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This case study higl11ights the importance of an inlegrated approach to 
implement energy efficiency improvement measures in an industry, while 
pointing out the drawbacks of undertaking poorly coordinated sporadic 
activities. The discussion revolves around one of the energy improvement 
measures adopted in a cement mill, the introduction of a high efficiency 
clinker cooler. The case study is based on information and data gathered 
from different categories of personnel of an integrated cement mill in Sri 
Lanka, 

Mr. G. Senanayake. Inr/uslrial Servo� 
ices Bureau, Norlh Western Prov�
ince, Ku runega la, Sri Lanka� 

Or B. r Mohanty and Dr. C.� 
Visvanathan, School 01 Environmenl,� 
Resources & Development, Asian In·� 
sOlUte of Technology, PO. Box: 4,� 
PalllUm/hani, Tll8iland.� 
Tel: (662) 5245416, 5245407� 
Fax' {662J 5245412, 5162126.� 

38 TECH MONITOR • Mar-Apr 1998 

Introduction 
order to adopt energy-efficienl

I
n 
improvement systems in any 
industry, it is vital to have an overall 

view of the entire production process 
such as: paying due attention to the 
design parameters, critical processes 
and equipment: ellergy and mass 
balance; produc~ requirements; quality 
of existing energy sources and other 
energy options; compatibility of exist
ing machines and equipment; skills 
available to acquire and adopt the 
technology, etc. More importanlly, the 
economic viability of the proposal must 
be carefully analysed before selecting 
a particular energy efficiency measure 
for implementation. While looking lor 
an energy:efficient lechnology, the 
industry must avoid ~oSlly and lime 
consuming basic research and the 
inward looking attitude of se If
sufficiency in everything. If a lech
no!ogy is available elsewhere and it 
is economically accessible, Ule in
duslry should be willing to acquire it. 

When external consultants are 
involved, they should provide firm 
commitment Lo (I,eir proposals. One 
way to guarantee the performance of 
the system up to its required efficiency 
and output level is to insist on some 
sorl of financial commitment from 
consuilants for project implernentation 
or for profit sharing in lieu of consulting 
fees. 

The anticipated economics or 
olher forms of benefits -such as 
improved produclivity, higher product 
quality, and environmental gains may 
nOl be realized if the right organi
zational structure does not prevail at 
the plant level to facilitate different 
players within the enlerprise contri
bUling to the best of their abilities to 
achieve a common goal. The most 
important aspect is 10 ensure em
ployee motivation at all levels 

In many Industrial establishments, 
InterdiSCIplinary interaction does nol 
take place and hence, well-co
ordinaled and cohesive aclions are not 
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taken for issues like adoption of 
energy eIficiency improvements which 
reqUire expertise from several fields. 
A case study is presented here, which 
highlights various issues related to the 
adoption 01 energy imp rovement 
measures in an integrated cement 
plant. 

Present status of the 
factory analysed 
The plant under review was 
established in 1970 as a stale-owned 
corporation and commenced pro
duction in 1973. In May 1993 the 
government of Sri Lanka decided 10 
change ils status to a private company 
with 100 per cent of the shares being 
held by the national treasury. Vol
untary retirement was offered to 
employees to streamline its activilies 
and, 10 :>olve the redundancy problem. 
Although tile intention of the au
thorities concerned was to convert it 
10 an independent and profitable 
enlity, no signilicant change look place 
in the management structure or 
praclices. 

Later in Janua ry 1994, the 
company was fully privatized. Now it 
Is a pUblic-listed company with 10 per 
cent of the stake owned by the Sri 
Lankan government, willl one govern
ment representative on the manage
ment board. One of the world's leading 
cement manufacturers recently bought 
33 per cent of the shares, and thus 
became the controlling sl1areholder, 
while the remaining 57 per cent is 
owned by private shareholders. 

