we 1111pest an-site aemratioa of soclim hyprochlorite 
in an electrolytic cell vitb ...... cer and electricity 
as the·mly inputs both of 11hicb are locally nailable 
an,-tt.. lesicles tbb ayst• is inherently sa(e also. 
Ur> auuest that tbe caapaay •Y Mnd one of their officers to 
rASAR in. Leyte to study the working of tl~ on-site 
S.•-'I._ hyprochlorite JeCaerator installed then for an 
identical purpose. Appeadix C p•1res the addresses o - some 
r! the mnnu!acturera of on-site aocliua hyprochlorite ~enerators 
from vh09 quotations •J be called !or and a tcchno-econoaic 
eYaluation ude. If the rate of retum on the invest91ent 
ii' artrac:t!Yc. the c.......,. upt consider ~oill~ in for an 
on-site socliUll hyprochlorite generator. 

ln additiOll to ehock treacm.at of chlorine,·ue aleo 
•u"e•t injec:ti• of cblorine at ._. fnqunt 1Dte""1• 
tu CUlll'lC!telr •uppru• ~he crowtl• or barnacles. Maile doiaa; 
so. hnw<"Ver, c:are ••t be taken to •• that the total a.ount 
of chlctrine content over a 24-hour period does not result 
Jn avt•rnRe value hit:laer than that illpo•d by the pollution 
ronrrol authorities. Once barnacle srovth is suppressed, 
ir 10lmuld be possible once •1t•in to put into operation the 
''TArrRO<:E" nn-Une condenser tube cloning •Y•tea. 

lt val' r.,,orted that ao far nec:e•d.ty baa not arisen 
''' rcplcabh both Cation and Anion resins llhicb is indeed 
,~,,..... llawl9Vt"r, there uy 1u· l•C a ponib.1lity Jn future 
wlac-rc- durinJt the tiM nr b;1rkvaahing aM re•eneratim of 
rc11Jn1s, .,_. or the litihrcr sizaa of resir.s aisbt be vashed 
:nmy. Since theH reainl' nre espenaive and are :SllJ'ortcd, 
Jr would be preferable to provide a resin-trap in the backvash 
etr rc~enarat:lon Una. The um of tbe -ufacturer of resin-trap 
ta ctven iii Appendu D. 

.' 
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vas 1ncl1cat1n~ a lov value even alter coru..idf.!rable number 
of t ,-eratla,: Ji,urs. 1his condition vas rewealed only when 
the Ciltcrs ucre opened for inspcctiaa by the .poucr plant 
ataf!. In order to replace the grayel. a fresh aupplr or 
crave! .... illported all the .. ,. trc. All•ttia at considerable 
coet to the CGmpaDJ• lt .16 our coaaitlentl oplni.m that fur . 
future r....U-ta of arnel. local 80QZW :f.fa the 
Pbilippiaes •J H explored. Crawl.a/8toDH found in the 
rherbeda ill die PbilippiDH could be crmhr~ to the required 
size and could be ued as filter bed •teriala for filtering 
the rav .a-up veter in the dnineralber plant. 

4.2 loller llowdoun 

Pruently. tbe err .... an 1Dtend.ttent 87•tea of 
bloudoun systea. Jn this caanectiall. it would also be 
deairable .to pTOYide a coatinuoas blClllldolm systea 
inneed of the interalttent syatn ance ~era are 
aubjected to a .,re unifcma loading pattern at present. 

4.3 Coadeuer Cooling Vater 

11ae inuke ~atn of the cooling vater for the condenser 
vhlch la in fact the aavater vaa eu.:!Md (Me Fiat. 4). 
11te 11eavoter Nttlea dDYn initially i•to an intake • ....,. 
aht"r vlaJrh It pn11.-11 dtrttUllh- m C"hd1e ... hrh-type or 
bnnd filt£r .. ~ or •tainlea• lltt!Ol (two nrt" in11tnlll'd -
one atandby and one in operation) into the coolinl water 
intake • ....,. l'bere are three (3) "Vertical ~ circulatini 
vat,.r pumps installed (one in operation and tvo ~tandhy) 
to •. pUllf' acavater thr~h the condenaer in :m open :.:irru1 t 
or: once-throus:h fashion. sendintt the clischarae from the 
cnnclenser back to the sea tbrnus:h a separate c-h.,nnc l . 

At pre•ent:, a one shot dosaJ• of ehlor"ne is reaorted to, 
to treat the .. avater uacd for condenllCT' cDOlinl purpa!>.:~. 
For Jnlllftncc, In clar rtr111 :and 11c-rnncl 11hHt• r.hlPrinc• i,: 
injected at the- r:att- or 6 k~/hr for 10 11inutes and in 1 ht• 
third shift chlorine is .ln.i .. ,;t ... d at. the r.:att' of J4 k~thr 
rcrr liS ainutea. ln11ptte etf rllis, b:lmaclc11 •re found in 
lhe conden•er tut.cs. This .ls hocauae vhil• chlorine it: 
injected into the •Ullp in vbtch tlw suction pipes of th<
clrculating water p.-ps are lnca~ad, and it ill in this oirc:a 
tllftt barnaclt' J:rovth b nnt ir··J. Since thh 111111p b • ''-A:tu•d 

nfter the band Cil ten·. tlM•11e it:am.,clo• Clnd their vn~· : hrnus:b 
rl .. PUllP and llCt thm18Clwr der•ttad on rh,. cDndetua(:r !"11H11. 
W.- therefore atrcwtJ1J r•r.~ rh.,t th1• rir•ulnrjnr v:trer 
• ...., abo ahould be injecu'CI to the .._. "'" · i: c=hlor111.-
trcat ... t as the intafw 11rrr?tn~ tonk. 

.. 
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S.O ~urfncr CClnJrnarr 

11ae tvo individual surface condensers or divided box-t~pe 
for condensin1: the exhaust ste.aa froa cacb of the tvo turbines 
in the central pouer plant are at present provided with 
'"TAPPROCE" rubber ball cleaning systea, whereby about 100 
to lSO numbers of spongy rubber balls ~oat•d vith abrasives 
and haYing 90re or leas the .._ du..eter as condenser 
tubes are i~troduced into the inlet ttipe of condenser 
circulatinlt vater systea. 'l'hese rubb~ balls pass throuih 
one of the condeaer tubes at a time at i'audo. and in the 
proceas resoft aay slime or dirt which ._, have accmulated 
on thea. 'Jhia type of an-load cluniq of condenser tubes 
has 1tained acceptance in recent years the vorldover. and 
in fact have prned to be quite effecd'ft. Maintenance of 
steady cnnden11•r wnnm ""r l m£ ~rincltt of ti• lulw been 
reported elHVhere in the world because of inatallinR such a 
91atea. In thia power atadon, houever • this cleanin1t 
·~stea is not in operation presently beeauae accordin~ to 
the pouer pl8'lt staff, a larRe number of condenser tubes ~et 
-~oked with barnacles and other -rine KTOVth very quickly, 
•king it difficult fo~ the spongy nabber ball& to pass throus:h. 

1he Cathodic S,atea of protection f o- the condenser 
shell and vnter box is not in operation at present because 
the electrodes have been conau.ec! and the spare electrodes 
arr 'et to arrive. lt b rrc~mlrcl thnt thr r.ntlm,lk 
proLection •)'Rte!• should be rcvivcJ ns 11on11 :u; tht> electrodes 
are received froa Austria. 

At pr•••nt, considerable tilie and effort is spent in 
tryinit to exactly pinpoint the location of • leaky t·onden•er 
tube froa aaon~st hundreds of tuhe11 in th• ~uht' bundle. 
In crdcr to quickly identify the leaky condenser tube, a 
siarle cheap but effective 11ethod could be used which is 
as !ollovs. 

An inclined tube aanD111Cter filled vitb vatcr vitb ., 
12 to 15 deRrees inclination of tht' tub• .. , he fabricntcr 
as shovn in FiJt. S and this nanm1etcr tube 11av be connected 
to ~ach of the conden11t-r tub~.- uuri11i: con~en11er shutdown 
!or -.,tntennnce or rrpnir. in r:in1d 1n1ceeasfon vith tbr 
r.lt>,•tcn: is in orcrnt.lnn. n vncuua. ,,r S to 6 J11rhr11 of 
Mercury on the shcllsidl• o! thr t•etndcm11er is u9'unl1 y devcl ooed 
fta n result. I! there is n ha.lrli11e crnck or le.,k in nnv1,1h~ 
etf the tubes. then vncuua on rh .. ,::.cllaicle vJll t1uck nir 
thretns:h these leaky tube and thJ.a vill I::! det•crnd at nnc'· 
bv the inclined .ano.cter. Tht'refore, 1f there 111 a "kkt.'' 
~n th• mna..ter vat•r l•wl """"" c-nnn•cted tf' MP of th• 
.1:ondcmser tubes, it .eons th:at tnat J•nrticulnr ':·•"' 111 
loaktnA• 
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6.0 Turhim• .:md ln~tnmentntinn 

~.l Hftintrnnnc~ of Turbine 

A" ..... ~l ""''"'' In ""r 11 .. r t•ftrft1traph1t, thlll 1 wn turb' ·'"" 
inst:allt•d in central puwcr plant nre not meant (or vnr-Jnblc 
lond npcrnLlon. A5 11ucb atldlpts shnuld bf. mdc to run 
thea at aa constant a load aa possible. If turbines are 
shut ror long periods of ti.e, then steaa lines which are 
connected to the sten turl>ines are also idle and •Y rust 
fn the rroces~. nnd it is possible that these rust particles 
..,.,. loo~r the.selves in tbe turbine stop valve, and sub-
11rque11Ll y .:bl!11 !or sa.e unforeseen and w.nvoid:able reason~ 
r~il-lond nn th~ turbine is thrown nff, the atop valve aay 
' Jt "sn11r-shut" causini overspeedintt of the tuTbine 
l•ading to rotor d•-~· A atainleas steel strainer 
before the turbine atop vabe •Y therefore be provided 
in addition to the steaa-tiaht stop val,,.g and eeal:lD~ 
systea to ~rd aaa:lDst such ewentualides. "l'here have 
been a 11Ullber of instances around the vorld where the turbine 
•tor valve· ha• not closed 1....U.ately after the full load 
on the t~Tbine 1• throvn off vhen it ought to. for some 
rC!'a11on or the other, thenby adld.ctin~ 9teaa at full bore 
to the turbine, and thus ower-apeedinR the steaa turbine 
rntnr nnd sbntterintt the turbiM casinll and the rotor 
blndeA. ln th<: Philippines, the 20-111 turbine ttenerator 
in5tnlled in M/S itlaF Hlnin~ Co11pnnv is Fupposed to have 
br.t"n dnm:i~cd under 5uch clrcU11Stnncr.,;. 

6.2 Turhlnc Lo~lC' Hodulc 

The turhJne lP~ic .,Jule vhich P.xcrcises the necessary 
ic111,rrvi1'Pry cnntrPl Pvt"r the tsten• t11rhint'!' installed in 
the.- retvr.r rlnnt, rcq\1irc!' for it• 1mr.cc1u;ful orcratlon 
:a 5tcndy D.C. s11J'rly nt :all ti11es. At rre11ent, the source 
nf n.c. tn1rrly is an aut0110tilc batt~ry. vhich, to say the 
lr.n11t. is vt'rv unsntisfnctory nnd \mrclinble. 

W" vrr" Lr•ld tl111t l'MK"t:l•· In th<- rt"ccn' ~11t, cmc nf 
turh!H~fl vpuld trip n( J,'4ded br~ond 1 or 2 MW. This trouble 
v:u: Lr11cc&I LP Lhtr u1um: ... rnr.tnr~ J~.::. 1mpr.Jy •YlltC!111. The 
rnttrc pcwuer 11t:it:lon'11 C'Utput ltt<"r:tlly hang• on a slender 
t••n•:rd :St prctH?nt 1 Q:Sllll. !\• on thir. ::!\' ll\ltoaobile battery. 
i11rrc if; of cour•c a f:!·:tr• battery kept nearby, even-thPugh 
it '" nnt clear as tv ;.,, ... on-load C'hnnf;e to the standby 
hn"frP\· b J'""dhl• vithnut crr:trint: nny di•turbance to the 
t ...... 1 .. ,. l 1tt: i r 11odnlc:. 
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intlu•trial bAtteric-11 coonnctad fn a-erfr• itt \lttrd. llowrvr.r. 
thcrr ta no spare •et of batteries. ln v~ev of the 
criticality of this D.C. supply for vital functioninR 
of the electtical •1st• of the pover plant. a spare set 
of induscrlal lead-acid .,_tteri.•• mat be provided, so that 
uhile ane Mt 1a beiDa charpd the other •t 18 :ln 1ervice. 
Even thous:h it llildlt ir.Yolw an in9e•tmnt of over '600,000, 
it 1• a neceaaary and worthwhile inftatment. A sillilar 
back-up arrangaent is also rec~ded for the D.C. 
supply eyn• presently prorided for the a:mmciators and 
alaras. 

lnstrmentation 

lt ie apparent that the plant has a lot of enero sav1n1t 
potrntinls vldch need tlaoroUJ;b c::mllin:ati0n. Roucvcr. to 
fully asaeas theae potentials, firatly an accurate cOftl 
con1n111ption llOftitoring ayata is reC)Uired, and calibration 
of utiliey n ..... ter• and pnaaure, temperature indicators 
have to be undertabn to ensure nl.iable raulta. Calibration 

. or in•cru-imta begiu •• .• one-t:lme effort. but an i11proved. 
ontto:lng unifora prnmti'Ve .U.tenance lft'Olr&a for t:bne 
inetnmenta 1•. weaury. 1he waintenaace prqra •hould 
include got only frequent calibration checb, but also the 
•rrvf~Jn~'npce•llftl')" to mn:lntain or u~ade tlwo in•trumentll 
and controla. 

