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l. I!rrR.ODUCTION 

Over the period 28 February - 11 March 19~3 an Australia/United 

Nations Industrial Development Organisation (UNIOO) workshop 

on Waste Heat Recovery in Industrial Processes was held in 

Melbourne, Australia. 

The workshop which was the fifth in a series was funded through 
a contribution·made under Australia's aid vote to the United 
Nations Industrial Cevelopment Fund. The objectives of the 

workshop were to discuss a wide range of waste heat recovery 
techniques which were considered to be relevant to the industrial 

environments of d~veloping countries in the Asia/Pacific region. 

Presha Engineering (Aust) Pty Ltd were largely responsible f.or 

the deveiopment of the program which included technical discussion 
sessions led by industry experts in various fields and a series 

of site visits. 

The workshop was attended by 17 delegates from the following 

countries - Bangladesh, Burma, India, Indonasia, Pakistan, 

Papua New Guinea, Singapore, Sri Lanka and Thailand. 

This report contains copies of the various papers presented, 

f: 

• 

the conclusions and recommendations which were agref'd and contact • 

points for the va.tious people involi,ed. 
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AlTSTRALIA/UNIDO WORKSHOP: 
WA.STE HF.U RECOVERY IN INDl"STRIAL PROCESSES 

.?&h F~BRL:ARY- l hh MARCH 1983 ~ELBOURNE 

OPENING ADDRESS BY MR D.J. FRASER, FIRST ASSISTANT 
S~RETARY, INDUSTRY DIVISION NO. 2 DEPARTMENT OF 

INDUSTRY AND COMMERCE.CANBERRA 

On behalf of the Australian Govemnent. I would like to welcome you to 
Australia - and in particular to t!Jis Workshop. 

You have, of course, arrived fn Australia just a few days before a 
Federal Election. 

I h~pe you will find it interesting to observe our danocratic processes 
in action. · 

- If you don't ftnd ft fnterestfog, r•m afraid you will find very 
little "tO"'riad fn your newspapers, watch on television or 1 isten 
to on tfle radio. 

My appearance here this morning represents one tiny ripple frm the 
stone of tfte Electfon, 

- A Workshop such as tftfs would no·•mal ly be opened by a Minister 
of the Crown. 

- But you will understand that Ministers are somewhat preoccupied 
at present. 

I'd like especially to we1·:;.}CDE CKJr UNIDO Colleague, Mr. Komissarov. 

This iorkshop is a dtrect result of i'lfs vtsit to Australia a year ago. 

Mr. IComissarov wfl 1 be tal ktng to you shortly about the work of UNlOO 
fn the neld ~f i'ndustr'fal ~evelopment. 

For my part, I would lflice to explain briefly the involvement of the 
Australian Goverr.ment fn this field. 

In recent years, Austral fa and UNIDO have wortced increasingly closely 
together in furthering the industrialisation of developing countries. 

- And partfcularly of those in the Asia/Pacific Region. 

This closer relationship results fran a number of far,tors:-

- First, I bel feve there is a gro\ting awareness with)n UNIOO of 
Austr!lia, of her strategic location in the As1&/Pacif1c Region and 
of the relevancP. of her industrial experience to the needs of other 
countries in thJt region. An awareness which has resulted at least 
in part from a series of visits to Australia by very Senior Official~ 
of tiic UN!OO Secretariat . 



- Secondly, Australtan ?ndustry is becoming much more actively 
fnvolved witfi countrtes fn the region. 

"1ch of thts tnvohement, of cou~e, has 6een for 
coamercial reasons. 
But our industry flas also shown itself willing and able 
to taie part in developnent assistanr~ a~tivities. 

- And thirdly, the Australian Govemnent has not only maintained 
tts fiigh interest in UNIOO's pol icy activtties. 

• But now also actively supports IJIIIX>'s technical assistance 
programs 6y allocattng funds to tfte Untted Nations Industrial 
Developnent Fund. 

One way tn whi"cfl tft.e closer relattonsfiip ftas mantfested itself has 
been tfte planning of a ser'fes of UNIOO Seminars i11 Austral fa 

- of whicft thts today is tfie latest example. 

The major ofijective of the seri"e:a i's to provi_de an opportunity for 
representatives of develop~ countrtes to examtne and dtscuss, at 
first fiand, recent developnents fn selected tnc1ustry sectors. 

We oope you will find that what you see of Australian industr1 is 
interesttng and relevant to your own industrial environnent. 

And we flope you will taie the opportuntty the workshop provides to 
share your own country's expertence wttft your fellow Delegates and 
with us. 

Subjects for th.is sertes of Workshops. are ~orked out by uruoo, by 
the Austral i"~n Department of Industry and Coamerce and by Australian 
Industry, worki"ng in close consultation. 

Perhaps at tfth stage, I should dign!Ss briefly to explain the role 
of my own Department, Industry and Coamerce, tn tftf s process. 

The primary policy role of tile Department is to advise its Minister, 
and tflrough l'lim the Govemnent, on pol fcies relating to Australian 
manufacturing and terttary industries. 

In carrying out that !"Ole, we &re naturally in close and frequert 
contact with Austral tan indu.~try. 

We are naturally also involved tn the activtttes of a range of 
international organi'zations concerned with 1'ndustry pol icy 

One of ~hie~ is UNCDO 

We are abie, therefore, to compare UNIOO's requirements and Australian 
industry's strengths, and to join with these two vther parties in 
planning activities like today's Workshop. 

-. ~ ' . \.} 0 
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I might say th&t, not only during 5ut also after this Workshop, 
my Department will be de:tgftted to help you in any way we can 

and I suggest you use us as your primary point of 
contact w'f tfi tfie Austra 1 ian Govemnent • 

In choosing subjects for these Workshops, then, we try !a match 
Australian tndustry's capabtlities to UNIOO's needs. 

We try also to pick toptcs ..tttch are of inned1ate relevance to your 
countrtes, and where tfte lead-t1me for spfn-off 5enefits will not be 
too long. 

We ha•1e recently had a Nortshop on Cement and Concrete ProO.cts, 
and anotl'ler on selected t>uilding materials (6otft, I'm told, very 
successful) and anotfler one is 6efng planned for May, which will cover 
Timf>er Engfneertng. 

I hope you agree tMt the suftject of this present Workshop is wel 1 
chosen. 

Concern about eergy consumption has risen ·dranatically ·;n recent years. 

The background to tftis concern rs wel 1 doc1111ented. Oil prices • t 
the. mcDellt appea!'" to 5e moving down rather titan up, but the surges 
uptMrds,of recent years, l\ave taugnt us all that we need to fmprove 
the ways 1;; wfli"ch we vse energy. 

And f n particular that we need to minimise waste. 

Inr.lustrf es the tearld over are developing energy management techniques. 
Th£:e tecftni"q~es 

are o~ten ;-elatively simple, 

pay for themselves after only a short time, 

and gtve attractive benefit-to-cost rattos. 

H~ooe in Australia, we ft.ave developed our own techniques and adapted 
Uid applied tecftniques fl"Qll overseas, and ti1fs Woricshop is intended 
to show you wftat we are dotng in t.He \'ield of recovering waste heat 
generated 1n industrial sttuations. 

Presha Engineering (Aust.) Pty. Ltd. specialises in this field of 
Waste Heat Recovery 

and it is largely through the efforts of that finn's 
Managfng Oi"rect~r. Mr. John Wri'gglesworth, that the 
Program for this Workshop has Seen developed. 

At this stage, I would like to record o special co11111endation to 
Mr. Wriggleswortl. and his staff for t~;: work they have put into the 

· Pr<"gram. 

-, 
j 
! 
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I would like also to thank in alis.entia, th! other people from 
Austral fan industry wflo have given freely of their ~~~e and effort 
to ensure tfla t the ilorksftop is a success • 

Your Program inc 1 udes: 

Papers presentec: 6y Australian a~d International experts.. 

Visfts to see waste heat recovery techn1ques in action. 

And a·Panel Session wflere each of you ~an describe developments 
in your own country. 

The organisen have so arranged the Program as to give you plenty of 
opportunities not only to see and ~ear, out also to quest:ion and discuss. 

I am sure that yau will all become very actively i~volved and thus 
ensure that th ts Works.http is a success. 

I am sure, wo, that you will not see the Workshop as. an isolated event. 
ile see tfte fol low-up phase as being par-cicul arty important, and I 
suggest tftat towards tfle end cf the Worksliop you will need to give 
considerable tfiougflt to the conclustons ar.d recorrmendatic:ns which 
should flow from your work fiere. 

In closfng, I wuld repeat - My welcome to you to Australia a:ad to 
this Worlsftop. 

Hy thanli:s, on 6eha1f of tile Aus.traHan Govemnent and of 
my Department, to Mr. Kar.f i'Sarov, Mr. Wri"ggl eswrth and 
tfte many others who tiave worked hard to make the occasion 
a success. · 

And my hest wishes for an enjoyable stay in this country 
and for a useful and success~ul Workshop. 

! now ~ave grP.at ple&sure in declaring this Worksnop open. 

Thank you. 

****** 

I 
l 

• 



I 

• 

( ·~ 
vU 

AUSTK..~LIAiUNIUO WORKSHOP: 
WASTE ::E.H RECOVERY IN INDl.STl\11.L PROCESSES 

. 28th FEBRl:ARY - l lch ~1ARCH 19R3 MELBOlJR.11\lE 

MESSAGE DELIVERED BY MR G. KOMISSAROV ON BEHALF 
OF ABO-EL RAHMAN KHANE, EXECUTIVE DIRECTOR OF 

UNI DO 

Ladies and Gentlemen, 

The st•bject chose" for this important workshop is of great 

importance and I am sure that the information exchanged in chis 

forum will greatly benefit developing countrie~. I am convinced 

it wi~l also m.ske asignificanc contribu~!~n lo the operational 

energy-relate~ programme of UN!DO. 

UN!DO ha~ always recognized the importance of and welcomed 

the co-operation among countries, developed and developing. In 

this connection I would like to express my sincere appreciation 

to the Governm~nc of Austr~lia which ma~e chis me~ting possible 

through a voluntary contribution as ~ell as chrougt. utilizing 

t:he experience and facilitie~ of ftesha Enginee,·1ng. 

lt has become incre~singly clear that social, economic and, 

par~icularly, industrial development are inextricably connected 

with ener3y tfevelopment and uti liz:ar. ion. Al though othei: inputs, 

su~h as technology, human resources, finance and raw materials, 

.:-re also essential fnr the operation, establishment and expansion 

of industry, energy is ac present one of the most critical factors, 

and it has become a decisive factor d~termining international 

trade and economic relations. 

lndustry is central co the development process, but it is 

also c~ncral co the develop~enc of energy itself and its utili

zation particularly in relation co energy-efficient design of 

runuf.,ctures which consume energy. Conseque11:l~, tn.~DO has embarked 

on .a new phase of activit:t. together w• ch or.her bodies of the UN 

s~scem, in relation co the developmenL .and utilization of energy 
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resource5 in developing countries, specifically new and renewable 

ones. On the basis of UNIOO's experience and studies, it is by now 

clear ~hat the atrantion of technologists, planners and maragers, 

in governments and in industry, ~hould be focused on thre~ nain 

areas for ac~ion which can be iden-;ifi~d as: "Energy for Industry", 

"Industry f~r Energy", and "Industrial Enex·gy Manageoent". 

C.Ood energy manasement with special attention to efficient 

energy utilizatio~ and energy ~avings has always been a primary 

concern in indastrial operacions. The proble~ has, however, become 

acute in recent years, with the scope and urgency of such programmes 

being increased to the point when energy management is receiving 

the closest atte~tion :·om both industry and governments: at 

national, sectoral and plant levels. 

ln industrial and agr~-industrial pro~esses in developing 

countries, a vast quantity of waste heat energy is exhausted into 

the atmosphere and totally last. This occurs in cases of th~ in

cineration of organic and industrial waste and in the o!t4ission of 

furnace and plant waste gases. In many cases, an investment in a 

waste heat recovery system is economic, yielding available heat 

for minimzl current cost. The benefit of installing sy~tems can 

include recovery of a high percenr.age of heat now wasted in in

dustrial processes, with cotamensurate c~ductirn in fuel usagt. !he 

investment can o!ten pay for itse~f in one or two years. 

Particularly in view of the high cost of energy, there is a 

gr3ac need for developing ~ountries co be able to assess the economies 

cf waste heat recovery systems and to inscall and operate s~ch equi~

ment. Many instances of waste heat have unique ch~racteriscics. whi~h 

need to be recognized and evaluated. The workshop w~ll aim co assess 

and identify the requir~d skills and techniques. 

·-

• 
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In the course of the work of this workshop, I am sure that 

mcst valuable contributions will be nade, on che above issue~ which 

vill also be of the greatest interest to developing countries 11ot 

represented in this meeting. UNI('() \lill do its best to convey to 

them the essence of your experience an1 of the views expressed her~. 

I was pleased to visit Australia two years ago and to see that 

there was great potential for cu-operat• '~ with UNIDO. Subsequently 

a UNIDO mission visited Australia to in .. igate in detail the 

possibilities for co-operation in the energy sector. It is gratifying 

that these v'.sits have borne fruit in form of this workshop, as well 

as other activities. I am confident chat this workshop wilJ be a 

stepping-stone tovards further co-operatio~ fo~ the benefit of de

veloping countries. 

With ruy best wishes for a successful workshop. 

Abd-El Rahman Khane 

Executive Director of UNIDO 
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WASTE HE.-\ T RECOVERY IN l!'IDDTRIAL PROCESSES 

2Hch FEBRL"ARY - l l ch ."1ARCH 1983 ~tELBOURNE 

CONCLUSIONS 

1. The Workshcp was successful in providing delegates 
with a wide =ange of waste heat recovery techniques 
relevant to their industrial environments, through 
a series of discussions and practical demonstration 
sessions. The pcogram investigated a broad range 
of ~echnologies utilised in waste heat recovery 
processes in industrial situations (inciuding p~oduction 
of biogas from waste, power generation, heat exc~dnge 
design systems and fluidised bed combustion tec~miques). 

2. In many instances, simple inexpensive programs could 
be introduced which would result in more judicious 
and appropriate us~ of available energy resources. 
In this regard. particular note was taken of the role 
energy audits could play and of the benefits that 
would accrue through the introduction of "houseke~!ping" 
programs. 

* * * * ~ * * * * 

.. 
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AUSTRALIA/UNIDO WORKSHOP: 
WASTE HEAT RECOVERY iN INDl"STRIAL "'.l.OCESSES 

.:Heh FEBRt.:ARY - I Ith .\1ARCH 19R3 ~IELBOURNE 

RECOMMENDATIONS 

1. Recognising the substantial cost benefits associated with 
the introduction of efficient energy management programs, 
it is recommended that priority be given to developing 
national strategies aimed at promoting and introducing 
relevant prog~ams, particularly in the field of waste heat 
recovery. 

2. Developing countries should give high priority to the 
setting up of energy management establishments which have 
the major objective of investigating and co-ordinating 
national efforts to develop sound and practical energy 
management programs. These organisati~ns should be structured 
~o suit the individual requirements of each country. 

3. Accepting the need for this initial Workshop to cover a 
diverse sp~ctrum of technologies and industries, it is 
recommended that future workshops deal with the applicaticn 
of wast~ hea".: recov~::y techniques in specific industry 
sectors, for example in fluidised bed combustion. 

4. It is recommended that developing ccur.trias idantify areas 
and projects whe·re the appl.i.cation of waste heat ::ecovery 
technicr~es is considered to ~ of particular priority. 

5. It is recommended that the prospects of carrying out 
feasibility studies relating to the introduction of relevant 
waste heat recovery techniques in idencified priority 
areas "!:>e examined at the national level and that UNIDO 
assistance be sought, where necessary, to assist in 
carrying out such studies. 

6. It is recommended that an educational program for senior 
management within both the govr.:rnment and non-government 
sectors be developed to identify dnd provide suppo::t for 
the introduction of appropriate waste heat recovery technicr~es 
and which, in particular, draw attention to the short 
pay-back periods of~en involved. 

7. It is recommended that Australian industry experts make 
themselves available to participate in future workshops 
and technical assista:ice 9.cojects in this fieJ.d. 

8. It is recommended that participants in the Workshop ensure 
that the information they have obtained during the course 
of the Workshop receives maximum dissemination within each 
of their countries. 

* * * * * * * * 

l 
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As a preface to this paper, I sOOul.d like to briefly outline the 

~lqment of the Centte's involvement in Energy Management over 

teeent yeaa. 

'!he~ Manaqenent eentte was set up in 19n with the following 

bi:cad objectives: 

• To educa~.e imusay and mu1E1ice in the efficient 

use of energy: 

• '!'o provide infomatial 'Which will assist in long tenn 

pl.aminq by senior executives: 

• To ~ positive attitudes tcwards energy 

mmagement: 

• To nctivate senior executives to ~lenent effective 

energy management programs. 

• F.ducatiai. Divisial - this group ccnh:ts semina-""S and 

traininq courses for irx!ustry and camerce. 

• Devel.Opl1ent Division - this group undertakes i.rplerrentation 

of developi.ent and dercnstration projects designed to 

assess energy savinq cora:epts and equi~ under 

actual plant ccn::litials. 

• Consultancy Division - this group undertakes in-plant 

energy studies on a fee for service basis, to outline 

~ saving QpEX)rtunities and to provide a catplete 

energy saving program. 

·~I l ·~) : 
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'ttle .info.tmati\Jll and 9rocedw:es outlined in this paper result fran 

over lOO studies conducted by the Consultancy service ani the 

dercinstration projects and feasibility studies conducted by the 

Developnent division. 
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It is p:rcbably wort:tMU.le to first define \.flat we at the Centre 

rrean by the tenn ~ Manaqener.t" am where waste heat 

:recovery fits in to an energy management pr.Jgram. 

In the Australian industrial enviroment energy management sOO\lld 

be seen as essentially a cost cutting exe...""Cise. Therefore 

pI't.'tX)Sals to increase energy efficiency ltllSt be sb:iwn to be 

ecorrmical!y viable. In fact the wtx>le energy management program 

ltllSt be seen to be beneficial to the eaipany as a cost cutting 

exercise. While Ws criteria may at first ~3.r to be tc.o narrow, 

it is in fact c:att:atible with. overall national objectives of reducing 

dependence on inp:>rt.ed fuels. It is our belief that in any 

industrial energy l!Sllilgement program, waste heat recovery ought tc 

be one of t.~ last areas to be investigated. This is because it is 

invariably an expensive exercise and because a great deal can be 

done initially to reduce energy costs without spen:ling a lot of 

m:>ney. 

As the energy managenent progra-n progresses the Etleigy Manager will 

need to look at what is actually happening in the plant according to 

priorities defined by the on-going energy audit which he has set up. 

Specific actions to be undertaken in the pldllt usually fit into one 

or ncre of· tr.e fol lowing cat.e9Jr1es. 

• HoosekeepL'lq'. T!-J.s area covers cost savings achieved 

by elimination of wastage in obvious areas. The 

savi.nqs made are not usually spectacular but the 

minimal costs involved generally result in s~le 

payback peri:ids of one to four rronths . Th.is area 

srould always be tackled first. 

• Process Int>roverrent. Th.is phase fol.i.ows the previous 

one and aims at ~ing that existing processes are 

operating as dficiently as possible. Detailed 

analyses of processes are usually necessary and sore 

l-1 



capit"al expen:litw:e nay be required. Cost savings 

are generally greater than the p~ious phase,' however a 

reasonable level of technical expP-I"tise is required. 

Im."e51Jrent payback periods rnay vary fran ~ aonths to 

l~ years. 

• Pxocess Developnent. This phase of the program aims at 

further developnent o~ processes by addition of 

retrofitted E!CJ114:m!nt or the ir.stallation of nP.W equ.4.trent 

~loyi.ng the latest tech."'¥Jlogy. This phase is alncst 

always expensive; requir'-nq large capital investments. 

Potential ~ cost savings, b:wever. can be truly 

speci2cular, with energy savings c-f 30-40\ being qui':e 

camon. Sil'lple payback periods may range fran one to three 

years. 'lhis phase sh:;uld be uMertaken last of. all. 

waste heat recovery projects fall very defi.'litely inti.:> the last 

category an:i teqUire very caraful analysis because of the l~e 

camti.tbrent of ..;apital funds generally rec:r..lired. Considerable technical 

expertise is also necessary and plant m.nagement may enlist the .lld 

of outside a::msultants if specialist kna-rledge is requL..-00. 
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In the course of a plant energy study our oonsultants attatpt to gain 

a th:>rough l.lMerstanding of p.lant processes through observation, 

discussion with pi.ant personnel (which often results in conflictir-q 

ideas) and finally by direct measu.rerrents. Identificatioo. .-,f 

realistic waste heat recovery opportunities is not possible wit:"x:Jut 

this furmnental understandi..'19' of the processes involved. 

A m.m::er of :i.nportant questions need to be considerei when ieentifying 

waste heat recovery proposals, viz: 

a) What quantity of waste heat is available, where ard at what 

t:enp!rature? (All thel:mal processes produce sare waste ht!at). 

b) What can the waste heat be used for, l'XJW nuch is =equ.ired and 

at what ten'p!rature? 

c) Is the ~ly of waste heat available greater than or less than 

that required by the user process? 

d) Will the waste heat be used rrore usefully by the process which 

generates it (closed loop system> or will it be used by sare 

other unrelated process (open lcq>)? 

e) Is the \liaSte heat being generated unnecessarily? 

f) Is the recovery proposal technically practical and ecoranically 

viable. 

The aMWers to questions a) to dJ requires a reasonably straight 

fotward and logical engineering analysis, involving the production 

of mass and enexw balances for the processes i.nVOlved, together 

with an assessnent of any constraints caused by ovenll plant 

operation. Ultimately a decision will be made between catQeting 

technically sound proposals on the basis of financial viability. 

(Question fl l 

a a .. 
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In .-elation to question d) a c- losed loop waste heat recovery 

systen (i.e. one in which the process which generates t.'ie waste 

also •.JSeS it) will c;e:ierally cause fe"w"er control problems. Gp!n 

loop ~terns can cause problems when the process which produces 

the waste l'v!at generate.3 nc:re was'ce than is required by the user 

process. At best this may bP. a nuisance a&-d in the ~rst case 

::ray E!V'l!!rl te detrimental to the operaticn of tre waste generating 

process. 

In our experience, b:::Jwever, it is the answer -::o q'.lestion e) (Is 

the waste being generated unnecessarily?) which nakes the 

difference between a successful proposal and a financial disaster. 

So often this question is oot even asked. An eJCanl>le of such a 

situation is ~rth coriSidering in sane detail. 

This exanple arose fzan a study con:lucted in a ne:lium sized 

manufacturing establishment IMking hand tocls. This catplny did 

oot have an effective enei:gy managerrent p:cqram but had becare 

concernai about tm rising cost of eiiergy. The catpany decided 

to recover waste heat fran the flue of a gas fired phosphatir.g 

tank. The recovered h:::>t carb.lstion products were to be ducted 

di..'"ectly to a paint dryir.g oven (also· gas fired) to reduce its gas 

consurtpt1on. 

The arrangement of the producticm process is ~ in Figu...~ l. 

n-.e plant operated 2 000 hrs per year and the average cost of gas 

was $2.50 per GJ. Flue gas ana.1.ysis of the pix)sphate tank 

produced the following results: 

9.5\ Flue gas tarp = 3So0c 

6.6\ 

Nil 

Total bw:ner inpu+: = 2 • 6 GJ /hr 
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Fran these results a flue gas lose of 29\ of bw:ner input was detei:mineci 

.int>lying exhaust waste heat aaounti.I!q to: 

Flue waste heat= 2.6 x 29 = 0.75 G.1/hr. 

100 

It wa& detemined (conservatively) that SS\ of this heat ~ld be 

available at the pa.int baking oven at a usable t:er.p!rature . 

• •• Available Waste heat = 0.41 G.1/h 

'1bis represented over 6°' of the heat requ.L"'ed by the pa.int drying 

oven at a tent:erature (3S0°C) in excess of that required by the 

paint oven. 

'lhus annual fuel saving ,. 0.41 x 2 000 G.1/year 

= 820 G.1/yr. 

Cost savings = 820 x 2.5 

= $2 050 per year 

It was proposed to use a simple direct reaJVery system :lSing a 

"hot" fan and insulated ducting. The estimted capital investment 

was $4 000. 

The s~le payback perlcd was thus = .!-9.Q.Q. 

2 050 

= 1.9 years 

A m::>re detailed d.iscountedcash flow analysis yielded an internal 

rate of retum of 23\ aftex tax and depreciation and based on 

an inwstl'nent life of 5 years and an annual inc~ in gas price 

of 5\ per annum. 
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Fran this superficial analysis it appeared t.'iat the deCision to 

recover waste heat in this manner could be financially viable. 

However, at this stage the ~ration of the ptv:>sphate tank burner 

was reviewei. The excess air level of the bumer was considred 

far t.co high (74\) and it was decided that the turner could be 

trimned back to yield a flue 9"'\S oxygen level of ~\. This 

\IOlld ~ult in a flue gas loss cf 24\ of inplt. 

New input . = 2.43 GJ/hr 

• • . E'lue q-c..S loss= 2. 43 x £i = o. 58 GJ /hr 

100 

Assuming aqain that SS\ of thiS heat could be :reco\-ered. 

Av-cl.ilable waste heat = o .32 GJ /hr 

= 0.32 x 2 000 = 640 GJ/yeax 

Cost saving = 640 x 2.5 = $1 600 t=er year 

Sin{:>le payback period = 4 000 = 2 .5 years 

l 600 

Inte..rnal rate of return = 12' 

This retum in investment <awroxirnately half of its original) was 

not oonsidered acceptabl.e by the canpany and the proposal did not 

go ahead. 

However a fuel saving of 0.17 GJ/hr or 340 GJ/yeax valued at $850 

per anrrum was naC.e by .in'provinq the burner operation for alr."Ost no 

cost. 

'!'his ~le illustrates the point that waste heat recovery s00t1ld 

rYJt be applied to an inefficient process. 
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~lerrentation of an effective energy management program would 

have identified and corrected this process .inefficiency before 

the possibility of waste heat recoveey was even considered. 'nlere 

are sufficient opportunities for soundly based reccr,rery proposals 

witlnlt wasting m:ney on recovering waste heat fran inefficient 

processes. 

'!he following i::action ilJ.ustrates sc::rie waste heat. or waste energy 

recovery proposals which have been identified in the course of our 

energy studies. 



'-

4.0 CASE SIUDIES 

The prcx::edu.re adopted by our oonsul ting engineers, when assessing 

waste heat :recx.veIY opportur.ities as part of a wider study, is 

to gather sufficient infomation to make an initial appraisal of 

financial viability. If this initial assE".sstent is very 

favourable (s.ilrple payback less than l\ years) then a reccmrendation 

will be made that a detailed engineering study be undertaken and 

the project proceed. If the siirple payback period is between 

2 and 3 years, then additicnal data may be gathered to rcore 

accurately assess the proposal. If the payback period is Itl.lCh 

greater than 3 years we ~ld gen-a-rally reo:Jm~ that the project 

not proceed. 

a) Acid Plant. 'Ihis plant founed ~""'t of a large lead szrelting 

works. The process invo!ved preheating acid gas feedstock to 

62o0 c. The arrangement is sh::Jwn in Fig. 2. Make-up heating is 

provided by a once-through gas fired heater. The air heater 

consists of a cari::lusti.On chalri:Jer tired by a single gas J::::urner 

with averaqe input of ll 200 Mr/hr providi..rig hot catbu.stion 

products which are mixed with outside air fran a dilution fan. 

