
Joint UNDP/World Bank
Energy Sector Management Assistance Program

Activity Completion Report

No. 054t86

Country: SRI LA

Activity: INDUSTRIAL ENERGY CONSERVATION:
PREFASIBMT-T STUDIES FOR SEiCTED NDUSTRIES

MARCH 1986

Report of the oint INDP/WoM d Bank Energy Sector Management Asstance Program
This document has a restricted distribution. Its contents may not be discklsed without
authorization from the Government, the UNDP or the World Bank.

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed



A7 'nA S

RMENERGY SECTOR WiiW&T ASSISTANCE PrOGRAN

The Joint UNDP/Worid Bank Energy Sector Management Assistance
Program (ESMAP), started in April -1983, assists countries. in implementing
the main investmont and policy' recommendations of the' Energy Sector
Assessment Reports produced under another Joint UNDP/World 'Bank
"Program. ESM4P,, provides staff ar4 consultant assistance in formulating
and justifying priority pre-investment and investment projects and in
providing management, institutional and policy support. The reports
produced tinder this Program provide governments. donors and potential
investors with the information needed to speed up project preparation and
tmplementation. ESMAP activities can be,5 classified broadly into three
groups:

Energy Assessment Status'Reports: these evaluatq, achieve-
ments in the year_'A-following issuance of the original
assessment report and point' out where urgent action is
,still needed;

- Project Formulation and Justificatioa: work( designed to
accelerate the "preparation and implementation of investment
projects; and -

''.- -Iistitutioihal and Policy Support: this wor* also fre'quent1y
leads to the .dentification of techntcal assistance
packages.

The Proram ainm to- supplement, advance and strengthen the
impact of bilateral- and. multilate'ral resourcew, already available' fo-r
technical assistance in the energy sector.

'). -Funding' of the,Program

The Program is a major international effort and,_while the core
'finance has been provided by the UNDP and the World Bank, important
financial contributions to tpe Program have also been made by a number of
bilateral agencies.- Countriesowhich have now made or pledged initial
contributions to tho programs through the UNDP Energy Account, or through
other cost-sharing arrangements with UNDP>S are the Netherlands, Sweden,
Australia, Switzerland, Finland, United Kingdom, Denmark, Norway, and New
Zealan,,

Further Information

For further infortiation on the Program or to obtain copies of
J -'completed ESMAP reports, which are listed at the end of this document,

please contact:

Division for Global and OR ' Energy Strategy apd
Interregional-Projects preinvestment Div. II

United Nations Development" Jnergy Department
- Program World Bank
On, United Nations Plaza - 1818 H Street, N.W.
New York, N.Y. 10017 WashingtoA, DnC. 20433
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US$1.00 a Is. 25 (Rupees)

RENWO COENUSIM FACTORS

1 tonne of oil equivalent (toe) - 10.0 million kcal
- 39.68 million BTU

Fuel Toe per tonne

Petroleum
crude oil 1.03
LPG 1.06
gasoline/naphtha 1.09
kerosene/Av turbo 1.06
diesels 1.05
fuel oil 0.98
bitumen 0.89

Coal 0.65
Fuelwood 0.40
Charcoal 0.65

Electricity is converted to tonnes of oil equivalent in this report on
the basis of thermal generation replacement at 302.42 toe/GWh.
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Overview

1. This report presents the resuits of prefeasibility studies of
potentially highly profitable opportunities to improve the efficiency of
energy use in 16 industrial plants, one hotel and one hospital in Sri
Lanka. 1/ Funded under the joint UNDP/World Bank Energy Sector
Management Assistance Program (ESMAP), the prefeasibility studies were
carried out as part of an ongoing government of Sri Lanka program to
promote energy conservation in industry. As the next step in this
program, the government is now seeking donor funds to take the studies to
the feasibilitq level. The total funds sought to complete the
feasibility studies amount to approximately U8$1.3 million.

2. The simple economic payback for the various projects identified
by the prefeasibility studies ranges from 0.9 years to 3.5 years. Taking
all the projects together, the simple economic payback is 1.8 years. The
low payback periods indicate that the more rigorous financial and
economic rates of return analyses at the feasibility level will not
exclude the projects proposed and may, in fact, identify additional
projects. Most of the individual projects proposed in this report are of
low risk. Before investing in energy efficiency equipment in three of
the public corporations studied (the Ceylon Steel Corporation, the
Paranthan Chemicals Corporation, and the Ceylon Plywood Corporation),
however, an overall review of each corporation's operations, comparative
advantage, and incentive framework should be carried out in order to
address the issues of economic and financial viability.

3. In anticipation of donor support, the government is making in-
stitutional arrangements such that on completion of the donor funded
feasibility studies the investment phase of the industrial energy conser-
vation program can proceed. It is expected that, on completion of the
feasibility studies, initial investments of US$9.1 omllion will be
required. 2/

1/ This report was prepared on the basis of the results of a visit to
Sri Lanka in May-June 1984 by Messrs. A. Streicher (specialist in
industrial energy conservation, consultant), To Bleakley (specialist
in industrial energy conservation, consultant), and G. Caskin (Vorld
Bank). Messrs. G. Caskin and N. King (World Bank) were the authors
of the text.

2/ Subsequent to the completion of the prefeasibility program, some
companies have started to implement the prefeasibility
recommendations. Details of the current investment requirements can
be obtained from the government coordinating agency, the Energy
Efficiency, Demand Management and Conservation Task Force (EDNAC).
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Energy Conservation in the Industrial and
Commercial Sectors in Sri Lanka

4. Foremost among Sri Lanka's options for reducing its oil import
bill, which absorbed about 392 of export revenues in 1983, is energy con-
servation in industry and commerce. It has been estimated that a con-
certed energy efficiency imrrovement program focusing initially on the
largest energy users in the industrial and commercial sectors could
result in oil savings on the order of US$24 million within three or four
years and improve the electricity supply/demand balance at a relatively
low investment cost. Recognizing the financial attractiveness of cutting
operating costs through energy conservation, several private firms in Sri
Lanka have already embarked on their own energy demand management pro-
grams. For the majority of private firms and in particular for public
corporations, however, there has been relatively little action in this
area. This is due to a lack of: (a) general awareness of the benefits
of energy conservation, (b) expertise with respect to recent conservation
technology, and (c) financing.

The Government's Program to Promote Conservation

5. In view of this lack of action, in 1982 the government estab-
lished the Energy Efficiency Demand Management and Conservation Task
Force (EDMAC) in the Ministry of Power and Energy. EDMAC has designed
and begun implementing an energy conservation program for industry and
commerce. By mid-1984, EDMAC had held energy conservation seminars for
industry management, and, with USAID assistance, trained 45 Sri Lankan
engineers in energy conservation and analyzed the technical and economic
feasibility of conservation investments in two industrial plants.

6. The government then requested ESNAP assistance for prefeasi-
bility studies to continue identifying possible savings in selected
enterprises. These industries were chosen on the basis of: (1) their
higher than average energy consumption, (2) having EDMAC trained
engineers who pould participate in the work, (3) the replicability of the
work in similar plants, and (4) their willingness to participate. The 18
companies account for about 15Z of total 1983 final consumption of oil
and electricity in industry and commerce, and include both private and
government-owned corporations. Financial viability is an issue in three
of the latter (the Ceylon Steel Corporation - CSC, the Ceylon Plywood
Corporation - CPC, and the Paranthan Chemicals Corporation - PCC). The
government subsidies required by public enterprises such as CSC place a
heavy burden on the central budget. A recent World Bank study of
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industrial and trade policies in Sri Lanka 3/ made a strong case for
undertaking a fundamental rationalization of the industrial sector,
supporting in particular the government's recent emphasis on credible
financial performance by public enterprises. In line with this approach,
CSC, CPC, and PCC need to be reviewed to ascertain whether there is a
comparative advantage for these industries in the Sri Lankan context.
These analyses should be carried out by teams of the appropriate tech-
nical, financial and economic specialists. Substantial investment in
energy efficiency equipment in these three corporations should await the
outcome of these reviews.

Results of the Prefeasibility Studies

7. The prefeasibility studies identified possible energy conser-
vation projects which involve work ranging from lw-cost measures (e.g.,
ckanges in operational procedures) to more expensive investments (e.g.,
waste heat recovery systems). Energy efficiency will be financially
highly attractive to the companies involved, whose total energy costs can
be cut by almost 25X, giving savings of US$4.2 million a year for a total
investment of about US$9.1 million.

8. From the country's point of view, the aggregate energy savings
which could be achieved by this level of investments is about 18*000 toe
per year, or about 4X of the 1983 final consumption of oil and elec-
tricity in industry and commerce. The simple economic payback for the
total investment is 1.8 years. Economic and financial analysis was
simplified in line with the prefeasibility nature of this work. The low
payback periods indicate that the results of the more rigorous financial
and economic rates of return analyses at the feasibility level will not
diminish the effectiveness of the projects proposed. The feasibility
studies may, in fact, identify additional projects. Of even greater
significance than the actual level of savings, however, is the catalytic
role of these projects in promoting further energy conservation acti-
vities in other industries. This will be schieved both through the
projects' demonstration value and the building up of local expertise.
Even the feasibility studies are designed to maximize this transfer of
technology by making use of the services of local energy conservation
consultants and ensuring that plant personnel, particularly energy man-
agers and EDMAC trainees, take an active part in the studies.

9. The feasibility studies themselves will cost US$1.3 million in
all (Table 1), which gives a rather high ratio of front-end to project
costs (14.3Z). This is because it is probable that these studies will

3/ Selected Issues of Industrial and Trade Policies in Sri Lanka
(Report No. 4795-CE), World Bank, January 1984.
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turn up additional, financially attractive conservation possibilities,
because certain conservation measures requiring little or no investment
vill be implemented in the course of the studies, and in particular
because the feasibility studies include a technical assistance package
which involves training Sri Lankans in industrial energy conservation.
Donor agencies can finance one or several feasibility studies, which
require funds for both local and foreign costs. Studies with similar
technology have been grouped into more cost effective packages.

The Overall Framework for Industrial Energy
Conservation in Sri Lanka

10. A successful program to achieve financial and economic savings
through energy demand management (i.e., conservation and uiterfuel
substitution) must consist of several interrelated elementss

(a) appropriate government actions to create an economic
environment which provides incentives to rationalize energy
use;

(b) technical assistance to identify and evaluate attractive energy
demand management opportunities at the company level; and

(c) financial arrangements to fund viable demand management
activities.

11. In addition to providing technical assistance in evaluating
conservation possibilities through its EDMAC program, the government has
also increased industry's incentive to conserve energy by raising petro-
leum prices and power tariffs. With respect to financing, EDMAC has
initiated discussions with the National Development Bank and the
Development Finance Corporation of Ceylon. These institutions have
indicated an interest in receiving assistance to set up the institutional
arrangements required to make funds available for viable conservation
projects identified in the feasibility studies. The government should
ensure that such a financing mechanism is in place by the time the
feasibility studies have been completed.



Table 1 SUMNARY OF FEASIBILITY STUDIES IDENTIFIED AND OF SIMPLE PAYSACKS
OF ASSOCIATED ENERGY CONSERVATION Pf0JECTS

FeaslbilIlty Simple Payback of
Study Cost a/ Assoclated Project

Company Total Financlal Economic
('COO USO) (years)

Ceylon Steel corporation 260 1.3 0.9
Ceylon Plywood Corporation 75 2.6 1.9
National Paper Corporation 210 3.2 2.9
Rlchard Plerls & Company Ltd. 12 1.2 1.5
Prlma Ceylon Ltd. 40 1.0 1.2
Ceylon Tobacco Company Ltd. b/ - 3.0 3.5
Pugoda Textile Mills 75 1.7 1.4
Ceylon Gass Company 125 1.6 2.1
Sri Lanka Rubber
Manufacturing Co. 23 1.7 0.9

Dunagha Coconut Producers
CAoperative Society 13 2, n/a c/

Mattakelle State Tea Plantation 23 1.5 n/a c/
Lever Brothers bl n/a n/a
Paranthan Chemicals Corporatlon d/ 100 6.0 n/a
Hotel Lanka Oborol b/ -- <1.0 n/a
Colombo General llosiItal f/ 100 n/a n/a o/
BrItish Ceylon Corporation 75 1.1 n/a e/
Associated Notorways g/ - --

Ceylon Ceramlis Corporation ' __

Total g/ 1,289 2.2 1.6

"n/a" means "not applicable" for reasons explained In the footnotes.

a/ Includes foreign and local consulting costs and 25S contingency for metering
Installotions,

b/ These companies have Impleented their own energy conservation programs and
do not require technical or financial assistance. For Information, the
simplo paybacks of possible Investments In energy efficIency In these com-
panies are given here for the cases where they could be calculated on the
basis of the prefeasibillty studies.

c/ For these industrles, conservation measures Involve saving fuelwood. Glven
the difficulties Involved In determining the economic value of wood, only
financlal paybacks were calculated In these cases,

d/ Improving the energy efficlency In this plant would require a complete retro-
fit. Given the extent of the work Involved, only the financial payback has
been estimated. The cost given for the feasibility study Is an upper limit.

/ WDue to a lack of sufficiently detailed data on energy efficiency In those
facilities, paybacks will be established by the feasibility study In the
Hospitalts case, and only financial paybacks were estimated for British
Ceylon.

f/ Feasibility study Includes plant Installation cost on the order of $90,000.
a/ At the request of the government, detalls on the Ceylon Ceramics Corporation

and on Associated Motorways, Ltd. do not appear in this report. They should
be requested directly from those two companies. The totals In this table,
however, do include the figures for those companies. Only a financial
payback was calculated for Associated Notorways.
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12. As EDMAC pursues the next step in its program, i.e., the
feasibility studies, three policy issue related to energy demand
management in Sri Lanka should be considered further. The first of these
is the need to ensure that EDMN" keeps playing a strong leadership role
in this area, acting as a catalyst for conservation work. The second is
the question of incentives for rationalizing energy use. Recent
increases in energy prices, technical assistance in project identifica-
tion, and availability of financing may not prove sufficient to influence
a satisfactory number of enterprises to implement conservation
measures. In this case, the general operating environment for energy
conservation, and in particular the incentive structure for both private
and public entities, should be examined more closely. Finally, special
attention should be paid to the issue of substituting wood for petroleum
in industries. EDXAC should coordinate any promotion of such a use of
wood with the Ministry of Lands and Land Development's ongoing work to
define a strategy in the forestry sector. For areas of existing or
impending wood shortage, the costs and benefits of this type of
substitution to the economy should be examined. Industries should
consider investing in wood plantations to meet their own energy needs.

Structure of This Report

13. After a description in Section I of the present report of
EDMAC's ongoing industrial energy conservation program and the scope of
ESNAP assistance to it, 3ection II presents a brief overview of Sri
Lanka's industrial sector and in particular of its energy consumption.
Section III provides a more detailed picture of each enterprise studied,
including highlights of its energy situation and identified conservation
options. A summary analysis in Section IV of the costs and benefits of
these potential energy conservation projects is followed by a
presentation in Section V of the feasibility studies now required co
further define the projects. For quick reference, a comprehensive list
of possible conservation measures, with their respective costs, benefits
and simple paybacks can be found, by company visited, in Annex 1.
Finally, Annex 2 consists of the consultants' detailed report on each
enterprise, covering its history, production, markets, finances, plans
and energy situation. These individual reports discuss each firm's
energy consumption, costs, and demand management organization. In
addition, they analyze the costs and benefits of each company's potential
conservation projects and present terms of reference for the required
feasibility study.



I. IInRDuCTION

Background

1.1 Sri Lanka's energy situation had deteriorated dramatically by
the end of the 1970's. The marked improvement in economic performance
after 1978 brought with it a rapid increase in the demand for commercial
energy. As the rate of growth of domestic energy production (hydropower)
actually declined during this period, the economy's oil import
requirements increased by about 60X between 1977 and 1981 and, because of
the 1979 doubling of oil prices, the proportion of non-oil export
earnings 4/ devoted to importing petroleum rose from 111 to 412. The net
import biil peaked in 1982, consuming almost half of non-petroleum export
earnings, and fell slightly in 1983, to about 392 of non-oil export
earnings.

1.2 An energy assessment mission 5/ in June 1981 concluded that a
concerted energy efficiency improvement program, focussing initially on
the largest industrial and commercial energy users, could result in sub-
stantial oil savings ($24 million per year by 1984/85) and improve the
electricity supply/demand balance at a relatively low investment cost.
The main constraints that needed to be overcome were the absence of an
effective institutional framework for carrying out this task and the need
for technical support in conducting energy audits and the other pre-
investment work. The mission also recommended a number of changes to the
structure and level of energy prices to complement this demand management
effort. Since the energy assessment, a number of enterprises, particu-
larly private ones, have set up their own energy demand management pro-
grams. Overall, however, the initiative taken by both private and public
enterprises in this area has been limited, in spite of the attractive
potential financial savings. In addition to reflecting the lack of tech-
nical expertise, especially with respect to recent technology, this has
been due to an unfamiliarity with the possible benefits of conservation
and a lack of financing for the required capital investments.

4/ Production from Sri Lanka's oil refinery does not match domestic
demand. Consequently, Sri Lanka re-exports petroleum products, in-
cluding fuels produced in excess of this demand and bunker sales.

5/ The final report of that mission, Sri Lanka: Issues and Options in
the Energy Sector (Report No. 3794-CE) was issued in May 1982 as
part of the joint UNDP/World Bank Energy Sector Assessment Program.
A subsequent update, Sri Lanka: Energy Assessment Status Report,
was issued in January 1984 as part of the UNDP/Iorld Sank Energy
Sector Management Assistance Program.
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The National Energy Demand Management and
Conservation Program (NEDMCP)

1.3 Following up on the World Bank/UNDP energy assessment report of
May 1982, the government of Sri Lanka embarked upon an industrial energy
conservation program. In October 1982, the Energy Efficiency Demand
Management and Conservation Task Force (EDMAC) was established in the
Ministry of Power and Energy under the supervision of the Senior Energy
Advisor to the Minister (the President of Sri Lanka). Although EDMAC has
been focussing its efforts on energy conservation in industry, it has
also been instrumental in setting up a special cell in the Ceylon Elec-
tricity Board (CIB) to reduce power system losses, in reviewing elec-
tricity and petroleum pricing policies, and in examining options for
energy savings in transport (with ESMAP assistance). 6/

1.4 In collaboration with the Ministry of Industries and Scientific
Affairs and other government energy institutions, EDMAC has launched a
four phase energy demand management and conservation program for industry
and commorceo. The programs goal is to achieve energy savings of up to
about US$20 million per year within three years. The four phases were
designed as followst

Phase Is informational campaign to promote energy conservation
among comWpay executives and plant managers.

Phase III training of plant engineers in the technical and finan-
cial evaluation of conservation possibilities.

Phase IIIt identification, analysis, financing and implementation
of specific conservation projects in large, key indus-
tries.

Phase IY: dissemination, i.e., promotion of energy conservation
among middle and small size industrial and commercial
enterprises, and establishment of energy conservation
as a self-sustaining activity in industry and commerce.

1.5 By mid-1984, EDMAC had completed Phases I and II and initiated
Phase III. Promotion of energy conservation under Phase I included a two
week introductory course for senior energy managers in large private and
public sector establishments, and a half-day Senior Executive Seminar for
over 150 heads of large enterprises and senior ministry officials. Under
Phase II, EDMAC, with USAID assistance, trained a core group of plant
engineers in energy demand management. Forty-five Sri Lankan engineers,

6/ All these programs are described in greater detail in "National
Energy Demand Management and Conservation Program (NEDNCP)" by Mohan
Munasinghe, Sri Lanka Government Report, April 1984.
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chosen from the largest energy consuming industries, both public and
private, have attended EDMAC training courses. These engineers repre-
sented companies which accounted for 60X of the total energy consumed by
industry and 13X of the nation's energy requirements. The courses in-
volved classroom instruction and in-plant training, including complete
energy audits by 32 of the participants of two industrial facilities, the
Sri Lanka Tyre Corporation and the Thulhiriya Textile Mills.

1.6 These two audits have led to starting in on Phase III of the
demand management and conservation program, the identification and even-
tual implementation of specific conservation projects. On the basis of
the audits and with USAID assistance, EDMAC has completed detailed engin-
eering, financial, and economic feasibility studies on the rehabilitation
of the steam generation and distribution systems in each plant. The
studies identified total investments of US$1.9 million, with a simple
payback period of less than two years.

Scope of ESMAP Assistance

1.7 The EDMAC/USAID courses created a cadre of trained Sri Lankan
engineerst but both they and their companies required practical assis-
tance in proceeding with the evaluation of conservation possibilities in
their various plants. Accordingly, and at the request of the government,
the joint UNDP/World Bank Energy Sector Management Assistance Program
(ESNAP) assisted EDMAC in carrying out prefeasibility studies in 16
individual plants, one hospital and one hotel.

1.8 Prior to site visits by the consultant teams under ESMAP, plant
engineers trained at the courses collected basic data required for the
pre-feasibility studies. The teams, consisting of EDMAC engineers and
the consultants who had assisted EDMAC in running the training courses,
visited the 18 facilities in the summer of 1984. In keeping with the
objective of estimating the size and cost of potential energy savings
before deciding to proceed with a more detailed evaluation at the feasi-
bility level, each plant visit lasted only between one half and two
days. On the basis of the results, the consultants, with the assistance
of EDMAC staff, drafted a report on each facility, covering the company's
background, plant production and markets, its energy use, and its poten-
tial for energy conservation. Each report describes the scope and cost
of possible conservation measures. Having been reviewed by the companies
in question and ESMAP staff at the World Bank, these prefeasibility
studies are featured here in final form in Annex 2. In addition to iden-
tifying possibilities for saving energy, these studies provide terms of
reference for the feasibility studies which now need to be carried out in
each facility in order to design the conservation projects which will
achieve these savings. This ESMAP document presents the results of these
prefeasibility studies so that EDMAC can use them in seeking interna
tional donor assistance in funding the feasibility studies, which con-
stitute the next step in EDNAC's program.



-4-

Further Government Actions to Promote Conservation

1.9 The government has started taking steps to ensure that on
completion of the feasibility studies adequate funds will be available to
carry out viable projecta. EDMAC has initiated a dialogue on energy
conservation with the National Development Bank and the Development
Finance Corporation of Ceylon. These institutions have indicated an
interest in receiving assistance to set up the administrative procedures
required for expediting the financing of these projects.

1.10 In addition to establishing EDMAC to initiate an energy conser-
vation program and taking steps to secure funding for conservation proj-
ectst the government has also increased industry's incentive to conserve
energy by modifying its petroleum and power pricing policies. Petroleum
prices were raised in July 1983 to reflect higher costs and the devalua-
tion of the Rupee. An important structural change was the virtual elimi-
nation of the general subsidy on kerosene. To protect the purchasing
power of lower income households, the value of kerosene stamps, provided
to about half of the population, was also raised at the same time. This
increase in the price of kerosene also permitted the CPC (Ceylon Petro-
leum Corporation) to increase industrial diesel prices which had not been
increased for fear of substitution by cheap kerosene. This increase in
the price of diesel has already resulted in a shift by industries to the
use of less costly, heavier fuels. Petroleum prices in Sri Lanka are now
broadly in line with international prices. With respect to electricity,
the rationalization of tariffs in mid-1982 brought their structure more
in line with long-term marginal supply costs. Moreover, capacity charges
for electricity, which had been artificially low, were tripled to reflect
the actual cost of delivering peak power requirements. This has encour-
aged major consumers to install power factor correction equipment, there-
by improving their consumption efficiency and reducing distribution and
investment costs for the power company.

Policy Issues Requiring Further Attention

1.11 In funding the 18 prefeasibility studies discussed in this
report, the UNDP/World Bank ESNAP assistance was intended to further
industrial energy conservation in Sri Lanka within the context of a
coherent strategy devised by EDMAC. This report therefore presents the
results of these studies and makes recommendations as to the implementa-
tion of the required feasibility studies, but does not provide an in-
depth analysis of the overall framework for energy conservation in Sri
Lanka. It is clear that the government has made significant progress
towards promoting energy conservation through both institutional reforms
and changes in policy. As EDMAC pursues its program, three policy
related points need to be raised: (a) maintaining EDMAC's leadership
role and (b) incentives for both private and public sector enterprises to



take conservation measures and (c) the economics of interfuel substitu-
tion with respect to wood.

1.12 In view of the significant potential benefits of energy con-
servation to ti's economy, there is a need for EDMAC to keep playing a
strong catalytic role in this area. Recent increases in energy prices,
EDMAC's promotional work, technical assistance in project identification,
and availability of financing may not prove sufficient to influence a
satisfactory number of enterprises to implement conservation measures.
In this case, the general operating environment for energy conservation,
and in particular the ineentive etrueture for both private and public
enterprises, should be examined merg closely. Such an analysis would
suggest further possible policy decisions to promote conservation, for
example changes in government fiscal policy in the case of private
companies and direct incentives to managers in public corporations.
Finally, special attention should be paid to the economics of
substituting wood for petroleum in industries. EDMAC should coordinate
its analysis of this issue with the Ministry of Lands and Land
Development's ongoing work to define a strategy in the forestry sector
(see para. 3.6).
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II. oVERVIEW OF TaE IU ASTRIAL SECTOR

Sector Description

2.1 In 1982, manufacturing industry 7/ output accounted for about
15% of Sri Lanka's CDP at factor prices. Based on a manufacturing survey
for the same year, value added by industrial groups can be broken down as
follows: food, beverages and tobacco, 33X; chemicals, petroleum and rub-
ber, 292; non-metallic mineral products other than petroleum, 131; fabri-
cated metal products, machinery and transport equipment, 121; textiles,
wearing apparel and leather industries, 71; and others, including paper
and wood products, 6%. Excluding petroleum products, which are in
essence re-exports of surplus refined products, manufacturing industry
exports made up 272 of the total value of exports in 1982. The main
industrial exports are garments (19% of the total 1982 value of non-oil
exports), food, beverages and tobacco (31), and leather, rubber, wood and
ceramics (31). Garments have a high import content in raw materials
used, an estimated 661 in 1982.

2.2 Industry consists of 28 public sector corporations, about 9,000
registered private factories, and over 20,000 unregistered small and
cottage industries. Excluding petroleum, the state sector produced about
38X of value added in industry in 1981 In addition to petroleum, state
corporations play a major role in the wood, paper, and basic metals
industries. Private production is heavily concentrated in garments, and
in the food, beverage and tobacco subsector.

2.3 A recent World Bank study of industrial and trade policies in
Sri Lanka 8/ analyzed the problem of manufacturing public enterprises.
The study identified aspects of these firms which have been detrimental
to their financial viability, causing many of them to become a strain on
the government budget. A case was made for undertaking a fundamental
rationalization of the industrial sector. A first step in this process
would be for the government to formulate a coherent overall industrial
strategy, clearly articulating the objectives of public enterprises and
government's involvement in them as part of that strategy. Supporting
the government's recent emphasis on credible financial performance by the

7/ As described below (Section III), ESMAP prefeasibility studies for
energy conservation were also carried out in agroindustries (e.g., a
coconut processing plant and a tea estate), and in commerce (e.g.,
the Lanka Oberoi Hotel). However, most of the work was concentrated
on manufacturing industries. In view of this, this sectoral over-
view will focus on manufacturing industries.

8/ Selected Issues of Industrial and Trade Policies in Sri Lanka
(Report No. 4795-CE), World Bank, January 1984.



public enterprises in order to reduce the burden they impose on the
central budget, the study recommends a three pronged approach to these
firms: (1) shutting down the small number of corporations which can be
proven not to be economically viable, (2) selling to the private sector
the public enterprises which already appear able to compete in the
market, and (3) gradually exposing the remaining enterprises, which
constitute a majority of all such firms, to market competition in order
to establish their viability. To carry ttis out, the study proposes an
integrated list of reforms aimed at changing the incentive environment of
public enterprises, thereby promoting market competitiveness through
greater efficiency in these firms. The ESNAP assistance in energy
conservation provided to public enterprises should be seen as part of
this overall approach in that it seeks to improve the financial
performance of these corporations by cutting their energy costs, thereby
making their products more competitive. However, it should be clear that
these energy efficiency improvements do not substitute for the more
fundamental reforms that are needed.

Energy Consumption in Industry and Commerce

2.4 According to the UNDP/World Bank energy assessment report, the
industrial and commerci '. sector was responsible for about 30% (1.07 mil-
lion toe) of Sri Lanka's total, final energy consumption and about 36Z
(548 thousand toe) of national final demand for oil and electricity in
1980. More specifically, it accounted for 602 of electricity sales, 27Z
of direct petroleum consumption and a quarter of all the fuelwood used in
the country. Industrial energy consumption was also found to be heavily
concentrated in a relatively small number of companies. Since 1980, the
industrial and commercial sector's direct consumption of oil and elec-
tricity has dropped and its concentration has been less pronounced
because: (a) the fertilizer plant has not been operating continuously
and (b) the Cement Corporation, another heavy consumer, converted to
using coal. Total industrial and commercial final consumption of oil and
electricity in 1983 is estimated at 510,000 toe, or about 30% of the
country's total, final demand for those types of energy in that year. 9/

9/ The toe equivalent of electricity is calculated on a thermal genera-
tion replacement basis. Final consumption excludes distribution
losses but includes transformation losses, which are allocated on a
prorated basis between the various consuming sectors.



- 8 -

111. RESULTS O THE PREFRASIIILITY STUDIES

Overview of the Industries Involved in the
Prefeasibility Studies

3.1 As the next step in its overall program to promote energy con-
servation in industry and commerce, EDMAC selected 16 of the country's
larger industries, a large hotel and a hospital for the ESMAP prefeasi-
bility studies. These companies accounted for about 15% of total, final
consumption of oil and electricity consumption in industry and commerce
in 1983. They were chosen for their higher than average consumption of
snergyt for having EDMAC-trained engineers who could participate in the
work, for the replicability of indentified conservation measures in
similar plants, and for their interest in participating. As a result of
the prefeasibility studies, most of the industries are now candidates for
feasibility level work and, eventually, capital investment.

3.2 The companies involved in the prefeasibility studies included
both private and government-owned corporations. All of the facilities
visited had at least one engineer who had attended the EDMAC/USAID train-
ing course. In general, the private firms were in a relatively sound
financial position. Overall, they were well managed with respect to
energy efficiency and were aware of possible energy efficiency improve-
ments. The Ceylon Tobacco Company (CTC), for example, has established a
specialized consulting subsidiary to assist other companies in energy
auditing and engineering. The ESMAP prefeasibility work identified
potential energy conservation projects in the following private firms:
Lever Brothers (Ceylon) Ltd., Prima Ceylon Ltd., Hotel Lanka Obetoi, and
CTC. Subsequent to the ESMAP visit these four companies are already
undertaking their own self-financed programs and except for Prima Ceylon
require no financial or technical assistance.

3.3 In contrast, financial viability is an issue in three of the
government-owned corporations (i.e., the Ceylon Steel Corporation -CSC,
the Ceylon Plywood Corporation - CPC, and the Paranthan Chemicals
Corporation - PCC). There is presently no analytical basis for judging
whether these three industries have a comparative advantage in Sri Lanka,
taking into account the need to make optimal use of Sri Lanka's
resources. In line with the recommendation of the recent World Bank
study of industrial and trade policies in Sri Lanka to rationalize the
country's industrial sector, it is recommended that the technical,
financial, and economic aspects of these three corporations be thoroughly
reviewed in order to address this question of economic and financial
viability. This analysis should cover in particular the management and
incentive difficulties faced by these enterprises. Further substantial
investment in energy efficiency equipment at CSC, CPC, and PCC should
await the outcome of these reviews.
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3.4 Past efforts to increase energy efficiency in government-owned
corporations, though varied, has generally been limited. Some industries
have taken initiatives to save energy, and many of them have broached the
institutional problem by appointing energy managers or convening regular
meetings of the directly concerned staff. Overall, however, there is
little awareness of conservation techniques in state corporations, and
those responsible for energy often have other duties that take priority
over energy activities. Both financial assistance to the government-
owned industries and technical assistance to their plants' engineering
staff will therefore clearly be required in most cases. This assistance
will be required to carry out the feasibility projects identified in this
report and to implement those projects which prove viable. Each company
has reviewed its prefeasibility study, presented in full in Annex 2, and
is anxious to receive assistance.

Company Profiles and Possible Conservation Projects

3.5 The paragraphs below present brief profiles of the companies,
both state-owned and private, which require financial and/or technical
assistance. These profiles are drawn from the detailed evaluations in
Annex 2. 10/ The profiles provide an overview of the companies'
situation and in particular, an idea of their capability to implement
energy efficiency projects. The highlights of each company's energy
situation and of its options for improving energy efficiency, as
determined by the prefeasibility studies, are also presented here. A
comprehensive list of possible conservation measures, with their
respective costs, benefits and simple paybacks can be found in Annex 1
for each company visited. 11/ The costs and benefits of the possible

10/ At the request of the government, detailed information on the Ceylon
Ceramics Corportion (CCC) and Associated Motorways, Ltd. (AM) is not
published in the present report. The results of the energy
efficiency prefeasibility studies on these companies are therefore
not presented in Annex 2, nor are the companies profiled in this
section. Donors interested in obtaining information on CCC and/or
AM should contact those companies directly.

11/ Excluding Lever Brothers, Hotel Lanka Oberoi, Colombo General
Hospital, Associated Notorways and the Ceylon Ceramics Corpora-
tion. The first two of these have established their own energy
conservation programs and require no technical or financial assist-
ance. The costs and benefits of each of the possible conservation
projects were not analyzed in any detail for them. In the case of
the hospital, a lack of adequate energy use data made it impossible
to estimate the costs and benefits of each of the identified
potential projects. These costs and benefits will therefore be
established by the feasibility study. See footnote 10 with respect
to Associated Motorways and The Ceylon Ceramics Corporation.
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energy efficiency projects and their aggregate effects are discussed
further in Section IV, while Section V deals with the cost and the
implementation of the feasibility studies now required to better define
these projects.

3.6 It should be noted that the prefeasibility study results have
brought up an issue which requires further attention in terms of national
energy policy. This is the substitution of wood for oil. In the case of
several firms (including the National Paper Corp., Richard Pieris and Co.
and the Sri Lanka Rubber Manufacturing Co.), replacing oil with fuelwood
is suggested as a potentially attractive option from a financial view-
point, and one that merits study at the feasibility level. Currently,
there are only local shortages of wood in Sri Lanka. It is widely
agreed, however, that the country is being deforested. If this continues
at the present rate, the production potential of Sri Lanka's forests will
be significantly reduced within 30 years, with adverse environmental
consequences and severe localized shortages before that.

3.7 Given the need for measures to arrest this trend, the ongoing
IDA Forest Resources Development Project (Cr. 1317-CE) includes the
preparation of a Forestry Sector Master Plan. This is being coordinated
by the Planning Unit in the Ministry of Lands and Land Development. The
plan is being formulated on the basis of, among other inputs, a forest
inventory and a wood market and demand study. This study covers the
structure, geographical distribution and magnitude of the demand and the
market for wood and wood-based products. It aims at identifying wood
products, markets, prices and current supply systems. Under the IDA
Forestry Project, a detailed five year investment program will also be
drawn up to start implementing the Master Plan.

3.8 In defining energy demand management policies and programs,
EDMAC should take advantage of this forestry sector planning effort.
Specifically, any promotion of the use of wood as a petroleum substitute
should be coordinated with the Ministry of Lantds and Land Development's
overall strategy for dealing with the fuelwood and forestry issue.
Before encouraging such a use of wood in areas of existing or impending
shortage, special attention should be paid to its costs and benefits to
the economy. From the point of view of the individual firms considering
burning wood for fuel, the question of the availability and cost of wood
over the life of the equipment involved should be analyzed as part of the
proposed energy demand management feasibility studies. The firms should
also consider investing in planting wood to meet their energy needs, as
this could be an economically viable option under certain conditions.
For example, investment in fuelwood plantations has been supported by IDA
to substitute fuelwood for petroleum products in Sri Lanka's tea
industry. 12/

12/ This is being carried out under the Tree Crop Rehabilitation (Tea)
Project (Cr. 818-CE) and the Tea Rehabilitation and Diversification
Project (Cr. 1240-CE).
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Ceylon Steel Corporation (CSC)

3.9 As Sri Lanka's only steel mill, this company produces mainly
for the domestic construction and metal markets. The state-owned mill
faces financial difficulties due to high production costs and competition
from cheaper imported products. CSC has taken a number of energy saving
initiatives and has a nominal energy manager. In view of the significant
potential for further energy cost reduction in CSC, staff need to be
assigned on a permanent basis to energy management activities. CSC is
the largest single consumer of oil and electricity of the 18 facilities
visited, account.ng for almost 201 of these facilities' total 1983
consumption of those types of energy. It is estimated that about 251 of
CSC's total energy bill could be saved annually by measures (e.g.,
improvement of mill operations, electric demand control, reheat furnace
improvements) with a simple financial payback of 1.3 years.

Ceylon Ptywood Corporation (CPC)

3.10 CPC operates several facilities in Sri Lanka, including
sawmills and plywood, chipboard, and furniture factories. CPC's
production is very dependent on local conditions. The corporation, whose
chief engineer acts as energy manager, has undertaken several successful
efforts to cut energy bills, including the full substitution of wood
waste for oil in boilers, the reduction of electric peak demand, and
correction of the power factor. Recently CPC received assistance from
SIDA in conducting a detailed energy audit, which had not yet taken place
at the time of the ESMAP prefeasibility study. Results from the latter
indicate that US$400,000 worth of energy savings could be achieved
annually by measures (e.g., installation of air heaters, electric load
management, power generation from wood waste) with an average simple
financial payback of 2.8 years.

National Paper Corporation (NPC)

3.11 The state-owned NPC has three mills, one of which, at
Embilipitiya, was visited. The mill produces paper products from rice
straw exclusively for the domestic market. The Embilipitiya mill recorded
a before-tax profit of Rs. 4.4 million (US$0.18 million) in 1983, on a
turnover of Rs. 249 million (US$10 million). An assistant mill engineer
has been placed in charge of energy savings. Several steps have already
been taken to conserve energy, and a study is underway to examine the
feasibility of generating on-site power to cut electricity costs. NPC's
paper may be overdried. An increase in its moisture content by 1% would
save about US$250,000 per year at no cost. Several other measu:es,
including improvements in the boiler room and waste heat recovery from
the paper machines, would reduce Embilipitiya's total energy bill by 15Z,
with an average simple financial payback of less than one year. The
installation of a new multifuel boiler with cogeneration would cut the
total bill by another 281, but the financial payback for this project
would be 4.7 years.
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Richard Pieris and Company Ltd.

3.12 This company's Arpico factory produces rubber and plastic goods
as well as steel furniture. Most of the products are for the domestic
market, exports accounting for roughly 61 of sales. With the exception
of FY1981-1982, Richard Pieris and Company has made steady profits during
this decade. The company is in a relatively sound financial position,
and is considering modernization and expansion plans, including the
installation of a wood-fired boiler to meet anticipated production
increases. According to the ESMAP prefeasibility study, a wood-fired
boiler with a lower rated capacity than the one being considered by the
company would cut Richard Pieris and Company's energy bill by over 25Z,
with a financial payback of 1.3 years. Improving the steam generation
and distribution system would reduce the bill by another 6X, with a
financial payback of less than one year.

Paranthan Chemicals Corporation (PcC)

3.13 PCC is a state industrial concern involved in the manufacture
and distribution of salt-based heavy chemicals, particularly caustic soda
and chlorine. The company produces for the domestic market, where demand
has historically been much higher for caustic soda than for chlorine.
This has restricted plant production because the two chemicals must be
produced at fixed ratios to each other, and it would not be economically
justified to produce caustic soda if the associated chlorine could not be
sold. PCC's activities are managed by its own resources without
government subsidy. While it has been making reasonable profits in the
past, the company now finds itself in a poor financial situation. The
major problems facing the Paranthan plant stem from its obsolescence, the
high cost of retrofitting with more efficient equipment, and the low
domestic demand for chlorine. Paranthan's size is well below world
scale, and it is not clear that a facility of its capacity could compete
effectively with imports. Improving PCC's energy efficiency would entail
a complete retrofit, with a simple financial payback of 6 years. The
issue of the industry's economic and financial viability should be
resolved before proceeding with such extensive work.

Prima Ceylon Ltd.

3.14 The private, foreign-held Prima Ceylon Ltd. plant produces
flour solely for use in domestic markets. The plant is in excellent
condition and well maintained, and the company is in a sound financial
position. Plant management is actively seeking methods to reduce energy
consumption at the mill and energy conservation efforts are part of the
day-to-day assignments of the electrical department engineers. While
Prima Ceylon has the financial resources to implement economically sound
energy conservation projects, it will require technical assistance to
review its complex conservation options. These range from boiler
modifications to waste heat recovery to load management planning.
Combined annual savings could reach about US$170,0O0 for an investment of
the same amount.
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Colombo General Hospital (CGH)

3.15 CCH is placed under the Ministry of Colombo Hospitals and
Family Health. The hospital is in a very poor financial situation but
copes admirably within overall budgetary constraints. Internal funds are
available only for critical improvement programs. There are three
electrical engineers from CEB (Ceylon Electricity Board) attached to the
hospital, but there is no formal energy management organization or
budget. The principal energy conservation initiative to date has been
the gradual replacement of incandescent bulbs with fluorescent tubes.
Various measures (repairing gas leaks, using gas stoves, installing air-
tight doors, installing an LPG system) would cut hospital fuel costs by
at least 202, with financial paybacks of approximately one year. The
capital cost of these meabures has been included in the proposed
feasibility study so that, once the study has verified their economic
viability, the measures can be implemented immediately. Given the lack
of detailed energy consumption data at the Hospital, the feasibility
study will also establish the costs and benefits of further measures,
including major retrofitting. A modernization and expansion program for
the Hospital, including the installation of a new, all-electric laundry,
has been proposed under Finnish assistance. It is critical that energy
efficiency be considered in this and all such programs. Oil-using
thermal equipment should be installed instead of electric equipment in
this case and whenever possible. In terms of useful energy, fuel can be
two to three times less expensive than electricity. The lower investment
cost of electrical equipment is not justified on a life-cycle cost
basis. The feasibility study will address this issue so that, in its
expansion, the Hospital can minimize its energy costs.

British Ceylon Corporation-(Cc)

3.16 BCC is categorized as a government-owned business
undertaking. Its plant produces coconut oil, soaps, disinfectants,
talcum powers and steel drums for the domestic and export markets.
Exports accounted for roughly one-third of total sales in 1982. Although
the plant is old and generally in poor condition, the company was
profitable through the first three years of this decade, even in the face
of the international and domestic recession. There is a staff member in
the engineering department who is in charge of energy conservation
efforts. It is likely that 20-25X of BCC's total energy consumption
could be saved through an adequate conservation program, but there were
insufficient data to accurately evaluate the benefits of several of the
possible conservation projects which were identified. Opportunities for
saving energy at BCC include boiler improvement, replacement of various
steam ejectors, and installation of capacitors. The projects whose
benefits could be estimated (replacement of some of the steam ejectors
and installation of capacitors) would save about US$30,000 with a payback
of a little over one year. The proposed feasibility study, which
includes an energy audit, would provide the necessary information for a
comprehensive evaluation of BCC's energy saving options.
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Putoda

3.17 The operazion of this government-owned textile mill is
contracted out on a profit sharing basis to an Indian management firm.
Pugoda sells cloth solely co the domestic market. Exports are gained
indirectly through selling to garment matufacturers who in turn sell to
the major western markets. According to management, the company was
expected to show a profit in the financial year 1983-84. The chief
engineer and his subordinate engineer are responsible for energy con-
servation activities. While the plant is generally well run and energy
conservation activities receive good attention, specific energy consump-
tion remains high, indicating scope for further energy cost reduction.
Energy conservation projects acceptable to the corporation (i.e., with
a maximum payback of about 2 years) are: (1) waste heate recovery,
(2) capacitor installation, (3) chiller operation improvement, and
(4) burner controls. These measures will reduce the annual energy bill
by about 10.

Ceylon Glass Company, Ltd. (CCC)

3.18 CCC is the only manufacturer of glass containers in Sri Lanka,
and has captured 70X of the domestic market. Imports accosnnt for the
balance of the market, because CCC does not produce certain sophisticated
containers and does not accept orders for small quantities. The
company's past financial situation has been good. However, in 1983 it
suffered a 1oss due to kiln reconstruction costs. CCC may also suffer a
loss in 1984, but should become profitable again in 1985. While no
energy management organization exists at present, the company is
considering setting up an "energy cell" which will be led by a senior
engineer. A variety of measures, in particular insulation of CGC's
furnace, could reduce the firm's energy bill by about 25X, with financial
paybacks of less than two years.

Sri Lanka (Ceylon) Rubber Manufacturing Company, Ltd.

3.19 This privately-owned company uses natural rubber latex as a raw
material to produce technically-specified grades of block rubber for
export and also centrifuged latex for local use. The company recorded
profits in both 1982-83 and 1983-84. With regard to energy corservation,
the factory has been considering improving the power factor through the
installation of correction equipment. Although this measure is indeed
recomended on the basis of the prefeasibility study, it appears that
most of the possible energy savings at the rubber factory would come from
substituting wood for diesel oil through the installation of a multifuel
air heater. This measure alone would cut the plant's energy costs by an
estimated 40X, with a financial payback of under two years. However,
while a wood-fired (or multifuel) air heater seems technically feasible,
it has not been tried in Sri Lanka. As part of the feasibility study, a
suitable air heater would therefore have to be designed and installed.
This testing of the heater's technical, economic and financial viability
should be done in conjunction with the Rubber Research Institute.
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Dunagha Coconut Producers Cooperative Society

3.20 This plant produces copra, dessicated coconut and coconut
oil. It is wholly owned by a cooperative society of coconut plantation
owners. About 90% of the coconut oil is sold for use on the local
market, while copra is sold to both the local and export markets.
Dessicated coconut is mainly exported. The cooperative, which employs a
professional management staff, is financially sound, has little long-term
debt and has generated considerable cash which is held in fixed
deposits. The plant's capacity for manufacturing dessicated coconut has
recently been expanded by 501, the expansion being entirely self
funded. Vo energy conservation activities have yet been undertaken at
the plant. The plant consumes wood as well as diesel oil and
electricity. Possible conservation projects include: (1) power factor
correction, (2) sterilizer improvements, and (3) improvements to air
heaters and dryers. This last item would reduce the plant's wood
consumption. Up to about 401 of annual fuel costs could be saved through
investments, with an overall financial payback of two years.