FrOll the •intenance group. a dedicated inatnment 
maintenance individual should be deaignated. 1his indiv:ldunl(s) 
should •intain an inventory of all instrumentation, :Its 
location and function. Appropriate spares for critical 
fnf;tru.ents should be stocked. All contr:>l loops Rhould 
be evaluated, and non-!unctionins: loops should be prforitl:r.ed 
r rr rebabilitation or replacC!llellt. 
n 

ln the inspection of control rooa :lnatrt.ents, the- iot>:.i• 
flow tntalizer/intt'~rator va~ rcndtn~ hi~b~ th.,n the fP.cclv~tcr 
.. •Ler. lt vns found that p:arr nf this intr::.curntc d.lawlm· 
of totnl !low of the stem. my rr.1aul t if t••c 11eter b:it' nnt 
been calibrated for the lower ~uperheated stea• tempernturc 
and pressure o! 453•c and ~4 ~nT. resPf"-CtJVely. currenrlv 
bein~ achieved (the flow recorQ•r/intesn-ator arc cal:lhrAt~d 
for 453•c, 55 bar atema). Pan nf this ro11ultJ.ns; error ;1rc 
tnbulntad in Table 7. 

• 
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6.0 TUrhfnt• 0tnd lnstnmcntnt:lnn 

6.l Hnlntrnnnc~ of Turbine 

A11 ....... '"'"''' In 11ftrl l•r r•wrft1tra1•ha, th11 lwn turhhafta 
instnllt•d h• ce11trnl puwcr rlant are not meant for vnrJnblc 
Jond opernt!on. As 11uch atL-=-rts shnuld t.. mcle to nm 
them at aa constant a load •• poesible. If tvrbinee are 
shut for lone reriwle of tne, then steaa lines vhich are 
connected to the eten turbines are also idle and •1 rust 
1n the rrocesg, nnd it is roasible that these rust particles 
any loot?~ the.ael"Ves in the turbine atop valve, and sub-
11rquenLl y "•hem Cor sa.e unforeseen and a1;11voi&bble reasons 
r~ il-lond nn th~ turbine is thrown off, the atop valve mny 
'Jt "•n1tr-shut" causina: overspeedin~ of the turbine 
l•adJng to rotor --~· A stainless steel •trainer 
before the turbine atop Yabe -1 therefore be provtded 
in addition to the ateaa-t!Rht atop Yabu and 8e8l:ln" 
eyatn to RUard qa:lnat aueb nentualities. '!hen have 
been • nUllber of inecanc:es around the world where the turbine 
atop valve' ha• not cloaed 1-diately after the full load 
on the tuntne 19 throun off when it ousht to, for •om 
rt!'a11on or the other, thetebJ adlli.ttina •teaa at full bore 
to the tul'bine, and thus ower-speed1n1 the ateaa turbine 
rotnr nnd shntterint: the tut'bine caain~ and the rotor 
blndea. ln the Philippines, the 20-111 turbine ~enerator 
inr;tnllcd in H/! Atlns Hln:lns: Colipnnv is supposed to have 
IJC!t'n dam~ed under 11uch cfrcU11Btnncr.11. 

6.2 Turbine Lo~Jt" Hodule 

nae turhJ11c let1:ic llOclule which f!xerciaes the necessary 
!llUf'r.rvfRory cnnti-oJ ovri- the stena tni-h:ll1<"tt installed :fn 
th<' power l'lnnt, i-cquirel' !or it• 1n1r.cca•lul operation 
n 11r~ndy D.C. supply nt all tiaes. At present, the source 
or n.c. •urrly 11 an autOllObilc batt~~. vhich, to say the 
Jr.n•t. 1• Vl'rv unantiRfnctory and unreliable. 

Wr wrr l••ld tlmt ".,..ti•· In tht' i-rccnt !N'•t. nnc nf 
turhJnrs VCtUld trip nf J,.,,.ded ~~ond 1 or 2 MV. This trouble 
V:lF LYllccd LP Lh* Ullf'>I~ , .. rnr.tnr~ J~.::. aaipp]y •YRtma. The 
<'ntlre pCtVor atntion'tt output lltrrrlly hanse on a slender 
t'•rt•:1d at rrc•u~nt, nnaa.. !\· on tbir. ~Z\' a"tOllObile battery. 
11trrc b nf coune a r.1·:1n• battery kel't nearby, nen-thouah 
it i" nnc clear as. tv ihu.- on-load t"hnnt;.t to the standby 
bn .. ,,...,. b """•Ible vithnut crr:tr1nt: any .!bturbauce to the 
t 11 .... 1 ••1· l 111: i ,. 11och1lc:. 

' . , 



table 7 

RF.AIJlt1t:s OF INTECRA10R FOR STEAH I FEEllVATEl Fl.OU 

• 
Feedvater 

Flou Ste:aa now Pressure Tellperature Percentage 3:11 Ml t/HR T/RP. Bar •c. Error • 

17 17.4751' 18.9475 43.3 450 1.949 22 18.9475 19.1491 43.5 452 l.ll50 27 17.R2Ul 20.2248 63.l 449 2.113 l:» 17.R:lll 18.74'9 44.4 456 1.168 
37 17.6'7:? IR.1818 43.7 4'1 0.715 -4: 18.5566 19. 7802 42.5 451 2.997 :. 7 70.7504 20.4545 43.6 461 2.282 
52 18.947~ 19.5653 44.6 452 0.624 -57 18.0000 20.0002 42.4 433 1.662 

4:02 rtt 18.7500 18.9475 43.6 460 2.119 ; 

07 18.0000 18.3672 44.1 449 0.921 ..J 
12 17.3077 19.1491 43.6 443 1.011 17 18.7500 20.4S45 44.6 4~ 1.111 ' 

' 
.. ., 17.6472 19.7302 44.! 441 0.260 -.. 
27 16.5139 19.7802 44.0 449 1.033 
l:? 1.'1.6344 13.9536 44.2 4SO 0.898 37 ·~.666 17.47.58 43.7 . 446 1.128 42 18.9475 19.3550 43.6 459 2.303 

-· 

-
-
-



7.0 Lnbor.:uon- for Cu.'\) An.'\lvsis 

Siner Setairara Coal ea.pan~ is pri .. r~ly ent:a~ee in 
ainin~ and sell!~ coal to pover stations and industries 
in the Philippines and hopefully to export coal also 1.n 
d· yNrs to c-·· it is but proper that the .aaa,_nt 
ahould be aware or all the pb7sie&l ad cheaical properties 
of coal llined md marketed bJ thaa. Onl.7 tben will the 
Sealrara;. -:oal be :ln a posidoa to render tM> n-=eaa17 
adviH to its clients about the type of c,..· usd.on equipmnt 
they should purchase vhich is best sui.ted to bum the 
type of coal supplied by thea. !f ac1riae c.:.. bov to cope 
vith some operatloaal Drobleas like erod.an of boiler-tuhes. 
build-up of slags an boiler cubes, erosian of ash-alurry 
pipelines. etc •• ia offered b7 Senirara Coal Callpany as 
a kind of af ter-aalea-Rnice, it will inspire c:aafidenc:e 
..,..1: cuat.ers of s.irara coel ad vill reault ill increased 
sales for the CGllPUY• 

For this purpose. the facilities ..ailable in the Coal 
Annlysls i.8boratOTY. .._.•ld 1te aua•11ted.., •• to enluate 
the followl•t: additional propertiea of coal. to start vith: 

(a) svelll•a: characteristic Pf coal: 
(b) ash fusion tmperature of coal ash; 
(c) •lac:oslty or 9Dltesa ash and its dependence Oil 

tewireraTure: 
(d) evaluation or erosive !lroPerti• of aab; 
(e) analyab of ash for it• cneral canatitunats. 

On the different kincl• of pr('pertie• of coal to be 
rvalu3trd as llf'nttl'llC!d in the prrvif'US para~a~h. ~riority 
.. .,y he t:f•en to fteu (a) and (bl. 'nlis •i- hecauH 
""' 11 tnr. rhar:tcterbtlcs d•t•nalne hi* rn.'ll ... IUl'ftF vhile 
1· is undtirr.Ping combustion. For fn•t•nce. if n Cr>:ll 
1 .. vtng a •trong svelUag or caldns: tendency b u..ed in a 
pt1lwrtzri furl bntler. the cnTT""-f'ftr pf fJ•n111h b increased. 
NoC:tUS• tlK' C"t'nOll'heres (bumfns: ytartic)rtt of yna)verb.ed 
furl) exp..,nd durinat cOllhustion. bcc"9e Ji~ ter and nre 
r:trrh•d nv:t\' :ilnnJ: vJ 1h the• '1111• a:nll("a. tlt1ttt. lncrra11:tnr. 
the• ll"Hdl9nry lor fp11Unr. ol th1· hr:it trnni;•rr "'"Tf:lC't"S. 

"'"' vny ·of "''"•n·f19inJ? thla 11rPVit .. hs rr n. .. 111:-r thr finenes• 
of J!rJndinl "" claac th• cool pn~ticle• bee,_. heavier and 
1hrrfor~ h..,vc n Jeaa tendency rr· he can-t.-d :n111;r under the 
~=-.,. furnnc~ drnft ccmdition~. ~tclarl~, tr •tTon~ly 
,. ;,:: i 111: coal.. :src.- r<' be u•d 111 imluatr:I ,.; l•uil ors, nn 
underfeed ~rni •: of tllt' type ahovn in Fi~. It h ner.essary. 
C21ntn ~rate stokers are ..... rall~ preferr•d fetr free burnin~ . ,.,.; .... 

Tree ba:rr:i:ia: proper:;· nf :·n12J. i.I'. · ·· "'"111t~· f"f rNll 
to bum without .wllilla, :lnc:reaus u the volatile Mtter 
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in coal increases fra. 5% or so for anthracite to about 25% 
ror lituainous/seai-bituainous coals. However. coals having 
V.K. betveen 25 to 30% exhibit videly •arying burnin~ 
cl~,ractcrJRtlcR. ror exa-rle. it is poaslhl• for a 28% V.H. 
conl to exhibit either free bum!~ or atrondy caltint: 
properties dcpendin~ upan the ~~raphic locatiao of tle 
co:al 11eaa and other c~ical rt'operties of its hydrocarhon 
contents. lt is therefore vorthvhile e.aluatintt the eating 
or suellin~ properties of bituafnous coals taa.iag V.K. 
bctveea 25 to 30% fot' aforesaid reasons. It •Y be nnted 
that coal• haYinJ: V.H. beyaad 30% once apin u:hibit free 
burnln~ pt'operties. 

T1aC" ash fusion te11perature of coal ash alao ls a very 
ua~ful rlcce of inf Ol'lllltion vhicb Vi1l help 1n the choice 
uf a e&•rLaia t>1* of lUlll 1tunaia& .. ul;a1n~ (ur boil.era. 
Abo for kilers-vhicb are alnady aa1ng coal coataining 
ash or 11 certain speclf:Ud aab fuaioD t...,a! atare-aad 
tliaeral contents._ ba8ed on the analysis add~dwes could 
bC" add~ to owerca.e certain operational prf'ble.s connected 
\:lth ruuuia~ of euperbeater tubes. electro-static precipitator 
~ration. etc. 

Jf all the relevant properties of coal mentioned above 
frm different •- in the aine are evalilated. then it 
5bould be possible. in principle and practice. to blend 
tliffrrrnt tyrc5 nf co:al tC' ~t't a c-nal of a unffoni hut 
l'lt!dkt:tblr rrnrcrtics. la developed cuuutrJcs like West 
r..-TIL,ny. etc., power stations blend different types of coal 
51l that their boilers all the ti• recebe coal havin~ 
c-nnslatcnt prorertfea. 1'bat voy it vill be possible for 
rower star.ions to optillize their autDlllltic control settin~s 
:111d predict •intenance scbedules, life or ·certain 
1·qui,.ents based an their operatinl experience. 