The resulting oot air is Umited to a m:lXimm! of 6'2o0 c at inlet 

to the preheater. The preheater exhaust tetr1;lerature was 

measured and found to average 4oo0 c. 

It was proposed that the fuel input could be reduced by 

recirculating a fractiOn of the exhaust flo.t by means of an 

additialal fan. The pmp.:>sed arrangement is S~'l'l in Fig. 3. 

Fran mass and enP..J:gy balances it was detannint-1 that a recirculation 

rate of 80\ could be achieved. This resulted in a fuel saving 

of approxim!tely so~. The fuel saved arounted to 48 600 GJ 

per year valued at $73 c~o per annun. The capital cost of the 

nolif ications was estimated at $35 000 yielding a sirrple 

payback period of 6 nonths. The intemal rate of retum 

based on an ir.vest:Jtent life of 5 years was 115\ after tax and 

depreciation. This proposal thus represented a real opportunity 

?" 
- tJ 
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for cost saving. nus type of recovezy system al t:bJugh it does 

not require a recuperator or regenerator is nevertheless an 

exan;>le of one of the s.i.Itplest methods of waste heat r:ecovery, 
and one which is often overlooked. 

b) Process steam - Power Generation. Steam is required at the paper 

rrachines in a large paper mill. at a rate of 90 000 kg/h 

at 350 kPa (50 ?Sig) dry saturated. '1be p.rocess is sh::Jwn schematically 

in Fig. 4. Steam is generated in the boilerllouse in tw:> radiant 

bi-dnmt boilers at l 400 kPa (200 psig) with 62°c of superheat. 

It is supplied to the paper machine with 20°c of superheat, is 

desupeJ:hea+-.ed and regulated down to 350 kPa. 

It was proposed t.o install a back pressure turlx>-generator set 

with inlet steam conditions of l 400 kPa and 26o0 c exhausting at 

350 kPa ,and l68°c. '1be set was to be installed in parallel with 

the existing system as sh::Jwn in Fig. 5. The turbine was to be 

govemed on exhaust steam conditions dictated by the paper 

machine. Fi'CX!l this info:cnation and in consultation with the 

t:u.rlx>-qenerator supplier it was deteimined that a suitable set 

could be purchased giving a ~r output of 4 000 kW. At the 

clients incrarental power cost the anrKal cost saving in electrical 

energy am:JUnted to $1 050 000 per year. The total invest:ment 

for piping valves controls, the turbo generator and labour was 

estimated at $1 400,000. The internal rate of return based on 

an investment life of 8 years is 47\ after tax and depreciation 

(sinple payback period 1.3 years) • The project was considered 

to be an attractive proposition and W'e reccmnended that a detailed 

engineering study be undertaken. We also however suggested that 

as the existing boilers w-ere near the end of their econar.ic life 

the Ccrrpmy sb:Juld consider the option of large scale co-generation 

by installing new higher pressure boilers and much greater 

ins~l led turto-generator capacity. 
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OPTIMISING POWER GENERATION AND HEAT GENERATION THROUGH CO-GENERATION 

INTRODUCTION 

Electricity generation fn thenn.al power stations is not essentially an 
efficient operation - as I have already said - typically 30%. The 
remaining 70% of the primary energy in the fuel is lost to the environnent 
as wasteheat to the air or into tfte seas or rivers. There is therefore 
consideraole scope for canbining electricity generation with a process 
which can use this otflenrise wasted heat. 

Co-generation may be defined as the on-site generation of electricity by 
a cannercial or industrial establishne.nt with a significant process heat 
requirement wheret>y, through an electrical interconnection with the 
Senerating Autftority Grid system, power is allowed to flow in either direction 
depending on the needs or surplus capacity of tfte esta51ishment. 

The International Energy Agency in its survey of energy conservation in 
industry in I.E.A. countries, puolished tn Septemoer 1979, states that:-

"Canbined heat and power production (CHP or co-generation) holds 
prospects of large savings since it gives a total thennal efficiency 
at least 2.5 ti"mes tnat ootained wflen 11.eat and electric power are 
generated separately." 

Why then, is co-generation not universally employed? I will try ·and answer 
that question 5y looking at our experiences in South Australia so that, 
hopefully, you can benefit from what we nave found and thus be in a 
stronger position to improve the util;zation efficiency of the primary 
energy resources of your countries • 

CO-GENERATION POTENTI.4.L 

The concept of co-generation is essentially simple. A lai"'ge nuneer of 
industries use steam as the venicle for transferring heat from the burning 
of fossil fuels to the point of use within the factory. Process steam 
can very easily ~e produced as a by-product of electricity generation and 
produce overall efficiencies in the order of 70% plus. The two most c01T111on 
types of plant used for co-generation are:-

(.a) High pressure steam De.ing generated in a boiler which is fed 
into a back pressure steam turbine for electricity generation 
with tne low pressure steam from the turbine being fed to the 
plant as process steam. 



(bl The fuel is fed directly into a gas tur6.ine (_this could also be 
a recfprocating engine) to generate electrfcity with the exhaust 
gases Being fed i"nto a waste heat boiler to generate the process 
steam for the factory. 

The choice of whi"ch s.ystem ts. us.ed will depend primarily on -

U-l The relative proportfons of electricity and s.team required. 
(ii} The fuels available. 

(_iii}_ The operator sl<:i"lls avaflafile. 
(.iv) The overall economics of the systems in the particular 

ctrctrnS tances. 

With the enonnous quantities of electricity ~eing produced in thermal 
power stations, tfie potential for the use of waste heat from this operation 
is massive. In sane countries, nota51y America and European countries, 
up to 20i of electricity supplied is cogenerated by Industry and in 
addition waste heat fran power stations is used for distinct heating. 
Distinct heating, of course, would not be realistic in the temperate/tropic 
regions. It is only realistic in cold climates with high population 
densities. 

WHY IS IT NOT UNIVERSAL 

With tr.e potential for co-generation being so h.igh and its use at this 
stage canparatively sma 11, we must ask "what is ttie catch - why is it 
not universally adopted." 

The first reason must be that the western world has developed in an era 
of cheap fuels and abundant fuels so that the incentive to adopt 
co-generation as an integral part of any development was just not there. 
The energy costs we~e only a small part of an industry's costs and the 
available capital ~ould oe better spent elsewhere. 

The question of available capital, together with the cost of that capital, 
is still a major stumbling block to its further Gevelopment. The detailed 
economic assessment of the benefits to be achieved by investing large sums 
of money (often millions of dollarsl must be the prime reason at present 
why industry does not invest in co-generation facilities. The risk factors 
must be low or the return on investment high befor~ industry will corrmit 
iarge sums of money to equi~ent which, in itself does not contribute 
anything to production capacity. 
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The retunt on investment will depend on the savings in energy costs. 
~herefore, predictions of fuel price increases (or decreases) and 
predictions of the price increases for purchased electricity plays a 
vital role in any investment analysis and that, at present, is not an 
area in which there is DJCh deg~e of agresnent, let alone certainty. 
The investment analysis must therefore provide a satisfactory return 
over a wide range of possible energy price scenarios. 

To maintain the efficiency of a co-generation facility, surplus electricity 
needs to be sold to the Electricity utility, and additional electricity 
purchased to cover the peaks in denand and during periods when the plant 
is shut down for maintenance or breakdown. An established electricity 
utility with little or no co-generation with industry will only be looking 
at paying a very small price for co-generated electricity. The avoided 
cost will only generally be tne cost of fuel to produce that electricity. 
However, once a uttlity has a significant co-generation contribution then 
the a vo fded cost wil 1 inc 1 ude factors such as the def ernnent of power 
station construction and the l>uy f>ack price could rise to 70-80% of the 
supply price. Govemnent subsidy or intervention may well be necessary 
to raise the 15uy l>ack rate initially and thus encourage co-generation 
until co-generation becomes a significant source of power for the 
electricity utili~y and its avoided cost fiecomes realistic. Similarly, 
the standby charges for peak electricity usage will be significant until 
there are sufficient co-generation installations to reduce the effects of 
any single maintenance or breakdown requirement. Once again Goverrvnent 
subsidy or intervention may be justified. 

THE sourn AUSTRALIAN SITUATION 

As I have already said, last year the South Australian Government set up 
a wo~king party to examine tne existing situation, the potential and any 
current dis-incenttves for co-generation and to make reconmendations for 
any appropriate action. 

To put South Australia - and indeed Australia - into perspective, here is 

a break-up of land areas and populat1on. 
South Australia covers an area of 380,000 sq. miles 
(984,000 SG. kilanetres) roughly 12~% of the total area 
of Austral fa. Its population is 1.3 million or about less 
than l~ of the population of Australia. 70i of the population 
lives in, or around, the capital city, AdP.laide. 
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Industry is concentrated in three areas, Adelaide, Whyalla (steel) 
and Mount Gambier {paper). 

Total electrical generation capacity is 2090 MW of which 1280 Mil capacity 
is fran Torrens Island near Adelaide anJ 330 MW is located at Pt. Augusta. 
The Port Augusta facility is fired fran indigenous bro.m coal deposits at 
Leigh Creek and a new power station to use this same fuel is being 
constructed nearby to provide an additional 500 MN capacity initially. 

The Torrens Island Power Station burns Natural Gas from the Cooper Basin 
in the North East of the State and Natural Gas is also the main fuel for 

in~ustry in the Adelaide area. 

Of the total of 7l& mtllion Megawatt fl.ours generated in 1980/81 only 

250,000 or 3.Si was co-generated. 

The wrking party examining the co-generation situation has been 
~nalysing the potential for expanding thfs proportion. Four case studies 
were carried out on consumers where conditions looked favourable. The 
fuel and electricity price increases anticipated are canparatively 
predictable in the South Australian situation where the fuels are 
indigenous and any increases in well head gas prices will affect bath 
the 1 ikely co-generation fuel and tfie price of electricity. (Over 1oi 

of the electricity is generated fran Natural Gas}. The viability of 
co-generation projects were founq to be dependent, to a critical degree, 
on the buy t>ack price and standby charges imposed by the Electricity 

Utility. 

The working party has not yet completed its report so that final conclusions 
and reconmendations are not available at this stage. 
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REPRESENTATIVE CASE STUOY . 
Whilst, ~nfortunately, I am not in a position at this stage to discuss 
specific details of our case studies undertaken in South Australia, it 
would be fair to say that they disclose a CCX1111on dilemia:-

1. 

2. 

3. 

4. 

5. 

The ca~ital costs of modern co-generation plants show an internal 
rate o return of fietween 12 and 20i. This is equivalent to a 
discounted "pay back" period of ~ to 6 years respectively. 

Fuel costs in Australia are still very reaso11able compared with 
many parts of che wor11. This results in the long pay back periods. 
rncreastng fuel costs in the future could make the projects ntJch 
more attractive. 

There is a potential pro61ern of obtaining and maintaining operating 
and illaintenance sktl ls to servtce the higlier technology needed -
especially in the Held of steam turfiine operation. 

The reluctahce of electrtcal generating authorities to move from 
the present posttion of viewing tariffs ts liased essentially on 
cost of servicing capital for power stattons (_ir. other words 
planning capacity to meet maximum demand)_. and ouy back rites on 
"avoided costs 11 i.e. mainly cost of fuel s:aved. 

ane answer that may be able to fie used in your countries - is to 
butld small power stations. adjacent to industry. 

The Auchortty could operate the ~enerattng plant and provide the 
neat energy· (tftat would ce otften1ise wastedl across the fence -
so to speak - to industry located virtually or actually next door. 

Tflts could oe a future possifiil ity in South Australia - when the 
next round of power station planning takes piace. It is something 
th~~ tt\e South Australian Governnent could certainly look at. 

6. This could resl'.lt tn the co-generation of our State being significantly 
increased fran tJie present 3Ji:.(900 T..i). 

I. Capital costs of co-generation vary from around -

A$900-00/IGI for steam tureines 

to 

A$3QQ-00/KW for gas turbines. 

The a¥erage installed capital cost can be realistically averaged 
at around $600-00/KW. 

8. There is a great deal of potential to utilize waste energy ~n a 
realistic way to conserve the worlds finite energy resources to a 
significant degree. 
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I 
HOW CAN YOU BENEFIT 

I hope that you will be able to benefit from looking at our situation in 
hindsight. 

We built our Electricity generating capacity in an age of cheap energy 
costs and we now have our system in place. With cheap energy the capital 
costs associated with co-generation could not be justified. If we are 
to proceed witfi co-generation we have significant obstacles to overcome 
to reach a !>red: even point for f>uy back and stand[>y charges in particular. 

If you have your system already in place then y~ may well have similar 
problems and the expansion of co-generation may well require government 
action in t.'le short tenn to provide the benefits in the long tenn. 

If you are still building up your systems, then you have the opportunity 
ta learn from experiences ("mistakes" would f>e too strong a word perhaps, 
as few could Have foreseen the rapid changes in energy prices in the 
last decadel. You have the opportunity to build co-generation into your 
systems from tfte start and make it '!Conantcal ly attractive. You could 
well l>e a61e to site industries with ,, large steam demand adjacent to a 
power station which could provide ttizt steam. 

If you can achieve stgnificant co-generation in your systems you wil 1 be 
building in a ooffer against the inE:!vitable dses in 7uel prices (as 
assuredly tft'ey wil 1 rise even ;f at present tfiere i·s a drop). I feel 
sure that y~ wtll need every possif>le improvement in efficiency if you 
are to acni'eve a fi"rm place in the very c.ompetitive international market 
in the cani·ng yean. 

SUMMARY 

In s1A1111ary. let me say that co-generation is not new. The technology 
is avai"lal>le and proven as· you will hear later in this seminar. 

Co-generation offers ~ignificant improvements in efficiencies and the 
potential for its application is considerable. 

I do not believe that it is being over-enthusiastic to say that co-generation 
is essential if energy costs are to Be contained and industry is to be 
competitive in tile international mark'!tplace of tanorrow. 

******* 
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~hllst t.":.e wb:>le wcrlc has been hard hit by the rapidly escalati."lg ?rices 

cf oil, it has been pa_"'tic..ilarly so fQ.r t.~se COU.'P'\tries with eevelopL"lg 

econar..i -as. In many ~ \olle now see vecy large prcpcrtiO!".s of a 

country's expert earnings being used to pay for i.'POrted oil, In adei.ti.on, 

the artJ'lual increase in o!l expendit:..ire is not matched by a s:i.I!'ilar i.'1c:-ease 

in t..'1e val~ of t:lle countcy's exports. Thus the uoney available fer 

i.ndt!strial and social developne.•t has been dec..'"ea.Sing. To re<Je.-"P"Se t.'U.s 

trend :rest countries have i.nt.."'Oduced Energy Conser.ration procr .. a:ts. 

AJJrcst all National Energy Cor-8!-'"'lation P~ a.re and should be based 

on the need to il!prove a count...ry' s financial position and to ~rove 

tr.e social ~11 being of the people. Basically i:he policies will be 

a.ir.ed at reO.!cing ~ile country's ~rt cf oil arrl t."rus t..'ie c:osts asscciat.ee 

with it, usually by two :rethods: substitution and conservation, i.'1 

addition, it is cxxmon to see policies Sl;Ch as rural electrification !)rograr.-..s 

which ai.-n to in'prove the living standards of people. Sctnet:i.mes t.he 

o.io policies are in conflict with each other in pure eccnanic terms but 

then gove=nments are ':here to ensure a \..-. .!.:-.nee bet.ieen fiscal ar.d social 

problems. 

I believe t.'iat nest governments !".ave recognized that action in energ'f 

ccnse:vation is necessary ar.d many already have policies, sane al:eady 

have ~le:rentation programs. What is often lac!ung is a str.ictured well 

organised facilit'/ tr.rough which these policies can be i.n'plemented, the 

results assessed and the fi.idings :-eturr.eC to ti'.e goverrment to assist 

L"l the foimUlation cf subsequent, r.ore accurat:.ely •jrientated a.""ld sr:iecific 

p::li.cies. 

l 
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A."1 E:-?.ergy Conservation Cc~t..-e sh:Julc be establis.'led to for.n the focal po!.~~ 

t..~-ough ;...hlch all gcver.irne."'lt ~,,ergy ronservation rx:>licies are di..:ected. 

They s:-..ould be ~., ~v~, :10t just as a convenience for gove!":"l!'e."'lts 

!:iut of benefit to t.1ie e..,e_-;y constr.\L"'lq groups. n-.e Cent..-e should ccr.sider 

the differi."'lg needs oft..~ !:ndustrial, CCmrerc:ial, Darestic ane Transport 

secto:-s an! soo1.ild strutt'..l-""e its efforr:s accordi."'lgly. It srould recognise 

t..1ie critical a...-eas a.~ its own li."Tlitations. For exarcple, t.'le T~'1.Spurt 

sector is usually t.1ie la...-gest oil consumi.."lg sector but it is also the 

irost difficult area in which to make i.~rove:ents in t.'"ie short telln. :'he 

industrial sector is usually a much easier are.a to work in because it 

is :ruch rore st..-uct..ired, already subject to governme.'"lt involvement th..'"Ollgh 

taxes etc., and is usually t.1ie a.rP..a threugh which a fledgl.i.r.g Centre slx:rdd 

first concentrate its efforts. The Comercial sector wt-~lst not as 

tighly str..ictire<! i."1 ':.."'.a~ t.iere are much larger nu:rbers, is also an area 

through which early efforts should be directed because like industr.1 

uni!omity exists i."1 many of the applications a.-id effor'"...s a,..,d ,_-esult.s can 

be categorised. The Danestic sector is the sector i."1 which the greates~ 

inte-""action will occur bett.veen social a."'ld energy policies. It is an e.x+-...!";r.ely 

difficclt area to ac."lieve substantial reduction in use because there are 

usually a very large nurri::ler of very small consumers and i."'l general the 

people are looking to upgrade and increase their energy CCl'lSlr.'Ption rather 

t.~ cbmgrade and reduce it. nus is line with their ext=ectation frcm 

~ government of fni>roved li vi.'19' standards • 

Having considered t..~ above, then t.'"ie Energy .Conservation Centre should 

set out to be effective, t.'iat is, it should operate in its area -.:>f 

expertise and in areas in which results ca."'l be acl".iaved. It should recognise 

t.'iat its efforts "'"'ill be C.ivided into two foi::ns: She~ te.:?n; generally 

through a !'Ux of conservation a.nC substituti:m, usually by lo..r cost, lcw 

technology ~t.'"D:is, ~ng Te~; :iy ::-ajor u?gradi.'1g of c:>:-xesses a.;c 
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In the early st.ages, t."le Cer.t=e' s biggest problen will be l~k of data 

on which t.o base its i.-:;ile:e.."'l~tion plans. In ~st cases,_ inCu.st.=-1 

will 0e t."le a=ea t.'1...rough which early effort; should be Cirected; it .:..s 

'..!SUallY the sec:::ind la:-gest consumer of liquid f'..lels and t.Jie one L"l · ... nich 

greatest ;x:itential for corisetvation exists. In setting out to ac.~eve 

i.7.Prova:e.."'lts irl t.~e Industrial sector it mJSt be =ecognized t.iiat t."'l.e 

governr.ent 's objective is to save oil and thus reeuce bu.-de."l of 

i.":';X)rt costs, whereas i."ldust..ry wants to savs :oney. It will thus be 

r.ecessarf to ?rov-e to i..-idust..-ry t."'lat s::iend!.ng roney tc il'rprove the 

efficiency o:f e."'ler;y use ""1.11 resul-t in a net saving cf r:ronE::y to t.""lem. 

In t."le early stages, the Cent..-e should fo::n a N -~.:..r of groups wrose 

!u."lction it sl'a..!ld be to go into indust.J:y to shew ti1en how to i.;;:irov: t.":e 

"h01..!Sekeepi.11g" standa..-ds in their factories. This fa~ of conservation 

effort car:. reduce energy cons~tion by a....'"01.lr.d 15\ for si.~le payback 

periods of investrent of 6 iT'Onths. The 9'I'01.:? should at the sar.e t.:...":'e 

gat."'l.er data so t.'iat a :'i"Cre accurate ?icture can be established about 

indust.Iy' s use of energy, t."le age of t.1ie equipnent, t."le level of expertise 

in the pla."'lr..s, and t.1ie potential for further i.ni>rove:telts. The gathering 

of this data should be in a \¥ell structured manner so that collecti·..rely 

t.""le Centre can establish a data base for the purpose of analysis a."'ld 

r:olicy :ecannenCatiO?"'.s ~ governrrents. nus data base should be based 

on the ISIC, t.'iat is, t.'ie I!'lteniatior.al Standard Industrial Classification 

System and it sho\;ld identify which indust.Iy groups are t.'ie largest 
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energy consi....~rs, w'h.ic.11 are the !ro!'\t energy Ui~ive, which have the 

gro..atest potential for .i.Irprovenent, whic.11 are likely to be t:.."le rrcst 

receptive to efforts and ·...r.-.at form th.is effort should take. For exanple, 

a cerre."'lt i.'Klustty r.ay show up as t.11= largest and rrost energy i.nte::sive 

i."ldust-ry; it :ray ~ already have adequate tec."".nology wit:.."".i.."'l its 

0..11 ra..'1ks, adequate t-"'"ai."ting facilities and t.'"ie incentive to make 

.ir.provete.."lts due to actual cost of e."lergy. But ic may si."!ply lack the 

capital to rrake t."le ::hanges to its ?r..xess. L"l this case t."le role of 

the Cent-""e should be to ~sess t."le value of potential savings to the 

nation's COI".servation efforts and to t-ry to obtain or make rec"atrneneations 

about the provisions of funds at concessional rates fron t.11.e gover.r.e."!t 

or develo;::ment banks. !n adcpti."!g this role, t.~ Centre will be ~., as 

a benefit to industry and not just a repro..sentative of t.'1e c;over.rmmt 

anxious to get its hands en confidential in<!us'"._.-y records. It is for ~i.is 

reason t.11.at the str.JC°t'.J.'"e s-..iggested for the Cent=e is one which C'Qtt:>tises 

both I:dustry and Goven:ment. I': is also i.'!P=>r'taait t.'lat the Soard of 

executi. ves . ~.rer, provides only po:tic-J guidelines ar.d penn.i ts t.'1e Cent-"'"e 

to be independent i.'1 day-t.o.;.aay operation. The types of structure suggested 

is also air.ed at freeing the C'.entre fran the limitations often i..-:;:osed 

on the salaries of governrrent ~loyees and ~ld pei:mit t.~ Centre to 

offer the level cf renumeration necessary to attract and hold ent.'1usiast:.ic 

ca~le, self~....>tivati.ng, broad tiUJ'l."<.i.1g people required to rrake t."le 

Centre a success. 

The operation of _the Centre should be such that its activities are totally 

integrated, for ex.aJti>le, studies conducted should lead to ~ndations 

for the ~rove:nents possible at t."le fact.c.ry level. They should al.so 

provide the facility for data qat.'"iering and the formulation of a eata base 

frcrn which an understanding of indust:-y ce.., be achieved, they should also 

allow the success of effor...s to !::>e :neasu:-ed and the requi=erents a.'"ld 



directives of futu...--e ?roc;rarrs an~ effor---s, deter:c.i..-ied. The i."'lfor.nation 

sh.Jule also pt'O\·ide the orientation for the t.li...."'Ust of any ?Jblicity 

carr;:iaign and the provision of financial im::e.'1.tives !::>y w-ay of tax :-elief ~r 

d:.:ty ex~iOI".S and dis-incen'tives t.~rcugh higher energy charges. TI-.e 

f .L"ldi."'lgs and ex;ierience of the group exec..iti."':.g the studies should also 

be used fo:r ciete::min.i.ng t.'1e educational needs, and t...-ansfer=L'1g ex;?ert:.se 

to inCustry groups wrose knowledge and skills are- deficient. 

The field groups sh:luld also becare lecturers in the courses run !Jy the 

Educational section. '!'hey will often also establish t.'1e r;iotential for 

and t."le types of waste heat rec:ove.ry equipnent which could be ~ed or :::aybe 

needed, and will also deteDni."'le the scope withi."'l t.1ie Centre for t.~ 

develo;:me."lt of new equipnent specifically for local use er t.'1e evaluation 

of camerci.ally available equipne."'lt. 

As the experie."lce, k:lowledqe a."'ld data base of t.1ie Cent---e gl:'C"'..vs, it sh::>uld 

extend its activities tc the Trar.st=ert sector, it should i."lvestigate t.'1.e 

potential for alten-.atives to liquid fuels possibly by LPG or Ccr.ipressed 

:iatural gas, it should investigate t.'1e relationship between the vehicle 

?J?Ulation and the t"<J?e of fuel proeuced by the roJinerias, the potential 

for optimizing yields and the likely i..-rpact of uncontrolled eX""t4-'1Sion i.'i 

the use of oM fuel type, for example diesel fuel 

If t.'le availability of L~ er CN;, is such that t.~y could ?rovide a substi

tute potential for gasol"'.ne i;3e, tbe."1 its use should be praroted in the 

m::>st beneficial areas by tne Centre i."l line with gover:irient policies. The 

Ce.'"ltre should ensure that the etergency seIVices such as the Po lice, 

Fire brigade, Medical senrices are adequately trained to o:>pe W:t.11 the 

likely irrpact of the use of the fuels; and that tile necessary skills 

are transferred to those people wro will install the equi~t a.rid ensure 

proper safety sta.n2.rds. Often the potential for substitution can be 

greatly affected if people are a£raid of the new fuel due to ir.adequate 

safecy standards. 
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In t.1-te darestic sector the Ce."1t..-e sl'nlld be activ--e in prcr.oting an 

awareness of t.>i.e need for conser.n:tion and aims to d~trate t.'ie 

:relho:i by which it can be achieved wit.hi..."l t."'l..is group. Often t.'1ough 

t.~· sect.ion of the cx:r.rnunity which is using e.~.1 based on liq\l.id fuel 

is quite s:rall and th.is mJSt be recognized i..1 t."'ie prarotion whic-_'i. is 

allocated to this effort. However, an awareness by the ?Wlic of t.'i.e be:i.e:it.s 

of t.'1e gcvernrne."lt' s conservation prog!.arn will assist i."'l its success:51l 

.inplementation no matter what sector it is directed at. 

Presented here as an exaxrple is the reo:mnended st.."'"l.lcture and operational 

IiOde of an Energy eonse...--vation Centre and it assumes t.'"iat a ~ve.tnr.e."'lt is 

aware of its expendi t:ure on .i.1PJrt._<:>d oil, is anxious to reeuce this 

camitt::te."'lt and is prepared to direct its policy i.'1itia~·JeS t.~gh its 

ene..."""gy authority here ofte."'l called the government energy authorit".t and 

prepa_""ed to establish an energy COnse:rvation Ce."'lt-..-e jointly funded a."l<i 

operated by the major beneficiaries that is pri.i!arily t.'i.e gover:-.ment 

and industry. 

THE NEm FOR.~~ OJNSERVXI'IOO CEN'1'RE 

As the TNOrk involved in pr:m.ding advice and guidance to industry in 

regard to.energy conservation is considerable and is of a highly 

specialised nature, an institutional arrangement for faci:itating ene...•·gy 

conservation in indu.itry is recarmended. An Energy ~i:vation c.entre 

is one such a.rrange:nent wnich could take over the task of irrplementation 

of energy conservation policies and allc:MS the GFA to concentrate on 

policy fo:rnulation, analysis of aggretative data on in..~try ~sectors 

ar,d ether major sectors of t.~ ec-onany, and on rronitori."lg t."1e results achieved 

by energy conservation rreasu=es. 



vation pclicies, fo:i::mJlated by t..'1e Gove..'Tlrtent. 'n'le Centre should have 

full =~ to conduct it:.S eay-to-day activities in confor:ni.ty with ':."1.e 

policy q..UdelL"l@s of the gover.iment i.."'l regard to ene!';Y conservation. ~ 

Cent.""'e's activiti~ should be rronitored by the GEA in regard to t.'le 

m.ity of t."1e Centre's activities to the policy guidelines. 