1n Sri Lanka, cement has become 
a near essential item and hence, this 
plant enjoys an oligopoly situation in 
view of its output and the Quality 
demanded by the local construclion 
industry. Due to the short supply and 
inferior quality of certain imported 
varielies, the cement business is a 
sellers' market There is greater po
lential for growth and expansion of the 
plant, as it has priVileged access to 
the source of the main raw material 
and the brafld loyalty of end users. 

r 

Plant description 
The cement mill has two parallel lines 
of production and employs the dry 
process with four-stage suspension 

Table 1: Genera I data of the factory 

Designed 'capacity per line per day 660 melric Ions 

Current capacity per line per day 730 metric tons 
Designed specific energy consumption 850 kcal per kg 
Current specific ene rgy con sump lion (1 995) 985 kcal per kg 

Number or employees 

preheating. It produces around 
420,000 metric tons of Ordinary 
Portland Cement annually for the local 
mark<?l. 

Figure 1 presen ts the process 
flow chart of the pianl, highlighting unit 
operations where energy efficiency 
improvement attempts have been 
made. Table 1 gives the general data 
01 the factory. 

The plant is financial in a fairly 
healthy condilion, with a net profit of 
around US$ 225,000 per month. [t 
operate at almQsl 100 per cent above 
the breakeven point, and has an 
investment capacity of around USS 2 
million. 

What went wrong 
Since its inception until recently, 
maximizing production had been the 
major concern of the plant. Being the 
market leader, the planl was cons
tantly under pressure from political 
circles to ensure maximum production 
to meet the demand of the cons
truction industry. In the process, lillie 
attention was paid to energy efficiency 
and environmental aspects. 

Prior to 1988, staff turnover was 
very high due mainly to the attractive 
remuneration opportunities available In 
the Middle East. There were frequent 
interruptions in production owing 10 
labour unrest as a result of lack .of 
motivation. 

During (his period, many un
successful attempts were made by the 
management to introduce innovative 
technological developments of some 
process eQuipments in an isolated 
manner without studying the plant as 
a whole or taking inlo account the 
design parameters. Top managers 
with no lechnical background had tried 
to introduce certain technological 
changes based on what they had 
learnt at seminars or seen during plant 
visils overseas. 
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An abortive attempt was made in 
lhe 1980s under the advice of some 
local consultants 10 inlroduce pre
calcination of the raw meal using a 
dual firing system. Most of the struc
lural work had been compieted, but 
as the project was a failure, it had to 
be dismantled. The reason for failure, 
according 10 the present management, 
was the unwillingness of local ad· 
visors to acquire the know-how from 
foreign sources. They were trying to 
re-invent the wheel by conducling 
basic research at the planl while 
technoiogy was readily available 
elsewhere, 

Another altempt was made 10 
improve the performance of the w~ste 

(flue) gas fan in 1980. According to 
lhe present management, lhe output 
of the mill was increased from 650 to 
730 tons per hour. However, this 
statement was countered by some 
others at the mifl according to whom 
the fan improvement has led to pro
blems in other parts of the process 
(for example, clinker cooler), Various 
unsuccessful attempts made at the 
mill for energy conservation are sum
marized in the Table 2. 

Significant difficulties were en
cou'nlered in' the mainlenance of the 
plant due to the unavailability of spare 
parts as a result of the attempts to 
make everything in-house. 

There were enough experienced 
local technical staff who could initiate 
energy-efficient projects. But they 
were handicapped by the many un
successful attempts made by various 
parties in the past 10 bring about 
improvements. As such, they were 
reluctant 10 lake fresh initiatives. 

How the situation was 
turned around 
In the mid·1980s, the government 
managed to attract world renowned 
management companies specializing 
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Figure 1: Process flow chMt of the cement pl<Jllt 
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in� the cement industry to upgrade the 
existing plant. A managemenl con(ract 
was awarded 10 a Brilisl1 firm on a 
profi[ -sh aring basis (20 per cent). 