41 
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SCHEDlLE OF TRAINJ tG RR BEU B«ilNEERS PREP6'E> 

PREPARED BY B,J. QNUtGW>1 

WITH CTA . 
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SCllEDLILE OF CLl\SSROOM SESSIONS FOR THE DEU ENERGY AUDIT TEAM 
·-·-········-·························-----····-············ 

Date (1997) 
••••••••••• 

14 Joan • ( Wed ) 

4 Feb. (Wed) 

9 Feb. (Mon) 

11 Feb. ( Wed ) 

lb f"eh. (Mon> 

lll 1=ab. (Wed) 

:J F•b. (Mon) 

:' F~b. (Wed) 

.., 
M.ir. (Mon) -

" Millr. (Wed) 

q M&\r. (Mon) 

l l M,;\r. (W~d) 

1 b M.lr. 
( "'"") 

Topic Lecturer 
••••• • ••••••• 

Audit Procedure BJC/PRS 

Field· Use of Energy Audit ln•tru .:ent• BJC 

Design of Water/Stea• Piping and BJC/PRS 
l\ir D~•cts 

Spucification of Heat Recovery PRS/BJC 
Systeaas 

Choice & Specifications of Pump•, PRS/BJC 
Com1>resaor•, Rafriqvration, Air 
Condi lioning 

Design '·Spa~ification of 
lnetrumentatlon ·Con~rol Systa•• for 
Doilers, Furnace•, and Siaple 
Chemical Prac••••• 

PUDL.JC SPEAKING 

Choice • Specif ic•Uon of f'lechanlcal 
Drive Systems/Speed Control · 

Cost En9inRaring Fundamentals 

Pr~pi\rat ion ~ \.ayout of IJr•winqft 

Desi;n of Electrical Dhtrlbutiun 
System•, l.•vou t ", Pro tee tj on 

Financul n1>1wa1sa\ .of l~L?trofil 
Prujac l!i 

PRS/BJC 

BJC 

PR6/8JC 

DJC 

TPC/BJC 

CAQ/DJC 

DJC 

Mator1aln En9invorin9 •nd 
Sp11cJ f icl'tion Clo be dacidad) 
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l\nrox I-

LIST OF lRANSrl\REtCIES PREPMED BY CT/\ MD ST/ff 

rOR USE BY BEU SGINEERS 
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--
SOME FUNDAMENTAL CONCEPTS ABOUT TllEIU«>DYNAMICS ============================== -= - -

l> l\U.. ~l\TERll\LS UWE TIE IDIBCY 10 IE.GIWE BY Dl~l~ IECAY 
l.l{ UXUV\l llfi lO A ClJtJITI~ IN IMOO Willi ENVllOl-.Jffll. MM. 

2> l\U. lJElljY I .]WUS oonU\l..LY IEIERICR\lE BY OOD\Tlm CR MD.FM 
RADll\TJOO TO IEAT AT /ftUENT mffRATIIES ltl> PlESSlJES, 

IEAT IS 
ENEl\JY IN 
TIVfiSIT 

! 

~-- .......c;=~---CPPOSITE RWTE 
POSSIBLE.CkY 1HU&t 

, o " E w· A v -~ 
ENERGY 
STATE NATURE'S WAY -

NRirATI<n CF KR< 
E.G. PtOTOSYtffi£SIS 

DISCAERED o:r1c ) 
STATE. 

STtaE 
CIEMICl\l 
~ 

C 0 M B U S T I 0 N i--~~--~~---------~~-lf6TPBLE - llEftW.. 
B£RGY IS 
O\f'OCllY 
10 00 
Kn< IN ~IL REL J\CCELERATES 1l£ MllRAL 9£RjY 

. Lm~ e r.s.] EQUILIBRIUM PROCESS 
wtERE F - F«.A:E 

S - DISTNl:E 

3) mu~ W\lERl/\LS, Tl£Jf1DvtMIC AVAILMILI1Y rRKlT I.Z IECYQ.ED. 

llCIUUIE, IT Sllll.D BE TIE caETI\£ (f llEftW.. Pt«~ IESISf 
l"Nl~INIHS 10 f.XTRIO Mi ~ltll USEFlL ~ NI> IEAT PS rossIBLE FIU1 
I\ IU~W>Hti Clll\IN BEfOIE BlJILIBPill1 llKlITlm$ ff. CIJTAif£D. 

•1) WU\T SIUU> BE 01.~EJMD IS TIE Wt'LllY Cf Et£fljY Nfl tlJT 11£ N'lllfT 
Cf OERGY BlIJ\USE ENERiY CM f£ITIER BE CIEAlED tlR 1EST1IJYED BUT cm 
mt Y f£ CCJNERlB> FIU1 OE FCR1 TO TIE Oll£R, 

. -. 
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TWO METHODS OF C°"8USTION OF COAL IN SOLID FORM ON GRATES 

rlA'E 

CMTE --

U. 011\IN CMlE SRl<ER 
IH <2. ll~OOV\lE STU<ER 

AIR SUPPLY 

JGNITI<* 
TRAVEL 

IXNll\RDS 

RIEBllftltE 
Onw:JBUSTICS 

'r>1~ll RllVlB --·-· ~~ 11 .. !m Kr.At.Jl<6 

11UlllU.\~ 

nw. 

~, : LOSS 

AIR 
... 

lllE llEA f f<ELEASEIJ l\Y COAL 
SllOULI> COMJ>EHSl\TE Cl> HEAT LOSS 
HJ (jR[EH (01\L, Arm <2> llEl\T 
CARRIED l\Wl\Y BY COLD CortJUSTION 
AIR. 

SWELLING 
INDEX 

Cl. !M> FIRir«i 
IN <2. SAOD STO<ER 

COPllUSTION AIR SUPPLY 

UNBURNT 
COAL 

IGNITI<* 
TRAVEL 

lAMDS 

tm AIR 
BECAUSE 
ca.D 
C!HlJSTICJi 
AIR IS 
tEAlED BY 
t«JT CR 
ae··r-i; 
~ 

CONDITIONS Pl>RE FAVOURABLE 
- ==-==•ru:s±e±ee&ee==::s 

f~B=l~!.ll!Q~g~=Y!IYB~ 
COAL ==== 



~ ~- -

i 
: D:."Vtl.DP I t«i I .. I I NATJCJC 

1-----

ENERGY 
USE lN 

ECCHJtf'( 

f'RC1'/IIES oom I Ol'lSl.H'TICHl 
VAU.E ADJal I r«> • SECT<Jl I 

SECTOR SERVICES TO 

t 

ffflCle«:Y IS HIGH 
RES1Jl.TIHG IN MINIM.11 
<msU1'T,1~ OF EJEA.jV 
NIJ fe'ATERIALS FER UUT 
CF VALLE A1JE>, 

l. EFFICJEJCY IS l..Gl 
RESULTU~ It! HIGHER 
COOSlWTJOO CF EHERGY 
1-: lD WffERJ A!.S, 

2. NEED ~ H HKc.R CFF IC I ENCY 
CF ENER.;Y UT I LI Zk TI CJi 
tfli'EAATJ~. 

.... 

1, BECAUSE (F HJ G£R STMDARD 
Cf LIVING COOSPICLr.XS 

I 

ca~SLWTI er~ Cf ENERGY NfJ 
r1ATERJALS EXISTS. 

I 

2, NEED FOR ENERGY REil.CTI~ I 
EXISTS. 

l. BECAUSE CF L()J Per. ~I TA 
Itea4.:, ABSJLUrE EN:Ru"'Y · 
CXJ4SLM'TICW IS L<Jo:. ~0€V"~, 

1 
TI£ LI T1l£ ENERGY TW.T IS USED I 

' IS lJrILIZED IN:FFICJ:J','TI..V. I 

I 

I 
f 
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IUUJ411'f{ JtDlJ\SE IH EJ£l(jY Fm Sll£ a= TIE WELL-l<Klfi Bll!Prtlff IAUISSES 
...... ----- . -- -- . --·--

(M:~: MD ff1Nf. 1lDSE IN IE\R.(fB) CD.NTRIES 

l. TRNISmtTATI~ SEt1tR 

CA) FIEICllf 
(B) lmlf\L 1IWmJrr 

2. 0011~ CIN.£TRll\U 

3. I lHWIS C INl~IRll\IJ 

ta, IRYlt«; Of1Er.J\TICW 

5. IEATING NIJ ClXLlt«; 

6. LIGITING 

7. lVN\D\TJCI~ 

8. l\lCR rum\TllW 

J!£ at.Y EXCEPT' Ji IS AiIQLTim. §t&IW. 

PERCENTAGE 

2510 35 
101025 

25 TO 60 

00TO150 

60 TOD 

5J TO 300 

. 25 TO ti) 

~ ' 



lWkW 

0 
PROCESS 

REL ~T 
--;:;.~ BOILER 
1.10 

~ns, GJ/jT 
---:==-~I 1.m 

P-;OCESS . 
S1EN1 

cm> x • m3 NI~, Bf•c> 
aX> PSIG STEN1 
300 KG/tR 

S1BV1 mEMTICft RR ~ t£AT CH..Y 
---- ···------·-------------------------

rl6 TumlNE 
- EXIWJST 

1

-·-
BOILER 

· (W, ·tQT 
(_ __ _ 

-···-@ 
PROCESS STEAM 

FUEL REQUIRED IF GENERATED 
SEPARATELY IS 2.10 • 

• ·I FUEL SAVINGS = 30% 

GAS TURBINE - STEM GENERATION CYCLE 

------------------------------------------------------~---------------------------· 

flll 

" l.20 ' 
BOILER 

175.C STEM FCR PROCESS 

FUEL REQUIRED IF GENERATED 
~EPARATELY IS 1.7 • 
• ·I FUEL SAVINGS ::: 30% 

--I 1.m I 
~o~mINED STEAM TUR81NE - STEAM GENERATION 

·----------------------------------------------------------------------------------FUEL 

I 
r(,-i] __ , 

CIY·I' ~j ~Ill. e !XJ Kii ----

t [J\5 11Rllt£-.. ElOIAUST • ~ · ~38 Kii 

. ___ J ·1 w.tt! ~J ~ 
ltOll.ER 

FUEL RE~UIRED IF GENERATED 
SEPARATELY IS 2,5, 

,•, FUEL SAVINGS = ~0% 

gLMU J NEU _.GM=STENl TUBB I NE STEAM GENERA!; ON 



. /j World heavy crude, bitumen reserves, production• 

C.nada 
3:3 mllll=~ t!:I re:e~ves 
~!!.! ~!H!:r. :::n :::c~u:!!cr: 
32.H bft'1.,.. bbl reserves 
541.2 mtnlon bl production 

Europe 
Totalt 

24.1E5 bllllon bbl reaor1es 
23.C25 bllll"n bDI prccuc:1:.n 
59.IUI bllllon bbl roservos 
551.S mllllon bbl production 

Mid.fie East 

U.S. 

3=7 t:ilhcn t::=1 fHOrYH 

e.~!I billion ~bl ;:roductlon 
21.sn blll!on bbl ,. .. ,.,., 
I00,000 bbl pt"oductlon 

l.lltJn Amer;c, 
Ul.!: :i ~Illian ~DI rue"'" 
13.Gal bUlion t:bl ptOGUCbcln 

-Lt1.1 rnllllon t:DI ,. •• ,,, .. 
201.1 mlllion bbl procsuctlen 
H mllnon bbl '" • rves 

~ ...... ~ ':llal'lis..,.....,.....,.,111u9 •• .,...,, ....... ht~audt.""' "'"' ............. ,, ... ..., ...... _.,....... 
S....: ~ '*"'"•""'• Center b f4Mwr Ci\ICM Ind ;., SMdl 

A•l•·Paclflc 

13.5 mllflon bbl proauc::lon 
531.1 mllllon bbl '8Ml'VH 
11.4 mllllon bbl prottuctlon 

• 

) 

/ 

' f 
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AVOl1JABLE 

VISISLE. OR 
o av 10 us Sou Rees. 

©. INV IS I SL E. F ORl\1 

(.)NA VO I] A BL E:.· 
13 EC' A U S C: _££ \ 
L I M f T A ,- r o ''"°. 

OF I 
l'€'C'H,~Jog.Q;Jl 
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~ -;; Ml~l-4, £MEN, .. NAf.f.i4.Y n PP"oAc H TCJ...,, a7. 

1 

/ f>l/JR.ol'i N£.>J_'f' Cf ~ f-i,.~41Wl4! NAMEC.Y M~H /'iG~l'ftN' 
"- frN.) HA1Nr.:kMlCt: Eri-tCli:rf~:t· OF rrrc fl NOLDGY . 

S!ioRT /dip M&fllUf'll 1'£R~ l..o NG rri!M I 
'f?lC.,.,.,.~, Pt_ANNI~ ST!f.AT£GIC 

''!..AN 1..J I(\! G 

l 

I 
f 
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ta.a~- ~o--.. Ptiicipkiol&.g w ........ , 

......... 
.............. _., __ Loll __ ,,,......, ..... 
2. Em:ru ........ Lc a... 

awraa& pnaical 

... Analysis"'..,., - to.. 
....... rina wlrUs. ...,..a lnUllmle 
u....lulOll. awaiW>Ji&J llUdiDt 

s. Male drcicnt Cl ........ 

1. E.ru CIDl!laiMac .. 
Nm•a 1 and wr.ec niduaiDnl 

• 

'· Malcrial ..... , ...., 
MXhG),..._llldnqicld 

10. Ma&erill .,ucy Kllcdan 
•icrial puricJ and prtpaliat 

11. Aga1:p1ioa ol cnap -

12. Ocwdc o1...., -

IJ. Allcmaliw CDC111 10Urca 

tcnau fonD or fuel 
~ 

14. !ftall' caawasian 
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THE TWO ASPECTS OF ENERGY CONSERVATICW .. . . 

I 
I FI R.~T LAW AHAL VS I rJ 

. . ctltCERNED VI TH: 

(1) MAPPING OR TRACING ENERGY FLOWS JN A 
SYSlEJt. I.E. TO DRAW A HEAT BALANCE. 

·-
(2) IDENTIFICATION OF AVOIDABLE SOURCES OF 

WASTA~E OF ENERGY, 

. ·- .--. .-.... 