The Ce.'"l.t."'"e rrust suppcrt t.."1e policy foIMJlation exercise by providi.."'lg t.."le 

GF.A with the fcllCMing inputs: 

- info?:?Tation on sc:>pe for e!'lergy conservation .L-:. different s-..:b-sectc:::-s 

of industry a.00 ot.~ sectors of t.~e eC'OilOTly. 

- Results cf energy conservation activities unde~~ by the Cent.:e 

in different se- -~rs of t.~ econcmy includi."l<; sub-sectors of i."ldustry. 

- Suggestions regardi."lg m:xlifi..:ations in energy c:onservation policies. 

- Ccmne."lts on :iew policy proposals and also on rrodi!ications to 

existi."lq policies being contemt>lated by GEA. These ccmrents will be 

sought by the GEi\ fran t."le Centre before the new prcposals/notificatioI".s 

are sul:mitted by the GEi\ to the government for approval. 

- Specific suggestions regarding publicity, prarotional efforts 

StJQCial funding, i.."lcentives etc. which i."l the opi!".ion of t."le Ce."ltre 

~ld help furt."ler ener;y conservation efforts. 
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- Res.;lts of s?Y-ial stJJdies u."ldertaken by the Ce.11t..-e en .its ~ or 

at the L'iS~"'lce cf t:.."le ~. 

Ccr.rne.'"lts on special studi~ underta.lten in t.~ GEA i:1 ::ega_'"ti to ener;y 

CC:"LS'.r.:ption and e.-iergy censer.ration. 

In crder tt.at t."le experier.c:e of the Centre is avai la.ble to the gove ... ~:..e."lt 

in its deliberations, t.~ Centre should be represented on gove.rnrre.'"lt 

s~.i ttees a."'lc its agencies concerned with energy cor-.servation. 

The Centre's activities sro..ild en~s t.~ total e.11e.rgy conserva~on 

spectrum. It should no..iever L'litially ccncent..-a.te on t.~e L?lCust=ial 

sec"'"...or for the fol lowi:.g rea.so?".s: 

l. The danest.ic and transportation sectors are diverse, large in nunber 

and likely to show results fran rrajor restr..icturir.g and regulatory 

controls. 

2. Contribution to energy co:iservation fran the danestic and t..-ar.sportation 

sectors over the medi\.it\ te:rm is not likely to be sizeable. 

3. 'The large and diverse industrial sector requires special attention 

as regulatory I!'l"'_as..:.res are not suitable for this sector, and :-esul ~ 

could be better ac.1.ieved through prcviding training i.l.rid ex::ie-""t:.se 

to ti'le factory ?ersor.nel in energy c:onservation techniques. 
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Whilst the i:utial. arc-a of a~vi':}' shC"..tld be t.'"le L"":.dustrial ~or, 

the Cer1tre should also pla.., in t.."'l.e near fu~re to !::>eo:::rne active in t..~~ 

a) Better ?lari:,L•g a.,d i.~:·:?~ientatioo of a ~atic:'lal. ~licit:y a."ld 

ed-:.lcati.on ca~ig:l on energy ccnse:::vation. 

c) Ene:-;y ccr.se::vation i."'l ccr.r.ercial buildi."'l.gs and retail estab!:.S.."tnents. 

c) Providing a fo.:-Jm for Ciscussion of energy CC!"..ser.-.ition in t."ie 

const..."1.lction L•dus•:y covering resider.4=.ial, camercial/of!ice ~c. 

f actc:y buildi.,gs. 

e) Providing guieance and assi;tance to ot:.."'l.e.= voluntary agencies 

engaged i."'l ?r:::troti.."'lg e."lergy conservation. 

fl ?rcvide resea=ch facilities i."l the field.of ene~ conse:cvation. 

g) Provide guidance and assista."lc:e to the colleges and universities for 

the establisment of energy con.!l~rvation courses ane re:.tNant curriculum. 
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~.ical expert a.'1d should !".ave considerable 1J.-idersta.-iCi..i.g 

TI1e Centre should constitute a.'l Advisory Ccmr..ittee c::n-'5isti.'1g :;f ex;:e=ts 
. 

::.,., industrf, :ranage::ent, ~-ai.-U...;g and ot."ler relevant a..--eas to as3ist t.1.e 

Executive DL""ectOr ·..m will be the 0-.aiL~ of t.;e PC.Jisory c:nr.uttae. 

:'he ACvisory CcmrJ. '='tee should :reet periodically ar.d sh:Juld nm: be 

The E:xec..itive Di.rector should be free to organise t."le .. ·ariOl!S C'Qrn'.ittees 

di Visions of the Cent...'""e U.'1der the direction of t.11e Board cf Direc-..o!"s. 

_.__ 
'-:.: 
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P...lblicity and ?rr.oticn 

Specifically t.."'le activities shculc:! i.'lCluCe but ~t !::>e limited to: 

, .... 

-;. ?~~inq project re?'rts c~ e:-ietgjl saving projects :-:or clients 

to facilitate provision of fi..-iance by lenC.i..~ a;-e.'lcj.es. 

5. ?I';!pari."'l<J and i.rtple:renting ar. Inforrration, !?'.;.blicit:".i ~ 

Education.<:anpaiqn. 

6. ?u!:)lication of an Energy Conservation Bullet.in. 

7. Developing ~ta base for facilit.at!."lg rrore ef:ec""-1ve planning of energy 

cxmser.ration activities. 
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energy ccnserva ticn :..,., the countr1 and abroad L"I order to function 

as a cleari."lg !"lol:se cf infor.:-ation on all aspects relati.~ o 

The Gove..."":'i?Lent s!lculd provide tart of t.ie fi.'"la."lCial S"..ip::lert to t.ie Ce."1t:e. 

~e bulk of t.iie financial contribution to the Cent..-e shoul:: be SCl.!ght 

Fina.11cial i."'lSti~tions like the ba!".ks who are likely to be involved i..'1 

f i.-iancir.g major e:lergy saving projects may also be approached to provi.de 

funds. 

'!he aaer-ci<>s anc orqa.'lizatior.s who ?rovide funds should have suitable level 

of riepresentation en the Eoart of t'..rectors of the Centre. 

This part of t.'ie report is aimed at provic.i..'lg sane operational guideli.'les 

for t.~e proposed Energy c.or-.servation Ce.'ltre. 
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The re lations.'llps and interactions bet..leen the ce.1t...-e and industrf a."1d 

gover.T.ent is i."ld.icated i."'l Fig. l .. Principally it is reccmrended that 

the ce."1.t..~ be pentitU!d indepe:1Cent operation for its day-to-ciay operatio!'..s. 

The policy a."1.d staterre.."'lt of directives and objectives should be provided 

by a 3oarl of Directors as described earlier~ who should be represe."ltative 

of bot..;,. government and pri.vate indust.....-y. The re;-..lirements and policies of 

bot ... ~ groups should be deliberated by the Board of Directors in the :oculation 

of t."ie pc liC'f C.irecti ves. 

'Ihe centre by i-:.S operation will ?rovide se!Vices to .L"1Cuitxy by way of 

t.""aini."'lg courses, ane efficiency studies. The i.."'lfo??naticn gathe..""ed· i.'1. the 

COU-""Se of this '#Ork slnlld be analysed and prese.nted to the GEA. L"l a na...,_"'ler 

""'hich Will pe!'T!lit t."1em to fulfil their role as an instigator of policy 

recatr.e."l<lations to t.'ie goverr.ne.."lt. Goveniment policy decisions once 

:ra.de, sh::luld be car:-ied to the Boa-""Ci of Directors by the GEA repro_senta~i·1es. 

Any suggested rrodi=ications to these policies ~ld be conveyed to the 

government via the GEA. 

The needs a.nC policies of t."ie various inciusb:y groups would be int..'"Cducec! 

by the representatives, on t.loie Board of Directors of the Industry 

.ssociation or clubs. 
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T!-.e ini ti.al orientation o: the Cent-'"e' s activities towards t."le i."l<lust::.a1 

s~...or will detennine the staffing requL-ements and s"UUcture. A 

suggestee arra..-iganent is given j.n Figu_'"e 2. 

It is suggested t:'.at t."le irutial efforts be directed t:.:iwarcis ?rovicii..""!g: 

al A OJn.SUltancy group to carry out factory studies to identify the 

t:0tential for energy savings and to make rea:mneneations for 

.i.'{:lrovement by wri tte.'1 report. The survey v.iork slx:Julc gat."ler 

st:a.'"1<2.rd data for the PJ-"'PCSeS of later analysis. 

The Div1sion sho'.Jld be headed by a cont...""Olli."lg e.'l<]i.,eer who should direct 

subcrd.ir.ate engineers and these ~ld be foz:med into sur.;ey ~ .. arrs. 

The technicia.'lS should be supportive to these teams and haVE" t."'le 

=esponsibility for rrai."ltainin<; equit:me:lt in good t,,0rking order. 

bl The ::ducation Division. This Civision should have the respor.sibility 

to transfer practical technology on energy conservation to .in~t..--y 

engineers and other fac-...ory personnel ....00 have energy as t."leir 

r9six>nsibility. This division sb::n.ild use its full ti.Te members for 

organization of course syllabi, course ti.iietables, prepaxation of 

notes etc. It is izti:>ortant ~ that the field staff fron the 

consultancy division be 1JSed as course lecturers to er.sure t.'iat practical 

inputs to the cairse a.re ac.'Ueved. The C'O\U'SeS sliculd be heavy on 

practical skills and irrplernentation and light on theory. The field 

staff can pennit this input. The course should relate wherever possible 

local case studies. The lecturing abiliey of the teac.'iers mu.st be 
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first class. It will arrost certainly be beneficial to have 

all lecturers atter!d a cou.-se on "Ter-h.-Uques of Instr.i~...ion". 

7his divi3ion rrust also conduct regula= seminars on inCustry-related 

:techr'.ical topics, i.e. "Steam Use". 

c) The equip'!'ent assessrner.t and dem:nstration divi.sion should a.L'Tt 

to obtain the latest e.."lergy savi.":g equipne."1t available for the 

purpcses of display in the Centre's display a-"'ea. If p:'.)ssible, 

w:::>rking l!Odels should be i.'1Stalled and regular exhibitions held. 

The p:'.)tential for t.'1e equipnent srould be assessed and the value 

pi..?blicised. This division should also ai.'Tt ~ engineer t."le 

first i."".Stallati.on of a partiOJlar e."1ergy savi."'lg '.lnit for the 

Pll-""?Oses of practical deaonstration. fa rrost cas·es the 

09P0rtunities will be identified by t.Jie consultancy division. 

The need for Government dem:>nstration project funds for this 

?UtPCse should be investigated. After each dem::mstration 

project, a cat;)rehensive report :rust be praapred and the major 

advantages and disadvantages widely publicised by ~hlet or 

J:::ooklet. 

d) nie prarotior_s and publication division will handle the 

publication of publicity rratertal generated ·by the Centre a.-id 

print oonsultancy reports and course notes. Anctil.er ext.rerrely 

inp::)rtant role for this division is t.Jie organization associated 

with the seminars, courses and conferences, a vecy professional 

sta."1dard is essential. 
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e) Data eont...--ol. nus fuv".sion ~ld ensu."'e that data collected frar. 

the field ope_""atior-.s is properly collated a.'"ld prepa.-eC i."'l a 

fo::m :rost val~le to Gcve..rn:ne."lt t:elicy~.a.l.c.:L"lg a_""eas. The 

need for i..-i.fo:c:ration s."nlld be ooth obt.a.i."led and sc::eo..ned by t.'1.is 

division. The infotr.0tional needs of the Cent...~'s st.a..f: W:.11 

also !::>e satisfied by t.rus division. A sophisticated C!ata 

collection, storage and dissemination syste:n is necessary along 

with :rodel:n e:r..:i~r.t. 
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MJI'IVATION 

best ~"""ation t.'1e staff sl'nlld be carefully c."~se.., to ensure tr.at 

t.'ley are basical!.y self~tivating, ethusiastic, capable a."ld r.a.ve 

gocxi personalities, si.."lCe the degree of public i.-!.teraction is high~ 

It is i.."':'p)rtant to note t..'iat t.'1e Cent...-e is preaching :rcdemization 

and efficiency-it ITUSt t.."lerefore be t..'iat iself. 

It ts rec:rirne.~ t.;at an experienC'ed cor.51.!l tant be obtai.~ed to 

assist in tr.e initial esi2l:lisl'm:nt and operation of the ~-nt--e. '!1-.is 

assistance sl'nlld take the fonn of direct ;uidance of t.~e appoir.ted 

staff in the execution of their duties. The consultant should guide 

of the various divisions wilich ccrrprise the Centre, ti11a duties and 

objectives of the divisional CO!'!t...-Ol engineers a.00 t.'1e various 

p:rarotional, publication and data setvices. 

This bri~f sh:iuld be to ~ t .. "le Centre ftan an initial foi:rrulation 

stage to ar..: operational stage, a period estimated to take about 

one year. 

Indust...ry will expect to see seninars and courses professionally corducced 

with great attention to fine de1:ail - good p..iblic aCdress ~tems, 

..rideo display units, good lecture roans, with cOnditions condt.1.Cive to 

t:Est lea.ming. 
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The facilities of the Centre must be of high sta.-idard, telephones, typi.""lg 

facilities, receptionist a_'"='a:1genents should all be fi::-st class. Faci-

lities for t.1-te preparatior. and best presentation of reports a"d 

ro..irse notes, a"ld convenient photocopying facilities rrust be 

available. Attention to detail should be a feat.ire of the Centre's 

operation. 
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Heat recovery is a comnon practise in dairy manufact~ri~g ~l~r.t~ 
around the ;.rorld, especially since cos ts of energy increased wi tt: 
the oil crisis. 

To approach the prcble!lls of heat :-ecovery in the cairy industry 
it is necessary to understand some of the heating require~ents 
for processing of dairy products. Most dairy products are 
processed at te!llperatures of less than 220°C, with most operations 
involving heat at less than 100°C; for cooking and pasteurizing 
of product, a~d cleaning of tanks, vessels and processing machines. 

Table I below gives an indication of the te!llperature levels in 
various dairy processing operat~ons 

TABLE I. Temperat~res required in dairy processing 

Process Maxi:nUI:I Te:nperatur-e 

Town miltc "100°C ~-
:-Butter <.100°C + live steam 
Milk ?owders ,.21 0°C + live steao 
Cheese .:.1cc 0 c 
Caseir. <:1C0°C + l:::;e steam 

Temperatures required during cleani~g are .,-5 ~c ;.rith 95~·: 
required for some sanitizing operations. 

Electrical energy is used in dairy p~ants fer ~ct~rs on ~~=-~s. 
fans and lights. Significant quantities cf e:ectrical energ'J 
is "1sed for U!!.lk cooling and in storage of fir:isi1ed product.. 

E~ergy use by ?ror.ess 

There have been several studies conducted on energy use in 
indi vid:..:al da.:ry processes. Results f!'cm a s tucy of the :-Iew 
Zealand dairy industry (74/75l are shown in Table 2. 

TABLE 2. Mean energy consumption - dairy product~on 

Product Fuel MJ/t.i Elect:--icity :'-!JI[. it 

Town :nil'..< 0.91 0. 13 
Butter 0.26 0.20 
Cheese 0.62 C.iO 
Skim milk powder 1.68 0.90 
Casein 0 .8f. 0.44 

Source: Vic~ers and ~hannon, 1977 

* litre of whole ~ilk processed 



l 
T"'o ortA""""'' •••o /:".;,...,.,.a~ ""'~ ~--··- .;_ .,._ .... ,_., --- -··----- ~"----... .,_ -··-·OJ --- .. -o-• .._..., ...w ~u....,-..u ••-' •Qw4i;;, c;.. c:u. c av CL Cl.!!>C: L .Le,u.c·i::::, 

from a survey of most of the industry. These figures do not 
indicate the wide range of er.ergy efficiencies ~hich occur in 
industry. Harris (1982), in a recent survey on United Kingdom 
pasteurizing dairies :"ound that fuel usage rates •1aried from 
0.2 MJ/L to 2.8 MJ/L. The mean fuel usage rate of 0.94 MJ/L 
in United Kingdom dairies compares favourably with the average 
New Zealand figures. 

Sqth . U.K. and New Zeal3.lld dairies package milk in glass 
bottles. At these dairies significant quantities of energy is 
used in bottle washers. 

Typical figures from Australian pasteurizi::g dair-ies ar12 0 .35 ~JI'... 

fue.i.. usage and 0. 1 3 L-IJ IL of electrical ene:-gy •..;her-e most milk 
is packed in cartons. 

Energy cost reduction opportunities in the industry 

Significant energy and cost savings could be had throughout the 
industry. Recent energy audit studies in the United Kingdom 
have shown that energy savings of 30 to 40% are achievable in 
most industry sectors; savings up to 813 in some sectors wer-e 
available through the im~roved use cf existing resources, and 
adoption of existing technolog-1 (Grant, 1979; Cur:-ie, 1981 ). 

Energy saving measures fall into four categories: 

good housekeeping and skilful management 
modification of existi~g plant 
plant replacemer.t 
new processes 

An energy audit is conductad on a plant to define the c~rrent 
situation, identi:"y areas for savings, and the :nini::iL':ii anergy
use feasible with the particular type of plant in u~.e. 

These audits also enable longer ter:n energy saving strategies to 
be planned. 

Experience in Australia (~estall, 1981) and overseas (Grant, 1979) 
is that sa•1ings of 8 to 20% can be achieved 'Jy :!.:nproved energ1J 
management and minor modifications to existing processes. 

Additional savings of 15 to 30% can be gained within the next 
20 years by the application of known technology. Success in 
gaining these savings will be influenced by factors such as the 
economics of energy conservation, pricing of fuels and energy, 
and the ability of orga.~izations to fund new ventures. 

1 • Energ:J ::.aving technologies available 

1.1. Regeneration of mil~ pastuerizers 

Milk is ~a.steurized to kill off pathogenic organisms and reduce 
bacterial numbers ~rior to ~ackagir.g and consurn~tion. The 
pasteurization is ~erfol"ll!ed in a plate heat exchanger, where the 
milk is heated and held at 72°C for 15s and then ccoled. 
For a typical arrangement see figi~re 1 
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On these continuous ~achines heat is recovered from :he outgoing 
~ot milk in the 'regeneration' section. 

Pasteurizers for fluid milk in Australian plants typically 
have heat recovery or regeneration figures of 85 to 38%; some 
early machines perfor~ ~ith 75% regeneration. 3y increasing 
the number of plates in the regeneration section, higher 
regeneration can be acliieved, so less energy is used in heating 
and cooling. ~ith increased energy prices, some large dairies 
find it economic to operate pasteurizers with over 92~ regeneration. 

Not all existing pasteurization plants can be successfully 
extended. In some obsolete types new plates are not available. 
Also pasteurizing plants with low pressure plates cannot withstand 
the higher pressures accosiated with high regeneration levels. 

1.2. Partial homogenization of milk 

Homogenization of milk is an extremely en~rgy intensive process; 
about 6 kWh per 1000 litres of milk is used. "A technique to 
reduce the energy required is to homogenize part of the milk. 
In one system, the whole milk is heated to 52°C anc :hen 
separated to give a cream of i0-i23 fat. This cream is homogenized, 
and remixed with the skimmed milk prior to pasteurization. As 
the volume homogenized is one third that of the original milk, 
there are significant energy savings. This process is economic 
~here other processes also need a separator. A plant of this type 
is in operation in Australia (Lee, 1 982 l • 

1.3. Ultra heat treatment pla.~ts 

Mil~ is sterilized in ultra heat treat::ient \UH7) plants by heating 
it to i40°C and holding it for a few seconds. 

In the early 1970's indirect heat exchange UHT syste~s were able 
to achieve about 60% regeneration with direcc sys~e~~ achieving 
50 to ?0% rege~eration (Cattell, 1981 l. Durir.g the 70's and 80's 
sign!ficant design improvements have taken place. Indirect heat 
exchange systems are now able co achieve regeneration of 90-95%, 
with col!l!!lensurate improvements in energ'f efficiency. 

1 • 1:.. neat pi..;::ips 

Heat pumps take in energ'f at one ce~perature, and raise it to a 
higher te~perature. The heat pump can thus draw on waste heat 
that '../Ould otherwise be rej ec tad and provide '.:':eat at a usaule 
te::i;:ierature. There are heat pumps 1.mdergoing 1emcnscration trials 
in dairy factories in ~he United Kingdom and Sweden. 

In the United Kingdom in a large ~asteurizing dairy ow~ed by the 
Milk Marketing Board, a heat pump receives water at 24?C, and 
pr~vi:es heat at 38°C, Nhil.st reducing the 24°C feed co 7°C 
(Sr.i!tn, 1981 I. (?igure 21. A further heat p~rnp is used to heat 
the water from 38°C t~ 60°C. This system provides a hot and 
col.ct recycled water suppl.y. These heat pur.ips had average 
co-efficients of per!"or.:iance of 5. 5. A pay:.ack period of 2 .5 
years Nas ex~ected. 
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1.5. Evaporation 

Evaporation plants installed in Australia in the 1960's were 
typically of the rising film, 2 stage type or of the circulation 
type. In the 1970's, 3 stage falling film types of evaporator 
were installed with specific steam consuoption of 0.25 kg of 
steam per kg water evaporated (figi~re 3). More recent designs 
of evaporator can achie•re a high level of total solids; typically 
50 to 52% TS on skim and whole milk on long production runs. 
Milk evaporators installed in Australia in the last t~o years 
have 5 stages and a finisher, and have steam economies of 0.125 ~ 
steam per kg water evaporated. Seven stage plants built 
recently in ~ew Zealand have steam economies of 0.086 kg of 
steam per kg water evaporated. Existing three and four -
effect plants can be modified by fitting further stages to 
give improved efficiencies ti/an Geffen, 1977). In '.:lost cases 
the efficiency achieved will be less than that of a new 
evaporator of the same number of stages due to design compromises 
made. 

The effective eco:;ooi c li!!li t of number of stages fer thermal 
evaporators is 8 given the temperature driving force ~er stage, 
and heat losses. 

In seeking improved ener0J efficiencies it is necessary to use 
mechanical vapour recornpression (M'JR) systems. Typical 
efficiencies achieved are 8 - 12 kWh/tnnne water evaporated. 
MVR plants can also be driven by gas ~otors and steam turbines. 
The smallest evaporator has an evaporation capacity of 12 tonne 
water/hour (Harris, 1982). 

Vacuum production using vacuum pumps 

Modern falling film evaporators utilize liquid ring vacuum 
pumps for 1acuum production rather than steam ejectors as in 
older evaporators. Liquid ring vacuu!:l pumps can be fitted to 
existing plants to replace the steam ejectors. ?ayback ti~e for 
such a retrofit is less than one year, oased on ~revaili~g 
Victorian energy prices. 

Condensate re-use 

The condensate f:.--orn the evaporator can be utilized jirectl:; as :cilar 
feed water'. Most evaporators fitted in :he 1970's in Australia ~ave 
the facility to send the condensate f:.--orn the first evaporator 
effect to the boiler feed water tank. Cther uses for condensate 
are supply to Clean In Place (CIPl syscerrs, and for preheating 
drying air. 

Several Australian dairy factories successfully use the 
condensate from the second and thir1 evaporator effects, as 
boiler feed ;.rater and c:? feed water. Howe•1er some other dairy 
factories discharge this same ·..;ace!" to 1-1as te. These factories 
consider that the r1sk of :nil~ product carry over into this 
cor.der.sa:~·~s ~i~n.~aki~g the water unsuitable for use in ~recesses 
where it may some into contact with finished cilK product. As a 
9recaution, a conductivicy meter can be used to di·1ert conCat!linated 
water to a drain. 

,.... -
Q,) 
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Various steps can be taken to improve the quality of condensate 
available from evaporators (Holmstrom, 1978). These include 
allowin3 aeration of product, constant steam supply pn~ssure and 
cooling water te~perature control. 

By the use of anion and cation exchange columns followed by 
sterilization, the total condensate from an evaporator was used. 
The treated condensate was at 50°C and still has a useful energ-1 
content. In a Swedish factory the treated condensate was used 
for all potable uses. Based on water and energy savings, 
systems in Sweden had simple pay0ack periods of 2 years. 

1.6. Spray drying 

Spray drying is energy intensive and uses about 15 times as ~uch 
energy as an evaporator to evaporate 1 kg of water. There are 
several techniques which are available for improving the 
efficiency of the drying process. Two of these are listed below. 

Two-stage drying 

Milk is dried to about 88% total solids in the main chamber of 
the dryer. The balance of the drying takes place in a fluid ~ed 
dryer, normally to a powder moisture content of 4%. A two 
stage dryer (figure 4) uses about 15% less energy than a single 
stage dryer (figure Sl. However, capital costs for a ~wo s:age 
dryer are about 303 higher :han for a single stage system 
(Harris, 19621. 

Direct-firing 

Direct-firing of dryers allows an improvement in efficiency 
compared with indirect-fi~ing systems. The system efficie~cy is 
83 higher for direct-fired single-stage drying compared ~ith 
indirect systems, and 9% higher for two-stage drying (Sheeler, 
1977l. Direct-firing of dryers has been used in Australia 
since 197~, and is the generally accepted practice ~here 
economically feasible. Sucl1 systems are not suitable for 
jrying baby foods. Both natural gas and liquified ~etro~eum 
gas are used. 

~eat recovery from spray dryers 

Heat recovery from spray dryer exhausts is a technique whi:h can 
reduce the energy consumption of the dryer by :'0%. However, tr:e 
problem with recovering this waste heat is the milk powder fines 
in the exhaust air stream. These fines can foul heat exchange 
surfaces, and cause bacteriological problems. In recent years 
several systems have been developed in Europe for recovering the 
waste heat and powder fir.es: 

Wet scrubber: In thi~ device, milk was used as the scruboing fluid 
to remove most of the powder from the exhaust stream. 7hese devices 
wr.ere principally powder collectors, with some heat reco·1ery. 
The recovered heat was returned to the evaporator which ~ad a much 
higher efficier.cy than the dryer. Overall evaporator/dryer 
energ-1 savings of 5-10% car. be expected. The milk scr~bber is 
now not favoured as a heat recovery device in new installations, 
due to its relatively low heat recovery afficiency and the 
bacteriological pr~ble~s associated with operation of this equi~~ent. 
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Heat pipe: A group of heat pipes are used to transfer heat from 
the exhaust air to the inlet air stream. A trial in the 
Netherlands has shown th~t ~ h~~t pi~e syste~ C:!.~ ~e operated 
for heat recovery under certain conditions of exhaust ai~ hllt'lidi~y 
and powder content (Jansen et al, 1981) and provide a thermal 
efficiency of 30% and operate 24 hours between cleaning cycles. 
A full scale heat pipe system with larger fin spacings was 
installed on a milk dryer in Ireland in October

7 
1980. 

Initial results show a 24% reduction in energy use (Donnelly, 
1981 ) • 

Tubular heat exchanger: Another heat recovery device is the 
tubular heat exc!1anger. The powder laden air travels through 
stainless steel tubes, transferring heat to inlet air, or a 
heat transfer medium. Powder buildup is removed_ thro,1gh CI? 
cleaning. These systems can achieve heat recoveries c.,f 303 
and are commercially available. Further, these heat reco·::-:7 
systems can be operated to remove both sensible and latent heat, 
thereby allowing condensation in the syste~. This presents 
further cleaning problems. Systems for latent heat reco'lery 
are still undergoing development. 