The first tasl< of the overseas firm 
was to carry oul a complete energy 
balance of the plant in order to idenWy 
all possible areas for energy efficiency 
improvements. Having done Ihal, 
depending on the anticipated financial 
returns and making use of their past 
experience regarding the expected 
outcomes of various measures, 3 pri
ority jist was prepared. Some of the 
important options were listed, and 
these could be classified as im
provement of energy, environment. 
production quality. etc. 

•� In troduction of energy-erricient 
clinker cooler system (Energy) 

•� Renovalion of one of the electro
slatic precipitators (Environment) 

•� Introduction of "R" type dust 
collector (horizontal multi-stage 
cyclone) at ~he entrance of the 
olher eleclrosta lic precipitators 
(Environment) 

•� Introduction of "Sufne Pols" 10 
pneumatic conveyer lines 
(Main ten arlee) 

•� Introduction of an "Aulo Weight 
Correction System" in the packing 
plant (Production) 

•� Kiln oullet air seal modification. 
(Energy and Environment) 

•� Introduclion or a "Dust Shroud" at 
the above air seal (Energy and 
EnVironment) 

•� Diaphragm shirting of the cement 
mill (Production). 

Although (he ideas were initialed by 
the manag ement consuila nts, the 
projects were formulated by a project 
learn consisting of cement experts and 
the local technical staff. The project 
proposals were torwarded to the gene
ral manager at Ihat time (an engineer 
by profession) for his perusal. There
after the board approval was obtained. 

The consulting firm had ali the 
reso urces at its disposal for im
plementing the projects. A well
established central consultancy unit 
was in operation at its headquarters 
ill the United Kingdom to deal with all 
types of practical problems faced by 
the Held slaff. 
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Table 2: Unsuccessful energy co nserva lic n efforts made at the factory 
~ 

Energy saving measures tried out Result 

Precalcimltiol1 (dual firing) Failed� 
(Local design-Installation was completed.� 
Sut could not operule due to operational� 
problems)� 

Improvement of waste gas (an Partly successful 
(Trial and (3(ror approach) 

Tertiary air duct improvement Failed 

Coal converSIon Failed 

Figu ra 2: An Ilual production and speci ric energy cons ump tioll 
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Making the decision for projecl 
implementalion was not a difficult task 
as the projectleam was fully confident 
due 10 the encouragement, riSk laking 
assurance and the accountability 01 
the management consultant. As a 
result, the general fear of the local 
technical staff was completely e li
minated and they actively participaled 
in the energy improvement drive. 

No well-documented financial 
feasibility report made by Ihe project 
team could be traced. The need for 
evalualion was not fell at thai time as 
the management consultants took Ihe 
full responsibi lily for the project, 
They had a certain advantage in 
implementing the project as they 
had been exposed to simliar problems 
in an- identical plant in another 
country. 

The plant management is now 
fully committed to lll€ energy efficiency 
goal of the plant and constantly strives 
to reduce the specific energy con
sumption. As presented in Figure 2, a 
gradual decrease of the specific 
energy consumption, with increase in 
production capacity has been o~· 

served since 1984 and the company 
is targeting to achieve internaUonal 
standa rds/norms lor cement indus
tries. The electrical energy co n
sumption has been reduced from 135 
kWh/ton in the 1970s to 122 kWhl 
Ion in 1996. Thermal energy con
sumption has been reduced from 
1,214 to 985 kcal/kg of clinker during 
the same period. One of the main 
reasons for this is the increase in 
annual production and a higher piant 
utilization factor since 1990. A target 

is sel to reach a figure of 900 kcal/kg. 
The company has adequate in-house 
facilities for monitoring lhe per
formance of various processes, 
Monthly analyses are carried out tor 
all major process including the cooler 
mod ifica (jon. 

Implementation of a 
specific energy-saving 
measure 
This seclion describes one of the 
energy erficiency measures which has 
been successfully implemented at the 
cement mill as a resuH of the in
tegrated approach. This represents a 
process modificalion (see Table 3 tor 
details) adopted in mid-1988. This 
project was one among some 20 
proposals made by the conSUlting firm 
after conducting a complele energy 
balance of the plant. 