LEADING TO: 

A TACTICAL APPROACH 
INVOLVING ~AGERIAL AND 

TECH~ICA~ Mt.ASURES 
OF 

SHORT A~:o f'C:DJ u:~ TEPJ1 
NATURE <l TO 3 YEARS> 

WITH 
f'.AP.G ]';AL CAP 1 T AL I NVES TMC:•H. 

! 
·I 
I 

.. 

j 
I SECOND LAW ANALYSill 

CONCERHED WITH: - .. 
<1>· l~NTIFYIRG SOURCES WHERE WORK . : 

IS DEGRADED INTO HEAT. 
... 

<2> EXAP!INIH6 THE EXTENT TO '61ICH 
WORK AND l£A T IEl1AHD COULD BE 
IHTEGRATED, 

LEADING TO: 
• 

A STRATEGIC APPROACH 
I NVOLVl~G MAJOR l'EOfHOLOGI CAL 

CH~NGES OR INHU~ATIONS 

OF 
·toHG TERM UATURE 

<5 TO 15 YEARS> 
WITH 

SUoSTAtHIAl CAPITAL IHVESTP'f•H • 

I 

r 
t 
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: CM~N<;EG PR.OGRAM 
,., !.. ITTL e OR ~o 
~. CAPITAt. a M!lOiiAA\S CAPl • 

IN'IBSTM~~ . . • TA'- \~VcS TME~ T 
2. ~'iA.V'I CA.P,JA\.. 

I NVl61'M&• .. Y 
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- ci\Jct-<GY' ~Ui\:\icr<~IUl\J l.,U.::>l~ 11.\J trlc l~.:1U.::> 
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~ 75.0f::>··= -------;-~---------
0 67. 51::·-.....J =l 
m ~2°·~i...-·····1 u. 
u .J • ;...) ... ······1 ui 45. 0 ... ·· ,..__ ____ _ 
:j 37. 5 .. ·· .. ··· 
~ 30. 0 ... ·· ..... t------a 

tr> 22. 5 .. ··: ..... 
8 15. 0 .·· 

7. SJ··· 
0. 0 I K I y I y I v I v I v - I y I v - ,; 

. t&gend: 
D LEAST. LOST 
D OPTIMUM COST 
D MAXIMUM COST 

1 Coal 
2 Geothermal 
3 Solar thermal 
4 Solar electric 

5 Wind 
6 Fuel cell. 
7 Battery storage 
8 Compressed - air 

storage 

l 

r 
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LIST Of ,.MW.S/f'WLICATICWS lW ENERGY fWWB£NT 

AND arGERVATI~ 



1. Efficimt Utilizatim of Steam ard ecrm.ate 
(Utilization of Steam for ?rocesS HeatiDJ) 

2. Efficient Utilizaticn of Steami and ecm8nsat:E. 
(Fa::Jncftics of Stea Usc13e) 

J. Efficient Uillizatim of Steam aid Qlndensate 
(llow to K1ke the Best. Use of Condensate) 

4. EC!icicnt Utilintim of empmssed Air 

s. lbl to ecnwct an EnetW Jludit 

6. Fnr•'l)" Con.c;('.l"Vatioo.Coosidc-mticns in Lightin.J 
0\1~l Air Cl'n.litiunilllJ S)'Sl:t116 

1. S."lv i•llJ a1e1w in Vdllclcs 

ll. S."lvi~I EllCDJ)' '11mugh Efficient CCntJ1sticn 
eontrol &un waste neat Recovery 

g • K"lsl.C lb'lt M;111119aaent arid ecgeneratim 

10. Ellel\JV Fl<M lbaSUrClll!llts and Cmt.rol SystaR 

11.. ccnamvinJ &1oZ9Y in ~ Mr:»~, PUIP.lr 
&UU~ 

12. &tertJY eonservaticn Laws · 

13. ruidcs to Olick Estinalcs of Dlet9Y QJsts for 
JJdlstrial Use 

14. OJiur to Rc?trofittinJ Oil-Find Boile-rs, Kilns, 
an1 Jthcr f\Jmaces to Use J\ltexmtive Fuels 

15. 'Dle Irdlstrial amgy ludit Mm.Jal . 

16. EllCm1i· eonscrvaticn Jalmal 
17. ll.litlcs t.o DlCl'JY conseivatim in tlte Food Processing 

Inllstry (!or printing) 
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_( l J. _; ll1"111tlr 
,.,,.;Jlrtll'I 

·' .: I 1 la·rri.._· 

.C.J .l l111t.-t• 

...... --

lkn lhC' nlt\!111111-lnm pnioJ. lht ap;tcil)" ;and np;1bility or hospil;als :al the difffttlll 
lt\C'ls ··iD 1-c ll(IPJ.IC'd "' rnp1nJ '" lilt currtnl ;and l'f\IS~"tirt nttJs ur lhr cummaaity. 

San,~ tht 'Im.Ir~ or oil pricn ia l97J-7ol. ahc Mlilippint ftlt1J>" sector lw uadcqoar 
;aa inlnC'llftJY substil•lioa pracm ....... lhr JcwDplllcat or iadi&eaous Cllh&)" 
.. _(C'S for d-1f'IGDCC.·Oil Im bftn putlJ Rpllcal bJ maJ. hJdroelectrtc pGW'a. 

,n•lhtmal .. n .. ud •'lllCUllmdiillaal (nainly b:apsr.. apiw:asae ud denchotbcrnalJ 
mrrr.- 111uh-n. Oil ilnpdrl dqc~ Im ltcca mluv.l to about ol9.6 perceaa in 19U. 
1 ht a.-1r~· ... _,he capahUily lo displlcc mort u •• a •If or ils COllllllrrCial ~ 
~swilh111llllliltumca. 

,\ h!O-lnrpqll a..iear power pbal WU coastnlCled :aad complded in July 191S 10 
l"•niJr ;aaldilia1ml l"IWU lO lhC' Luton pill. liosnu. bcallR of s:arety ind ca\ir.,. 
mrn1:al 11.,>miilna1iuas. 1he audnr pbat has bttn .-.hb:aW. As :a result or lhis ~'isiola. 
suhtilatr ...,.-n rbn11. i.r .. Caba II and Bacua-libnilo,' • .e lo be constructed to aTtn 
;a I""' rr short:a~ in Llllon in 199 l-1 

1 hC' r•:al titcl1ifia1ina rrnsn• has npalllkd its Cllftl'• willlin the fi:anchiK :un, 
uf tht 120 ekctric c:uatpmtim. As of 1915, ii W mdled 1.lSS muaicipaities and 
citir!. ltf,.DOQ b:armpys :and around 2.7 milioa bouscbolds rtpmeatiac4S.6 perttnt or 
tlar Mal numhn pf housdlolds. The runl ciiarifatiDa sedor, howna, is beset b)· 
Jrf'arinlrin in •hr nrrn•ias l)~nRS .... rr•IC'tll•n. as ~u as ia thC' r.tlle.:tiaan rUi
orn.-,. 11l 1hr '"'"'l'"aliTn.1 

llnn-.hilr. in 1~56. 'ail peicn suhsbnti:aly feU and lhete :are iadic:atioos lhal pri(r1 

•·di rnnaiA cttll for ~ 
0

limr. lbrrinJ unfo1ntt11 !"'iilial :and sn:urity dC'\"C'IPrmta11 

....... )lia!dlr f:iisl. reicn wilhin lhe •:a• pf USSll-.?0 pn barrrl aH' rxpcnrd .... lhr 
emuindn nl 1hr dr~":Mle. RnlizinJ. llaftwn. llal supplies or oil ue cshaunible a.I 
inC"pbtnhlr in cntain key eCUllOlllic ruac1ions, oil prices will lend lo rise anew in 1he 
l""DI. This a-arranu lhe coalinued np:aasion or all'IS)" diwenifiaaion and tlie conainlR.: 
l'fo•nPliun pf Pil nplDralion adiYllia. 

1 hr folowmf arr 1he primlry pis In lhe nelJY Ndor: 
Ca) To rnsurt 1l1t awailabiliay nf C11efSJ lo lhc marke•s in &he cuunlry at 1hr ~ 

1nsunable p.ices and to reduce the incidence or power ialCnuptions. 
Ch) Tn rron1P1e the tfrlCienl and judicious• or entrJY.· 
( C) fo :acmmplish the abaft •llh lllinimal ..t.me tfftds on the ntiron1M111. 

I hr 111111 C'nC'IJ) dn11:and K nlimatrJ In'""' hy .,,. l'C'Rnl pn :annum owcr lht nnt 1_, 

~raec. sr:..-hinJ l!.1.UI ntilll&ln b:nrels or rur1.~rquma.n1 (MMBFOF.) by 199.? fr,~ 
""-~.? lllllU:nl= in l'lll7. f.nesar use is expected lo a.erase 11 1.73 barrels orfucl '" 
-.111nalfon1 ( IU:OE) rer carila in 1917 and I ."'I DFOE Jiff npila in 1992. Oil imj\.r 
drrmJ"'" will be furll~r rtduccd from 411.6 ptrftnl ia 1915 10 .. 6.9 ptrCClll b,-10-,: 

1111' inJiJnlllUI tnC'tJY suppl)' n1ix will cunlinue lo rise rrom 47.IS J.tt.181-01 s: 
I u,. i to ''-'·"" t.lt.lllFOE lay l"9l. Noncun"1tlional ftleflJ wW contribwr ; 0" 
t.llllll rn: ''' 41 ~' prrcrn1 or Mal lndipnous tntrJY in 1992. whilt production of"" 
la~'"''· JC'ollllC'tmal and kk.-al 11U is flllmaled al ll.71, 12. 4 10.40 and 1.l6 MMBf li 
ac ''"""' in 1 ahlr I P.111. 

. '"' ... . ... 
• 

l 
• 
i 
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I Table 10.19 

ENERGY SUPPLY MIX 
Un million barrels ot fuel oil equivalent, MMfdE• 

1 .. , .. , I .. ·- 1llO 1•1 1112 3' -.. 
Vol.,._ Vol. "'-' Vol. ,..,..,.. Vol. ... ..... v.e. ... .... v ... ,...... Yet. 

I ,.,."' ., - I INDIGENC;._ INI. 'GY 4:1.11 .. ,. 41.11 41•1 11),1:1 41.IO ·2.14 .... M.Ja 41.42 I0.:11 IO.IO 13M II :JI 

' 
. • 

I. COHVINTtONAL 24.40 .... 21.0I 27.41 21.97 21.ot 30.:11 21.31 U• 27.11 31.42 29.M :11.lt 30,41 

Ool 2.41 Ul I.II 1• U:I 1..21 .11 .IO .... ,4:1 t.n 1.n t.21 '.0:1 
~ ·:.11 UC 1.20 1.29 1.21 1.0l 1.10 7.IO I.II 1.41 11.3$ 1.17 1:1.71 II.II 

""*° 1.14 I.II nm 11.11 11.71 I 1.31 11.13 .... II.al 10.11 12.14 1on 12.14 U1 
a.. ......... 1.11 ... .... l.lO ..... 1..31 1.11 l.:ll IJU ,. 10..:11 1.- 10.40 1.41 

n. NONCONVINTK>NAL 11.21 ... , 20.111 20.39 21.tl 20.12 22.n 20.JI a.a 20.11 24.H 21.D4 21.43 21.41 ...... 4.41 ...... .... 4.71 4.1:1 4.11 1.20 4•:1 ..... 4 .. l.i"I .... 1.13 4.tl ....... 14.:ll 14.11 , .. .=1 11.11 11.12 11.24 11.11 "·"° 17.IO 11,41 11.41 ..... 11.11• II.II ...... .al .ol .Ol .Ol .al .03 .0:1 .03 JQ .03 ,04 .m ,04 .o:a ...... , .. .11 . u .11 ... .n .11 ·" .n ·" .n .21 ... .23 ... 
OINH .24 .21 .24 .24 ,:II .30 .,. .:II .42 .31 .... .31 .41 .:17 

IMPORTED INIRGY ll.21 ..... 11.JI 11.14 ll.01 11.40 14.12 IUU M.21 11.11 11.24 41,10 il.07 41.cn 

Oil 41M llA1 .-..n 4t.IO I0.;1 41.U S:l.2• 41,41 IU7 41JM 11.11 .... 74 17.7 .. •l.14 

°* l.42 Ul 2.IO 2 .... 2.IO 2.11 ••• I.II , .. 1.14 ,43 ,:Ml 1J3 •• 
TOTAL ENERGY 11•1 100.00 •. 52 100.00 10:1 , • 100.C.O 1G7.ll 10C .ac 112.17 100.00 111.R 100,00 1:.'l.OI 1'4.00 .,,....._ ---- --.-.. - - --- ~ - -- -Gr-11\ ••••. 'II. P •. UI 1.10 ... , 4.Ja 4.13 1.00 3.70 
,.._, uw, ........ 