Bag filter - heat recovery system: 

~or ease of heat recovery a bag filter can ~e fitted prio~ to 
a heat recovery device. The system can be ecc!1omic where 
powder prices are high, or a requirement whe~~ environmental 
exhaust standards are stringent. The heat recovery devices 
fitted after a bag filter are relatively inexpensive as there is 
no longer a need for a system which is CIP cleanable. 

1.7. Membrane erocesses 

Me~brane precesses are used in the dairy industry for both water 
removal (reverse osmosis) and for fractionating milk 
(ultrafiltration). In factories, reverse osmosis can be used 
to pre-concentrate milk products prior to thermal evaporation. 
Reverse osmosis plants can achieve up to 25% total solids. 
The economic level of total solids is dependent on such factors 
as energy costs and the type of evaporator. 

2. Co-generation 

In these systems both heat and elect:-ical power are produced. 
1/arious systems produce heat : power in differing ratios (!able 3). 

TABLE 3. Types of plant for cc-gene!"·a ti on sys te~s 

P:-i:ne mover Heat/power racic 

Diesel engine (or gas) 
Gas r:.urbine 

Steam turbi:'le 

up to 3 
up to 3 
r1r1:1g 
up to 15 
firing 

: , 
: 1 without supplementary 

with su~ple~entary 

up to 15 : 1 typically hi~h heat/ 
power 1J : 1 

Sou~ce: Gra~: ~ ,, 

6;-1 
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Combined heat and power systems can provide energy and cost 
savings if both the heat and electricity can be utilized in the 
dairv !"actory. Various d~i r-y r.'!"0t:~sses· ~a•!e ~it!"er::.ng 
heat/power ratios (Table 4). 

TABL.E 4. Ratio of heat a.~d power demand in the dairy industry 

Sector Heat/power ratio 

Milk reception 
Cheese 
Powder 
Fluid mi!.k 
Condensed milk 
Other sectors 
Average 

9 
7 

26 
16 
7 

20 
1 4 

Source: Jansen CT979i 

With the above range of neat and power ratios, steaw or gas 
tur:>ines are suitable for powder plants where ther:::al evapcrator"s 
a!'e u.:>ed. There a!'e many factors "'hich affect the •;iaoi:~ ty 
of co-generation syste:ns. These include, cost cf c:Jr.r.ection 
co grid, stand':Jy power charges, energy costs, ar:c a•1ai.:aa!.lity of 
capital. 

In a study on the viability of a gas engine co-generat::.on 
systec applied to a skim ::ii.!.k powder plant in the ~:et!':e!'lar:ds, 
Jansen and ?iersca (1981) found the rate of financia: return 
depended ~n the price of electricity, fuel fer the engine, and 
fuel saved by the generated heat. 

T~e!'e are several combined heat and power systems in use at 
large e•;aporator/drying complexes in the dairy industry: 

ste:In turbines in New Zealand (Vickers, 1971) 
gas tur!:>ines in ~Jetherlancs (Cox, i 982 l 
gas engines in Netherlands (Cox, 1982) 

Energy conservation 

The:-e are several further ways to i:nprove the energy efticiency 
of existir.g dairy plants. 

3cile:- c~n:rols: I~prove~en~s in a~:omatec boiler ccn:~~:s can 
offer ir.creased combustion efficiency. 

General housekeeping: Checks should ~e made of the foliowing areas: 

boilers and furnaces 
ste~ system 
:!.r.sula:ion 
heat exchange fouling 
~c;.~pi~g and compression 
cc~pressed air sys:ems 
coolir.3 

~,I 
' .i . 



l 7.:. 

Comprehensive recommendations are listed in various publications; 
International Dairy Federation (1977!: De?~r~J1!~~t 0f E..~ergy, 
United Kingdom, Snergy Audit Booklets. 

Other energy saving procedures include the use of hot ~ater 
systems rather than steam, and using hot water systems in casein, 
butter and skim milk powder factories (Patchett, 19i7J. 

C-overr.l!len t aid 

Heat recovery systems can offer significant cost reduction 
opportunities for industry. In many countries some form of 
government inc en ti ve is gi 'ten for energy aucii ts, and tax 
incentives for capital investments. 

The Gilbert Chandler Institute of Dairy Tec~nolo~J, and the 
Australian Dai?"Y Corporation has developed a.~ energy conservation 
program for the Australian aairy industry: This ~ill ensure that 
all companies benefit through knowledge of heat recovery devices 
applicable in Australia. Other facets of the 9rogram include 
demonstration projects of heat recovery devices, plus education 
anci training programs. 
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1 NTI\ODUCTl mi 

'n!e C•• and Fuel Corporation 1• a gas utility owned partly by the State 
Covernment o! Victoria and partly by private ahareholders. It provides 
a 1a1 aervice thrQughout ~he State, ~ostly in the form of reticulated 
1uppl7, but al10 in the Corm of liquefie~ petroleum gas 1upplied to 
cu1tomer1' bulk storage tank• or bottle•. 

The pr1nclpal snarket for reticulated g•• la the State capital city of 
Melbourne and it• metropolitan area, but "the netvor\ extend• al10 to 
country citie1 and town•. Approximately 801 o{ all of the re1idence1 
in tbt. State are within reach of reticulated •upply. · 

Except !or a fev small country town•, reticulated areas •re served by 
natural g•• !rom gas vell1 in the Cippsland Basin off shore Crom the coast 
of Victoria in Bass Strait. The gas is brought ashore to a treatment 
plant at Longford, approximately 200 km ea1t of Melbourne. 11le Producer 
is a 50-50 partnership of Essa Exploration and Production Australia Inc. 
and Hematite Petroleum Pty. Ltd. - a subsidiary of Broken Hill Proprietary 
Ltd. (BHP) - and the gu i& sold to the Corporation &t the boundary of 
the treatment plant. 

From Longford the gas is carried to a City Cate located at Dandenong, 
roughly 30 km east of Melbourne, through a 750 mm diameter transmission 
pipeline 174 km long, op~rating at pressu=es up to 70 bar. A gac 
turbine powered booster station is located approximately mid-way along 
the 750 mm diameter pipeline to recompress the gas to full pipeline 
operating pressure. 

Delivery pressure {rom the Dandenong City Cate into the metropolitan area 
is 29 bar, but some gas is iar.tediately further reduced to 8 bar. 

The Producers have a very limited right !or direct sales of gas to 
industry and the Corporation acts as a carrier of Producer's gas !or these 
sales and also, !or gas used in the Producer's own establishments. 

A most important carrhge of gas by the Corporation for others is the 
future supply to two electricity generating stations: a 500 MY station 
at Nc~-port, an inner suburb of Melbourne and a 400 MW station at 
Jeeralang, about 60 km to~ards Melbourne from Longford. 

In the financial year to 30th June 1978 the Corporation supplied a total : 
of 101 400 TJ o! natural gas to 728 943 customers, comprising 62 800 TJ 

. . 
:. 
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!or industrial use, 7200 TJ for co~mercial use and 31 400 TJ for residential 
use. In addition, approximately 4900 TJ were carried for the Producers. 

1. Pl.A}.'NJNG FOR ~G STORAGE 

Facilities for storage o! gas in tne ticlbourne melropC'litan area are 
limited 3nd under the Gas Purch~~e Contract bet~cen the Producers and 
the Corporation the Pr~ducers are entitled to supply tne total 
quanlily of gas ordered for any day at an even rate over the 24 h0urs 
o! the day. The storage c3pacity n~cessary to deal with the diurnal 
variations in gas demand is achieved by means of "Unepack" in the 
750 mm pir~line which therefore act• both as a transmission pipeline 
and a pressure storage facility. In both rcsp~cts the load on the 
~pcline will increase sh~rply ~hen the electricity c~ncratin& lo~ds 
already mcntion~d are supplied. 



~ 
Studies were carried out to determine the optimum combination of three 
procedures tc handle 1ncressed load, namely pipeline looping, peak 
shaving and interruption. At the ti~e of theae studies the 
arrangements for carrying gas for electricity generation were not 
established, but in•fact, the or.ly form of additional capacity suited 
to this particular load is pipeline looping and the addition of thia 
load baa simply resulted in increased and earlier provision for loopin 
The optimisation studies indicated an important role for peak shaving 
and the need for •n LNG storage plant at Dandenong. No other peak _ 
shaving arrangement w~• seriously considered by the Corporation as th~ 
distribution system was not amenable to LPG - air •ddition. Esticnate 
of capital and operating coat• for various ~ize LNG plants were 
prepared. 

The following table summarizes the results of the 1976 optimisation. 
studies for the six years 1980 - 1985 inclusive :-

Year Mt .imum Optimum Gas Supply Solution Total capital and 
Daily operating cost Level of Level of Amount of 

Demand - savings over case Interrup-tion Peak Shave 750 mm (MDD) 
(1 of MDD) ('Z of MDD) pipeline \Jhere fu 11 MDD 

TJ looping supplied via 

required pipeline 
(millions of $A) 

1980 665 7 5 : nil 2.5 

1981 709 7 5 nil 2. !i 

1982 752 7 5 nil 3.6 

1983 800 13 5 nil 4.8 

1984 850 11 5 16 km 5.3 

1985 896 8 5 32 km 4.4 

The optimlsation studies indicated a theoretical need for an L.~G 
storage capacity less than the s1wallest size normally co~strucced, 
but once the economic case for stora&e -as clearly established, with 
a large margin of cost saving over alternative procedures, it was 
decided to take advanta&e of the opportunity to provide sufficient 
L~G capacity to improve the gas supply system secut·ity and provide 
for failure of the gas source, or the transmission pipeline, for 
several days duration. A capacity of 10 000 tonne -as no~inated. 

It •,.:as also decided to provide, acain at r.:arginal extra cost, a 
large reserve capacity ovtr the.calculat~d rnini~uro rate for both 
1 i qucfacti on and revapori sat ion. for these purposes figures of 
100 tonne per day and 100 tonne per hour respectively \Jere adopted. 

T11corelically, in terms of pipeline capacity for the combined 
tran!;mission/storage function, the L~G storage is the cquivnlent of 
three pipeline loops of approxirr.atc ly 16 km each. This is due 
partly to the reduction in throughl"Jt required and partly to the 
opportunity LNG provided to reduce pipelin~ operating ll'laq;ins. 

. 
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At the time of the studies the 
wa1 approximately ~3 000 000 -
of constrYcting the equivalent 

eatlmated total cost of the I.NC plant 
&ome $10 000 000 less than the cost 
three pipeline loop•. Thi• 

relationship W•5 tnc..p~imc tcajun foi toe ucci5iOn to p~OCCCQ with 
the project. 

Since 1976 the colt of the LNG project haa escalated significantly -
mainly due to inflation and the technical requirement• nominated by 
the relevant Statutory Authorities •. Thil ia to be the flr1t LNG 
storage plar.t in Auatralia and at the time of the studiea the 
Authorities had, understandably, given little thought to these matters~ 
In fact. the LNG project cost has escalated faster than the cost of 
pipeline looping, thus reducing the economic advantage over the 
looping alternative, hut to some extent this reduction has been off set 
by savings achieved by operating in combination "ri th an induslrial 
gas company (as described in the next section) and a positive 
economic advantage still remains. In addition, constructing the 
plant significantly improves gas "supply security. 

2. TiiE JOINT OPERATION 

It so happened that at the time ~hen the Corporation made its 
decision to proceed with an LNG plant Australia's largest producer 
and marketer of intbstrial gases 1 The Common\Jealth Industrial Cases 
Limited (CIC) was planning to expand its capacity in the State of 
Victoria for the production of atmospheric gases - oxygen, nitrogen 
and argon. CIG became aware of the Corporation's plans and an 
approach was made to investigate the feasibility of a joint operation. 

Preliminary discussions indicated significant potential advantages 
for both parties. 

The Corporation, being a semi-Government instrumentality, felt that 
it should offer an equal opportunity to all industrial gas companies 
opE:rating in Australia to participate in a joint operation and 
sought proposals from each for comparison on a competitive basis. 
Although considerable interest was displayed by other co~panies 
only CIC appeared to have production and other requirements ~hich 
matched those of the Corporation and their proposal became the basis 
for the contractual arrangement now established. 

Jn order to achieve ffiaxi~um advantage from the joint operation it 
was considered nec~ssary to :-

I) Utili~e L!'lG as a scurce of 'cold' for the production of 
the liquefied aln1osphc:ric gases. 

11) UtPise the Corporal ion's storage fad li ty as a source of 
LNG for atmosphedc gas production. 

Ill) Avoid unrcccssary duplication of capital equipment, services etc. 

JV) Reduce unit production costs by increasing the load factor 
on liquc!action equipment. 

~V) Take ndv~ntage of ClC's ext~nsi~e experience in cryogenic 
gas processes. 

a d 



The prir.cipal !c•turcs o{ the contractual •rranee~cnt •re :-

I) The Corporation vill construct, oo--n and op~rate the I.NC 
storage tank ~nd factlttfes for re-evaporation of th~ l~G 
and re-injection into the Corporation'• gas ·:ii1tribution 
system. 

II) CIC will construct, own and operate plant comprising three 
main section• :-

a) The liquefaction plan~ - to liquefy natural gas 
drawn from the terminal of the 750 mm diameter 
pipeline from Longford. 

b) An interchanger where LNG is used as a source of 
'cold' to produce liquid nitrogen (1-~). 

c) A lov pressure air separation unit (ASU) to produce 
gaseous nitrogen and liquid oxygen and argon 'lnd 
which use& liquid nitrogen to provide cooling and 
includes bulk storage for L·(uid oxygen, nitrogen 
and argon. 

111) '11le CIG plant will be constructed on land leased from the 
Corporation adjacent to the Corporation's LNG storage and 
revaporisation facility. 

IV) UlG for use in the interchanger will be available from the 
Corporation's storage facilities, part of which nor~ally 
vill be dedicated to this purpose. 

V) After passage through the interchanger, natur&l gas in the 
vapour phase will be recompressed by CIG {or re-injection 
into the Corporation's gas distribution system. 

After adjustment to allow for the joint operation requirements the 
plant capacities finally adopted ~ere :-

For the L~G liquefaction facility - 150 tonne per day 

For the L?~G/l..~ interc11anger 

For the ASU facility 

For the ~G storage facility 

For the L!';G rcvapor1salion 
facility 

- 100 tonne per day of LNG 
to liquefy 200 tonnes per : 
day of nitrogen (100 tonnes 
per day to product stora~e, 
remainder to ASU for cooling 
rluty) 

- 100 tonne per day liquid 
oxygen 

- 3.5 tonne per day liquid 
arson 

- 12 000 tonnes 

- 100 tonnes per hour 

,-~ 



Tile Corporation ~ill 6upply CIC vfth filtered natural gas from the 
terminal of its Longford/Dandenons pipeline at pres&ure5 ranging 
{rom 31 to 70 bar. No charge vill be made !or the gas, but CIC 
!~ ~hlfQed to lioue!v the 2as. to operate 1t1 plant vith a mln1cium ... . ~ - . - -
o{ gas lo'' and to deliver back to the Corporation LNC which 
contains no substances no~ in the original gas. CIC ~AY u1e 
liquefied natural gas direct from the liquefaction plant. or . 
vithdrawn !rom storage, for the purpose o! operating the interchanger 
and vill return the vaporised L.~G to the Corporation at sufficient . 
pressure for re-injection into the gas distribution system ~ownstream -
of the City Cate. • 

Conceptually, the 12 000 tonne L~G ~torage provides 10 000 tonne f~r 
us~ by the Corporation and 2000 tonne !or use by CIC, but at all 
times the Corporation has priority over CIC !or the use o! 1..~C. 
The Corporation will place monthly orders for the amount of gas to 
be liquefied and can require deliyery at rates up to 100 tonne per 
day although CIC ~ay deliver at a greater rate - up to 150 tonne 
per day. Orders must be for not lesa than 1000 tonne or ten days 
operation, to avoid excessive plant start-up and shutdo1JO and an 
annual maintenance closure of 15 days is allo~ed. Tilere is 
provision for LNG ordered, but not delivered in any month to be 
delivered at future times, or in extreme circumstances, for the 
Corporation to take over operation of the plant if necessary to avoid 
interruption to its gas supply operations. 

Se?arate pumps "1111 deliver LNG from the storage to Cor?oratlon 
revaporisation facilities and to CIG's interchanger. CIG has the 
right to take 1..~G from storage at rates up to 110 tonne per day. 

The maximum pressure required (or gas delivery into the ~G plan~ 
is 42 bar and the Corporation can accept some gas into its distribution 
system do-~stream oi the City Gate at 8 bar. Thus there will be a 
considerable a~ount of energy available from the expansion of gas ard 
maximum use will be made of this for electricity generation to 
supplement the power to be supplied for the operation of the complex 
from the State electricity grid, ...,hile the cold expanded gas ...,ill 
provide sorne refrigeration to assist gas cooling for liquefaction. 

The Corporation will pay CIG for the gas liquefaction service, 

. . 
firstly by a rental charge related to the capital ccst of the 
liquefaction plant and secondly by a charge on each net to~ne of 
L~G delivered ...,hich is related to the plant variable cost. For the 
above purpose the capital cost of the liquefaction plant ...,111 not be' 
its actual cost, but a lo•cr fisure ...,hich takes into account the
savfnss the parties achieve by cor.ibining the:ir plants instead of 
huilding se:parately. !n setting up the arrancc::ie:nts for construction 
open tende:rs \./ere called for the Uqucfr.ction plant lo e:nsure a 
proper cost basis. The Corporation also called open tenders for the 
J.~G storage and vaporisAtion [acilitic:s and the sar.ie procedure "Was 
adopted by CJG in relation to the interchanger and ASU unit. 

At the end of the 15 year contract period the contract may be renewed, 
or CIC may remove the plant, or the Corporation may purchase the 
plant. · 

.) 
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The asree~ent provides for close operational co-ordin•tfon bet~ecn 
lfquc!actfon and 1torage and the plant instrumentation 11 interconn~cted 
to ensure safe operation, for example, to prevent over-filltn: of the 
itura&~; an~ ~=~h p:1t; h~: r!sht~ cf !n~pect!cn cf the cth~r·~ 
facilities. CIC vilt control the pump delivering ~G to the 
i~terchanger, but all tank operation•, including_cr.aintenance of all 
pumps will be under Corporation r.onlrol al operators 0£ the storage. 
Both plants will be continuously inanned - CIC'& operator• 
controlling the liquefaction·, interchanger and A£U plants and 
tanker loading of air products and Corporation personnel operating 
the ~C storage and revaporisation equipment. 

The establishment of a joint operation will result in substantial 
operational and cost advantages to both parties. The combination 
was possible because of a match between the production requirements 
of the two organisations and the availability of a single site 
having geographic and technical features suitable to both operations. 
The use of LNG to provide refrigeration for air separation, the 
sharing of site utility and other ser~icea and the improved load 

-- ·- · · -· · · factor on the LNG -plant wi 11-reduce costs well below those for 
separate plants. Both partie£ will benefit from a sharing of the 
reduction in costs and their involvement in a flexible scheme 
using proven technology. 11te Corporation will gain the assistance 
of a partner experienced in cryogenic plant construction and 
operation and the benefit of a higher delivery rate of U~G. while 
CIC will benefit from the availability of a very large store of 
refrigerant material and a simplified production process. 

The total capital cost of the combined scheme will be approximately 
$30 000 000 Australian, with each party contributing about half. 
In t~e Corporation's case this is more tban the original estimate 

·-;,f cost.of'providiris'its 0\.-n 'total "L~G facility, but the actual cost 
has escalated greatly because of the effects of inflation over the 
intervening period and changes in the technical requirements of the 
relevant Government Regulatory Authority from those assumed in the 
original estimates. Although greater than the original figure, 
the Corporation's fnvc~tment will still be con~iderably less than 
if it had acted alone or adopted other r:icans of meeting its increased 
gas df:::'land. 

Figure 1 is a simplified dia&ram of the combined sche~e. 

3. TiiE SITE 

Having regard for the intended duty as a combined peak sh:iving a:id 
security st.orage facility, it ... -as, necessary to locate ti-le J..!':G pla:ot 
close to the ?-:elbourne n1Hropolitan area and •.dthin rc.Jso11:ible 
reach of. suitable point& for •·ithdra .... al of gas for liq11f:faction 
and rc-inje~tion for p~ak sh:ivins and other purposes. The 
Corporation alrc;\dy o ... ·ned a laq;e area of l<>nd at D.•nce:nong ... ·hich 
inc·1uded the City Gate instAllation. This pro...,c·d to be i::uiu1ble 
and superior Lo sll other alternatives for the follc~ing rc3sons :-

; 
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1) The Corporation land ~as approxi~~tely 800 metre' square 
and although it accommoda(es other facilitlei it was 
possible lo loc~te the 1..NC ~torage and a&sociated 
i•cilitie• with ad~quat~ c!~~ranc~ 
boundary and other installations. 

~I ... •----•- •L
U.&..OL&ll'9~ ~'"' ,_ .. ._ 

II) Connection distances to the gas system are minimal. 

III) B~cause o{ the large volume o! gas passing through the 
City Cate the blending o{ gases vith minor differences 
in characteristic• - particularly calorific value -
during peak shaving will not constitute a problem. 

IV) The City Cate is continuously manned and the normal 
operation of the Corporation's &ection o~ the I...~G 
facility vill be safely supervised w1 c~out the employment· 
of additional personnel. CIG's plants will also be 
continuously manned. 

V) .Beca~s_e ,the gas for liquefaction is derived directly 
from the te'i'mirial ··c:d · t'.he Longford to Dandenong pipeline 
a significant proportion of the energy required for 
plane operation can be obtained [rom gas exransion; 
in addition, the cooling effect during eY.pansion 
contributes to t~e refrigerating process. 

VI) The surrounding land is zoned !or industrial use and 
agreement has been obtained that the zoning will not be 
chaneed to residential. Thus the boundaries of the lar.d 
are a long distance from any dense residential development. 

4·~· -· TiiE 1:.1 QUEFACTI ON, INTERCHANGER AND ASU UNI TS 

CJG coaunissioned Cryoplants Ltd. of the UK on a consultancy ba$iS 
to assist 'With the feasibility study r~r these plants. 

four possible basic means of intc:gr~ting the duties of natural gas 
liquefaction and air separation wtre considered :-

I) LiquefAction of natural gas alone in th~ main liqucfa~tion 
plant, with liquefaction o~ nitrogen 3gainst evaporating 
l.NG in a separate interchanger as re~uired. 

II) The reverse of case (1) namely liquefaction o! nit~ocen 
alone in the main liquefaction plant, ~ith liquefaction 
of nat .. ral gas A&Ainst cv;;porating ni trog<:n in a 
se:parate intercl.angc:r as rc·~uir£>d. 

Ill) Liquefaction of either natural gas or nitrogen as 
alternative duties of a sincle liquefaction plant. 

IV) Co-Uq11c:fAction of n;itural gas and nitrocen in parallel 
streams in a single liquefaction plant. 

For safety rcaso~s oxyecn an1 hydrocarbons would not be processed 
in the sarr.e unit so that in all cases liquid oxygen would be 
p?ot'uccd scpnrat cly by 1 nt erchance 'With cvaporat i ng nit rocc:n. 



I Approaches (111) an~ (JV) were both eliminated, e&5entfally because 
the thermodynamic properties of n1trogen and natural gas are 
sub&tantially differcr.t and any cycle designed for effic!ent 
liquefaction o! one vpuld not ef!1c1en~y liquefy the other. 
In addition, scheme (III) suffers from the di&advantage o! much 
higher capital costs while &cheme (1 V) is eucntially 1a:practical 
because o! th~ variable and unpredictable nature o{ the pattern 
of demand for LNG. 

Approach (I) was preferled to (11) because the economic advantage& 
of a combined scheme largely depend on running the LNG plant at 
full load for extended periods to m~~imi&e operating efficiency. 
To achieve th.i & using scheme (JI), substantial add! tional liquid 
nitrogen storage would be required,to provide sufficient fleY.ibility 
to meet the full range of demand£ for both parties, whereas in· 
scheme (1) this flexibility is provided. at much less cost by the 
LNG storage tank. Moreover, the.operating cost advantage of a 
joint operation for air separation depends largely upon producing 
liquid nitrogen at a lower net po•er consumption than in conventional 

~· 'liquid.riiCrogen·productfon pla~ts. This is ac~ieved by using a 
mixed refrigerant process (?-'l1~) which has a significantly 10\.ler 
power consumption than a nitrogen eY.~ansion cycle and a higher 
efficiency when liquefying natural gas, for which it is ~ell proven, 
than for nitrogen liquefaction. 

4.1 THE LJQUEFACTION Pl.ANT 

The liquefaction plant wa& dcsign~d for a natural gas feed at 
42 bar and 300 K with the following typical composition :-

He'.hane 90.14 mol 7. 

Ethane 6.46 

Propane C'.61 

!-Butane 0.06 

n-Butane 0.07 

i-Pentane 0.02 

n-rcntane 0.02 

c6+ 0.03 

Nitrogen 0.76 

Carbon Dioxic!e , . 81 

OX)'f;C:O 0.02 

~;.1xJmum levels for ca .. l>on dioxide, sulphur co~pounds, 1..:ater and 
benzene were a~su~~d for design purposes. 
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The U:C product haa to conform to the Game major specf(JcationG •• •'-·, __ ,.ft •• ( - ... ,.. ......... ,,.. .... , .... ua1 ... 'li'. c;.n - /.n QC. "'''-3 '-·' 
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and ~obbe Index 46.00 - 50.80 MJ/m3 (st) and the nominal product 
composition was taken as -

Methane 94.00 aiol 7. 

Ethane 4.89 

Propane 0.25 

Nitrogen 0.86 

The plant uses the MRC cycle, a cascade refrigeration principle 
with a single multfconiponent refri~erant and a series of five 

-partial conde~sation steps. The refrigerant is a mixture of 
nitrogen, methane, ethylene, propane and butene. To avoid 
blockage in the low temperature system a heavy hydrocarbon fraction 
is separated from the natural gaa. Figure 2 is a simplified 
diagram of the liquefaction plant. 

'·- • J. •• - '· •• '··-Referri'ng 'to Ffgure ·2,- J~lie- ri1fturd gas fe:ed is regulated to 42 bar 
and any condensate is then removed. 'I11e let-down portion of the 
gas, tbout 707. o! the total input, then passes to a water re~oval 
unit before entering the CY.pansion turbine and exhausting via a 

• - ~ f :"" f t ,,-; >I 

heat exchanger (~here it provides about one eighth of the cooling 
required for liquefaction) to the distribution system at 8 ~ar. 
The gas to be liquefied passes to an amine carbon dioxide removal 
unit apd .nolecular sieve 1.1ater removal unit before entering the 
cold box ~here it is progressively cooled and condensed. Some 
condensate portions (e.g. benzene) are removed to pr~vent subsequent 
plant blockage and/or to adjust product co~position. The g?.s is 
finally totally condensed, subcooled, measured and reduced i~ .. 
pressure !or discharge to the L~G storage. No l.~G transfer pumps 
are used and no flash is expected at storage tank conditions. 
It is envisaged that the plant ~ill normally be run at maximum lead, 
but it can be turned do\.111 to 701.. 

I. • 2 TiiE ASU PLANT 

. . l• . 