Mattakelle State Tea Plantation

3.21 This plantation has a completely self-contained factory for the
manufacture of tea and also processes tea from adjacent plantations.
About 901 of the tea grown in Sri Lanka has an export market. There have
been no extensive energy conservation activities at the Mattakelle
Estate* which consumes electricity, fuel oil, and fuelwood. There seems
to be a large scope (between 15 an' 501) for energy cost savings in tea
estates in general. Options identified at Mattakelle include: (1)
design of new wood-fired air heaters, (2) use of dryer waste heat for
drying fuelwood, and Z3) substitution of biogas for wood as a fuel for
cooking on the estate. Together these measures would cut energy costs by
201, for an overall financial payback on the required investments of one
and a half years.
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IV. COSTS AND BEMNITS OF THE POSSIBLE RDRGY CONSREVATION
PROJECTS IDINTID INTE PRBIIBILITY STUDIES

4.1 As seen in Section III, the prefeasibility studies identified
possible energy conservation projects which involve work ranging from
low-cost measures (e.g., changes in operational procedures) to more
expensive investments (e.g., waste heat recovery systems). The methodo-
logies for the financial and economic analysis of these projects were
simplified in line with the prefeasibility nature of the studies. As an
initial project filtering mechanism, simple financial and economic pay-
back periods were calculated. The calculation of the economic payback
differs notably in that the economic value of average annual benefits was
estimated taking the opportunity costs of electricity and fuel oil into
account. Sensitivity analyses of each project's economics were not
carried out. Table 4.1 summarizes for all the facilities visited, except
Lever Brothers, the potential projects together with their costs, bene-
fits and simple paybacks.

4.2 The combined energy bill for the 18 companies studied was found
to be about US$18.4 million in 1983. The projects identified would re-
duce total energy costs to the industries by approximately US$4.2 mil-
lion, or almost 25X. A total investment of US$9.1 million would be
required to yield this level of savings. Taking all the projects
together, the payback period is 2.2 years financial and 1.8 years
economic. Table 4.1 shows how short the payback period is for the
majority of projects, which indicates that nearly all of them should
provide high rates of return at the feasibility level. From the point of
view of the individual companies, these identified projects are therefore
financially attractive in that they will increase the firm's
competitiveness through reduced energy expenditures.

4.3 The aggregate energy savings which could be achieved by this
level of investments is estimated at 18,000 toe per year. This amounts
to about 4% of the 1983 consumption of oil and electricity in industry
and commerce. In addition, the successful implementation of these proj-
ects will serve as a catalyst to further promotion of energy conservation
in other firms, both through the projects' demonstration value and the
building up of local expertise. In this regard, there are already en-
couraging signs, such as CTC's consulting subsidiary (par&. 3.2), that
some private sector organizations will offer energy audit and conserva-
tion services to industry in the near future. The enrollment of local
cons.ltants in the feasibility studies will provide a mechanism for tech-
nology transfer and strengthening of local technical skills.

4.4 The dissemination of conservation technology is particularly
important in the case of agro-industries. The proposed conservation work
on the Dunagha coconut processing plant and the Mattakelle Tea Planta-
tion, for example, can be readily applied to similar facilities. In
fact, the tea, coconut, and rubber research institutes should work
together with local specialized engineering and consulting firms to
develop appropriate, cost-effective conservation techniques for commer-
cialization throughout agro-industry.



Table 4.1: SUMMARY OF POSSIBLE ENERGY CONSERVAT1% ARGJECTS a

Average Annual
Project Cost Financial Benefit Simple Payback

Company/Corporation Candidate Projects Total Foreign Local Total Forelgn b/ Local Financial cl Economic dt
('000 USS) (OO0 USS) (years)

Ceylon Steel Corp. Improvement of mill operations, 1,095 620 475 868 704 164 1.3 0.9
electric demand control, reheat
furnace Improvements, melting shop
rehabilitation and hot analysis
of billets

Ceylon Plywood Corp. Dust extraction system improvement; 1,116 959 157 403 265 138 2.8 1.9
installation of air heaters; steam
system rehabilitation; electric
load management, electricity gener-
ation from wood waste

National Paper Corp. Instrumentation; boiler improve- 3,673 2,938 735 1,142 1,019 123 3.2 2.9
ments; waste heat recovery from
dryers; reduction of pulping energy
requirements; rehabilitation of the
chemical recovery plant, new multi-
fuel boller/cogeneration

Richard Pieris & Co. Steam system improvement; installa- 220 188 32 181 163 18 1.2 1.5
Ltd. tion of new wood-fired boiler

Paranthan Chemicals Plant retrofit with new equipment 906 n/a n/a 152 n/a n/a 6.0 n/a
Corp.

Prima Ceylon Ltd. Boiler improvement; waste heat 170 136 34 171 154 17 1.0 1.2
recovery from diesel engines; load
management



Average Annual
Project Cast Financial Benefit Simple Payback

Company/Corporation Candidate Projects Total Foreign Local Total Foreign b/ Local Financial c/ Economic d/

('000 USS) ('000 USS) (years)

Colombo General Miscellaneous housekeeping meaures; n/a n/a n/a n/a n/a n/a n/a n/a
Hospital major retrofitting

British Ceylon Corp. Boller Improvement; replacement of 31 28 3 29 24 5 1.1 n/a
steam eJect /s and installation of
capacitors-

Pugoda Textile Mills Waste heat recovery; capacitors; 154 114 40 90 76 14 1.7 1.4
chiller operation Improve_ent;
burner controls

Dunagha Coconut Pro- Power factor correction; sterilizer 35 13 22 17 a 9 2.0 n/a
ducers Cooperative and air heater lmprovements

Ceylon Glass Co., instrumentation; furnace Insulation; 383 281 102 215 193 22 1.8 2.11
Ltd. automatic controls; burner replace-

ment and waste heat recovery

Mattakelle State Improvement of air heaters; wood 34 2 32 23 5 18 1.5 n/a
Tea Plantation a. ying and generation of biogas

Sri Lanka Rubber Power factor correction; Installa- 26 2 24 15 13 2 1.7 0.9
Manufacturing Co., tion of a multifuel air heater
Ltd.

Hotel Lanka Oherol Electric load demand management; 70 n/a n/a 100 n/a n/a <1.0 n/a
Improved lighting efficiency;
boiler housekeeping; Improved
kitchen energy use



Average Annual
Project Cost Financial Benefit Simple PaybackCompany/Corporation Candidate Projects Total Foreign Local Total Foreign k/ Local Financial c/ Economic d/
('000 LOSS) (lOQO US$) (years)

Ceylon Tobacco Co. Steam system rehabilitation and 124 84 40 40 36 4 3.1 3.5
waste heat recovery; Installation
of a multifuel boiler

Associated
Motorways f/ Various measures - - - - - - -

Ceylon Ceramics
Corp. f/ Various measures - - -

Totals f/ 9,145 4,092 2.2 1.8

a/ Excludes Lever Brothers (Ceylon), Ltd. (requires no assistance In conservatlon; costs/benefits of possible projects not estimated). Thecost of the feasibility study for each project is given in Table S.1 and discussed In Section V. SN/As means not applicable for the fol-lowing reasonss Paranthan Chemicals - given the extent of the work, only the figures given were estimated;
Colombo Hospital - various energy-saving measures already identifled and with paybacks of about one year should be °Implemented during the feasibility study. Given the lack of detailed energy consumption data, the study should alsoestablish the costs and benefits of further measures, Including major retrofitting.
British Ceylon - given the lack of detailed data, only financial paybacks were calculated;
Dunagha Cooperative and Mattakelle Plantation - conservation involves fuelwood. Given the difficulties Invotlvd In theeconomic pricing of wood, only financial paybacks were calculated;
Hotel Lanka - requires no assistance In conservation. The figures, given for Information, are an estlate of theconservation potential.

bl EDMAC estimates that the foreign content of electricity Is 70S of market price and that the foreign content of oil Is 90% of marketprice.
c/ Total cost/average annual financial benefits.
d/ Estimate taken as project foreign CIF cost and half project local cost (to reflect duties, which average 7.5% of CIF value for this typeof equipment, unused labor force, etc.)/economlc value of annual benefits. The economic value of annual benefits has been estimatedusing EOMAC guidelines; I.e.:

- Opportunity cost of electricity a 1.75 market price to reflect long-term development marginal cost of Re. 3.5 (USSO.14)/kVh vs.Rs. 2.0 (USSO.00)Ak*h for market price.
- Opportunity cost of fuel oil a 75S of market price, or USS144/tonne to reflect current and future re-export of excess refinerysupply of fuel oll.

e/ Due fo Insufficient data, the figures apply only to the replacement of some steam ejectors and capacitor installation.f/ At the request of the government, details on Associated Motorways, Ltd. and the Ceylon Ceramics Corp. do not appear In this report. Theyshould be requested directly from those two companies. The totals In this table, however, do Include the figures for those two firms.Only a financial payback was calculated for Kssociated Ibtorways.
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4.5 As the EDMAC conservation program progresses, the resulting re-
duction in the oil import bill and improvement in the electricity supply/
demand balance will come at a small cost to the government. With limited
resources, EDMAC is making this program extremely attractive from a cost/
benefit point of view.
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V. IN3 flASIBILITY STUDIES AND TEll! INPLBE AftlION

5.1 The next step to be taken towards achieving the energy savings
identified in the prefeasibility studies entails evaluating these pos-
sible projects at the feasibility level. Terms of reference for these
feasibility studies have been drawn up for most of the 18 industries
visited, as appropriate, 13/ and can be found in Annex 2. Table 5.1 sum-
marizes the costs of the studies and shows related investment costs and
simple paybacks. For any given company, the cost listed in the table
corresponds to the feasibility work required before implementing the
conservation measures listed for that company in Table 4.1.

5.2 The total cost of the feasibility studies is US$1.3 million for
total investments of US$9.1 million. The ratio of front-end to project
costs is high (14.31) for two reasons. First, given the prefeasibslity
nature of the work, the consultant teams visited each plant only on a
"walk-through" basis. As a result, estimates of potential energy savings
for each plant are considered to be on the conservative side. It is
probable that the feasibility studies will turn up other, financially
attractive conservation possibilities. Secondly, the cost of the feasi-
bility studies covers benefits other than just the detailed evaluation of
the investment projects. For example, certain conservation measures
(e.g., improved "housekeeping" practices) which require little or no in-
vestment will be implemented in the course of the feasibility studies.
In addition, by involving former EDMAC trainees, other company staff, and
*MAC engineers as specified in the terms of reference in Annex 2, the

feasibility studies are designed to ensure the transfer of technological
know-how. This training component is indispensable for the implementa-
tion of investment projects in specific plants and also for promoting
industrial energy conservation in the country as a whole.

13/ i.e. there are no terms of reference for feasibility studies for
Lever Brothers, Hotel Lanka Oberoi, Ceylon Tobacco Company,
Paranthan Chemicals Corp., Ceylon Plywood Corp., Associated
Notorways or Ceylon Ceramics Corporation. The first three companies
have their own conservation programs and require no technical or
financial assistance. In PCC's case, the issue of the industry's
viability needs to be resolved before proceeding with conservation
feasibility studies. No terms of reference were prepared for CPC
because SIDA expected to conduct a detailed energy audit of the
facilities shortly after the ESMAP mission. Finally, Associated
Motorways and thq Ceylon Ceramics Corporation should be contacted
directly with respect to work concerning their respective plants.
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Table 5.1: SUIMARY OF COST OF FEASIBILITY STUDIES

Simple
Associated Payback for Associated

FeasibilIlty Investment Investment
Company Study Cost a/ Cost Financial Economic

('100 Uss) ('000 USS) (years)

Ceylon Steel CorporatIon 260 1,095 1.3 0.9
Ceylon Plywood Corporatlon 75 1,116 2.8 1.9
National Paper Corporation 210 3,673 3.2 2.9
Richard Plorls & Company Ltd. 12 220 1.2 1,5
Prima Ceylon Ltd. 40 170 1.0 1.2
Ceylon Tobacco Company Ltd. b/ - 124 3.1 3.5
Pugoda Textile Mills 75 154 1.7 1.4
Ceylon Gless Company 125 383 1.8 2.1
Sri Lanka Rubber
Manufacturing Co. 23 26 1.7 0.9

Dunagha Coconut Producers
Cooperative Society 13 35 2.0 n/a

Mattakelle State Tea Plantation 23 34 1.5 n/a
Lever Brothers b/ - - n/a n/a
Paranthan Chemicals Corporation 100 906 6.0 n/a
Hotel Lanka Oberol b/ - 70 <1.0 n/a
Colombo General Hospital c/ 100 n/a n/a n/a
British Ceylon Corporation 75 31 1.1 n/a
Associated Motorways d/ - - -
Ceylon Ceramics Corporation d/ - _ _

Total d/ 1,289 9,145 2.2 1.8

"n/a" means "not appiIcable" for reasons explaIned In footnote a/ of Table 4.1 or In
footnote b/ below.

a/ Includes foreign and local consulting costs and 25% contingency for metering
Installations.

b/ These companies have Implomented their own energy conservation programs and do not
require technical or financial assistance. For Informatlon, the simple paybacks of
possible Investments In energy efficlency In these companies are given here for the
cases where they could be calculated on the basis of the prefeasibillty studies.

c/ Since financial and economic paybacks for some conservation measures at the hospital
were calculated to be about one year, It was decided that no feasibility study was
required for them. Other possible conservation projects (major retrofitting) at the
hospital do require a feasibilIty study to establish their viability. The cost of the
required feasibility study (US$OO,000) therefore Includes the capital cost of the
measures which could be Implemented at the time of the study (see Annex 2).

d/ At the request of the government, detalls on the Ceylon Ceramics Corporation and on
Associated Motorways, Ltd. do not appear In this report. They should be requested
directly from those two companies. The totals In this table, however, do Include the
figures for the companies. Only a financial payback was calculated for Associated
Motorways.
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Table 5.2s CONSULTANT REQUIIEMENTS AND GROUPING OF
FEASIBILITY STUDIES

Feasibility Studies Consultant Requirements

Individual Studies

Ceylon Steel Corporation Forelgn expert - electric furnaces
ForeIgn expert - energy efficIency In

steel production
Foreign or local expert - economic/

financial analysis

Ceylon Ceramics Corporation Foreign expert - tunnel kilns
Foreign or local expert - econom Ic/

financial analysis 4

Ceylon Plywood Corporation Foreign expert - energy efficiency
Local oxpert - energy efficIency
Foreign or local expert - econamic/

financial analysis

National Paper Corporation Foreign expert - paper production/
efficiency

Local expert - energy efficiency
Foreign or local expert - economic/

financial analysis

Ceylon Glass Company Foreign expert - glass production/
efficiency

Foreign or local expert - economic/
financial analysis

Pugoda Textile Mills Foreign expert - textile productlon/
efficlency

Local expert - energy efficiency

Paranthan Chemical Corporation Foreign expert - caustic soda,
chlorine/efficiency

Foreign or local expert - economic/
financial analysis

Studies To Be GrouPed

Firms to be Studied as One GrouP Core Team to Carry Out Grouped Studies

Prima Ceylon Foreign expert - Industrial
Sri Lanka Rubber Manufacturing Coo energy efficiency
Dunagha Coconut Producers Cooperative Society Local expert - Industrial energy
Mattakelle State Tea Plantatlon efficiency
Colombo General Hospital Foreign or local expert - economlc/
British Ceylon Corporation financial analysis
Assoclated Motorways
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5.3 The cost of the individual feasibility studies vary from
US$12,000 to US$260,000. While the time required to complete each study
varies over a wide range, it would take on the average about two months
for a team of four people to finish a given study. To minimize the
duration and costs of the studies through the more efficient use of
foreign consultants' time, small studies should be grouped together and
carried out concurrently as one study. On the larger, more complex
feasibility studies such as in the case of Ceylon Steel Corporation, the
Ceylon Ceramics Corporation and the National Paper Corporation, the indi-
vidual technical experts required will be so specialized that grouping
these studies will not be feasible. Groupings of feasibility studies and
consultants required are shown in Table 5.2.

5.4 Project management will be the responsibility of the consultant
selected. However, close cooperation with each company's DMAC trained
engineer is essential. EDMAC will have overall responsibility to review
and report on the progress of the various studies. EDMAC's coordinating
and reporting role will be important for the follow-on stage when finance
for funding the capital investment will be required. On completion of
the investment stage EDMAC will monitor and report on the various proj-
ects' performances.

5.5 The timing for those projects which will be grouped together is
more crucial than for the larger feasibility studies. Consultants res-
ponsible for grouped projects will have to prepare detailed work sche-
dules which minimize their lost tilie. Seasonal factors will influence
the load factor of agriculturally based industries and will need to be
considered so that the feasibility studies will reflect the seasonal
nature and therefore energy saving potential of the plant.

5.6 Consultants will make preliminary visits to the plant to iden-
tify where energy metering equipment will be installed; temporary meter-
ing equipment will be provided by the consultant. After installation of
the metering equipment and preliminary analysis of the data, the consul-
tants will start the feasibility study.

5.7 The financial and energy savings which will result from the
conservation projects to be defined by these feasibility studies are of
significant interest in themselves to the enterprises and to the govern-
ment. The projects are of even greater interest from the country's point
of view as a set of pilot projects for further conservation work in
industry and commerce. The feasibility studies are therefore designed to
maximize the transfer of technological expertise. The terms of reference
for them (Annex 2) emphasize making use of the services of local energy
conservation consultants (e.g., CTC Services), and making sure that plant
personnel, particularly energy managers and EDMAC trainees, take an ac-
tive part in the studies. For the feasibility studies and ensuing proj-
ects to be successful, the various plant managers will have to guarantee
the full-time services of their EDMAC trained engineer. The foreign
consultants should be fully briefed on the key role they will have to
play in facilitating this technology transfer. These consultants will be
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providing on-the-job training to the staff they are working with on the
feasibility studies. In addition, after reviewing the initial metered
plant data and prior to starting the feasibility study itself, they
should conduct a short, formal in-house training program in the plant.

5.8 To capitalize on the feasibility studies and maintain the
momentum of EDMAC's conservation program, the government should ensure
that a financing and project monitoring program will be in place by the
time the feasibility studies are complete. As previously noted
(para. 1.9), the goverment has started to address this question.
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Annex 1
Page 1 of 14

SUMMARY OF POSSIBLE CONSERVATION PROJECTS
FOR EACH FACILITY VISITED a/

Company/Corporation

Ceylon Steel Corporation........................... 27

Ceylon Plywood Corporation......................... 28

National Paper Corporation.........................***** 29

Richard Pieris & Company, Ltd..................... 30

Paranthan Chemicals Corporation...................* 31

Prima Ceylon, Ltd............... . . 32

British Ceylon Corporation......................... 33

Pugoda Textile Mills ....... ......... .. *..... 34

Dunagha Coconut Producers Cooperative Society*...... 35

Ceylon Glass Company, Ltd**..........................*** 36

!attakelle State Tea Plantation.................... 37

Sri Lanka (Ceylon) Rubber Manufacturing Co., Ltd... 38

Ceylon Tobacco Comnye.......... ................... 39

a/ Excluding Lever Brothers, Hotel Lanka Oberoi, Colombo General
Hospital, Associated Notorways and the Ceylon Ceramics Corporation.



CEYLON STEEL CCRORATION: SIJWARY OF POSSIBLE ENERGY CONSERVATION PROJECTS
(Total 1983 energy bill Rs. 8S5 million)

Average Annual Finaneal
Cost ifs. 000) Benefit (Rs. 000) Simple Payback (Year)

Project Total Forelgn Local Total Foreign a/ Local Financial b/ Economic t/

Scrap densificatlon:
Improved menual sizing 250 250 S00 350 SO 0.5 0.1

Scrap preheating from
furnace stack gases 6,500 3,000 3,500 1,500 1,050 450 4.3 1.6

Replacement of existing NhotW less than
tundish for new "toC " tundish Soo 50 450 5,000 4,5 00 .1 1 month

Oxyen Injection 5,000 1,000 4,000 2,500 1,750 750 2.0 1.0

Instantaneous quality
analysls of billets 2,000 1,50i 500 3,000 2,700 300 0.7 0.'

Improvenet of mill operatIons 2,000 1,000 l,.Or 2,000 1,600 200 1.0 1.0 J

Control of maximum electrical
dandi 5,200 4,700 5w0 5,200 3,640 1,560 1.0 0.3

Improvements to reheat furnece
o Insulation 2,000 1,500 50 500 450 S0 4.0 4.7
o taste heat usage 1,800 1,000 600 5St 450 5o 3.6 3.7
o AutomatIc burner control 2 140 1 900 200 1000 900 100 2.1 2.7
Total 27,350 IsiW 11,70 21,700 17,590 4,110 0. 9

Mid-1984 exchange rate: 1 U.S. dollar a Rs. 25. *

a/ EOUMC estimates that the foreign content of electricity Is 70% of rwket price and that the foreign content of ol I
Is 90S of market price. ,

b/ Total cost/overae annual financial benef its.
e/ Estimates taken as project foreign CIF cost and half project local cost (to reflect duties, which wvra 7.5% of °

CIF value for this type of equipment, unused labor frc, etd)/econonic value of anual benefits. The economic
value of annual bonef Its has been estimated using ECA guidelines; I.e.:
o Opportunity cost of electricity * 1.75 market price to reflect long-term development marginal cost of Rs. 3.5

(USSO.14)AkMh vs. As. 2.0 (USSO.08)/kWh for market price.
O OpportunIty cost of fuel ofl a 75% of market prIce, or USS144/tonne to reflect current and future re-export of

excess refinery supply of fuel oil.



CEYLON PLYWOOD CORPORATION: SUMKARY OF POSSIBLE ENERGY CNSEiRVATION PROJECTS
(Estimated 1984 energy bill: Rs. 14.5 million)

Average Annual Financial
Cost (Rs. 000) Benefit (Rs. 000) Simple Payback (years)

Project Total Foreign Local Total Foreign I/ Local Financial b/ Economic c/

Dust extraction and system
improvements 1,350 1,215 135 363 254 109 3.7 5.0

Replacement of steam heat
exchangers with air heaters 800 0 800 1,100 770 330 0.7 miedloate

Steam system rehabilitation 500 250 250 600 - 600 0.6 tVA

Electrical load management 250 0 250 1,000 700 300 0.2S Immedlate

Electricity generation from
wood waste gasiftor 25c000 22.500 2.500 7.000 4jg00 2.100 3.6 1.9

Total 27,900 23,965 3,935 10,063 6,624 3,439 2.8 1.9

Mid-1984 exchange rate: I U.S. dollar a Rs. 25.
a/ EDMAC estimates that the foreign content of electricity Is 70% of market price and that the foreign content of oil

Is 90% of market price.
b/ Total cost/average annual financial benefits.
c/ Estimates taken as project foreign CIF cost and half project local cost (to reflect duties, which average 7.5S of

CIF value for this type of equipment, unused labor force, etc)/economic value of annual benefits. The economic
value of annual benefits has been estimated using EDMAC guidelInes; I.e.:
o Opportunity cost of electricity a 1.75 market price to reflect long-term development mlarginal cost of Rs. 3.5

(USSO.14)/kAh vs. Rs, 2.0 (USSO.008)Aih for market price.
o Opportunity cost of fuel oIl * 75% of market price, or USS144/tonne to reflect current and future re-export of

excess refinery supply of fuel oil.



NATIONAL PAPER CORIORATION: SUN4ARY OF POSSIBLE ENERGY CONSERVATION PROJECTS
(Total 1983 energy bill: Rs. 63.6 million)

Averege Annual FInancalo
Cost (Rs. 000) Beef it (Rn. 000) Simple Payback (yers)

Project Total Forelgn Local Total Forelgn a/ Local FInanciol b/ Economic c/

Energy audit Instrumentation 700 620 s0 1,900 1,500 400 0.4 0.5

Boller Improvement 1,000 800 200 1,400 1,260 140 0.7 0.9

Black liquor recovery system NWA N/A N/A W/A

Waste heat recovery from paper
dryer 5,000 4,000 1,000 5,250 4,7"5 525 0.9 1.1

Reduction of pulping ener
requirements 120 20 100 1.000 900 100 0.1 0.1

Reduction of drying requIrements 0 0 0 1,000 900 100 IWeAdl"te I_ edieat

New multi-fuel boiler/
cogoenerstlon 7 68.000 Q17 18.000 16.200 1.800 4.7 3.6

Total 91,620 73,440 1o,380 28,550 25,485 3,065 3.2 2.9

Kid-1984 exchange rate: I U.S. dollar a Rs. 25.

a/ EDMAC estimates that the foreign content of electricity is 70% of market price and that the foreign content of oil
Is 90% of market price.

bl Total cost/average annual financial benefits.
@1 Estimates taken as project forelgn CIF eost and half proJect local cost (to reflect duties, which average 7.5% cf

CIF value for this type of equipment, unused labor force, etc)/Mconamic value of annuol bnef its. The econom ic 1 !
value of annual benefits has been estimated using EOMAC guidelInes; i.e.:-
o Opportunity cost of electrielty a 1.75 mrket price to reflect long-ter development m"rginal cost of fs. 3.5

(USSO.14)ANh vs. Rs. 2.0 (USSO.08)/kWb for market price.,
o Opportunity cost of fuel oil 75% of market price, or USSlU /tonne to reflect current and future re-export of

excess refinery supply of fuel oil.



RICHARD PIERIS & COMPANW LTD.: SUIEARY OF POSSIBll ENEROY CONSERVATION PROJECTS
(1983 EneOry BOil: Rs. 13.5 Mlillion)

Average Annual Financial
Cost (Rs. 000) Senefit (Rs. 000) Simple Payback (years)

Project Total Foreign Local Total Forelgn a/ Local Flnancial b/ Economic a/

Improving steam distribution
system 500 200 300 780 700 s0 0.6 0.6

New wood-fired boller 5.00 4.500 500 3.744 3.370 374 1.3 1.7

Total 5,0 4,700 800 4,524 4.070 454 1.2 1.5

Mid-1984 exchange rate: 1 US dollar a Rs. 25.

q/ EDIAC estlmates that the foreign content of electricity Is 70% of market price and that the foreign content of ofl
Is 90% of arwket prlce.

b/ Total cost/average annual financial benefits. L

i' Estimates taken as project foreign CIF cost and half project local cost (to refleet duties, which average 7.5% of
CIF value for this type of equipmnt, unused labor force, etc)/economle value of onnusl benefits. The economic
value of annual benefits has been estimated using EDMAC guidelines; I.e.:
o Opportunity test of electricity * 1.75 rowket price to reflect long-term development marginal cost of Rs. 3.5

(USSO.14)/kWh vs. Ps. 2.0 (USS0.08)/kAW for mrket price.
O Opportunity cost of fuel oil a I5$ of arwket price, or USS144/tonne to reflect current and future re-export of

excess refinery supply of fuel oil.

Ii 
9"



PURANTHAN CHEMICALS CORPORATION: SUMMARY OF POSSIBLE ENERGY CONSERVATION PROJECTS
(1983 energy bill: Rs. 18.0 oillIon)

Average Annual Financial
Cost (RS. 000) Benefit (Rs. 000) Simple Payback (yeors)

Project Total Foreign Local Total Foreign Local Financial a/ Economlc

Plant retrofit with new
equipment b/ 22,650 n/a n/a 3.6BO n/a n/a 6.0 n/a

Total 22,650 n/a n/a 3,600 n/a n/a 6.0 n/a

Nid-1984 exchange rate: 1 US dollar a Rs. 25.

n/a: not applicable or not available.

a/ Total cost/average annual financial benefits.
b/ Given the extent of the work Involved and questions as to PCC's economic viability, only the total cost, the total

average annual financial benefits, and the simple financial payback were estimated.

* 
U.



PRIMA CEYLON LTD.: SU1MARY OF POSSIBE ENERGY CONSERVATION PRGJECTS

(193 energy bil: Rs. 77,4 millIon)

Average Annual Financtal

Cost (fs, 000) Benofit (AsI 000) Simple Payback (years)

Project 
Total Foreign Local Total Foreign a/ Local Financlal b/ Economic c/

goiler modifications
o Retrofitting bolIers 1,250 1,000 250 2,100 1,890 210 0.6 0.7

Dlesel eng1ne waste beet

recover (boiler) 3,000 2,400 600 2,1 7 1m960 213 1.4 tI?

(OrganIc Rankine cycle) (66.000) (59.400) L6.600) (9.180) (6.425) j2.755) (7.2) (3.9)

Total d/ 
4,250 3,400 850 4,275 3,850 415 1-0 1.2

MId-1984 obange rates I US dollar * Rs. 25.

a/ EDMAC estimates that the 
forelgn centent of electricity 1 70 % of market price and that the 

forelgn content of oil

Is 90 S of market prIce.
b/ Total oosUtaverage annual 

fInancitl benefits.

c/ Estlmate taken as project foreign CIF cost and half project local cost (to reflect duties, which averge 7.5 S of

CIF value for this type of equipment, unused labor force, etc)/econoelc value of annual benefits, The economic

value of annual beneftits has bsen estimated using ECUAC guldellneso I.e.:

o Opportunity cost of electricity * 1.75 market price to reflect long-term development marginal cost of Rs, 3,5

(USSO.14)Alih vs Rs. 2,0 (USSO08)Gkwh for market price,

O Opportunity cost of fuel oil a 75 5 of market price, or US$144/tonne to reflect current and future re-export of

excess refi mry supply of 
fuel oil.

d/ Excluding Orgnic Rankine 
Cycle, likely to be considered 

a too eapital-intansive 
project.

I£



BRIIISH CEYLON COWMORATION: SUMMARt OF POSSIBLE ENERGY CONSERVATION PROJECTS

Averap Annual Financial
Cost (Rs. 000) eneftit (Re. 000) Simple Payback (yeas)

Project Total Foreign Local Total ForeIgn a/ Lecal Financial b/ Ecoomic c/

Improved bolIler performance c/ n/a n/a n/a n/a n/a n/a n/4 n/a

Replacement of steam ejectors
for oll deodorization 375 338 37 500 450 S0 <1.0 n/a

Replacement of steaom jectors
for chilling water c/ n/a n/a n/a n/a n/a n/a n/a n/a

lastallation of capacitors 400 360 40 216 151 65 1.9 n/a

Total 775 696 77 716 601 115 1.1 n/a a

Mid-1984 exchange rate: 1 U.S. dollar a Rs. 25.

n/a: not applicable or not available.
a/ ECMAC estimates that the foreign content of electricity Is 70S of market price and that the foreign content of ofl

Is 90% of maket price.
b/ Total cost/averge annual financalI benefIts.
c/ Due to a lack of sufficlently detailed data on energy efficiency at OC, only financial paybacks were calculated,

and the costs and benefits of two of the conservation projects identified as possible could not be estimated with
sufficient reliabilIty.

Ias



PUGODA TEXTILE MILLS: SU#A CF POSSIBLE ENERGY COSRVATION PROJECTS
(Total 1963 energy bill: Rs. 28 million)

Average Annual Financial
Cost (Rs. 000) Baneftit (Rs. 000) Simple Paybick (years)roject Total Forelgn Local Total Foreign I/ Local Financial bl Economic a/

Heat recovery devices 1,200 960 240 700 630 70 1.7 2.1

Installation of a capacitor
for power factor control 240 216 24 288 202 86 0.6 0.5

Reducing energy consumption
In thechiller unit 600 400 400 370 260 110 2.2 0.9

Automatic control of the
burners 1.600 1.280 320 8 600 6 1.6 22

Total 3,840 2,865 986 2,246 1,i92 354 1.7 1.4

Mid-1984 exchange rate: 1 US dollor a Rs. 25.
a/ EiA estimates that the foreign content of electricity is 7O S of mrket price and that the foreign content of ofl

Is 90 S of market price.
b/ Total cost/average annual financial bonefits.
c/ Estimate taken as project foreign CIF cost and half project local cost (to reflect duties, which average t.5 S of

CIF value for this type of equipment, unused labor force, etc)/economic value of annual benefIts. The ecoomIc
value of annual benefits has been estimated using EDMAC guidelInes; I. e.:
° Opportunity cost of eloectricity w 1.t7 market price to reflect long-term development marginal cost of Rs. 3.5

(USSOl4)/kWh vs. Rs. 2.0 (US130.08)/kWh for market price.
O Opportunity cost of fuel oil a 75 5 of market price, or USS144/tonne to reflect current and future re-export of

excess refinery supply of fuel oIl.

0 



OUNA6HA COCONUT PROOUCERS COOPERATIVE SOCIETY: StUNMARY OF POSSIBLE ENERGY CONSERVATICN PROJECTS
(1963 energy btil: Rs. 1.1 millIon)

Average Annual Financial
Cost (Rs. 000) senef it ORs. 000) Simple Payback (years)

Project Total Foreign Local Total Foreign a/ Local Financial b/ Economic c/

Installation of power factor
correction 40 32 8 48 34 14 0.8 0.4

Improvement to sterilizer
o Insulation 10 6 4 12 11 1 0.6 0.9
o Replacing burner 175 140 35 168 151 17 1.1 1.3

Waste beat recovery from dryers 150 135 15 t00 0 100 1.5 N/A

Efficiency Improvements In
air heaters 50 0 500 108 0 108 4.6 N/A

Total 875 313 562 436 196 240 2.0 N/A

Mid-1984 exchange rate: I US dollar a Rs. 25.
W/A: Not applicable

a/ EDOC estimates that the foreign content of electrlilty Is70 S of market price and that the foreign content of oil
Is 90 S of market price.

b/ Total cost/average annual financial benefits.
c/ Estimate taken as project forelgn CIF cost and half project local cost (to reflect duties, which average 7.5 S of

CIF value for this type of equipment, unused labor force, atc)/economic value of annual benefits. The e lonamie
value of annual benefits has been estImated usIng EDCKC guidelInes; I.e.:
o Opportunity cost of electricity a 1.75 maket price to reflect long-term development marginal cost of Rs. 3.5

(USSO.14)/AWh vs. Rs. 2.0 (USSO.6)AWh for market price.
o Opportunity cost of fuel oil a 75 S of market prlce, or USSI44/tonne to reflect current and future re-export of

excess refinery supply of fuel oil,, 

0



CEYLON CLASS OMPANY, LTD. (RATNALANA FACTORY): SUMARY OF POSSIBLE ENERBY CONSERVATION PROJECTS
(1963 energy bill: Rs. 23.1 IIIIon)

Averge Annual Financial
Cost ORs. 000) Benefit (Rs. 000) Simple Payback (years)

Project Total Foreign Local Total Forelgn a/ Loal Financala bl Economic cJ

improvements In instrumentatlon 625 563 62 435 392 43 1.4 1.6

Insulation of furnance 5,000 3,500 1,500 2,890 2,600 290 1.7 2.0

Autmatic air/fuel ratio
control 600 720 60 S80 522 58 1.4 1.7

Burner replacement 1,800 1,440 360 870 783 87 2.1 2.8

ReCovery of waste heat from
flue ganes 1.350 $_4 810 54 600 j40 60 2.25 2.4

Total 9,575 7,033 2,542 5,375 4,837 538 1.8 2.1

Mid-1984 exchange rate: 1 US dollar a Rf. 25.
a/ EOMAC estimates that the fort ign content of electricity Is 70 S of market price and that the foreign content of oil

Is 90 5 of market prlce.
b/ Total cost/average annual financial benefits.
ct Estimate taken as project foreign CIF cost and half project local cost (to reflect duties, which average 7.5 5 of

CIF value for this type of equipment, unused labor forcn, etc)/econamlc value of annual benefits. The economic
value of annual benefits has been estimated using EDPAC guidelInes; I.e.:
o Opportunity cost of electricity a 1.75 market price to reflect long-term development marginal cost of Re. 3.5

(USSO.14)/kVh vs. Rf. 2.0 (USSO.06)Akwh for market price.
o Opportunity cost of fuel oil a 75 5 of market price, or USSI44/tonne to reflect current and future re-export of

excess refinery supply of fuel oIl.

0



TEA ESTATES: MtATTAKELLE STATE TEA PLANTATION: SLUMARY OF POSSIBLE ENEROY CONSERVATION PROJECTS
(1983 energy bill: Rs. 2.9 mllion)

Average Annual Financlal
Cost (Rs, 000) Oenef it (Rs. 000) Simple Payback (years)

Project Total Foreign Local Total Foreign /_ Local Financial b/ Economle c/

Design of new wood-fired alr
heaters (2 numbers) 600 0 600 472 118 354 1.3 0.8

Use of dryer waste heat
for drying firewood 60 0 60 24 0 24 2.5 N/A

Use of blogas 200 SO 150 85 0 85 2.4 N/A

Use of mini and micro hydro-
power systems to serve four
estates* (30,000) (18.000) (12,000) (4,800) (3.360) (1.440) (6.25) (2.8)

Total 860 50 810 581 118 463 1.S N/A

Mid-1984 exchange rate: I US dollar - Rs. 25.
N/A: Not applicable

a/ EDMAC estimates that the foreign content of electricity Is 70 % o. market price and that the forelgn content-of olI
Is 90 S of market price.

b/ Total cost/average annual financial benefits.
c/ EstImate taken as project foreIgn CIF cost and half project local cost (to reflect dutIes, which average 7.5% of CIF

value for this type of equipment, unused labor force, etc)/economic value of annual benefits, The economic value of
annual benefits has been estimated using EOWAC guidellnes; I.e.:
o Opportunity cost of electricity * 1.75 market price to reflect long-term development marginal cost of Rs. 3.5 ild

(19SS0.14)/kWh vs. Rs. 2.0 (USSO.08)/kWh for market price. a a
o Opportunity cost of fuel oil = 75 S of market price, or USS144/tonne to reflect current and future re-export of

excess refinery supply of fuel oil.
0



SRI LANKA (CEYLON) RUBE R MANUFACTURING COWANY LTD.: SUMAY OF POSSIBLE ENERY CONSERVATION PROJECTS
(Totel 1983 energy bill: Rs. 640,000)

Averoge Annual Financial
Cost (Rs. 000) Benefit (Rs. 000) Simple Payback (Vears)

Project Total Foreign Local Total Foreign oJ Local Financlal tb/ Econo mc c/

Power factor correction 50 40 10 76 53 23 0.6 0.3

Use of a multifuel air heater
with crumb rubber dryer 600 0 600 313 m 31 1.8 1.3

Total 650 40 610 389 335 54 1.7 0.9

Mid-1984 exchange -ate: I US dollar as . 25.

e/ ECHAC estimates that the foreign content of electrIcIty Is 70 5 of market price and that the foreign content of ofl
Is 90 % of market orice.

b/ Total cost/average annual financalI benefits.,
Cl Estlmate taken as project foreign CIF cost and half project local cost (to reflect duties, which average 7.5 £ of 0

CIF value for this type of equIpment, unused labor force, etc)/economlc value of annual benefits. The economic
value of annual benefits has been estimated using EDMAC guidelines; I.e.:
o Opportunity cost of electricity a 1.75 market price to reflect long-term development marginal cost of Rs. 3.5

(USSO.14)AkWh vs. Rs. 2.0 (USSO.08)/kWh for market price.
O Opportunity cost of fuel oil 75 % of market price, or USS144/tonne to reflect current and future re-export of

excess refinery supply of fuel oll.

LI!
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CEYLON TOBACCO COWANY, LIMITED (CTC): SUMMARY OF POSSIBLE ENERGY CONSERVATION PROJECrS
(1963 enerz bill: Rs. 8.6 mIlIIon)

Average Annual Financial
Cost (Rs. 000) Bnef It (Rs. 000) Simple Payback (yeors)

Project Total Foreign Local Total Foreign g/Local Finoncial bi Economic cs

Steam system rehabilitation
and waste beat recovery 600 360 240 260 234 26 2.3 2.5

Installotion of a multifuel
boiler 2. S0 t.7SD 750 742 666 74 3.3 3.8

Total 3,100 2,110 990 1,002 902 100 3.1 3.5

Mid-1964 exchange rate: I US dollar a Rs. 25.
a/ EDOAC estiates that the foreign content of electricity Is 70 £ of market prlce and that the toreign content of off

Is 90 S of market price.
b/ Total costaoverage annual financial benefits.
e,' Estimate taken as project foreign CIF cost end half project local cost (to reflect dutles, which saerge 7.5 S of

CIF value for this type of equipment, unused labor force, etc)/economic value of annual benefits. The economlc
value of annual benefIts has been estimated using EDMAC guidelines; I.e.:
o Opportunity cost of electricity 1.75 aroket price to refleet long-terom development margInal cost of RS. 3.5

(IJS5.14)/kWh vs. Rs. 2.0 (USSO.OS)Akdh for market price.
O Opportunity cost of fuel oi I 75 % of market price, or USS144/tonne to reflect current and future re-export of

exeess refinery supply of fuel oil.

(I!
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Annex 2: Detai led Prefeasibility Study Results by
Corpor`ationCo _ sy Visited

PaMe

1. CEYLON STEEL CORPORATION.... o.e*000000 ................ 41

2. CYoN CERAMICS CORPOIRATION /00 63

3. CEMYON PLYwOOD CORORATIONP..O RATI..................ON. 64

4. NATIONAL PAPER CORPORATION...............O.............. 84

S. RICHARD PIERIS & COMPANY, LTDTD............eo ...*.so 108

6. LEVER BROTHERS (CEMLON) LTD.... 119

7. PARANTNAN ChEMICALS CORPORATION...................O.**. 125

8. PRIMA C YLON LTD 140

9. HOTEL LANKA OBEROI B... 157

10. COLOMBO GENERAL HOSPITAL ..... * *** 163

1I. CEYLON TOBACCO COMPANY, LIMITED (CTC) ................... 176

12. BRITISH CEYLON CORPORATION (BCC)................... . 188 -

13. PUGODA 202

14. ASSOCIATED MOTORWAYS, LTD. a* 216

15. CEYLON CLASS COMPANY, LTD. (RATMALANA FACTO1tY)......... 217

16. DUNAGHA COCONUT PRODUCERS COOPERATIVE SOCIETTY... ** 229

17. TEA ESTATES: MATTAKELLE STATE TEA PLANTATION.0000 ....0 242

18. SRI LANK (CEYLON) RUBBER MANUFACTURING COMPANY LTD..... 258

a/ The government has requested that detailed information on the Ceylon
Ceramics Corporation and Associated Motorways, Ltd. not be
published. Donors who are interested in details of energy
efficiency investment opportunities in these two companies should
contact the respective companies directly.
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The Ceylon Steel Corporation (CSC) is currently facing financial
difficulties owing to high production costs and competition from cheaper
imported products.

Extensive discussions with CSC management and a visit to the plant
indicate that there is substantial potential for energy cost reduction.
It is estimated that up to Rs. 22 million could be saved annually (about
252 of CSC's total energy bill) for an investment of Rs. 27 million --
that is, a simple financial payback of 1.3 years (see Exhibit A).
Shutting down the melting operation would improve profitability
substantially.

An overall review of CSC's operations, comparative advantage, and
incentive framework should be made in order to resolve the issue of the
Corporation's financial viability. Substantial investments in energy
efficiency equipment should await the outcome of such a review.



Exhlbit A
Ceylon Steel Corporations Sumwy of Possible Energ Onswvatloa ProJects
(Total 1963 enegy bl l l: Rs.S5 el IIlon)

Average
A1n1 f iancial

cost 01s.0001) mef it s.<000) Simple qialck (vrso
Project Total Forel* local Total FoeIon 1/ Loca Ffnjlal 2/ EcoOMIc 3/

Scrap deIficlaton: improved manual sizing 250 - 230 00 350 150 0.5 0.1

Screp preheating from furoa stack gases 6.30 3,000 3,3900 1,500 1,050 450 4.3 1.8

Replacement of existlig hObtu tndish
by new toldU tundishb S0 S0 450 5,000 4,500 00 .1 less tbhn

1 Month

Oxygen IJection 5,000 1,000 4,000 2,500 1,750 750 2.0 1.0

Inta-ntaneous quality analysis of billets 2,000 1.500 500 3,000 2,700 300 0.7 0.8

lmprovement of elII operatlons 2,000 1,000 1,000 2,000 1,800 200 1.0 1.0

control of maximum electrical demand 5,200 4,700 50 5,200 3,640 1,560 1.0 0.5

1mpovements to rehet furnace
o $osulation 2,000 1,500 5o0 500 450 50 4.0 4.7
o Waste heat usage 1,800 1,000 800 So0 450 50 3.6 3.7
o Automatic burner control 2,100 1.900 200 00000 90O 100 2 1 2.7

TOTAL 27,350 15,650 11,700 21,700 17,590 4,110 1.3 0.9

Mid-1984 exchang rates: I U.S. dolla 1 Rs.2".
Fcrelgn costs Include engineerlng and desIgn costs (roughly 10 to 15 percent of total project foreign costs).
1 EDNAC estimates tbat the foreln content of electricity Is 70 £ of market price and -ihat the foreign content of oil Is 9S of market

price.
2 Total ost/averag annual financial befnefits.
3 Estimate taken as project foreign CIf cost and balf project local cost (to reflect duties, which average 7.5 percent of CIF value for

this type of equipment, unused labor force, etc.)/economic value of annual benefits. The economic value of sannul bfnefits has been
estimatUe using EDNUC guldelInes; I e.:
o Opportunity cost of electrleity a 1.75 market prlce to reflect long-term development morginal cost of RB.3.5 (U*S. $0.14)Aihb vs.

Rs.2.0 (U.S. SO.08)AcVh for market price
o Opportunity cost of fuel oil = 75 percent of market price, or U.S. S144/tonne to reflect current and future re-export of excess

refinery supply of fuel oil.