The energy balance revealed that 
the recuperation erriciency of Ille 
clinker cooler was only 44 per cenl as 
against the international industry 
standard 01 75 per cent. However, due 
to limitations such as space res
trictions, reqUirement of heavy struc
tural modifications, and long down
time of the plant, the company set a 
target of achieving an efficiency bet
ween 60 and 65 per cent. 

The design lor incorporating the 
modification was provided by the 
manag ement consultan Is and the 
fabrication work was carried out by 
one of the engineering service com
panies in Sri Lanka with the super
vision of the local engineering stalL 

Adoption or this technology was 
expected 10 bring substanlial benefits 
to the plant. Due to improved heat 
recovery at· the cooler, around US$ 
408,000 or savings were anticipated 
trom reduction in fuel consumption in 
the kiln. Moreover, the quality of ce
menl was expected to improve due to 
the formalion of thermal cracks as a 
result or rapid cooling, leading 
to higher cement strength and 
en hancement of clin ker grinding 
effie iency. 

Cost-benefit analysis 

The cost-benerit analysis is done on 
lhe basis o( 28 lph (tons per hour) 
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Table 3: Clinker cooler modifications 

The modification proposed consisted of: 
•� Increasing the height of clinker bed (by narrowing its width) in order to expand 

tile resident time of the air stream. 
•� Installation of dwarf wall wilhin first and second chamber for deep bed opera

tion 
•� Introduction 01 a "f1al boUom" to prevent air leaks from one chamber to another 

which enables beHer regllla\ion or air pressure as desired in dirferent cham' 
bers 

•� Installation of spillage gates \0 isolate drag chain fit from cooling air chambers 
•� Replacemenl of existing fans with ones having higher capacities 

Table <I: Recuperation efficiency before and nIter i Inprovemen ts 

Cooler No. 1 (Target 60-65%) 

Date of Recu pera lion Status� 
Measurement Erficiency� 

, (per cent)� 

30.06.1988 48 Belore implementation� 
15.09.1988 52 ,After implementation� 

Cooler No. 2 (Target 60-65%) 

Date of� Aecupe ra tion Status 
Measuremenl� Erficiency 

(per cenl) 

07.01.1988 40 
18.05.1988 49 
17.08.1988 59 

clinker handled per cooler. There are 
altogether Iwo clinker coolers. 

Tolal inveslmenl per cooler ~ US$ 
100,000 

Anticipated savings per month per 
cooler ~ US$ 17,000 

Anticipated simple pay-back period = 
6 months 

EXlJec(ation vs. actual perlormance: 

Actual savings per month per cooler 
= US$ 10,600 

Actual simple pay-back period per 
cooler = 10 months 

Though the expecled recuperalion 
efficiency of 60-65 per cent could nol 
be achieved, what was aClually 
realized was remarkable. 

There was no problem of 
incompatibility with (he existing lech
no logy whet) the energy-saving 
measures were introduced. The staff 
was competent. and experienced 10 

handle such 'projects with proper 
guidance. Other options such as re
commissioning of eleclrostalic pre
cipitators (ESPs) were also evaluated. 
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Belor8 implementation. 
WI1ile implementing 
Aller Implementation 

The managemenl decided to opt ror 
cooler modification as it was certain 
of achieving lhe financial returns. The 
projeci was financed from the annual 
operating budget or the plant. 

A series of performance-related 
incentives have been introduced such 
as group production incen lives, 
aHendance incentives, etc. The annual 
salary incremenls are not automatic 
but are linked to employee per
formance and they can be anywhere 
belween zero and double the previoUS 
salary. O(her benefits for motivat
ing the staff are proVided, such 
as, professional training, selec!ion of 
man of the month, recreational and 
sport facilities, annual Irips, etc. 
Adequate medical facilities are made 
available to protecl factory employees 
from dust and olher occupational 
hazards. 