The ASU plant is designed to produc~ the follo~ing products :-

Liquid oxygen - (99.57. minimum) up to 100 tonne per day 

Ni trr)gen gas' (10 vpm·~i maximum) up to 140 tonne per day 

Liquid argC'ln - (0.5% N
2 

r.::i.ximum) up to 3.5 tonne per day 

( 5 7. 0 
2 

r.:I! xi mu .n) 

Referring to Ficure 3, ._hich is a simplific·d di:ii;rarn of the ASU 
plant, compressed air from the Air co1;;prc.:!;sor is purified and 
cooled in re:vcrsfnc bent cxch:ingc.:rs. It .s then r.cp.:ir.~tcd in ll 

double-column rc:ctification systc.:rn into liquid o>:yr,cn .ind .:ircon 
product& and gaseous pure and ~aste nitrogen. The bulk of the 

·"' "'rcfribcration for the plant is provided by injection of nit.roI;cn 
1;qucfied in the 1 ... ~<;/1!·: i11tcrchonger: the rcr.1111.ndcr is 
provfdrd by Bn Air c.;.;p.111..;{on turbine. 

. 
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RefriEcrat!on for the production of lfqufd oxygen i1 6chfcved 
i:.a1nly by liquefying nitrogen from both the high and lov pressure 
--1 .. --p •- •\...- t'-lr/11.• •-•---""'·---- P••r•-- ·-A --•···-c- .... f• .. _ · -.u.auww•• ••• ,._,,.., .... ..,, ... •••r..~• '-''""''•6"'-• UJ v .. ~- _,,,.. • ,,_ ... ...,, ••••·~ • ~ .. ,_., 

the lm: preEsure column a1 reflux. The air C7.pansion turbine 
produces aome refriger~tion from the balancing air •tream of the 
rever&ing heat exchanger and allow• the plant to be cooled 1own 
in a conventional fashion at startup. 

"Atmospheric air is drawn into the plant through a filter and 
compressed to about 7 bar by a turbo compressor. 'nie air is then 
cooled and ~ashed in the direct cooler and delivered to the 
reversing heat exchanger &y&tem. This system cools the air to 
about 100 K by continuous heat exchange wfth outeoing -aste nftrozen 
and gaseous prod1Jcts. Carbon dioxide and \later vapour in the air 
are deposited on the surface of the air passages of the plate-fin 
type heat exchanger and rcsublimed into the w~ste nitro~en stream 
on automatic changeover. 

Air !ram the reversing heat exchanger& then passes to the high 
pressure section ~f the recti!Jcation column where it is separated 
into an oxygen-rich bottom liquid product and nitrogen top product, 
part of \Jhfch is condensed in the condenser-reboiler by heat 
transfer from liquid oxygen in the 6ump of the low pressure column. 
Some o! this liquid nitroeen serve& a~ reflux for the lower column 
and the rest is joined by liquid nitroeen from the intcrcha~ger 
and then subcooled before being e>:panded into the top of the low 
pressure column as r~flux. The uncondensed nitrogen vapour 
passes via the nitrogen heater a~d reversing heat c:xchaneers to the 
inlerchang~r system for liquefaction. 

The rich liquid collecting in the su~? of the high pressure column 
"""r '"' .. is"puri fi ed ·to remove -any hydrocarbon traces, subcooled and 
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expanded via the argon column reflux condenser into the low pressure 
column as feed. The air is separated in this column into gaseous 
and liquid oxygen bottom products, the liquid being removed snd 
pump~:d to storage and pure and "'·aste gaseous nitrogen top products. 
The pure nitrogen passes to the interchanger systera for 
liquefaction as part of.the nitrogen cycle ~hi le the ~aste ges 
passes through the sul>coolcr, nitroec:n he:ate:r and rcv.::rsing heat 
exchangers to atrncisphe:rc. Areon is produced in a separate column 
as indicated in Figure 3. 

THE LNG/L~ J t-;TERCHA.t-.;Gf.:R 

The l..!'~G/L~ interchanger system, 1.'hich is sho"''Tl in Figure 4 and has 
a capacity of 200 tonne/day of l~, produces liquid ~itragen product 
for storAce and also provides th~ ASU plant l.'fth rcfrisc:raticn 
cxtractf'.d fror:. the U~G for liquid oxy(:<:n J>roduction via the nitrocen 
cycle. · Only nit ogcn is us<:d in the interchanecr system and the 
ni trot,<··, prc::;s1ire: is ah·ays grc:atcr than the natural i;as pressure 
to c>lidnate 1hc possi'!Jility of contamination of the air products 
with hydrnc11rbons. TI1c int~~chAngcr systc:m receives pure nitroccn 
from both the liit,h and lo\.; pressure sc:ctions of the rcctificaticn 
col11mn in roughly cq11al smounLs. Both strc1tms Arc CC'-~1prcssed to 
2S·bar, cooled and l.ic;ucfic:d ag11fn!:t LNG; the liquid is then 
s;!ihcoC'1ed by partial f111sldns. The natural tns '"·hich 1s vaporii::C'd 
is coni;':-cHC'd to 29 h01r for: rc-injc:ction to the distribution system 
'"·bile: .iLout h111f the liquid nitrocc.-n p.1:;~c:s to Gtor.1ce 'lnd hnlf to 
the /,Su pl ant. 
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4.4 TiiE CO~SlKED rw-;T SYSTni 

The liquefaction and ASU plants, linked by the UlC stor•ge and 
L"'\C/Ui interchanger·, .. vill conHftute an effective integrat~d 
facility in terms of capital and energy utilisation. lb~ {ac~ 
that the product deir.and is not in balance, i.e. there will be 
spare liquefaction capacity for gas supply purposes a1 in any 
peak shaving scheme and the combinated scheme can utilise thi1 
spare capacity to produce L~C ·for air refrigeration purposes, with 
the I-~G storage providing a buffer reserve of cold for &ir 
separation, made the project feasible dnd vill result in substantial : 
energy savings: the total installed external pover requirement 
of the above combined scheme vill be only about tvo thirds of that 
vhich vould apply for separate plant&, i.e. a Corporation owned 
150 tonne/day L~G plant plus a CIC 200 tonne/day liquid producJ:• 
ASU plant at a different site. 

5. L.~C STOP.ACE A.~D REVAPORISATION PUNT 

·After carryi'.ng out a stud.y of vorld practice the folloving \:&S 

originally adopt~d es a basis for design of the storage vessel 

. • : 'I ~·~; I -.· ,. .. 

Above-ground tank of conventional design and construction 
in accordance vi th American Petroleum Institute (API) 
Standard 620 vith a single bottom connection and an 
internal shut-off valve • 

. :.. . .. : ~- .. 

Minimum Design Standard National Fire Protection 
Association (NFPA) 59 A - 1975. 

A conventional earthen dyke "dth a sump o! capacity 
su!!iderit to hol"d the NFPA "one hour design spill". 

Tile Corporation engaged Fluor Australia Pty. Ltd., to act as 
general engineering consultants for the storage and revaporisation 
facilities and in addition, to ensure that tha puilic and adjoining 
facilities ~ere adequately sa(e~"\Jarded, Univ~rsity Tngineers Inc., 
(no~ renamed En~rgy A~alysts Inc.Y of Nor~an, Oklah0ma ~ere engaged 
as specialists co calculate va~our di~pcrsion and heat radiation 
from fires r~sultin& fror:i spills of various sizes and to make 
appropriate rccor.:..e:11d.1lions for ovc:rall safety. 

Jn accordance ~itfi local pra~tice, an Environ~ental Asscss~cnt 
St11tcmcnt ~as prepared and advertised throush t~e dppropriace 
Sl3te CovC;rnr.icnt ?-:ini scry for objc-ctiol"l or cor:::':lent. No objections 
~~re rec~:v•d and accordinsly, t~crcafter it ~as necessary to 
deal only ~ith the t~o Re:Gulatory Authorities ~hose nor~al 
rcsp0nsihilitie~ e:mbrace the settins and policing of e:nglneerfng 
standar~s for such in~tallation~. 

Tiiere ... ·11s acrccmt·nt ... ·ith the aprrc-pd.1tc Rcgu1atory Authority 
that for this site 1~ ~as J~sirablc to r~strict the ~aximum 
allo"·.Jb1e bound:iry heat f111x in the e:ve:nt o( c~tast.rophic L::G spill 
.&!'Id fire bclo\.i t:he limit nominatC"d in t·;J;l'A 59 A, but delay ... as 

·· cxpcricncC'd in reaching asrcement on an actual !icurc and on va~our 
cUspcrs;,l H·qujr1.;mcncs. 
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4.4 nf[ C:OMSl?\ED rw:r SYSTDi 

The lfqueiaction and ASU plants, linked by the I.NC stor•ge and 
LNC/Ul interchanger, vill constitute an effective integrated 
facility in t~rms of capital and energy utilisation. The fact 
that the product dc~~nd ia not in balance, i.e. there will be 
spare lfquefaction capacity for gas supply purpose• •• in any 
peak ahaving scheme and the combinated acheme can utilise thi1 
spare capacity to produce LNG fdr air refrigeration purposes, vitb 
the I.NC storage providing a buff er reserve of cold for •ir 
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separation, inade the project feasible and will result in substantial · 
energy savings: the total installed external paver requirement 
oC the above combined scheme will be only about tvo third& of that 
which vould apply for &eparat~ plants, i.e. a Corporation ovned 
150 tonne/day l.NC plant plus a CIC 200 tonne/day liquid produc~a 
ASU plant at a different site. 

5. LNG STORAGE AND R.EVAPORISATION PI.ANT 

--- - - - - -1 - - -After carrying out a &tud.y cf Yorld practice the !allowing vas 
originally adopted as a basis !or design of the atorage vessel :-

Above-ground tank of conventional design and construction 
in accordance vith American Petroleum Institute (API) 
Standard 620 vith a single bottom connection and an 

• ~ 11 vn·~~- internal shut-off valve. 

Miniinum D~·sign Standard National Fire Protection 
Association (NFPA) 59 A - 1975. 

,. 1 -:-- a ·-

A conventional earthen dyke vith a sump o{ capacity 
su!H derit to hold the NFPA "one hour design spill". 

. t' :~ . • • I - I 

Ihe Corporation engaged Fluor Australia Pty. Ltd •• to act as 
general engineering consultants for the storage and revaporisation 
facilities and in addition, to ~n-ure that the public and adjoining 
faciliti~s \.'ere adequately safeguarded, Cnivc:1sity fngineers Inc., 
(now renal'!'1f:d En<::rgy An3lysts Jnc.) of Norn~an, Oklaht·rn& "1ere engaged 
as specialists to c:ilculate vapour dispersion and heat radiation 
from fires resulting !roro spills of various sizes and to make 
appropriate rC'cor.:..e:nd3tions for overall s3fety. 

ln accordance \.'ilh local praLtice, an Environmental Assessment 
Statement vas prepared and advertised through the appropriate 
State Cove:rnmcnt Ministry for objc>ction or cor.:.-.ent. ?\o objections 
~~re rec~iv~d and accordingly, t~crcaftcr it \.'as necessary to 
deal only ...,.5th the t1..·o Re:gul.itory Authori ti cs •.:hose nortr.al 
resp0nsibililics e:nibrace the selling and polidr.g of engineering 
standar~s for such in5Lallations. 

There ... ·as ai;rc.-<m(·nt • • .'i th the appr('lpri ate Regul story Authority 
that for this site it ... -as .lc:sirable to rc·si.rict the n.axirnuro 
ailu\::ible b._,u1Jdary he-at flux in the e:ve:nt of catastrophic u:c !;pill 
and fire below the limit nominoted in NFPA 59 A, but delay was 

.... • cxreri cnced· 1-n rc3chi ng agreement on an actual f1cure and on v11;i.:iur 
di_>pcr~nl rc·quirc.:mcnts. 
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At thi1 lime, the U.S. Dcrartmcnt of Transportation, O!!fce o( 

Pipeline Safety Operations, reie•&ea its Aovance ~oLicc of Proposed 
Rule Making, 49 Cnt Pl!rt 193 "l..~C facilities: Federal Safety 
Standards" and alth~gh it was recogni5ed that this was nor yet an 
establ15hed Standard, the propo5al1 therein naturally influenced 
the Regulatory Authority dealing ~1th these que~tion•. Tile 
Authority then engAged the service• of A. D. Little Inc., o! 
Bo5ton, USA to assi1t in the decision making process. 

Finally, it va1 decided that a maximum heat radiation criterion of 
14.7 MJ/h/m2 at the property boundary 5hould be adopted for the • 
catastrophic spill case after making allo•-ance for atmospheric 
radiation absorption and assuming that the flame was being blown 
by a 32 km/h wind dir~ctly to~ards the clos~st property boundary. 
~'hen the A. D. Little computer programme •-a& used to check the 
design, a reduction o! the bund surface area was shown to be 
necessary to satisfy this criter~on. 

As a result, the storage tank which is of ~Sm diameter, will be 
·r-...... ~ .. ~ ....... ,_.....,. ... _ · ·surrounded··by·a ·rei:n(-orced-ooncrete dyke 70ai in diameter, high 

enough to hold 120i of the I.NC storage capacity and with backfill 
against the outside of the wall to a height greater than the 
level represented by 1001. tank capacity. The bund contains a 
sump which would hold liquid discharged iroa the L~G pumps for 
t._.enty minutes at lhe ir.aximum pumping rate before the liquid 
l~vel r~ached· the bottom of t~e slop~d base of the general ~yke 
area. 'l1le base of t~e dyke and all of the sump will be lined 
vith insulating concrete to reduce the rate of vaporisation and 
spread of flammable vapour in the event o! spillage. 

An extensive system of gas leak detectors coupled to plant shutdown 
- ·an·d alar~ devic~s 'is· befog' provided togeth~ with 1.."IG spill level 

detectors in the sump and dyke. In case of catastrophic I.NG spill, 
manual and automatic vapour ignition is being provided together 
vith extensive !ire contr~l and !ire fighting equipment. 

Also, as a result of A. D. Little's advice it was d~cided to amend 
the LNG storage tank design ·to eliminate the bottoin outlet with 
internal shut-of{ valve and to adopt instead in-tank submerged 
1..~C pumps. TI1c:re 'Will be no C1utlE:tS from the inner tank below 
the rr.a>:imum I.NG level. 

Under Victorian law this l-~G tank, ... ·hich is an orthodox double wall 
aboveground metal tank, is classed as a pressure vessel arias such 
is subject to the l!pproval of the scC"ond Regulatory Aulhority ... .-hose 
responsibility e:~L1accs boilers ~nd prC$Sure vessels. 

The critical factor in the de:te:rmination of ._-all lhickncss ~or 
the lowc:r rinss of the tanks ~as the s~ismfc load dc!ign criLerfon. 
It was oricinally considered that in view o! this m~r.in in ~all 
strcncth And the Corporation nondn<ilion o{ 1007. r:idioLr.:irhic 
testing of al 1 inne:r lank shell .... C'lds, that ful 1 hc:it;ht hydrostalic 
testing would not be ne:ccssa.ry and a t<'St lcvc:l o! 78i. o! r.;.:ixim\JIU 
I.NC level ._.ould be ade:qi1a le. Ho...,cvcr, lhe finally aeret"d dcsicn 

__ ,., ~pr6vfdcs ·ror full hcicht hydrostatic testin& and the lo1.1cr rings 
o} the inner tank and concrete rin& !ou11rlatfons h:ive bC'en 
strcnLthtn~d acrordin&ly. 



I The 11\Ain LNG pumping 1y5t~m coniprisea three 504 c•p•c1ty submersed 
unitl whf~h ~ill deliver at 29 bar to two 50 tonne per hour 
eubmcrscd-combuat ion type vapod 5er•, the rcvaporl ~ed gas pa u• ng 
direct to the dfalribu.tion ay5tem. A separate smaller submerged 
pump will deliver I.NC to the interchanger and there i• provision 
!or a road tanker loading pump i! required in {~lure. 

CONCLUSION 

The particular circum5tance1 of thil installation created some unique 
design problems. There wa1 the need to take ma~i111Um advantage of the 
opportunities for economy presented by the joint operation, but • 
cautious approach to safety ~•• required on the part o! all concerned 
and this signi!icantly a!!ected some o! the basic design d~cision1. 
This will be the firat LNG storage in Australia and there were naturally 
various opinions on the hazards involved and means of reducing these to 
an acceptable level. The result, ve believe, will be a sound and safe 
installation. 
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The need !or energy conservation in a world of shrinking reserves and 
higher prices is not ope..~ to ce~ate, and in i~dustry wasteful use of 
energy is not only in denial of tl:e national interest, but it is unsound 
b\;Siness practice leading to higher costs and lack of competitiveness. 
The ?ractice o! energy conservation gives im::-~diate gains from the most 
basic applications, t..~rcugh t~ the exercise of the lat.est techno1ogy, 
and ! would like to relate ·"hat we cave doae as w~ have followed this 
i'a~"r.iay. 

_,....., .· 
;,; "J 

Energy conservation in a highly technical industry like the che:nical 
ir..du:itr,' !'las ah:ays !Jeen practised in the inte:::-est of economy, particularly 
~here eneri;y is a signi=icant :::-aw material, for example electricity for 
electrolysis in tha ~n~fac':·.i.re of chlorine or as naphtha/LPG, as a :ee-:;
stock for ethylene, propylene etc. Of cou:se energy is used in ~any fo=ms 
other t:han in these i..'npo::tant raw mate=ials and in 1978 ic was seen that. 
':.'":e:::-e •,.'-'!s a ~(!~d to o!:ltain a ::lear understanding of this complex picture. 
riccorci;,;i_~, .:i c::;:-p~rate ~:'le:::~y survey was u."ldertaken to determine the ;;sage 
:Jf all =:::::!::'.jy in al:;_ :a:::'.:crias and company esta:::lish .. ':!ents with the ?ri~e 
_?urpo.;e r;_: su-;gestir:; a s~a':egy for energy cons=r:ation in the future. 
;. co=.s:o=~ ':~ e::ergy sur-,,rey i:. a company of ocr size ;;ould seem a daunti:~g 

task, but ·.:~s ca=ried out ~y tW'O people in abcut ewe :nonths with warm 
su;:i?or.: frc::i all le•:els of ma:iagernent i.n all centres. 

"nle sur:ey reveal9d chat the energy cost excluding petroleu::i fractions as 
feedstocks · . .-~:; 5~ of t!-,e sales vali..:.e of ma.n~fc:ci::..red .:;.coducts and lJ~ .. o:: 
t.he ac:::eci ·:alue. !~ was "CecCt1.:ne:-.ded and ag:ce.:.;:l t:1ac a corporate er.e!"gy 
~anager be ap,t:.ointed i:. J.n a.iviscry capacity a~d t'.:-.at energy coordina':c:-$ 
be ap?oi~t2c in eac~ facto:"/· A corporate target oz 5\ energy reduc':~:::n 

i;i the ti=-~~ ~'ea: t:as a.cc~;:~ed.. !t w~s reco;nised t.~at: surL=-.:Jr~ !re:; se~ . .:..=~ .. 
~a::aqa.~en t -.:a$ ·~::se:l ti~~ f~ ~ a success=:.i: enerc;y =cnserva cion ?~:o·:;=Y-::-::":e ~nc. 

3.i i:"".=:-~asa i.:1 ;l: .. :a_·.:?:-.·2ss ~t;:t ~e ;cne:a~e= a~ a.:l l~vel.:.;. ':'he d:.ities ~= 
t.~g =:.::-pcr.:?.te ~~c=c;i· :r~:.:i..~;~.!: :.:"'.cludarl -:.~d p=e:;..:.:&::.•.::!.on of en~l:'gy cci"!se:-\'~:.ic:~ 

?r:,g:-a-i.;.~a.J.- ::-~on:.:.·~=i~·.; :;c::Z~:T.:~~r:e, ;,~:ic.:.~:, .::.:-i:: :lost. i:'l::-.:u:t.ant.ly, t.~·:: 

!': p.-!.:!.S :-=aliscC "::::...~ .!.~ :~t..!l.Jl.is!1ing a:l e~E":!'g'j' CC~S£;!'9.Ja~ion prog=ar.~e t~~=-~ 

was ~ :ie:ed :.o se': '::.'.'.~ •.;!" • .:.ts ;;f en;;:rg:t '..!Saqe; th~ ~Y?e an<! f:equer.cy of er:e=:;:: 
a:.;d:.':~;; c~;:ita.!. f..;:-,cs <"-'1a.:..!.~le c:t wha-: ter::is to i::lplement energy savi:-.S' 
;r::.>?~~a.ls; :i=:.d a ~·...i.:;l.!.cicy r?=cgra=~e cr.H.=.iJled ·,:it..h 4:.he need to chani:;e -=~~~~s:..s 

':c sust'iin cf:e::':.i·;e i:'l::.e:es~. We inven':ed a c:-iaracter called E=:-iic-".';-'.!a:.;t~ 

ar.d hi.s che::r:: fa:-:e ;~·;e ~nc::.;;:::-age.."nen': i:1 ou.i.· f:rogtarr.::"1e du:::-ing ::.'"le ea:-!.y 
5~~g':!S 0 f t..,_~c C:!...'7l:_;C' • .!.C):i. 
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The energy conser-;ation progra.=ncie is now prepa:ed annually, based on 
buc:i;et and target values for energy usage provided by the factories 
for the various energy consuming centre:;. 'fue energy efficiency i'"!. G.: 
per unit. of production is a critical figure a."ld is monitored monch.iy, 
~ether with the energy consumption and th~ trend against expected 
perl:otmance. 'l'he data is entered inm a computer data base at the 
fac";ories, analysed cent=ally and t.'l~ resulcs distributed back to ~~e 
factories and to senior oanage!:lent. The programme al~o contains 
details of energy saving projects proposed by the factories and progress 
is reviewed in t.~e fo:cnal ha.if yearly repcrt. Recently, a brief quarter::.: 
review on progress ~wards the cost target has been prepared for senior 
management. The use of the! c:!ata base has removed the clerical tedium 
a.rid allowed more ti.me to be spent applying technology. The development 
of this organisation supported our progress to what we believe to l:e 
four overlapping stages of any energy conservation programme. 

In t.'1.e first phase of an ener;{y conservation programme obvious waste 
would be eliminated using established technology. Improved housekeepi;:;g, 
for exal!!Ple, better maintena."lce of steam :nains and traps, is an esser.ti.al 
component of t.'lis study, whic.'l should also L'"lclude examination of 
ir.sulation, arresting compressed air leaks, and the correction of 
suboptimal process controls and accountinq procedures to highlight costs 
and perhaps alter internal emphasis. 

In the second phase, witilout moving ~ new techr.ology, ~ere ::iay be 
conversion fran one energy foJ:m to a:rother, someti.I:les encourageu by the 
Government in. the interests of conser-.ration of partic-.J.13.r fossil faels. 
In this country encouragement was given to industry to change from fae.i 
oil to coal, or in some cases to natural gas, and we would see a fur~her 

application in t."le use of waste heat in low t.emperature applications. 
There may be greater scope for solar energy for low temperacire water 
heating. 

'T'he t.11ird phase is the use of new tec!'l:rology. This will allow une.""<pected 
gains but requires technical sophistication not only by those who in.:=od~ce 

the new technology, but by those who must apply it. Encouragemen~ :.s 
required by t!'",e promoter, to develop ui attitude of acceptance by the user. 
In this country support for worthy projects may be ~btained fro~ the 
Govenunent, and we have been fortunate in our work to gain this support 
in a number of cases. It is common knowledge that there is a reluctanc:? 
to use new technology, and for th13 reason ! believe more attention sho~ld 
be given to 'Che traini.nq of users of new technology, to enable them to 
assess the proposals of a scientist expert in ~.is field. 

The technologies we have e&.:Jraced include microcomputer/microprocessor 
systems for better monitoring and control. rn chis connection we ha•1e 
devised a system of monitori.nq the maximum electricity demand at. our Botany 
complex whic.~ allows operators su!ficient time to take corrective ac~ion 
to avoid exceeding the aqreed max.U:ium and atttactinq penalty charges. 

Perhaps the 11\ost excitirq and advanced develo;iment. at aotany has been what 
we call t.'le Sit:e ?lanr.i.nq ~d. This is a. computer package which has been 
progrcmcied fir3tly on t!i.e oasis of all st:oraqe anii production constraints 
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or the site, and seconCly to provide i~forma.tion on the canner of 
operation tor the optimum :.ise of .. .nergy. The s:.te production programmes 
can be altered by use of a light pen on a colour vou screen where 
daily, weekly, a.1d si.""<-weekly basic programmes can be .. isplayed. ~e 

use of the light pen can ch~-ige the programz:ie accord.it; to the demands 
of the market place, and whr~n the best production and storage prograltl!lle 
has been obtained, the energy programmes can be accessed. The u~e once 
again of the light pen in :-espect of the energy programme can choose an 
energy configuration for t."le si-::e which, coupled with t."le 9roductio
p:ccgramme, will provide the minimum cost operation for the condit.i..JllS 
applying on t.'"lat day in relation to market requirements. The final 
programme evolved shoul.d allow operation of the whole site in the most 
econcmic maI".ner for the production and storage of .:iateria1s and the usage 
of all foi::ms of energy. 

We have found particular use for mathematical modelling to predict. energy 
requirements and we have used optimisation methods to improve efficiency. 
!t is in trus area that we have used data reconciliation studi~s to 
identify "losses" in energy reticul.ation circuits and to establish the 
accuracy of a!tering equiiiJ!l~mt. I•1 most recent times we l:uve used 
non-linear crogramning, a relatively new technique as opposed to ~.inea: 
proqr~ng, to prepare cost ai1a.l.yses hith~to not possible, but most 
particu.1.arly to programme the operation of the Steam and Power Pla.nt at 
the Botany complex. This programme which will !Je interactive '#it.'1 the 
operator, will minimize fuel u~ge and p1..1.rchased electricity costs, while 
oeeting process,_ stea:i ar.d water requi.re!:lents a.nd equipment const.rai~ts. 
In future we hope t::i couple t."lis programme into the Si~ Planning Aid 
mentioned above. 

Another technique, about which :ny colleague Mr Davies will speak in greater 
detail, is what: ..,e have termed the second law of th~modynaau.cs a.-ialys~s, 

or L.i.nnhoff technology after Professor Linnhoff, formerl~· of Ir.I UK who 
brought t.'1.is technology to the attention of the engineering ...orld a few 
:rears ago. We have trained 24 of our ca::1pany engineers in this fielC., and 
a year ago conducted a two-week course with the Universities of Sydney ~=-~ 
~w Soutl'l Wales under the chairmanship of Professor Linnhoff. We see 
great opportunities for this technique in Australia, not ~nly i:i t!"'.e 
design of new plant but in the imprc.veme11t of existing plant:. It is 
particularly useful in that sophisticated computer methods a.re not required, 
and it provides an understar.dinq of t:'le limitations of tha process and 
allows the :iesign of t.'le i.core ideal, in the the...-modynamic sense . 

We have also introduced int:-a-red i.maqi:iq to identi!'y heat losses, a."'ld 
insul.ator weakness, for evmple, and we will expand this techr.ique in the 
fui:ure. Ot:her interests include more recent computer programmes being 
developed overseas which we hope to use in our energy conservation 
prograi:me. 

These new technologies ;,ill reduce the energy usage in cu=ent methods 
of ope:-ation, ~ut open t.~e question as to whether the process can be 
operated in a different fa.!iihion to use less energy. This is particularl:r 
importa.,t in this recession when the base energy load ass\ll!\es a greater 
ir::port.?.r:ce at lc· ... ar p:-cdu.ction rates. We have used the tern "low ener·:r:' 
mode oz cporJ.t.:.Cn" al".d ;:ecoq:-iise tl1a.t it r!?q:..iire:: a considera~l.e .. P.c:ini.c:il. 
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effort by staff, foremen and ope:ators to de•rise and use a 11ew operating 
technique replacing that used for a number of years. We recognise the 
need to maintain safety and quality, but really must question all aspects 
of our operating techniques. For example, must the reflux of ~t 
distillation column be at that rate for so long, or is the crystallisation 
tempera~e profile ideal, or do we need to pump this fluid at such a 
volume for so long, and must that refrigeration system be run so cold? 
Finally, in the field of new technology we look forward in the longer 
term to the use of solar power as a heat source, process intensificatio~ 
to reduce t.be physical size of plant, new ciaterials, and even !llOre prec: se 
conttol and detection mechanisms. 