"°""" :11.GI :11.:11 40,17 4017 •l.41 •2.:l ., .. , • JI ... 4UI 11.71 43.18 &.c.2'3 4413 .. ......... ...- ....... 11.12 JU• •2.31 30.1l ':! 311 J:. 7• ·•ar l34t ,., .2:1 31.11 11.11 31.11 ·u1 :u.01 
. ...... ·--·-... -. ·-· ··-·-

S,...n ol tll\.C Oil~ 'j[A 

~ 

--~~----~~--------- - .,-. •• ld3 IS:U.i#' . ________ ......mrw WDI ... --·. ~- ·.,.... ,..., .. ##id! 1.:w2JSJl,IW)\:JW,T.'• 
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I ht du1t- 1•i 1•il-NIN tln.."t1i\.i1)· in h•l:al Pl*l'f USt' •·ill dttrns.: rrona ~.I pC'fttnt in 
1->s5 h• .11.1 rn,-nr1 a.)· llN.?. This -.;n l>C'adUnal 1i.,._.h lhr .- nr aQI and Jn•lht'r· 

11ul a~ lllt' tnC':f~- '"'"''-n ur ftnl· I"*"' rbnll 111 ht l'\'llSlru.'1'°'9 durU.,: lllt' l'bn ~· ia.J. 
II..- .. ulL ••I l"••t1 ani\ •ill "'. '""°'~ h11n1 la)J111 :aR&I P"'lllC'lnw. a\711."\aunlia~ iua -IL~ 
... -.. -nal m l""~-

llw ,-..naulalin- iml:alkJ fl'Dt'llllinf ap:a11.it)· .. r ~ pbnls .-iU ul'3ftd rruan f.~-lf•.-1 
nk"J,,..JlllS 1t.t\\•1 in l'*lt7 ht 7.0~.I .. Win 199!. dut tu lhe aNlllllissiDninF nf lb,-. .... 
M.1nil11 ;and l"ab11.":I ir lty llN! as shuw.'11 in Tait~ 10~0. T1w dlCcliw pncrat~ 11.""2JQ11.i•r 
"' t'~'inf oil-lira! pbnts .-iQ lit.r.-iR inaetit :as kldft as Ibey art' ~mult'J :and 1c!Q

ltili1:11nl. 
t.IC":m•·hilc, at.. rus:al cb"trifiation ~m will esp:and !:s ~in 199.?, ~ 

1 _1115 n1unicip:ali1~ and cirit's. J.?.111 b:anap)'S and .C.O million hoURholds. T?at f't'J· 
,-n•l:IJC' wrr "' 1..usth&llds t'lttarifw is ta1Jdt'd tu illcraK from 52.0 pcrmtl in 1987 
h• f>.'i.U rnttnr in 199.? as shatWll in Tablc 10.21. 

Tu mttl lht l:Hgdri m-ynr t'llftJ)' pmpam. lhe IOlal public iaftSlmml Jt'qUimncnl 
lnr l"liM.? is npectt'J 10 rt'Xh PlU.QIJ millioa.. A luJt' put.or the in'ftltmmts will be 
'""'Tntraat'd in tlw pawn ckftlopmmt sect•. amount~ 10 P57 '9J million, fob-N 
It~- 11.c l"nt'IJf 1nourtt dcwlupnlcnl adiwilics. Tht C'llftJY ar:encin and CUJPMaliuns will 
nrJa11r sdltmn tlt h:arnns pt.lift alRUUlltS of rrintt' apibl toward encq:)• projttts IP 
rJu..y tht' :ain.•tatl of public iawstmrnt. . 

Oi 1ht 11•1.111 f•nrinJ. f-41_,,.... _..,. or 60 pmnt will be suuru.l from rorcip 
iundinJ :and llw ~'-« will CO* fn1111 local sourcn, illdudilll ruadinl ud lhe bala8" 
.-ill '"lllW i111m •":II """Ct'S• iadudil!J Ille iaterul cash lft"'!l'lllion or the corpuraliuns, 
l11al ~ns. and lhe fU'mlAWlll and 1'ftwale equitf. 

Tiit' li~-)nr ftlftJ)' proanm is exllt'dtd lo crate about 42.7 anillion man-days or an
rlt•)ll1Cbl. ''' shidl 26.5 million or 62 J'CJC'ftll will JU ialu .onstnaction actnilin, whilc 
ht.? million m:1114a)"S "')I pncmt will·bt' uailind ia opeqlium. 

.c '-"' /~t/1nn •"" 11 •• ,(' shall he a """'linucd fuel diwftllfalio!l and detelopmenl or indipnous rnourccs 
,,,.., -~''"'"';,, al1l11•us:h 10 1 much reduml dcpcc Iba In the put decade. The policy thrum and 

tlraa~its "' lht' wC111r art' as follows: 
(.1 I (11111pldinn of tllCfJY prnjccls lhal art' ~ in lilt' "'cummillfd" SlaJC or implt'· 

RWftla1i1111. These arr among Ille more C\"Onomical and least apilal inaensi~ 
"11acn ,,r Cnt'llf lu lllCt'I dmond duriaJ lhe peaiud. Tilt' Philippine Nuclear 
l'a~r l'Lon•··I (l'Nl'P), i.lllrtWf will •I ht' urc.-a1cd trilh nuclear puwcs. A 
aN11111rl1tnsin' .rudy wlU be CPaJucted lo dtlnmiM lht lecbnical and t'cununaic 
rnMbdiay nf upnatins the non-nucbr components as• c:ml-f'ued poftr plant. 

rh) Krhattili111iun 11r existing oil.f'nd thmnal plan1s to incrnse t'rrec1m sellt'raling 
,-.pacily anJ imrrowc rt'liabili1y. 

ICI KrYin- •• r lllt' dikw.IK"f or IM l«lor al au saa,n or production, lr.ansronaliun, 
Jauihu1i&1n and mnsumifliun lo increase load factors and capacity u1iliza1-.n, 
1rJU<r coslS, and maintain affordable prices. 

1JJ l ·11n1inuancr or Yiablf ener11 cunsen11ion prupan11 and projccu. 
· (r) Re11ructurifts or the power n1a to reflea &he rmnc1a1 and ecunomic com or 

1rner11ifts. tramrnillina. Ind dis1ribu1tns power, takina ia&o accouna 1he Iona· 
1rrm mar,_I cos1 principle, u weP u pricinl or domeslic pclrokum products 
in consuna"" •kb in~emalional oil prim. 

Ill S.rnnllininJ and improwmnt Df opmllo• or electric coopntllfts and u1Uilin 
h• red11« 1)'11ftll iolles lftd iacrast cfrldtncy or Krricc • 

. ,,,,,...,. 
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Prop.m , .. 
Hydro ~.1».30 

Coar' 534.70 

Geothermal ISM.GO 

Oil 1.925 

Dietel 711.30 

Nonconventlonel 11UO 

Toe.t ,, ...... 40 

", ... ' l..~ 
i- ' 

-:r ... "'•fl:!tjf 
~~t lliil.l'i! 

T•ble 10.20 
CUMULATIVE INSTALLED GENERATING CAPACITY 

I In megirwatts. except "' 

Percent '""" ""'' to tot•I 1987 1188 , .. 1990 

"3.03 2,221.30 2.235.30 2.254.30 2,271.30 

1.28 53.4.70 534,70 l3ot.70 13ot.70 

13.85 04.00 894.00 ISM.DO 114.00 

21.12 1,925 1,925 um 1,921 

12.08 773.30 733,70 875,00 171.00 

2.111 198.10 205.10 210.10 214.10 

100.00 1,548.40 8,527.80 1,•n.to 1,111.10 

--; :;'111''• .:1 . f' ;.·a ~ 
_,. .... ' . 

1911 1992 

2,217,X 2, .... 30 

1534,70 134,70 

1,004,00 1,004,00 

1,125 1,925 

f75,00 175.00 

214.10 214.10 

1,850,10 7,050.10 

•• Coll CllOICit\' ftW\' bl di ....... by .. '"" I 10 Mw •• P•'"'""'' POMr ., •• "' If llH"' •• .,.... ............ ul by .... "' 7. 
Sourm of 1M11c Ut•: OIA. . 

T•ble 10.21 
CUMULATIVE TARGETS FOR RURAL l!LECTftlFICATION 

lrarp11 ,,. ... ·- ••7 1111 ·- '"° "" 
MunlcisMHtlft/cities t,303 1,357 1,315 , .. 1,395 1,311 

1•-..YI 11,111 . 20,519 22,198 24,m 28,AD 29,378 

Households, In thouAnds 2,731 2,829 2,929 3,121 3,379 3,879 

So"'ce of INtic d•t•: NEA. 

• 
.. . 

·-

• 1 I~ 
~ i· r !. 
"" ft- • .. 

'••ctnl .... ,. 
to'°'., 

32,59 

13.28 

1 .. .2 .. 

27,30 

9.75 

3,04 

100.00 

1192 

1,395 

32, 11 t 
3,971 

a .. • .. 
I i • 

~ 

'"""-~ .. 

I -I . 
~ ' ... 
·'·' . .; ... (~ 
/','. > ' .. 
.. ' . 

• . 

. , 

-· 
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s.s c ....... , ... 

--
lnlrntructuet ind TechnoloW Support 

(I) R.educticn or ntw public inwstmmts in the sector by imitin& priqtt apital in 
the construction and Opttalion or tllnJY prujtcts. such al °'buiJd anJ l'ptralt
k-htnltS for ..- p&1Y<tr pbnts. ind joint ftnlurts for cual and seothcnml dtttl
oprnrnt i'"~"ls.. 

(h) t.bintrmntt naluation 1r:J implementation prudum pnbininc to tmiron· 
mtntal ractors.ror ad projects. 

·' ·'-' llrnrW llw trlM-blluns lltlWNk. which Is •lllllN hr buth lhr ,..,,.aaunmt -a lhe 
rrmte lh."lnr. cunsist1 or ... S5 teltphunt compua.11'-ea duma&ic record carrim. 

·'··'. I. I 1i>lrntfll· fom intnnatioml rft»hl arritrs. and two ate lite .,.aear • (both domalic aml interaa-
,...,,.,.,.,;.,nr tiltnal). The companies openle 216 telephone exchaase stations. 2.131 telqnph aaia 

stations and substations. and 12:! telex main staliuns anc.:: substatioas. Duplication aad 
rrduadancies esisl in llllJll or that IJlltmS. 

About 7 .1 perttnl or the 10111 number or telepholia in the Philippines are concen
tratrd in Metro Manila and 27 percent in major cities and municipalities.. While I here arc 
s.n main te~ lit9a per 100 peno111 In Ne11u MaaiJa the tclephoat density is uadct 
I .U! for the whole CUURlry. lhis is less t ... lhe l.D per 100 in Asil ud below the less 
&Ian J.D in dtwlopias c:omlries. la llldilillll. serwice qwdty sail remias p.. "· · 

The recunl caniers duplicale ia...,.. uea. Tiie pritate manl arriers Rn... 22 percent 
,,r the I .S5" municipltila alioawide, wltile the 1D•n--t Rnn 12 perceal or tbt 
n;ufticiralitirs wilh .... .....,.. apn winless......,."¥'.,. radlitin.. 

•• tt'lra1111111ullkatk• lttlar Is......., ltpWldrd ... , ............. by lt'IYk"t'. ltth
"''"11)" and .... , • This ilalielaa ... maW in .. owrall ladt or ablence or ... 
quatr and reliable trltculbatuaicalilJlts mwica in thl" other ~ municipalities aad 
ra'JIUlation craters or lhl" cmall)'. 

·'··'· '-~ ,.,,.,., Thm • l.106 post· orr.m operalial in .._ camtry. or •Jlicb 123 .......... in build-
c;........,nn1iHu inp ...... by •• .,... •••••• Tiie 1111 • ....... In rtaltd or ........ omc. spaca 

Ind buildilp. C-rlemlille .... UI 12 ..U dlllrlNliDla cealln, two .... dfllrj. 
ltutiDu dlllm, ud fht -a .......... Tiit IOllllnClloll of OM •I diltdbUliDn 
center is ..... 

Reena imprtt,,..... In ..U d........_ ud ,..._... .,.._, traiaila. pos&al 
tquipnlent, inlrasarucaun _. llbcsJ ,..... .. , .._ ,.....,.. •a lfplflcut .......... 
nr mail ddmry.,.., qualicy. °""""'•ilia ... pmiom .... ......., perfor••i or 
." -I da)s in Mitro Mallila (Gllly6 pera111•24 .... ). ad up lo IOU,S m tilt .......... -
nail " .. c1t1Mrcc1. ro11ws: 1uo ,.._ o1MenMula..addwaedwitlliD24 
hctun. and inlerpro~ ..U • dnl .. 

. u.; clh1n:1im I hr ...,,calve '" 1hl" colltltlUDicltiolll llClor 11 lbe prowisir-, or adequate, efficient anc1 
ttl•llPlltial tr1mt11.......a1• ~ ... lhe illlprownlSlll of Che quaUay or postal 

"'*"· 
J..•.:.1 1;1rn.,,.. The majt•r objt\1lm IA ca. COM11111Alcallo• 11etor •tu follows: 
munU..ricln• (•) To ralionaliie the Ctftcommunlcatiolll industry~ 

(b) To proYlde adtqmlt llld efllclen• leltcono.munlaliom ..mm and f'acWtia that 
wiU COWCI all ........... lo aD perll of the CIDmll)' aad lbe RIC of lht 
world; 

.. 
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GI.ASS 

HllllUG: 
1. Chromite 
?. Coppur 
). ~'lld 

~. ttlck~l ~llicate 

I' l:"l"llt)l. 1-:UH: 
l. Crudo "1l l 

--. 

