
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




1.0 ' 111111! 
1111\

25 

-- 32 

11111
22 ---

I,., 

2.0 

ti 
~ 11111

1
·
8
-

, 

lllllfil 11111.1.
4 

Ill 1.
6 

-
' 

M1Cf1C(';Of'Y f1F'. Jl 11 TION HST CHAFn 
~JAT111~j/1i H 1 :Hf!1111i~ ,l1HJ(1/\Hfr, 

r:,r·jf:MH 1 flf If •if rJ( f ~-~·',ff ~l11\i H)1 J.1 

' ' /, r, , 1 1' ! 1 , r 1 ' f , • t t ,\ r i r ~ J , ' 



ll ~ '6 IV J' 

Uniled Nations Industrial Devel-Jprnent Orcanization 

Expert Group Meeting on Exchange of 
Experiences on Energy Conservation 
in Small and Medium Industries for 
ASEAN Countries 

Kuala Lumpur, Malaysia, 5-7 December 1983 

:--
( ENERGY CONSERVATION IN SINGAPORE* / 

_J 

* ' This document has been reproduced without formal editing. 

v .'84-81599 

Distr. 
LIMITED 

ID/WG.417/3 
13 February 1984 

ENGLISH 



Eaerrq SitWltion 

Annl.L'.11 oil coneWDption in Sint,apore is between } to I+ Iii.Won 
tonnes. About h:ilf of this oil. is for electricit7 generation. 

Almost h:Uf' of the electricit1 produced goee to the 11&111&facturing 
sector vhile a quarter goes to the comercial. "nut doMstic eector 
accounts tor about o. fifth of' the total Alee. 

Enerp Conaervation Policz 

lilith no indigenous energy resource, Singapore'e main atrateg 
on energy coD.GOrvation iu to promote the rational and ef f'icient um of 
energJ without impodiDG economic growth. Thia is implomented through 
pera1aeion, examples, incentives and disincentiYea. 

F.nergr Consem.tion Measuree 

C8lllpUiole havo been organiaod to p:romte and enhance eoera 
ea.Ying awareneu. 

1bere is no aubsidl in the pricing ol ener11 and deriTed proc:Ucte. 

Industrial COlllpanies vhich can dellK>natrate that the7 have been 
ef !icient in using energy 111111' appJ.7 !or exemption from tho 10 per cent 
tax on electrJ.cit1 cbnrgoa. 

Approved enorgy sawing expenditure on 110>:hine17 and equipmt"nt 
incurred b7 non-industrial enterpriaea an allowed to be depreciated at 
an accelerated pnce. 

Building rcgulatione are contimaal.11 being updated to incorporate 
ene>IJ conservation features and •aauree. 

An bra Conaenation Diviaion bu been eatabliahod b1 the 
Public Utilities Board. One ot the min tuka ot the Di Yiaion is to 
advise f':lru on'oD8rQ conaenation 11euuree and th• i11pleaentation of 
proper eDOl'Q management •. 'l'he Enera Consenation Centre wiUr the 
Division providOo a pe:naanent exhibition and infol"lllltion esntre on 
eoero and vatl.lr conaenation to conaumra. 



- 2 -

A. CASE STUDY OF DOllGY CON5~1VAT ION BY AH INDUSTRIAL GAS M.lNU1''A.CTURFll 

1. lntrodugl1on 

Energy cost has always been of major concern in industrial gas 

ind1Jstry. Althoudl there have been many tcchnologioal improvements, 

the thermod,ynamics of the prooetm is baoically unchanged. F'or instance, 

until 1974 Company had been producing C02 by blrning diesel oil. Nov 

C02 io produced by purifying waste gao from industry. Similarl.Y1 

until 1978 1 hydrO{{en W8.B proJ.UG6'1 from tho eleotroly&iB Of llf&t.ere 

Today, H io obtained from waste with a high hydrogen content. 

2. ljnerg,y s~~ing Consideration 

The best oriterion ueed ia the specific energy neoeaaary to produce 

1 unit of product at the usage point. Au the Coapany produce• ditrerent 

types of products, the standard unit uoed is a ml of gaseous oxygen 

and all the products are converted into equival!nt aaoun~ of this unit. 

The objective is to lower as much as poeaible the specific energy. 

Product losses are a very important point to monitor particularly all 

along the distribution chain and mostly for the gaseo distributed in 

a liquid form. For these produots, special equipment has to be used 

for transport and storage. They are basically vacuum insulated vessels 

where the heat in leaks from the surrounding &tlQOsphere are reduced to 

a minimum and it io eosential to monitor the vacuum in these vessels. 