The energy conservation proqramme was put into operation about four y.aar~ 

ago. Since then, wit.'1 the steps outlined above, we have created an aware::ess 
of the :ieed for energy conservation and introduced significant new 
technology. our efforts have seen reduced energy consumption over the past 
three yea.rs of 5 .8\, 1.6\ and 3 .8,. 

The maqnitude and diversity of energy usage in a lz.rqe enterprise, and the 
availability of technical exper+-..ise does not mean that opportunities are 
not available to smal.lar businesses. !t simply means that the starting 
point is different and the percentage gain may be less, but the value to 
the enterprise is just as real.. The i:itroduction of a prograDDe would 
ri!quire t.'le primary audit, elimination of waste an:i low cos't correction 
of poor operation. Staff must be encouraged w participate, and t.'le lead· 
given from senior manaqement by insisting on targets being set by line 
managers, and by supporting the energy censer.ration programme during i. ts 
currency. Publicit'/ should be employed as applicable at all levels, 
particularly in the early stages. Consultants .:an be used if technical 
expertise is not available, but ccmpany staff should be t:air.ed and 
parti01larly taught the use of the simpler theniodynamic analytical methods. 

Energy conservation is essentially the control of a resource at the lowest 
consuz::.ption level and will be ineffec~al unless one can measure achievement. 
Adequate meterinq equipnent is essential and as tord !<el•1in said inany years 
ago "if you can't measure it, you can't control it". Energy conservation 
in industry is measurement, reduction and control, using all available means 
a1: ou:: disposal. 
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SQ4MARY 

Increasinq fuel cos~ are consuntly deciandinq bet~er energy conse-~ation 
proqrams. This is pos~ible throuqh an increased U."ldersundinq of the 
tundament&l ways in which f'Q9l is used to provide the means of powering 
refinery processes. 

The objective of this paper is to shew that the key e.o succ:essful. energy 
conservation lies with the pre;?&r&tion of ba.lanc:es and studies associated 
with follovinq the qwuitity of useful energy Qrough t.l\e processes. 
Traditional approaehes have followed the amount of total enerc;y and 
this tends to c:oncea.l the loc:ation of the greatest opportunities for 
improvement. 

calculation methods and same examples are also provided, toc;•ther with 
reference~ for further study. 

The problem of •enerqy c:onservation• is actually misnam•i. ::nerqy is 
<:0nsuved by nature, u refinery enqiAeers requluly demonstrate when 
t:hey perfom rout.in• enarqy and materUl ba.lances around refinery uni:.s. 

To be successful. vit:h •enuqy conservation•, i.t is necessa-wy to '.lnder
stard the faiduenta.l c~qes which take plac:e in an oil refinery. 
In the creation of ordered products from crude oil we introduce '"ordar" 
into a. random system and· c:on.equently reduce the ent..~py of er~• 
turned to products. This is ac:cocplished throuc;h an incraase in the 
entropy of the fuels consumed.. The minim.i.sa.tion of fuel u.saqe is 
therefore u:c:ompluhed throw;h system.I.tic: entropy o:onHr.r&tion. W'.h.ii.t 
i.s needed in rafi.neries is an •antropy conservation• proqram. 

The task of th• energy cons~tion e.nqiaffr, therefore, is to 
determine the ru.l enugy requi.rmr.ents am m&tch. th• qu.aliey of the 
e.nerqy source and th9 quality of t:hu requirement so that the ne9ds ot 
the process &%'9 ju.st utisfied and no·111Cre. 

The •im ot th.a pape: is to shov th.At entropy conservation i.s a 
practie&l. tool vhic:h refine:y enqineers CA.Cl uae to systm&tically :ltduce 
r.e!in1try fuel conSlmpticn. EMzcn· (or avail<:J:>ility) b defined as the 
me&AS throuqh which refine.ry processes are a.n.aly~fd .vid oppor~unities 
for ~el ~ons<arV~tion identified. 

'!'~ouqh 1:.1• use '>f '"?roe.us• a. Si.:rulae.:.or:. Science ::ocputer p::og:-am, i:.'1e 
sou.rce of losses and ?rejects !or c:.hei...: red~ce.:.or:. are rea.d.:.ly Ldene.:.!i.C.. 
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I 
IDENTIFICATiaf OP n!Z REAL 'n!ERMAL LCSSES IN 

'1'be first pb.ue of tile work of t..ba enerqy c:ons.r;ration e..-iqineer 5 .. ; to 
discover the rul losses in the refiner/. 

Traditional. uUod.s of th• :-.uurement of efficiency ara of li~Ue 
help in c:aminq to -;rips vit!i 1:!1.is requirement. AD unders~i.nq of 
this prN>l .. u faciliuced. by c:onsidaration of the follovinq two 
examples which a.re bath s°' •ff icient based oc the tradition.l methods 
ot evalaatic.n. 

TWO OIFFERENT BOl.ER EfFICIEHCIES 

BQLER N(lt 

..... 
Am' u. ' .... 

Mz .am .. 

SS~IWC 

'i''' -.... _,..1'& 
IOl.EJ! HQ 2, 

"8•• ) llllSf UW t • .... 

wu __ uca FtiL -
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Alehouqh each is 80\ efficient by t!1a conventional criteria. there Ms 
to be a d.i.f!erenc:e i.n r.U effic:i6nc:y. One of the two is ~:-oduc:inq 
b.iqhly useahle uteri..U. while the othe~ is producing e.cfectively 
practically nothinq. The scheme pr~w::inq wa.n v~ter could easily 
accomplish ~e same result using mucn less !\:el (or less th.an hal! as 
lllUChl by a mm:e efficient methcd, for example. by u.sinq a heat pump. 

The Ame type of probl•. is seen in th.• analysis of ste.w. cycles !lSinq 
condensing turbines. A l.uqa losa is vronqly attributed to the 
coD°!~:'lSer, whereu in r.iality the condenser loss is u:::remely small, 
~ the real losses are elsewhere in the proc:ess. 

There is a requ..iremen~ t:e ~tify the losses in inefficient processes 
and uentify methods f-,r thei: recovery. 

To obea:n a. practical method to A:'Alyse thor.::iial sys-ce:ts ie is ne=esary 
to be able to c:a.lc:ulate the a=cunt of energy in O\\.r sectiC1n which is 
available for use AZld. identify were thtt usetul:less of ehe enarqy ia 
deqraded. To ~c:cmplish t.'lis, we combine tha concepts of energy ~ticy 
(enthalpy) a.ad energy quality Cent:..-opy) • 

In order to app1:ec:iata hov they c:an be c:c::.=ined and utilised, c:cnside: 
the ..ml:>ient Cequil.ibrium) conditicn ic ~hic:h our i)rocesstis are situaced 
and in vhic:l:!. th• crude oil comas in and int.o vhieh t.'le product.s leave. 
It is nec:•SS&%Y to expend ~ to devia.t.e to temperaturl!s or p':'essures 
either higher or lover t~.a.n ambient and t!i.rouc;hcut the refinery thare 
are everywhere drivinq forces tryinq t4' retun the ~y$tui ;,;.o 
environmental te:iperacure and pressu.r.i. 

Define To and Po ~.s the refer~ce (absob:..e) te:perature and prusu.re. 
If a is en~tpy and S b muopy, define exergy ·-

where the subscripts o denote die propert'f values at t.he spec:i!ied 
ref'1rence C:.)ndition.a. (A more complete foa appears in .\ppenclix A). 

Any devi&tion from the reterenc:a conditions rec;u.ires t.he inpu~ of work 
to achieve it; or &l.tern.ati•1ely work could be obtaL'led i.'1 the .:iraew:n 
ot the fluid to the r•t•renc:• state-. The mini.mum work to achieve the 
chanqe is •<IU&l. to th• value of the exerqy 2 at that point and is also 
the ux.i=.ul amount of work which c:oulc.. be c;enuated in the :-eturn to 
equilibru.iJ:a. 

o:>nservation ot Ex•r9Y 

C:>nservati?n of Exerqy do4s noc itXist ~l ~he sa=ie ~ay dS !or :ass or 
enerqy. aut !!.he loues <.:a.n be acc•:>unced !or a.."1d all losses :iave to b4 
P<lid !or in !•.i.el a.nd conseqtte.nt.ly in dollars: 
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C.Cnservaeion of Mass 

.. 

Conservlltion of ~erqy 

EnUf1'.fin -

-
ror An entin refinuy E.ioa8 ia the total raffnery fuel .in up.nsive 
o ' diey vtlicb wll ju.ti.fies 1:.h• llS• of iDDA complex Mt.hods for its 
sydtam&Uc: reduc:tian. 

Efficiency - !l94.l E!f ic:iency 

• 

Procesaas such as cha one sh.ovn previously i.n wh.ic:h the boiler is 
qenerati.nq V&CD vatar - reveal the.U lov t.n• •fficieru:iea by th.is 
meth,,,-S: 



TWO DIFFERENT BOILER EFFICIENCIES 

BOILER N0.1. 

Ho= 0 
Eo = 0 

5.594 lcg/s 
BFW __ ......,-+-' 

~ ttt t 

PRODUCES SLPERHEATEO HIGH PRESSURE 
STEAM 

FIRST LAW 1 = 80 % 
~O LAW7 = 43.2~. 

H2 = 20.257 MW 
E2 = 11. 093 MW 
16.S MPa. 835° C 

SLPER I-EA TED STEAM 

28 .. 100 MW~FIRED FUEL 

BOILER NQ 2. 

Ho =O 
E0 ~o 

969~9 k I~ 

WATER AT 25°C 

PROOUCES HOT WATER. 

FIRST LAW 1 :.: 80 •t. 
sa:.cNl LAW f = 0. 65 •/, 

H2 = 2'1257 MW 
E:2 = 0. 168 MW 

WATER AT 30°C 

28.100 MWHHV AREO FUEL • 

- THIS IS AN EXTRe.E CASC, BUT rT MEANS THAT THERE ARE ~CH 
BE.TIER WAYS TO PROOl.CE LOW TEMPERATURE HEAT THAN USING 
FURNACES. 



'!his type of analysis directs the ener9Y conservation engineer to look 
for a be~tar mthod to satisfy the enerqy (.exerc;y) reqairement. An 
example sbovinq what this amounts to ap-.e:AMS in Appendix a. The 
application. shown is a domeseic example vhich is mo1:e ea..sily under~tood. 
There are many a.nalaqous applications in the refinery. 

Exerqy Losses 

'Ih• really larqe. as vell as th.e eaaily recovered. losses a.re not 
readily identified; or at l~ ttey c.umot be qu.mtified by th• 
traditionai m•thods. They are caused by •izreversibilities" and same 
ami:xJ1t of th• is nec:essa.ry to driv• the proc.ss. The success of our 
so called enerqy c:ons~tion. programs are a measure of our success in 
reducinq 1±• &:id in distributinq them more evenly. Some of them are 
listed belov. 

Drivinq Force/LOss 

COmbu.sti011 by c:h•ical 
reaction 

Beat transfer by temperai:uze 
drivinq force 

Meehanical friction c~used by 
motion 

Electrical rosi.stanc:e losses 
resul ti.nq from potential 
di!'terence 

Throetlinq by pressw:e d.:ivinq 
force 

MUU!q by c:oncenuation drivinq 
!ore• 

There a.re ZMny othus. 

Example 

F~ed heaters and boilers 

Diffennc:e bee"'een flame 
t•mperature and process 
fluid in f u:naces 

Temperature .Jri.vinq force 
iA hut exchanqers 

Pumps, compressors, 
tur.!>ines 

Electric conduits 

Control valves 

Blendinq 

USUAlly, the .aurce of th• 111.Ajor losses is not obvious. Al1 exerqy 
a.nal~·sis identities the problem a.reas. 
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Identityinq the Major Losses - The Exergy Analysi~qan.d calculations 

To explain the exergy ;nethod, a..'1 analysis is perfo"C?ned on the 
follovinc; {relatively straiqh.t forward) example. 

Details of the actual calcul~tions appear in Apper.di.x c •steam 
Paver Plant Exe~qy BalAnces. 

80IL£ll 

T 

) 

2 STEAM 
TRAP 

l 

SOILLR rem ,,,, 

lOCD ld'a 

CXTRM:T ICJI 
TURBIN: 

TANC <JI 

' a nt:Jt >0 TIHC 
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P'rom t:h• Oa..lances the !ollovinq diaqrair .. SUll:Zl&ris.: ':he results: 

BOILER AND STEAM ENERGY BALANCE 

E LOSS :0_11~ 
QLOSS:O 

2000 kPa 
Em= too KN 

w = too trrN 

~ H :2S.ll t-fN 
E :215.70 

'=2!% 

E3: 8.93 MW 
HJ: 26.S7MW 

Q :: 5. 6 2 trr'll 
LOSS 
E = 17.09 MW 

LOSS 

E11=8.~9 

1QXJkPa 4 

E4:'Zl.8 MW 
. H4:25.57 MW 

t MW 

Q :tlOS 
TRANSFERRED ....__ _ _.. 

2 
..,..._ ....... "--_ .... 5 

1 
E1 :t260 MW 

t 
Em~0.02 MW 
w =0.02 ~ 

E :1.505 MW 
LOSS 
a= a 
LOSS 

E10 :3.4453 MW 

OCTANE 

· . 

- EX ERGY OFFERENTtATES 
BE'NIEEN HIGH TEMPERARF 

AM) LOW TE~RATURE 
ENERGY. 
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The results of Che traditional !irst l.iv 4n.alysis and tile energy 
(sG(;'Qnd lavj ana.lys1s are sh°""1 below: 

Fl RST lJ\W ANALYSIS - ENERGY USAGE 

100\ Energy 
in 

Boiler 

Energy lost 
in the flue gas 

SO\ 

Turbine 

Useful 
work 

Energy lost in 
condenser cooling 
water 

55\ 

Condenser 

SECOND LAW ANALYSIS - EXERCY USACE 

100\ 
Exergy 

In 

Note that this 

51. 47\ 

Boiler 

Exergy lost 
in flue gas 

23' 

25.53\ 

0.S\ 

Turbine 

analysis is for Losses due to "irreversibility• 
a fully condensing 
turbl.ne 

Useful 
work 

Exergy Jost 
in condenser 

c:oaling 
water 

Condenser 



The results demonstrate th&t, contrary to c:ommon belief, the bigqest 
l~ is in the tw:n&c:e which u re.all!' only ·2s' efficient, and that t:.."u! 
losses throuqh the use of efficient turbines a::e &l.D:)st neqliqihle as 
are the losses to the c:oolinc:r water. 'th• losses in the furnace amowit 
to 75\ and are of three types: 

&. The irreversible nature of combustion 9\ 

b. Loss to the flue qas 23\ 

c:. Larqe flame to proc•ss temperature drivinq force 4J\ 

75\ 

The f\:rnace efficiency is qru.tly affected by the process con.ciitions of 
the fluid leavinq the furnace. The followinq eJal:!Pl• dmonstrates hov 
great this etfect is for the example of stum/vater. ~ fur:w:e 
c:onditiom !or uch amount to an efficiency of 80' b&sed on the first low 
of thHmadynamics &nd tual lover hutinc; valve (custcma::y basis used L11 
McOil): 

CONDITIONS OF FIRST LAW SECOND LAW 
GENERATED STEAM EFFICIENCY EFFICIENCY 

A. 3o0c Hor WAiER 80,0% 0,65% 

B. 400 KPAA SATURATED, I4360C 80,0% 23,36% 

c. IO 000 KPAA SUPERHEATED, 
484,s0c 

80,0% 35,52% 

D. I6 500 KPAA SUPERHEATED, 80,0% 43,17% 
83S0c 

SOME BOILER EFFICIENCIES 
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The foreqoinq idmltilies a ~jor source of loss wt:U.ch applies t..'-.rouqh.out 
the refinery and can be qre.itJ.y reduced as discussed later by: 

a. Elim.inati.nq those furnaces vb.ic:h produce relatively lo.,, qrada 
heat by means of either: 

Ci) u.sinq exh.aus t ste.Dl .frOlll tu:t:.ines. 

(ii) heat pumpinq process flue.a beinq con<!.ensed. 

b. Restructuri:lq the process. 

Exerqy Analysis by Cc:mputer Silllulatioa 

. 
An Exerqy St:udy on the Altona No. 2 er~ cnit 

"t:ie Simul.aticn Science, •'Process• ccmputer proqra:: peai.ts calculations 
to bG performed to detec.ine exergy losas iZ1 all. refi."lery unit 
operatiofts. The pro<Jram is similar in scope to QU.i.kb&l but it qeneratas 
thumodynacic:ally consistent property data, includinq entropy, which 
all.ow ba.lances to be perfor.Md throaqhout t?Je refinery to de~ ~ 
90U%Ce of lesses aad ~vise a. .alution for their rec!uction. 

Aw-ndix D shaw8 a.n exergy bUance azound the iltor.a crude Oftit 2. 
!Iota th.a.t the outlet stzeam uerqi•• are shown prior to air o.r water 
coolinq. 

As p~viously the exarqy loH &n.Uysu is the !ray to the lcca.cion of 
potential enerqy conservation projects. The loss Analysis for the 
Alton.a Crud• unit 2 appu.rs below: 
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As previously, the qreatest need for efficiency improvement rests with 
the furnac~. which because heat of only a moderate temperac-.ire is 
recovered from it, bas an efficiency of only 30\. To effect an 
ii:iprovement here it would be necessary not on.iy t:o reduce tr.e ia.xcess 
air and the star.k qas exit temperature but also to reccver higher 
temperature beat ahead of the heatinq of the oil. T~ function 
served would be to provide a working fluid for =-chanical/elec~.rical 
pow.a~ generation and then use the exit fluid for heating where the 
exergy requirement cf tbe beatinq is s:Mll. These schemes have a 
biq effect but are diffic:ult t~ arrange. 

AnOthe.r area well worthy of att.ention is the fairly large: loss due 
eo temperat.ure driving forces in heat. exchanger. Also, some 
exchangers serve no fur.ct ion at present, for example :13. Refer 
to the ccmplece list of beat interc:ha.nqer losses in Appendix E. 
There is also plenty of scope to reduce air/water cooling. Possibly, 
the overhead conden3er could be heat pumped to place its duty at a 
convenient point in the heat exchanger train, alternatively a tip 
top pumparound llliqht solve some of tbe problem. 

The analysis of the solutions to this crude unit design proble:zi 
:based on exergy is still in proqress. 

~ Sources of IDsses 

Although furnaces represent the qreatest losses in work avaJ.labi1ity 
and hence the greatest real losses by far, otbtr piec~s of equipment 
also i.nclir losses C&Dd offer ~&SY avin<;s. 

Tbe traditional refinery steam systam ~ith inefficient condensing 
turbines or turbines ventinq to at::Desphere is a.n area worthy ot 
actention. Although good qqality back pressure tw:bines can easily 
reach 98' efficiency, many typical (large si.ze) turbines operatinq 
in the saturation reqion run at eff~ciencies near SO. and smaller 
turbines are often only l°' efficient. 

TORBINE SC:COND LAW 
~IC!ZNC'l 

AI.'IQIA P:t'Il 3 - BACJl'RESS~ SECT!O~ 98\ 

ALTQU. PTR. 3 - CONDENSISC SECTION 39\ 

ADELAIDE PTR 53\ 

AL't"ON1. PTR l 52\ 

ALTCNA CRUOZ 2 - REDUCED CRUDE PtiMP 15\ 

AL"roNA CJTILITIES - SERVIC% WATZJl Pt.'MP 10\ 
I 

DESIGN £FF!CIENCIES OF s~ ?n ST!:AM TUD r.lES 
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REIXJCDC THE LOSSES - TBE !:XDGY AUDIT 

The commencem6.."'lt of a systematic proqram for t:.'le reduction of exergy 
and therefore enerqy usaqe ill a refi."lery !:eqins "'1th an a•:dit of the 
major sources of losses. 

The methods by which this is :zicst readily accomrlished are well 
desc:ril:led in Reference numJ:)er 1, altbouqb cbe met.hods to use for 
tadtlinq complex hand c:&lc:ulations are not covered in this l:lool:. 
Most of the c:alcul&eions in a refinery are diff~lt, i.n~lvinq 
entropy of llWcinq and difficulty in o!::ltaininq adequate .,ropeny 
data for entropies. SCllM simplifications are ~.ssed :.n 
lt.C-erenc:e 2: also References 18 and 19 t:rovide thumodynam.ieally 
ccasistent enthalpy me! entropy data !or any liqhi: hydrcc:art:ons. 
iefineries with witll d.veloped Quikbal :icdels would find it easy 

· cO perf0%lll si::ulations on the Sf11P1 la.cion Sciences ;:omputer ~rcqram 
Cava:tlahle t:brauqh General Eiec:tric: In.for.nation S.r.vices). Thi1: 
is clisc:ussed in qeferenc:e 3. 

A qeneral discussion of sources of refinery exerqy losses and the 
gwieral typs solution needed to e41Ch h qivc in Appendix P. 

Many of ehe loss .. in C01llDOfl proc:eS$'!S are quantified usir.q the 
methods of Appendix a. 

Althouqh the c:onc:epe is difficult co qrup, the losses are 
tanqi.hle and expensive. Each loss can ee assic;nad a dollar 
loss val..ie. 
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?INDI~ LOW EX~ (LOW ENE.!:lGY) / SOUJT!ONS TO LOW 'EXE:RGY 

APPLICATIONS 

With ~"le assist:ance of the Exerqy Audit, applications having a low exerg-/ 
requirement become apparent. The domestic qas heat pump of App.tnclix B 
gives clues to this. 

Frequently, in ~ refinery they are supported at fixed heaters and could 
be substituted at heat pumps or back pressure turcine exhaust steci. 

The diagram below sb:>vs some novel approa.c::r.e~ to distillation, !rem 
Reference 10. A more detailec! flovsheet appears in ,\p}?endix G. 

nire• different 
methais d En?rgy 
recavery canp:ired 
with convenhooal 
distiltatia1. 

eawentiotQ 
dstilloticn 
cs:icamt us. 

Indirect "'~ 
tKOft"Cll HSiclt 

Oitect ~ 
~tessicn. 

OCher tec:hniquos such as absorption re!riqeration and low temperature 
Rankin cycles a.re rebted subject•, l:ioth intended to =alee use of ehe 
resources availa.l:>le. 



DISTI!GJISBIN.a BE'l'WEEH AVOIOABLE ~'«> INEVITABLE LOSSES 

This is tlli9 most difficult part of the ana.lys!.s, tut also a. very 
impori:ani: ~-

Same of the irreversibilities inc-.irrinq hiqh refi..-lery fuel consumption 
can easily ee chanqed With better design. ochers are as elusive as 
the achievement of carnot cycle efficiency for practical refinery 
pr~esses. Applications such a.s the recovery of heat reversibly 
fraa a chemical r•~ion at the ~mper&ture at vhic:h the reaction 
takes place are frequently not ac:hieva.ble '11.lld need to be recognised 
as unatta.ina.blie;, and quantified. This is tha task of the experienced 
enerqy conservation enqineer. Some qui.dance !.s effected by Reference 
No.2. 

This is an essentui pare of the energy conAJ:Vatioa proqram. Suc:eessful 
acc:cmplishmftt O~ this task nec:euit&tH a tmrouqh Jcnovledqe Of t..'le 
meclwlic:al "°rk _r~-.nts in the refinery and ~ the be&tinq rll!qUire,.. 
:meets and the tmperature usoc:iated vi.th each c:ae. 

A desiqn is"then cc:mpiled Wi.ch looks l.t c~es for: 

a. :..at pumps (c!riven by hiqh pressure steam) 

b. Beat.inq usinq :bad: pressure steam. -

Thu• a.re often applications wtUch could use either, so an excess of 
either lov pressure steam (er low level heat) or an excess of hiqh 
pressure/medium pressure S'CHm. can be •mcppoc1 up• profitably. A 
turt.her advantaqa of the hea•.; ~ distillation column is that it 
frees the process trc:a the temperatures, and hence the pressures 
asSoc:iated with the coolinc; water condenser and allows a design which 
requires less energy anyway. 

COcJaneration for cha •imul.t&neous production ot el.ctric:ity and proc:us 
hut is &n eaential part ot thi.s ta.k ot properly b&lanc:inq he~t and vork 
requirmunts in th• refinery. There ue many poHi.bl• options and there 
ue definite advanta.qes tor sc::ime sch.ae~. 

n> ev&lu.ata the rdative merits of c:clllm>n altern-.tives tbe followinq thr•• sc:hemes we.re evaluated: 

•· Scheme l: Gas ~in• tor electricity 
qeneration and a wa•t• he.at bo.Uer tor tho 
produc:~on o! ;irocess heat or steam. 
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b. Scheme 2: conventional boiler and turbine
generation system with the turbine exhaust 
providing steam for low ·:.:.emperature (lS0°Cl 
process heat. 

c. Scheme 3: Application of a gu turbine to 
provide electricity qenera~ion and then 
using the qas turbine exhaust as the "air" 
to a process ~ce, supplyi.~g suffi=ient 
fl.' el to act.ie.ve an excess air of 10\. 

J:he schemes are shown s.:hematically in Appendix I. To sill:plify t.i.e 
eva.lua~on, calculati~ns were perfor.ned. using moderately high temperature 
steam qeneration in lieu of process heat in furnaces .. H<'Vever, the 
conclusions ar~ equally valid for a ~parable grade of process heat. 

The results c.re summarised below: 

CRI'I!:lUON I lJNI':' SOiEME l scm.'E 2 SCHEME 3 

- OF 

MEAS. GAS TUlm CONVENTIONAL GAS TURBim: 

' BOILER & 

WASTE ~T E."<HAUST GAS 
ECCNOM!SER FI:RED WITH 

I S'OPPLEMENT 
FUEL 

I ' 

EFFI.:IENCY 
First Law "Effie." ' 73,5 \ 86,l ' 86,2 ' Second Law "Effie." \ 45,6 ' 39,8 ' 44, l \ 

Electrical output MW 10,45 5,01 10,45 

OUTPUTS 
Pro~ss Heat MW 22,62 37,80 121,47 

FIRING 

Process Heat Temp. oc 407° I 180° 407° I 

' Excess Air ' 274 ' 10 ' 10 ' Stack Temp oc 140 140 140 

OPTIONS FOR COGZNEAATICN 

The qas turbine has the J-:ey advantage that it recovers mechani.clll. 'olOrk from 
the h.iqh temperature combustion of the fuel. Including the exerqy vala• of 
the exhaust, the gas turbine/generator alone (Thomassen G3l42J) has a second 
law efficiency of SJ\ which is a lot better t.i.a.n that achieved by other 
fired equi~t. 



The problem of t.~e gas turbine is its high excess air, in this case 274\ 
which prev-mts a high first law efficiency. This results in ·-~~ loss of 
a large quantity of :noderately low grade energy, ie with l~ e>..:rgy, 
and in this case difficult tt> utilise. 

A practical solution to this problem is possible by using the high oxygen 
t-.irbine exhaus1: as the air input to a refinery furnace which produces 
high temperature heat such as a reformer or cracking :.mit furnace. The 
scheme would require the g,.:"'~ration of steam and additional boiler feed 
water heat or equival .1t

0 
low temperature process heat to achieve a 

stack tE'mperature of 140 C wit..'lout a temperature cross in the convection 
section. 