SOUR: Hagler, billy I Company.

tq,
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1. Background

CSC, the only steel mill in Sri Lanka, is located at
Athurugiriya. Phase I of the mill, consisting of a
furnace and rolling mill using imported billets and a
wire mill, began operating in 1965. Feasibility stud-
ies were initiated in 1958 under the Soviet protocol
for economic assistance. Phase II, which c,nsists of a
60,000 tonne/year melting shop using domestic scrap,
was commissioned in 1982 following 7 years of study,
and was financed by the USSR.

process description. The process consists of two sepa-
rate operations -- the melting operation and the re-
heat/rolling operation. The melting shop consists of a
25 tonne/heat 15- MV electric arc furnace of Soviet
manufacture, with water and oil cooling systems. Volt-
age is 11 kV, and current is regulated by thyristors.
Scrap, which is purchased on the island, is sized and
then baled prior to introduction into the furnace. The
melting operation lasts 4 to 5 hours, although the de-
sign duration is 2 hours and 55 minutes. When the tem-
perature reaches 1,6800C, the uheata is ready for cast-
ing and poured into a 25-tonne capacity ladle that in
turn feeds a four-chambered tundish, preheated for 2.5
hours by 1500 sec furnace oil. The liquid steel then
flows to the continuous caster located underneath. The
billets are discharged vertically and then turned hori-
zontally prior to reaching a conveyor. At this stage,
billets are cooled by spray water (no heat recovery).
After cutting/sizing, billets are placed in a storage
area, where they are subject to quality tests.

The second operation, which is located approximately
1,000 feet from the melting shop, consists of a reheat
furnace and a rolling mill. Both cold billets from the
storage area and imported billets are processed in the
reheat furnace, which can handle up to 100,000 tonnes/
year (28 tonnes/hour). In the reheat furnace, billets
are heated to 1,250°C-l,350°C. After reheating, bil-
lets are driven to the rolling mill, where they are
rolled to the required profile. About seven different
profiles and various dimensions within each profile are
available.

Rolling production peaked in 1980 at 57,000 tonnes and
decreased to 42,300 tonnes in 1981, 25,000 tonnes in
1982, and about 26,000 tonnes in 1983. Production in
1984 is not likely to be better. The melting shop,
which started operation in mid-1982, produced 6,230
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tonnes in 1982 and 9,329 tonnes in 1983. There was no melt during the
first 4 months of 1984 (see Exhibit 1).

Markets. All products are sold on the domestic market, where they
compete with products from Singapore, India, South Africa, and other
Asian countries. Major market segments are construction and metal
fabrication.

Oranization. See energy management organization.

Employment. Employme-t, which reached a maximum of about 3,000, is now
about 1,000 because of the production drop. Approximately 300 are
maintenance personnel.

Financial situation. As a result of increasing competition with low-cost
imports of billets and rolled products, CSC*s financial situation has
deteriorated over the past 3 years. In 1980, with a record production of
57,000 tonnes, profits were Rs. 24.3 million. In 1981, production
decreased to 42,300 tonnes, and CSC had profits of Rs. 5.5 million.
Production plunged in 1982 to 25,000 tonnes, the lowest in more than 10
years, and losses totaled Rs. 24.7 million. In 1983, production was
26,000 tonnes and losses Rs. 62.9 million, bringing the total losses
carried forward (after adjustment) to Rs.112.7 million. By commissioning
Phase II, instead of improving financial performance by eliminating the
purchase of imported billets, CSC increased its losses, as the cost of
producing billets was higher than purchasing them in the international
market. It is clear that the government will have to make crucial
decisions about CSC's future operation.

Project evaluation criteria. For many years, the amount of foreign
exchange saved was the key element in project evaluation. Now, following
guidelines issued by the Ministry of Industry, CSC evaluates projects on
the basis of their ability to generate sufficient cash to fund repayment.

Existing plans for modernization/expansion. As of May 1984, no capital
investment was under consideration at CSC because of the financial
situation. Current efforts are aimed at improving the efficiency of
existing operations, with emphasis on lowering production costs by
minimizing down time.
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Exhibit 1

Productlon (tonnes)

Rolling Drawn Wolded Melting shop

mill wire Galvanilan mesh Foundry (tonne"/solts)

1981 January 3,729 260 193 48 53
February 2,970 407 170 75 41
March 901 965 183 126 31
April 682 467 160 42 24

May 3,930 583 163 68 26
June 3,925 582 46 30 32

July 67682 1,028 114 72 53
August 3,912 747 179 128 43

September 1,375 716 175 76 29
October 1,714 559 279 26 22

November 4,752 581 215 107 28
December 4.332 165 198 77 24
Total 39,004 7,060 2,095 679 406

1962 January 2,149 65 60 46 40

February 1,152 391 125 38 40
March 2,782 326 23 115 60
April 1,121 3 0 0 21
May 3,756 62 24 3 61 214

June 1,868 139 22 10 as 868

July 2,001 228 55 0 52 801/38
August 1,270 275 45 0 36 994/52

September 1,218 371 69 1 44 596/33
October 1,557 257 39 6 34 950/50
November 3,662 504 5 61 45 1,156/55
December 871 314 28 49 7 651/32
Total 23,367 2,935 495 361 475 2350/

1983 January 2,368 277 69 45 20 335/18
February 2,686 124 48 46 43 457/13

March 2,029 64 28 50 45 1,378/70

April 1,702 14 0 7 24 716/37
May 2,461 14 0 37 42 1,001/58

June 2,534 0 0 0 58 1,532/78

July 1,673 0 0 0 1,934 957/52
August 0 337 52 11 31 812/49

September 4,269 32 23 45 83 1,108/56

October 2,251 459 0 0 16 1,033/

November 1,330 54 27 17 42

December 1,168 338 199 64 1S

Total 24,465 1,713 06 3I 9,329/

1964 January 278 256 99 85 13

February 2,356 61 58 47 21
March 2,084 81 0 0 21
April 795 6 0 4 6

SOURCE: Ceylon Steel Corporation.
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Major problems facing facility. CSC's major problem is
its poor financial performance resulting from high pro-
duction costs and competition from cheaper, and some-
times higher quality, imports. Billet production costs
currently range from Rs.6,O00/tonne, when there are no
production problems, to Rs.9,000/tonne in other cases.
Of the Rs.9,000/tonne in costs, about Rs.3,200 is for
energy (electricity and furnace oil), Rs.1,400 for
scrap, and the balance for other materials, labor, and
financial cost. Import prices of similar billets are
about U.S. $240/tonne plus 5 percent duty, or roughly
Rs.6,300/tonne. Unless production is maintained at a
high level (say, 150 tonnes/day), production costs at
CSC are-significantly higher than import prices. As it
will be difficult for CSC to cut costs significantly
through reduced employment and reduced scrap cost, ener-
gy use represents the prime target of cost-cutting pro-
grams. It is shown later that energy cost reductions
can reach U.S. $20/tonne, or about 6 percent of total
production costs.

2. Energy Situation

major energy-using equipment. The major energy-using
equipment comprises the electric arc melting furnace
(15 MVA), the reheat furnace (70 GJ/hr), the boilers
(about 4.5 tonnes of steam/hour, or 16.2 GJ/hour) for
oil atomization and various metal surface treatments,
and the rolling mill. The rolling mill is the largest
user of electricity (20 MVA installed capacity). Fur-
nace oil is used in the reheat furnace by siX burners
withastean atomization. Steam is produced by two boil-
ers at 2000CI only one boiler operates at a time. The
reheat furnace is equipped with a recuperator for air
reheating at 150OC-2000C.

Jnergy consumption. Total annual fuel oil consumption
rose from 1.23 million gallons in 1971 to 1.9 million
gallons in 1981. Oil consumption in 1982 was down to
1.7 million gallons, and in 1983, consumption was 1.6
million gallons (see Exhibit 2). Electricity consump-
tion increased from 21.17 GWh in 1979 to 28.1 GWh in
1983 with the commissioning of Phase II (electric arc
furnace). Maximum demand reached 18.4 MVA.

Energy prices. In 1983, the price of furnace oil was
Rs.4,600/tuune (1500 sec), and the average overall
price of electricity was about Rs.2 (consisting of
Rs.052/unit., a 110-185 percent fuel adjustment
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surcharge, and a Rs.90/kVA demand charge). As a re-
sult, the total 1983 energy bill was roughly Rs.85 mil-
lion (including melting) (total 1983 sales were Rs.322
million), up from Rs.17 million in 1979, when produc-
tion was about double the 1983 level (but wlthout the
melting operation).

supply characteristics. CSC management mentioned no
specific problems related to furnace oil and electric-
ity supply. CSC gets its power directly from the
Laxapana power plant.

Specific energy consumption. At the melting shop, elec-
tricity consumption for melting alone ranges between
800 and 900 kWh/tonne, versus a design consumption of
600-700 kWh/tonne and a consumption of 450-500 kWh/
tonne in most efficient electric arc furnaces (Japan,
Sweden). Total electricity consumption for the melting
shop, including ancillary consumption (e.g., scrap prep-
aration, casting, conveyor), is between 1,300 and 1,500
kWh/tonne. Fuel consumption in the melting shop is 55
gallons/heat (25t) or 0.3 GJ/tonne.

Fuel consumption by the reheat furnace ranges between
14.5 and 18.0 gallons/tonne. Electricity consumption
by the rolling mill shop, including the reheat furnace,
ranges between 320 and 450 kWh/tonne, which seems high
compared with international standards (200 +/-50 kWh/
tonne).

Energy management organization. An energy manager was
appointed following recommendations from the Ministry
of Industry. However, the energy manager, who reports
to the additional general manager, has other important
duties (chief service engineer) that take priority over
energy activities. As a result, there is no permanent
staff assigned to energy management activities. Such a
permanent function would be desirable if projects pro-
posed in this report are being implemented.

Past energy conservation activities. Over the last 4
years, a number of initiatives have been taken to re-
duce energy costs. These initiatives includes a
switch from 800 sec furnace oil to heavier and cheaper
1500 sec; improved maintenance of economizers in the
boilerl improved insulation and operation of furnace
reheat; repair of nteam and compressed air leaks; and
development of an energy index that is discussed by
plant staff and management every 2 weeks (this energy
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index measures the specitic furnace oil and electricity
consumption per tonne produced over the period).

3. Energy Conservation Potential

Based on a field visit conducted on May 29, 1984, there
appears to be significant potential for conservation in
both the melting shop and the rolling mill. Unfortu-
nately, the distance between the two operations exceeds
1,000 feet, which results in high heat losses during
the transportation of hot billets from one area to the
other. However, because of multiple technical problems
in the melting shop and long lead times required for
quality control (several hours), billets are currently
stored for long periods of time before processing in
the rolling section, and the mill does not operate con-
tinuously. CSC hopes to solve this problem in the near
future.

Possible projects in the melting shop include:

* Scrap densification

e Scrap preheating from furnace stack gases

X Replacement of the existing hot tundish by a
new "cold* tundish

* Oxygen injection

* Instantaneous quality analysis of billets.

Projects in the rolling mill consist of:

* Technical and operational improvements of the
rolling section

* Power factor correction in the rolling section

* Improvement of the reheat furnace and associ-
ated steam boilers.

Each of these projects is presented in more detail be-
low, and the costs, benefits, and implementation char-
acteristics are estimated. If all the suggested proj-
ects are implemented, energy savings in the melting
shop can reach 15 percent and in the rolling mill, 25
percent, resulting in a cost reduction of approximately
U.S. $20/tonne of final product.
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3.1 Potential nuergy Conservatlon
Projects in the Melting Shop

3.1.1 Scrap densification. At present, scrap is cut
manually into 20-inch pieces and then compacted. Up to
three batches are necessary for a 25-tonne heat, result-
ing in a melting duration of 4-5 hours versus less than
3 hours in similar operations elsewhere. The scrap
densification project entails (a) the installation of a
new, small baling press to allow a single loading opera-
tion (bucket) and consequently reduce heat losses re-
sulting from opening the furnace roof, and (b) improved
manual sizing.

a. New, small baling Press

Cost

Foreigns Up to Rs.10 million
Local : Rs.1 million
Total I Rs.ll million.

Savings. Detailed thermal calculations are necessary
to specify savings, but preliminary estimates indicate
that 5 percent of the electricity used by the furnace
could be saved, or 40 kWh (Rs.80) per tonne. This fig-
ure corresponds to annual savings of up to Rs.1.2 mil-
lion at projected capacity utilization factor of 600
heats or 15,000 tonnes per annum (average annual produc-
tion of the melting plant is expected to be 10,000-
12,000 tonnes).

Payback. 10 years or more.

Therefore, this project will not be retained.

b. Improved manual sizing

Cost. Using more labor to cut and size the scrap (down
to 5-inch pieces) would cost about Rs.250,000 in for-
eign exchange (simple cutting equipment) and about
Rs.30,000 to Rs.50,000 in labor annually.

Savings, Assuming a 2-percent reduction in the amount
of electricity currently used, about Rs.500,000 could
be saved annually.

Payback. 7 months.

ImPlementation. Minor training will be required.
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3.1.2 Bcrap prebeating from furnace stack gases.
Roughly 100 kWh/tonne are recoverable from furnace
stack gases. The project entails installing a simple
recovery system (with gas post-combustion chamber) and
building a steel chamber to allow scrap preheat. Based
on similar projects carried out elsewhere, a conserva-
tive estimate for actual savings at CSC would be 50
kWh/tonne.

Cost. Based on a similar project currently being imple-
mented in the Philippines, not more than Rs.6.5 mil-
lion, if manufactured locally (three to five times more
if imported).

gavings. Up to 50 kWh/tonne of melted steel, or Rs.t.5
million annually at the projected capacity utilization
(15,000 tonnes/year).

Payback. 4.3 years."*

implementation. Implementation would take 6 to 9
monthsand co-uld be done by mill staff under foreign
specialist guidance.

3.1.3 Replacement of existLng hbotg tundish by new
"cold tundish. Molten steel is currently poured from
the bucket into a four-section "hot* tundish preheated
by furnace oil for an arbitrary 2.5 hours. Melting
shop management indicated that this operation was a
source of waste, as they had no standard preheating
time to refer to, and about 2 gallons of furnace oil
were used per tonne of steel. The project suggested by
management would entail installing a new tuhdish system
with a special refractory that would require no preheat-
ing.

Cost. The initial project investment fixed cost (for
hiarware) -- all local - is estimated at Rs.0.5 mil-
lion, excluding refractory costs.

*Based on heat balances developed by Nikko in Japan, up
to 20 percent of energy input (or about 170 kWh/tonne)
is available in sensible heat of exhaust gases, and
about 60 percent of this heat can be recovered.

**This is a conservative estimate, as other benefits
such as savings in electrode consumption would also oc-
cur and are not accounted for.
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Savinqsa. Taking into account differences in refractory
Cost8 between "hot" and "Cold" and fuel savings, CSC
estimates that Rs.8,000 per melt could be saved, or
roughly Rs.5 million annually (U.S. $13/tonne).

Pavback. 1 month.

implementation. Plant management indicated that the
tundish coulrbe made at the mill itself in about 1
month, with no disruption of operations. No foreign as-
sistance is required, except for initial instruction in
installation of the new refractories.

3.1.4 Oxygen enrichment (oxyfuel burner). Injecting
oxygen into the melt is a proven means of saving elec-
tricity.

Cost. If oxygen is purchased locally (from Ceylon Ogy-
gen Company, which has excess capacity) and stored in a
special tank, the project cost would be Rs.5 million/
year. If CSC wished to operate its own oxygen plant,
the investment cost would be much higher, about Rs.20
million.

Savings. Based on international experience, t0 percent
of tbe-electricity used could be saved, or 80 kWh/hr,
corresponding to about Rs.2.5 million. Corresponding
oxygen consumption would be about 30 Nm3/tonne.

Payback. About 2 years if oxygen is purchased locally
and more than 10 years if CSC installs its own oxygen
plant,taking into consideration the high cost of elec-
tricity used to produce the oxygen.

$

ImPlementation. Initially, the installation of the
local oxygen system would take 2 to 3 months, and no
production disruption is anticipated. Foreign consul-
tant requirements would be about 1 to 2 man-months.

3.1.5 Automatic analyzer for instantaneous quality
measurement of billets. Such a system is required to
allow direct and Immediate transportation of hot bil-
lets to the reheat furnace.

Cost. About Rs.2 million (to be estimated by special-

Savings. Assuming that heat lQo8 is reduced from 10J
to 20-percent between the melting shop and reheat fur-
nace, about 10 gallons of furnace oil could be saved
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per tonne produced, or about R8.200/tonne (U.S. $8).
corresponding to annual savings of Rs.3 million.

Payback. 8 months.

implementation. No production disruption is expected.

3.2 Potential Energy Conrervation
Projects in the Rolling Kill

3.2.1 Improvement of mill operations

Description. There are many delays in milling opera-
tions that are termed *technological* delays by the man-
agerial staff. The inability to quickly move the bil-
lets through the various rolling stages is the result
of:

• A mismatch of rolling speed and billet proper-
ties

* Poor spacing of profile rolls

* Incorrect operation of rolling mill.

The net result of these delays is, first, a reduction
throughput from its design value, and second, non-
uniform throughput in the billet heating furnace, lead-
ing to high fuel oil consumption. In addition, elec-
tricity consmption is increased because mills are some-
times run without load during delays.

Hence, an energy conservation project in this area
would require a complete analysis of rolling mill opera-
tions, including reasons for delays and down time.
Also, waste minimization would be considered. Addition-
al training of skilled supervisory and managerial staff
would be a necessary part of this project. Foreign con-
sultants are also expected to be needed to properly ana-
lyze mill operations.

Cost. Foreigns Rs.625,000-Rs.1 milliont local:
Rs.S00,OOO-Rs.l million. Foreign costs will include
payments to consultants and funds for training key per-
sonnel. Local costs will include local counterpart
funds for consultants and funds for training other per-
sonnel.
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Savings. It is conservatively estimated that reheat
iurnace fuel consumption can be reduced by 10 percent.
The savings per year would thus average 100,000 gallons
of furnace oil at X8.4.46/liter, or a total of approxi-
mately Rs.2 million per year.

Pa!back. The simple payback for this measure would be
aB6UE-1 year.

Implementation. The implementation of this measure
would require 2 years, as follows:

Study by foreign consultants 2 months
Training of local staff abroad 8 months
-Training of lower level staff locally 1 year.

A specialist consultant familiar with problem-solving
in steel rolling mills (if possible, with special refer-
ence to Russian plants) would be required for this
study.

3.2.2 Control of maximum electrical demand

Description. The total installed capacity of this mill
Ts around 20 MvA in Stage 1 and a projected 36 MVA in
Stage 2, of which 18 MVA is currently installed, for a
total of 38 MVA. Power factor correction was original-
ly to be carried out by means of a large synchronous
compensator that could handle a projected load of about
60 MVA. At the present time, the maximum demand is
usually on the order of 6.5-18 MVA when Stage 1 alone
is operating, although demand rises to about 18-20 MVA
when the melting shop (Stage 2) is also operating.

The overall plant power factor is probably no better
than about 0.85 at present. Hence, a project to im-
prove the power factor to around 0.98 or more for the
entire plant, with sufficient turndown capability to
cater for periods of operation at low throughput rates,
would be very worthwhile.

Cost. Considering continued operation at around 36 DVA
iia an existing power factor of 0.85 corrected to 0.98:

Ratio of capacitor MIVA to
actual MW a 0.45 (from tables)

Capacitor actual kVAR a 36 x 0.85 x 0.45
n 13 MVA
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Cost a Rs.5.2 million.
(Cost per kVAR * Rs.400.).

8avings. Reduction in maximum demand = 36 - ((36 x
0.85)73.98) a 4.78 I4VAI savings per year m Rs.5.162 mil-
lion.

Pavback. The payback for this measure would be about 1
year.

Smlementation. Prior to implementation of the mea-
sure, it is recommended that an audit of the electrical
system be carried out, with special reference to power
factor and maximum demand, to determine the optimum
method of effecting power factor improvements. This
study should take into account prolonged operation C
low throughput rates and also operation of individual
stages.

This study can be undertaken by a combined team of fac-
tory engineers and local consultants specializing in
power factor correction. Foreign consulting services
would be necessary only with regard to the use of syn-
chronous compensators.

The following implementation schedule is anticipated:

Audit of electrical system and
technical specification 4 months

Procurement and installation
of equipment 1 year.

3.2.3 Improvements to reheat furnace

Description. There are currently significant heat
losses from the furnace walls, owing to poor insula-
tors, escape of hot gases, and general deterioration of
the furnace. By completely reinsulating the reheat fur-
nace with a high-quality material of the correct thick-
ness, it would be possible to decrease oil consumption
by about 7 percent (i.e., about 1 gallon of fuel oil
per tonne of billets heated). Insulation would be of
ceramic fiber or other material that gives a similar
performance.

One steam boiler is used to atomize fuel oil for the
reheat furnace while the other boiler is on standby.
Waste gases from the reheat furnace pass into a ceramic
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recuperator, which heats incoming combustion air to
around 150°C. Rrwever, the exhaust from the rectipera-
tor is still quite hot, around 3000C. Currently, this
heat is wasted in discharge to the atmosphere through
the flue. Also, there is an older watertube boiler
that is currently standing idle.

Bence, the waste gases could be ducted into the water-
tube boiler for steam raising. Supplementary firing
with oil may still be necessary to achieve the final
steam temperatures and preesures required. The quality
and temperature of waste gas from the reheat furnace
vary, owing to difering throughput of billets. Thus,
the burner used for supplementary firing must be capa-
ble of following the varying heat input from the waste
furnace gases. For this purpose, the burner should
have a high turndown ratio between high and low fire
and should also have an automatic off-on capability for
periods when there is substantial heat input from the
waste gases alone. The existing burners, therefore,
will have to be replaced by new burners.

Furthermore, valves and ductwork would be required to
control the waste gas flow from the recuperator. Plac-
ing an additional heat recovery device in the path of
the flue gases will cause additional back pressure at
the reheat furnace end. Due consideration must be
given to system design to ensure that pressures in the
furnace remain within correct limits at all times.
Additional ID fan capacity may be needed to this end.

Control of air/fuel ratios for the burners on the re-
heat furnace itself is presently carried out manually.
Such control leads to enormous difficulties if the fur-
nace firing rate must vary with load and with discharge
rate to the rolling mill. Yet a load following capabil-
ity, if achieved, will result in very significant sav-
ings in fuel oil.

This type of load following capability can be easily
achieved by installing automatic controls (preferably
of pneumatic type for reliability considerations) for
all the burners on the furnace, which would precisely
control air/fuel ratios throughout a significant turn-
Sown range. Prior to fitting such an automatic system,
it would be worthwhile investigating optimum furnace
performance for different billet throughput rates. The
automatic control system can then be specified to suit
these conditions. After fitting the automatic control
system, further optimization could be carried out by
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controlling furnace pressures and by progressively reducing billet final
temperatures.

Cost.

Insulation of reheat furnace R8.2.0 million

Installation of waste heat gas recov-
ery device using existing boiler Rs.1.8 million

Automation of furnace burner controls Rs.2.0 million.

mnsulation of reheat furnace

Savings. By improving the insulation of the furnace, estimated savings
of about 1 gallon/tonne could be achieved. Annual savings, assuming a
production rate of 25,000 tonnes, would equal 25,000 gallons of oil or
as.500,000.

Payback. 4 years.

Installation of waste heat recovery device

Savings. Similarly, the furnace oil saved by using waste heat in the
flue gases is estimated at 1 gallon per tonne of steel. Annual savings
for 25,000 tonnes of output would equal 25,000 gallons of oil, or
R9.500,000 per year.

Payback. 3.6 years.

Installation of automatic burner controls

Savings. By introducing automatic burner controls, a conservative
estimate of around 2 gallons of furnace oil per tonne of steel could be
saved, on a year-round production basis. Annual savings for annual
production of 25,000 tonnes would equal 50,000 gallons oi furnace oil, or
Rs.l million.

Payback. Approximately 2 years.

Implementation. The insulation of the reheat furnace would require 4
months for technical specifications, and procurement and installation
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would take up to 1 year. For waste heat recovery, an
in-depth study and technical specifications would re-
quire 5 months and require foreign assistancel procure-
ment, fabrication, and installation would require 1
year. Automation of furnace burner controls would re-
quire 2 months of consulting work, 3 months for techni-
cal specifications, and 6 months for procurement and
Installation.

Conclusions

CSC could save up to 20-30 percent of current energy
consumption through these projects, with cost savings
of up to Rs.1,000/tonne. As a result, CSC's competi-
tiveness with imports would be improved. If all proj-
ects are implemented, a total investment of about Rs.27
million would be required. Corresponding expected sav-
ings would be on the order of Rs.22 million, for an
overall simple payback of about 1.3 years.

As part of conducting feasibility studies for these can-
didate projects, a detailed analysis (including energy
audit) of the rolling mill and the melting shop is nec-
essary. Local staff and management have already col-
lected significant operational data and should work
very closely with the expert conducting the analysis.
This analysis, which should be conducted by a steel spe-
cialist familiar with energy improvement issues and So-
viet steel-making processes, would require about 3 man-
months on-site plus 1 to 2 months for report prepara-
tion. On the basis of the recommendations, CSC should
move quickly to implement financially acceptable proj-
ects. Particular attention should be-given to the an-
ticipated production levels in both melting and rolling
sections, as lower capacity factors mean proportionally
longer paybacks and lower returns on investments.

4. Terms of Reference

A detailed production and energy analysis of the roll-
ing mill and the melting shop should be conducted. On
the basis of this analysis, the consultants will con-
duct the feasibility studies when required.
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4.1 Seape of the Study

In the melting shop, the study should primarily focus
on:

* Scrap composition (e.g., more ferrous materi-
als) (3.1.1)*

* Scrap preparation (sizing, baling, loading)
(3.1.1)

* Furnace electric system (e.g., design, voltage)
(3.1.2t 3.1.4)

* The tundishes (3.1.3)

3 Bala':ce of the shop (continuous casting, con-
veyor).

For each key area of improvement described in Section
3.1, the consultants will prepare detailed energy and
mass balances, where required, based on actual represen-
tative measurements, as these dat4 will be needed to
evaluate accurately project benefits.

In the rolling mill:

* Direct transportation of hot billets from the
melting shop to the reheat furnace (3.1.5)

- Mill operation (delays) (3.2.1)

* .-lectric load management (.3.2.2.)

* Reheat furnace (3.2.3)

* Boilers (3.2.3).

On the basis of the results of this analysis, the con-
sultants will identify potential projects, estimate
costs and benefits, and evaluate the financial and eco-
nomic performance of each project. Recommendations for
implementation will be provided. On the basis of these
economic and financial analyses, the consultants will
rank proposed projects according to donor's guidelines,
and may group them into the following three categories:

'This number refers to the relevant section in the
text.
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1. Low-cost/no-cost projects with less than I year
payback

2. Minor retrofits with individual capital costs
of less than Rs.500,000 and paybacks between 1
and 3 years

3. Major process modifications.

The impact of each project on CSC's cash flow should be
assessed.

In each category, projects requiring detailed feasibil-
ity study will be identified and justification provided
(e.g., magnitude of capital investment, degree of risk,
number of options).

4.2 Feasibility Studies

For each one of the projects identified above (likely
to include most of the projects identified in Section
3), the consultants will prepare a detailed feasibility
study ac6ording to the following format:

Executive Summary

1. introduction (including demand and market pro-
jections)

. Technical options

3. Cost and performance assumptions

4. Financial analysis

S. Economic and social analysis

6. Implementation

Appendices.

Each feasibility study shouid be discussed with EDMAC
prior to submission to CSC.
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4.3 Year and Project Duration

The study team should comprise:

* One or two foreign expert(s) specializing in
steel processes with more than 10 years' expe-
rience in the industries and knowledge of Rus-
sian electric steel-making, with specialization
in steel production and furnaces

* Two to three additional local energy special-
ists, including former EDMAC trainees and the
CSC energy manager.

The production and energy (audit) analysis should take
about 3 man-months on-site, plus 1-2 months for report
preparation.

The feasibility studies should be undertaken by the for-
eign expert(s) in collaboration with the CSC energy man-
ager, other personnel from CSC (general manager, finan-
cial manager), and EDMAC.

The level of effort envisioned for the feasibility
studies is between 9 and 16 man-months.

Associated costs are about U.S. $50,000-$60,OOO for the
production and energy (audit) analysis and U.S.
$15O,OOO-$200,OOO for the feasibility studies.
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The government has requested that detailed information on the Ceylon
Ceramics Corporation not be published. Donors who are interested in
details of energy efficiency investment opportunities in this corporation
should contact it directly for information.
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Ceylon Plywood Corporation's (CPC's) Salawa factory faces financial
difficulties. The corporation has undertaken several successful efforts
to cut energy bills, including the full substitution of wood waste for
oil in boilers, the reduction of electric peak demandt, and correction of
the power factor. Additional fuel-uaving projects may be hard to justify
financially.

By late sumer of 1984, SIDA expects to conduct a detailed energy audit
of the facility and install new instrumentation. The audit findings and
an overall review of CPC's operations, comparative advantage, and
incentive framework must indicate to donor agencies that the factory's
future operation will be healthy before any energy efficiency project can
be undertaken. As work is already under way by SIDA, no terms of
reference are provided beyond possible project prefeasibility analysis.
The prefeasibility analyses conducted after plant visits show that about
Rs.10 million in energy costs can be saved for a total investment of
Rs.28 million (see Exhibit A).
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1. Background*

CPC operates several factories in Sri Lanka, including sawmills and
plywood, chipboard, and furniture factories. The factory at Salawa,
Avissawella, was visited. It began operating in 1969 and consists of
four units: sawmill, chipboard manufacture, plywood manufacture, and
furniture manufacture.

The plant was financed by contributions from Romania and
Czechoslovakia. Many machines are old and were made in countries from
which it is almost impossible to get spare parts, except for some
equipment manufactured in Italy.

Process description. The production flow at the four units is shown in
Exhibit 1.

Timber is sawn into planks and dried in a timber yard at the sawmill.
Some of the planks are sold and some are used in the furniture unit.
Waste from the sawmill is chipped and used as fuel in the steam boilers.

Timber is barked at the plywood factory and made into plywood sheets.
The sheets are dried in steam-heated dryers for approximately 10 minutes
at a temperature of approximately 150°C. The dryer heat is regulated
manually. When the drying process is finished, three small plywood
sheets are joined together using electric heat to make one large sheet.
Then, three large sheets are pressed together to produce the final
plywood product. Much of the plywood produced is used to make tea chest
"building kits." Some of the plywood is used in the furniture factory.

The interiors from the logs used in the plywood manufacturing process are
raw material for chipboard manufacture. Two 200-kW chippers cut the
interiors into chips, which are stored in silos and later dried in a
steam-heated dryer. The chips are mixed with a binder, pressed, and
conditioned for several days in the factory.

Among the items manufactured in the furniture unit are doors, chipboard
writing desks and veneered chipboard.

* Background information comes in part from 1983 SIDA report.
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Production. Production of plywood, chipboard, furniture, and sawmill
products was very erratic between 1980 and 1983 owing to market
conditions, in particular to variations in large construction projects
(see Exhibit 2). Salawa's 1983 production was less than half of plant
capacity, with total sales of Re. 101 million (see Exhibit 3).
Production costs are presented in Exhibit 4. Ftiergy costs account for
about 9 percent of total variable production cost.

markets. CPC's production is very dependent on local market
conditons. Large public contracts were very limited in 1983 and early
1984, causing production to plunge. In addition, competition with
imports has increased substantially in recent years.

Organization. Both the chief engineer, who also acts as the energy
manager, and the plant manager answer to the factory manager and his
deputy. Both share responsibilities for day-to-day factory operations
and supervise the senior engineer, the boiler house engineer, and the
electrical engineer.

ProJect evaluation criteria. The major criteria used by CPC are similar
to that used by other public corporations, i.e.,, ability to repay loans
(projected cash flow position).

xistinD IlanS for modernization. CPC has no firm plans for
modernization or expansion. However, Swedish and Finnish technical
assistance programs are currently under consideration.
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Ptgduatlon statistics - 1980

tllji.. fuaOr footor7y wuagatuto Lastwy SDmil1
am"b tu"no mte0L I(oumb -ntet") t(mtrrinv - as bad" feetL

January 127,690 483 2,306,361 7,899
Pebruwry 142,839 S03 4,175,691 8,030

march 186,520 636 5,066,844 11,951
Aptil 52,405 - 742,236 146

:ay 03,712 238 947,571 8,401
June 78,857 249 749,806 7,488

July 36,381 84 842,917 8,705
A"uust 183,034 606 5,063,821 9,803

Sept_mbr 227,011 633 5,765,662 13,570
October 187,027 606 4,987,46S 13,151

November 174,819 580 5,397,689 13,540
December 91,285 602 2,413,340 8,673

Total 1,601,S80 5,220 38,459,403 112477

SOURMC Ceylon Plywood Corporation.
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trouct.ion Statistlcs - 1981

u2m fa y, f - vmiz t a -} UsONl
ml Lawnz ad" usd c Ml"urmm Nadlftt

Januay 97,053 284 2.800,460 10,040
fetu.ry 9294 M55 1,031,655 0,720

Mbarh 95W7M 238 2.465*135 6,119
Apil 117072 3 280,055 -

Nay 70,564 l1S 417,900 1,585
June 40,188 15 210,n75 1,91

July 92,283 575 157,428 11,195
August 6,683 353 799,594 104

8eptember 171,716 561 1.519,329 4,491
Octeber 196,724 638 1,7N0,96 2,908

Uovember 244.559 637 1,264,349 4,799
December 225,164 636 449,165 505

total 1,367,099 4.453 13,146,743 52,447

SOMlE, Ceyloa Plywood Corporatioa.
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to6uotlon 8tatistics - 1962

1b1 Um~~E3I (mmq --119M astAm 28.1 teow,_ U 1 s

Jis r, MAN35,604 627 353965 2"0
Ftbruy 155,567 520 660,605 605
mNteb 220.323 647 1,765,142 243
AWIL 19,392 72 316,695
Ney 96,560 166 50,969 875

jaue 138,270 310 282,035 176
July 172,775 S6 2,341,125 150

Aust 190,112 192 2,293,130 21
Ieptnbet 201,907 656 1,656122 1X,267
Octebet 176,210 355 441,470 1.233
Uayabeg 261,900 6n 1,780,597 1,091
eosmbee 267,452 $02 67n,42 1,564

2.146,1*0 5,29 22.n336,Z 6,256

Ceylon p'yvood Cozpo:atlcs.
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P:oduation statijls -1903

a,msi bae -b
_ tu i) 4) Im _ -- } ,s gg v*?

J arwy 50,784 - 71,942 1.413

Wbeutay 176,73 - 1,730,229 1.766
umb M I290,451 5s1 2,02"294 13,363

Aprig 17"094 400 1,191,615 70523
NMy 197,095 1.647 2,294,436 390
Juae 21,046 - 1,771,472 10,386
July 108,015 29 307,215 6,718

Acqugt 115,194 1'2 1,187,812 2X801
Soptbeglr 24X,569 274 3,"7,616 2,909
X bet 233,595 34 1,915,901 1.726

November 264,043 527 3,922,740 2,195
December 229,761 321 3,65M,034 3,358

btal 2,275,212 2,700 24,93,54 o0,595

6SURCS Ceylon Plywood Cotpoatiom.
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lGbt 3

ko.tio (ustit aa Valua),
aava lactwoy, 1983

3tnsf ptodatlon *2 2,06953 -

cahut - full "to 828,850 39,359,143

e oats - aU sets 2694o00 12,460,63.

1.10t.4 pmn ' nsa. m21,10m 1o802,70

Plyboa 22 122,08 730,089

ch1b.wd (3/4 qt.) .3 2,615 14,658,853

ozs n. 40.334 19,246,490

lunitute and othet 13. - .5 7

g1 valu1,020

soUm3 Ceylo Plywood CotoatlO.
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Total PfOduation Cost
(Re.)

1980 42,157,716 31,728.358 10,038,832 7,199,319

1981 50,777,232 19,730,631 15,535,25S 6,103,8S6

1982 62,556,479 23,708,601 22187,958 --

1983 67,663,021 27,716,785 lS,912,219 7,219,599

SOURCS Ceylon Plywood Corporation.
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2. Rnergy Situation

Two old boilers are used for steam generation and can be fired on oil or
wood. The front portion of the boilers is oil-fired and the rear portion
is wood-fired. Each have a maximum capacity of 7 tonnes of steam/hour
for fuel oil and 7 tonnes of steam/hour for wood fuel, yielding an
individual maximum capacity of 14 tonnes of steam/hour.

Oil consumption has been reduced from 60,000 British imperial
gallons/month in 1970 to approximately 10,000 British imperial
gallons/month in 1983 (see Exhibit 5). The rAduction was achieved by
firing larger quantities of wood waste and by paying stokers a bonus when
oil consumption was low. Approximately 200 cubic meters of fuel
wood/month are purchased at Rs. 750/tonne, and approximately 1,600 cubic
meters/month of factory wood waste are consumed, for a total of 1,800
cubic meters/ month.

The two boilers are equipped with superheaters. As there is no need for
superheated steam in the factory, the temperature of the steam is reduced
using water. As a result, corrosion, leakage, pressure surges, and
tension cracks have developed in the superheater.

one of the boilers is fitted with an economizer and has a thermal
efficiency of 70 percent. The other briler, which has no economizer, has
an efficiency of about 60 percent. The boilers and burners are old, and
the measuring instruments fitted on the boilers were not working.

To better exploit wood wastes, a steam boiler (0.5 tonnes/hr) was
recently installed in the chipboard factory to generate high-pressure
steam (10 bar) for the presses. Thus, the old boilers no longer have to
generate high-pressure steam; as a result, they can operate almost
completely on wood wastes.

nectricitZ. Installed electricity capacity is 5,000 kVA, but maximum
demand is only 1,400 kVA and average demand is 900 kVA. The power factor
is 0.95. Major electrical equipment includes eight dust extraction fans
(40-75 kWh each), dryer fans (3 fans 8 14 dryers x 7.5 kU), chippers,
cutters, and air compressors.

Monthly electricity consumption is about 500,000 kWh (see Exhibit 6).

Energy menagement organization. See Section 1.
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Energy Consumption: Ceylon Plywood Corporation (cosgeaa)

1983 192

wurnace oil. Lectrlelty Furnace oll leatridcity
(lites) (liters) ()

3anuary 48,735 438,700 54,S62 S31,400

February 7,200 384,600 76,680 508,300

March 12,600 527,500 62,887.5 481,300

April 60,592.S 47S,000 47,340 267,801

May 37,350 368,833 52,380 364,900

June 4,410 450,333 112,207 384,800

July 78,322.5 441,800 150,975 78,400

August 46e327.5 287,333 47,092.5 88,700

September 24,165 602,200 104,329.2 37,210

October 4,072.5 3S7,934 56,000.9 552,500

November 30,757.5 510,334 70,074.9 443,300

December 171,203.4 425,667 34,685.6 377,800

SOURCB: Ceylon Plywood Corporation.
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Electricity Consumptioan
Salawa Plant

Unit. , l=

1983 January 438,700 59S1,560
February 384,600 541,483
March 527,500 747,030
April 475,000 680,700
May 442,400 654t100
June 675,S00 864,706
July 662,700 903,668
August 431,000 806,772
September 602,200 1,087,490
October 357,934 728,458
November 510,334 999,314
December 425,667 819,838

1984 January 352,600 702,553
February 354,200 674,954
March 559,534 973,229
April 336C467 630,674

Total 7,536,336 12,426,529

SO3RCE: Ceylon Plywood Corporation.
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Energy conservation activties. The major energy conservation activity
undertaken by the Salawa plant has been the reduction of oil
consumption. As a result of financial incentives given to boiler
operators (up to Rs.800/month) and low factory activity, oil consumption
dropped to almost zero in the spring of 1984.

Capacitors (900 kMAr) were installed in 1984 at a cost of Rs.450,000,
with a payback of less than 1 year. Other projects recently implemented
include a training scheme for dryer operators and an electric peak load
reduction (through better scheduling of water pumps).

A series of other projects is currently under consideration, including:
(1) the installation of a new wood-fired boiler for the cogeneration of
thermal energy and electricity; (2) the use of direct air heating in lieu
of steam heating; (3) the installation of individual fans for dust
extraction; and (4) the separation of compressed air circuits for
operation and cleaning.

3. Energy Conservation Potential and Possible Projects

As a result of the plant management's energy conservation activities, the
only purchase energy will soon be electricity.. Further reduction of
fuel use (mostly wood wastes) is technically feasible (through boiler
improvements, steam system rehabilitation, and dryer improvements), but
not financially justified, as wood wastet have a very low market value,
if any at all. Consequently, electricity reduction is considered a prime
objective at the factory.

SIDA experts will complete a detailed energy audit of the factory in
July/August and install some instrumentation. SIDA's recommendations for
energy conservation projects should be integrated with those mentioned
below.
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Following the plant visit and discussions with factory
management and headquarters staff in Colombo, five proj-
ects were retained for further consideration:

1. Dust extraction and system improvements

2. Replacement of steam heat exchangers with air
heaters

3. Steam system rehabilitation

4. Blectric load management

S. Electricity generation from wood waste gasi-
fier.

Each project is presented in more detail below.

3.1 Dust Eztraction and System ImproV _mnts

Descriotion. There is a large installed fan capacity
Mor the purpose of dust extraction in all three sec-
tions of the factory (i.e., the plywood unit, chipboard
unit, and furniture unit). The largest capacity --
about 250 kW -- is in the furniture unit. Of this ca-
pacity, about 200 kW are in use for 8 hours each day,
and 55 kW are in use for a total of 16 hours each day.

The fans operate at full capacity, even when only one
or two production machines are in use. Such operation
results in a considerable waste of electricity, as the
required air flow for dust extraction from one or two
machines is much less than the total capacity of the
fans.

It is recommended that variable speed operation of the
dust extraction fans -- by gearboxes or mechanical de-
vices -- be investigated. A thyristor type control sys-
tem is preferable, because solid-state equipment would
be more robust and durable. Also, overall efficiency
would be higher than with a mechanical device.

With such a control system, fans would be operated at
lower speeds whenever only a few production machines
were in use. While continuous speed modulation may be
impossible even with a solid-state system, a sufficient
number of discrete speeds can be provided to permit
much better matching of fan speed and machine opera-
tion. An integral part of this conservation measure
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would be the fitting of dampers or valves to each
machine inlet to stop the fans when the machines are
not in operation.

Costs. A thyristor control on fans with an aggregate
power of 255 kh would cost an estimated Rs.1.35 million
(90 percent foreign).

Savings. Savings in electricity consumption are con-
servatively estimated at about 20 percent:

o Electricity savings - 180,000 kWh per year
* Cost savings - Rs.363,000 per year.

Payback. The simple payback is 3.7 years.

I mlementation. Technical study and specifications
would take 3 months, and procurement, installation, and
commissioning would take 1 year.

3.2 Replacement of Steam Beat
Exchangors With Alr seaters

3scrialon. The three plywood veneer dryers in the
plywood unit use hot air heated in steam heat exchang-
ers. The steam heat exchangers consume about 70-75 per-
cent of the total steam generated in the main boiler.
The wood fuel is prepared by peeling machines mounted
behind the dryers. The machines produce about 750-800
cubic meters/month of waste veneer pieces, which meets
the heating requirements of one dryer.

The air for the dryers should be heated by means of the
wood fuel, without the intermediary step of using
steam. An air heater could be installed between one of
the dryers and the peeling machines.

Becatase low thermal inertia could lead to overheating
oi. th.e air, it is worth considering the use of a chip-
pInS plant, silo, and an automatic chip feeder leading
into the air heater furnace. The risk of overheating
could be minimized by maintaining a positive pressure
on the clean air side of the air heater. The tempera-
ture could be effectively controlled by an automatic
damper that spills hot air to the atmosphere.

Costs. This system could be wholly fabricated locally,
using designs that are employed in the plantation sec-
tor.
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The cost is estimated to be Rs.800,000.

8avlaes. Savings of electricity would be greater than
those of fuel. The savings of electricitv achieved by
eliminating transport of veneer to the chipping unit in
another building is estimated at 120 kW.

However, additional power of about 50 kW has to be pro-
vided to drive a small chipping plant and the FD fan
for tle dryer:

* Net electricity savings a 70 kW per hour
5S500noo kWh/year

* Cost savings a Rs.l.l million per year.

payback. The simple payback is 0.7 vears.

Implementation. A feasibility study should be carried
out by a consultant with participation of factory engi-
neering staff. The feasibility study would require 4
months, and the fabrication, arocurement, installation,
and commissioning would require 8 Pcntns.

3.3 Steam System Rehabilitation

Description. The steam distribution and condensate re-
covery systems were seen to be in a poor state, owing
to such problems as lack of insulation and steam leaks.
A complete rehabilitation is recommended, with special
attention paid to matching machine heating loads with
steam supply. In this way, better process control
could be achieved, which would result in significant
cost savings.

Cost. The cost of rehabilitation is estimated at about
Rs.500,000 (half local, half foreign).

Savins. Improvements in production processes would
save an estimated 4 percent of fuel cost: annual cost
savings * Rs.600,000 (purchased wood waste at Rs.750/
tonne).

Payback. The simple payback would be 10 months.

m-lementation. This measure could easilv be carried
out by factory personnel themselves. The technical
study would take 2 months, and orocurement and instal-
lation would take 6 months.
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3.4 Ulectrical Load Management

Descrigtion. Because thermal energy is generated al-
most wholly from waste wood, electricity represents the
major expense for externally supplied energy. Thus,
plant management should study the use of load manage-
ment by staggered starting of machines and factory sec-
tion, and by automatically or manually switching off
non-essential machinery at peak load periods. Organiza-
tional and managerial changes to reduce idle running of
machinery could also be Introduced.

Costs. Costs would be associated only with operation
and maintenance changes and are estimated at Rs.250,000
(all local).

Savings. Based on experience gained in similar situa-
-tro-nd,- the minimum savings in peak demand that could be
achieved by introducing these measures are estimated at
10 percent per year: annual cost savings u Rs.1 mil-
lion.