Any dete~ioration in the vacuwn will mean higher heat in leaks and 

therefore higher evaporation losses. 

3. Air Separation Unit (ASU} 

Basically there are 2 types of plants: 

a. High pressure plant 

b. Low preaaure' plant 

Over the years, the trend h'ao been to utilise more and more low 

pressure plant - the main reaoon being mairaly due to the increaae 

in size of plant. 
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In the past the Company has been running high preesw·e plants of 

various sizes - the biggeet being ablo to produce 50tpd of oxygen. 

These plante are perfectly adapted for small requirements and become 

wieconoaical to operate when the eize reaohos around 21 000 m2./hr of 

ox;,ygen product. 

In 1981, the Company istalled 2 new low preueure plants having a 

oapacit1 of 1501i:id of ox;,ygen. 

4. Energv Consumption between High Pre:.1sure and !.ow Pressure Plante 

From the energy consumption point of view, a comparioon between 

the 2 types of plants shows a big imi;rovement ill specific energy 

consumption with the 2 new plants. 

Kain reasons for this improvement are: 

a. Utilisation of better design~d machinery -

From the mechanical point centrifugal machines can achieve 

efficiency of 9~ to ~ whereas with reciprocating machines 

it ia difficult to exceed 85~ 

From the thermodynamic point, it is ~aaier to get close to 

the isothermical conditiona with a centrifU«al machine than 

with a reciprocating machine. 

b. Lees interruption of production due mostly to the reduction 

in maintenance work between centrifugal and reciprocating 

machines. Centrifugal air compressors can easily operate 

for 2 years w~thout requiring &l\Y major overhead. 

c. A greater flexibilit.y in tho operating pattern which er&blea 

us to follow better the market requirement•. In fact, with 

centrifugal machines, one can adjust the flow and pressure 

quite independent!~ within a wide are&. Reciprocating air 

compreusors dQ not allow such flexibility. 
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5. Air Compressor 

The ideal air compre:.>sion would be the isothermic compression. In 

practice however, thie cannot be realised. The actual compression 

of air can only approach the ioothermic condition by using a larger 

number of inter-coolers~ 

In low preasure plants however more than 3 inter-coolers are nnt an 

adv&.ntage as tho improvements obtained are cancelled by the pressure 
' 

drop due to the additional piping. At the design stage, it ie very 

important to select carefully the air compressor. Experience sh~ws 

that power consumption 'Of 2 compressors of similar design built by 
' 2 different manufactur~rs can differ widely on the specific enera. 

The compressors aro wo•:k ing u t ac t.ual ly Lhe aame oondi ti on of prea•ure 

ratio but the power ooneumption differs considerably. The differenoe 

in the power consumption io due mostly to a bettei~ design of the flov 

path and of the gear ana can reuult in a aubetat.ntial money saving. 

The additional cost of, a better design compressor will be recovered 

in approximately 3-4 yeare'time which is .very ~coeptable in this type 

of indue!ry. Once tho machh1e ie ino talled an interesting posa!bili ty 

tc reduce the energy consumption is to decrease the temperature of 

the cooling agent. 

o. lleat Exchanger and Conue11ser 

In the cryogenic:; proc~oo of an uir :ieparation plant, the energy 

consumption can be reduced by improvint: the following e~ipment. 

a. enlarging the main hoat &xchanger 

b. er.larging the surface of thtt ma.in condenaer 

It is more economical. to enlarge the aurface of the main cona.eneer 

because the cost ~r the main condenser is about 'JI, of the total cout 

of tho cold box. On .the other hand, the enlargement of the main heat 

exchangar is not economical as these parta amount to about 3°-' of the 

total coat of 1.he cold box. 'rhe iinvortant way or saving 0011t is to 

operate the air aepai:ation plant clooe to the optimum. 
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B. CASE STUDY o~ ~~~;RGi CONS8RVA'rION BY l SHIPYAnn 

1. Introduction 

Coap&n¥ started its progrume about 4 years l>ack 1• view of i to 

iaportance as the major fora of energy used. 

Compa07 receives ite pover from PUB {Pu~lic Utilities Board) at 

6600 volte and thia power ie transmitted to various eubetation. 

Distribution of this voltage to various consumer units may then 

e~tai1 the conversion of this voltage to various other voltages 

and fre«{Uencies. There i~ therefore a large variety of types and 

forms of electrical equipment used in the shipyard. Conservation 

measures are therefore corr!!epond1ngly varied. 

Company's conservation effort has paid off. Before 1978, the 

electricity unit.Li !.mported increauod at an average of Cffo p.a. 