2. l'utrohnua rvC 11sil,t9 
3. l.ubo o~ l rotininq 

l'Ul.I' AUD PAPER 

H\lllllt~ll Tl llES/PROlJlJL .. ~S 

SUGAR 

Tt:XTlLE 

Wl~ll) 

... 

--

Pllo~•c·r 

uut·r 

MT 

IJ.IT 
ONT 
~· 
\Mr 

barrol 
-do-
-do • 

HT 

HT 

HT 

MT 

CU."1 • 

Sl'F.CU'I c 1-~1u:ncv C:CltlSUMf>'r 

l um:/ Unit l -- ·-------··-·----------· 
l·.07 2.32 

0.32 - 0.38 
3.67 -11.40 

59. 471 -69. 025 
o. 027 - O. 2U8 

0.03'.J - 0.0.13 
o. 040 - o. 044 
n.SJ'i - o.7is 

2.17 - 9.52 

3.6,3 - 5.166 

l.321 -10.434 

S.58 -27.07 

0.103 -·l.926 

., . 
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l 9tl6 SPl:CI n c 1:1n:llG\
0 ~0~5Uf..11>1'l OH P1:nr·::1u-!AHC1-: 

or 1·111-.: rnous·rnv src:-on . 

Pllt • .\UIJC"l' 
\ 

-·-···-Cl~ll11TI 

: • "'"L l'l•>cu.:1:1 
2. IJq• proco:.:1 

Ct:llAHICS 

CllEHICALS:. 

1. 

2. 
). 
4, 

"'. 
6. 

'· n. 

Actlvatod carbon/ 
ca rbo:1 black 
1\lcohol 
Alkylbenzc:no 
C~lclu~ cArbi/<lo l. 
r,ll l )' ft l CllhO l 
lte:Clru:d <Jlvcerlne 
•·a.rn> 11-l lcon 
l.ilDf: 

Ox\'&JGfl/ Ac• t y I onu 

1 

'>. 1''1 ! ~·1> r<i!l)' l enu ti l 1as 
lll. l'VC fllru/•huot• 
11. l'VC roaln 
12. Stldlum trlpoly11hu:11,hate/ 

tetuaodium pyrophos11hate 
13. Solid/llquld silicates 
1•1. Uroa/i1honolfor1aa lch:hydo 

COCOtlUTlVECETADLE 01 LS 

rooo/DCVERAGt:: 
1. Uanana 
2. Deur 

3. Plour 
4. l.tquor 

'S. Ml l '-;/ml l k 11u1ducts 
6. rreoh cow'• Mll~ 
7. folt>ruuodiusn &Jlu&.•unate 
II, I' 1 H&:ll'I' lo 

9, Voulcry feod• 
10, Doh ·&1r1nk• 

Pnoouc1·. 
lltlIT ---···· 
' HT 

. •IT 

HT 

MT 

KL 
•rr 

""' ""' 
HT 
MT 

Stamlard 
C\•l lndor ,.,.. 

HT 
HT 
,.rr 

MT_ 
H"r. 

""r 
Kl' 

1'hC\u1a~d 

c•••• 
~~· 

'l'h&>u1an'1 · 
ca sos 

Kl, 
folT 
k•. 
HT 
M1' 

11•01111ncl 
C:AIUI ,..,. 
'l'houaand 
C•ae1 

s111-:cr ~·1 c: r.iu:•tCY ClltlSUMP"l'l Cl 

( llllf./lln l t ) 
--~-·-·~····=••4 _________ _ 

1.2e - i.Js 
0.90-- 1.65 

l.-172 - 3.904 

i,00 .. 3.54 

0.479 - cl.747 
1.e16 
6.601 9.001 
3.nn 

15.227 -16.121 
1.0 .. 
O. thlCi .. O. OGC1 

5. 062 .. 5.953 
'. 77fl - 2.376 
~ .(m4 - 1.1 )U 
ll. 6UG - 0.034 

0.792 .. l.51J 
o.537 .. 2.112 

<>. 20) - l. 571 

o.oo 
2.37 - 3.14 

O.ll - 0.10 
o. 9·) l - 3. 215 

O. l 9~) - 0.'106 
0. ?.5 - o. 31 
o. 5•1 

15.ll) -10,03 
0.130 n.176 
6.76 • 7.07 

O, O·I -O, U · 
:,17 - l, 20 

:. 
I :· 

I 
I 

I 
:, 
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Clll·J-1 I CAI.~ 

--~. 

iAULt-: f; 
· l 'J 'l~ !~1-:!'~~!~l·r:D EUERGY SA\' HIGS A"'L' 

l U'.'E:;;1T-1Et!iS UY SfriOR 

llo. or Recortlnc Cos. Annual 
Snvinr.s 

(Hll llon fP) 

4 la 191 

COCOllUT /VEOEiAUI ;~ o I I. 2 ~ ,;s; 

FOOi• rnoCES~J ur. 5 39 087 

r.l.A!;S I\ 12 15) 

M JU Jrlti 'J 67 2r.6 

roWEH GEUEHATJOtJ 0 391 

1'111.I' AUD l'Al'F.H J U.l_ill 

m·F.f.I. AllO HE1'AI. 3 16 fl5~ 

sun An ,, 
0 ·:56 

Tf.XTJJ.E 2 20 32'• 
WOOIJ J. .. f'5f' c. 

TOTAi. 39 lf\7 r;J 8 

Total 
lrwe~t.menls 
(HJ1:icn Pl 

0 fU:f 

n F>i'~ 

.,f .. !l77 

.. 
:. ~·l .,; 

li ~, ,, 
0 l •l5 

,J l •10 

17 211 

1 281\ 

t•1.2S6 

l 78!' 

1 (:.1 2 39 

...... --- .. ········-··· .. ·--·-······ .... :· .. . _... .. ··-~ ... ··-~,,..._. ______ , ______ ... 

• . 

·1 
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= : " ~ -

11, • ., • ;, "" 1 I •L' 1 • ,.. ''"' 1 l I ., . ._,.Inc ls 
Ir .u.1I111 1•_.I ~··· l .•• 1111\J' 

1"·11111-1. M:lll· li1'\ I 11 •• ~ 
:: -:. -.·~=:. ··--=~=a.:.:::z 
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111·1: 1·,.1.u· .. t:1, .. 1 ll11!1t1tal f-1.::onl 
111 ·1; ..... , ' I :.1~ I i h·~· .11 .. 1 1-1.111 I. 

!il1-1:1 '11· 11\1 

""'" II 11.n ., ~''""I lluv.tl j (:I ol!S ( un) 
,·., .n1:11 11.11·-; I etd ·• I cu1ui11 ( 0/\) 
C.1111 lul Ste~! Cur p. 

1· .. 1 ·1 " 

l•,1t •'"" I 11I11 .ll11I f·.1p1H· 1-11 11-> ( IJ;"\) 
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1.,.11 1 1 ,;,( "·'"'-•'''" • ,,,, !.ulu 

F11111• 1-"1\111:f:~'..ill'l11 
:.: .. : .. ~: : •. ,. :.""'.:::•= .. :r-

V1l,1r·1r:h L:uq>. (Ul\1 
,·,,d ,, l•r ~ .. ,,.,.'! 1 nc. (Ill\) 

~;1·11: f ·n I u I •r·1~"''-''" v I 111: • 

lill 11. U 11"'' iS 

li1l• i r· ... I I In I &? I 
li114!ila11·~ l:1•ft11n1:.-r·1 till l"ur·p. 

lit I 11:1• I()., 1 

II• 1 I 1-" I Ii ol L·1· • , 111 t i 111 •n l <• I 
1-1.L•·t 111119. • l-:.dsl f-w1·. 
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, l•n ~ 
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r-..\1 1111 ri:~ 111,i.1 •• Hake.Li 
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NH"rt: • l•n l 
l(us la11 ·-. 1:1.111n11H1 l: 1 a I CrJr"J•· 

( (eltu) 

t.:elm f·Jc•:i' llul~I lt.:ebu) 
i;elm 1;"-"'"'' y Club tCel.m) 

01111·1•~· 

==a:=-·= 
~Her- I 1 "" 1 ·r c•1h1i t ti I 11 t · J • , 
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!.H 111a 1>a1 l.Jy t l>ll > 
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l.U)" I.. .... '•Ill •I I .. .i I :h.1p~ I 'it 

lc!l l? 111111 '-"" !ic ~·••I ,;• 1111111I111 ., 
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111.1.1•, 1-!i 11 llllJ I .1•1 p, 

r·1111t.111 "''", .,, • .1111111111.' 
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f°iO'>"&l I Mrt l 1 h, l hC. I l.;1?l.J1J J 
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IN-~ ·ut1-l I l:Nll••.iY l•Jn EJ~ 11-lBS 
JVH6 

NU. lJF 
nn I E Pl\J? T I cl P;\NTS 

1. ''EnercJy l1~11a9eme11 t and Prev1tn t.i Vt! 

l'laintenanc:!" Sc!aurara Coe.I Cor-11. February 19 2~ 
--~····-· -------------

... -· 
3. 

'I. 

~-

'l. 

u. 

9. 

..(;ual Uti' .a::ation" 
"'°'lion.-- 1 =·ower C:urp. 

..Co•ln:sl iu11 T«!chr.ology" 
l\rmco - NO\r&leol - laguig 

"Preventive Maintenance" 
Capitol Steal 

.. Enorgy Management• 
lius lan · s ( Ct!hu ) 

''Envrgy H&1nagi!men t" 
MJ ntJ.;111ao Rat tan 

"Energy f-tanagemcu l" 

"Enurvy Management" 
Uubberwur J d 

"Safety in Electrical System•" 
Pr111 • Fi sher .i es J>11v. Curp. 

"Ener-qy Ma11nr1~··~nt" 
Univor~ity of. Ste. lamas 

. . 
\ 

20 

February .3 10 

2(1 

November !'I 

Nove1111Jer 22 6 

November 24 15 

Novwml.Jer 26 

December 'I 3(1 

Decemb~r 9 2(1 

TOTAL 161 ...... 
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L_l SJ_ UF COHPl\N I~~ AUD I TED 

l:.'\11 l uh;mll l\hO\Ci\ Pulp 1'11 l l 

Filipina-» le::ble Mills, Inc. 

fcr.nQ11Pt. 1:or('etral.ion - Gold Operjltians 

ll:u·m ii :m ··f'hi 1 j ppines 
Crmlr.'\l 1\::-uc"rerA de la Carlota 

Phi 1 i ppinP lJ:ti J y E):press Buildjng 

lln i vPt""'" I Rnb i na Cor.,or·• ti on 
CPnlrAl 1 .. ::U l't Mi 11• 
V1.1p;m11co Cnt·tnn Mills, Inc. 
1 P:: f i hror· Cnq1ora t.ion 
I ndn- l·'ld 1 T1rnl i le Mil ls 

1 
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-
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Consolidatrd Jndu•trial Ba•••, !,c. 
Universal Robina Corporation 

l>P.tl.'rarwnt Pillnt 
f1h .. <tn.I t:P.l ler (Phil.) Inc. 
M· 1 l llr:: 1-·rorluc ls. 1 nc • 
l"'••l)'phu"Ophatr!l>. lm: • 
• h1lu1-;1111 .... 1111 .h.hn!ioll (Phi ls.) Inc. 
'-·"' r·,d•"'"' Industrial Corporation 

I 1 I II• "I';\' 111 1 ·r1 .'\11111 ·" 
Hu~··"'' Pm r.r?lAin L:urpu1·~tiun 

tlor1v~n-CCM1A lco Industries 
SMt: - Metal Closure Plant 
V- ti l1;tnu f ac tur ing 

l r i r.m' L; lllf? t~i 1 ns 

lo;yrw t h Sui'r:n l.i\b. • Inc. 
SMC - HO\Qr m ' i a l>A i r v f'roduc ts 
Cnr.11105 ltolt.I in~ t:o.pany 
fit-11 t;orpor· a ti on 
SHL: - 11a•Jnnlia Poul try Products 
1:1111t.inPf1l.-l Mil linq Corpor•t.ion 
IJ111 v ..... ~"I fiinhina Cnrpnr"alion - Candy and 

1:rrr.a \ Pl ant 
L:F1; CnrpL'lri\lion 
l.1111 v1~rsA l Cor"n F'roduc ts 
SMC li-11Pg P 1 An l: 
, ., ., ... i l'n I .a Hn 11 1 i "" l'.1llt1"1Afl~' 

I I "'"' I l n ... , •. Pl 
m·IC SAn f Prnando Br•w•rY 
tiMC - Polo ftrftw•ry 

2 

•· . 
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l:n111 __ •r L l ·' l ''" l l cJ 1 lllJ ~ 

l'lar" l .'\ Hr- t rn11u I i tan I he;a ter 
Cenlur·y Park Sheraton Hotel 
liusl an 1:0.-erci..-l Corporation 
F"ISU ~nl-
Phi 1. l.nnu lH!>l.-nce f. TelP.phone Co. 
nli1.-n ln-.ti Lule of louri•• 
H<"t "'""I f1;\n1w-~r Youth l!nunci I 
1i.u1ilA ll11lt•l 

RPllt'll I " f "'·"" i l A 
1-1.,ni IO\ HO\mlO\rin llotPl 
li0tn 1 lit H.:u-cl1m Hotel 
f..nrr-q~· kesP.Arch & Development Center 
Iii:..-· 1 
1-t.u11 I .1 II a I I u11 

f)p~·P l np•Pfl l nc:adP•V 0 r lhe Phi 1 i •tpinPS 
Holiday Inn 
, .... , l •u· 1111 i Id i nQ 
ll1n.P l l n lE-rcon t inE!n ta l 

nt: I Fi h<'ql l i\!;S 

Pacific Enamel and Glass Co•pany 

l;an l ubAng SugAr Es la tP. 
ln'9ul ar Sugar· Refining Corpor.ation 

1·.imlJerl•,: Clark Phil., lnc. 