Payback. The simple payback would be 3 months.

i3mlementation. This measure can be implemented by fac-
tory management and engineering staff alone. The tech-
nical study would take 3 months, and implementation
would take 1 year for the complete scbtse.

3.5 Zlectricity Generation from Wood Waste Gasifier

Because purchased eleotricity costs Rs.ll million an-
nually, several options can be studied to produce power
on-site. Based on the load curve profile, the optimum
size for the system is between 500 and 1,000 kW. In
this range, biomass gasifiers are more economical than
steam cycles, as they require lower capital costs and
achieve slightly higher efficiencies (20 percent versus
15-17 percent).

A suggested system for power generation is of a wood-
waste gasifier with gas cleaning and cooling, low-Btu
gas-fired reciprocating engine with electrical genera-
tor, and feedstock dryer fired by engine exhaust gases
and some of the raw gas. Several systems of this kind
and size are available from the United States, Germany,
Belgium, and France. Typical project characteristics
are given below.
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Cost (for 600 kwe net)I

* Investment: Rs.25 million, installed (90 per-
cent foreign)

* Annual O0M costs: Rs.2 million (8 percent for-
eign)

* Fuel costt 0*-Rs.3.4 million, based on 1
tonne/hour at 35 percent moisture, before dry-
ing, at Rs.600/tonne, 6,500 hours/year.

Savins. The syetem would save Rs.2/kWh, resulting in
annual savings of Rs.13 million, including any excess
sold to CEB or other customers (internal needs only are
about Rs.ll million/year).

Payback. Based on Rs.7-11 million net savings/year,
the simple payback would be 2.3-3.6 years.

Isolementation. One month for installation and start-
up. No production disruption.

Comments. Other configurations may be analyzed, includ-
ing a heat gasifier that produces only hot air for dry-
ers (through a heat exchanger) in lieu of steam and
hybrid electric-hot air systems.

All feasibility studies would require a total of about
12 man-monthsl costs, depending on the involvement of
the UNIDO expert, other foreign consultants, atad local
consultants, would range between U.S. $55,000 and
$75,000.

*If additional wastes are available at no cost.
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The Zmbilipitlya paper mill, which produces paper prod-
ucts of various qualities from rice straw, is a good
candidate for an overall energy conservation program.
Before proceeding with such a program, however, an
audit of the mill is recommended to explain, in particu-
lar, the high specifLc thermal and electric energy con-
sumption, which cannot be attributed solely to the use
of rice straw. After the audit, several projects are
likely to be strong candidates for energy conservation,
including improvements in the boiler room and waste
heat recovery from tO- paper machines. An estimated
Rs.9.5 million (15 percent of the total bill) can proba-
bly be saved with an initial investment of Rs.6.8 mil-
lion (see Uxhibit A).

Other measures, such as the use of wood Lnstead of rice
straw as raw material and the installation of a new mul-
tifuel boiler with steam turbine, could increase poten-
tial savings to Rs.3S alIlion annually, or 55 percent
of the current fuel bill. The required investment
would be more than Rs.120 million, very high by Nation-
al Paper Corporation standards. Many issues remain to
be addressed before such large projects are considered,
and detailed feasibility studies are recomended.



Exhibit A:

NATIONAL PAPER COTION: SUIJYARY OF POSSIBLE ENERGY CONSERVATION PROJECTS
(Total 1983 energy bill: Rs. 63.6 mIllion)

Average Annual Flnancial
Oost (Rs. 000) Benef it (Rs. 000) Simple Paybec. (years)

Project Total Foreign* Local Total Foreign 1/ Local Financial 2/ Economic 3/

Energy audit Instrumentation 700 620 80 1,900 1,500 400 0.4 O.S

Boller Improvement 1,000 800 200 1,400 1,260 140 0.7 0.9

Black liquor recovery system N/A N/A i/A N/A

Waste heat recovery from paper
dryer 5,000 4,000 1,000 5 ,250 4,725 525 0.9 1.1

Reduction of pulping energy corequirements 120 20 100 1,000 900 100 0.1 0.1 U

Reduction of drying requirements 0 0 0 1,000 900 100 Immediate Immdiate

New multi-fuel boiler/
cogeneration 85.000 68,uO0 17.000 18,000 16.200 1.800 4.7 3.6Total 91,820 73,440 18,38 28,550 25,485 3,065 3.2 2.9

Mid-1984 exchange rate: 1 U.S. dollar - Rs. 25. N/A: Not applicable
*Foreign costs include engineering and design costs (roughly 10 to 15% of total project foreign costs).

1/ EOMAC estimates that the foreign content of electricity Is 70% of market price and that the foreign content of oil
Is 90% of market price.

2/ Total cost/average annual financial benefits.
3/ Estimates taken as project foreign CIF cost and half project local cost (to reflect duties, which average 7.5%of

CIF value for this type of equipment, unused labor force, etc)/economic value of annual benefits. The economic
value of annual benefits has been estimated using EOMAC guIdeolnes; I.e.:
o Opportunity cost of electricity a 1.75 market price to reflect longterm development marginal cost of Rs. 3.5

(US$0.14)AWh vs. Rs. 2.0 (US$0.08)/kWh for market price.
o Opportunity cost of fuel oil = 75% of market price, or USS144/tonne to reflect current and future re-export of

excess refinery supply of fuel oil. !
Source: Hagler, Bailly & Company.
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1. Background

Sri Lanka's state-owned National Paper Corporation
(NPC) has three mills.

The original pulp and paper mill was established in
1956 at Valaichchenai in the eastern province of Sri
Lanka. Its capacity was originally 10,500 metric
tonnes/year, and its products were mainly printing and
writing paper of 50 gsm to 180 gsm in weight.

A second mill wat commissioned on the same location in
1973, increasing the overall capacity to 20,500 tonnes/
year. The main products are paper and paperboard in
weights from 50 gsm to 650 gsm. Rice straw, wood pulp,
and waste paper pulp are used for paper making in the
mills.

Since the Valaichchenia output was insufficient to sat-
isfy the domestic market, the government decided to
erect a third mill at Embilipitiya in the southern part
of the country (about 175 km south of Colombo). The
new mill has an output of 1S,000 tonnes/year.

All major raw materials except paddy straw have to be
transported from Colombo and other parts of the island.

Process description. The paper mill at Embilipitiya
comprises two plants, a pulp mill and a paper mill.

The pulp mill has a capacity of 38.8 tonnes of bleached
pulp/day, with approximate energy consumption of 22,000
kWh per day. The-pulp is cooked in a series of five
batch digesters with a capacity of S.S tonnes per day
of paddy straw. The cooking liquor is a solution of
caustic soda (NaOH) with a strength of 120 grams/liter.
Cooking time is approximately 2.5 hours under a con-
stant pressure of 7.5 bar and a temperature of 1700C.
The standard temperature and pressure are achieved and
maintained by steam supplied at a rate of 5 tonnes/
cook. The cooked pulp is blown from the digester into
a tank with a capacity of 110 cubic meters at a pres-
sure of 4 bar. The steam in the digester is condensed,
and the hot condensate is used to heat fresh water up
to 650C by means of a heat exchanger. The cooked pulp
is then washed in three stages, screened in three
stages, thickened, and stored. Bleaching is carried
out in three stages: chlorination, extraction, and
hypo chlorination. The average consumption of steam
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and power/tonne of bleach pulp is 5-6 tonnes of steam
and 650 kWh/tonne.

The paper machine has a finished paper capacity of 65
tonnes/day, with energy consumption of approximately
1,050 kWh/tonne. The pulp is treated in two groups of
dryers that use an average of 3 tonnes of steam/tonne
of finished paper.

The stock for the process is prepared by using bleached
paddy straw pulp produced at the pulp mill and imported
beach pulp, whose proportions depend on the quality of
final products.

Imported pulp makes up more the-n 30 percent of the pulp
used in most grades of paper produced at the mills.

Production (1980-1983)

Machine rinished
production production

Year (tonne) (tonne)

1980 9,706 8,765.3
1981 8,651 8,110.0
1982 8,662 8,069.1
1983 9,736 8,844.0

production cost. Depending on the quality of paper pro-
duced and the production conditions, manufacturing
costs vary between Rs.l7,000 and Rs.28,000, compared
with expactory sale prices of RS.27,000 to Rs.38,000.
Depreciation and overheads account for about Rs.10,000/
tonne. Profits per tonne vary from Rs.2,000 to
Rs.10,000/tonne. For example, in April 1984, the total
"machined cost' (direct cost) per tonne of preliminary
paper was Rs.18,163 (U.S. $726/tonne), of which straw
pulp accounted for 37.5 percent, imported pulp 26.6 per-
cent, chemical additives 7.2 percent, and steam and pow-
er 21.5 percent (see Exhibit 1).

Straw pulp is produced at a cost of Rs.7,500 to
Rs.8,500/tonne, depending on the operating conditions.
Straw, which is purchased at Rs.250/tonne, accounts for
27.5 percent of total direct pulp cost, caustic soda
accounts for 40.6 percent, and energy (steam and power)
for 20.1 percent (see Exhibit 2).
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Exhibit 1
NATIONAL PAPER CORPO ATION - EMBILIPITIYA

COST STATEMENT PAGE NO: 9
STATE4ENT NO: 8

PAPER MAKING APRIL 1984

S T A T I S T I C S THIS MONTH YEAR TO DATE
Budget Actual Budget Actual

Operating (Days/Nrs) 21/504 25/315.2 93ra532 30/641.32
Output per Day/hour (Tonne) 40.6/1.69 30.8/2.44 41.6/1.69 30.5/2.38
Production for Month (Tonne) 854 769.96 3778 11524.99
Total Cost (Rs.) 16000979.50 13817190.77 70786534.78 27581929.58
Cost Per Tonne (Rs.) 18 36.51 17945.34 18736.51 16086.63

ITE M S T H I S MO N T H YEAR TO DATE
C O S T PER TOWNE T O T A L

UNIT Ol. VALUE QTY*. VALUE OTY. Rs. CTS.
Straw pulp 61. Tonne 449.49 5246729.91 0.58 6814.29 867.70 9794079.36
Broke Tonne 38.5 154000.00 0.05 200.01 8 .9 327600.00
U.B.K. Pulp. Bl. Tonne 42.5 690008.00
Imported Pulp Tonne 281.97 3721197.90 0.37 4832.96 532.89 7276933.58
(Short Flbr & L. Fib.)
FURNISH 9121927.81 100.0 11847.28 18097621.73
Alum Kgs. 96000 454080.00 124.68 589.75 182400 862752.00
Clay Kgs. 27000 52110.00 35.07 67.68 48940 94454.20
Rosin Kgs. 26100 469800.00 33.9 610.16 58275 1048950.00
Statch itgs. 1500 27420.00 1.95 35.61 1910 34914.80
Yies Kgs. 28.85 5915.28 0.04 7.68 5915.28
DI 0 D I T I V E S Kgs. 1009325.28 1310.88 2046986,28

Machine clothing 333731.28 433.44 648362.56
Other Mat. 7855.88 10.20 13999.00
Water 000' Lltrell5494.6 169722.28 150.0 220.45 228749.6 358053.83
Steam 000' Kgs. 3620.6 1521019.8 4.7 1975.45 7166.4 299 1930.87
Power 000' Kwts. 842.78 1487551.60 1.09 1931.99 1767.87 3116145.12
Direct Labour 87949.96 114.23 165243.93
Indirect Labour 18962.67 24.65 37515.29
Repairs & Maint. 59124.63 76.79 106070.67

CONVERSION 3685937.68 4787.10 7437321.57
T 0 T A L : 13817190.77 17945.34 27581929.58
DISTRIBU!ION FURNISHi CONVERSION TOTAL MAC INLD COST
(GRADE) T OMNL. ADDITIVES COST PNL TONNE
Printinas 355.02 4748718.71 1699549.91 6448263.62 18163.10
Duplicatings 53.33 709377.32 255300.35 964677.67 18088.04
Bank and Bonds 63.97 852695.95 306235.95 1158931.90 18116.80
Typewrlting 277.09 3551037.52 1326479.91 4877517.43 17602.65
Manifold 20.55 269423.59 98376.56 '3-76O0.15 17897.82
T 0 T A L 769.96 10181253.09 3685937.6 13817190.77 17945.34

SOURCE: Natlonal Paper Corporation
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Overall, energy costs represent 30 percent of paper pro-
duction costs.

Harkets. All paper is used in the domestic market.

Employment. The mill currently employs about 1,000
people. The organization is depicted in Exhibit 3 and
4.

Financial situation. Embilipitiya turnover was Rs.205
million in 1982 and Rs.249 million in 1983. Recorded
losses in 1982 were Rs.32 million, but in 1983, the
mill had a Rs.4.4 million before-tax profit.

Project evaluation. Like most state corporations
placed under the Ministry of Industry, NPC considers
the impact of any project on its after-tax and before-
tax cash flow to be the key criterion in project selec-
tion, as required by the Ministry.

Existing plans for modernlzation/expansion and major
problems facing the facility. The major molernization
project -- the substitution of wood pulping for straw
pulping -- is being considered for a feasibility study.
Switching to wood would eliminate the major mill prob-
lem -- the manfunctioning of the chemical recovery sys-
tem (CRS). The CRS malfunctions because the silica in
the rice straw plugs the black liquor incinerator.
Thus, most of the polluting effluents (black liquor)
are discharged, creating a growing environmental prob-
lem.

In addition, more steam has to be generated from the
oil-fired process boilers than expected, because the
CRS waste heat recovery boiler seldom produces more
than 4 tonnes of steam per hour, although its design
capacity is 9 tonnes.

2. Energy Situation

The plant uses large amounts of oil and electricity.
The oil used is mainly furnace oil, which is burned in
two boilers that generate 18 tonnes of steam/hour. One
boiler is run continuously.

The total electricity requirement for the Embilipitiya
mill is about 4,600 kVA. The NPC buys its electricity
from the Ceylon Electricity Board.
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MILLS ORGANIZATION

NILLS NANAR
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ASST. MILLS NANA6ER ASST. NIL_S MANAGER ASST. HILLS NAMAGER ASST. MILLS MANAGER ASST. NILLS NMNAGER CHIEF CHENIST

(PRoDUCTiON) (ADMINISTARiu'l) (TECHNIAL) (SUPPLIES & TRANSPT) (FINANCE)
LABORATR

SENIOR TECHN4LOIST ASST. PERSONNEL CHIEF ENGINEER FARN ACCOUNTS

(PULP MILL) MANAGER

SENIOR TECHNOLOIST MILLS SECURITY MILLS ENGINEER PROCUREMENT WA£EISE
(PAPER WAOHINE) OFFICER (ELECTRICAL)

SENIOR TECHNOLOGIST WELFARE OFFICER MILLS ENGINEER SUPPLIES MAIN STORES
(FINISHING) (IECHANICAL)

HILLS ENGINEER TRANSPORT
(PLANNING)

SOURCE: National Paper Corporation
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EPLoY)ENT - (ENGINEERING)

ASST. MILLS MANAGER (TECHNICAL)ICHIEF ENGINEER

MILLS ENGINEER (NECHANICAL) MILLS ENGINEER (ELECTRICAL) MILLS ENGINEER (PLRNNING)

I I --IL _I
ASST. MILLS ASST. MILLS ASST. MILLS ASST. MILLS ENGINEER ASST. MILLS ENGINEER
ENGINEER ENGINEER ENGINEER (MECHANICAL) (CIVIL)
(FABRICATION B (PULP & (WORKSHOP £ _

MODIFICATION) C.R.S.) GARAGE) _ I I

ASST. MILLS ASST. MILLS ASST. MILLS ASST. MILLS ASST. MILLS ENGINEER
ENGINEER ENGINEER ENGINEER ENGINEER (PLAiNING NEW

SUPDT. SUPDT. SUPDT. SUPDT. (ELECTRICAL (BOILER & (WORKSHOP) (INSTRIMENT) INSTALLATION &
(GARAGE) (NOIKSHOP) MAINTENANCE) FILTER PLANT) I ElER6t SAVING)

I I I I I
SUPERINTENDENT SUPDT. SUPDT. SUPDT. SUPDT.

ASST. MILLS MANAGER/ CHIEF ENGINEER - 01
MILLS ENGINEER - 02

ASST. MILLS ENGINEER - 01
ASST. ENGINEER - 09
SUPERINTENDENT - 04
PLANT E"ERINTENDENT - 02 14

0S
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The incoming voltage of 33 kV is transformed to 11 kV,
3.3 kV, 440 V, and 380 V.

Seven AC motors in the paper machine work on 3.3 kV.
All the other L.T. motors and the thyristor-controlled
system work on 440 V, while 380 V is used for the mill
lighting systems.

The power factor is maintained at 0.9 by using thzae
sets (each 800 kVMr) of automatic capacitor banks con-
nected only to 440 V supply.

Power consumption of mills. The power consumption of
the mills is as tollows:

* Paper-making plant * 40,000 kWh/day
* Pulping plant - 20,000 kWh/day
* Steam generation X 1,500 kWh/day
_ Water purification a 9,000 kWh/day
* CRS u 7,000 kWh/day
* Housing colony = 800 kWh/day.

Steam requirements. Steam is required to generate
saturated steam for the mechanical equipment in the
pulp and paper mills:

# 3.5 tonnes/hr at 12 atmospheres
* 11.0 tonnes/hr at 3.5 atmospheres.

Boiler plant. There are two autxmatic fire tube boil-
ers for the generation of saturated steam in the Embi-
lipitiya mills. Bach boiler has a capacity of 18
tonnes/hour, 11 atmg operating pressure. ?aximum,de-
mand is 23 tonnes/hour and average demand is 17 tonnes/
hour.

Technical data for each boiler unit

* Heating surfaces 350 m2

e Maximuy permissible operating pressure: 14
kgf/cm

* Maximum continuous rating: 18,000 kg/h

* Feedwater temperature: 1020C

* Beat of generation: 566.2 kcal/kg
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* Water capacity up to low watex level: 29.75 m3

* Fuel: heavy oil.

The boiler structure consists of the cylindrical boiler
shell, the front and rear shell ends, the built-in fire
tube with an internal water-cooled flue-gas reversing
chamber, and the seamless flue tubes of the second and
third boiler passes. The structure is electrically
welded throughout. The boilers are designed as pack-
aged units, complete with feeding and oil-firing sys-
tems.

Oil-firing equipment comprises two rotary-cup burners
of the pressurized type with integral atomizing blower
and built-on three-phase motor of 7.5 HP, 440 V. Sri
Lankan furnace oil 1500 is used (net calorific value is
10,000 kcal/kg). The average consumption of furnace
oil per tonne of steam is 65-75 liters.

Steam distribution. The saturated steam generated in
the boilers flows through the main steam pipes to the
ipdividual steam distributors. The main steam pipe and
the connection to the steam distributor have been de-
signed for the operation of both boilers. The output.
pressure of ateam is 11 bar. There are two steam head-
ers. One header supplies low-pressure steam to the
pulp mill, the chemical recovery section, and the chemi-
cal preparation plant. The other steam header supplies
high-pressure steam to the digester house, the feed-
water tank, and the oil preheater. The steam line com-
ing from the waste heat boiler in the chemical recovery
section is also connected to this header. In addition,
low-pressure 3.6 bar steam is supplied to the paper ma-
chine through this header using a throttle valve.

Steam distribution per hour

* Pulp mill: 5.5 tonnes

* Paper machine: 8 tonnes

* CRS: 2.3 tonnes

* Feedwater preparation: 2 tonnes

* Oil per heating: 2 tonnes

* Total steam production (both boilers): 18
tonnes.
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Consumption bY process

* Pulping plants between S and 7 tonnes of steam
per tonne of pulp

* Paper-making plant: between 3 tonnes and S
tonnes per tonne of paper

* Other purposes: 2 tonnes of steam/hour

- Pollution control -- to CRS: 3 tonnes/hour$
from CRS 6 tonnes/hour.

Fuel and electricity use and prices (1980-1983)

Fuel Blectricity

Quantity value Quantity Value
Year (liters) (Re.) (liters) (Is.)

1980 6,115,130 20,971,200 20,255,837 12,922,639
1981 5,927,160 25,427,526 18,514,750 22,935,968
1982 6,396,966 27,442,984 17,319,200 31,000,000
1983 6,660,667 30,058,230 20,059,750 33,231,635

Supply Characteristics

Furnace oil. Furnace oil is supplied by the Petroleum
Corporation and must be transported from the main city
of Colombo more than 175 km from the factory. As there
is no railroad line, oil is transported in tank trucks.
The present cost of transport per 100 liters of oil is
about Rs.16.

Specific Energy Consumption

Paper machine consumption only. Fuel consumption per
tonne of paper is 300 liters, and electricity consump-
tion per tonne of paper is I,0S0 kWh. Overall specific
energy consumption is 600 liters of furnace oil, and
2,000 kWh per tonne of paper (see Exhibit 5).

Energy anagement organization. At present, there is
one assistant mill engineer in charge of planning, new
installation, and energy savings, and he is assisted by
one superintendent.
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Produation and Specific Energy
Consumption: Imbillpitiya, 1983

Paper prodaaotiaa 1.i oil loe
Nuath h(millon _}tonus) (literasIton ) MWmOO)

January 917.80 741 2,084
February 884.63 722 2,105

March 670.19 797 2,151
April 284.127 74S 2,770
Nay 288.22 916 2,541
June 1,019.23 722 1,966
July 1,5O3.12 713 2,023
August 1,008.28 697 2,848

September 1,063.98 700 2,074
October 1,358.73 698 1,904
Novembwe 618.16 607 1,972
Eeomt ,r 512.83 488 2,197

SnUnis National Paper Corporation.
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The following steps have been tah-n to conserve energy:
(1) Boiler working pressure reduced from 14 bar to 12
bar, (2) furnace oil grade 1000 changed over to 1500,
(3) digester installation work under way.

Existing plans. The annual electricity bill is about
Rs.35 million, and a study is underway to examine the
feasibility of generating power on-site to cut electric-
ity costs (see Exhibit 6).

3. Energy Conservation Potential
and Possible Projects

Although the plant seems to be in very good condition
(fairly recent, well maintained, proven German equip-
ment except for the CRS, and clean), specific energy
consumption is highl at 600 liters of furnace oil and
2,000 kWh/tonne of paper produced, total primary energy
consumption is about 1.12 tonnes of oil equivalent
(toe)/tonne. Standard international performances are
about half that level. The two major reasons for the
high consumption at Embilipitiya are:

i The use of rice atraw instead of wood, which re-
sults in a higher pulping energy requirement

* The non-recovery of the calorific value of the
black liquor because of CUS malfunctioning.

These two reasons explain most of the overconsumption,
the balance resulting from minor energy inefficiencies
such as too much excess air and excessive pulping pres-
sures and temperatures.

Based on the plant visit and discussions with manage-
ment conducted on May 30th and June 6th, 1984, an ener-
gy audit oe the mill is highly recommended to identify
and evaluate possible energy conservation projects.

Energy audit. The audit should be conducted by a team
of four people, including:

* A Sri Lankan specialist in thermal energy audit-
ing (e.g., from EDMAC, NERDT, CTC Services)

* A Sri Lankan specialist in electricity auditing
(from EDMAC or CEB)
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Blec-trzity Charges

Unt gate Sucharg
OL 4E cI L. z. dmd gat

1980 January-September .24 - 17
October .60 23 20
November .60 50 20

1961 February .60 110 20
April .60 195 20
may .60 160 20
June .60 85 20
AUgust .60 15 20
October .60 65 20
wovemb.r .60 35 20
Decewber .60 130 20

1982 February .60 210 20
March .60 241 20
Aptil .60 283 20
May .60 186 20
June .52 110 90
Noveuber .52 110 90

1983 January-July .52 110 90
June-December .52 185 90

1980 Ri.4.29/liter
1981 Ru.4.29/liter
1982 RB.4.29/liter
1983 (August) Rs.4.54/liter

S0URCB: NNatioal Paper Corporation.
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* A foreign specialist familiar wi$h the German
process used at Embilipitiya (VOITH)

* Embilipitiya energy manager.

The audit is likely to require 2 weeks of on-site work
(four people) plus 3 weeks for report preparation (two
people) for a total of 14 man-weeks.

Audit cost. Local audit costs would be Rs.50,000, and
foreign costs would be U.S. $20,000.

Instrumentation. Prior to the audit, and above and be-
yond the portable instrumentation needed, some fixed in-
strumentation should be purchased and installed, includ-
ing:

* 1 steam flow meter for the cooker
* Several thermometers.

Steam flow meters in the boiler room and in the paper-
making section should be recalibrated prior to the
audit.

Cost. About Rs.150,000, of which 80 percent would be
foreign cost.

Savings. The savings are difficult to estimate. Ex-
perience has shown that about 3 percent of total plant
energy has been saved in similar facilities following
installation of proper instrumentation. Benefits would
then be on the order of Rs.l.9 million.

Payback. On the above basis, payback would be 4
months.

Projects. On the basis of discussions held with man-
agement, several possible feasibility studies have been
selected and are likely to be confirmed by the audit.
These projects are:

* Boiler efficiency improvement

* Black liquor recovery system rehabilitation

* Waste heat recovery from the paper machine

* Reduction of pulping energy requirements
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* Reduction of drying requirements

* Wood pulping

* Installation of new multifuel boiler with cogen-
eration.

3.1 Boiler Improvement

Calibration of Burner

Description. At present, the boilers do not have prop-
er steam flow meters installed. To carry out energy
conservation on a continuous basis, both steam and oil
flow must be accurately determined. Nence, flowmeters
for these purposes should be installed and calibrated
several times a year.

The air and oil flow controls for the oil burners are
linked together by means of mechanical connections. It
would appear that oil and air flows have not been prop-
erly adjusted against each other for a long period.
Factory staff should be trained in the proper adjust-
ment of oil and air flow controls by a specialist from
the burner manufacturer. The proper control of air
flow in relation to oil flow at all loads is very impor-
tant in minimizing boiler fuel consumption.

Economizer/air preheater. Economizers and air preheat-
ers can be fitted to the boilers to reduce fuel costs.
Estimates of costs and benefits are given below.

Cost. Rs.l million (80 percent foreign), for the two
boilers.

Possible fuel saVings.* Rs.l.4 million/year.

*Assumptionss Flue gas temperature a 2200C. Economiz-
er/air preheater outlet temperatu e = 170°C. Flue gas
flow at inlet tg boiler a 9,400 mJ/hour u 2.6 m /second
per fan . 5.2 m /second. Gas floss in the stack a 5.2
x (273 + 220)/(273 + 35) - 8.32 mi/second. Energy
available - 8.32 x 1.2 x (273 + 35)/(273 + 220) x (220
- 170) x 1.01 - 315 kW, corresponding to annual fuel
savings of 300 tonnes of fuel at Rs.4.66 per liter or
Rs.1,400,000.
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Payback. 0.7 years.

3.2 Black Liquor Recovery system

Rehabilitation. The chemical recovery system (CRS) is
the major area of inefficiency at the mill, as it has
never operated properly on a continuous basis. The via-
ble operation of the system goes beyond energy efficien-
cy, as the major role of the CRS is pollution control;
it is not intended for energy recovery per se for chemi-
cal recovery, because the plant is too small to regener-
ate chemicals at a competitive price. The German con-
tractors and consultants have tried repeatedly to make
the system work, but the high silica content of the
rice straw poses an as yet unsolved slagging problems
in the kiln. Alternative solutions for black liquor
disposal could include the use of an atmospheric fluid-
ized combustor and conversion to biogas. Because an at-
mospheric fluidized bed boiler would cost about Rs.50
million, it is unlikely to be financially justified.
Adoption of the biogas solution would not only render
the existing CRS useless (the initial capital invest-
ment was about U.S. $7 million in 1978) but would re-
quire several million additional Rs. However, environ-
mental considerations rather than energy conservation
alone (although the biogas could be used as a boiler
fuel and meet perhaps 20 percent of total fuel require-
ments), may justify the project.

3.3 Waste Beat Recovery From Paper Dryer

The warm, moist air that is exhausted from the paper
machine hood at 570C is close to saturation and con-
tains about 25 percent of the energy of the steam in-
put, the balance being the heat of the steam conden-
sate, the sensible heat of the paper sheet and the vari-
ous convection and conduction losses. Based on waste
heat recovery projects undertaken in similar plants, up
to 40 percent of this energy, representing lO,80 tonnes
of oil annually, could be saved.

The waste heat recovery system would consist of a two-
stage heat exchanger. The first stage, which could be
a heat wheel (preferably hygroscopic) or a flat plate
heat exchanger, would be used to preheat dryer make-up
air; the second stage, which would operate at lower tem-
perature, could be used to prepare warm water or pre-
heat boiler make-up water. A conservative estimate of
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savings would be 546 tonnes of oil annually t20 percent
of steam input to the paper machine).

Cost. Rs.5 million, of which 80 percent is foreign.

Savings. Rs.5.25 million.*

Payback. 11 months.

Implsentation. Implementation would require about 2
months. There would be no need to stop operationst a
system bypassing conventional stacks could be in-
stalled.

3.4 Reduction of Pulping Rnergy Requirements

Mill staff is currently trying to reduce steam pressure
and temperature (1700C) at the rice straw cooker to re-
duce energy consumption. To determine the optimal oper-
ating conditions, a series of laboratory tests should
be conducted prior to reducing temperature and pressure
too far under actual operating conditions, as one batch
is worth a great deal in terms of production equiva-
lent.

Cost. Such tests could be conducted at CISIR at a cost
of not more than Rs.20#000 for labor, plus the cost of
building the laboratory-scale cooker, estimated at
about Rs.100,000 with instrumentation, provided steam

*Waste heat recovery from exhaust gases. Assumption:
Humidity of air entering dryer is 80 percent, humidity
of air leaving is 90 percent. From psychrometric
chart, pickup of moisture a 0.4 - 0.029 kg/kg dry air -
0.4 kg/kg dry air. Total flow from fan a 38 m/second.
Energy flow in the dry air alone a 38 x 1.2 x 1.01 x
((57 + 51)/2) - 34) u 921.12 kW. Energy flow in latent
heat of water a 2,115 kW(l). From furnace oil, consid-
ering overall efficiency is 65 percent a 287 kg/hour of
fuel oil. Fuel consumption per hour in the boiler at
15 tonnes/hour steam generated a 1,373.6 kg/hour(2).
Ratio of (1) to (2) is 21 percent. Estimated turna-
round heat from exhaust gas a 21 percent/2 a 10.5 per-
cent of total heat in boiler. Fuel savings a (1,373.6
x 0.105 x 24 x 300/1,000) a 1,080 tonnes of fuel/year.
In value a Rs.5.24 million per year (on the basis of 24
hours/day x 300 days of operation per year).
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is available. (All costs are local, except the cooker
materials).

Savings. Assessing that 10 percent could be saved in
that stage, annual fuel cost savings would reach up to
Rs.l million based on a current consumption of 3.5
tonnes of steam/hour.

Payback. One and one-helf months.

3.5 Reduction of Drying Requirscauts

The audit should determine whether the paper is over-
dried, as an increase in the moisture content of 1 per-
cent could result in savings of 0.3 tonnes of steam/
tonne of paper or about Rs.l million/year, at no cost.
As there is no instrument available to measure moisture
content in paper, the audit team should bring along
such a device.

3.6 Wood PUlping

A feasibility study is currently under review. Prelimi-
nary discussions seem to indicate taat wood pulp will
be much more expensive than straw pulp (Rs.70,000/tonne
versus Rs.llUOOO/tonne).

3.7 Installation of New Multi-Duel
Boiler With Coqeneration

NPC management is considering the installation of a new
multifuel boiler producing 25 tonnes of steam per hour
at 16 barl the boiler would run primarily on wood with
cogeneration of electricity (5 4W, extraction condens-
ing).

After extensive discussions on-site and in Colombo head-
quarters, it appears that several issues remain to be
addressed prior to making such a capital-intensive deci-
sion.

First, the availability of fuel wood is still in ques-
tion and prices are high. While NPC has access to some
fuel wood plantations, running both the pulping and
steam generation (with cogeneration of power) would re-
quire up to 200 tonnes/day or 70,000 tonnes/year.
Total yield from all wood plantations in the country is
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not expected to exceed 150,000 tonnes annually (10 million cubic feet).
In view of the large amount of wood involved, the costs and benefits of
this measure to the economy should be analyzed before proceeding with
it. The possibility of investing in fuelwood plantations should also be
assessed.

Current prices of fuelwood to Embilipitiya are very high -- RS. 360/m3 or
almost Rs. 1,000/tonne. At this price, fuelwood is marginally attractive
at best when compared with fuel oil at Rs. 4,922ltonne; when net heat
values and additional investment are accounted for, fuelwood with a 45
percent moisture content would cost the equivalent of Rs. 4,O00/tonne of
oil, or only 20 percent cheaper.

Second, if wood is available in limited quantity, it should be dedicated
to pulping. Such a process change would result in a substantial decrease
in steam requirements (steam peak demand would be around 15-18
tonnes/hour as opposed to 23 tonnes/hour today) because of lower steam
pulping requirements and implementation of the steam conservation
projects described above, and more importantly, because the CRS plant is
likely to run satisfactorily on this kind ot black liquor. Therefore, a
20 tonnes/hour boiler would probably be sufficient.

Third, peak electricity demand, which is currently about 4,000 kVA, can
probably be reduced to 3,500 kVA with some load management techniques.
In any case, sizing the electrical generating system in the congeneration
plant should not be based on maximum electricial load, but should result
from an overall financial optimization process. Based on international
experience in this area, not more than 2 MW should be produced from a 20
tonne/hour boiler and probably 1-1.5 MU to meet base load alone.

Finally, the investment is likely to be in the Rs. 75-100 million range,
which is a very large capital project by NPC standards. Extreme care
should thus be exercised in proceeding with this project, and a detailed
feasibility study should be undertaken first, Based on data gathered on
similar systems installed elsewhere, it is possible to provide some
preliminary cost and savings for such a project.

Cost and savings. The total investment would be Re. 85 million (80
percent foreign). The following are cost components:
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* Current fuel cost (oil) X Rs.30 million.

* Fuel cost with project * 35,000 tonnes of wood
x price of wood (45 percent moisture).

* Additional OM costs a Rs.9 million/year.

* Savings from electricity generation: 1,500 kWh
x 8,000 hours x Rs.2 a Rs.24 million.

Net annual savings a (a - b - c + d).

* At Rs.l,000 per tonne of wood: Rs.9 million
(simple payback = 10 years)

* At Rs.500 per tonne of wood: Rs.27 million
(simple payback - 3.1 years).

Average benefits: Rs.18 million/year.

conclusions

A feasibility study wot.'d take about 3 months to be con-
ducted by either a spec .alized foreign firm or a spe-
cialized local firm. In the first case, the study
would cost about Rs.1 million. In the second case, the
cost would be four to five times less; the local firm
should cooperate closely with EDMAC so that it can bene-
fit from the project financial evaluation model devel-
oped by USAID and recently transferred to EDMAC.

4. Tersm of Reference

4.1 Energy Audit

A detailed energy audit of the Embilipitiya paper mill
should be conducted, consisting of the following suc-
cessive steps:

4.1.1 The consultants will conduct a preliminary ener-
gy audit (also called surtvey) or 'PEAO to collect his-
torical data on (a) detailed energy use, (b) produc-
tion, (c) energy-using equipent, and (d) technical per-
sonnel available on-site for energy efficiency work.
The PEA should not take more than 4 man-days to per-
form. (See EDMAC's energy auditing manual for more
details on conducting a PEA.)
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4.1.2 On the basis of the PEA, the consultants will
decide, in agreement with plant management, which fized
instrumentation should be installed prior to conducting
the detailed energy audit and which areas deserve most
attention.

The following areas are likely to be candidates:

* Boilers
* Dryers
* Pulping section
* Chemical recovery system
* Electric system.

Mass and energy balances will be prepared, when re-
quired, for several representative operating condi-
tions.

For each audit area selected, the consultants will per-
form an instrumented analysis of the energy-related
flows to identify areas of improvements. Energy bal-
ances should be developed and potential savings esti-
mated. When several options are possible, the consul-
tants will provide NPC with the following information
for each option:

* Description

* Estimated cost in foreign and local currency
with sources of information and range of confi-
dence

* Estimated savings in physical units and finan-
cial (i.e., at market prices) and economic
(i.e., at true cost to the economy) values

* Implementation schedule and recommendations.

4.2 Team and Project Duration

anergy audit. The audit should be conducted by a team
of four people, including:

* A Sri Lankan specialist of thermal energy audit-
ing (from EDMAC, WERDT, CTC Services, etc.)

* A Sri Lankan specialist of electricity auditing
(from EDMAC or CE8)
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* A foreign specialist familiar with the German
proces used at Embilipitiya (VOITH)

* Embilipitiya energy manager.

The audit is likely to require 2 weeks of on-site work
(four people) plus 3 weeks for report preparation (two
people) for a total of 14 man-weeks.

Audit cost. Local audit costs would be Rs.50,000, and
foreign costs would be U.S. $20,000.

The feasibility studies should be undertaken by the for-
eign expert in collaboration with the NPC energy manag-
er, other personnel from NPC, and EDMAC.

The level of effort envisioned for the feasibility stud-
ies is between 9 and 16 man-months, and the associated
costs are U.S. $100,000-$l5O,000, excludtng the feasi-
bility study of the black liquor recovery (already done
and under review) and the feasibility study of the co-
generation option, which would cost an additional U.S.
$100,000 but is not recommended at this time.
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8Smarv

Richard Pieris & Company's Arpico factory produces rub-
ber and plastic products and assembles steel furniture.
An energy audit is required at tbte Arpico factory be-
cause of the many questions surrounding boiler opera-
tions at the plant. There are also unresolved issues
concerning the projected levels of steam demand through
the remainder of the decade.

While Richard Pieris & Company is in a relatively sound
financial position, sizable investments (e.g., a pro-
posed wood-fired boiler) are eligible for funding from
a donor organization. For example, improving the steam
generation and distribution system could save about
Rs.4.5 million for a total investment cost of Rs.5.5
million (see Exhibit A).
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1. Iackground

Plant history. Richard Pieris & Company's Arpico factory is located in
Navinna, Maharagama, roughly 5 miles from downtown Colombo. The factory
was built 36 years ago and expanded in stages. The factory produces
rubber and plastic goods as well as steel furniture. Rubber products
include retreaded tires meant for the domestic market and rubber bands
and car mats made for foreign markets.

Process description. The wide variety of products made by Richard Pieris
& Company employs many different processes. Some products like steel
furniture consume very little energy. Others, including rubber tires,
are the major energy users in the plant.

In the production of rubber products, the natural rubber latex and
additives are sent through Branbury mixers. For rubber bands, the
mixture is extruded in a tubular form and sliced to form the band. For
tires, steam- and electrically-heated cylindrical moulds are used to form
the tire.

Markets. Richard Pieris serves both domestic and foreign markets.
Export items include rubber bands, rubber mats, rubber balls, rubber
thimblettes, microcellular sheets, camel back, and rubber components for
the automotive industry. Products for the domestic market include
retreaded tires, plastic goods, and steel furniture. Export markets
account for roughly 6 percent of sales.

Financial situation. With the exception of fiscal year 1941-1982,
Richard Pieris & Company has made steady profits during this decade (see
Exhibit 1). The improved performance in 1982-1983 has continued through
the present with the end of the worldwide recession. Sales of factory
products account for roughly 85 percent of the total turnover for Ricuard
Pieris & Company.

Existing plans for modernixation/expansion. Plant management is
considering replacing older, less efficient tire moulding equipment with
newer moulds. Some electrically-heated moulds would be replaced with
steam-heated moulds, so while the more efficient equipment would require
less steam per mould, total steam demand might increase. Since plans for
the new equipment place the moulds in a different location, a new steam
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Richard Pieria G Company Ltd.:
Pinancial Situation
(R8. 000)

lbl2=1983 1961-1962 1996-1961

Turnover (sales) 189,261 153,404 136,769

Profit after tax 6,132 (7,723) 5,510

Total fixed assets* 53,817 56,731 44,876

Current assets* 71,704 68,429 70,104

current liabilities* 72,872 69,228 63,903

*At end of fiscal year, March 31.

SOURC:s Richard Pieris & Ccmpany annual reports.
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distribution and condensate return system would be re-
quired.

Also, the plant is currently refurbishing an incinera-
tor. When placed in service, the incinerator will burn
waste rubber products during one shift per day. Low-
pressure steam at roughly 2,000 lb/hr will be produced.

Plant management is also currently considering install-
ing a wood-fired boiler with a 10,000 lb/hr capacity to
meet anticipated production increases of up to 10 per-
cent annually.

2. snerov Situation

)ajor energy-oonsuming equipment. Richard Pieris & Com-
pany Ltd. operates three boilers to provide steam to
the Arpico factory. Two of the boilers are relatively
small, vertical Cochrans (2,600 and 1,800 lb/h., respec-
tively). The third boiler is a 6,750 lb/hr packaged
unit. All three boilers are manually operated and
fired on 800 second oil. Furnace oil consumption aver-
ages approximately 136,600 liters per month at a cost
of Rs.650,000/month.

The company purchases electricity from the Ceylon Elec-
tricity Board (CEB), although standby diesel generation
is also available. Electricity use is mainly for mo-
tive power, although there are some resistance heating
applications. The major consumers of electricity in
the Arpico factory are the rubber goods and plastics de-
partmenti. -

3. Enerov Conservation Potential

The current maximum demand for steam in the Arpico fac-
tory is 6,000 lbs/hr. Average deaand is 5,500 lbs/hr.
The Arpico factory is currently using all thzee of its
boilers to meet average demand. Since the combined
capacity of all three boilers is ll,lS0 lbs/hr (the
packaged boiler alone is 6,750 lbs/hr), there is no
explanation for why all three boilers are needed to
meet average demand.

Furnace oil expenditures during the period October 1983
through January 1984 ranged from Rs.592,000 to
Rs.700,000, averaging Rs.650,000. At Rs.21.60/gallon,
30,100 gallons of furnace oil (or 136,600 liters) is
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consumed in the average month. With an efflciency of
55 percent, roughly 8.25 kg of steam are produced for
each liter of oil, so that 1,127,000 kg of steam (or
2,485,000 lbs) are produced in a given month. With a
12-day-on, 2-day-off schedule, the 4, 31-daY months
would average roughly 600 working hours each (adjusted
for holidays). Average steam production is then calcu-
lated to be 1,878 kg/hr, or 4,140 lbs/hr. These num-
bers indicate that the estimate of 5,500 lbs/hr average
steam demand is probably accurate and not too low.

There is currently one fuel flow meter to all three
boilers, as well as one common steam flow meter away
from the boilers. Water flow to the boilers is moni-
tored and, according to plant management, corresponds
closely to measurements given by the steam meter..
Plant management has estimated the efficiency of the
three boilers combined at 55 percent.

The very low boiler capacity utilization (5,500 lbs/hr
average demand must be met by firing the full plant ca-
pacity of 11,150 lbs/hr) may be caused by underfiring
of the packaged boiler. This would also help explain
the low overall efficiency. It is possible that some
difficulty with the boiler's fuel pump is causing re-
duced flow and consequently less steam production in
the most efficient boiler. in any qvent, fuel flow and
water flow meters should be placed on the packaged boil-
er to determine its steam production and overall fuel
efficiency. We would nr)t be surprised to discover that
the packaged boiler could meet the plant's entire steam
demand after minor modifications.

Assuming that current steam demand and efficiency esti-
mates are correct, and the Arpico factory is consuming
5,500 lbs per hour of steam, on average at 55 percent
efficiency, there is an opportunity to improve energy
efficiency by installing a new wood-fired boiler. A
new boiler would have to take into account the follow-
ing factors:

1. The refurbishing of the plant's incinerator
will provide 2,000 lbs/hr of low-pressure
steam. This steam will initially be available
for only one shift per day, owing to the lack
of waste fuels to burn. Other sources of waste
should be vigorously investigated.

2. The anticipated installation of newer, more ef-
ficient moulding equipment in a different
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location than the current equipment will require an
entirely new (and more efficient) steam distribution
system.

3. The conversion to newer moulds will actually increase
steam demand by an anticipated 1,000 lbs/hr (plant
estimate) as the electrically-heated moulds are replaced
with steam-heated moulds.

4. Improvements to the current oil-fired packaged boiler may
significantly boost its efficiency and steam production.
The lower-efficiency vertical Cochran boilers could
possibly be shut down if the efficiency and steam
production of the larger packaged boiler were increased.

The new steam distribution system would cost an estimated Rs.500,000 and
result in a 10-percent savings in steam consumption. This would reduce
the peak steam demand to 5,400 lbs/hr from 6,000 lbs/hr. And if the peak
steam demand could be scheduled during the time the incinerator is
operating, the peak steam demand from boilers could be lowered to almost
5,000 lbs/hr. The addition of new moulding equipment to replace some
electrically-heated moulds will increase stesm demand by 1,000 lbs/hr to
a total peak demand estimate of 6,000 lbs/hr of steam. Consequently, we
suggest that a new wood-fired boiler with a rated capacity of 7,500
lbs/hr be considered.

Preliminary estimates indicate that the new wood-fired boiler would have
a total installed cost of Rs.5 million and a simple payback of roughly
1.3 years (see Exhibit 2). The question of the availability and cost of
wood over the life of the boiler should be addressed in the feasibility
study. The possibility of investing in fuelwood plantations should be
considered in this analysis. If the plant is operating in an area of
existing or impending fuelwood scarcity, the *conomic costs and benefits
of increased wood use should be examined more closely.

4. Terms of Reference for
Richard Pieris & Company Ltd.

A detailed energy study of the Arpico factory focusing on steam
generation, distribution, and end use should be conducted, consisting of
the following successive steps:

4.1.1 The consultants will first conduct a preliminary energy audit
(also catled survey) or "PlL" to collect historical data on (a) detaited
energy use, (b) production, (c) ener3y-using equipment, and (d) technical
personel available on-site for energy efficiency
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Exhibit 2

New Wood-Pired Boiler (7,500 lb/hr)

Total installed cost S,000,000

Current annuai fuel cost for oil boilers 7,800,000

Annual fuel cost after instaling wood boiler
- wood (80%) - 2,496,000
- oil (20%) - 1,550,000

Total 4,0S6,000

Annual fuel savings 3,744,000

Simple paybacks 1.3 years

Manually fed tndian or British design.
"Based on wood available at Rs.600/metric tonne.