Good utilisation of the combustion enthalpy is achieved with a high 
second law efficiency. Th;e high. second law efficiency is reflected in the 
simultaneous production of electricity and high temp-.rature process heat 
with a low total fuel requirement. Its advantage over the conventional 
boiler plant ·is the simultaneous production of high temperature process 
heat whlch in the conventional boiler (Scheme 2) would have to have been 
provided using another furnace which still would have th• u.sua.l. problems 
of inability to recover sufficiently h.igh temperature eiwrgy (high 
exergy material) . -

Note that. the implement:ation of the recamnended Scheme 3 would require 
a large fuznace (120 MW in the example) for the efficient utilisation of 
the exhaust of 10 MW of electricity generation, implying the use of the 
ccm.bined reforming and catalytic cracking furnaces in:nany refineries. 

It is also relevan1: to a~praciate dlat these fu..""naces may then require 
much of the available ~iler feed water haating and steam generation 
to reduce the stack tempature to l40°c, witil air preheat alone used to 
reduce the stack temperatures of the other furnaces. 

The scheme is economically attractive as outlined in Referenc:e 2~. 

NEW 'l'ECBNIQtJES FOR SEAT EXCRANGER 

NE'l'WOPX CESIGl 

A new method is available for this essential step in re-enqineering the 
refinery tor· low energy. Th.e method was devised by Linhotf and ot.'lers 
working z.t the ICI Corporate La.borato.ry in the Onited ~qdom. It is 
described in reference 31. 

-1 
1 1 .J 
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APPENDIX A. 

THE ZXE!CY EQUATION 

Exergy, or work ~vailability is a state function which is fully 
specified by a knowledge of the system parameters. 

From the system para.meters, exergy can be calculated at any point in t.'le 
system from the following equation: 

internal 
energy 

pressure 
energy 

+ 

kinetic 
energy 

+ 

potential 
energy 

radiative emission potential 
energy 

entropy 

+ 

chemical potential 

Usually, all the kinetic and p?tential energy ter.llS can be neglected, so 
that the equation simplies to: 
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I I '-'°' I II ' \J 

llCl .. 11"' 
V.Jll" U 

PROVIDE 20 kW OF AIR HEATING 

TRAOmONAL METiiOO ..:..;..;;;;.-:.;.;;..;.o;;..;.---. ___ _ 

8.6~ 

--------.... ._ __ ----.-.-------
GAS 28. 6 kW 

1,0168·1l- 1i 
--------- 10% 1st LAW 

EFFICBCY 
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-. ...&.. 

HEAT PUMP METHOD 

2.7kW 

• USES HALF AS M.JCH FUEL FCA n£ SAtE JOS. 

SANKEY O!AGRAM FOR HEAT PUMP 
SOLUTION 

14.2 kW 
FUEL 

8kW 

12kW 

2.7 kW 
R.UE 

~~ - - - ~-------------L------~~~-~-------
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ALTONA CRUDE 2 EXERGY BALANCE 

OVERHEAD VAPOUR - 0101047 

KERO PRODUCT - 0,42169 

- ll10582 CRUDE OIL. > Ull PRODUCT 

LV40 PRODUCT - 1,01666 

HV60 PRODUCT - 0,57326 

TOTAL • ·· ll, 0582 --+ REQT • 121350 MW ....-( -- TOT AL 

6,4643 QuENCH 
> 

- 1, 7159 VT~ BoTTOMS > 
0i65613 TOWER BASE ~ 

STR I PP, STEAM 

1, 35228 STEAM TO ) 

STRIPPERS 

FUEL TO 

FURNACE 
) 
·------

QueNcH 
1 

- 0171815 
I 

RECIRCULATION~ - 1,79732 
r 

DECANTED 
\ 

WATER 
I 

BALANCE IS IN MW OF ExERGY 

BALANCE IS BEFORE 
AIR OR WATER COOLING 
OR EXPORT 
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ALTONA CRUDE 2 EXCHANGERS - EXERGY LOSSES 

NUMEER I 
MW 

I REFER LEGEND ATTACHED 
f 

! I 
I 

I I 
I ' 1 I 0.,1576 I 
I 

' I I 
I 2 0.,1679 ! 

3 0.,3167 

4 L0583 

5 0,7632 

6 0,6774 

7 0,4440 

8 0,4899 

9 0,4762 

10 0,2773 

11 o, 0446 

12 2.,1380 

13 - 0,0397 

14 0,01889 

15 0.,39930 

TOTAL 7.,3996 
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1Yl'&:: OF UlSS 

l'1uceaa ot Coabuat.ion 

llu.at tcanaf•c -
Coa\lJuatlon 9&11 to Fluid 
l,,ulll4' haaL•d 

111•Jh l::acaaM Aic -
01lulion of flua ~a• 
UXdC'Jf 

n uu ~·· to a tao11ph•c• 

Aia Pc•h•atar low••• 

t;la::HGY LOSSt=S IN Mt:PINERllS 

CAUSI:: 01'' LOSS 

lrr•v•ralble energy tranafer 
troa chu.ical to Mat 

Heat tranafec temperatuce 
driving force 

Dilution of high •••r<,iy h .. t 
in raui.ot •action and 
incr•••• of flue ga11 lo•• 

Rejection ot energy and e1Hrt.JY 
to AUIOMpheCe 

Tao11.iuc4lura appr<>Ach batwoon 
flu• CJ~•o• and incoming air 

CAUS&::.li AND cum:s 

SIGNIFICANCE OF LOSS 

I. dgn1Uoant loH in 
overy lucnaoe and boiler 

A vory larga loaa in 
.any refinery furnaO•• 

A r•lativoly \arga loaa 
•ither at high exoeaa air 
or with air leak• into 
furnace either in f ir•box 
or conv11ction aeotion. 

Not very •i~nificant at 
aoderate flue g•• outl•t 
te~ratura11 Cl50°c) 

A r11lativaly e1n&ll loaa 
in 1110dern air pr•h••t•r• 

HETllOD 01' Mt.:DUC."rlOH Ot' LOSS 

'ftli• loaa 1• inevitable in 
ooabuat1Qn •Y•t ... and oannot be 
raduoad v1th preaent teohnolOllY 

6hutdown tw-nac~• which provide low 
t•mperaluro h~at in tavour ot Mte4Ull. 
balano• wock and h•at r11quh~1ontet. 
Recover h19h t•111p.ratul'e he.at for 
work 9enaration in hot~at p.a·t of 
turna.oee. 

lnetall torc.r•d dcau9ht with cc;i.llllJinu..t 
Oi/CO coabutttion control to 
accurately control air to fuel 
ratio. 

lnattall equi(.1111unt to raducu fluu 
9ae outlet teanpuratur• (•CJ Bt'W 
prehMat) on ... 11 t.,.p.ratur .. 
approach. 

lnMtall an air pruheatar attar 
Bl:'W or ouuar prohtt•t. tor fiu.a 
v•a to pclllillat colllbuittioo &1r 

1--6 
1....:) 
C'. 
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T'tPE OP LOSS 

Lo11• to cooling water 
1n conden.lng turbln•• 

Lo11••• due to turbine 
iodUclenci•• 

lluat eachang•r loa11e11 

Diat111at1on lo6aea 

t:XENGY LOSS~ Jtt l'lr'Jto:RJES 

CAUSE OF LaiS 

at.jact1on of a large 
quantity of very low 
quality heat to oool1ng 
wat•r 

Lo•11 due to friction 1n turbine 

Larger thAn necaaaary 
t~iD,PUratur• approach in 
.xchan9ere 

Heat •upplied by a reboiler 
or furn•c• to aeparate 
llquidM by boiling point 

CAUlii:S AMO CUIG::S (CONTD) 

&IGHIFICANCE or LOSS 

Execg~ lo•• i• not 
•1gnit1oant relative to 

othel' ... rgy lo••••• but 
••• n•t it .. 

h•rw lo•• h all.oat 
negligible in llOdern high 
•lt1o1enoy turbine• OPttrat
tng in Ch• aat-.arati.on 
region but it 1a very 
l"rg• tor all turbine• 
o~rat lng in the 
OAtucaU.on r.gi.on. &o .. 
are only 10• etf1a1ent. 

A very larg• lo•• in ... ny 
r•tineri•• whioh a&nlf•11te 
1taelt in an exoeae of low 
gr•~• he•t 

Jneffio1ent diatillation 
towara n .. ding high reflux 
are very waateful 

METHOD OP fG::OUCTION OP LQiS 

Wherever poeeible u•• exit ateaa 
tor heating 

Delano• heat and work cttquiruient11 
to avoid oondan•ing tucbine1. 
lnorea•e •t•aa t~ratur•• a.nd 
pr•••urea to reoover autticlttnt 
wock without need to opecat1• in 
aaturat1on cegion. 

Avoidable by rad.aai9nln9 th•• 
••otwan~ar train to reduce 
appcoiache.•. lseMt rt111ulte 04••d•d 
are obtained by review!ng th• 
prooa•• e1111Ult..neowaly. 

Radea1gn/r•tray to r~uc• 
r•quil'•••nt. Conaid.ac h•.at p~ln<J 
overhead to provide duty of a.tde. Ol' 
l>ottoa r•l>O.tlMr and allow11 :LCJWe&' 
prea11ur11 lowur •r-..rvy (~u,11r9y) 

OlMtr•tiCJu. 

1-4 

'" 

J 



13J 

.... .... .. 
"" • > 
0 

• a 
0 .... 

• w 
0 • • • 
i 
'9 
; 

--
0 ~ ::s .... 
s 0 

::;. A.J 
~ ~ 

........ "O 
\o .... 
...... ;a 
> ::t Ol ...... 
::2' .... 
:: 'i ..... 
... w 

~ l 0 
- lf-;. 
..: ·1 .J 

- • w • ::i 
~ :ia .. 

~ ~ ... 
> : .:> 
< C.w 

a • 0 ... 
... ... 
I 

a • 0 

"" (J .. 
c • • • 
-= > .. ~ 

> = 0 ... 
.... 0 .. "" u ., 

Ea 

• • • • 0 .... 
• > .... .. 
> ... 
0 
!J -5 
u 

• a. 
0 

"" 'U 

• ... 
~ 
a • • l!. 
• c .... .... 
J -~ .:.. 

-• .... .. 
• • "'. a "' .. 
c I.I 
0 0 c .. 

a ,... ..... . ., .. 
;,a ... .. -
~ i 

...; .. 
~! ,... = 
:.J -

.. 
• a 
.s 
• • 0 .... 

a ... 
c .... . "" u • ..... = ........ ........ 
: ~ 
a-w ..... . .,, .... 
< 0 

• at • "" 0 .., 
• • 0 • 
.. ::t 

::t 
:,a • = u .... 0 
0 w 
"' a. 
• = s : 
~ :J ..... ... , 
·.n ...:l 

.. 
8 • 
= ..... 
a • 0 ... 

2' .... .,, 
i ... 
.Q .,, 
a 
00 c -JC ... 
z: 

CJ 

• ,. 
':I ..!( .. 

..:: ') 
•J :J 
::s 
:a .. 

.2 
:a > 
:;J ·"'\ 

:; 
:;. , 

:: . .. 
CJ -..... 
.... lot .... ~ = Cl' 
::I' .... 
.... w ..... 

a < .. 

-
0 .... .. .. 
!. 
lC 
~ 

c 
0 ... ... .. . 
.. 0 a ,... .,. ... ~ 
.. > ... 
1 ~ 



r 

-, 

TURBO 
BLOWE ft 

. AP"ENDiX GI 

-----<>Ml iROGC:H 
.,_.. ___ ...., VACl.iUM P\>CP 

FIC 

OISTILLATE 

FLOWSHEET OF THE DISTILLATION PILOT PLANT WITH A HEAT PUMP 

13~ 



132 
Aooq·nrx e.1 
1 .1 I ~.! 1, ll t 

EXERGY LOSSES O~ CGt-4MON PROCESSES 

LOSSES DUE TO T81PERATURE 

.4PPROACH IN HE.i\T EXGJ,.4NGERS 

REBOILERS AND CONDENSERS 
c - -,0 ti -Loss - \:ii 

I 1 l .. ,-
LTK 

-. 
) j 

~1 
Tc 1 

J 

TH = ~~··· ?E~C .-: -G~~~~=~ 11 I 1-J"I\•• S , •• •)I I .""\-'l1'1-.., I :_.'\ 

Tc = MEAN TE~P ~~ 7~ANs;~R 
FROM COLl t=LUl:l 

HEAT INTERCHANGER (CONSTANT C?) 

Elcss = To Q 
r-

[ r~~ 
1 

TclJ.t 

To = REFERENCE TEMP 

Q = ·HEAT LOSS 

LOSSES DUE TO PIPING, VALVE 

MID HEAT EXCHAr~GER TUBE rr<ICTION 

~ = MASS FLOW 
V = S?ECIFiC VOLUME 

A p = PRESSURE DROP 

HEAT LOSSES FROM EQUrPMENT 

Eloss = -t. Q [ 1 - ~ J 

CW - Ws) To 
TM 

TUREO EXPANDER 

W = ISENTROPIC WCRK 

Ws = ACTUAL WORK 

- - -~--~-----------------&.-----~-......._-~-~~-----"""--
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APPENDIX I 

POSSiBiLiTiES FOR iN PLANT t:LE<.; fRIC 

GENERATION 

METHANE 

AIR 

GAS 

TURBINE 

SCHEME 1 

,---1 GENERATOR 
10,45 MW 

FLUE GAS s2s·c 

WASTE HEAT 
FLUE GAS 14o·c 

BOILER 
B.F.W. 274% EXCESS AIR 

8000kPa STEAM 401 ·c 
5, 19kg/a SOOOkPa 

29s·c 
TURBINE ~ GENERA TOR 

2,388 MW 

6,55kg/a 1 OOOkPa 

SCHEME 2 

METHANE 
FLUE GAS 140"C 

10% EXCESS AIR 
BOILER 

AIR 

BOOOkPa STEAM 407·c 
B.F.W. 

J\...; 
GENERA TOR 5,01 MW 

14,1kg/a 1oookPa 119,g•c 
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ELECTRIC GENERATION 

SCHEME 3 

METHANE 
~AS 

TURBINE 
--~--GENERATOR 10,45 MW 

AIR 

FLUE GAS 140°C 

FLUE GAS 526°C 10% EXCESS AIR 

FURNACE DUTY 
BFW 

121,5 MW 

8000kPa STEAM 407°C 

METHANE FOR 10% EXCESS AIR 

TURBINE ~ GENERA TOR 16,216 MW 

44,51kg/s 1 OOOkPa 179,9°C 
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I ~RODUCTION 

Heat exchanqer r.et..,ork design is an essential step in the 
desian of an enerav efficient flnw~n~~t, 

J - -

Historically, heat exchanger networks have been designed by 
matching streams in accordance with the best judgement of the 
engineer performing the design. ~ecent analyses have shown 
that this only ca:ely produces optimum designs. In fact, many 
early designs not only consumed a lot of unnecessary energy, 
they also featured an unnecessarily high capital cost 
occasioned by the unnecessarily large furnace, cooling towers 
and coolers. 

The method developed by Linhoff and others at the ICI Corporate 
Laboratory provides a systematic technique for determination of 
the minimum hot utility and the minimum cold utility for any 
given economic mini~um allowable t hot-cold in heat exchange. 
~he technique provides a method foe the design of an exchanger 
network wh!ch meets the minimum energy. For a revamp, this 
design is easily modified to incorporate existing exchangers. 

Application of the m~thod is facilitated by a computer program 
which performs the calculations. 

SUMMARY 

This paper provides a description of the procedure developed by 
ICI to give a minimum energy design for a given economical 
minimum temperature driving force. 

The method is explained with the aid of a straightforward 
example which is solved step by step so that the reader can 
appreciate the steps involved. The solution is effected both 
by hand calculations and with the aid of the computer. The 
computer program used is provided in the appendices. 

Finally, the method is applied to a more complex problem 
invnlving a rework of a crude distillation unit. The "before" 
and "after" configurations are given. 

The computer method will handle up to SO process streams each 
of which can have up to 12 temperature enthalpy points. It has 
the additional advantage that, given the stream starting and 
target temperature and temperature enthalpy data, the energy 
effectiveness of any design or system can be rapidly 
investiqated. 

HEAT P.XCHANGER NETWORK DESIGN BY ICI METHOD 

Acknowledqement . 
This paper has been developed based on the application of 
Petroleum Refineries (Australia) of ·the Heat· Exchanger Network 
design technique developed by ~inhoff and others at ICI in the 
United Kingdom. It was tauqht at the Energy Conservation 
course at the University of Queensland, Australia from November 
25-27, 1981. The course notes have been ascribed a copyriqht 
to Professor Bodo Linhoff, Department of Chemical Engineering, 
University of Manchester, United Kinqdom. 



I 
~~n'!ri.,.ni:'! 1.1~rs~s '"Pin~h'" Oesian Techniaue as Methods for that 
Exchanqer Network Desian 

Traditional methods have customarily improved the energy 
consumption of refinery processes through experience using 
improved stream heat interchange methods each time a ne~ desiqn 
is made. 

The ICI '"pinch'" design method determines the minimum hot 
utility required by an optimum match of the given process 
streams and provides a design which will achieve it: 

MTLHV 

m3 

DESIGN BY EXPERIENCE vs ICI METHOD 

700 

600 

500 

t.00 

300 

200 

100 

BY EXPERIENCE -

I 
I 
I 

SUCCESSIVE IMPROVEMENTS 

OESiGN BY TARGETS SET 
BY ICI DESIGN 

---------~--

EARLY 
DESIGN 

1 

I 
DESIGNS IMPROV 
BY SUCCESSIVE EXPCRIENCE 

Principle Steps in ICI Design Method 

The following steps are in performing a simple design: 

(a) Determine the stream temperature, its target 
temperature, mass flow and heat capacity, for each 
stream. 

(b) Calculate the "pinch", the tight point ~n the system. 

(c) Draw an exchanger network which meets the minimum 
heatinq and cooling requirements. 

Cd) Relax the design to u~ilise as much existing 
eauipment as possible. 
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Principle Steps in !CI Desiqn Method (continued) 

The aim of the sections immediately following is to show with 
the help of a straightforward system, how these calculations 
are carried out. Then, using the examples of the Altona Crude 
Unit No. 3, the Adelaide complete Lubricating Oil Refinery and 
the complete Adelaide Fuels Refinery, application ~f th~ method 
to complex systems is explained. 

Temperature-Enthalpy Diagrams 

An understanding of temperature-enthalpy diagrams as applied to 
heat exchanqer networks is needed to appreciate the method. 
The diagram below shows a stream being heated and outlines the 
definition of terms used in the analysis: 

T TEMPERTURE 

1--6 Hsr ----

H ENTHALPY 
MW 

TEMPERATURE - ENTHALPY DIAGRAM 

Ts = STREAM SUPPLY TEMPERATURE 

Tr = STREAM TARGET TEMPERATURE 

6HST = STREAM ENTHALPY CHANGE 

CP - STREAM HEAT CAPAClTY 

= STREAM FLOWRAiE x SPECIFIC 
kg MJ 

l( -

S kg K 

( 0 c' 
( 0 c) 

( tvr-N) 

( MWI 
K 

HEAT CAPACITY 



Temoerature-Enthalov Oiaqrams (continued) 

The dia9ram shows a strai9htforwarci hydrocarbon ~eing heated in 
the sensible heat area. The more difficult cases of liquids 
for which CP is not constant, or mixed phases are dealt with 
later. 

The following didgram shows a fluid beinq heated, a fluid being 
cooled and their representation on the temperature-enthalpy 
d i'!Q ram: 

T 
oc 

STREAM 8 

COOLING 
WATER 

13 7: 

180° 
STEAM 1000 kPa 180° C a 

1!,QO ------ --- ---

50° 

250 

T59 

COOLING I 
WATER AT2S 0 

H 

MW 
K 
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'T'~mo~,..,.~11r~-Enthalov Diaarams (continued) 

The diagram shows the following key design criteria for this 
straightforward system: 

Tsa = Stream A supply temperature 
Tta = Stream A target temperature 
Tsb s Stream B supply temperature 
Ttb = Stream B targ~t temperature 

.c>.Tmin = Tightest heat interchange approach 
temperature 

Ohm in = Minimum hot utility 
Ocmin = Minimum cold utility 

Comoosite Temoerature-Enthalov Diaqrams, Multiole Streams 

Consider the following four streams being cooled across the 
temperature intervals shewn: 

MULTIPLE STREAMS 

T1 
INTERVAL 1 

T2 

CP 
INTE.HVAL 

INTHNAL 2 
TJ 

INTS~VAL 3 
T~ 

INTERVAL t. 

TS 
INTERVAL 5 

T5 

H for each interval becomes: -
Interval 

1 

2 

3 

4 

5 

---
0 

C·D 

A• 8•C 

A• C 

A 

AH 
MW 

(Tl-T2)0 

(T2-T3l( C+Dl 

CT3-T4l (A.+B+C) 

CT 4-TS) ( A•C) 

(T5-T6lA 
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I 
The corresponding T-H d~aqram becomes: 

T 
oc 

The Pinch 

il 

T2 

T3 

Tl. 

TS 

f (j 

COMBINED T - H DIAGRAM 

H 
MW 

Using the foregoing method, a composite temperature-enthalpy 
diagram for all the streams requiring cooling and other line 
plotted for all the streams requiring heating. These two plots 
can then be placed on the same axes and moved horizontally 
toward~ each other or away from each other to yield differing 
amouuts of hot and cold utility corresponding to increases and 
decreases in Tmin: 



I 1 ·f •'l 
'x ... 

T oc 
AH 

~TMIN ---

THE "PINCH" 

The Pinch {continued) 

H MIN 

MOVING THE 'COOLING' UN E 

BACK ANO FORTH INCRE.A SES 

ANO DECREASES 6 TMIN. 

ANO CORRESPONDING TO 

LS. HHMIN ANO~HCMIN 

Raving selected a value for ATmin which is considered to be an 
appropriate economic minimum at the tightest poin~ in the heat 
exchanger network, the AHnmin and Affcmin can be immediately 
determined. The tight point in the network is termed the pi~ch. 

It is at this point that the best design efforts need to be 
concentrated. The matching of hot and cold streams needs to be 
performed working outwards from the pinch towards the hot a~d 
cold ends. 

The addition of extra heat beyond the minimum ~Hhmin above 
the pinch, results in extra coolinq by the same amount. The 
provision of any ~ooling above the pinch has the same effect. 

Setting Design Targ~ts 

The determination of Qh~in and Ocmin for ~ given economic 
AT yield realistic desian targets which form the goal of the 
low energy design. 

Tarc;et energy "" ~Ohmin 



Calculation of the •pinch• location, Determination of Qhmin 
and Ocmin - Rand Calculations 

This is accomplished by rigorous thermodynamic calculations. 
Data required is as follows; for each stream we need: 

(a) Stream supply temperature, Ts (OC). 

(b) Stream t.uget temperature, Tt (OC). 

14~1 

(c) Stream Re.it Capacity, CP (MW/K) or alternatively, a 
·table of t·nthalpy~R (MW) versus temperature CK or 

OC) • 

The method is explained using the following straightforward 
example for five process streams: 

I 

Supply Target Heat 
Stream Stream Temperature Temperature Capacity 

No. TS Tt CP 
oc oc kw 

r 

1 Crude Oil 25 250 160,0 
2 Debutaniser Reb 110 130 600,0 
3 Kerosene Reflux 200 140 160,0 
4 Gas Oil Rundown 240 40 55,0 
5 Kerosene Rundown 200 40 15,0 
6 Overhead Condens . 120 90 3 so, 0 

FIG PINCH DES!GN EXAMPLE 
~W DATA 

Estimate the minimum economical .AT hot-cold to be 2ooc. 
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Calculation of the "Pinch" location, Determination of Ohmin 
and Ocmin - Hand Calculations (continued) ~ 

The following tables are prepared: 

Stream Ts +~Tmin Remove Set •Jp 

1 

2 

3 

4 

5 

6 

Tt - 2 Duplicate Intervals 

COLO 25 35 260 
TIO 260 230 

COLO 110 120 190 
130 140 140 

HOT 200 190 . 130 
140 130 120 

HOT 240 230 I 110 -. 
4o 30 80 

HOT l.Q..Q. 190 Duplicate 35 
40 30 Duplicate 30 

HOT 120 110 
9o 80 

TEMPERATURE INTERVAL T~BLE 

INTERVAL STREAM POPULATION 
.6.Hj = (Tj - Tj + 1) t£CP COLD - :E CP HOT) 

CP I 
160 ,____. +---lt----ll------+l~-l-----t 

~:: 1 H-i 
~: l I I I i J 

I I ~ 
CD 0 G) © @i@I Q)I® ® 

260° 230° 190° 1lQ 0 130° 120° 110° 80° J5° JQ 0 

350 



Calculation Qf ~h~ •pinch• locaticn, Oete~minativfi 0£ Qhmin 
and Ocmin - Rand Calculations (continued) 

Now, for each interval: 

Hj :a (Tj - Tj+l) ( _E CPcold - .E CPhot) 

Inter:val Tj-Tj+l CPcold- CPhot s: H cumul No. K ~ MW MW 
K 

l 30 + 160 - 4,81) - 4,80 
2 40 + 105 - 4,20 - 9,00 
3 so - 70 + 3,50 - s,so 
4 10 + 5~o -· - 5,30 - 10,80 
5 10 + 690 - 6,90 - 17,70 
6 10 + 90 - 0,90 - 18,60 
7 30 - 260 + 7,80 - 10,80 
8 45 + 90 - 4,05 - 14,85 
9 5 - 70 + 0,35 - 14,50 

This information is interpreted as follows: 

--------''--------~~-~~--~~-----·-
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FROM 
HOT 

U'!'ILITY 

0 - -
H = 4,80 

-4, 80 - -
H = <,20 

-9,00 - -
H = 3.50 

-5,50 - -
H = 5,30 

-1n,so - -
R = 6,90 

-17,70 - -
H = I), 90 

-lR,liO - -
R = 1,RO 

-10,80 - -
H = 4,05 

-14,RS - -
H = 0,35 

-14,50 - -

Fcom the above tahle: 

(a) 

(b) 

(C) 

-

-

-

-

-

-

-

-

-

FROM 
HOT 

tITILITY 

2600 - - - l 18,60 = 
H = 4,80 

2300 - - - 13,80 

H = 4,20 

1900 - - - 9 I liO 

R = 3,50 

1400 - - - 13,10 

H = S,30 

1300 - - - 7,80 

H = 6,90 

1200 - - - n,90 

H = 0,90 

1100 - - - PINCH = 
H = 7,80 

aoo - - - 7,80 

H = 4,05 

350 - - - :+J,75 

H = 0,35 

JC)O - - - + 4, 10 = 

Pinch = i10°c 

Minimum hot utility = 18,~0 ~w 
~inimum cold utility= 4,10 MW 

Hhmin 

1100 

Hem in 
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Comouter Method for Cetermination of the Pinch, Minimum Hot 
Utilitv and Minimum Cold Utilitv 

The computer method utilises the coaputer proqram RGMP.ENA. 
This program 

(a) Accepts up to SO streams. 

(o) For each stream, will accept up to 12 temperature
enthalpy data points, so that non-linear heat cucves 
are e3sily handled. 

(c) Prir.ts an output consisting of: 

Cl> Pinch Temperature 
t2) · ~inimum Ho~ Utility 
(3) hi~imum Cold Utility 
(4) Data for construction of Heat-Exchanger Network 

The program steps are listed in Appendix A. Instructions for 
the use of the proqram ap~£ar in Appendix B. 

Data input for the fcreq~ing example is as follows: 
-

APPROACH TEMPERATURE: 20 

I I I I Stream Stream Start ITariet No.of T 
No. ' T T-K Point i . 

l Crude Oil 25 I 250 2 25 

250 . 
2 Debutaniser Reboiler 110 130 2 

I 
110 

I 13 ') 

3 Kerosene Reflux 200 140 2 140 

200 

4 Gas Oil Rundown 20 I 40 2 40 

I 240 

s Kerosene Rundown 200 40 2 40 

200 

6 Overhead Condenser 120 90 2 90 

120 

The computer output appears in Appendix C. 