Phe J ps l>odqe f'hi l • • J re. 
nmrri~an Wire ~ Cable 
SHI: - (.;,u Lon F' 1 Aft t 
l:AHCO 
1'1&> tor u Ii\ 
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~ord~• lnlPrnational (Davao) 
Ful lrr t-:·•unt ·Manufacturing Co. 
l n t Pt1r Al t:hPm1c:s- ls 
P.-r if ic: Pr otluc:ts, Inc. 
V1n)·l 1-·roducts. lnc. 

n6 " p (featangas) 
AG '* P ( Mani l a ) t 
nr•co-M;erc;1.ee 1 i 
l:Phu Shipyard and Engim~ering Wo.-t~s 
lioodyP-'r SlP.P.l PiJle L:orporat.ion 
M.n. Foundry. Inc. 
PASAR Corporation 

f\-. I-"' I 11 r·l~1•1 \' I 111· • 

L:u&:..-a ·L'.u l .:\ l•u l. ll ing t;u. ( Uavau) 
CorA-l:nlA ~ottling Co. (Laguna>• 
Coc..,.-Cola Bottling Co. (Paco)t 
1-"Arific Flour Mills 
Pe,,~i.-Bottling Co. (Cebu) 
1-"eJ•~i.-Ecutl.ling Co. (l>'av•o) 
WriQlP.y Phils., lnc. 

CPn tr Al VeoP I.ab 1 e Ui 1 11anu f ac tur ing Co. , 1 nc. 
,:r.-nl~l in_ Ecaker · (l>avao) 
LPQ.l\r.f1J IH l ( l>avan) 
H,.w Sunripra Cocnmtl (CAndelariA, 
Jll!'w S11n r i ,,,a L:tw onu t. ( Magda 1 ena ) 

U,w;u' I. 111hl mut Puw~1· ComJlAll\' 



~uy~r 

r:r.ntrO\l 1\:-ur.ArP-ra dP. Dora P@rlro 

Cunt Ai nr.r· Corpurit liun of lhe Phi 1 ippincs 
Uni trc.J 1-·u1 p and Paper Company 

(t.h1111t I\· cnmluct.rcl ,,.ilh t.h~ Nr"ltion.al Engi~1er.r-ip9 CP.11lrr 

ltff.l'.' 

tia 1111n1 

14u l I cJ 1 m.J~ 

l•r1u1u,..1 C:nrpor al.ion 
l.~r.-ntn Hining 
Jtoqrna Sn\•nc Mines, Inc. 

Hini~trv of Enrrgy 8uiluing 
Natinnal ttanpo..mr & Youth Council 
Phi Ji pJJine Vil !age Uotel 
UnlAnr.tA AJl"'rlments 
u~trr"' MinPral Lab. 
Hn!>.'\r \n lnvt:Sr:>l.mP.nts 
ft:•rn.111rt (;r11 t r.r I-Cui J ding 
PI Sii 1•~111' 

f.IHH\ J111 i 1 cl i nq 
He"• i 'IPI • ti A 1 ttousP. 
l\r. i ,,,. I uo; li t 11 l P. of Tour i 11111 

l~t.hm.~: Ir 0\11"9porl I raining CP11IP.rt 
Ni-;C itui hH ngt 

Pt 1I1pp1ne UeveloJ>ment and Industrial Corporeilion 
It, ch o-·l'i11rr. Phi ls •• Jnc. 
Al lvu11hr A lndu-otr ies, lnc. 
l\rlAmr.1111 I- l\dAmson, Inc. 
~lnNFtl.CIJ 
Po I yrnn M,'\nu'f AC tur ing Corp. 
Maui J a Cord•UJ" Com11any 
f'A11.l\mn Plo"tictt 
Rl\Mt:ntt 
f'llll l.!'C 
Mimj ln PlA~lic F-'roducts 



--

r1u I. J"'""'" i\c: tivated t;arbon 
r·1u I lflflJUe fir.ltPriP.S L'eveloP91!nt Authori tv• 
l.Jru"Pr·-..-1 IP::tilet 
f-1l111inas lP::tilet 
S t9'nwr>nd 
r:. nlr:Anl.flril and Sona 
P .uJnPP.r· t.:P.raaics, Inc. 

I :Pu l• ·"'I L'.r.taPn t L:or·11u1 a •.ion 
1: j l 1pin.-s CP.91ent Cnrr1oration (Pasig) 
Fi I i11inar. t:e•Pt•l Cnrporatinn ( reresa) 
·Uav9'0 lheiuu CP91ent 

r.iew S11nripe Coconut Products 
Fr .. nl"lin Baker Co. (l>A)t 

SPmir~ra Coil Corp. (PA & DA) 
NPI: l:al~ca Coil Thermal Plant 
tJf"l: Ha~1a t.:uil Therm<ll f'1 ant 

/\rmr:u-r-1.-,,-~trr.l - N1.1vaJ 1chr.s (UI\) 
/\rnl\.n-M,-,r5tP.P.l - "l«UJU.lCJ (IJA) 
Capitol StP.el Carp. 

B•t~•n Pulp and P&per Mills (DA) ,. 



... 

--

t:r11t1·."li n:-ur."'• rra rlP Tarlar: 

\'ilO\r.ich Corp. (l>A) 
neoi.-- Hr~• y Im:. (DA) 
Stl.: f"uln l.11-r.NP.ry Inc. 

l\d•iral Hot!!l -
~ustan·s Ca....rci•l Corp. Office (DA) 
Hotel lntercontinenbal 
PLOT ~ldg. , East Ave. 
University of Sta. T~• (DA) 
PnL lnflight Center Bldg. 
PAL·U.-lol C~ntPr Bldg. 
f'l\L IJfficP. EclcJg., 11akati 
PLl>T O i f ice D 1 dg • , t1akia ti 
I.IN\"(.; ( UA) 
fiuo;t •"'" • ~ Ca.nercial Corp. (Cebu) 
1:rh11 PIO\::,"\ lbtel (Cebu.) · 
l:P.ht1 Cuun t.ry a; 1 ulJ (Cebu) 

!ti 1•1 'HllJ l'r 111h1t I ti Jiii '! • e 1111· • 

At:J fibergl•G• lnc. (DA) 
S 11•11 IJ.-rby (DA) 
Goody•~r Tir• • Rubber Co. 
Luynl• M1t,.ori•l ChAP91• 
·1 P.' e fun ken S••i-conductors 
Adv.;.ncPd 1'1icro-l>evices 
Atlas 11ining Corp. 
t:nn~olldi\tPd Canning/Plastic CDnt. Coro. 
MI miO'nAo Ra l tiln Corp. (Cebu) 
1\1 i I ln'!i kAttAn b. Wnocl lndu1<t.ry (l:ebu) 
tmy.=- l Mol' le h. 1 nc. ( L:elJu) 1 ndus lry (Cebu) 
f-1,"\r I i P 1 ruiu9' Lr iPS l:or fl• ( C&bu) 
HliPinhrirnP. M.:ar·kPli1111 (&;.,hut 
v .. ""'"' t;rir·ins (l;Phu) 

7 



1. Central Azucarera de Don Pedro 
Na5ugbu, Batangas 

~- Cap.itol Medical Center 
llu1n:ora l:ct vd.,. Q. C. 

3. DynP.-S.. Electronics Corp. 
'·"'ll"ill Hr?lrn ttanila 

4. l:r·nl1 "'I l.ni tt.ing 
San Jua11 ttelro tlanila 

~. ~~-DI EA~t nvPnue, o.c. 
b. Plu h.•:: ttining Corp. 

lifamjUPt 
I. I 11111•\~fHn· t 
H. l>AvAo ln~ular Holel 

UAvao t:ity 
Y. l>Avao Doc: lur • • t-iospi tal 

l>AVAD City 
lCJ. l>Avao Union Came;it Corp. 

l>-'\vao City 
11. CPbu U::ygen Acetyl•n•- Co. 

I anang Davao City 
12. Consolidated Plywood Inc. 

Panacan !>avao City 
1·:.. ttnlP.l Haguindanao 

l>Avao City 
14. SAn PP.r1ro Hospital 

ll-'\" i\U C .i t \' 
1:_, •• ltthnn~· M;mila !or.tile 

i'AVil\0 City 
lb. u.wao Coca - Cola Plant 

l>Avao Cjty 
i ·1. J4nrden lnt · 1 Phi 1., Inc. 

l>.:tvao City 
18. Alcantara & Sons Inc. 

2~. 

UAVilD City 
far-nsun Ltd. 
l>AVAD City 
IJHic1t of Enerqy Affairs Bldg. 
~ort Bonifacio, Makati, Metro M~nil• 
I-loyal Match Co. 
l1.'\ru1AuP Ci l.y, CalJu 
~vrrPady ~attery 

M.:1ndau• City, Cebu 



--

Annex12 

~ AD.Fit» m· SAVE ENERGY 
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J\mCX 11 

SPECIFIC SEliY ma.M'Tla. rs DIFFERENT HllJSTRIES 



1---

Sector 

nucttle 

O.e•tca:/Ch .. 'cal Producu 

Cel'a•lc.s 
Steel/~t•l Proce11in1 

• Hlnlna 
Food P:'XHliDI 

c1 ... 
Supt' 

Paper f':'oce11lng 

C-nt 

Power (;eneration 

Coco-Y•1•table 011 
C:O...rc::ial Building• 

Other. 

TO':'AL 

• • 

. D!CS PROJ!.Cl 
POTDITL\L SAVWGS IDE:fTIFIC> 
October 1983 - Dece~ber 1985 

E•ttmmted Annual Savin11 
No. of C!!!!!•nte1 fuel (FOEL) FORC< {U.S.S) 

6 983,620 173,216 

12 2. 790, ... , l 491,478 

2 l.702,960 299,98: 

10 3,098,650 545,674 

5 982,615 173,039 

22 8.010,129 l .421, 155 

2 1,246,900 219,580 

5 26,980, 186 4,751,228 

4 l.385,008 243,901 

4 2,495,000 439, 371 

1 523,300 
,. 

92,153 

' 6,006.111 705,679 

31 t.136,992 323,495 

24 1.105,640 300,364 

133 5;,909,006 10, 180,025 

• • 

~ l 



Sec:ol' 

Tex:!:.e 

Che=!:al/Chemtc2l P:oduc:s 

Cera:~cs 

Steel/~tal P:oc•••in1 

H1n!n1 

Food at:octHiDI 
Gla11 

Su1u 
Pape: Proc•••in1 
ce .. r.: 

• Power Generation 

Coco-7•1•table 011 

C:O..ercial lu!ldia1• 

0th•:• 

T 0 T A L 

EMCS PROJECT 
POTE:fT'L\L S.\Tl~CS tDENTtl'lED 
October 1983 - DeceNber 198' 

. .. 

E1ti="lltt~ A~nual Savin51 
~el sroa.z Mo, o( Cowoani•• FORf-'< (U, S, S) 

6 913.620 173,216 
12 2,790,891 491,'78 

2 1,702,960 299,98: 

10 3,098,6'0 ,,~,674 

' 982.615 173,039 

22 e,010.129 1,421,155 

2 1,246,,900 219,.580 

' 26,910, 116 4,751,228 

. " 1,385,008 243,901 

4 2,495,000 439,371 

1 523,300 
,. 

92, 153 

5 4,006, ll~ 705,479 

31 1,136,~92 323,495 

24 .l,705,640 300,364 -
133 57,801,006 10, 180,025 

r 
1 



. 
: 

~~lAL samlGS lDDr?UJ:ED 
(199,) 

lo. or 
Sec1:on Co111tuai•• 

c .... , • 
C~ealoalJCb•alcal JToc!u:~s ' Coco-,ege1:abl• 011 ' J'Ood hoc9••iD& 8 

!'aper 2 

Power a..erat:ioa 1 

&ul;v 1 

•'=••~ Jlroc••mc 7 
fl.11ibs ' 
eo-erclal Baildiap 1, 
O~en 

18 -
1'0!'AL 67 

119'••= ~/ J'uel OU Equhal•Dt I.i~•:oa (JOEL) 
!/ 11: us $28/bbl; 159 lit•=• bbl 

• 

l•~ill•t•d Annual Sawing• 
!!!"' U'OELl ,l/ Po:-H fCUl ii 

2,•C)5,CCO .• ,,,~'r. 
1,7.,, .. ,1 ~C?,~~ 

•,006,115 705,•'19 
·1,068,?SO 1!!,208 

1,110,oca 19S,•?J 

52'·'°° 92,1,, 
6,s-o,oao 1,Z0-,'29 
1,091;9'0 192,2'J 

'2s,1:1' 37,905 

782,0fl.' 137,111 
922,1'° 162,,,, 

20,91,,58, 3,682,!C}a 
..• -' 

. .. 

. . 