SOURCE: Hagler, sailly a Company.
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work. The PEA should not take more than 4 man-days to
perform. (See EDMAC's energy auditing manual for more
details on conducting a PEA.)

4.1.2 On the basis of the PRe and itmediately there-
after, the consultants will decide, in agreement with
plant management, which fized instnumentation - if any

should be Installed prior to con&ucting the detailed
energy audit and which areas deserve most attention.

The following areas are likely to be candidates:

* Boilers
* Steam distribution
3 Steam-using systems.

Mass and energy balances will be prepared, when re-
quired, for several representative operating condi-
tions.

For each audit area selected, the consultants will per-
form an instrumented analysis of the energy-related
flows to identify areas of improvements. Energy bal-
ances should be developed and potential savings esti-
mated. When several options are possible, the consul-
tants will provide Richard Pieris & Company Ltd. (RP&C)
with the following information for each option:

v Description

* BEstimated cost in foreign and local currency
with sources of information and range of confi-
dence

* Estimated savings in physical units and finan-
cial (i.e., at market prices) and economic
(i.e., at true cost to the economv) values

* Implementation schedule and recommendations.

The audit should focus on:

1. Quantifying the efficiencies and steam produc-
tion rates of each of each of the three boilers
currently in operation

2. Recommending methods to increase the production
rate of the oil-fired packaged boiler to rttes
closer to its design capacity
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3. Investigating the option of obtaining addition-
al wastes to fire the incinerator on a more con-
tinuous schedule

4. Projecting steam demand in the plant over the
next 10 years by incorporating anticipated
demand increases for products and changes in
specific energy consumption

5. Investigating the option of purchasing a wood-
fired boiler (to be sized based on the steam
demand estimates) to be the primary supplier of
steam for the plant.

Details about audit requirements are given in EDMAC's
energy auditing manual. The final product will be a
practical implementation plan acceptable to RP&C man-
agement. The plan can be organized in several phases:

* Phase one: low-cost/no-cost measures (house-
keeping) requiring little or no expense

* Phase two: minor retrofits that require lim-
ited capital expenditures but are highly prof-
itable

* Phase three: major projects requiring large
capital expenditures and long lead times.

On the basis of the audit results, the consultants will
undertake a series of feasibility studies for the proj-
ects that are too complex, risky, or capital-intensive
to be fully analyzed within the audit.

4.1.3 For each one of the retained projects (likely
to include boiler replacement as outlined in Section
3), the consultants will prepare a detailed feasibility
study according to the following format:

Executive Summary

1. Introduction (including demand and market pro-
jections)

2. Technical options

3. Cost and performance assumptions

4. Financial analysis
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5. BEcoomic and social analysis

6. Implementation

Appendices.

Bach feasibility study should be discussed with EDMAC
prior to submission to RP&C.

4.2 e=a and Project Duration

The energy audit team should comptise one or two audit-
ors, possibly including former ZDPAC trainees and the
RPC energy manager.

The full audit should take about 1 man-month on-site,
plus 2-3 weeks for report preparation.

The feasibility studies should be undertaken bv the con-
sultant in collaboration with the RPIC energy manager
and other personnel from RPIC (qeneral manager, finan-
cial manager).

The 'evel of effort envisioned for the feasibility stud-
ies is about 3 man-months for the steam system, includ-
lng the wood boiler. The associated cost is U.S.
$7,000-$12,000, all local, as local consulting compa-
nies (e.g., CTC Services) are very experienced in these.
types of studies.
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Lever Brothers (Ceylon) Ltd. Colombo plant is both well-
maintained and well-managed. Energy conservation ef-
forts consistently receive high priority, and emphasis
is now being placed on developing less energy-intensive
processes. The technical staff at Lever Brothers is
one of the finest ln Sri Lanka.

The financial situation of the Lever Brothers plant is
currently very strong and projected to rcmain so for
the foreseeable future. The company is not currently
in need of major financial or technical assistance from
donor organizations. It is quite capable of effective
energy management, based on its sound financial, mana-
gerial, and technLcal strengths. The skills and abili-
ties at Lever Brothers could be very useful to other
Sri Lankan industries.
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1. Backaroud

Plant history. The Lever Brothers plant in Colombo was
built in 1940. Excellent management and maintenance
have kept the facility in fine condition. Most of the
major equipment is less than 10 years old. The plant
produces a wide variety of consumer products for the
domestic market, including soaps, detergents, toilet-
ries, shampoos, toothpastes, and edible fats.

Process description. Because of the wide variety of
products, the processes employed are very different.
The plant is really an aggregation of many smaller, in-
dividual plants or departments. Most departments are
located in separate but adjoining facilities and have
separate metering equipment for both steam and electric-
ity.

Edible oils is the largest energy-consuming department
in the plant. Oils are hardened by bubbling hydrogen
through the unsaturated oil. To reduce the possibility
of explosion, oxygen levels are first reduced in batch
reactors by sparging the oil with hydrogen. After hy-
drogenation, the unsaturated oils are deodorized to ob-
tain better flavor and odor.

soap is produced by the continuous saponification of
oils. Bar soap is stamped and packed at the factory.

Other products -- including toothpaste and other person-
al products -- are made in small quantities and are not
major energy consumers.

Markets. Lever Brothers produces consumer goods entire-
ly for the domestic market. Demand for the company's
products has been increasing steadily in recent years,
and future market growth is expected to be roughly 10
percent annually.

Employment. Lever Brothers currently employs roughly
1,400 people in its Colombo plant. Organization in the
plant has a product line focus.

Fitnancial situation. A privately held concern, the fi-
nancial situation of Lever Brothers is confidential.
Apparently, energy conservation efforts are not re-
stricted by a lack of capital. The company is firmly
committed to energy efficiency in its operations and
has shown a distinct willingness to invest wherever and
whenever the economics are favorable.
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sxisting plans tot modernization/ezpansian. There are
no plans for modernizing or expanding the facility.
Plant management is quite aware, however, that the next
stage in reducing energy consumption will come through
process modifications and improvements. Based on prod-
uct and process development activities, plant opera-
tions are continuouslv being refined and improved.

Major problems facing the facility. There are no major
problems facing the Lever Brothers consumer products
plant.

Bnergy manageent organixation. There is no energy man-
ager or energy organization at Lever Brothers. Howev-
er, meetings are held every 6 weeks to discuss any ener-
gy-related activities and to review progress.

2. Enerey Situation

Major energy-using equipment. Lever Brothers has three
boilers fired on 1,000 second furnace oil. Two of the
boilers are 18,000 lb/hr packaged units with combustion
efficiencies of 80 percent. The third is a smaller
(12,000 lb/hr) unit that is far less efficient; this
boiler is currently not in operation. The two more
efficient boilers meet the plant's steam requirements.

The plant produces its own hydrogen for use in harden-
ing edible oils in a 300-kVA electrolyzer. The electro-
lyzer has a maximum hydrogen production capacity of 50
cubic meters/hr. It currently operates at less than ca-
pacityr producing an average 25 cubic meters/hr of hy-
drogen. (The corresponding mount of oxygen currently
vented could be recovered and sold to the steel corpo-
ration for injection in the electric furnace.)

Production and specific energy consumption figures are
shown in Exhibit 1.

3. Xnerqv Conservation Potential

The plant is generally in fine condition. Although
built some 40 years ago, the equipment in the plant is
relatively new and very well maintained. There is some
room for improved housekeeping, but management is gener-
ally well aware of these issues and is continuously per-
forming the simpler energy conservation efforts. As a
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zxhibit 1

Annual Production and Electrioity Constuption

ELU. 19U l9B3 198

Tonus 0 peroduoat* 26,215 29,090 33,194 u1,588
kWh (thousand) 4,160 4,620 5,340 1,640
kWb/tonna of product 167.2 165.7 161.0 141.8

Blible oil and

Tannes of oil produced 18,561 21,032 23,261

Gallon of furnce oil o6nsoad 879,796 944,133 978,176

Gallon of furnace oil/
tonne of oil processod 47.4 44.9 42.05

**January-April. 
**Includes all plant products.

9OUR3S Lever srothers.
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result, recent specific energy consumption has been de-
creasing year after year (see Exhibit 1).

One possible area for energy improvement could lie in
the plant's use of hydrogen. Hydrogen is produced in a
300-kVA electrolyzer and is piped roughly 100 meters to
the building producing edible oils. The piping is
flanged in some spots, with long runs welded together.
Since the hydrogen is metered only as it leaves the
electrolyzer, no current estimate is available as to
whether hydrogen losses through the flanged connections
are appreciable. Because of the low molecular weight
of hydrogen, diffusion throuqh qaskets sometimes re-
sults in-significant losses. Plant management is plan-
ning to introduce hydrogen meters at the point of use.

The hydrogen is used in the edibles department for hard-
ening various oils. Currently, oil (e.g., coconut,
palm, soya) is transferred under nitrogen pressure to a
5- or 2.5-tonne tank where any excess oxygen is removed
by purging the oil with hydrogen. Nitrogen is not used
for purging because of its current limited availabili-
ty, which may change. The reactor is heated to 100OC,
and after the oxygen level has been reduced to 2-3 per-
cent, the reactor is placed under 40 psi hydrogen pres-
sure. The heat of reaction as the hydrogen saturates
the oil carries the temperature to 1250C. After the re-
action is completed,. the saturated oil is pumped out of
the reactor to the stage where the oil is refined. It
is sible that to 30-40 r2oent of the hydrogen

produce inthe eectrolver in oler lost intrans-it
or used to parge oxygen rom the reactor. More effi-
cient use of hydrogen may be possible,, although careful
attention must be paid to the considerable safety haz-
ards that this gas presents.

The installation of hydrogen meters at the end-use loca-
tion will be completed shortly, which should give plant
management a better view of hydrogen use in the harden-
ing operations. After additional data are available,
some improvements may be possible.

Other possible energy improvements at the Lever Broth-
ers plant tend to be process-related rather than equip-
ment-related. The plant's energy efficiency for the
processes it currently emplovs is high, so the next
step facing plant management is to reduce enerqy-
intensiveness by altering the processes themselves.
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The plant plans to install a new O8,000 lb/hr p& kaqed
boiler by mid-1985. Production continues to escalate
at roughly 10 percent annually, with corresponding in-
creases in energy demand. With 1983 furnace oil con-
sumption at nearly 1 million gallons during 7,500 work-
ing hours, average steam demand was roughly 1S,500 lbs/
hr. Peak demand requires the operation of both 18,000
lb/hr boilers. A third efficient boiler of the same
size and design as the two existing boilers would allow
rotation of duty among the three. An 18,000 lb/hr pack-
aged oil-fired boiler would cost roughlv Rs.9 million,
fully installed (the boiler alone would cost about Rs.4
million).

4. Term of Reference for
Lever Brothers (Ceylon) Ltd.

Lever Brothers does not require technical or financial
assistance in its energy conservation efforts.
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Paranthan Chemicals Corporation (PCC) is faced with many difficulties.
The caustic/chlorine plant is outmoded in both design and energy
efficiency and is not currently competitive in comparison with
world-scale plants. It is not clear if any level of investment would
guarantee that PCC could produce caustic/chlorine at costs beneath import
prices of the chemicals.

PCC's energy efficiency can only be increased by completely retrofitting
the plant, at a cost of at least US$906,000. PCC's poor financial
situation would require full funding from a donor organization. Before
proceeding with a feasibility study of retrofitting, the question of the
economic viability of a domestic caustic/chlorine industry and in
particular of PCC's plant should be settled by an overall technical
economic, and financial review of PCC's operations, comparative
advantage, and incentive framework.



PARANTHU CHEAO iCALS CICWORATION: SUMMARY OF POSSIBLE ENEY CONSERYATION PROJECTS
(1963 en.rgy bill: Rs. 16.0 mIllIon)

Average Annual Financial
Cost (Rf. 000) Benetf it (Me. 000) Simple Payback (years)

Project Total Foreign Local Total Foreign Local Flnanelal e/ Economic

Plant retrofit with new
equipment bl 22,650 n/a n/r 3.800 n/a n/a 6.D nfo

Total 22,650 n/a n/a 3,800 n/a n/a 6.0 n/a

Mid-1964 exchange rate: 1 US dollar = ft, 25.

n/a: not applicable or not available.

a/ Total cost/average annual financial benefits,
b/ Given the extent of the work Involved and questlons as to PCC's economic viability, only the totl eost, the total

average annual financial benefits, and the simple financial payback were estiomted.

oU!
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1. 8ackaround

Plant/company history. PCC is a state industrial con-
cern involved in the manufacture and distribution of
salt-based heavy chemicals. The plant was originally
intended for the manufacture of caustic soda, chlorine
for D.D.T., and sulfuric acid. However, declining do-
mestic demand for D.D.T. changed the original plans for
using the plant's chlorine production.

The caustic soda/chlorine plant construction at Paran-
than was completed in 1957. The entire plant and
machinery, together with power engines, was supplied by
Nessers Von Roll S.A. of Zurich, Switzerland. The elec-
trolytic cells were Denora-type diaphragms having pro-
ductive capacity of 5 tonnes of caustic soda per day.
Byproducts like table salt, hydrochloric acid, ferric
chloride, zinc chloride, and bleaching liquid were in-
troduced subsequently.

Power supply to the factory was obtained from the na-
tional grid in 1973. Previously, PCC generated its own
electricity needs. The production capacity of the
plant was doubled in 1976 with the commissioning of a
second electrolytic cell house and auxiliary plants.

Location and process description. The plant was lo-
cated at Paranthaa in northern Sri Lanka mainly because
of the proximity to readily available supplies of salt.
Salt is transported to the factory by truck. The satu-
rated neutral brine solutions are made and after purifi-
cation are fed continuously to the electrolytic cells
at .a controlled fixed rate. Caustic andl chlorine are
produced when the saturated salt solution is electro-
lyzed by direct current. The cells are operated at cur-
rent load of 3,000 amps and are connected in series.
The voltage across each cell is 3.5 to 4.5 volts.

The electricity supply from the national grid is con-
verted into direct current required for electrolysis
using rectifiers. The product of electrolysi are
chlorine gas, hydrogen gas, and dilute caustlc liquid.
Both chlorine and hydrogen gas are separately removed
from cells for further processing. The cell liquid
contains 10 percent of caustic and unelectrolyzed salt
discharged from cell. The caustic is concentrated to
50 percent solution by evaporating excess water. The
caustic evaporator plant employs a double effect evapo-
rating system with steam as the heating medium.
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During the process of concentrating the caustics unelec-
trolyzed salt present in the cell liquid crystalizes.
Tnis salt is known as evaporator salt. Part of the hy-
drogen produced at cell is used as fuel in the table
salt drying process. Chlorine gas from the cells after
cooling and scrubbing with water is dried in a series
of drying towers using concentrated sulfuric acid as
the drying agent. The dried gas is compressed to high
pressure in chlorine compressors and chilled in a re-
frigeration plant that liquefies the chlorine gas.

The hydrogen from the cells and part if the chlorine be-
fore drying are burnt in an acid synthesis/absorption
plant where the hydrochloric acid is absorbed in water
to produce a 33 percent hydrochloric acid solution.

Ferric chloride and zinc chloride are produced by react-
ing vent chlorine gas with iron rust and zinc scrap, re-
spectively, in water.

Production. Annual production has been based on the
existing plant capacity and the demand for chlorine.
Chlorine demand has historically been well below caus-
tic demand. This often restricts plant production be-
cause caustic and chlorine must be produced at fixed
ratios to each other. In addition, it would not be eco-
nomically justified to produce caustic if the associ-
ated chlorine could not be sold. Production figures
for 1980-1983 are shown in Exhibit 1.

In 1980, the major production setback was mainly due to
power cuts imposed by the Ceylon Electricity Board
(CEB). In addition to this power supply curtailment,
there was labor unrest resulting in a strike that
lasted almost 10 months. The fluctuation in the demand
for chlorine resulted in curtailment of production with
partial or complete shutdown of the plant as well.

Orgaunization. The chairman and the board of directors
operate PCC from Colombo, where the main accounting
functions, import and trading of caustic soda, and
other staff functions are also carried out. The senior
executives attached to the head office are chairman/man-
aging director, general manager, and assistant general
manager. At the factory, the main departmental manag-
ers under the factory head are the chief engineer and
production manager. The maintenance department reports
to the chief engineer and coordinates the activities
such as workshops, plant maintenance, electrical, and
civil. Each of these sections has a section head, who
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Production, 1980-1983
(Tonnes)

1960 1961 1962 1963

Caustic 1,827 1,728 1,407 1,424

Liquid chlorine 1,456 1,338 845 902

Hydrochloric acid 982 979 624 563

etrric chloride 12 107 117 90

zinc chloride 7S 58 46 31

Table salt 521 497 363 520

SOURCEs Paranthan Chemicals Corporation.
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are engineers assisted by a superintendent, assistant
engineers, and foreman (see Exhibit 2).

Markets. The demand for caustic soda is far in excess
of production capacity at the factory. As a result,
substantial quantities of caustic soda are imported.
The production of chlorine is in response to the demand
by the two major domestic sectors: paper industries
and water treatment. Byproducts are produced to meet
demand. Demand estimates supplied by PCC are shown in
Exhibit 3.

Financial situation. PCC's activities are managed by
its own resources without subsidy from the qovernment.
PCC has been making reasonable profits until recently.
However, PCC is now losing money because of uncompeti-
tiver.ess with imports. Other financial information is
given in Exhibit 4.

Ezisting plans for uodernization/expanslon. There are
no immediate plans for the expansion of the factory of
modernization of the technology. However, expansion of
the caustic/chlorine industry in Sri Lanka by building
a new plant is under consideration.

Major problems facing the facility. The major problems
facing the Paranthan Chemical Corporation are twofold.
First, the plant is obsolete and inefficient. While
retrofitting the plant with a new, more efficient tech-
nology is feasible, the cost may be prohibitive. Sec-
ond, demand for chlorine in domestic markets restricts
the size of the facility and its production to levels
well below world scale. It is not clear that a facil-
ity as small as Paranthan could compete effectively
even with more efficient equipment.

2. Energy Situation

Major energy-using equipment. The boilers to produce
steam for the caustic evaporation and the rectifiers to
supply direct current for electrolysis are the major
non-electric energy consumers at Paranthan. There are
two manually operated boilers, each with a capacitv of
6,750 lbs/hour. These boilers are vertical three-pass
firetube boilers. They are provided with superheating
coils to operate at pressures of 120 psi (8 bar).
There is also one automatic boiler with a capacitv of

,tOOOO lbs/hour. It is a horizontal, three-pass fire-
tube boiler with an operating pressure of 120 psi (8
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Estimated Demand, 1980-1983
(Tonnes)

13SS 1961 1962 193

Caustic 9,000 9,000 9,000 9,230

Chlorine 1,500 1,600 1,800 1,560

Eydroohlorio acid 960 1,500 1,600 1,320

Table salt ' 600 900 900 720

Ferri chloride 120 600 120 180

zinc chloride 180 120 60 96

SODIE parantaMn Chemicls Corporation.
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Exhibit 4

?tianclal situation, 1980-1983
(Rupee)

-M Ula _ "81 ,_ _ s

Fixed ssets 26,084,840 27,603,976 25S,089160 270973,176

Cuttent assets 22.810.740 21,902j143 22.754.290 38.953.4g

48.895.580 49,S06.324 47.843.450 66,926.582

Scuacts Paranthan Chemicls Corpoation.
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bar). There are provisions for preheating the fuel up
to 900C by steam.

There are two rectifiers used to convert alternating
current (AC) to direct current (DC) for electrolysis.
The first rectifier is West German manufactured (AEG).
The second rectifier is English (Westinqhouse). Each
has a capacity of 792 kW. Maximum operating voltage
and current are 240 V and 3,300 amps. Both rectifiers
are silicon diode-tvpe rectifiers, their voltage and
current controlled by automatic transformers.

Energy use, prices, and specific energy consumption for
Paranthan are shown in Exhibits 5, 6, and 7. The varia-
tions in specific energy consumption (see Exhibit 7) re-
flect changes in production level and mix.

Energy manageent organization. The senior of the two
electrical engineers at the factory has been assigned
as energy manager. The other electrical engineer and
three foremen are assisting in this energy conservation
program in addition to their normal day-to-day work.

3, Bnergy Conservation Potential
and Potential Proiects

The major problems facing Paranthan stem from the old,
inefficient equipment it currently operates, the high
cost of retrofitting the facility, and the relatively
small domestic demand for chlorine. By world scale
standards, PCC is vqry small.

To make the plant more efficient, a complete retrofit
would be necessary. The two old electrolvzers would
have to be replaced with a single, larger electrolyzer
capable of 9,000-10,000 amps. Also, the 120 diaphragm
cells would have to be replaced by roughly 50 larger,
more efficient cells. The new cells would have an aver-
age lifetime of 27 months, in comparison with the 7-
month average lifetime of the diaphragm cells currently
in use. Specific energy consumption would decrease
from 3,061 kWh per ton NaOH to an estimated 2,150 kWh
per ton of NaOE with the implementation of these pro-
posed changes. The simple payback for this project
would be roughly 6 years (see Exhibit 8).

In our estimation, however, these costs are probably
understated. The overall condition of the plant would
most probably require additional investment to obtain
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BxhIbit 5

Puel "na Electrtoity usd

ima 19ML 1962 1963

Blectxicity (kWh) 10,116,385 9,600,605 9,373,740 8,124,216

Awul (furmnace ol) (lIteme) 1,444,996 1,368,740 1,121,260 1,024,647

8OUI: ftzantha Chmicals Corpomatin.
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Fuel and Electricity Prlces

330 l 196 1963

Electricity Rs./MUh) 1.40 1.25 1.60

Fuel (Rs./liter) 4.40 4.40 4.40 4.87

SOURCE: Paranthan Chmicals Corporation.
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Specific 3nergy Consumption

1960 16 2962 1963
avc_ SE. -WW

muel (furnace oil in
liters/ton of lld) 701 738 773 712

Zleotri¢ity (DC kW
ton of W ) 3,150 3,230 3,254 3,061

SOU1C3: faranthan Chemicals Corporation.
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Paranthan Chemicals Corpotation.
Plant Retrofit with new Equipent,
Rs.(000)

Cost of now rectifier* (f.o.b.) 7,500
Shipping 750
Taziff 1,650

Total cif cost of goctifiets 9,900
installation 400

Total lnstalled oat of remtifier 10,300

Diaphragm cells (50 * Rs.173 per) 8,750
Shipping 875
Tariff 1,92S

Total cif cost of cells 11,S50
installation 800

Total instaLed cAst of cels 12,350

otal inau d copital cast 22,650

Annual electricity savings (30 percent of current costs) 3,750
Less: annual cost of replacing new calls 5,S00
Pluss annual c¢st of replacing old cells 5,S50

Net somial savnlg 3.800

Simple paybacks 6 years.

'Buipaent costs supplied by Paranthmn Chmicals Corporation.

SOURCZ Nagler, Ballly 6 Company.
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more efficient operations. Improvements In boiler operations, for
instance, would be necessary.

4. Terms of Reference for
Paranthan Chemicals Corporation

As stated above, demand for chlorine In the domestie market restricts the
size of PCC's facility and Its production to levels well below world
scale. It is not clear that such a small plant can compete effectively
with Imports. This Issue should be resolved before proceeding with the
complete retrofltting, at a miunmum cost of US906,000, needed to make
PCC energy efficient. In particular, the following questions need to be
addressed:

o Production costs required for the Sri Lankan caustic/
chlorine industry to be competitive with imports

o Production levels required to obtain these costs

o Domestic demand projections for caustic/chlorine for the
next 20 years

o Initial Investment required to make the caustic/chlorine
industry (whether PCC's plant or a new one) competitive
in Sri Lanka

o Subsequent levels of Investment that would be requlred to
maintain the plant

o Complete cost/benefit analysis of making versus buying In
the caustic/chlorine industry.

In view of this basic problem, terms of reference were not prepared for a
feasibility study on retrofittlig the plant for energy efficlency. If
the caustic/chlorine industry is Indeed considered to be economically
viable and a commitment is made to keeping PCC operating so that
retrofittiag becomes advisable, such a feasibility study would cost at
most US$100,000.
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The Prima Ceylon Ltd. mill located on the east coast of
Sri Lanka near Trincomalee is superbly maintained and
in excellent condition. Plant management is actively
seeking methods to reduce energy consumption at the
mill and has the financial resources necessary to imple-
ment any economically sound conservation efforts.

Prima Ceylon does not require financial assistance from
donor organizations. However, technical assistance may
be required. The energy conservation options facing
Prima Ceylon are complicated, and the plant could ben-
efit from technical expertise from an outside organiza-
tion. Projects identified for further feasibility
studies include switch from diesel to heavier oil in
boilers and waste heat recovery from diesel generators.
Combined savings could reach Rs.4.2 million per year
for a total investment cost of about Rs.4.3 million,
with an average payback of 1.1 years (see Exhibit A).



vie Ceyleon u1. I $ e .elbl.o mvg CsrnevwUe Pte11

411=3 Om", bins 3.1n.4 mlinima

Average

m __i m _at gees

* htelit&iuu b.il. 2.210 1.WS 30UO 2.160 O.66016 0.7 0n"

_lemieqmenebs eamme (helm 3.01111 2.0 "10W 3.11 (.6 31* p.1.n U.?

-m3Iee 4.130 3.410 6W 4.211 3,010 US 1.0 1.2

4494 _eau ge. 1 ULK hale * 33.3.'

Ve,eiga rnte isal(la eusimevi =4 aei" Goo" (v.m0t to to 1 to%" poi W b,eig Iute).

4rn set_s t the fegig emlet e tmw to e of onlet p*les ea that me btei mmt of Ont im 3waet Of _ertt Pige..

awd f_ gmwq _\m H _no _X-,t

3stiae tak" ;pejm favei c t ml bat poeet too" met 6. ,el.net alises 1st owag 11 I of cu Val" to lbS typC of ipest.
meal lobe 1mm. e4/rnr0I_119 tVle Of zI best it. b oemim vals at s ml beset its bee_ selieIMA e = gm odalhiaee 9...s

* opststt met of _sslvi.ity S." mrlet Piam to mUnest 1g-le . &uelomt sgiesomt of 3363.S 0.6 P.14)ANi vs. 33.3. .SL 80.MAMb
Ien owet gieft

* avte1tv met _tel all -15 p.esl de attel pi.* at U.S. P$4/teas to ge" date=* onefetese ea-s.int of -s meiesa" e of fl e_e l..

ee 3 0 iso, Coe. lusty to be eamilcel lwe mob a ow_ital-iatowe I

0a



142 ~~~~Aanez 2- 14^ - ? 3age1 of 226

PRIM CcMWE LTD.

1. Backegroud

Plant/company history. The Prima Ceylon Ltd. plant at
China Bay was built in 1980 in response to the need for
efficient domestic production of flour. Prior to the
erection of the Prima Ceylon mill, flour was produced
domestically by small, less efficient mills and import-
ed from various sources. The Prima Ceylon mill can pro-
duce flour at not only lower cost, but also better qual-
ity. By agreement with the Sri Lankan government, the
private, foreign-held plant (headquarters in Singapore)
will be handed over to Sri Lanka after 20 years of oper-
ation.

The plant itself was designed and built by Buhler, a
major Swiss engineering and construction firm. Produc-
tion started in September 1980. Less than 4 years
later, the plant remains in excellent condition.

Location/process deacription. The Prima Ceylon plant
is located on a large natural harbor near Trincomalee
on the east coast of Sri Lanka. Wheat, bran, and pol-
lard from around the world are brought to the plant on
ships from which they are off-loaded by two large pneu-
matic blowers. These blowers literally suck the grain
out of the holds of the ships. The grain is weighed
and transported by covered conveyors to storage silos.
In the storage silos, cool air is circulated through
the pollard to maintain low temperatures. The cool air
is produced in a small chiller with an 18-kW compres-
sor.

From the silos, wheat is transported to the processing
plant where offal is filtered out of the wheat for use
in animal feed. in various stages, tramp metals, rub-
bish, and assorted undesirable materials are removed
from the grain. Wheat is sent to roller mills where it
is ground into flour and transported to a packing sta-
tion. Pollard is treated somewhat differently in that
it is pelletized for use as feedmeal. During pollard
pelletization, low-pressure steam is directly applied.
The pelletization process is the only operation in the
plant that uses steam.

Organization. The Prima Ceylon plant has both a fac-
tory and district manager on location. Under the fac-
tory manager comes the line supervision tasks: produc-
tion., maintenance, nd electrical departments. The dis-
trict manager controls the staff organizations: ac-
counting, shipping, and personnel. Both the factory
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manager and the district manager report to the general
manager in Colombo. Ultimately, all parties are respon-
sible to corporate headquarters in Singapore.

Markets. Flour is produced by Prima Ceylon at the di-
rection of the Sri Lankan government solely for use in
domestic markets. Flour leaves the plant by ship, lor-
ry, and truck to various points around the country.

Pelletized pollard is produced both for the domestic
and export markets. Contract arrangements for the prod-
ucts are made by the Singapore headquarters.

Employment. The mill has an employment of roughly 400.

rinancial situation. Plant personnel were not at liber-.
ty to discuss the financial situation of this privately-
held concern, but it would be safe to say that Prima
Ceylon is in a sound financial position.

Existing plans for modernization/expansion. The mill
was designed and built with the intention of making a
25 percent capacity expansion relatively easy, and such
a project is still under consideration.

Major problems facing the facillty. There are no major
problems facing the facility. Emphasis is now being
placed on running the mill more efficiently and reduc-
ing costs where appropriate. The objective is to maxi-
mize return within the time allotted before the plant
turns over to the Sri Lankan government. All invest-
ment opportunities take this time frame into considera-
tion.

Energy management organization. There is no separate
organization in the plant with the expressed, sole duty
of monitoring and reducing energy consumption. The
Electrical Department now has responsibility for both
boiler operations as well as the plant's substantial
electrical requirements. Energy conservation efforts
occur as part of the day-to-day assignments of the engi-
neers in the Electrical Department.

2. Energv Situation

Prima Ceylon spends between Rs.4 million and Rs.5 mil-
lion monthly on energy in its China Bay mill. Electric-
ity costs account for almost 95 percent of the mill's
total energy costs. The power requirements are met by
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either purchasing electricity from CUB or by producing
electricitY in diesel generators owned by the plant.
In 1983, slightly less than half of the plant's power
needs were supplied by CEBi the remainder was produced
and consumed internally (see Exhibits 1-3).

Prima Ceylon has five diesel generators in totals two
3-M4VA generators and 3 smaller 1-MVA generators. In
1983, these generators produced 17 million kWh of power
using 4.58 million liters of diesel fuel, or 3.316 kWh/
liter of diesel. At the current automobile diesel fuel
cost of Rs.8.7/liter, internally-produced electricity
costs Rs.2.62/kWh, well above the CIB price. This does
not include the cost of lube oil, maintenance, or other
operating costs. Consequently, Prima Ceylon buys power
from CEB as long as CUB can provide it. During the
drought season, Prima Ceylon must use its diesels more
frequently.

The electrical equipment are mainly motors of a variety
of ratings, numbering close to 1,000. The approximate
breakdown is as follows:

_ Num_ Number of motors

less than 20 800
20-50 100

50-100 6
100-500 9

Apart from these motors, an estimated 200 kVA is needed
for air conditioning, lighting, and other services such
as cooking. Most of the motors are in continuous opera-
tion except for the largest motors above 50 kVA.

Prima Ceylon also operates two 4-tonne, automobile
diesel-fired boilers. Low-pressure steam (6-8 bar) is
used in the plant's pelletizing operations. In 1983,
nearly 500,000 liters of diesel fuel was consumed in
the plant's boilers.

3. Potential for Energy Conservation

The potential for energy conservation at Prima Ceylon
ranges from boiler modifications to waste heat recovery
devices to load management planning. These projects
are discussed in farther detail below.

. .,-...,D
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Prima Ceylon, Fuel Consumption and Co0ts, 1981 and 1982

9bsXkltr cost El".)

1903

Electricity:
Generated (liters auto diesel) 43,223 265,389
Purchased (kWh) 22,539,040 25,912,370

Boilers (llteis auto diesel) 122,509 752,205

Vehioles (liters auto diesel) 24,910 152,947

1982

Electricity:
Generated (liters auto diesel) 1,757,298 10,789,809
Purchased (kWh) 18,896,400 28,590,859

Boilers (liters auto diesel) 334,847 2,05S,960

Vehicles (liters auto diesel) 76,480 469,587

SOURCE: Prima Ceylon.
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Prima Ceylons Fuel and Oil Consumption from
0700 January 1, 1963, to 0700 January 1, 1964

Fuel Ccm.m. (11ters)

Generatore 4,578,875
Boilers 49S,832
Transport 70,524
miscellaneous 3.965

Total S0149815 9

Total units generated (kWh) 17,074,751.5
Total unlts purchased (kWh) 16,286,000
Total hours steamed (hours) 5,998
Total fuel reoeived for 1983 (liters) S,186,100
Opening balance as at 0700 hre on
January 1, 1983 (liters) S,758,839

Total S,756,839

Total oonsumption for 1983 (liters) 5,149,196

Closing balance as at 0700 hrs on
January 1, 1984 (liters) 609,643

Lube oil consumed for generators during 1983 (liters;:

Rimula X 40 28,842
Omala 220 1,045
Turbo Oll 78 S0
Dromus B 25

Total 29,962

SOURCE: Prima Ceylon.
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Cost of `uel During 1983 at Prima Ceylon

Precs Nrch 4, 1983 - 2,456,390 liters I R8.7.02 pot liter.

Units generatedJ 10,387,659.5 kWh. Total costs R8.17,243,857.80.

From July 27, 1983, to January 1, 1984 - 2,100,000 liters * R4.8.49 per liter.

Units generateds S,115,317 kWh. Total costs R8.17,629,000.00.

Lube oil consumption per kWh: 1.689 ml.

SOURCE: Prim Ceylon.
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3.1 Boiler Modifications

Prima Ceylon has two 4-ton/hour Loos boilers of German
manufacture. Only one of these boilers operates at a
given time, with the second boiler operating as a back-
uf. Both boilers are fired on automobile diesel fuel
oil and operate in the range of 6-8 bar with an on/off
controller attached to a pressure transducer. The boil-
ers are very well insulated and in excellent condition.
While Prima Ceylon has never attempted to determine
their efficiencies (because they do not have the re-
quired instrumentation), they are apparently very high.
For both boilers, feedwater is preheated by the direct
application of steam. Air is not preheated. The ex-
haust temperature of the stack is not measured, nor is
any waste heat recovered.

Accurate measurements have been taken of the diesel
fuel consumption in the boilers. Though there are no
steam meters, water flow to the boilers before filter-
ing is measured. In 1983, 495,832 liters of diesel
fuel was consumed in the boilers, while water consump-
tion was 9,468 cubic meters (before accounting for
plant estimates of 15 percent filtering losses). As a
result, Prima Ceylon would estimate 16.2 kg of steam
are raised for each liter of diesel fuel oil. The theo-
retical maximum at the calorific fuel value for diesel
of 9,400 kcal/liter is approximately 14.7 kg/liter. At
an estimated efficiency of 85 percent, the best Prima
Ceylon could hope for would be 12.5 kg steam per liter
of diesel fuel oil. Consequently, Prima Ceylon's cur-
rent estimates of 16.2 kg of steam per liter of diesel
indicates that either the water meter gives too high a
reading or there are greater losses in filtering than
anticipated.

In 1983, Prima Ceylon operated the boilers for a total
of 5,998 hours for an average fuel consumption rate of
82.7 liters/hour. Consequently, the average steam pro-
duction was 1,090 kg/hour. This would imply the two 4-
ton boilers are oversized. While pelletizing is not a
continuous operation, careful production planning could
lower peak steam requirements.

Clearly, substantial fuel cost savings could be ob-
talned If the automobile diesel fuel were replaced with
a heavier oil (e.g., 800 second oil), or even industrL-
al diesel. The speed of the diesel engLnes is the key
element in this regard. Automobile diesel oil costs
Rs.8.70/liter, whLle 800 second oll costs Rs.4.50/
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liter. Industrial diesel costs Rs.5.5/liter. It may
be possible to retrofit the Loos boilers to fire heavi-
er oil, or -- in the event retrofitting proves impossi-
ble -- the purchase of an entirely new furnace oil-
fired boiler may prove economical. Roughly 30,000
liters of waste lubrication oil could also be burned in
a furnace oil boiler. These waste oils cannot current-
ly be burned in the diesel boilers.

The total installed cost of a packaged, 2-tonne (2,400
lb/hr) furnace oil-fired boiler is estimated at
Rs.2,395,000, of which 80 percent is foreign cost (see
Exhibit 4). Assuming 90 percent of the annual consump-
tion of toughly 500,000 liters of diesel could be re-
placed with furnace oil (a diesel back-up boiler would
account for the remaining 10 percent), annual fuel sav-
Ings would reach Rs.1.89 million. Simple payback would
be 1.3 years.

The cost of retrofitting the Loos boilers to fire fur-
nace oil is slightly more difficult to estimate. Prima
Ceylon had previously investigated this option and de-
termined that it was not economically justified. We
are not as certain. We estimate that replacing the
burners or one of the boilers coupled with full instal-
lation would cost Rs.1.25 million, of which 80 percent
is foreign cost (see Exhibit 5). Annual fuel cost sav-
ings of roughly Rs.2.1 million would result in a simple
payback of 0.6 years.

3.2 Diesel Engine Waste seat Recovery

Prima Ceylon currently generates roughly half of its
power requirements using diesel generators. It has two
3-MVA generators and three 1-MVA generators that pro-
duced 17 million kWh in 1983. The two large 3-MVA gen-
erators are located side-by-side and produced 15 mil-
lion kWh of the company's 17 million kWh internally gen-
erated power.

There are two possible options for increasing the
plant's energy efficiency with regard to the operation
of the diesel engines. First, it may be possible to
use the waste heat from the diesels to produce low-
pressure steam, eliminating the need to use the boil-
ers. Second, it may be possible to use the waste heat
to drive an organic rankine cycle to produce additional
electricity. There are a number of such systems in
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Exhibit 4

New furnace Oil Boiler
(Rs. 000)

2 ton furnace oil boiler, f.o.b. 1,350
Transportation (15 percent of f.o.b. cost) 200
Tariff (20 pe sent) 270

Cost of baller, a.l.f. 1,820

installation
New furnace oil pump 250
New furnace oil tank 125
installation 200

iT*al installed boiler cost 2,395

Current fuel costs 500,000 liters diesel * Rs.8.7/liter 4,350

Fuel cost with new boiler
Diesel (10 percent operating time for back-up) 435
Furnace oil (450,000 liters * as.4.5/liter) 2,025

-TOWl annual fel saving 1,890

Simple paybacks 1.3 years.

*A lower furnace oil boiler efficiency is offset by a corresponding increase
in calorific value of furnace oll relative to diesel. Also, 30,000 liters
per year of waste lubrication oils could be burned in the furnace oil boiler.

SOURC:s Hagler, Dailly & Company.
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Retrofitting SOilOrs from Diesel Oil to Heavier Oil

Total irstalled oat of new burners,
beating equipsent, pumps, and storage tank 1,250,000

Current cost of diesel fuel (S00,000 liters @ R8s..7/liter) 4,350,000

Cost of fuel oil after burner change
(500,000 liters I Rs.4.5/literl 2,250,000

Annual fuel cost savings 2,100,000

Simple paybacks 0.6 years.

*Waste lub, oil from the diesel engines can also be burned after changing
burners. Consequently, the boller after retrofitting is assumed to be 6
percent less efficient (30,000 liters of lube oil/500,000 liters of dLesel)
than the auto dlesel boiler.

sOIJRCU: Hgler, sallly & Company.
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operation both in industrial plants (e.g., refineries)
and on ships, mostly in the United States and Israel.

The waste heat recovery boiler (WRRB) would have a
total installed cost of Rs.3 million (80 percent for-
eign) and a simple payback of 1.4 years (see Exhibit
6). The organic Rankine cycle (ORC) would cost roughly
Rs.66 million (90 percent foreign) and have a simple
payback of 7.2 years (see Exhibit 7).

Since many of these projects are interrelated, it is ad-
visable that Prima Ceylon first study the feasibility
of retrofitting the diesel engines so that they can be
fired on 800 second oil. Such modifications have been
made tn other countries on similar engines. Currently,
the cost per kWh of running the engines on automobile
diesel oil is greater than the cost of buying power
through the national grid. If, however, the engines
could be fired on 800 second oil or industrial diesel,
the cost of producing electricity in-house could be
sharply reduced. If the generating costs are lowered
substantially, a waste heat recovery boiler could pro-
vide all of the plant's steam requirements if the gener-
ators were run continuously. The objective of the
plant should become to develop a scenario in which it
would be cheaper to produce electricity rather than buy
it.

303 Load Management Activities

Production scheduling for the pelletising department.
the department comprises four pelletizing machines
driven by 175 kW motors. Production in this department
is not continuous and is never run at full capacitv.
Further, the electrical loads at the jetty are on only
when loading/unloading activities are in proqress, and
the load is fairly high and is comparable with the load
at the pelletiuing department. Thus, it is possible to
schedule this department to run only when loading/un-
loading activities are not present.

It is suggested that a complete study of non-continuous
loads be carried out by the electrical engineers of the
factory, and the possibility of rescheduling their oDer-
ations should be investigated. A comprehensive scheme
should be drawn up in consultation with the production
manager. The loading schedule for the non-continuous
loads should be drawn up a few days ahead. The chief
electrical engineer or his deputy should be appointed
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Waste Neat Recovery Boiler

Total installed cost, 3,000 lb/Ar M 3,000,000

AnnUal diesel boiler fuel savings, liters 2S0,000

Ainual oost savings (Rs.8.74iiter) 2,175,000

Siaple paybacks 1.4 years.

Mnler, Bailly & Company.
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Ozganic Rankine Cycle
(RS. 000)

Total installed cost 66,000

Annual additional eleotticity production, kWh** 5,100

Annual savings (Ra.1.8/kWh) 9,180

Simple paybacks 7.2 years.

,*1,5 00-kW ORC.
T*hirty percent of the plant's 17 M OWh Lnternally generated power.

SOURC3: Hagler, Sailly & Company.
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as the manager Cor this scheme and should execute it in
close collaboration with the production departments.

4. sToru of Roereame for Prima Ceylon Ltd.

Prima Ceylon Ltd. has excellent opportunities for ener-
gy conservation, and they can be easily identified (see
previous section). Therefore a detailed energy audit
is not required. It is recommended that technical as-
sistance be acquired by Prima Ceylon to conduct feasi-
bility studies in the following areas:

1. Retrofitting the Lo00 boiler to fire a heavier
oil than automobile diesel

2. Retrofitting the diesel generators to fire
heavier oils

3. Installing a waste heat recovery device on the
diesel engines in the form of a waste beat re-
covery boiler or an organic Rankine cycle.

Section 3 provides background for the analysis.

Also, the consultants will assist Prima Ceylon in devel-
oping load management activities at the mill. These ac-
tivities will focus on scheduling the loading/unloading
and pelletizing operations to minimize peak electricity
demand. A plant re-start plan after supply disruptions
from CEB will also be developed by the consultants in
conjunction with the Prima Ceylon staff. It is not be-
lieved at this time that a full audit is necessary, al-
though implementation of the above actions may raise
additional issues that will need to be addressed.

For each one of the retained projects (likely to in-
clude most of the projects identified in Section 3),
the consultants will prepare a detailed feasibility
study according to the following formats

Executive Summary

1. Introduction (including demand and market pro-
jections)

2. Technicai options

3. Cost and performance assumptions
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4. Financial analysis

5. Economic and social analysis

6. Recommendations

Appendices.

The cost of the feasibility studies is estimated at
U.S. $20OOO-$40,OOO, depending on the involvement of
local consultants.
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The Rotel Lanka Oberol (RNW), which is the single larg-
est non-industrial electricity user in Sri Lanka (with
more than 10 GWh annually), has a substantial potential
for both electricity and fuel oil consumption reduc-
tion, representing probably more than 10 percent of
total energy used. Recognixing this, the hotel manage-
ment has recently contracted with a local specialized
engineering firm to conduct a detailed audit in early
July 1984 to develop a comprehensive conservation pro-
gram. The cost of the audit and subsequent feasibility
studies and investments will all be borne by the parent
corporation. Therefore, it has been concluded with man-
agement that the hotel did not need any external finan-
cial assistance nor any detailed terms of reforence, as
work is already underway with a competent private firm.



-158- Annex 2
Page 119 of 226

HO8UL LMNKA OSURI

1. Background

The RLO is the largest and most luxurious five-star
hotel in Sri Lanka. Located in central Colombo, about
30 kilometers from the Colombo international Airport,
KLO first opened in 1976 with about 110 rooms. In No-
vember 1983, a new wing was commissioned, bringing the
total number of rooms to 600. The hotel hosts many
other facilities, including six restaurants, five bars,
numerous sports facilities, banquet and conference
rooms, and a business center.

Performaco. Since its inauguration, ULO has main-
tained a high occupancy rate. For example, the rate of
occupancy (defined as the percentage of rooms occupied
to the number of rooms available) in 1981 and 1982 re-
mained at about 90 percent. In 1983, however, because
of the July political disruptions and the commissioning
of the new wing in November, this rate had dropped to
37 percent by the end of the year. in 1984, the aver-
age rate of occupancy is likely to be in the 50-percent
range, or about 8,000 room-days occupied monthly.

Employment, financial situation, and project evalua-
tion. Confidential.

Future plans. As HLO has just completed its expansion
to 600 rooms, no other major expansion project is con-
templated for the short term.

Major problems facing the facility. The major problem
that ELO will face in the future will be that of main-
taining sufficient levels of occupancy to keep profits
in line with the past performance. Indeed, a large
number of new rooms will be made available in Colombo
in coming years with the opening of frir major inter-
national hotels (Taj, Meridien, Ramadi Renaissance, and
Hilton), and it is not likely that demand will be able
to match supply for some time.