Thie trend was reversed ao effort wao 'apphod in the control and 

conoervation or onero- uaa¥,e. The roduction was achievod despito 

increWle in workload~ 

2. LishtiM 

Previoual,y tho lighting system used was exclusively tungsten 

incandescent bulbn and halogen lamps. These have been changed 

to eodiua, mercury and flourescent light fittings which are 

more energy efficient. ~avingu in this respect for buildings and 

workshops ranged from a few kw t.o tens of kw. 

3· Load Demand Conlrol 

!a a ship repair yard, lhe loading pa:ttern is highly irregular and 

.ie depenc:t.ent. entirely in the varying .level of activity of ships• 

conauaption. Moreover, the shipyard i~ not like a manufacturing 

plant Mhere the nwnber of produc:t.u io closely rolated to the 
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power demand. Theroforo the uimple switching off of conaumera 

of eleotrioity to conLrol demand iu not praotioable. Nevertheleaa 1 

some control iu achieveu in maxi.mum demand b7 tiaing the avitching 

operation of larger consuaer units ..tlere the •in electrical 

switchboard attendant aonitor and coordinates vith the operators 

of the various equipment. In this vay 1 Co•pany aanages to kee~ 

its demand over 151i below the project.ed maximum. 

Local demand reduction was also achieved by Balle other operational 

measures including the use of "Loading and Unloading Bay" whereby 

the larger cranes make use of luffing and sloving actions instead 

of travelling along the tail which coneuaes relativel7 aore power. 

Local demand is closely monitored by the extensively installed 

!cilowatt hour meters throughout the shipyard. Konthl,y readings 

obtained from these meters are analysed and circulated to all 

concerned personnel. Explanationo for excessive conewaption 

in all areas are examined and remedial actions taken wherever 

necessary. 

With the help of the accumulated consuaption h"istory for the various 

conswuers, fu~thcr consumptian controlling means are Leing developed. 

Each major electricity coneuaer vill have a formula to calculate its 

electricity conawnption budget. Thin in to ensure that ccrrective 

action can be taken i1A1DOdiately if oomething goes wrong. i\\rther­

more, now target may be eet lo itnJlrove the efficieno1 of energy 

usage in relation to production. 

4. Compressed Air 

About half of the shipyard's electricity conauaption wa wied to 

generat~ oompreseed air. Thie wae therefor9 one of the !irat areas 

where conservation effort ttao directed. Striot control or oompreaaed 

air usage was implemented. Operation or compresaor unite was 

regulated such that preeeare in the air line ~ 11&intaine4 at 

fixed level (8opoi) and compressors were uvitched oft or change:d 

ovr-- -,o lower capcity unite when de..aand reduced. 

• 
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Regular ... intenance of thu pipeline and equipment were carried 

out ·~o reduce losses throudl leak.ages. Extensive studies were 

tione to find vaye and means to prevent waetagee and improve 

efficiency. Measures taken auJ being implemented inchded 

redesigning of air manifolds, changing air fans to electric 

driven ones, recommending standards branch line diameters and 

educating ':.Ulera to participate in identifying defective and 

inefficient appliances. 

). Direct Currsnt Rectifidrs 

Direct cur\"ent supply is produced in the shipyard by converting the 

50 Hz PUB mains. This wan done by uoing motor generator sets. There 

were 11 motor generator sets for supplying d.c. powei· to ships whun 

the stud,y to rationali:Je t.he uyotem wan initiated. T.leee machines 

were installed when the m&JoriLy of ohips calling at the shipyard 

were having d.c. drives. Efficiencieu of these machines were lov 

compared with modern equipment. 

Studies shoved that only 4 unito of silicon rectifiers were required 

to replaoe all the 110tor generator sets. A payb&ok period of about 

4 years .,... indicated ..tlen other fact.ore like repair and 11&intenanoe 

s~vings were indicated in the consideration. 

Replacement during the interi• period with both 110tor generator sets 

and silipon rectifiers were in operation. 

b. Other Improvemento 

Upgrading of machine efficiency wa~ not limited to the replaoement 

of equipaent. 

1-'or motoru which wero found uneconomical to be replaced outright 

owing to ..one oth~r things, operational constrains, revita~isation 

processes wore carried out. Motors undergone such treatments included 

the frequency changers, gravity dock pwnpa and air compressors. 
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Parallel operation of traneform..,ru at various substations &re 

also practised. Out of the total of 24 unite of 50 Ha transformers, 

about Bo~ of them cau IJe cormcctcd in parallel to achieve load 

sharing and reduced overall loooeo. 

c 
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