Conclusions 
The integrated approach is the best 
way of assuring Ihe successful 
implementation of energy erficiency 
improvement projects. This approach 

advocales analysis of lhe entire 
process, in order to identify all possible 
areas which demand improvements 
and modification, and subsequently 
their priorilizatioll according to the 
res ou rce s ava ilabIe, financial re tv rns 
and others aspects imponant for plant 
operalions. This case study high
lighled the effectiveness of such an 
inlegrated approach. It was however 
noled in this factory lI1al, (he expected 
benefits could have been much higher 
Ih£ln what was aClually realized had 
the plant managed 10 overcome some 
of� Ille drawbacks, namely: 

The local executive slarr is of Ihe 
opinion Ihat the benchmark set for the 
management contract was unfavour
able 10 the plant as it was based on 
figures for the least profitable year. 

Operator parlicipalion is nol 
sought ror such types of projecls and 
discussions are always confined 10 
lhose above IIle middle management 
level. Operators contribution is sought 
for op e ration al aclivit ies 0 nly. 

Certain technical personnel are 
not fully committed to the planl's 
evolution. Though the company ac· 
cords high priority to human resources 
development at all levels, Ihe results 
have no( proved to be very effective. 
No specific career development paths 
have been idenlHied ror individuals. 
There is practically no opportunily for 
job enlargement for personnel at lower 
levels. No posl-lraining evaluation is 
carried out to assess the effecliveness 
of the training provided. 

The fc:ctory is quile isolatG'd from 
olher industries and professional 
bodies of the country, thus it has lillie 
access lo vital information. There is 
neither an association for lIle cement 
induslry nor a system of exchanging 
information among rival firms, 
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r vVORKSHOP ON lMfVlUNODIAGNOST1CS 
(Sponsored by Government of fndia·UNDP Umbrella Programme) 

November/Decem ber, 1998� 
Central Drug Research Institute, Lucknow, India� 

Deve,loping and underdeveloped nations of the world are afflicted with a wide variety of 
diseases. These include parasitic, bacterial. viral and fungal infections. The emergence of 
AIDS has added new dimensions resulting in tile aggravation of many of these and several 
other opportunistic infections, These diseases cause huge morbidity and mortality and also 
greatly affect the socioeconomic status, As a result huge amounts of funds are spent every 
year for their conlrol and containment which greatly disturbs the national economics. Control 
and proper management of these diseases warrant their proper diagnosis, 

Immunodiagnosis has emerged as an important field in medical sciences and is playing a 
major role in the diagnosis of the above diseases, In view of this, a six-day workshop will 
be organized at the Central Drug Research Institute, Lucknow, India. The workshop is being 
sponsored by the Government of India-UNDP-UmbreHa Programme and will be held during 
November/December, 1998, 

The worksll0p will comprise lectures by experts, practical demonstrations and bench training. 
The faculty of the workshop will comprise experts who have made original contributions is 
this field. The broad areas of practical training to be covered in the workshop inClude 
conventional immunodiagnostic procedures, viz., Enzyme Linked Immunosorbent Assay, 
Immunofluorescent and Immunoperoxidase techniques, Agglutination assays etc., Western 
blolting and the recent molecular techniques, viz" Polymerase Chain Reaction (PCR) and 
DNA probes. 

It is intended to include up to a maximum of 30 participants in lhis workshop from developing 
countries. Interested participants should send their applications on the following proforma: 
Name 01 the application. educational qualification, research experience, nature of present 
assignment, facilities available in home institution, present and future research interests, 
recommendation of the Head of Institute indica ling how the candidate proposes of use the 
training in his/her research programme, For further enquiries and other details please contact: 

Dr, J.C. Katiyar� 
Deputy Director and Head� 

Division of Parasitology� 
Central Drug Research Ins/itute� 

Lucknow-226001, India� 
Tel: (91) (522) 2124/1-18(4221) • Fax: (91) (522) 223405� 

Email:root@csedri.ren,nic.in� 
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