2. Energv Situation

8LO is one of the major energy users in Sri Lanka, with
a total annual bill of more than Rs.30 million. it is
by far the largest non-industrial electricity consumer.

Major energy-uslng equipment. The electrical equipment
consists primarily of four 400-tonne refrigeration
chillers, of which three operate at the same time,
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requiring up to 350 kW. Chillers consume about 60 per-
cent of the total electricity used by the hotel. Other
large electricity users include eight 60-hp pumps for
cooling systems. Total electricity peak demand is
about 2,100 kVA, the balance being used by multiple
fans, kitchen lighting, and miscellaneous equipment.

rurnace oil is used in two boilers, sized at 9,000 lb/
hr, 10 bar, using 1,000 sec oil. They are fitted with
economizers and flue gas scrubbers. Their efficiency
is not known precisely because hotel engineering staff
do not have the necessary equipment, but is probably
around 75 percent. Most condensates are returned to
the boiler, and a waste heat recovery device using
flash condensate steam preheats sanitary hot water,
which is then heated by steam to about 80°C,

Diesel oil is used when standby generators are run (two
Mitsubishi generators rated at 1,140 kVA each).

ruel and electricity used. As shown in Exhibit 1, annu-
al electricity consumption was about 11.5 GWh and fur-
nace oil oansumption, about 750 tonnes for the period
between April 1983 and March 1984. These figures cover
the capacity increase from 300 to 600 rooms by late
1983. Taking into account the period from October 1983
to May 1984 (i.e., 8 months with 600 rooms available),
monthly consumption per room-equivalent comes to 1,810
kWh and 121 liters of oil. These figures correspond to
a total annual energy use per square foot of about 28
kWh and 81,000 Btu (760 f./room-equivalent). BSoth
numbers are slightly higher than for comparable hotels
in the United States, for example (20 kWh and 77,000
Btu), which can be partly explained by the very large
common areas.

Fuel and electricity costs. As a commercial customer,
5LO pays higher rates than industry for electricity.
Demand charge runs at Rs.150/kVA (versus Rs.90 in in-
dustry), and 1 kWh costs Rs.2.2 on the average, includ-
ing fuel adjustment charge. Overall, one unit of power
costs slightly more than Rs 2.5.

Furnace oil costs Rs.5.5/liter, the same price as for
industry. ELO's total annual fuel bill is around
Rs.4.5 million.

Enorgy management organization and activities. fLO has
recently initiated monthly energy management meetings
(the first was held on May 7, 1984), where the general
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UxhibLt 1

slectrLaity and iwnace fuel Consumption from April 1983 to March 1964

Ulatitry Aon

April 1983 671,120 1,334,681.60
Nay 1983 763,480 1,523,446.40
June 1983 826,960 1,663,292.80
July 1963 700,000 1,464,000.00
August 1963 1,204,280 3,042,558.40
September 1983 875,180 2,230,610.40
October 1983 1,O55,300 2,663,684.00
November 1983 966,440 2,477,663.20
December 1963 1,067,840 2,726,67S.20

January 1984 1,152,760 2,916,738.40
February 1984 983,420 2,519,397.60
march 1984 1.130.000 2.906.288.00

Total 1 you 11,396,606 27,511,253.00

April 1984 1,176,000 2,980,880.00
May 1984 1,163,160 2,946,0S0.00

RP. 2.41/kWh.

-rncma fuel

Mbutblyww rA~~~~~~~~~~Ltergs

April 1983 52,132.5
Nay 1983 52,670.5
June 1983 54,418.5
July 1983 66,131.8
August 1983 55,749.2
September 1983 56,734.5
October 1983 63,945.0
November 1983 63,328.5
December 1983 70,463.S

January 1964 67,805.0
Febtuary 1984 74,801.0
March 1984 83.286.0

Total 1 year 761,46S.0

Aptil 1984 8S,571.0
Nay 1964 71,410.0

SOMRCE: Hotel Lanka OberoL.
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manager, chief engineer, and other relevant rartici-
pants meet. Meeting minutes are published to outline
actions to be taken. For example, the first meeting
emphasized the accelerated replacement of incandescent
bulbs by fluorescent lights and discusses the use of
automatic/microprocessor or clock control systems for
lighting and air conditioning.

3. Energy Conservation Potential
and Potential Projects

Based on a rapid visit conducted on June 2, 1984, and
discussions with the chief engineer, it appears that
there is room for energy cost reductions at ELO, both
in electricity and furnace oil use. The visit also re-
vealed that equipment was of good manufacture, in good
running condition, and that some improvements were tak-
ing place, mostly in electrical safety, thermal insula-
tion, and lighting retrofit.

Some metering equipment exists, but not enough data
were available to estimate efficiency of key items such
as chillers and boilers. For example, there is no indi-
vidual oil and water flowmeter or thermometer for boil-
ers. Therefore, given the magnitude of the energy
bill, an energy audit is a required prerequisite to
project identification. Recognizing this, the chief
engineer recently proposed to hotel management to have
an energy audit conducted by a competent local consult-
ing firm, CTC Services (a subsidiary of Ceylon Tobacco
Company). This proposal was accepted by the board on
June 6, 1984.

Based on the visit and experience gained in other coun-
tries, it is estimated that about 5 to 10 percent of
the electricity bill and 10 to 15 percent of the fuel
bill could be saved. Cumulative cost savings could
thus reach Rs.2-3 million annually. Candidate projects
are likely to include:

* Comprehensive electric load demand management

* Lighting efficiency improvement

o Boiler housekeeping (air/fuel control, insula-
tion)

* Kitchen energy use improvement (limiting the
use of electricity)
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* Laundry energy use lmprovement (limited scope)

* Electric peak shaving using diesel generating
sets.

These projects are not discussed further as the audit
is planned to take place in July and will identify
costs and benefits of all potential projects by midsum-
mer.

It is anticipated that about Rs.1.5-2 million will be
required to achieve savings levels mentioned above, for
an overall simple payback of less than 1 year.
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The Colombo General Hospital is in a very poor condition with respect to
its energy situation, but is achieving miracles in coping with overall
budgetary constraints. Because of the lack of sufficiently detailed
consumption records, the vast area covered by the facilities and the lack
of sufficient available technical and specialized staff, a detailed audit
is required. Considering the opportunities in energy use efficiency
improvements and fuel switch (e.g., electricity to gas or oil), it is
possible to cut hospital fuel costs by at least 20 percent in the short
term and at low cost. Once the proposed feasibility study has verified
the economic viability of the measures required to achieve these savings,
they can be implemented immediately. Capital costs for these measures
have accordingly been included in the cost of the feasibility study
(US$100,000). The study should take about four man-weeks, excluding the
time required for the capital investments which are to be undertaken
immediately. It will also establish the costs and benefits of further
energy-saving measures, including major retrofitting. Meanwhile, it is
of utmost importance to consider energy efficiency in all modernization/
expansion programs, such as the one currently proposed under Finnish aid
in particular. It is contemplated to install a new all-electric
laundry. Such a project should imperatively be modified to use fuel,
either town gas or furnace oil, rather than electricity.
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1. Backgroun

Listory. The Colombo General Rospital (CGU) is more
than 120 years old and has been continuously expanding
since. CGH is now a decentralized unit of the Colombo
group of hospitals and is placed under the Ministry of
Colombo Hospitals and Family Health, which was created
in 1979. Many organizations have contributed to its ex-
pansion and multiple renovations, including the Bank of
Ceylon., the Lions Club, and various foreign organiza-
tions.

Description. CGH occupies about 12.5 ha of land in the
center of Colombo and has a current capacity of more
than 2,300 beds, of which only about 75 beds are for
paying patientsa the rest are for non-paying patients.
However, occupancy often exceeds capacity, and tempo-
rary facilities must be available to meet high demand.
On June 5, for example, there were 2,515 non-paying
patients and 74 paying patients.

CGa is a surgical and medical hospital with 8 intensive-
care units (fully air-conditioned) with 53 beds and 7
operating theaters. Additional details are provided in
the appendix.

Staffing and organization. CGO employs about 3,300
people, of which approximately 300 are medical officers
and 900 are nurses. CGH is headed by a superintendent
who is assisted by a deputy superintendent. Mainte-
nance activities are under the administrative officer,
who reports to the deputy superintendent.

Financial situation. The hospital is in a very poor fi-
nancial situation, and no internal funds are available
for any non-critical improvement program. Because of
this difficult situation, CGH owes more than 1 year's
electricLty fees to CEB. Total 1983 budget was Rs.115
million, but expenses exceeded revenues.

Project evaluation. Because of CGE's inability to fi-
nance any project, project evaluation is not performed
on an economic merit basisl rather, projects are under-
taken when absolutely needed.

Existing plan for sodernization/expansion. A four-
phase modernization and cxpansion program has been pro-
posed under Finnish assitetance. Money has been allo-
cated to Phases I and 1I, whlch will deal primarily
with infrastructure. In Phase I, which includes
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provisions for new sterilizer units, laundry, and a new
400-bed orthopedic unit, an overall revamping of the
utilities, including energy-using systems, is included
(see appendix for details).

2. Bnerav Situation

Major energy-using equipment. CGH uses mostly electric-
ity and town gas. Blectricity is used for (1) air con-
ditioning of operating theaters, intensive-care units,
mortuary, and telecommunication centers, (2) water heat-
ers and sterilizers (six operating out of a total of
ten), cooking (about half of the requirements), and oth-
er general services such as elevators (eleven units),
and (3) lighting (mostly fluorescent tubes). Town gas
is mostly used for cooking in unsophisticated stoves
and for some other minor applications (e.g., laboratory
tests).

Fuel and electricity used. Monthly electricity consump-
tion runs at about 490,000 kWh, with very little season-
al variation. The total annual bill is about Rs.ll mil-
lign (see Exhibit 1). Town gas consumption is 290,000
ft per month, at a cost of Rs.88,000/month.

Total electricity and gas expenses (Rs.12.5 million)
represent approximately 11 percent of total hospital
operating costs, which amounted to Rs.115 million in
1983. These figures are very low by intergational stan-
dards, with an average of 6.5 kWh and 4 ft3 of gas per
patient-day.

Znergy ianagmnt organization and conservation activi-
ties. There are three electrical engineers from CEB
attached to the hospital, but no formal energy manage-
ment organization or budget. The enqineers' duties are
essentially in maintenance and repair. The major ener-
gy conservation initiative has been gradual replacement
of incandescent bulbs with fluorescent tubes.

The major problems facing energy conservation activi-
ties result from the total lack of funds available for
this purpose and the large number or ministries and or-
ganizations involved in any decision. For example, mod-
ifying the doors of the air-conditioned rooms to reduce
leakage would require the cooperation of three minis-
tries.
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Zlectricity Statistics

units aount
, ~~~~~~~~(k) , >-)

January 1983 500,000 802,500/-
February 1983 490,942 791,086/92
March 1983 493,707 794,570/82
April 1983 492,282 793,027/32
May 1983 493,626 794,468/76
June 1983 492,067 792,504/42
J-uly 1983 492,419 792,947/94
August 1983 493,000 1,01S,520/-
September 1983 493,866 1,017,010/86
October 1983 493,129 1,015,750/59
November 1983 493,391 1,017,224/61
December 1983 492,340 1,014,401/40

January 1984 4899508 1,009,558/68
February 1984 493,279 1,016,007/09
March 1984 490,931 1,011,992/01
April 1984 488,879 1,008,472/83

SOURCE: Colombo General Hospital.
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3. Potential for Energy Conservation

While some individual projects can easily be identified, it is
recommended to conduct an energy audit of the facility. Such an audit
could be conducted by a foreign expert in conjunction with CEB and local
consultants trained by gDMAC/USAID. It is likely that the audit would
recommend, among others, the following measures:

o Repair gas leaks

o Use only gas-fired stoves in the kitchen

o Install LPG tank

o Replace existing doors of air-conditioned rooms with improved,
air-tight doors to reduce losses.

To implement all of the above projects, not more than Rs.2.5 million,
including the audit, would be required; savings could reach Rs.2-3
million annually (mostly electricity through air conditioning
improvements), yielding an average payback of approximately one year.
This estimate is very rough as no efficiency data was available, but
represents about 20 percent of the total energy bill. Experience in
other hospitals in better condition has shown that such a savings rate
can easily be achieved.

In addition, it is strongly recommended to install fuel-using thermal
equipment when possible instead of electric equipment, as part of Phase I
of the Finnish-assisted master plan for hospital improvement and
expansion. For example, the envisioned laundry unit should use -etroleum
products, not electricity, to generate steam. In terms of uses.,i. energy,
fuel can be 2 to 3 times cheaper. The lower investment cost would not be
justified on a life-cycle cost basis.

4. Terms of Reference for Colombo General Ebspital

A detailed energy audit of CCU is required. To conduct the detailed
energy audit, the consultants will successivelys

1. Conduct a preliminary audit (also called survey) or "PEA" to
collect historica data on (a) energy use and rate of
occupancy, (b) energy-using equipment, and (c) technical
personnel available for energy efficiency work on-site. This
preliminary audit shall not take more than 3 man-days to
perform (see EDMAC's energy auditing manual for more detailed
directions to perform the PEA).
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Specific attention should be given to the technical and
economic efficiency of (a) using town gas versus light furnace
oil, and (b) using town gas or furnsce oil in lieu of
electricity.
After the preliminary audit verifies the economics of the
following four retrofit*, the consultants shall proceed to
carry out the requirte! work: (1) repairing gas leaks; (2)
uuing only gas-fired stoves in the kitchen; (3) installing an
LPG tank; and (4) replacing existing doors of air-conditioned
rooms with improved air-tight doors to reduce losses. The
capital costs of these retrofits shall be included in the cost
of the feasibility study.

2. On the basis of the findings of the PEA, the consultants will,
in collaboration with local technical staff, undertake a
detailed audit of these areas which deserve an instrumented
analysis. It is likely that the following areas will be of
prime importance:

o Kitchen
o Air conditioning
o Town gas distribution
o Sterilizers (to a lesser extent).

For each audit area selected, the consultants will perform an
instrumented analysis of the energy-related flows to identify
areas of improvements. Energy balances should be developed and
potential savings estimated. When several options are
possible, the consultants will provide CGH with the following
information for each option:

o Description

o Estimated cost in foreign and local currency with sources
of information and range of confidence

o Estimated benefits in physical units, financial (i.e., at
market prices), and economic (i.e., at true cost to the
economy) values

o Implementation schedule and recommendations.

More details about the audit requirements are given in EDMAC's
energy auditing manual. The final product shall be a practical
implementation plan acceptable to CCH management that can be
organized in several phases:
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o Phase one: low cost/no cost measures (housekeeping)
requiring little or no extensive expense;

o Phase twos minor retrofits, requiring some limited
capital expenditures, but highly profitable;

o Phase three: major projects requiring large capital
expenditures and long lead time.

It is estimated that the audit and report preparation should
take between 6 and 8 man-weeks, excluding the time required for
repairing the gas leaks, installing the LPG tank, and
installing air-tight doors. Results should be quickly made
available to the Finnish aid organization to be included in its
modernization plan. Training of technical staff should also be
included in its project (efficient air conditioning in
particular). The total cost of the ieasibility study
(including the capital costs of repairing the gas leaks and
installing the LPG tank and air-tight doors) is US$100,000.

.
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APP8"DIX (ezcerpts from Finnish project)

Electrical Networks

General

The area of the CGH consists of several buildings of
various ages. Owing to this discrepancy in ages, there
are also great differences ln the condition and scope
of the electrical, as well as the telecommunications,
systems in the buildings, as well as in different parts
of the hospital site.

Since hardly any records were kept while the electrical
and teletechnical connections were installed, repaired,
and replaced during the different construction periods
of t, hospital area, only the main components and con-
nections of these networks can be presented in the dis-
tribution drawings. However, as these connections are
in a rather poor condition as a whole, they need in any
case to be replaced for most parts as the renovation
proceeds. This is the only practical way to guarantee
safe and continuous service of these vital functions.

The electrification and the telecommunication equipment
're in accordance writh the B8S standards (at least in
the newest buildings). The installations in the reno-
vated and in the new buildings should also meet the
s~--me standards to minimize the number of required spare
parts and to facilitate maintenance and repair work.

The 1l-kV Distribution Network
,

The CGE area has a middle voltage distribution network
of its own (11 kV, 50 Hz), and the area will mainly ob-
tain its 1l-kV supply (substation No. 76 of the hospi-
tal area located near the Medical Intensive Care Unit)
from the 3ill-kV Primary Substation D near Welikeda.
In additicoa, the 1l-kV supply has been secured by sub-
station No. 14 of the primary substation D. Another
standby supply has been brought to satellite stations
No. 26 from satellite stsation No. 19 of the primary sub-
station A. There are five transformer stations in the
hospital area; however, satellite station No. 263 sup-
plies only locations outside the area.
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The transformer capacity of the area is as follows:

Transformer
capacity Peak

station no. (m) load

76 2 x 750 

25 2 x 500

26A 500 --

76A 500 --

The 0.4-kV Distribution Netork

The 0.4-kV supply to the hospital area has mainly been
via external feeder pillars. Only the biggest sporadic
loads have been supplied directly from the transformer
station.

The low-voltage parts of all transformers have been con-
nected to one or more transformers, either directly via
transformer centers or feeder pillars. This has been
done to secure the necessary functions during eventual
power breaks or maintenance/failure of the transformer/
medium-voltage equipment, and also to restrict the size
and amount of the standby units. In this way, a rela-
tively secure power supply has been guaranteed together
with the reserve power machines.

Reserve power capacity of the area is as follows:

peak
supply area of the Power load

standby sower machine (kA) ()

Main operating theater and NCOT 150

Accident service: operating
theater and recovery units 36 --

Central blood bank (not used
at present) 50 --

The 0.4-kV distribution network is presented in drawing
no. 15, attached.
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Auxiliary Services

The auxiliary services are the services needed to sup-
port the medical activities of the CGH (e.g., launder-
ing, sterilization). These services function at a rea-
sonable level in some sectors (e.g., catering ser-
vices), while certain other sectors (e.g., central stor-
age facilities, archives) are practically nonexistent.
This is due to the manner in which the hospital has
grown, in which process some service units, such as the
central kitchen, have been constructed recently to cope
with the present day demand for catering, while some
services are still run in a very disorganized and out-
dated way (e.g., laundering, which is done manually).
As a result, an overall functional network of auxiliary
services to satisfy the medical demands does not exist.
The existing units are working in difficult conditions
and need updating and integration with eventual new
units to be established, as well as with the other func-
tions of the hospital.

Functional Difficulties

Laundry Services

Laundry services for linen, textiles, sterile textiles,
etc. are primitive and outdated. There is neither a
building nor equipment for this purpose at the hospital
site. For instance, washing for the operating thea-
ters, the neurosurgical unit, and Wards 39 and 40 is
done manually at the central washing area, which houses
'six bathtubs and a water supply connection. Similar
smaller units are scattered around the hospital area.
The linen and textiles are dried outside, either by
hanging on clotheslines or by spreading them on the
grass. Due to the washing methods, the quality of wash
is poor; the loss of linen is also frequent. During
the rainy season, the drying of linen is a problem.
The sometimes-poor quality of water and the shortcom-
ings in the supply also cause occasional inconve-
niences. Small volumes of linen are washed outside the
hospital premises by the Prison Department and a Pri-
vate contractor. The unsatisfactory laundry services
have also been considered a j-atential cause of hospital
infections.
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Instrument SerVice and Stetilization Facilities

Instruments are presently sterilized at three different
places at the hospital sitet

* The Central Service and Sterilization Depart-
ment (CSSD), with seven high-pressure steriliz-
ers (autoclaves), of which two to three are
functioning

* The Outpatient Department, with one autoclave

* The Accident ertvice, with two autoclaves.

It has often proved difficult for these units to supply
the hospital with enough sterile dressings and instru-
ments due to the breakdowns of machinery and the short-
comings in the water supply. Together with their incon-
venient location (the first two are located at the far
sides of the site) and the long transportation dis-
tances along crowded walkways, it is difficult to meet
even the minimum hygienic standards set for sterilized
instruments and dressings used in operations. The
availability of disposable articles is limited, and the
cost of their use is too far beyond the financial re-
sources to be considered a permanent solution. A cen-
tral sterilization unit adjoining the laundry with easy
access to the aain operating facilities is essential
for efforts to decrease the rate of postoperative infec-
tions.

Staff lcaa mdations

The lack of staff quarters in general and the accommoda-
tion of house officers in particular are problems at
CGH. There are 175 house officers aud 75 consultants
attached to the hospital. Some quarters have been re-
stored on the first floors of the Radiology Department
Building and the old Administration Building. The St.
Peters Nurses' Quarters houses approximately 50 nurses
in very old premises. The main Nurses' Quarters accom-
modates approximately 150 nurses (total nursing staff
at CGS is approximately 850). Sharing accommodations
are provided for about 60 senior house officers and 32
interns in bachelor quarters half a mile away at Barnes
Place. More than half of the doctors currently reside
10 to 15 miles from the hospital. The lack of accommo-
dations has heen considered one reason for the lack of,
for example, nursing personnel. There is a staff
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housing project under construction next to the hospital.
site. After completion of this project, there will be
20 flats for married couples and 96 rooms for singles.
Nowever, this will only partly ease the demand.

Staff Canteen

There is a central canteen on the second floor of the
modern kitchen used by the staff. The other canteen
(in Building 71A), run cooperatively, serves both per-
sonnel and visitors at the rate of about 2,000 per day.
As these cannot cope with the demand, some additional
capacity is needed.

Central Kitchen

The central kitchen is one of the more modern buildings
at the hospital and, in principle, works satisfactori-
ly. I has three separate cooking areas and ancillary
storage facilities. It caters separately for three
categories: paying patients, averaging about 755 non-
paying patients, averaging 2,500; and minor staff, aver-
aging about 1,500 at each meal. Breakfast, lunch, and
dinner are psrovided. Food distribution is done by food
trolleys allocated to each ward. Patients' relatives
are not served food by the hospital. The foodstuffs
are supplied by the Marketing Department and the Fish-
eries Corporation. Cooking is done both by gas and
electricity. In addition to the usual minor mainte-
nance requirements of the buildings, the need for con-
stant repair of gas leakages, the poor ventilation, and
the lack of exhaust fans are the cause of some inconve-
nience.

Zlectrical Networks

The CGH area belongs to the supply district of the
Welikeda 33/11-kV primary substation D in Colombo City.
The main switch station of the hospital area is ring
substation No. 76 of station D. The 11-kV supply of
the area has been secured in addition by two auxiliary
supplies.

Despite the securing of the 11-kV supply, there are
rather frequent power.breaks in the area. Great atten-
tion, therefore, should be paid to the capacity and the
technical condition of the standby power machines to be
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able to guarantee the continuity of the necessary func-
tions even during power breaks. The present transform-
er capacity might be enough to cope with the current
loading situation, but new buildings and renovation
will require additional transformer and generator capac-
ity.

The internal electrical installations in the older
buildings are inadequate and in bad condition. Light-
ing has been provided even in larger spaces at least
partly by incandescent lamps, which increase power con-
sumption and the need for maintenance because of poor
efficiency and the short lifespan of the lamps. Nurs-
ing staff' work is complicated in the older buildings
by, among other things, the small number of socket out-
lets, which also makes use of technical auxiliary
equipment difficult.

Adequate illumination levels required by nursing and
teaching purposes should be taken into consideration
when designing lighting and other electrification for
the new buildings and for the renovations, so that
adapting new auxiliary equipment for teaching and nurs-
ing will be possible.

To improve the safety of patients and personnel, a fire
alarm system should be installed in the multi-story
buildings.

A transformer station and a standby generator will be
built in Phase I to serve the buildings to be construct-
ed at that time, as well as later phases of construc-
tion. The transformer and the generator room will be
located at one end of the new central storage building.

The power capacity of the transformer to be procured in
Phase I will be 750 kVA. The ring main unit will be ex-
tendable with another unit, which allows a second trans-
former to be added later.

The power capacity of the standby generator to be pro-
cured in Phase I will be 110 kVA. this generator can
also provide reserve power supply for the Emergency Ser-
vice Building in Phase II.

When rearranging the yard areas, the feeder pillar near
the Kynsey Place may have to be moved. It is also
necessary to reinforce the existing power distribution
network within the CGH area to meet the additional
power demand.



-176 - Annex 2
P e* 137 of 226

mmLM WTOD aOMY, LID (CTC)

Ceylon Tobacco Company is undoubtedly a leader in energy efficiency in
Sri Lanka, which has lead them to establish a specialized consulting
subsidiary, CTC Services, to assist other companies or organizations in
energy auditing, consulting, and engineering, with a special emphasis on
the use of local fuels.

This report presents some additional projects CTC should consider to cut
even further its energy bill. These projects include mainly improved
steam line insulation, waste heat recovery on dryers, and installation of
a new multifuel boiler. CTC does not require any foreign assistance to
implement these projects if they are found financially justified.
Several projects should be investigated further by CTC Services, mainly
the rehabilitation of the steam system and the installation of a new
multi-fuel boiler (see Exhibit A).
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1. Backuround

Plant/coipany bistory. The history of CTC dates back
to 1927, when British American Tobacco Company (Ceylon)
Limited began manufacturing cigarettes and smoking
tobaccos in Sri Lanka.

Ulephant, a brand of Thomas Bear and Sons Limited, was
the first cigarette to be manufactured. The factory,
which was at Bloemendhal Road, Kotahena at that time,
was moved to the present building at 176, Sri Ramana-
than Mawatha in 1940. The old factory is now used for
storage.

CTC was incorporated as a Rupee Company in March 1932
and took over the business previously carried on by
British American Tobacco Company (Ceylon) Limited. The
new company acquired the trademarks, trade names,
brands, and good will associated with the business, and
was engaged in the manufacture and distribution of ciga-
rettes and smoking tobaccos.

In August 1955, CTC became a public company with the
issue of shares in the local market. The company also
acquired the entire business of Godfrey Phillips Ltd.
in Sri Lanka and the Maldive Islands, together with the
assets associated with Sri Lanka and the right to manu-
facture OGodfrey Phillips* brands in Sri Lanka.

The Godfrey Phillips factory at Skinners Road North (re-
named George R de Silva Mawatha) was thereafter con-
verted into an office block and was vastly extended in
the late 19708.- This block is now the registered
office of the company and of its subsidiaries.

The leaf division's green leaf threshing plant and its
offices were constructed in I4awilmada, Kandy in 1953.
With the transfer of the cleaning and classifying plant
from Colombo factory to Kandy a few years ago, the
bui.dings have been extended and more modern machinery
hav heen installed.

For many years, tobacco was imported for the manufac-
ture of cigarettes. However, in 1940, the company par-
ticipated in experiments in the production of flue-
cured tobacco in Sri Lanka. The gradual increase there-
after in the quantity and quality of Virginia-type to-
bacco grown in the island resulted in the reduction of
imports year by year.
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The importation of tobacco has now ceased. Indeed, the
company has been exporting tobacco leaf since 1967.

in 1974, a research station was set up for research in
leaf growing, training of field staff, and activities
regarding the development of tobacco cultivation areas.
These activities were further improved with the con-
struction of the research laboratory in the leaf divi-
sion, head office premises. In this well-equipped,
modern lrboratory, research is now conducted on the
tobacco and the finished product.

The company began to diversity its activities in 1973-
1974. Thereafter, it started the processing and export
of non-tobacco products, such as sesame seed and essen-
tial oils. It launched three major diversification
projects -- the Orchid Project in 1978, the Mahaweli
Agricultural Project in 1979, and the Thriposha Program
in 1980.

CTC has four subsidiary companies -- namely, Colombo
Distributors, Ltd., CTC Services, Ltd., C1'C Exports,
Ltd., and CTC Briquettes, Ltd. The CI.V E;rvices,.Ltd.
is mainly engaged in the management actlivities of the
groups' diversification. projects and also carry out
commercial operations in energy and alter..t'' fuels
(including energy auditing),

Plant location. The leaf processing factory is In
Randy, and it is called the Green Leaf Threshing Plant
(GLT Plant). The manufacture of cigarettes and pipe
tobacco takes place at the Colombo factory. Main leaf
growing areas are in the Central regions and toward the
North East and South East.

Process description. Tobacco is a seasonal crop and in
Sri Lanka, mainly grown by a multitude of small-scale
farmers. They feed their crop to bigger tobacco barn
owners/farmers who cure the leaf, usually in wood-fired
tobacco-curing barns. This process reduces moisture
from between 30-50 percent in the field to 16-19 per-
cent moisture content. Thereafter, the farmers grade
their produce according to the color and texture of the
cured leaf and transport to the respective depots run
by the company. These are purchased, packed into
bales, and transported to the GLT Plant in Randy.

At the plant in Kandy, the tobacco leaf goes through a
cleaning and classifying process, at the end of which
the stem is separated from the rest of the leaf. Both



-180- Anntex 2
Page 141 of 226

CIW 1OBM) OMAY, LMTED (CTC)

these are then sent through conditioning and redrying machines, using hot
air and steam to achieve a final uniform moisture content of around 10
percent. The lamina, the threshed leaf, and the stems are baled in
hydraulic presses and sent to Colombo for storage prior to manufacture of
cigarettes.

At the Colombo factory, the manufacturing operation comences with the
movement of bales of stem and lamina from the leaf storage points to the
leaf reception room. From this room, the bales are moved into the
production process. The number and grades of the bales required on a
particular day are determined by the blend to be processed on that day.

As the bales are moved from the leaf reception, they are weighed mainly
for the purpose of calculating the excise duty payable. Presently, the
company pays excise duty at the rate of Rs.341/kg. This works out to
over Rs.8 million/working day.

Thereafter, the bales are put through an initial conditioning process
using steam and moved to the primary manufacturing department for the
primary processes in the manufacture of cigarettes. By means of these
processes, the lamina and steam, which are treated and conditioned
separately, are finally converted into cut tobacco with a moisture
content appropriate for the manufacture of cigarc' es. This cut tobacco
is thereafter loaded blend-wise into containers called skips and stored
in the cut tobacco stores, which maintain a relative humidity around 68
percent.

The cut tobacco is fed to the machines in the cigarette-making department
for the manufacture of cigarettes by means of a pneumatic process. Some
cigarette-making machines produce plain cigarettes, and the others,
filter-tipped cigarettes. The rates of production range between
2,000-2,500 cigarettes per minute.

The filter, which. is manufactured separately in the filter rod room, is
interpolated into the cigarette-making process by means of a filter rod
attachment in the cigarette-making machine. The filter is made out of a
substance called acetate tow.

The completed cigarettes are placed on trolleys which are then left in
cigarette conditioning cupboards to attain the correct moisture content
before they are packed for distribution to the market. The cigarette
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conditioning cupboard maintains a relative humidity
around 45 percent.

Four processes could be identified in the cigarette
packing department; namely, packing, wrapping, parcel-
ling, and casing. Cigarettes are packed in 106 to 12s
in shell and slide packets, hinged-lid packets, and
soft cup packets, depending on the brands 'nd marketing
requirements. The cigarette packets are then parcelled
into cartons and then loaded into cases or boxes. A
case or box is normally packed with 10,000 cigarettes
and is referred to as a mille. Thereafter, the cases
or boxes are conveyed to the manufactured stock go-
down, where they are stored until purchased and col-
lected by the distributors.

Continous quality checks are carried out at every stage
of manufacture. These include not only tests on the to-
bacco, cigarettes, and packets, but also on the quality
of the materials used. The aim is to ensure that the
produce reaching the consumer is of optimum quality.

nmployment. The factory employs 1,100. The mainte-
nance division comprises about 5 managers, 15 supervis-
oes, and 100 workmen. The leaf division employs 650.
The maintenance division comprises 3 managers, 5 super-
visors, and 50 workmen. The CTC(S) employs 240.

Financial situation (2s.000's). The turnQver in 1982
was 2,994,832 and 3,490,395 in 1983. The profit before
taxation in 1982 was 125,117 and was 131,405 in 1983.
The profit after taxation in 1982 was 59,811 and was
72,967 in 1983.

Project evaluation criteria. Three criteria are con-
sidereds (1) Increase product output/quality. (2) Re-
duce energy/operational costs. (3) Improve plant effi-
ciency.

Existing plans for modernization/expansion. Cigarette
manufacturing and quality control are continuously be-
ing reviewed and modernized. While specific plans are
confidential, for the purposes of this report, we can
say that major changes in energy consumption are not
foreseen in the near future.

Major problems facing the facility. Space is a major
problem. Factory was designed in early 1950s for a
production less than half the present demand. Hence,
there is pressure in machinery storage/accommodation
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space. Because of production demand. it is also difficult to remodel
buildings and relocate machinery in the most logical manner to suit the
present demands.

2. Energy Situation

Major Energy-Using Equipment Characteristics

The major energy-using equipment comprise four boilers and electrical
equipment.

Boiler (04 Nos). Boiler No. 01 is a Cochran spheroid with a steam
output, 3,600 (rated) and ,P200 (normal) lbs/hr at 100 psi. Boiler No.
02 is a Cochran, serial no. 18381 with a steam output of 1,000 lbs/hr
(rated) and 600 lbs/hr (normal) at 100 psi. Boiler No. 03 is a Cochran,
serial No. 17056 with a steam output of 1,000 lbs/hr (rated) and 900
lbs/hr (normal) at 100 psi. Boiler No. 04 is a Vee Chieftan (package)
with a steam output of 6,000 lbs/hr (rated) and 4,500 lbs/hr (normal) at
150 psi. Boiler No. 04 is operational daily. When not operational,
Boiler No. 01 and one of 02 or 03 has to be operated.

All the above boilers consume furnace oil 1000 R seconds viscosity.
Tobacco conditioning cylinders (02 numbers) -consume approximately one-
third of the steam generated. Tobacco driers (02 numbers) consume 60
percent of the steam generated. Stand-by power generator of capacity 01
MW consume 45 gallons/hr auto diesel. Electric motors consume 80 percent
of electrical energy. All motors are rated below 50 hp. Air
conditioners, heaters in machines, fans and lighting consume the balance
of 20 percent of electrical energy.

Fuel and Electricity Used (1980-1983)

CTC factory - Colombo

Electricity Furnace Oil
Year units (kWh) (liters)

1980 3,105,740 588,333
1981 3,326,400 596,273
1982 3,606,300 580,348
1983 3,157,100 462t262
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Fuel and Electricity Prices (1980-1983)

Petrol prices (per liter) for the period 1980-1983 were Re.10, Rs.12,
Ri.13.50, and Rs.15, respectively. Diesel prices (per liter) for the
same period were Rs.4.62, Rs.6.75, Rs.8.13, and Rs.10, respectively. FPF0
prices (per liter), again for the same period, were Rs.4.30, Rs.4.30,
Rs.4.74, and Rs.S, respectively. The electricity-industrial tariff (in
kWh unit rates cents) for the period 1980-1)83 were 60, 60, 52, and Rs.3,
respectively (plus fuel adjustment and demand charges).

Supply Cbaracteristies

Three transformers, 500 kVA, 1l,000/400 volts, 3-phase 50 Hz. FFO: 500
gallonstday. Petrol: 1,000 liters/ month. Diesel: 300 liters/month.
FF0 is supplied in 2,000 gallon bowsers once a week from Ceylon Petroleum
Corporation.

Factory storage capacity is 11,000 gallons of FP0 and 8,000 gallons of
diesel. A mint5mum stock of 75 percent of full capacity is maintained.

Specific Energy Consumption (Fuel/nlectricity)

As shown in the table below, significant progress has been made in
reducing specific energy consumption during the last few years.

Electricity kWh/ PO liters/
Year million cigarettea Million ci8arettes

1980 597 114
1981 600 113
1982 622 100
1983 555 78

Energy Management Organization

The organization is depicted below:

COMPANY ENERXY COORDINATOR

ENERGYI4ANAGER ENERGY MANAGER ENERGYIMANAGER
FACTORY CLT PLANT FIELD
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Energy Conservation/Fuel Switching
Activities Past/Present/Puture

Electrical. The following steps have been taken to conserve electric
power:

a. Overall power factor improved from 0.7 to 0.95, thus reducing
the maximum demand by 225 kVA and making a saving of Rs.90 8
225 = Rs.20,250/ month.

b. By fixing Bablec energy-saving devices to a bagk of 20
fluorescent tubes, 10-15 percent energy savings has been
achieved. Five more units have been ordered to be installed in
the future.

c. Energy-efficient motors have been installed in almost all the
machinery and equipment. Oversized motors have been replaced
with correct simed motors.

d. Machinery operations have been scheduled to avoid peak demands.

e. A/C units, lights, and fans are switched off when not used.
Timber and thermostatic controls are incorporated in A/C units.

Steam. Projects have included rationalization of steam distribution,
improved condensate recovery system, more effective use of boiler house
instrumentation, and fuel usage monitoring. These projects have resulted
in overall fuel savings of about 15 percent. Feasibility studies are
underway for installation of a multifuel boiler which will burn factory
waste and other combustible fuels.

Waste heat recovery from flue gas, driers, air compressors will be taken
into consideration in the future under energy-saving activities.

Compressed air ring main has been improved by eliminating bends and
installing moisture traps. Line leaks have been eliminated.

Program of changing to diesel vehicles continues. A great interest has
been shown at management and supervisory level to ensure more efficient
transport operations.
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Rntire layout of the primary manufacturing departments has been moved
with rationalization of equipment to increase output and conserve
energy. A gas roaster and redryor have been discontinued, and cigarette
drying has been eliminated with a large energy saving. However, cupboard
is operated during extreme weather conditions. The CTCM will be removed
in the near future, and a new tobacco conditioning line will be
introduced using less steam and electricity.

3. Energy Conservation
Potential and Possible Projects

In spite of the progress made to date, it is still possible to cut enpvgy
costs further. Several possible projects are presented below.

3.1 Project Laundry List

Insulation of boiler wells and feed water tanks: By improving
iksulation of these two items, plant saving can be made in
boiler fuel consumption.

Repair of steam leaks from feedwater tank: Fitting a flash
vessel to recover steam from the feedwater tank condensate
inlet would reduce steam loss.

Isulation of pipe works This measure involves improving the
insulation of the steam distribution and condensate return pipe
work.

Installation of a boiler stack gas econosixert Installation of
this device will enable utilisation of available sensible heat
in the stack gas for the preheating of boiler feedwater.

Conversion to firing on coir fibre dust (CFD) briquettes: It
is possible to convert two of the older Cochran boilers to
firing on this material. Because of low boiler efficiency,
however, this proposal needs further investiSation.

Installation of a new moltifuel boilers This boiler would be
fired on solid fuels, such as coir fibre dust and combustible
wastes from the plant. Fuel oil would be burned as a standby
fuel.
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Solar preheating of boiler feedwater: Solar panel system to be
used to heat boiler feedwater prior to entering to the boiler.

Recovery of heat from process plant exhaust air: Heat recovery
from exhaust air can be used to preheat clean air at the inlet
to the dryers and the tobacco conditioning units.

Vaste heat recovery from a new chilled water plant: If a new
chiller is installed, a system in which waste heat is recovered
from chiller condensate can be considered.

3.2 Specific Projects Wivb
Preliminary Costs and Benefits

Steam 3ystem Rehabilitation
and Waste Heat Recovery

Description. The steam generated in boilers is uwed mainly for
drying and direct injection in the primary processing
departments. Boiler walls, steam distribution, and condensate
return pipes return feedwater tanks, etc. need surface
insulation upgraded and improved.

Drying is carried out mainly by using hot air that is heated up
to the correct temperature by means of steam heat exchangers,
attached to each dryer. After a single pass, the hot air is
extracted, sent through cyclones and baghouses for cleaning,
and then discharged to the atmosphere. The temperature of the
hot air discharged is between 60'C to 80'C in the three main
dryers. As such, a significant amount of heat can be recovered
from these hot air streams and used to preheat incoming fresh
air to dryers. Recirculation of air is not recommended because
of tobacco dust in the discharge air streams. Hence, it is
recommended that a heat wheel, plate-type heat exchanger, or
other recovery device be used for this purpose.

Cost. It is estimated that a heat recovery device operating on
exhaust from all three dryers will cost Rs.600,000 installed
(60 percent foreign).

Savings. On the basis of measured temperatures and air flows,
it is estimated that annual savings from heat recovered in
three discharged hot air streams would be about Rs.260,000.
Simple payback = 2.3 years.
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Implementation. Technical study and assessment * 5 months.
Procurement, installation, and commission = 8 months to I year.

Installation of a N.ltifuel Boiler

Description. Another possible conservation project for this
factory would be to replace existing oil-fired boilers with a
purpose built multifuel boiler. This boiler could burn coir
fibre dust and also combustible wastes available at the
plant. These wastes, which have a high fuel value, are
currently burnt in an incinerator with no heat recovery
device. Fuel oil would be used as a standby fuel in the
multifuel boiler. This factory will not consider the use of
firewood because it considers that it would be politically and
environm.atally unacceptable in the present context in Sri
Lanka.

Cost. It is estimated that the new multifuel boiler would cost
Rs.2.5 million installed (70 percent foreign).

Required quantity of coir fibre dust briquettes a 2.5
tonnes/hour. The annual fuel cost would be Rs.2,465,l0O on
CFDB versus Rs.3,207,600 on furnace oil. Savings - Rs.742,500
per year. Simple payback - 3.3 years. If all wastes are
burned in the boiler, simple payback would drop to less than 2
years.

4. Terms of Reference

Terms of reference for future work are not given here as CTC clearly has
in-house capability to study and implement all projects suggested above
and does not require assistance from international donor organizations.
CTC should ask CTC Services, its subsidiary, to develop a detailed work
plan for in-house implementation.

_ . . . . _ _ . .~~~~~~~~~~~~~~~
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British Ceylon Corporation is a government-owned busi-
ness undertaking producing coconut oil, soaps, other
personal products, and steel drums. The plant has been
located on the same Colombo site for over 100 years.

While some energy conservation projects were tentative-
ly identified, data availability was particularly oor.
A complete energy audit is required to provide the
necessary data.



BRITISH CEYLON CORPORATION% SUMMARY OF POSSIBLE ENERGY CONSERVATION PROJECTS

Average Annual Financial

Coost (Rs. 000) anetfit (RS. 000) Simple Payback (years)

Project Total Foreign Local Total Forisgn Y Local Financial 2/ Econouic I/

Improved boiler performance 3 n /a n/a n/a n/a a/O n/a n/a n/e
Replacement of steam eJectors
for oil deodorizatlon 375 336 37 500 450 50 <1.0 n0/

Replaceoet of steam eJectors
for chilling water 3/ n/e n/a n/a n/a n/a n/a n/a nho

Installation of capacItors 400 360 40 216 lSl 65 1.9 n0/

Total 75 690 77 716 601 115 1.1 n/a

Mid-1984 exchange rate: t U.S. dollar a Rs. 25.

n/a: not applicable or not avaIlable.

I/ EOCAC estimatos that the foreIgn content of electricity Is 70% of market price and that the foroign content of oil
Is 90% of market price.

2/ Total cost/average annual financial benefIts.
3/ Due to a lack of sufficiently detalled data on energy effIciency at OM, only financial paybacks wore calculated,

and the costs and benefIts of two of the conservation projects Identified as possible could not be ostimated with

suffIclent reliability.

0Oi
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1. BaDkground

British Ceylon was incorporated in 1918. The plant,
located in the central section of Colombo, has been on
the same site for over 100 years. Public shareholding
continued through 1972, when the Sri Lankan government
took over the glant. BCC is now categorized as a gov-
ernment-owned business undertaking (GOBU).

The plant makes a variety of products, Coconut oil
from copra, toilette and laundry soapo, disinfectants,
talcum powders, an4 steel drums.

Prooess description. Coconut oil is produced at BCC in
the traditional manner. Copra is purchased from vari-
ous sources, stored, and sent through disintegrators.
From the disintegrators, the mashed copra is t.ans-
orted to cooking kettles. BCC has three lines of cook-
ing kettles in parallel with 2 stages in each line.
After the cooking kettles, the copra is sent through ex-
pellers whkih squeeze out the oil. The oil is filtered
and pumped either to storage or directly to the port
for shilment. The residue from the expellers, poonac,
is used as feedmeal.

The oils can be deodorized if desired. In the deodor-
ization process, vacuum is used to remove impurities
from the oil. Steam ejectors requiring 250 psi are
used to draw vacuum on the deodorizing tanks.

Coconut oil also goes through a neutralization step.
Caustic soda is used as the acid neutralizing agent.
After neutralization, water is removed by heating the
jacketed reactor to 1000C and placing the reactor under
25-27 inches Rg vacuum. Water is condensed and drained
off. The oil is then cooled and sent to storage.

Soaps are made in a batch process at BCC. Caustic
soda, tallon, and coconut oil are mixed in large tanks.
Boiling, cooling, washing, and reheating cycles are re-
Peated over a period of 4 days per batch. Live steam
is injected directly into the tanks for both mixing and
heating purposes.

After the bulk soap is formed, it is sent to the Mazoni
machines which cool, mix, cut, and stamp the soap ino
bars. Chilled water is used as the coolant. Steam
ejectors are used to draw vacuum and chill the water.
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Production. Production quantities and costs for BCC
for the years 1980-1983 are shown in Exhibit 1.

Markets. Local and export sales for BCC's oil mill,
oil refinery, soap factory, provender plant (poonac,
poultry feed), and drum plant are shown in Exhibit 2.
Export markets accounted for roughly one-third of BCC's
total sales in 1982.

Financial situation. The financial situation of BCC is
shown in Exhibit 3. BCC was profitable through the
first 3 years of this decade, even in the face of the
international and domestic recession.

Project evaluation criteria. No clear set of financial
criteria are used to evaluate energy Lnvestment oppor-
tunities. There is no finance manager and but one
accountant at BCC. It is dLfficult to determine whose
authority is required to implement energy investment
opportunities. Plant personnel were unaware of the
procedures necessary to obtain funding for energy
projects.

Existing plans for modernization/expansion. There are
no current plans at BCC for plant modernLzation or ex-
panslon efforts.