SEC I URS 
••••••• 

c .... nt 

• .•. 
l~wt-HH\' nun 1 1 

1·u11:.Nt 11\l. SnVIMU!.i lUEMI IF lEU 
19U6 

NO. OF CUHPAN IEB ECTll'IATED ANNUAL ................ SAVINGS 
• ••••••••••••••• 

Pn UI\ FUEL FOREX 
•• -· (FUEL> (USS) 

••F . .a-aa ..... ., .. 
1 83,500 7 ,21)1) 

Coco-Vegeh,ble lll 1 l l 1,121,2')0 96,677 
Pow.r Gener• t.·lL., 3 l 11,5'19,000 1,0C:•O, 1'10 
Sl1t1r I /tktlal .1 2 1,e11-,B1)Q 156,225 
Papo1• 1 1,086 •OC) ?3,694 
SUQAI" .1 :;,3J4 ,4(11) 458,2•12 
Food Proc•••ir~1 1 2 l 9 , '1'i"2 • 2'.lU l,723,856 
~•i ld1nv• 9 3 3,69~,5'JO 3l7,7EJ7 Uthtrrs 14 2 331,900 28,618 ----- ----- - . -- ----------TOTAL 31 12 45,02'- ,100 3,882,439 

•• •• • ••••••••• ·······-· 
• Hot.est Fuel Uil Equivalent. lit•~• (FUEL> . 

At US~ l~.71/661 (Ave. ClF Pricea, Crude Uil, 
J "" • - Uc t. 1986) J 

l5'1 Ii t•r•/661 

. . 



• t 

•• 

• 

..... ·~ ... ~---~~.•·k,t. .fOJa..! _ ... , ....... ~~~-:, .... ·~- ~~~;--· ... . . . . . . . ' . . .,. , .,_ ... ·~··· ~ ·-·. . .. . . . . • . • • .. . • DtCS PROJECT. • 
POTENTIAL SAVJNGS JOENTJFIED 
October 1983 - Deceni)er 1986 

.. 
SEC1GR ID. CF CC11PANJES 

1DTIL£ 6 

CBICll/QQICAL fltQlllCTS 12 

COMICS 2' . 
stlB./M[UL MDCESSJNG 13 

IUIUJI& 5 

FOOD PROCESSUC 25 

GLASS 2 

SUGAR 6 
. . 

PAPER PROCESSIHG 
. 5 

.. 
UMEKI' \ 5 . 

FOWER GDERATION • 5 

OX:O-IEGUABl.E OIL 7 

alttERCIAL BUILDINGS • 43 

antERS •• ..!! 
. 

T 0 T A l 176 

1/ FOEL .eans Fuel Oil Equivalent Liters 
""/./At $17 .. 53/BBL; 1 BBL • 159 Liters 

.. • 

. . .. 

. 

ESTIMATED AHNUAL SAYUCS 
FUEL (FOEL)!! F~EX cu.s.s,Y 

983,620 .1C8.4~6 

2,790.891 307,700 

1,702,960 187 ,753 

4,910,450 541,304 

·982,615 100,3l5 

:?8.062,.)29 3,C93,991 
.. 

l .246.900 137,472 

32,294,586 
. l,SE0,523 

2,471,608 zn,498 

2,sa,.soo 284,283 

12, 122,300 1,336,501 

S, 1271315 565,294 
I 

5,522,492 J.)8,862 

2,03_LS40 . 224,642 - -

102,834, 106 11,337,684 

• 

.. • 



.. 
SE~IUH ....... 
C~HE1.ar 

1:u&.:l1-VEL;I: I kl4l.F. 
Oll. 

fiTEEL/111~ Tl\L 

SUGAfi 

FUUIJ Ff\IJCESS J NI; 

• 

l•U IL I> IUWi 

. , 
:.• 

--

I IR I\& o • hllll I I 
Es I I Wt I ~l> Plll EN I JIU.. snv J ltiS 

J996 

\ . 

t:u1-11 ·11tu 
PU I f.i-H 11\L 1\HHUAL 

SAVINGS, FCIEL ------- ----------------

1-ll!"w ~•·•ni i1•" C•-r•.>-ProLlu&: ts 
F rnnt. I in [1.-1-r.r Cn. 

Se•ir.w• Cu..-.1 Corpuratian 
NPC G.al•c.- Ca•l Th•nul Plar1t 
NF"C N&ag., Cn•l Thor .. 1 Plant 

l•Rf'lt:U-Hftre t•lfl 1-Hava 1 I che• 
ARHCIJ-Hars t1H.• l- l"•9ui9 
C•'.·ll\Jl Steel Carp. 

Vi tar ich Corporation 
ns i • Brewer\• 1 nc • 
SHC Pn Io lkewury 

l\d• i r• l +lotn l 
liu• l.an · • Catlliil I • t;or11. t ll f f .u '~ J 
lllJh1I lntarc:onUnental 
PLP I Ct I dv • E•• t llYtmuu 
IJnh. of Sto. lo-a• 
l"AL Jnf li9ht C•nl1tr IHd\). 
Pl\L U•t• Cuntor 81~q. 
Pl\L llf f lro 1-.. cl~. • l'l•k• t l 
rt.II I 0 I lien 8 I dCJ, , 11•1<ft U , ..... ,.,: 
Au• t•n • • CUlftlftOrC 1• I Carp. ( Ccrhu J 
Cebu ~l•z• tlotvl (CelJuJ 
Cebu Country Club (CHbu) 

S lerl i "\I f"r·oduc t • l n lvrun UnnA I 
r.c I F' i bwr"Q I ••• Inc • 
Slid Dil'rby 
Goodv••r lire & AublJtu• .Co. 
Lovn l • l'le111or i al c;ha,,. l • 
1 • '" runl-.trn S••d-Cnndue tors 

·· ... 

B:S' 5(H) 

1 , (1:;.U. 9•.IV 
b~. ·s·.1<• 

l J. ' S'i'i' ' (11,.t(I 
N.E. 
N.E. 

1'1)84 '~1)(1 
6:!\i•J,1JOO 

71,00V 

J , OUb , e,(11J 

5, 314, 41J(I 

J J.lf ' (11)1) 

l , (•32' 9(11) 

10. B2', 3S:n) 

W.£. 
1 (J. • !"t•.11) 

2,J51,5•.ll) 
1.111 '3111.1 
~21,51)0 

N.E. 
:S2, 9•)0 
48 1 :21)1) 
20~,6VO 

N,i, 
N.A. 
N.A. 
N.A. 

12, 1(J() 

86' 4()1) 
146,0<JO 
a1, a<J<J 
s,ooo 
N.E. 



·. 

, -

. .. . . 

• 

•••••• 

, ... 

--

1;u111 ·r.wv ------
l\ah•o\ncetl.I lilc.1 u-bevlce• 
Atlas Hinln9 Corp. 
Con'5olidated Cannlm~/ 

F'Lastic Cont. Co!.""'p. 
Mindanao R•ttan Corp. (C•bu) 

l"lllFNr&N_ nMNllnl_ 
:&1\V 1 NUS, FUEL ................ 

l~.E. 
N.E. 

n ti 11 o • • Rat t•n •nd Wood J nd. (Cebu) 
Royal Hatch Inc. (Cebu) 

t.l.E. 
N.A. 
N.A. 
N.A. 
N.n. Hackie lndu~t•·i•s Corp. (Cebu) 

Shf!•barg HA1·ke ting (Cebu) 
l~ubbrrwor l d Phi J • • (Cebu> 
Virvinia Far•• <Cebu) 

1 t FUEL .. anw 1:upl Ui I Equivalent Lite,.. 
-Z> 1.1.E. •••n• t.ln Esti•ate 

N • 0. 
N.n. 
N.A. 

-------··· 

j 1 NA ...,,.nli Nol Avlli l•ble (Sti J l waiting for cnr•i v• or r•purt 
fra.a Cobu Division) · 

··. 

I 

• 

, 

• 



SEl.:IUR 
•••••• 

CEl1ENf 
. 

t.:UCU-VEtiL I ALILE 
OIL 

POWER Li~NERll I l UH 

SI El~L 1111: I 1\L 

PAPER 

SUGAR 

FUOU Pt;"UCESSJN6 

DU I Ll>l tu;s 

UrtlEflS 

111 Iii•• ••11•1 I 
ES l"lHl\l~l> PUll:::NI JAL snvJNb"S 

JY8b 

CUHPANY 
PUIENTJAL ANtlJAL 

SAY 1"88 • FOEL ---- --·······--····· 
f-ri .. White C.-ent Cnrf'. 

lol•w ~''"'' i1~ 1:1~0-PrCKlu~ls 
Fn"tl• I in O.~r.r- Co. -

Setaire\r• Coal Corpor•tian 
NPC (;al•CA Ca•l Ther .. l Pl-.t 
Nf'C N.ag.1 Coal Tlll!r .. 1 Pl..,t 

NM:U-HAru tr:m 1-Nuv• l ld•• 
MHCU-tt.rst..-l-1".at)ui9 
C•pil~l Steel Corp. 

lea ta•n Pu 1 p and Paper. Hi I Is 

Central A:uc•r•r•·d• Tarlac 

Vitarich Corporation 
Asi,. lr..,.ry Inc. 
Sl'IC Polo lrlltftfry 

nd•iral Hotel 
Rus tan • • CCMlll · 1 • Corp. t llf f .u:. u J 
ltat.et Intercontinental 
PLOT 8Jd9. East Avenue 
Univ. of Sto. TOtNs 
PAL lnfli9ht C.nt•r .Sldg. 
Pl\L Data Center 81dq. 
PAL Uffice Dtdv., Hakati 
PLlff Off ice Bldg., Hakati 
Nl'l\"C 
Ru•t•n·s Co•••rcial Corp. (Cebt1) 
Cebu Pl•~• Hotel (Cebu) 
Cebu Country Club (Cebu) 

SlerlinQ Products lnt•rnational 
ncl Fiberel••• Inc. 
RI• Parity 
&kxldyear 11rn " ltulJlJt1r Co. 
Loyola l'tellorial Chapels 
Tel1tfu11ken S..i-Conductor"s 

·· ... 

83,:tOO 

J • o~-11. 19· .11.a 
,,~. ,S.1_1(1 

11 ' 5-ri ' (Jt.1(1 
N.E. 
N.E. 

l , t)U4 , ff(H"I 

65'J. •JOO 
77.,l)(NJ 

1,UU6,Ct0V 

5,314,400 

134,000 
1,032,900 

ia,s2&,300 

N.~. 

lb, !i(M) 

2, J ~1, 5".N) 

"111, 3•JC'J 
621,500 

N.E. 
32,900 
48,2QtJ 

20~,bl)() 

N.E. 
N.A. 
N.A. 
N.A. 

12,700 
16,400 

14h,OOO 
lU ,UIJIJ 

5,000 
N.E. 



•' 

, .-

ue~1:1uu -··· 

-.... --

1.:UHPnNV 

l"'I 11 FN I" l nL NM.11\L 
61\YINY&, FUEL 

••••••• 
Ad~ncetl "lcro-U.ViCB 
Atlas Miniftl Cortt• 
cansalidatwc:t eann1no1 

PLUU.c Cant. C.rp. 

WR LE 

"indMaO Ratt.n Corp. (CeMI) 
AtillD"• Ratten and Maod Ind. (Cebu) 
~l ttat.ch Inc. (Cetlu) 
ttecki• Jftllustr!• CDrp. (Cebu) 
ShMllMrv ttarketinv (Cebu) 
l~ubbe'nctr 1 d Phi l • (Cebu) 

Vlrvinia F•,... (Ce&Ju) 

••••• • 
N.£. 
N.£. 

N.E. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

4~,026,,100 

····--··· 
1) t:OEL _.,,. FUP.l Uil £quival911t Liters 
:> N.E. -.. an• No E•ti .. te 
ll NA .... ns Nat Avail•bl• (St~ll w•iting for copies of report 

fro.a Cubu Divi•il:>n) 

.. .. 2 

' 

• 

, 

• 
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SEClURS .. ___ 

Ca..nt 
Cace-Y ... table Uil 
Power Gen•ratlan 
St••l ltlet•l 
Papttr 
Ml9•r. 
Food Proceseinq 
llui hhnu• 
Ul.har• 

1Ullll. 

--

ENEl~Y NJU J r 
PU I EN ra "'- snv I NtiS ) IJEN I IF ll:.U 

1986 

NO. CF COtPANlES EST111ATEO MN.1At.. .. ...... . . aw SAVI._ .... , •• ·-··· 
PA IM FlaL FOREX - - (FUEL) , .... , --- -··· 

1 83,'°° 7 ,20«) 
1 1 1,121.200 96,677 
3 1 11,59", 00 1 • (J(JIJ ' 14•) 
1 2 1, 811 , 81)c) 156,225 

1 1,086, -00 • 93,694 
1 5,314~400 4'8,2-12 
1 2 1 Y , 'IV:? • :!l)IJ 1 , 12:..'- 'tJ56 
y 3 3' 685' 51)1) 317,7U'/ 

14 2 331_,900 28,619 ----- ----- -------- --------
31 12 45,026,100 3,882,439 ·- ·- ······--- ---·-··· 

Not••• Fu•l Uil F.quiva19"t 11t•r• (F0£L) 
At US $ lJ.71/661 

159 
Jan. - Oct. 

Ii t•rs/661 

. . 
' 

(Av•. CIF Pric••• Crude 011, 
1986)' 