Major problems facing facLlity. The plant is extremely
old and generally in poor condition. The soap factory
has apparently been operating at a loss in recent years
due in part to the technical obsolescence of some of
the equipment. The soap factory may be closed in the
future.

2. Enercy Situation

Major energy-using equipment. BCC operates four boil-
ers fired on 1500 second oil. Two of the boilers are
relatively large units, 21,120 lbs/hr and 17,250 lbs/
hr, respectively. The remaining two boilers are small-
ers an 8,000 lb/hr packaged boiler and a 2,000 lb/hr
vertical Cochran. The three largest boilers are fully
automatic.

No economixers, air preheaters, or oil preheaters arc
used on the boilers. There are oll, water, and steam
flow meters for each boiler. Even so, BCC does not
have individual efficiency data. Steam is used both
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owl: Loa1 amd EpOrt Slebs
(Ybousadaf of cup")

*11 Ulu 245,446 21,73 56,929 19,665 67,542 90,963

Mop fetp"y 61,373 105 74,091 304 64,061 143

oil refinery 14,231 3,426 16,704 3,534 14,725 3,998

provutd plant 23,415 - 36,256 - 30,024 --

orm plant 7,156 1.752 11.513 222j2 68.63

353,625 27,066 197,493 25,725 165,215 95,104

9OUD8 Stitisb CeylO Cotptation.
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Uzhibit 3

8CC Financial situation, 190-1902
(In upeee)

9U 1961 1962

Net protilt betore tax 426,464 4,561,855 756,937
capital employed 38,207,193 35,281,609 75,316,876
Net sales 165,964,726 198,473,527 243,041,3S3

Current assets 86,029,607 105,494,141 125,799,751
Current liabilities 56,923,84 62,030,150 110,986,195

sank lown and overdraft 28,505,983 50,002,704 S5,706,906
Other long-ter, loans 3,549,366 3,549,366 1,549,366

SOURCEs British Ceylon Corporation.
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for indirect heating (coo;%ing kettles) and direct heat-
ing (batch soap manufacturing).

When oil is being deodorized, the steam is generated at
250 psi to drive the steam ejectors. When oil is not
being deodorized, steam is produced at 150 psi.

Average electricity demand at BCC is roughly 950 kVA.
Peak demand exceeds 1,000 kVA. There is no powei fac-
tor correction equipment used, and plant personnel esti-
mate the power factor is in the range of 0.7-0.8.
Standby diesel generators capable of 625 kVA are avail-
able in the case of supply descriptions, which are now
infrequent in central Colombo.

Fuel and electricity used. BCC fuel consumption data
for 1981 and 1982 are shown in Exhibit 4. Specific
energy consumption is shown in Exhibit 5. It is diffi-
cult to relate these numbers to international standards
because of the multiple products made at BCC.

Energy management organization. There is no energy man-
agement organization at BCC. One person in the engi-
neering department is in charge of energy conservation
efforts.

3. Bnergy Conservation Potentlal
and Potential Projects

Despite the lack of sufficient data, it is likely that
20 to 25 percent of total energy consumption could be
saved through an adequate conservation program. Four
projects have been identified as possible energy conser-
vation investment opportunities:

1. Improving boiler performance through the addi-
tion of an economizer

2. Replacement of the steam ejectors used in oil
deodorization with liquid ring vacuum pumps

3. Replacement of the steam ejectors used to chill
water for soap cooling with a small chiller
unit

4. installation of capacitors to improve the
plant's power factor.
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FUel and Uleatricity Used

191 1912

Purchased electrlcity (kWh) 2,306,390 2,746,363

Petrol (literu) 26,668 26,255

Diesel (liters) 23,122 27,117

Futnac oil (liters) 2,840,210 1,185,360

SOURCEs British Ceylon Corporation.
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specific Fuel Consumption

l"2

Purchased electricity (kWh/mt) 58.5 70.9

Petrol (1/mt) 0.68 0.68

Diesel (1/mt) 0.59 0.70

Furnace oil (1/mt) 72.0 30.6

SOuRCs: British Ceylon Corporation.
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Unfortunately, the few data available at BCC on fuel.
consumption were not sufficiently complete to make eval-
uation of the projects straightforward and easy. Most
certainly an energy audit is required at BCC to obtain
a more complete understanding of energy conservation po-
tential there.

Addition of economixers. Individual boiler efficien-
cies and stack temperatures are not known. Consequent-
ly, the economic advantages of installing an economizer
are difficult to determine without conductinq a full
audit.

Replacement of the steam ejectors used in oil deodoriza-
tion with a liquid ring vacuum pump. The steam eject-
ors are used only when oil is being deodorized. Plant
personnel did not have figures concerning either steam
consumption of the ejectors or how often they were
used. Consequently, it is impossible to estimate if
the replacement of the steam ejectors would prove eco-
nomic. Generally, the more the ejectors are used, the
more attractive replacement will appear. The use of
steam jets is basically an inefficient method for deo-
dorizing if they have to be used frequently. The cost
of a vacuum pump fully installed would be about
Rs.375,000 (90 percent foreign). Operating benefits
cannot be estimated without conducting an energy audit,
but could represent up to 5 percent of furnace oil
used, or about Rs.500,000 annually. Payback is prob-
ably about 1 year.

Replacement of the steam ejectors used to chill water
for soap cooling with a small chiller unit. Based on
experience gained in similar operations and given the
relatively high cost of steam, it is likely that this
measure would deserve a detailed study. Again, a full
audit is required before the benefits of such a project
can be accurately determined.

Installation of capacitors. BCC currently operates
with a power factor in the range of 0.75-0.80. The in-
stallation of capacitors would increase the power fac-
tor to over 0.90. Total installed cost for 1,000 kVAr
of capacitors would be Rs.400,000 (90 percent foreign).
Savings would be about 10 percent of annual demand
charge, or Rs.90,000 x 12 x 0.2 a Rs.216,000. Payback
would be 1.8 years.
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4. Terms of Reference for British Ceylon Corporation

British Ceylon Corporation operates a very old, energy-
inefficient plant in central Colombo. As an example,
sioap production appears very inefficient.

A complete energy audit is required at BCC to provide
the data necessary to evaluate accurately the costs and
benefits of proposed energy conservation projects. The
energy audit should focus primarily on the efficiency
of soap operations, oil deodorization, and boiler per-
formance.

4.1 Energy Audit

A detailed energy audit of the BCC factorv should be
conducted, consisting of the following successive
steps:

4.1.1 The consultants will conduct a preliminary ener-
gy audit (also called survey) or P8A- to collect his-
torical data on (a) detailed energy use, (b) produc-
tion, (a) energy-using equipment, and (d) technical per-
sonnel available on-site for energy efficiency work.
The PEA should not take more than 4 man-days to per-
form.

4.1.2 On the basis of the PNA, the consultants will
decide, In agreenent with plant management, which fixed
Instrumentation should be installed prior to conducting
the detailed energy audit and which areas deserve ost
attention.

The following areas are likely to be candidates:

* Boilers
* Steam distribution and utilization
* Steam ejectors
* oil deodorization
* Power factor
• Electric load management.

Mass and energy balances will be prepared, when re-
quired, for several representative operating condi-
tions.

For each audit area selected, the consultants will per-
form an instrumented analysis of the energy-related
flows to identify areas of improvements. Energy bal-
ances should be developed and potential savings
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estimated. When several options are possible, the eon-
sultants will provide BCC with the following informa-
tion for each option:

* Description

* Estimated cost in foreign and local currency
with sources of information and range of confi-
dence

* Estimated savings in physical units and finan-
cial (i.e., at market prices) and economic
(i.e., at true cost to the economv) values

- Implementation schedule and recommendations.

On the basis of the audit results, the consultants will
undertake a series of feasibility studies for the proj-
ects that are too complex, risky, or capital-intensive
to be fully analyzed within the audit (e.g., steam ejec-
tor replacement).

4.1.3 For each one of the retained projects (likely
to include most of the projects identified In Section
3), the consultants will prepare a detailed feasibility
study according to the following formats

Exocutive Summary

1. Introduction (including demand and market pro-
jections)

2. Technical options

3. Cost and performance assumptions

4. Financial analysis

S. Economic and social analysis

6. Implementation

Appendices.

Each feasibility study should be discussed with EDMAC
prior to submission to BCC.
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4.2 Team and Project Duration

The energy audit team should comprise:

* A foreign expert specializing in soaps and oils
w"th more than 5 years' experience in the indus-
try

* One to two additional auditors, possibly includ-
ing former EDMAC trainees and the BCC engineer.

The full audit should take about 1 man-month on-site,
plus 1 month for report preoaration for a total cost of
U.S. $20,000-25,000.

The feasibility studies should be undertaken by the for-
eign expert in collaboration with BCC and EDMAC immedi-
ately following the audit.

The level of effort envisioned for the feasibility
studies is between 3 and 6 man-months for a cost of
U.S. 435,000-50,000.
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Pugoda is a government-owned textile mill operated by
an Indian contract management firm. The plant consists
of two main operations: the spinning and weaving sec-
tion and the finishing department. The plant is gener-
ally well run, and energy conservation activities re-
ceive excellent attention.

Six potential energy conservation projects were identi-
fied. some of these could be easily implemented by
plant management. Other projects require further inves-
tigation and may require that Pugoda obtain technical
assistance. If all recommended projects are imple-
mented, total savings could reach 20 percent of current
energy bill (Rs.6 million) for a total cost of around
Rs.8 million (see Exhibit A for a subset of possible
projects).
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1. Background

plant/company history. This plant was built with
assistance from the Republic of China and commenced
commercial operation in 1974. The government of Sri
Lanka owns the plant through the National Textile Cor-
poration. However, in keeping with the private-sector
orientation of the present government, management of
the mill was handed over in 1981 to an Indian firm,
Lakshmi Textiles Ltd of South India. Profits are
shared between the managing firm and the National Tex-
tile Corporation.

In 1982, Phase II of the project, a complete finishing
plant, also constructed by the Peoples Republic of
China, was brought into commercial operation.

Plant location. This factory is located in the village
of Pugoda, which is off the main road to the regional
town of Avissawella, and lies about 35 miles southeast
of Colombo.

Process description. This plant consists of two main
operations, the spinning and weaving section and the
finishing section.

The spinning and weaving section has 25,296 spindles
and 600 looms and has the capacity to produce 40,000
metres per day of grey cloth. Standard combing, cord-
ing, spinning, ring spinning, weaving, and sizing tech-
niques are used. Only a small quantity of steam is
used in this plant for the sizing of cloth.

The capacity of the finishing plant is on the order of
53,000 metres/day, higher than that of the spinning and
weaving plant, so that processing of grey cloth pur-
chased from outside could also be carried out. Of this
capacity, approximately 18,000 metres are dyed, about
7,000 bleached, and the rest is printed.

In the finishing plant, printing is carried out on a
rotary printer. Dying and bleaching are done on open
jiggers. There are three process lines, each devoted
to the three different finishing processes. The finish-
ing plant is the major consumer of steam, taking about
90 percent, for a variety of purposes.

Production. Monthly production of finished products is
around 100,000 kg.
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Markets. Cloth is sold by this factory, solely in the
domestic market. However, they export cloth indirectly
by supplying to garment manufacturers who export to the
major western markets. The company hopes to increase
their share of this market by introducing artificial
blends into their product range.

umploym et and operation. Total employment in the fac-
tory is 2,280, inclusive of all grades. The factory
operates on three shifts, 24 hours per day. The spin-
ning section operates 343 days in the year. The weav-
ing and finishlng sections operate 292 days in the
year.

Organization. The chief engineer and his subordlnate
engineer are responsible for energy conservation activl-
ties. No energy manager has been appointed as yet.

iinancial situation. The Indian management of the
plant considered that the overall financial situation
is confidential. However, they mentioned that the com-
pany is at the breakeven point and would be profitable
in the financial year 1983-1984. The contract between
the Sri Lankan government and the IndLan management
firm is on the basis of a 1/3 share of the profits to
the Indian company, 2/3 share to the government.

The company presently operates with a bank overdraft of
RS.80 million. There is no long-term debt.

iroject evaluation criteria. At the present time, most
projects would be evaluated on achieving a payback with-
in 1 or 2 years. Priority would be given to projects
that improve quality or increase production, but energy
conservation projects would also be considered. The
management contract expiration date (1987) dictates the
low payback period requirements.

Modernization/expansion. There are no immediate plans
for modernization/expansion, in view of the fact that
the finishing section was only brought into production
in 1982.

Major probles facing the facility. The major problem
is the frequent unscheduled electric power supply inter-
ruptions. At the present time, the company does not
have a standby generator for the production plant,
though one is available for the housing estate. The
purchase of a standby generator capable of operating
the whole facility is being considered.
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The other area that might be termed a problem is the
diversification of production to better serve the mar-
ket. For this purposer the company will be producing
cotton polyester blends especially for the garment ex-
port industry.

2. Uneray Situation

Pugoda Textile Mills consume large amounts of furnace
oil for steam raising and power for mechanical pur-
poses.

Major energy-using equipment. Pugoda operates six boil-
ers, of which three are small. In usual operation, 2 x
6.5 tonnes of steam/hour boilers are in operation and
are being converted from 1,000 to 1,500 sec oil. Com-
bustion efficiency has been measured at 80-82 percent.
overall boiler efficiencies are not known. There is
some combustion air preheating.

Electricity peak demand is 1,690 kVA, of which 350 is
for finishing. Major electrical equipment consist of
four motors of 150 kW, of which two are running con-
tinuously for air conditioning (not for comfort).

ruel and electricity consumption. Monthly furnace oil
consumption varies from 220,000 liters to 300,000
liters, depending on production (see Exhibit 1). For
the twelve months between June 1983 and May 1984, total
annual furnace oil consumption has been about 2.5 mil-
lion liters (2,330 tonnes), at a total cost of around
RS.ll.5 mlillion. Total fuel bill, including diesel
oil, is around Rs.13 million.

Monthly electricity consumption is about 650,000 kWh
and maximum load 1,690 kVA. Total electricity bill,
including demand charge, is approximately Rs.15 mil-
lion.

Total annual energy bill is therefore about Rs.28 mil-
lion.

Specific energy consumption. The most relevant specif-
ic energy consumption is the average furnace oil con-
sumption per kg of finished product, which stands at
about 2.2 kg of furnace oil per kg of finished product.
This value is high by international standards (usually
between 1 and 2 kg of oil/kg of product), indicating
scope for substantial energy cost reduction.
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Pugoda Production Statistics (June 1983 - May 1984)

*01219" - - -r . -

J-aa. 1983 76,611.3 16,950.157 1,13S.79 200,475 13,439 64,814

ruly 1S63 69056.9 11,080.633 349.13 163,545 3,51 52,865

Augut1983 1 mu - - 1,800

i.ptumber 1983 34,653.8 10,079.022 628.13 94,171 3,272 36,573

Octob4t 1983 102,76.0 23,690.42 28.86 160,964 196 53,551

Nove3ber 1963 104,947.2 24,328.00 0 225,997 0 77,057

Oscmbet 1963 132,290.71 22,394.5 0 249,955 0 65,793

Jasnuaty 1964 131,234.58 24,476.35S 0 251,421 0 87,791

LA kp. kpiemag PafLaMag m.t i, km

Nebzuaty 1964 94,454.59 25,932 1,500 217,293 76,352

retab 1964 130,045.67 26,035 5,330 275,109 92,057

AptIl 1964 79,535.62 20,188 3,911 174,700 60,297

wy 1964 102,300.547 21,770 3,578 200,352 71,391

Sof= paoa ?mule mule.
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Utilization of bxhaust seat

Description. Hot, high moisture laden streams of air
are exhausted from some of the equipment in the spin-
ning and weaving and finishing sections of the plant as
follows:

* Spinning and weaving section. Steam sizing
machines: exhaust temperature a 9SOCu fan
power = 3 kWi chamber temperature = 1000Cs
steam usages a 10 percent of the plant total.

* Finishing section. Rotary printing machine dry-
er: exhaust temperature = 10OCs fan power a
15 kW; duct size * 24 inches. Stenter: ex-
haust temperature 1 l000CI fan power = 7.5 kW.

in all the equipment, heat is provided by means of
steam radiators, which are used to heat up incoming air
flows. The total amount of heat carried away by these
exhaust air streams is quite significant, especially
when latent heats of moisture are considered.

It is recommended that recovery of heat in the exhaust
air (through a flat plate heat exchanger) and feedback
of this heat to the incoming air stream in each case
should be considered as an energy conservation measure.
Since these air streams are not likely to carry a sig-
nificant dust load, a modern heat wheel or similar de-
vice also capable of absorbinq latent heat could be
used for these purposes. Since the equipment-is widely.
separated, heat recovery would have to be carried out
on an individual basis.

Costs. It is estimated that these suitable heat recov-
ery devices would cost approximately Rs.1,200,0r£ in-
stalled, all together (80 percent foreign).

Savines. It is known that the steam sizing machines
takes about 10 percent of the total factory steam con-
sumption. It is conservatively estimated that the
printing machine and stenter will absorb another 10 per-
cent of the total factory steam consumption.

It is assumed that installation of heat recovery de-
vices on the exhausts of the equipment mentioned will
reduce the steam demand by 25 percent in all cases
(i.e., by S percent of the total steam demand).
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Steam savings a 325 kg/hour. Purnace oil savings a
33,000 gallons/year (at an estimated 78 percent boiler
overall efficiency). Cost 8&44uge = Rs.700,000 per
year. Simple payback = 1.7 years.

Unplementation. It is recommended that a technical
studyofwas'te heat recovery should be undertaken by
the factory engineering staff, together with assistance
from local consultancy organizations and manufacturers
of waste heat recovery equipment.

Technical feasibility study * 3 months. Procurement,
installation, and commissioning = 8 months to 1 year.

Installation of a Capacitor for Power Pactor Control

3escription. At the present time, the capacitor in-
stalled to correct power factor is insufficient to
maintain the power factor at around 0.95, which should
be easily achievable for a plant of this size. It is
recommended that a comprehensive set of automatic power
factor correction equipment be installed to increase
the power factor from a presently estimated value of
about 0.80 to 0.95.

Cost. It is estimated that in improving the power fac-
tor to 0.95, the size of capacitor required will be ap-
proximately 600 kVAr. The cost of this automatic cor-
rection equipment, fully installed, would be Rs.240,000
(90 percent foreign).

Savings. The monthly savings in demand will be 267
kVA, approximately. Cost savings per year X
Rs.288,000. Simple payback = 10 months.

implementation. Since there are a number of local com-
panies supplying power factor correction equipment, it
is recommended that the factory engineering staff
should proceed on this conservation as soon as pos-
sible, without outside help.

Procurement, installation, and commissioning * 8
months.

Reducing Energy Consumption in the Chiller Unit

Description. Temperature and humidity control in the
spinning and weaving areas of the factory is carried
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out by means of air that has been passed through
chilled water spray chambers. Chilled water for this
purpose is supplied by a single centralized chilling
plant consisting of four compressors.

Spent chilled water is returned through unlogged open
drains and pipes with partial flow, first to a reser-
voir and then to the evaporators. At the tlme of the
visit, it was found that the reservoir temperature was
lower than the return chilled water temperature. The
reason was that one out of two evaporators was always
operated on a reservoir bypass, to maintaln structural
integrity by maintaining fluid pressure. This results
in significant energy loss because the bypassed liquid
merely cools the ground, through the reservoir walls.

At the present time, the plant engineering staff have
managed to reduce the number of operating chillers to
one chiller, mainly by raising the chilled water temper-
ature slightly and using steam radiators in air reheat
to control the humidity.

The temperature difference between the incoming chilled
water and the outgoing chilled water to the plant at
the evapceator is only about 30C. However, the actual
temperature of the incoming chilled water before it en-
ters the reservoir is around 240C, indicating an actual
temperature rise in the plant of about 6.5°C to 7.5°C.
Since the reservoir is being cooled, the hotter incom-
ing water mixes with the cooler water in the reservoir.

It is estimated that significant savings can be made in
'chiller electricity consumption if the spent chilled
water returns are insulated, reservoir capacity sharply
reduced, and recirculation of chilled water is pre-
vented. Tentative costs on associated savings are
given below; however, a proper energy audit of the
chilled water system is necessary before final judgment
is made.

Costs. It is estimated that the cost of effective insu-
lation and a new instrumentation scheme to monitor the
plant would be around Rs.800,000 (50 percent foreign).

Savinqs. it is conservatively estimated that a reduc-
tion of 1.50C in the incoming chilled water temperature
to the evaporator would be achieved by proper control
and insulation.
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Savings in energy a 115 x (1.5/6.5) a 26.5 kW or
185,000 kWh per year. Savings in cost * Rs.370,000 per
year. Simple payback = 2.2 years.

Implementikton. As mentioned above, it is very impor-
tant that a compiete audit in and around the chilled
water system onlT should be carried out as soon as pos-
sible by competitive consultants. A plan to improve
the energy performance could be set down, based on the
results of the audit.

Automatic Control of the Burners

DescriPtion. The boilers in this factory are of the
water tube type with two burners aligned vertically on
the furnace front. Control of air/fuel ratio and burn-
er firing ratio is carried out manually. Flue gas tem-
perature is around 2800C to 300°C, and recent checks by
the factory engineering staff showed that the flue
gases contain excess 02 in the range of 4.5 to 5 per-
cent.

it is recommended that conversion of these boilers to
fully automatic packaged burners should be carried out.
Modern burners will control air/fuel ratio much more
pre'isely and also reduce ex'ess air to around 2 to 3
percent, thereby decreasing furnace oil consumption.

Costs. It is estimated that four packaged burners with
automatic controllers will cost around Rs.400,000 each,
for a total cost of Rs.1,600,000 (80 percent foreign).

Savings. It is conservatively estimated, based on ex-
perience in similar retrofits, that overall savings of
5 percent in furnace oil consumption could be achieved
by this measure. Fuel savings a 42,000 gallons/year.
Cost savings = Rs.888,000. Simple payback a 1.8 years.

Implementation. The factory engineering staff is fully
capalte of implementing this conservation effort. Howe-
ver, the original boiler suppliers in the PRC and manu-
facturers of suitable automatic burners will also have
to be consulted, and the resulting technical informa-
tion evaluated carefully before a decision is made.

Technical feasibility study a 6 to 8 months. Procure-
ment, installation, and commissioning a 1 year.
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Ilproved Caustic Evaporator

Dilute solutions of caustic result from the mills, de-
sizing operations. Currently, 2,200 liters per hour of
a 55 gallon/liter solution is charged to a triple ef-
fect evaporator. Pinal concentration is roughly 400
gallons/liter. The caustic evaporator accounts for
roughly 30 percent of the mills' total steam demand.

The triple effect evaporator currently operates as if
it were three batch distillation units in series. The
dilute caustic solution in the first stage is boiled at
atmostpheric pressure, with the temperature slightly
over 100°C. By the second stage, the concentration of
caustic has been increased to over 300 gallons/liter.
The third stage is operated under vacuum and results in
a final caustic concentration of roughly 400 gallons/
liter.

Steam consumption during the caustic concentration oper-
ation is roughly 600 kg/hr at 3 bar. A better evapora-
tor design could reduce steam requirements by roughly
40 percent. A mini-energy audit is required on this
system to develop the cost/benefit analysis of replac-
ing the current evaporator with a more efficient unit.
In the absence of sufficient data, costs cannot be
assessed within a reasonable range of confidence.

Automatic Temperature Control in Wash Boxes

Pugoda Textile Mills employs wash boxes in the treat-
ment of their textile products. These wash boxes have
the approximate dimensions of 2.5 a by 3.5 m by 2 m.
These boxes have no tops. The cloth enters on one end
and leaves at the other. The boxes are filled with
water at temperatures ranging from 85°C to 950C, depend-
ing on the particular box.

The wash boxes have substantial heat losses due to ex-
posed surface areas and the open tops. Also, the boxes
are often kept at temperatures slightly higher than re-
quired. Temperature control is currently performed
manually.

Installation of automatic temperature control and lag-
ging of the wash box walls would save at least 10 per-
cent of energy input. Rowever, insufficient data exist
to estimate resulting savings in monetary units.
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4. Terms of Reference

4.1 Bnergy Audit

A detailed energy audit of the Pugoda textile mills
should be conducted, consisting of the following suc-
cessive steps:

4.1.1 'fbe consultants will conduct a preliminary ener-
gy audit (also called survey) or P1A& to collect his-
torical data on (a) detailed energy use, (b) produc-
tion, (c) energy-using equipment, and (d) technical per-
sonnel available on-site for energy efficiency work.
The PEA should not take more than 4 man-days to per-
form. (See EDMAC's energy auditing manual for more
f'tails on conducting a PEA.)

4.1.2 On the basis of the PBA, the consultants will
decide, in agreement with plant management, which fixed
Instrumentation should be installed prior to conducting
the detailed energy audit and which areas deserve most
attention.

The following areas are likely to be candidates:

* Boilers
* Steam distribution
* Waste heat recovery in the finishing section
v Chiller
* Evaporators
* Wash boxes
* Power factor improvement
* Electric load management.

Mass and energy balances will be prepared, when re-
quired, for several representative operating condi-
tions.

For each audit area selected, the consultants will per-
form an instrumented analysis of the energy-related
flows to identify areas of improvements. Energy bal-
ances should be developed and potential savings esti-
mated. When several options are possible, the consul-
tants will provide Pugoda with the following informa-
tion for each option:
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* Description

* Estimated cost in foreign and local currency
with sources of information and range of confi-
dence

* Estimated savings in physical units and finan-
cial (i.e., at market prices) and economic
(i.e., at true cost to the economy) values

* Implementation schedule and recommendations.

The final product will be a practical implementation
plan acceptable to Pugoda management and the Ministry
of Textiles.

On the basis of the audit results, the consultants will
undertake a series of feasibility studies for the proj-
ects that are too complex, risky, or capital-intensive
to be fully analyzed within the audit.

4.1.3 For each one of the retained projects (likely
to include ost of the projects identified in Section
3), the consultants will prepare a detailed feasibility
study according to the following format:

Executive Summary

1. Introduction (including demand and market pro-
jections)

2. Technical options

3. Cost and performance assumptions

4. Financial analysis

5. Economic and social analysis

6. Implementation

Appendices.

Each feasibility study should be discussed with EDMAC
prior to submission to Pugoda.
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4.2 Team and Project Duration

The energy audit team should comprise:

* A foreign expert specializing in textile fin-
ishing processes with more than 5 years' ex-
perienes in the industry

* One to two additional auditors, possibly in-
cluding former EDMAC trainees and the Pugoda
engineer.

The full audit should take about 1.5 man-months on-
site, plus 1-2 months for report preparation (cost:
U.S. $20,OOO-$2SOOO).

The feasibility studies should be undertaken by the for-
eign expert in collaboration with the Pugoda personnel,
and EDMAC.

The level of effort envisioned for the feasibility
studies is between 6 and 9 man-months (costs U.S.
$45,000-$60,OOO).
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The government has requested that detailed information on Associated
Motorways, Ltd. not be published. Donors who are interested in details
of energy efficiency investment opportunities in this corporation should
contact it directly for information.
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The Ceylon Glass Company's Ratmalana factory produces
glass containers. The major energy-using equipment is
the melting furnace, which has been recently rebuilt
but still consumes 250 kg of oil per tonne of melted
gla8s compared with standard performances of 180-225 kg
per tonne of melted glass in other countries.

Based on this comparison and a site visit, fuel oil con-
sumption could be reduced by as much as 23 percent (see
Exhibit A). Specialized assistance is required to
write the detailed terms of reference for kiln modifica-
tion, including installation of. improved insulation and
combustion control.



stbit a

Ceylsn ln Compay, Ltd. Rtmlana tfator) t arnry of ansibleet Consrvation rojects
1903 aerg bills ft.23.1 million)

Average
1Oat 1600001 b, 1 fit O M S m y" 2 in-A

___ ___ __ ___ ___ __ ___ ___ __ ___ ___ __ __ Sa Fa o o .. eiw - ... W . .welcu!.. .. viine wel sm g.)o
rsprovinents tn instreotaticn 63 563 62 435 392 43 1.4 1.6
Insmdatin of fornac 5,00 3,500 1.s00 3,090 2,"0 290 1.7 2.0

Automatic air/fuel ratio eztrol 000 720 O 900 522 59 1.4 1.7

arMu_r replae _ t 1,1600 1,440 300 070 753 87 2.1 2.8

Recoveyr of waste h"at frew flue g_esOe ' _00 S, U 0602.25 2.4
lmm,.L 9.157 7C033 t.u42 S,m3S 4,i Su3 1. 2.1

KId-1964 eodxerqe rates 1 U.S. dkdl ar R.35. 
c

*
4

creign coats include engtnering and desiqn eats (roughly is to 15 Peroent of total pnoect foreign costs).
1

WumC eatinatee that the feridgn content ot electricty Is 7 pereant f mcrket price and that the foreign coutont Of otl Is 90 ecent Of maket pre.

2tatal oeot/overage anmoal finnecial benefits.

3
8stirate taken as project forelgn erCI et and balf project lc¢al d et to reflect dUties, *6od ameage 7.S pewcent of CII value for this type of equn nt,unused labot force, *tc.)/Jeonmeic value of annual benefits. The econmle valuw at anual benefits bao be estimated uslng _ guidelinegs i.e.

* Opportunity coat of electricity * 1.75 *arket price to retlect long-tera lvelopgent arginal aoat of ft.3.S MU.S. 60.14AMb vs. 86.2.0 no.S. $0.08)Ahbfor Market price

e tpportunity cost of fuel oil - 7S perceot of market prtice, or U.S. 9144/taen to tnflect current and tfture re-esbort of exess zefinery *upp1y of fel oil.

~SOUR Vogler. Reilly s compay. *
0"

*B9Xr11D1t1y_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~tdf

X.



- 219 -
Annex 2

C$YLON GLASS COMPANI, LTD. IRANIa PACTORY) PageOft of 226

1. Backeround

Sri Lanka entered the glass industry during World War
II, having realized that it had the requisite raw
materials for the production of high-quality glass.
Two factories were set up: a private factory at Kan-
dana and a government-owned factory at Nattandiya.
Their main products were glass tumblers, chimneys (for
oil lamps and small bottles). Both operated with a
fair measure of success until the end of the war, when
they were faced with competition from abroad. Both
ceased operations around 1952.

The Ceylon Glass Company (CGC) resumed operations in
August 1957, producing 15,000-18,000 bottles per day.
in 1960, its output increased to 30,000-35,000 bottles
per day, and in February 1965, to 60,000-70,000 bottles
per day. Under an expansion plan, another factory was
set up at Ratmalana on a 21-acre site in October 1969.
The factory's initial average capacity was 72,000 bot-
tles per day; at present, it can produce an average of
110,000 bottles per day. Because the Ratmalana factory
can meet current requirements, the Nattandiya factory
has been closed.

The Ceylon Glass Company, which is the only manufactur-
er of glass containers in Sri Lanka, has captured 70
percent of the market share of the glass container mar-
ket in Sri Lanka. The remaining 30 percent is held by
companies in Singapore, India, and Japan, which produce
primarily miniature glasses (less than 2 ounces) of
sophisticated design. The market share of imports is
attributed to. the fact that the CGC does not produce
miniature glasses and does not accept orders for very
small quantities.

Description. The Ratmalana factory uses as its feed-
stock basic raw material such as silica, dolomite, sodi-
um carbonate, and feldspar, as well as cullet (broken
glass). The correct proportions of the various sub-
stances are weighed from storage bins and introduced
continuously into the furnace.

Glass is melted in the furnace at 1,5300C and fed con-
tinuously to two forming machines. Various molds are
available for the machines. After formulations are car-
ried out, the glass products are annealed in electrical-
ly heated furnaces, inspected, and dispatched to stor-
age.
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Financial situation. Through 1982, CGC's financial
situation was good. In 1983, however, CGC lost money
because kiln rebuilding, which lasted more than 3
months, resulted in production loss and considerable
cash drawdown. CGC may suffer a loss in 1984 too, but
it should become profitable again in 1985.

Marketing. CGC sales for the 1979-1983 period are
given below.

Year (endinq March) Sales (in gross)

1979 192,654
1980 192,817
1981 132,431
1982 146,437
1983 146,229
1984 173,005

1985 (budgeted) 224,884

The company believes that it can produce certain types
of sophisticated containers for soft drinks and liquor
that are imported at present. The demand for these
products could well be over 10,000 gross per annum. In
addition, the company is interested in upgrading its
current products, producing new products, and engaging
in export marketing.

Employment. CGC currently employs 610 people, dis-
tributed among the following categories:

Management 22
Supervisory 48.
Skilled 87
Semi-skilled 82
Unskilled 261
Clerical and allied 110
Total 610

Uzisting plans for modernization/expansion. The orga-
nization is interested in modernization/expansion in
the following broad areas:

* Better raw material utilization

* Reduction of energy costs by conservation, bet-
ter utilization, etc.
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* Upgrading the quality control program

* Upgrading the furnace operating program

* Upgrading the mould engineering program

* Upgrading the forehearth, feeder operation pro-
gram

* Upgrading the present storage, transport, and
peckaging program

* Upgrading the present maintenance program

* Relating all technology upgrading programs to a
substantial increase in pack-to-melt efficiency
and an increase in percent pack.

2. Bnerqy Situation

Major energy-using euipment. The major fuel user is
by far the melting furnace (see Appendix A), which con-
sumes about 250-300 kg of oil per tonne of glass.

Compressed air is used for fuel oil atomization in the
furnace burners and to drive the bottle-forming ma-
chines. The significant compressed air requirement is
supplied by five compressors with a total power of 575
hp. (See Appendix A for details on plant equipment.)

Fuel and electricity used. Production in 1980 totaled
8,225 tonnes of glass, with furnace oil consumption. at
770,936 gallons and electricity consumption at
2,879,110 kWh. Production in 1981 was 10,842 tonnes of
glass, with furnace oil consumption at 629,487 gallons
and electricity consumption at 3,454,690 kWh. In 1982,
production was 10,035 tonnes of glass, with furnace oil
consumption at 702,122 gallons and electricity consump-
tion at 4,459,990 kWh. In 1983, production was 12,098
tonnes of glass, with furnace oil consumption at
677,086 gallons and electricity consumption at
4,790,910 kWh.

Over this period, the specific energy consumption of
fuel oil fell, while that of electricity rose.
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Fuel oil/ lectricity/
tonnes of g;ass tonnes of glass

sn_r__ (gallon)_ (kWh)

1980 0.41 350
1981 0.253 318
1982 0.305 444
1983 0.244 396

Supply Characteristics

Electricity. Breakdowns in the CB supplv are fre-
quent, and represent a major problem. Total installed
generator capacity is 1,OOO kVA (i.e., 2 x 500 kVA die-
sel engines), but one alternator is out of operation
because of overspeeding.

Fuel oil. CGC has a storage capacity of 33,800 Imperi-
*I.-gallons, which is. approximating 2 weeks' supply.
The company has no difficulties with supplies from the
Ceyloi Petroleum Corp<%ration.

Energy manasement organization. CGC hopes to set up an
energy ce by a sen or engineer. No energy man-
agement organization exists at present.

3. Energy Conservation
Potential and Possible Proiects

Improvemnts in Instrumentation

Descrition. Almost none of tie furnace instrumenta-
tion is working, and the readings are not reliable be-
cause the instruments have not been calibrated for some
time. Considering the age of the instrumentation, it
is recommended that new instruments be fitted. Further-
more, the instrumentation should be upgraded by fitting
air and oil flow meters to each burner to provide infor-
mation on air/fuel ratios an37uel consumption. An air
flow meter should also be installed on the secondary
air flow.

Cost. A complete new and upgraded instrument oackage
wouId cost approximately Rs.625,000 (90 percent for-

eign).
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Savings. The new instrument package would oermit much
bettercontrol of furnace conditions and the reduction
of oil consumption.

Savings are estimated at about 3 percent of the total
average annual fuel oil bill of Rs.14,500,000 (1983
figure), or Rs.435O000/year.

Payback. The simple payback would be 1.43 years.

Implementation. The technical study and instrument
specification would require 6 months, and installation
of the total instrument package would also require 6
months.

Insulation of Glass Furnace

Description. At present, the heat loss from the walls
at the top and bottom of the glass furnace is consider-
able. Up to 25 percent of the heat input from the fur-
nace oil is estimated to be lost from the furnace sur-
faces by radiation and convection.

Installation of the correct type of insulation at an
optimum thickness could result in significant savings
in furnace oil. Because of the shape of the furnace
superstructure, a technical study would be necessary
before the insulation could be installed, with a spe-
cial emphasis on material resistance of the existing
kiln elements.

Cost. Inclusive of the technical study, insulation to
re7uce fuel consumption by 20 percent would cost an
estimated Rs.5 million (70 percent foreign).

Savings. A 20-percent reduction in furnace oil use on
an annual basis (conservation basis) would equal
135,000 gallons/year. Hence, cost savings would be
Rs.2,892,000 per year.

Pavback. The simpie payback would be 1.72 years before
tax, 3.5 years after tax.

ImPlementation. The technical study and specification
would require 2 months, and procurement and installa-
tion would require 9 months. Implementation is to be
carried out in three dtages of 3 months each, to avoid
complete shutdown of the furnace and the resultant loss
of production.
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Automatic Air/Fuel Ratio Controll Burner Replacement

Descriotion. At present, control of air and fuel to
the burners is carried out manually. The oil flow
valves and air dampers are opened or closed, depending
on visual inspection of the flow and temperature check,
using an optical pyrometer. It is recommended that a
completely automatic burner air/fuel system be in-
stalled.

The control system should be able to maintain furnace
temperatures automatically, with operation override and
set point changes occurring only when major changes in
furnace temperature are required.

Cost. The cost of the control system would be approxi-
mately Rs.800,000 (90 percent foreign).

avings. About 4 percent of the total fuel bill, or
Rs.-80,000, could be saved annually.

PaXback. The simple payback would be 1.4 years.

other projects may include burner replacement (cost:
Rs.1.8 million; savings: Rs.820,000) and additional
waste heat recovery (costs Rs.1.35 millions savings:
Rs.6004000).

4. Terms of Reference

4.1 Scope of Work

4.1.1 A detailed energy audit of the Ratmalana fac-
tory should be conducted, consisting of the following
successive steps:

On the basis of a first identification visit, the con-
sultants will decide, in agreement with plant manage-
ment, which fixed instrumentation should be installed
prior to conducting the detailed energy audit and which
areas deserve most attention.

The following areas are likely to be candidates:

* Kilns
* Annealing section
* Compressed air plant
* Other electric systems.
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Mass and energy balances will be prepared, when re-
quired, for several representative operating condi-
tions.

For each audit area selected, the consultants will per-
form an instrumented analysis of the energy-related
flows to identify areas of improvements. Energy bal-
ances should be developed and potential savings esti-
mated. When several options are possible, the consul-
tants will provide CGC with the following information
for each option:

* Description

* Estimated cost in foreign and local currency
with sources of information and range of confi-
dence

* Estimated savings in physical units and finan-
cial (i.e., at market prices) and economic
(i.e., at true cost to the economy) values

. Implementation schedule and recommendations.

On the basis of the audit results, the consultants will
undertake a series of feasibility studies for the proj-
ects that are too complex, risky, or capital-intensive
to be fully analyzed within the audit.

4.1.2 For each one of the retained projects (likely
to include most of the projects identified in Section
3), the consultants will prepare a detailed feasibility
study according to the following format:

Executive Summary

1. Introduction (including demand and market pro-
jections)

2. Technical options

3. Cost and performance assumptions

4. Financial analysis

5. Economic and social analysis

6. Implementation

Appendices.



- 226 - Anne- 2
Page 187 of 226

CEYLOK BLAS CWAUT. LTD. FACTO)

Each feasibility study should be discussed with EDMAC
prior to submission to CGC.

4.2 Team and Project Duration

The energy audit team should comprise:

* A foreign expert specializing in glass contain-
er manufacturing with more than 5 years' experi-
ence in the industry, pre,ferable familiar with
the type of equipment used at CGC described in
Appendix A

3 One to two additional auditorsq possibly in-
cluding former EDMAC trainees and CGC engi-
neers.

The full audit should take about 1 man-months on-site,
plus 1 month for report preparation (U.S. $20.000-
$25,000).

The feasibJlity studies should be undertaken by the for-
eign expert in collaboration with the CGC management.

The level of effort envisioned for the feasibility
studies is between 9 and 16 man-months (U.S. $75,000-
$100,000).
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Batch bouses

* Avery weighing system with one unit capable of
weighing 2,000 pounds and two units capable of
weighing S00 pounds each

* Two cullet crushers

* One magnetic separator.

Furnaces (makes Telsen Furnaces Ltd.)s

_ One 40-ton recuperative end-fired furnace (oil-
fired, using 1,000 sec. furnace oil) with 317
square foot melting tank.

Bottle dor nime achines:

* One Lynch 10

- One Emhart S Section IS machine (single gob)

* One Maul 6 section IS machine (with provisions
for double gob).

Foreoearth and feeders:

* Two BgF oil-fired feeders, type 60 (one per IS
machine)

* One BaF oil-fired feeder, type 50 (for the
Lynch 10).

amnealing lehers:

* One Sten Atkinson stordy (StA), 6 foot, fully
automatic, electrically heated

* One Charlton, 5 foot, fully automatic, electri-
cally heated

* One B3F, 5 foot, fully automatic, electrically
heated.
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screen printina machines:

* One Duboit, Model D 1S0, semi-automatiC.

sortina and selectid (manual)s

* One Lister-Blackstonet 268 kVA generator.

CoaDressors. receivers, and vaumusms:

* Two Xirloskar IS0-hp compressors
* One Broom Wade SIB 75-hp compressor
* Two Broom Wade VS 700 125-hp compressors
* One Broom Wade Twin 75-hp compressor
X Six air receivers (42 psi)
X Two Broom Wade 21-hp vacuum pumps.
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As in the case of the tea estates, major energy effi-
ciency improvement projects lie in the installation of
new, improved air heaters and dryers operating on fuel
wood.

It is suggested that a joint effort between the tea,
rubber, coconut research institutes and local special-
ized engineering and consulting firms be undertaken to
develop an adequate system to be then widely commercial-
ixed across industry. Depending on the value of fuel
wood (wbich may vary between U.S. $16 to U.S. $40/
metric tonne, delLvered), the payback of such a system
would be between 2 and 5 years. In the specific case
of Dunagha, up to about 40 percent of fuel costs
(Rs.436,000) could be saved at a total investment cost
of Rs.875,000, for an overall payback of 2 years (see
Exhibit A).
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1. Background

Plant history. This plant was started in 1939 as a co-
operative society that would allow coconut plantation
owners to obtain a better price for their produce. Ini-
tially, the society was a producer of copra. Subsequen-
tly, coconut oil milling and desiccated coconut manufac-
ture were added.

The plant is wholly owned by the members of the coopera-
tive. New members must purchase shares and supply the
society with a minimum number of coconuts, based on the
number of shares purchased. By eliminating the middle-
man between the final user of coconuts and the coconut
producer, it appears that the society has been able to
offer the actual producer of coconuts a good price for
his produce.

Plant location. The plant is located near Divulapiti-
ya, which is about 10 miles from the main regional town
of Negombo. Negombo is located about 25 miles north of
Colombo.

Process description. The coconuts purchased from the
plantation owner are graded into three categories, de-
pending on factors such as whether they are split or
not, the size of nut, etc. Category 1 is always taken
for the manufacture of dessicated coconut. Some of cat-
egory 2 is also taken for this purpose, while the poor-
er kernels of category 2 and all of category 3 are
taken for oil milling. Dried coconut meat or copra'
is the input to the oil milling process. The milling
residue is the dessicated coconut..

After being sorted, the nuts are split and the hard
outer shells separated from the white kernels. Small
pieces of shell adhering to the kernels are sliced away
by hand. These sliced strips are also routed to the
oil milling plant. The cleaned white kernels are then
placed on a conveyor that travels through a bath of hot
water kept at a temperature of about 2100F for sterili-
zation. After sterilization, the kernels travel to a
cutting machine, where they are chopped into small
slices. They then travel through dessicated coconut
dryers and are discharged for packing.

The dryers in this particular plant are heated by hot
air from wood-fired air heaters. There are a number of
trays within each dryer that allow the dessicated coco-
nut to drop through after a specified time of residence
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on each tray. The spent hot air from each dryer is ex-
hausted to the atmosphere through ducts.

In the oil milling section, the kernels to be processed
are first dried in special dryers fed by air heaters
using firewood. After this stage, the material is fine-
ly chopped in a hammermill and fed to screw-type oil ex-
pellers, from which the coconut oil is extracted. The
raw oil is cleared by passing it through filter
presses. It is then graded and packed in drums for ex-
port purposes.

Production. Production statistics are shown in the
table below (all figures in kilograms)s

Dessicated ooconut Coconut oil Copral

1980 1.792,845 381,263 274,024
1981 1,45l,599 288,347 247,188
1982 1,572,650 391,771 351,070
1983 1,011,131 432,472 292,199

'Copra sold as such.

Markets. Dessicated coconut is mainly exported. Copra
is purchased by local customers and is also exported.
About 90 percent of the coconut oil is sold for use on
the local market.

Organization. The cooperative society employs a profes-
sional management staff consisting of a plant manager,
who has a sales manager and operations manager report-
ing to him. There are no engineers at the factory.
Servicing of machinery, when required, is carried out
by the machinery suppliers themselves.

Financial situation. The financial situation of the
organization is good in that it has no long-term debt.
In fact, it carries considerable cash fixed deposits in
banks (see Exhibit 1).

Project evaluation criteria. It was understood that
any project would have to be considered by the board of
the directors of the cooperative society. Any oroject
with a payback of 2 years or less would be virtually
certain to be adopted.
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Exhibit 1

Dunagha CoConut ftoducera Coopetative
Soci,ety linanoial Situation
(In Cupees)

i"80 , 19_13j M6-82. 192-96

Vtunowst 20,746,045 23,998,362 33,713.817 25,718,633

Ptofit before tax 738,515 605,347 1,351.029 1,140,187

Total value of assets 2,195,924 2,10.8,74 2,869,054 3,198,747

sOURC= Dunagha Ccconut Producers Cooperative Society.
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riodifications/expansion. The organization is about to
commission a plant expansion for dessicated coconut man-
ufacturers that is newly installed and paid for com-
pletely with internal funds. This new factory is vir-
tually identical in design to the earlier factory, but
capacity will be increased by 50 percent. There are no
further plans for modernization or expansion at the
present time.

problems. The only serious problem for the facility is
short-term power interruptions. There are no other
major problems.

2. Enerqy Situation

Energy-using equipment. Auto diesel is used to heat
water and kernels in a sterilizing tank, as mentioned
above. A manually controlled burner is used. Liquid
fuel use in the plant is confined to this application.

All heating of dryers for dessicatbd coconut and coco-
nit slices for milling is by means of hot air from
solid fuel-burning air heaters. On inspection, it was
apparent that these air heaters were of the same type
used in tea drying. All other processing machines, air
draft fans, etc., were electrically operated.

Fuel and electricity consumption. Exhibit 2 shows quan-
tities and costs of fuel and electricity at the facil-
ity.

Energy management activities.. There is no formal ener-
gy management organization at this factory. No energy
conservation/fuel switching activities appear to have
been undertaken at this plant in the past.

3. Energy Conservation
Potential and Possible ProJects

Installation of Power Factor Correction

Descriotion. At this factory, there is no correction
equipment Tor power factor installed at the present
time. With the opening of the new factory for process-
ing dessicated coconuts, the total kVA demand is likely
to increase to a maximum of about 250 kVA. Rence, in-
stallation of a set of capacitors would be a worthwhile
conservation measure.
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Dunagha Coconut Producero Cooperative society:
Fuel and Electrlcity Quantities and Costs

193.
mL0 1mJM 198 __

Electricity (kWh) N/A 145,855 148,040 155,140
Auto diesel (liters) 83,096 84,474 94,547 74,106
Firewood (yards) 2,376 3,24.5 3,346 1,686

Cost (Re.)

Electricity N/A 195,354 304,906 347,619
Auto diesel 319,335 473,555 548,255 S18,115
FirewOOd 190,527 238,967 323,39S 194,235

80URCEt Dunagha Coconut Producers Cooperative Society.
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Costs. It is estimated that total capacitor rating of
85 kVAr would be required, assuming that the present
power factor is 0.8 and that it would be corrected to
0.95. The cost of the system would be Rs.40,000 fully
installed (80 percent foreign).

Saviz1 s. The total saving on maximum monthly demand is
flkelyto be around 40 kVA. Financial savings are thus
Rs.4,000 per month, or Rs.48,000 per year, which gives
a simple payback of 10 months.

Iplementation. The specification and installation of
capacitors ts now offered as a service by many electri-
cal service companies in Sri Lanka. Implementation can
be carried out by one of these specialists in collabora-
tion with the management staff of the cooperative soci-
ety. Specifications, instal'lation, and commissioning
would take 8 months.

Isproveents to Sterilizer

Description. At the present time, the sterilizer oper-
ates on auto diesel. A standard, manually controlled
burner supplies heat to the water tank. Also, it was
found that the outside of the tank was uninsulated, and
the surface temperature was estimated to be around 70°C-
750C. By converting the burner to furnace oil opera-
tion and by insulating the surface of the tank, it
should be possible to make significant cost savings.
These conservation measures also show a very rapid pay-
back.

Costs. To insulate the-outside of the tank with a 1-
iTnchlayer of foil-backed insulation, it is estimated
that the cost would be Rs.100 per square foot. Since
the surface area of the tank is 80 square feet, the
total cost of insulation would be Rs.8,000 (75 percent
foreign). Installation would be an additional
Rs.2,000, for a total project cost of Rs.10,000.

Replacing the existing burner with a modern packaged
oil burner capable of burning furnace oil is estimated
at a cost of Rs.175,000 (80 percent foreign). This
amount includes the preheating unit.

Savings.

Total heat loss from surface of tank a 7.5 x 315
u 2.31 kW
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AssuMing heat exchanger efficiency to
be 60 percent heat value of fuel u 4 kW

Cost of fuel per hour in terms of
heat loss when running on diesel a Rs.2.60

Cost of fuel lost per year a Rs.11714

Simple payback * 10.2 months.

Total savings possible by converting
to furnace oil (i.e., new burner) a 74,106 x

(7 - 4/76)*

. Rs.167,700/yr

Simple payback a 12.S months.

hmlemntation. These two conservation measures can be
easily implemented by the factory staff in collabora-
tion with suppliers of equipment. However, a technical
consultant may have to be called in to decide on the
size of packaged oil burner required. Specification,
procurement, installation, and commissioning would take
1 year.

Waste Beat Recovery Frc. Dryers

Description. rn the dessicated coconut Plant, there
ire two dryers that are fed with hot air from wood-
fired air heaters. It was found that the external sur-
faces of the dryers.were not insulated, and the surface
temperature was about 60°C. Actual exhaust air tempera-
ture was found to be 570C. The exhaust air is dis-
charged directly to the atmosphere.

Despite low temperature level, it would be possible to
recover a significant quantity of heat from the dryer
exhaust air and use it to preheat incoming air to the
air heater. Because of the high moisture content in
the outgoing air, it may not be possible to reuse a por-
tion of the same air through recirculation. In this
case, it would be necessary to use a suitable heat re-
covery device such as a heat wheel or heat exchanger.

*Price difference between diesel oil and furnac-e oil.
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such a conservation measure would have the effect of
reducing the firewood consumption in the air heaters.
This measure should also be adopted for the new dessi-
cated coconut factory.

Costs. It is estimated that a heat wheel-type heat re-
covery device will cost Rs.lS0,000 installed (90 per-
cent foreign). This figure includes the cost of insu-
lating the dryer surfaces (where possible) and the ex-
haust ducts.

8avings. Prom the draft fan horsepower ratings and
iseT,-lt is estimated that the total outflow from the

two dryers is approximately 432,000 kg/hour. Assuming
that 30 percent of this heat would be recoverable in
waste heat recovery devices, the total savings in fire-
wood would be 54 kg/hour. On the basis of 15 hours of
operation per day and 250 days per year, total firewood
savings of 202,S00 kg could be achieved, or a firewood
savings of about 15 percent (comparing the total con-
sumption in the full production year of 1982). Finan-
cial savings of Rs.100,000 per year could be achieved,
for a simple payback of 1.5 years.

ImPlementation. For this conservation measure, it
would be necessary to obtain consultancy assistance
from local or foreign organizations to maximize heat
recovery. Technical study and specifications would
take 3 months, and procurement, installation, and
commissioning would take an additional 8 months.

Efficiency XprovemenDt it Air Beaters

Oescription. Not air to the dessicated dryers and the
dryers for coconut pieces prior to oil milling are pro-
vided by wood-fired heaters of the same design used tra-
ditionally in tea estates. The dryers at this particu-
lar factory were in fact supplied by a major manufac-
turer of tea machinery and equipment.

inspection of the dryer design showed that its overall
thermal efficiency is very low, on the order of 25 to
30 percent, as a proportion of wood net calorific value
(NM). The reason for low efficiency is the provision
of only a single air pass, lack of external insulation,
and insufficient total heat transfer area. A further
reason is the operation under conditions of very high
excess air. if the efficiency of these air heaters can
be improved to around 45 percent overall, there would



- 239 - Ann0m 2_ujH0 of 226

DUWAGIA COC0UT COOPEmiAt] 1VI SOCIETY

be a significant reduction in the consumption of fire-
wood.

Costs. It is estimated that a completely new, effi-
cient air heater would cost about Rs.500,000 fully in-
stalled (see section on tea estates), all local cost.

Savigs. By increasing air heater efficiency to 45 per-
centp it is estimated that savings in firewood consump-
tion of about 30 percent could be achieved. rinancial
savings would be about Rs.108,000 per year, which
yields a simple payback of 4.62 years.

implementation. This measure will require backup assis-
Eance from the air heater manufacturers, research insti-
tutes, and local consultants. A certain amount of R&D
work will have to be done. Development, design, and
prototype testing will take 1 years fabrication, instal-
lation, and commissioning will take another year.

4. Terms of Reference

4.1 Energy Audit

A detailed energy audit of the Dunagha factory should
be conducted to define energy conservation opportuni-
ties and potential, consisting of the following succes-
sive steps:

4.1.1 The consultants will conduct a preliminary ener-
gy audit (also called survey) or 'PEa to collect his-
torical data on (a) detailed energy use, (b) produc-
tion, (c) energy-using equipment, and (d) technical per-
sonnel available on-site for energy efficiency work.
The PEA should not take more than 3 man-days to per-
form. (See EDMAC's energy auditing manual for more
details on conducting a PEA.)

4.1.2 on the basis of the PEA, the consultants will
decide, in agreement with plant managemnt, which fixed
instrumentation should be installed prior to conducting
the detailed energy audit and which areas deserve most
attention.

The following areas are likely to be candidatess

* Air heaters
* Dryers
* Sterilizer
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* Power factor improvement
* Electric load management.

Mass and energy balances will be prepared, when re-
quired, for several representative operating condi-
tions.

For each audit area selected, the consultants will per-
form an instrumented analysis of the energy-related
flows to identify areas of improvements. Energy bal-
ances should be developed and potential savings esti-
mated. When several options are possible, the consul-
tants will provide Dunagha with the following informa-
tion for each option:

* Description

* Estimated cost in foreign and local currency
with sources of information and range of confi-
dence

e Estimated savings in physical units and finan-
cial (i.e., at market prices) and economic
(i.e., at true cost to the economy) values

* Implementation schedule and recommendations.

On the basis of the audit results, the consultants will
undertake a series of feasibility studies for the proj-
ects that are too complex, risky, or capital-intensive
to be fully analyzed within the audit.

4.1.3 For each one of the retained projects (likely
to include some of the projects identified in Section
3), the consultants will prepare a detailed feasibility
study according to the following formats

Executive Summary

1. Introduction (including demand and market pro-
jections)

2. Technical options

3. Cost and performance assumptions

4. Financial analysis

S. Economic and social analysis
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6. Implementation

Appendices.

Each feasibility study should be discussed with EDMAC
prior to submission to Dunagha.

4.2 Team and Project Duration

The energy audit team should comprise one or two local
auditors, possibly former EDNAC trainees.

The full audit should take about 2 weeks on-site, plus
1 month for report preparation (U.S. $2,000-$3.000).

The feasibility studies should be undertaken by the
auditors in collaboration with Dunagha management and
EDMAC.

The level of effort envisioned for the feasibility
studies is between 2 and 4 man-months (U.S. $5,000-
$10,000).
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The Mattakelle State Tea Plantation is very illustra-
tive of the situation of the other tea estates in Sri
Lanka. Based on the visit of this estate and discus-
sions with several plantation superintendents in the
Nuwara Eliya rgion, it appears that between 15 and 50
percent of energy costs could be saved, depending on
the type of fuel used. (wood or oil) and the type of
energy system used (e.g., dryers).

Key general projects to be undertaken include design of
new wood-flred fluidized bed air heater for tea drying,
use of dryer waste heat to dry firewood, use of biogas
to supply cooking fuel for workers, and rehabilitation/
construction of new, small hydrosystems to produce fac-
tory power. (See Exhibit A for some estimates of costs
and benefits at Mattakelle Tea Estate.)



Mbibit A

Voe getatess Nattakelle State Yea Plataticas BOOary of Poslible aergy Consevation projects
(1903 energ biU l M.2.9 million)

Averaige
_I fiuinia

~et (33.0ow "m.t 110s.001 ,e u ackt _were

project - .wj. ..iJ' togan .... L..toa "aNma'I gwom

Design of am wood-fired air beaters (2 wsbr1) 60" 0 Go 472 1i 3S4 1.3 0.0

Use of dryer waste heat fot drying fireGood o0 0 60 24 0 24 2.5 KA

Use of biogas 200 SO ISO aS 0 as 2.4 IVa

Use of mini and micro hydcpwAwr sytem
to serve fto estates (30.0001 (18.000) (12.001 (49000) (3.360) (1.440) (6.25) (2

mi. 06s S0 *10 se no 463 1.S 

id-1904 esabange rates 1 .S. dollar a 33.25.

/As Pot aWlicmble.

*oreign coss incle engineering and design costs (rogOly U to IS peent of totel project toreln coats).

'mm estimates that the foreign content of eIectricity io 70 pere nt ot market plee and that the foreign content ot Oi is 90 percent of markt plice.

2 Intal csat/aetage _al fitnaneIl bteneits.

E3ttieate takes as proect forein CUP aoat and half project local coat (to reftect dties, ibbic avwrage 7.5 perent ot CUP value for this type ef equlpent,
uasaed labor force ete.)/egonacic value of annual benefits. he emoneic vloue of anual beoeflts .bes'~ estimated ouslg MM gidelines i.e.-

* pporteity coat ot electricity - 1.75 arket price to roelect log-tOrm develoaant arglinal cost of R .3.5 10.8. 0.14)A/Nb vs. R.2.0 tU.S. 00.0/)Ab
feo market prlce

* Oortaity cost of fuel oil - I5 percent of market pric", or U.8. OIL"/%*me to reflect zcrt "a future re-export of refinery suppty of el t oil.

SOUC: Ragler, Bailly and Company.

0igJ
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1. Back-round

History. This plantation was established as a coffee
plantation over 100 years ago. After the coffee blight
of the late nineteenth century, tea was planted. The
plantation now covers approximately 600 acres. It has
a completely self-contained factory for the manufacture
of tea and also processes tea from adjacent planta-
tions, as well as some purchased green leaf. The manu-
factured tea is found in six to eight different qrades,
and is sold at auction in Colombo through brokers. The
plantation is located in a prime tea-growing area about
18 miles from Nurawa zliva on the Talawakelle Road.

Process description. The green leaf from the field is
first 'withered" (or dried) in large trough-tvpe dryers
by means of a current of air blown upward through a bed
of leaves. Approximately 3.5 kilos of leaves are
loaded per foot of trough. At Mattakelle, there are 18
troughs, each measuring 90 feet long by 6 feet wide.
Zach trough has an axial fan installed to blow air
through the leaf. Withering troughs are usually in-
stalled on the highest floor of a factory to make par-
tial use of hot air from the exhausts of the tea dryers
mounted on the lower floors.

The withered leaf is sent down for *rolling through
chutes in the floor. The leaf is then rolled in spe-
cially built tea rolling machines for a period of 20 to
30 minutes. The rolled tea is sent through a sifter
for grading purposes and then put aside in beds to fer-
ment. The humidity of the ambient air during fermenta-
tion is carefully maihtained at high levels by means of
water sprinkler systems.

After fermentation, the tea is sent through a rotary
screen-type device called a fRotova.e' for further
crushing and rolling, after which it is dried in spe-
cially built drVers. Mattakelle has two dryers: a con-
ventional hot air dryer in which hot air is blown
through a bed, and a fluidized bed-type dryer in which
the bed of tea is actually fluidized by the hot air.
In these dryers, the tea reaches its familiar form and
texture. The final stages -- sorting, grading, and
packing - are then carried out in a separate room.

The drying medium for tea is clean hot air. In the
fluidized bed dryer, an oil-fired heat exchanger pro-
duces the air. Heavy diesel is used in a fully auto-
matic packaged oil burner, and heat exchange takes
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place between the resulting hot flue gases and clean
air drawn into the heat exchanger. A two-pass system
is used, with the air in the first (outer) pass in
counterflow and the air in the second (inner) pass in
parallel flow. An induced draft fan draws air through
the heat exchanger and is also responsible for generat-
ing sufficient pressure for fluidization.

In the other, more traditional dryer, the hot air is
generated by means of a wood-burning air heater. An
induced draft fan draws air through a single-pass heat
exchanger that heats fresh air. In both dryers, the
maximum air temperature is about 2100°. Hot air dis-
charged from the dryer exhausts is drawn up by the fans
on the withering trough floor and used in the initial
withering of the tea. Since withering is carried out
at a very low temperature, ambient air is intermixed
with hot exhaust air from the dryers if the temperature
of the latter is too high.

Thus, it is apparent that scie cascaded use of hot air
is carried out. However, it was found that there was a
gap of several feet between the dryer exhaust outlets
and withering trough fan inlets. Thus, a great deal of
ambient air is mixed with hot exhaust air from the dry-
ers even before entry to the fans.

it should be mentioned that 95 percent of the machin-
ery, including all motors below 15 hp, are of Sri
Lankan manufacture.

Production. The production of made tea at this factory
is .approximately 450 tonnes per year from the qrop of
the Mattakelle Estate. In addition, they process a fur-
ther 225 tonnes from the neighboring Palmerston Estate
(in which the factory has been closed down) and also
from bought green leaf. The throughput is about 1,500-
2,500 kilos per day for 300 days of the year, operating
on one 8-hour shift.

Production costs per kilo of tea vary slightly from
month to month. Costs for the current year (1984) are
as followss

January February March APril

Cost per kilo of
made tea (RS.) 21/24 20 79 22/33 22/39
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At the present time, the selling price of tea is very high, at Rs.45-50/kg;
therefore, the estate will make a very good profit this year. However, this
happy situation will probably not last because sharp price fluctuations are a
feature of the tea market worldwide.

Markets. About 90 percent of the tea grown in Sri Lanka has an export
market. This is especially true of the higher grades produced in the
factories at elevations 2,500 feet above sea level, which are mainly used for
blending purposes.

mploymuet. Total employment, including field hands, is currently about
900. Of this number, about 500 are employed for leaf plucking. The
management organization is shown in Ezhibit 1.

There are no qualified engineers on the estate staff. Simple maintenance is
carried out by the factory officer, who is responsbile for operation of the
machinery. Major repairs and maintenance are carried out by the machinery
suppliers, who maintain regional offices in most of the plantation districts.

Financial situation. In 1983 and early 1984, total production cost at the
factory gates had remained at around Rs.20 to Rs.24 per kilogram. The selling
price of tea has increased from around Rs.39 per kg in 1983 to around Rs.45-50
per kg at the present time. Thus, there would be net margins of nearly 35-40
percent as a percentage of turnover at the moment.

However, because the estate is publicly owned through a corporate body called
the State Plantations Corporation, revenues are credited not to the estate but
to the Corporation head office in Colombo. The head office then disburses
funds as required to the estate.

All major capital expenditures are controlled by the corporation head
office. Similarly, it was understood that energy conservation projects would
be subject to corporate control and approval. However, given the present
highly profitable state of the tea in industry, it is quite likely that
approval would be forthcoming for such projects. 1/

Kodernisation/expansion. There is a major World Bank-funded rehabilitation
program for the plantation industry in Sri Lanka. As part of this program,
purchase of energ ysaving equipment is possible. For example, it

1/ This reflects the situation in the tea industry as of mid-1984. The
approval of conservation projects would obviously depend more on the
profitability of tea at the time such projects are presented to the head
office.
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Exhibit 1

Management Organization

Estate Superintendent

Assistant Superintendent
I

Factory Officer |Read Clerk

Assistants | | Assistant Clerk 

S Fil d Officer a

Staff

SOURCE. Hattakelle Tea Estate.
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is understood that the World Bank is funding only the
purchase of wood-fired dryers and not those fired with
oil.

Regarding Zattakelle Estate, there would appear to be
no plan for expansion at the moment,

2. An(mr9 Situation

As indicated earlier, most of the machinery is operated
on induction motors of three- phase, 415-V rating, with
the largest motor being about 25 hp. The total in-
stalled electrical capacity is about 250 kVA. The Cey-
lon Electricity Board supplies electrical power through
a steidown transformer.

Liquid fuel is used only in the air heater that feeds
the fluidized bed dryer. Heavy diesel is used for this
purpose in an automatic packaged boiler. Firewood is
used in an air heater that supplies hot air to the
older (traditional) dryer.

Fuel and electricity consumption. The monthly statis-
tics from the beginning of 1984 are shown in Exhibit 2.
The average price of electricity during this period was
more than Rs.2/kWh, indicating a high maximum demand in
relation to average demand. A problem with the elec-
tricity supply is the high frequency of power failures,
which causes tea production to come to a standstill.
The problem is so severe that the estate is currently
considering the possibility of installing standby gener-
ators.

Supplies of fuel oil are kept in storage tanks. Oil is
supplied by road tanker, and sale price averages
Rs.8.1/liter. Firewood is delivered by private fire-
wood suppliers at a price of Rs. 115-150/yard. Payment
for firewood is made according to cubic yards delivered
(measured as a 3' x 3' x 3' stack of firewood). Thus,
the actual weight of wood purchased is highly variable.

Specific energy consumption. The specific consumption
of electricity drops with increasing throughput of made
tea the factory. This is probably because motors
operate at full load even when withering troughs and
dryers are not fully loaded, and also because of longer
idle running times. The specific liquid fuel consump-
tion of fluidized bed dryers (estimated from figures at
Mattakelle and other estates) is about 50 liters of
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Fuel an Uleot:i@ity Coraumptiont 1904

cost (medfi t"o ff t _ r
Mae) . mi t. i M -,S-

Jlanray Electticity 5t,020 kWh 105,454 36,372 4.48
ruel oil 14,400 lLters 116,495
FIrevoodf 178 yards 29,137

Febwuary U .ctrioity 51,280 kWh 104,188 43,547 5.18
Fuel oil 13,450 iLters 108,810
Irtiwood 142 yardo 23,063

March tlecttioLty 45,020 kWh 93,484 60,477 4.18
Puel oil 16,750 liters 135,842
firetoofi 139.6 yards 22,182

April slectriotty 53,970 kMh 106,788 71,946 4.08
Fuel oil 18,225 lites 148,048
Firitoo 222 yards 36,312

gOnn3a nattakefUe State Tea Plantation.
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fuel per 300 kg of made tea (i.e., about 0.16 kg of oil
per kg of tea). In cost figures, this corresponds to
about Rs.1.3S per kg of made tea. The older dryer uses
about 1 gallon of fuel per 40 pounds of made tea (i.e.,
about 0.24 kg of oil per kg of tea, or about Rs.2/05
per kg).

When the oil heaters in the fluidized bed dryers are
replaced by wood-burning air heaters, production is
about 350 kg oftea per cubic meter of wood, or about
267 kg of tea per cubic yard. At a price of about
Rs.lS0 per yard, specific consumption is about 0.0037
cubic yard per kg of tea, or about Rs.0/56 cts. per kg
made tea. Older wood-fired dryers produce approximate-
ly 230 kg of tea per cubic yard, or about Rs.65.2 per
kg of made tea. Thus, the f3qidized bed dryers, wheth-
er fired on liquid fuel or wood, are about 1S percent
more efficient than the older dryers.

Energy conservation activities. At Kattakelle, the
only activity in this area has been the planting of
fuelwood/shade trees in areas such as ravines that are
unsuitable for tea. The species planted include euca-
lyptus and acacial the eucalyptus reach harvesting age
in 6 to 8 years.

3. Energy Conservation Potential
and Possible Proiects

Based on the above analysis and discussions with state
management, as well as specialized engineering firms,
such as Ceylon Commerce Company Ltd., it appears that
there is a large scope for energy cost savings in tea
estates. Several possible projects to lower energy
consumption are presented below with preliminary costs
and benefits.

Design of a new Wood-Fired Air Beater

Description. As mentioned above, some of the older tea
dryers use wood-fired air heaters of a single-pass de-
sign. On inspecting the internals, it was apparent
that the efficiency of heat transfer could be further
increased, essentially by improving the required sur-
face areas.

The most efficient form of dryer at the present time is
the oil-fired fluidized bed type, which requires about
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0.16 kg of oil per kg of made tea. This is equivalent
to using about 0.67 kg of wood (assuming the same effi-
ciency) with a moisture content of 45 percent, or -- in
monetary terms (at 600 Rs./tons cost of wood) -- a cost
of Rs.0.40 per kg of made tea. This is about 30 Per-
cent lower than the figure for a wood-fired fluid zed
bed dryer and 40 percent lower than the figure for a
traditional (non-fluidized) dryer.

Scrutiny of the d*sign of air heater that is currently
being used with fluidized bed dryers shows further
scope for improvement. It is estimated that ultimately
it would be possible to reduce the consumption of fuel
oy 50 percent in wood-fired air heaters.

Costs. It is estimated that the actual cost of an ener-
?y=efficient heater would be approximately Rs.300,000
fully installed. Two new heaters would cost Rs.600,000
(mostly local costs).

-wavins. At Mattakelle Estate, it is estimated that
us ng energy-efficient air heaters for both the
fluidized bed dryer and the older dryer would result in
a cost per kg of made tea of about 45 cts., based on
the price of firewood. Assuming that two-thirds of the
tea is dried in the fluidized bed dryer and one-third
in the traditional dryer:

Average savings of fuel oil
per month in financial terms Rs.46,800

Total savings of firewood in
the older dryer Rs.20,000

(Assuming an average production
of 52,000 kg per month)

Total cost of firewood used in new
energy-efficient heaters attached
to both dryers Rs.21,000

Monthly energy savings Rs.39,300
Yearly energy savings Rs.471,600
Simple payback 1.27 years.

In this particular case, there is a very quick payback
because one of the dryers is being operated on heavy
diesel. It is also instructive to consider the case
where two solid fuel-fired heaters are already in-
stalled. It is estimated that the savings resulting
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from the replacement of an existing, inefficient air
heater with an efficient air heater would be about 25
cts. per kg of made tea (i.e., an efficiency improve-
ment of about 40 percent), yielding annual financial
savings of Rs.156,000 and a simple payback of 3.05
years. Therefore, even in estates with already exist-
ing wood-fired air heaters, replacement with new,
highly efficient heaters would be a viable proposition.

Implementation. Because improvements in efficiency of
wood-fired air heaters would have such a significant
impact on the tea sector, a donor should play a major
role in the design and development phase. Since the
technology of air heaters is very well known, the time
period to produce a viable design should not be more
than 2 years.

Costs. Prototypes could be tested on estates within a
pe=rod of 1 year to 18 months. Thereafter, fabrica-
tion, supply, and installation would be carried out by
the traditional suppliers of tea estate machinery, with-
in a period of 6 months per unit.

Use of Dryer Waste Beat for Drying Firewood

Description. The new air heater design recommended
aboye must still release its flue gases at temperatures
above 1500C to prevent condensation of sulfur compounds
and corrosion of metal parts. However, it should be
possible to go below this figure if the flue gases are
used in some simple covered shed or similar arrange-
ments to dry firewood prior to feeding into the air
heaters. This would result in a further increase in
efficiency for very little capital expenditure.

Costs. ,t is estimated that an arrangement to dry fire-
wood using flue gases would cost around Rs.60,000 (all
local).

Savings. Assuming that moisture content is reduced
7-ai- peruent to 25 percent (that ist, from average
natural moisture content to typical moisture content of
dried wood) by this arrangement, calorific value would
improve from 2,300 kcal/kg NEV to around 3,370 kcal/kg
NEV. Hence, per original kg of purchased wood, the
amount remaining after drying would be about 0.734 kg.
The NEV of this quantity of wood will be about 2,470
kcal. Hence, by drying the wood, an improvement in
usable heat of about 7.5 percent per kg of purcbased
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wood will result, and annual wood purchases could be
'reuced b5 the same figure. Therefore, besed on wood
purchases of 27,000 per month for two dryers, the
annual financial savings would be about Rs.24,300 and
yield a simple payback of 2.47 years.

Imolementation. In this case as well, some development
work is neessary and could be funded by donors. The
Tea Research Institute could be the main participant in
development work. Actual implementation of a simple de-
sign of dryer could be carried out by estate staff in
about 3 months.

Use of Siogas

bescriitfon. All estates have a significant population
of farm animals as well as human beings. In the case
of Mattakelle Bstate, there are 1,200 persons and 156
cattle. One cow is equivalent to about 8-10 human be-
ings in terms of fermentable waste. The total popula-
tion will produce waste matter equivalent to that of a
herd of about 250 cattle. It has been estimated by the
Tea Research institute (TRI) that this would be suffi-
cient to produce enough biogas for the cooking needs of
80-85 medium-size (i.e., 5 people) families (i.e., 425-
450 people). Hence, by using a biogas digester, it may
be possible to supply the entire cooking needs of about
one-third of the entire estate population.

Costs. It is estimated that the installed cost of a
Dioqas digester for this volume of gas would be about
Rs.200,000 including the collection system (75 percent
local).

Savings. It is estimated that a medium-sized family
wouldiuse about 10 lbs. of firewood per day. Annual
savings in firewood at Rs.600/form - Rs.85,000. Simple
payback a 2.35 years.

Implementation. Since biogas digesters are being popu-
larized and inatalled by a number of organizations in
Sri Lanka, this conservation measure could be easily
implemented by the estate management, with consultancy
assistance from the TRI. The total implementation
period would be about 1 year.
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Use of Rini and micro Rydropower Systems

Descrivtion. In the past, many tea estates had their
own power generation capability by using small Pelton
wheels connected to generators. With the advent of
cheap fuel in the 1950s and electrification programs,
these units were allowed to fall into disrepair. Since
individual estate units were only in the 50- to 80-kW
ranqe, and since estate power requirements are not much
greater, present-day implementation could be carried
out by cooperative ventures between several estates.
In this method, one or two estates with significant
hydro potential will exploit this to the fullest and
then distribute the power to the others.

Costs. It is estimated that a group of four estates
will require about 1 MW in power, and the cost (at
Rs.30,000/kW) would be around Rs.30 million (60 percent
foreign).

Savings, The total annual savings would be around
R8.4. mlli11n, yielding a payback of about 6.25 years.

imolementation. This measure would have to be imple-
mented in collaboration with a number of organizations
(e.g., CBS). However, no technical difficulties are
foreseen for these measures. Implementation would take
a total of 2 to 3 years.

4. Ten of Reference

Detailed energy audits of 2-3 representative tea
estates should be conducted in collaboration with the
Tea Research institute to obtain sufficient data to
allow detailed feasibility studies of the four projects
described in Section 3.

The energy audit can be conducted by.lo'-al specialized
teams, such as those sponsored by EDMAC, including CTC
Services. TRI researc irs and perhaps engineers from
the Ceylon Company of Commerce should be associated
with this effort. Each factory audit should require
about 8 man-weeks to perform, including report prepara-
tion. Associated costs should be around Rs.20,000 to
Rs.25,000. More general guidelines for the consultants
are provided below.
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Payback. The simple payback would be 1.8 years.

Ipleentation. Factory personnel should be able to im-
piement thissmeasure with assistance from local consult-
ing organizations and manufacturers at the plant. The
technical study would take 5 months, and the procure-
ment, installation, and commissioning of the boiler
would take 8 months.

4. Terms of Reference

4.1 Energy Audit

A detailed energy audit of selected tea estates should
be conducted, consisting of the following successive
steps:

4 .1.1 The consultants will oonduct a preliminary ener-
gy audit (also called survey) or "VW to collect his-
torical data on (a) detailed energy use, (b) produc-
tion, (c) energy-using equipment, and (d) technical per-
sonnel available on-site for energy efficiency work.
The PEA should not take more than 3 man-days to perform
for each estate.

4.1.2 On the basis of the P8A, the consultants will
expeditiously decide, in agreement with factory manage-
ment, which fixed instrumentation should be installed
prior to conducting the detailed energy audit and which
areas deserve most attention.

The following areas are likely to be candidates:

* Dryers
* Hot air generators/heaters
* Electric generation and utilization.

Mass and energy balances will be prepared, when re-
quired, for several representative operating condi-
tions.

For each audit area selected, the consultants will per-
form an instrumented analysis of the energy-related
flows to identify areas of improvements. Energy bal-
ances should be developed and potential savings esti-
mated. When several options are possible, the consul-
tants will provide the tea estates with the following
information for each option:
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* Description

* Estimated cost in foreiqn and local currency
with sources of information and range of confi-
dence

* Estimated savings in physical units and finan-
cial (i.e., at market prices) and economic
(i.e., at true cost to the economy) values

* Implementation schedule and recommendations.

On the basis of the audit results, the consultants will
undertake a series of feasibility studies for the proj-
ects that are too complex, risky, or capital-intensive
to be fully analyzed within the audit.

4.1.3 rot each one of the retained projects (likely
to Include most of the projects identified in Section
3), the consultants will prepare a detailed feasibility
study acoording to the following format:

Executive Summary

1. Introduction (including demand and market pro-
jections)

2. Technical options

3. Cost and performance assumptions

4. Financial analysis

5. Economic and social analysis

6. Implementation

Appendices.

Each feasibility study should be discussed with EDMAC
and TRf prior to submission to the tea estates.

4.2 Team and Project Duration

The energy audit team should comprise:
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* One/two TRI specialists

* One to two additional auditors, possibly in-
cluding former EDMAC trainees and tea estate
engineers.

The full audit should take about 1 man-month on-site
per tea estate, plus 1-2 months for report preparation
(U.S. $2,000-$3,000).

The feasibility studies should be undertaken by the con-
sultants in collaboration with TRt representatives from
tea estate management and EDMAC.

The level of effort envisioned for the feasibility
studies is between 9 and 16 man-months (U.S. $15,000-
$20,000).
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Energy savings at the Mawanella rubber factory could be achieved through
the conventional use of electric power factor correction devices and
appropriate combustion practices, but mostly through fuel
diversification. It has been estimated that, taken together, these
various measures could reduce the factory's energy costs by about half,
with an average payback for the projects of less than two years (see
Exhibit A).

The fuel diversification would involve substituting wood for diesel oil
through the installation of a multifuel (i.e., wood and oil) heater with
a crumb dryer. As many rubber estates have access to their own source of
wood in the form of old rubber trees, it could be to their advantage to
consider substituting wood for petroleum products. Mawanella is a
central processing factory, and the Sri Lanka Rubber Co. does not own
planations to extract wood from. Even in its case, however, fuel cost
reduction through the use of wood has been estimated at 40X for a
financial payback of about two years. In considering any substitution of
rubber trees for petroleum, the economic value of the trees as fuel
should be weighed against their value as industrial wood.

It should also be pointed out that, while a wood-fired (or multifuel) air
heater seems technically feasible, it has not yet been tried in Sri
Lanka. As part of the feauibility study, a suitable air heater would
therefore have to be designed and installed. This testing of the
heater's technical, economic and financial viability should be done in
conjunction with the Rubber Research Institute.
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1. Bac d

This plant uses natural rubber latex as a raw material and produces
technically-specified grades of cubber in block form for export and also
centrifuged latex for local use. The factory was set up in the early
1970.. Originally, it was operated under a publicly-owned corporation
called the State Rubber Manufacturing Corporation. With the advent of
liberalization policies under the present government, the corporation was
partially privatized with some of the factories being desolved under a
private company with the name Sri Lanka (Ceylon) Rubber Manufacturing
Company Ltd.

Plant location. The plant is located at Nawanella on the main
Colombo-Kandy Road about 50 miles from Colombo.

Process description. Latex is received in road tankers and unloaded into
one of two large settling tanks. From here, it is taken to a series of
ceramic tile-lined coagulation tanks, where the correct chemicals are
added and coagulation is allowed to take place.

The coagulated latex is dried in custom-made, oil-fired, through-pass
type drying chambers. After drying, the crumb rubber is baled in
hydraulic presses and packed for export in wooden open crates.

Centrifuged latex is produced in an electric centrifuge, which takes
latex direct from the main storage tank. It is then stabilized and
stored in tanks, for collection by local customers. Latex production was
only started in 1982.

Production. Technically specified rubber production in 1980-1981 was
1,971,200 kg; 1981-1982: 1,330,488 kg; 1982-1983: 507,910 kg;
1983-1984: 769,800 kg. Concentrated latex production in 1982-1983 was
101,557 kg; in 1983-1984: 69,044 kg.

Markets. As mentioned above, all the technically specified rubber
produced is exported to customers.

Organization. The plant consists of one factory manager and three
executives who look after day-to-day operations. There is no energy
management organization at the present time or envisaged for the future.

Project evaluation criteria. It is understood that all projects would be
evaluated by personnel at the head office in Colombo. Furthermore, any
project with a payback period of 2 years or less would receive favorable
attention.
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Existing plans for noderniaation/ezpasion. At the present time, the
factory has installed and commissioned another process line for
recovering skim rubber from the skim latex of the concentrate line.
There are no plans to expand the factory any further, at the present
time.

Financial situation. The actual balance sheet was not obtainable at the
factory. However, the profit and loss situation would be as follows:
1982-1983 profit was Rs.2.1 million; 1983-1984 profit was Rs.1.4 million.

Problems facing facility. A major problem for this facility is the
frequent electric power interruptions of short duration, which cause
problems with the process machinery. While purchase of a standby
generator is contemplated, the large cash requirement has stopped them
from doing so.

2. Enery Situation

Eergry-using equipment. The process line for technically specified
rubber consists of three roller-type mills (i.e.* a crusher, a macerator
and a creper) and a creper/hammermill. These mills are driven by
electric motors, and require no heating sources.

The other major energy-using plant is the crumb rubber dryer mentioned
above, which uses heat generated by an oil-fired automatic packaged
burner, running on heavy diesel. Hot air and gases are circulated
through a long pass-type drying chamber in which trolleys carrying crumb
rubber are sent through.

Electrical e *rgy is also used to provide hydraulic pressure for the main
baling process.

fuel and electricity usage

1980/81 1981/82 1982183 1983/84

Electricity
(kWh) 239,960 188,390 152,170 122,510

Cost (Rs.) 133,560 239,621 300,561 303,737

Fuel

Cost-tRs.) 571,648 734,634 470,000 338,717
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Specific energy consumption (in Ru. per kg of product) (see Exhibit 1).

The management organization was not made available to the in-country
teame

With regard to energy conservation activities, the factory manager has
measured the power factor, which was found to be very low, at around
0.75. The factory has considered the installation of power factor
connection equipment. No other energy conservation measures have been
contemplated or carried out.

3. Enert Conuservatian Projects

Both fuel and electricity consumption can be reduced by 10-15 percent.
Two candidate projects are presented below.

Power Factor Correction

Description. As mentioned earlier, a measurement of power factor has
been carried out by the factory manager and found to be very low. A
significant conservation measure would be the installation of capacitors
for the correction of power factor.

Costs. It is estimated that the cost of power factor correction
equipment would be Rs.50,000 installed (80 percent foreign).

Savings. Once the scrap milling section is in operation, it is estimated
that maximum demand would be around 300 kVA.

Hence, the new maximum demand of power factor is increased to 0.95 and
would be = (300 x 0.75)/0.95. Saving in maximum demand = 63 kVA.
Reduction in cost Rs.6,300 per month - Rs.75,600 per year. Simple
payback = 8 months.

Implementation. This measure can be easily implemented by the factory
staff in collaboration with equipment suppliers.
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Uxhibit 1

SpecifiL Snergy Conwuption
(Tn Rs. per kg of product)

e- 1980/01 11/2 1982153 1963/54

Total productico cost 10.92 9.85 10.35 15.74

Electricity cost 0.07 0.16 0.32 0.32

Due cost 0.29 0.48 O.S3 0.44

Total energy cost ae a perewnt
of total production cost 3.00 6.50 8.10 4.80

O803 Sri Lanka (Ceylon) Rubber Mnufacturing Company Ltd.
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Use of a MNltifuel Air Beater with Crumb Rubber Dryer

Description. At the present time, hot air for crumb rubber drying is
provided from automatic packaged burners operating on auto diesel. Gases
from burners and excess air are mixed together and act directly on the
crumb rubber in trays within the dryer. Because of direct use, it is not
possible to consider the use of heavy residual oils as they may lead to
contamination of the crumb rubber.

An option that can be considered is to use an air heater, which utilizes
a solid fuel such as firewood. This would be a separate piece of
equipment whose outlet could be directly coupled to the existing dryer
air inlets. The burners would remain to act as standby and to provide a
peaking temperature rise, if necessary.

Costs. It is estimated that purpose built air heaters, fully installed,
would cost around Rs.600,000.

Savingse Considering the typical high production level year of
;98I11982, the total amount of wood required to replace 85 percent of the
diesel would be 520 tons of wood for a total cost of Rs.312,000 per
year. Cost of additional oil (15 percent) would be Rs.1l0,OOO per year,
for a total cost of fuel of Rs.422,OO0 per year. Cost savings would
then reach Rs.312,634 per year. Simple payback = 1.9 years.

Igplementation. The feasibility study must evaluate the availability and
cost of wood to the Nawanella factory over the life of the heater. In an
area of existing or impending shortage of wood, the cost and benefits of
this measure to the economy should be examined more closely. In any
case, the value of the rubber trees as fuel must be weighed against their
value as industrial wood. It should also be emphasized that, while such
a heater seems technically feasible, it has not yet been tried in Sri
Lanka. As part of the feasibility study, the Rubber Research Institue
should therefore be involved in designing and installing such a heater on
a test basis to evaluate its technical, economic and financial
viability. The design, fabrication, installation and commissioning of
such a heater should take under two years.

It should be pointed out that the recoumended analysis of the economics
of substituting wood for oil in a multifuel air heater and of the
availability and cost of wood to the Manwella factory may indicate that
it makes better economic and financial sense to test such a heater
elsewhere. As many rubber estates have access to their own old rubber
trees, they may make better candidates for this type of work. Because it
is a central processing factory, Manwella does not own plantations to
extract wood from.
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4. Tenn of Reference

4.1 Energy Audit

A detailed energy audit of the Sri Lanka (Ceylon) Rubber Manufacturing
Company Ltd. should be conducted, consisting of the following successive
steps:

4.1.1 The consultants will conduct a preliminary energy audit (also
called survey) or "PEA" to collect historical data on (a) detailed energy
Use, (b) production, (c) energy-using equipment, and (d) technical
personnel available on-site for energy efficiency work. The PEA should
not take more than 3 man-days to perform.

4.1.2 On the basis of the PEA and im-ediately after, the consultants
will decide, in agreement with factory anagement, which fixed
instrumentation should be installed prior to conducting the detailed
energy audit and which areas deserve most attention.

The following areas are likely to be candidates:

o Dryers
o Hot air generators/heaters
o Electric utilization (mills),

Mass and energy balances will be prepared, when required, for several
representative operating conditions.

For each audit area selected, the consultants will perfom. an
instrumented analysis of the energy-related flows to identify areas of
improvements. Energy balances should be developed and potential savings
estimated. When several options are possible, the consultants will
provide the following information for each optiont

o Description

o Estimated cost in foreign and local currency with sources of
information and range of confidence

o Estimated savings in physical units and financial (i.e., at
market prices) and economic (i.e., at true cost to the economy)
values

o Implementation schedule and recommendations.
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On the basis of the audit results and immediately after, the consultants
will undertake a series of feasibility studies for the projects that are
too complex, risky, or capital-intensive to be fully analyzed within the
audit.

4.1.3 for each one of the retained projects (likely to include most
of the projects identified in Section 3), the consultants will prepare a
detailed feasibility stbdy according to the following format:

Ezecutive Summary

1. Introduction (C;sch market and demand projections)

2. Technical options

3. Cost and performance assumptions

4. Financial analysis

S. Economic and social analys,is

6. Implementation

Appendices.

Each feasibility study should be discussed with EMAC and RRI prior to
submission to the Sri Lanka Rubber Company.

4.2 Team and Project Duration

The energy audit team should comprise:

o One/two SRI specialists

o One to two additional auditors, possibly including former EDMAC
trainees and engineers from the company.

The full audit should take about 1 man-month on-site, plus 1-2 months for
report preparation.

The feasibility studies should be undertaken by the company consultants
in collaboration with RRI representatives and EDMAC.

The level of effort envisioned for the feasibility studies is between 6
and 12 man-months.



EURNEY SBCTOR KWASGE(ET ASSISTUCCB PROGRAM

* Activities Completed

Date Gonpleted
1Energy Assessment Status Report

Papua'New Guinea July, 1983 -.
Mauritius October, 1983
Sri Lanka January, 1984
Malawi January, 1984
Burundi: February, 1984
Batgladesh ' April, 1984
Kenya May, 1984
Rwanda - May,'1984
Zimbabwe August, 1984
Uganda ~ August, 1984
Indonesia September, 1984
Senegal October, 1984
Sudan November, 1984
Nepal January, 1985
Zambia August, 1985
Peru August, 1985
Haiti August, 1985 
Paraguay September, 1985
Morocco January, 1986
Niger February, 1986

Project,-Formulation and.Justification

Panama Power Loss Reduction Stud" June, 1483
Zimbabwe Power Lose Reduction Study June, 1983
Sri Lanka Power Loss Reduction Study July, 1983
Malawi Technical Assistance to Improve

the Efficiency of Fuelwood
Use in Tobacco Industry November, 1983

Kenya 'Power Loss Reduction 'Study March', 1984
Sudan Power Loss Reduction Study June, 1984
Seychelles Power Loss Reduction Study August, 1984
The GambiA Solar Water Heating Retrofit Project February, 1985
Bangladesh Power System Efficiency Study February, 1985
The Gambia Solar Photovoltaic Applications March, 1985
Senegal. Industrial Energy.Conservation June, 1985
Burundi Improved Charcoal Cookstove Strategy September, 1985
Thailand Rural Energy Issues and Options September, 1985
Ethiopia Power Sector Efficiency Study October, 1985
Burundi Peat Utilization Project November, 1985
Botswana Pump Blectrification Prefeasibility

Study January, 1986
Uganda Energy Efficiency in Tobacco.Curing

Industry February, 198q
Indonesia Power Generation'Efficiency Study February, 1986
Uganda FuelwoodlPorestry Feasibility Study March, 1986

Institutional and Policy Support

Sudan Management Assistance to the
Ministry of Energy & Mining -' May, 1983

Burundi Petroleum Supply-Management Study December, 1983
Papua New Proposals for Strengthening the-

Guinea' Department of Minerals and Energy. October, I984
Papua New -

Guinea Power Tariff Study October, 1984
Costa Rica Recommended Tech. Asst. Projects November, 1984
Uganda Institutional-'Strengthening in the

Energy Sector January, 1985
Guinea- Recommended Technical Assistance
Bissau Projects April, 1985
Zimbabwe Power Seetor Management April, 1985
The Gambia Petroleum Supply Management Assistance April, 1985
Burundi Presentation of Energy Projects for the

Fourth Five' Year Plan . May, 1985
Liberia Recommended Technical Assistance Proj. June,'1985