14; I 

I 
R 

. 
0 

36,00 ., 

0 

12,00 

0 

9,600 

0 

ll,000 

0 

2, 400 . 
0 

10,SOO . 
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The pinch is the point ln the netowrk at which the minimum heat 
interchange temperature approach ATmin is actually reached 
Often it need be the only point. Note that ~ Tmin is not 
the same as ~Tlm· 

The pinch is a very significant point in the network: 

(a) Do not cool with utilities above the pinch. Coolinq 
above the pinch also increases hot utility usage by 
the same amount. 

(b) Do not heat with hot utilities below ch~ pinch. 
Heating below the pinch also increases cold utility 
usage by the same amount. 

(c) Do not use heat pumps below the pinch. Their duty 
could be substituted by heat interchange. 

Notation for Drawing Heat Exchanger Networks 

The rcr rn~thod requires a 
heat exchanger networks. 
apparent when some worked 
procedure is as follows: 

different notation for the drawing of 
The reasons and benefits will be 
examples are carried out. The 
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KERO GAS OIL GAS OIL PIA 

I 

CONVENTIONAL REPRESENTATION 

KERO 

GAS -----+---------i 
OIL 

GAS 
OIL PIA 

REPRESENTATION FOR USE IN PINCH DESIGNS 

HEAT EXCHANGER NETWORK REPRESENTATION 
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Design for Maximum Energy Recoveu:_ 

This is effected using the information calculated above. The 
problem is divided at the pinch. The designer moves away from 
the pinch first towards-the hot end, then towards the cold end, 
making stream splits as necessary to satisfy the following 
requirements: 

(a) Immediatelv above the pin.£!!. 

Ncold Nhot No. of hot streams 
Ncold No. of cold streams 

(2) CPhot ~ CPcold for each stream match 

(b) Immediately below the pinch 

Cl) Nhot ~ Ncold 

(2) CPhot ~ CPcold for each stream match. 

The techniques for the application of the above rules are 
learned by practice. However, the final solution must run with 
the minimum utilities determined in the pinch calculation. 
Ourinq the design, attempt to completely satisfy the duties of 
streams so tha·t no utilities a::e required for them. For the 
problem previously presented, the minimum enecqy design ~ould 
be as follows: 
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MINIMUM ENERGY SOLUTION - SAMPLE PROBLEM . 

180° 

2 
130° 

3 
200° 

5 
200° 

145 

100° 

I-+---+-- -
u.0° 

120° 

ANCH 
110° 

CP 

i----160 
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Design for Maximum Enerqy Recoverv (continued) 

Except at the pinch, there is usually some choice with the 
stream matches. You choose the one you want for control, or 
other reasons. 

Keeping capital costs down is effected by: 

(al Making exact matches to ~tick off" stream wherever 
possible. 

(b) Eliminating the small exchangers wherever practicable. 

In the above example, only a small penalty would be incurred 
for the elimination of the 0,55 MW crude/gas oil exchanger. 
Allowing the kerosene rundown to approach the crude to within 
150 would allow a kerosene/crude interchanger to replace the 
gas oil/crude interchanger, eliminate the kerosene cooler and 
preserve the gas oil rundown as a good quality-heat export for 
use in a low temperature application. 

The conventional diagram for the minimum energy solution would 
be: 

•• 
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Desicn for Minimum Number of Units 

The minimum numuer of units which would be possible to meet the 
design heat requirements is given by: 

where 

N 

= N - 1 

= minimum number of units including heaters 
and coolers 

= number of streams including utility 
streams 

This solution is normally not synonymous with minimum energy. 

Retrofit Designs using Computer Programs RGMHENA, QU!KBAL and 
HTRISTS 

This procedure has been developed to integrate the ICI heat 
optimisation technique with the existing Mobil Programs QUIKBAL 
and RTRISTS (Mobil version) • 

The method will handle up to 50 streams with heat curves 
involving up to 12 temperature-enthalpy points. 

Steps in the design sequence are as follows: 

l. Make a QUIKBAL model of the unit. ( ~' Mt, t'g~d 7ic'\'\' lfJ°'& 
r"'~r~ ! 't'O(O;jj 

2. Assume for the present that there are no existing exchangers 
i.e. design from scratch. 

3. Extract from QUIKBAL the necessary data to use iN RGMHENA. 

4. Run RGMHENA. 

S. Perform a hot/cold stream match as above to yield the 
minimum energy design. 

6. Make a QUIKBAL model of the minimum energy proposal. 

7. Relax the design to get reasonable ~xchanger sizes and 
number of shells. 

8. Attempt to match exchangers currentlyinstalled against 
those required in the new design based on the UA table in 
QUIKBAL and materials of construction. 

9. Run detailed exchanger program HTRISTS in the "rating" mode 
to verify exchangers which can he re-userl, together wLth 
any shell/tube modifications needed, and in the "design" 
mode for new exchangers. 
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10. Put UA valves and numbers of shells into QUIKBAL and 
determine expected operation. 

ll. Evaluate control and operatio~al problems. 

Altona Crude 3 Redes~gn Study 

The Altona Cr.ude Unit No. 3 was simulated in accordance with 
the foreqoing procedure. The study involved the requirement to 
install a new LGO pumparound to transfer some to•ec heat 
removal from below the pinch (kerosene pumparound) to above the 
pinch (LGO pumparound) • 

The tesulting design is shown in Appendix D. Estimated POG of 
the final design is about 130. This assumes that sufficient 
sinks for the high temperature ride stream heat exports can be 
found in the Alkylation unit. Further improvement is possible 
by low level heat recovery if economics allow. 

A similar study ~as completed for the combined Altona Crude 2/ 
TCC/Sat Gas Plant/Unsat Gas Plant revealing potential for 
enormous improvement. Projects are being developec to implement 
these studies. 

Heat Cascade Diagram 

This diagram is a graphical representation of the enthalpy ( .D.. H) 
versus temperature CT) information, interval by interval. 

It shows qraphically the potential for heat cascade down 
through the system. It also shows the potential for the 
addition of low grade utilities at low temperatures. 

Some Reat Cascade diagrams are given in the appendices. The 
Altona Crude Unit 3 is given in Appendix E, the complete 
Adelaide fuels Refinery in Appendix F and the complete Adelaide 
Lubricating Oil Refinery in Appendix G (each excluding process 
steam and tank heating). 

The Adelaide Lubricating Oil Refinery diagram shows the 
potential to cascade Vacuum Tower furnace heat down through the 
hot end of the plant, but that a lot of low level heat of 
approximately 1200C is needed. This could conceivably be 
supplied by turbine exhaust, if enough mechanical work is 
needed to exhaust this large amount of low level hea~ o~ 
otherwise by heat pumps operating in the PDA and ~~rt"'r~I 
rJn its. 

Much of the graph for the Adelaide Fuels Refinery is very Elat, 
and co~parison with the existing plant enerqy usaqe indicate 
that careEully designed heat exchange could effect much 
improvement. This will be the subject of ongoing investigations. 
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APPENDIX _ 
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CCNVERSION BURNERS 

Thank you for inviting me to be present at this energy workshop ar.d the 
sharing of experience on this time 1y and important topic of "Waste Heat 
Recovery". 

Rather than being lulled into complacency during this recent period of 
lower oil prices we should take the advantage of this opportunity to 
improve the efficiency of our orocesses and fully utilize our waste fuels 
to become more competitive and be less vulnerable to future energy 
increases. · 

As my background is in manufacturing, this mornings session wi11 deal 
with some of the hardware and the application and installation of equip
ment involved in waste heat recovery systems. The general areas cf 
discussion will be: 

1. Genera 1 i nforma ti on on PGP and "Conversion Burners". 

2. Suspension Burning of \.load and Agricultural Wastes using the "SF" 
Burner. 

3. Municipal Refuse Burning using the "RGF" Rotary Grate Furnace. 

4. Waste Heat Recovery from Boiler Stacks using the "HEATMISER" cond
ensing type economizer. 

Peabody Gordon-Piatt, located at ;r<Jinfield, Kansas, is a whollv owned 
subsidiary of Peabody International of Stamford, Conneticut. Peabody 
Internationa1 is a New York Stock Exchange Company, with annual sales 
of US $450 Million. The finn employs 5,000 people in 65 locations 
throughout the world. Major markets include energy, environrr:ental and 
agricultural, with a variety of products including combustion, air 
handling, gas cleaning, waste services and equipment, and design and 
construct projects. 

The combustion equipment is manufactured by two Companies, ourselves 
and Peabody Engineering Company of Stamford, Conneticut. Peabody 
Engineering makes the larger burners (Register Type) for the industrial 
and utility markets. l~e. at \~infield, Kansas make the smaller size 
burners for .5 to 50 Million BTU/HR input for the commercia1, instit
utional and industrial markets. 

Our main speciality is the burner itself rat~er than the boiler, furna~e 
or heat exchanger into which the burner is fired. The burner is usually 
completely assembled with its combustion a·'r fan, gas or oil controls 
and co~trol panel arranged in a package ready to attach t~ the combustion 
chamber of the pressure vesse 1 or heat exchanger.. About one ha 1f o ;= our 
sales are as replacement or conversion burners w;th the remainder being 
sold to boiler manufacturers as original equipment. 



The -'replacement market" at present is the upgrading to more 
~ffic;er;t hlJ!""ers • O!" rep1-3.c~ert of Sl"gle fu~1 ':]'3'i or Oi 1 b12,-ne,-5 
with dual fuel models. For example, the Dallas School system 
recently con•1erted from a variE'ty of about 20 different burners, 
installed ove:-- 25 years, most1y of the atmospheric gas type to 
one tvoe of forced draft ~as oi1 burner throughout their e~tire 
system of 300 boiler rooms. Boiler combustion chambers were re
worked for pressure firing with reduced excess air, air leaks to the 
combustion chamber were sea!ed and overall efficiency raised =t least 
ten per-cent. Operating costs were further reduced by simplifying 
maintenance and ~educing the variety of spare parts required. 

Modern bl'rners are designed to operate •,.;ith '.ess excess air, part
icu.larly at th~ lower f'iring rates. When compared to atmosoheric 
gas burners, the forced draft gas burner has considerably less "~ff'' 
iJt:riod or "Stand By" loss. Burners in the size range 10 to 300 SP!-' 
of oil ?.nd the equivalent gas usually :nodulate to low fire much of 
the time. Nonnal "turn c!own" from hiyh to low fire is 3 to l, t:1ere
fore if 1/3 firing rate is too much for the load the boiler shuts off. 
Air flow through the burner ar.:i combustion chamber duri~g the 'of;" 
period wastas heat and therefore it shou1d be minimized. Modern 
burners and boilers accomplish this with a fairly high pressure drco 
across the burner and boiler. 

Modern burners save fuel and are part of an energy conservation 
program. Many times there are funds available to replace and/er 
"tune up" the burner where the: complete boiler unit cannot or is not 
r.~cessary to repldce. 

16~ 
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SUSPEilSION BURNING OF WOOD A.l.'10 AGRICULTUP..AL 

WASTES 

The "SF" or Sol id Fuel burner is designed to use wast~ wood or 
similar biomass fuels that are ground to a size that will burn 
primarily in suspension in the combustion chamber. 

Not over approxiamtely 10% of ti':~ fuel can be of a larger size (1/8" 
x l" Max.), these larger particles normally fall to the combustion 
chamber floor and burn on the pin hole grate. The moisture content 
of the fuel is usually held under 15~ (wet basis). 

The burner nonnally fires· directly into the combustion chamber that 
is d part of the boiler firebox. The combustion chamber will usually 
ha·;e refractorv S!Jrfaces to 2 or 3 feet above the burner center 1 i ne 
and sufficient volume to provide 30 to 40,000 BTU/CF of ·heat release. 

Sufficient excess air is used to keep the combustion ch5mber temp
erature below the ash fusion point (Approximately 2,000 F). 

It is corrmon practice in the U.S. to burn the wood waste generated 
by wood processing plants to produce steam for kilns for drying 
lumber or other processes such as drying ~f wood chips with rotary 
dryers for the production of particle board. When the waste fuel 
is available on the site it saves both hauling costs to dispose of 
the waste and the cost of the fuel if the heat is required in the 
process. 

The SF Burner is a part of a complete system that has been developed 
to burn the specific ~ype of waste fue1. ~e have found that the 
systens approach is abso1utely necessary for a successful vperation 
as each part of the system must work properly ar.d in concert, includin~ 
fuel storage, fuel oreparation, conveying, metering, burning, a:h 
removal and emission control. 

The ash is remcved from the combustion chamber manually. When 
burning bark \3.5% ash content), the chamber floor is usually cleaned 
once per shift while with white wood waste (12% ash) cleaning 0r.ce 
per ~eek is sufficient. Approximately half of the ash is carried 
through the boiler and remo•1ed with a multiple cyclone mechanical fly 
ash collector. ihis is usually sufficient to meet emission codes in 
the U.S. except in areas of high population densities such as the 
West Coast where a baghouse, scrubber or ESP may be required for 
particulate removal. 

The SF burner uses a standard gas, 0il or dual fuel burner as the 
support or ignition burner. On first light-up the gas or oil preheats 
the combustion chamber at the pre-set warm up rate for sufficient time 
to get the chamber to 1200-1400°F. The waste fuel is then introduced 
at a low fire rat~ with the support burner also at low fire. After 
stabilizing (3-5 minutes)~ the support burner turns off and the waste 
fuel modulates (3:1 Turndowr) to meet the steam demand of the boiler. 
If necessary in case of waste fuel shortage, the support b"rner is 
capable of supp1ying the full input to the boiler. 

-1 
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The fue1 is stored in a silo of sufficient siz~ to 5upply the 
burner through periods of plant shut down such as nights or week
ends when steam may be required. The unloading device must be 
capable of minimizing fuel flow stoppages due to bridging. 

The waste fuel is metered from a surge bin that is also specially 
designed to prevent bridging problems and to provide even fuel 
flow at the rate of boiler demand. It incorporates a live bottom 
floor ~f screws driven by a variable speed D.C. drive. The screws 
unload into the pneumatic fuel conveying line to the burner. 

Overfire and u~dergrate combustion air is supplied by seperate 
combustion air fans with damper controls which modulate flow in 
accordance with the fuel feerj rate. A higher proportion of under
grate air is used if the fuel has a higher moisture content. 

An overfire draft control system controls the damper between the 
I.O. fan and the boiler. A constant negative draft is maintained 
in the combustion chamber of approximately 0.5" W.C . 

Seperate flame safeguard scanners monitor the support burner and the 
waste fuel burner at all times when they are operational. The control 
system meets UL, IRI and FM Insurance requirements for safety. 

These units are nonnally supplied as complete turn key projects with 
design, supervision of installation, start up and operator training 
provided by factory trained personel. 

Waste Fuels Burned: Sanderdust 
Sawdust 
Particle Board Plant Fines 
Wood Chips 
Ory Bark (15% Moisture W.B.} 
Peanut Hulls 
Coffee Grounds 
Spent Tea Leaves 
Paper and Cardboard 

Types of Installations: 

I. In Combustion Chamber of 
boilers for the Wood 
Processing Industry. 

1. Firebox or HRT type Firetube 
Boiler. 

2. Water Tube type Boiler. 

1 
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II. Seperate Furnace with 
Hot Gas Duct to Waste 
Heat Boilers. 

1. Horizontal Multiple pass Shell 

III. In Air Heaters as the 
Heat Source for Rotary 
Dryers. 

and Tube Boilers. 
2. Water Tube type Boilers. 

1. Particle Board Plants. 
2. Wafer Board Plants. 
3. Wood Pellet Plants. 
4. Sugar Beet Pulp drying for 

Pe 11 e ti z i ng . 

The SF Suspensiori Burner is a good method of burning waste fuels. It 
burns the fuel complete1y, the fuel can be stored easily and delivered 
to the ooil~r in accordance with the steam demand. There is a minimal 
amount of fuel in the chamber dt any one time which improves control and 
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eliminates the over shooting when steam demand drops as compared to 
mass or pile burning on the grate. 

The main disadvantage is the requirement for fuel preparation to reduce 
the particle size of the fuel, which adds capital equipment costs in 
the hoggers or halTITiennills required and in the electrical cost of 
operation. - However, in many cases a fair portion of the waste fuel 
is already in the "fine" state such as sander dust, sawdust, particle 
board fines etc. which will make the suspension burner a logical choice. 



MUNICIPAL REFUSE BUR..'UNG 

Two years ago PGP decided to extend their waste fuel burning capability 
to include municipal waste. Patent rights were purchas·ed of a Rotary 
Grate type design - two stage incinerator cal led the "Pyrocone". A 
pilot plant of 25 TPO ca~acity had been installed in Grafton, Wisconsin 
and operated fer 3 years. The plant incorporated a waste heat boiler 
but the steam was disappated through a Fan-Coil heat exchanger on 
the roof. There was not a steam customer close by to utilize the steam. 
Economics indicated the plant be shut down due to a favourable land fill 
disposal contract approximately 6 years ago. In July 1982 PGP resumed 
operation of the plant on a one shift per day basis to train personel 
and obtain operating data. 

We are now planning to add a second .Model 25 unit to the Grafton plant, 
install a higher pressure steam boiler (350 psig) and a condensing 
turbine to get income from the steam generated in the fcnn of elect
ricity to add to the tipping fees and improve the economi~s. 

In addition a completely new 3 TPH (75 TPO) model has been designed 
using the same basic principals as the smaller unit but incorporating 
improvements learned over the years. 

We have been working with several municipalities to install new plants. 
The interest level is very high as the new EPA requirements for land 
fill in the U.S. are stringent which greatly escalates the cost. 
Obtaining sites is also very difficult for new land fills, creating a 
strong incentive to burn wastes and preserve the life of existing land 
fi 11 s. 

The main features of the Rotary Grate Furnace design are: 

1. The RGF utilizes a two-stage incinerator design. Initial combustion 
occurs under starved air conditions within the rotating cone in 
the primary chamber. Combustion is then completed in the secondary 
chamber where addit~onal air is added to the fuel-rich gases. The 
hot gases are then ducted to the waste heat boiler. 

2. The tumbling action provided by the rotating cone permits all 
surfaces of the fuel particles to be exposed to combustion air. 
The refuse remains in the cone until it is consumed or the ash 
residue becomes small enough to drop through the grate openings 
down into the aSh pit where it remains until ecol enough to dump. 

3. The ash which is left from the combustion process is essentially 
inert and represents approximately 5% of input volume. Since the 
ash is inert, water quenching and the resultant contaminated water 
problem are avoided. In addition, dry ash weigh! ~ess. 

4. The refractory life of the unit is not effected since the solid 
wastes do not come in contact with refractory surfaces. Scoring 
and the dragging of material on the combustion chamber walls ar~ 
avoided. 
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5. The cone design eliminates the need for a large quantity of waste 
to be in the chamber at any one time. This feature allows for 
more flexibility in controlling temperatures. Water sprays to 
prevent temperature excursions and dumpstacks to vent hot gases 
in case of temperature imbalances are not needed in the RGF system. 

6. The Rotary Grate Furnace does not require a tipping floor for the 
raw waste. The infeed hopper features a iow maintenance conveyor 
which continually supplies the RGF with waste material. Preparation 
of r~w waste material is minimal. Separation and removal of large 
non-combustibles and material which will not fit into the large 
infeed chute hopper is necessary. T~e remaining waste may be fed 
directly into the system. Metal cans, g1ass containers, and 
similar sized non-combustibles do not require removal and do not 
interfere with the combustion process. A clean out plug is period
ically retracted to remove non-combustibles which do not fall 
through the grates of the cone. 

7. In case of repair, the unit is designed so access is available to 
the cone and interior chamber in a matter of 2 to 4 hours. The 
short cool down time is possible because of the small amount of 
waste in the unit at any one time. Access is made easy by a 
retractable assembly pennitting the cone to be moved away from 
the chamber. 

8. An auxiliary fuel burner is used for initial ignition of the infeed 
materia1. No additional fossil fuel is needed once combustion 
is sustained. 

We are presently offer~ng the Electrostatic Precipitator for the 
emission control of particulates. The ESP is necessary when requ
irements are as low as .08 grains/SDCF at 12% CO . The I.D. Fan, 
draft control and stack complete the major items2of equipment down 
stream from the boiler. 

The RGF is only offered as a complete system including engineering, 
erection, start up and an operator training period of one year. MO$t 
municipalities are requiring performance guarantees by the equipment 
manufacturer. 
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l. !N~ROCUCTIO~ 

~ere is gener~l recognition t..~ac before the end of this cen~ry the 
demand for oil and qas will outstrip supply. As proeuc~ion of t~ese 
fuels ?asses its peak and reser"res become depleted, coal will return to 
its for::ier do~inant position. ~e change has already bequn. To 
accelerate ~~is change and to secure the full benefi~ of usinq coal, new 
industrial coal-burning syste.."'!.S are being developed-

In order to keep coal competitive and to ~eet exacti.~q environmental 
requirements, fl~idised -combustion has been developed as a ~ew coal 
ccr.bustion system. 'r.le tequire.~ents were that the system should be 
efficient, have low ca;ital cost, be flexi!>le L~ per!or.nance and L~ ~"'l.e 
type a.nd cviality of coal used, and also be en~iroru::entally acceptable. 

~e •orld wide interest in the fluidised coc!:iustion o! coal over recent
years ha~ resulted in a wide range of development and de::cnstration 
units for a variety of applications. In 3ritain, ~rica and ~est 
Ger-...any ! the introduction of fluidised bed COll".0Usti;,n oot."'I. in the power 
generation and t."'1.e industrial sectors is consiqered an i!r.portant aspect 
of t."'l.eir national enerqy objectives since it recuces de=and for oil and 
qas as well as exploiting low grade or difficult ccal reserves. In 
Australia siqni!icant develop-cents are takinq place to assass tile 

potential !or fluidised bed combustion under local coriditicns, in 
addition these applications L~clude the-use of fluidized beds for t!le 
cc~~ustion of indust=ial and agricultu:a1 ¥astes. 

2.l rluiaisation 

Solid par~icles can oe ~~ved =Y a :ast strea.::i o: a•- or ot~e= qas. 
I::laqine a ~ox containinq sand resting on a mesh. !! air is blown-very 
slowly upwards through·t.~e c:iesh, it percolates =et~een ~~e sar.d oarticl~s 
wit~out disturl:linq che1:1. ~-!hen the velocity of the air st=ea!!I is· 
gradually incr~ased, a point is reached when indivi~ual par~icles are 
!arced u::wards; they becoce su~~rted by the air stre!J:\ and ~eing t.o :nove 
about within a bed with a !ai.:ly well defined sur!ace. 

At still higher veloc~ties an i:.por~ant c~ange occurs; t~e be~ be~o::.es 
·-rer-/ tur~ul~n': with ra9ic :::ixi::c; o! the particles. :;~~les, si~ila: to 
those in a briskly boiling lisu~d, pass through~e =ed and t~e sur!ace 

* ?aper firsc presented Australian Institute of ~nergy; ~elb. Croup ~ee:i~ 
23 July .!.98'2 
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is no :onqer well defined. A bed of solid particles i.'l t.us state is 
said to be 'fluidised', because it has not only the appearance but also 
sCllle properties si:ll.il..ar to a qas passinq through a fluid. 

There are lower and upper li:l.its of air velocity bet~een which 
satisfactory !luidisation o! sand or any other granular subst.ince will 
ta.~e ?lace. The velocity of the air stream causing fluidisa~on is 
te:cmed 'fluidising velocity• . !or a bed of any material, tile larger the 
pa.ri:icles, ~~e qreater c.~e velocity of the air or ot~er qas required to 
fluidise it; for pa~icles of a qiven si:e, t.'i.e heavier they are, the 
qreater the fl:.ti.disinq velocity needs to be. Flui:isinq qas velocities 
bet~e9n l to Jm/s are qeneral!y ~sed. 

L'\ p:ac'tice, a fluic!ised bed will contain particles of different sizes. 
The operati.'\q !.i:l.it:i are sec, on the one hand, b~ t.'i.e :ni;ii::r.l:t air 
;relocity ne~ed to keep the par:icles !luidised and, on tile ache:::: hand, 
by t."le ~i::tu!D. velociey th~c can be used before an excessive ~antity of 
mace::::ial is blowr. out of t."le bed. 

A flui.:ised bed of solids behaves in :iany ways li.<e a Eqt!id and has 
icpottanc c!larac-:eristi.cs : 

The bed !i:ids its own level. If the ;ressel con~a•ni.~g :.'le !luidised 
bed of solids is tilted froc a horizontal :>esiti~n. t.'le surface o! 
t.'i.e bed remains level • 

• ?rovided t.'le fl:.Udised state can be mai;i~ined, t.'i.e bed can oe 
t:ans!9rred frcm one con:ainer to another a.s c.~ouqh i: were a !.iquic . 

• Solid pa:1:icles i:1 a fluidised bed Are violently c.~urned abo~t; rapid 
m.ixi."lq oc:c:-~rs and any added ?articles are quick:y dis::il:>~:ed through
out ":he bed. 

Objects can !~oat or sin~ i..'\ a fluidised oed ac:o::::di.~q :o ~~eir 
l!ensi:y, as i.."l a liqu.id. · 

• When a fluidised bed is 1eated, the c.~orouqh :nixinq enab!.es heat to 
be ::::a;iic!ly :r~nsfe:::::ed. f, om one p~ to ar.otiler, ensuring near 
unifor:ity of tez:sp.rat?J:~ as i;i a liquid. This is in contras: to 
conditions in a bed ot scationar"f ¥~iclas, L'\ ~hich ~eat is 
trans!e~ed by :he i:uch 3lower ?rocess of conduction !:om one layer 
of .;.~r;ic!.es to ar.oc.'i.er. :'e::i;:eratu:e di!!erer.ces in beds of 
stationa.:-1 ?articles can therefore oe ve::y high. 

• !UX.:.nq in a fluidised o~: causes heat to :e rapidly transfer:sd to a 
coo!.er sur!~ce (for exam?le, a water tu.Oe) i::z:'Arsed in i:. ~e 

constant :::ove~en: l::lrinqs 3 continuous SU?Pl~ of hoc particles to ehis 
sur!ace. 

16;; l 
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2.2 :luid~sed Co~bustion 

~e fluidisation principle has been successful:y- ap?lied to combustion 
applications. The basic concept is that tile foel is s-..ipplied to a hot bed of 
par~icles (for ex.imple, coal ash or silica sand) and is !luidised by ~e 
u~ard passaqe of a stream o: air. 3ecause of the ~~orouqh mixinq, the 
fuel is quickly discri.iJuted throughout t.~e bed and :s r~pidly ~u:nt, 
prcducinq heat at a hiqh rate for steam raisinq, wa~er heatinq ~r other 
?Urpos~s. ~e temperature of the beci is uniform. 

¥-1\et feeding a material l.i.lce coal, the ash remaining a.fter 
combustion is removed continuously to keep the bed voluzne constant. Because 
of rapid ::U.xinq and the high rate of coal combustion, the amount of 
u."lbur~t ::iat ial in the ~ed is st:1all; typically t:..~e bed ~ill c~ntain 
0.5\ to l\ of coal. :or satis:acto:y operation e.'le bed is <e9t ~elow 
the temperature at which coal ash begins to !use or sinter. The be.j is 
therefore operated within the ranqe 1so•c - 950°c - the tem:;iera~ure a: 
·.mich a soft, fi..~e ash is procuced. 

Cont:ol of the bed temperature wic.in close l..i:D.its i)resents no Ci!!iculty. 
Heat is transferred at a high rate frcm the bed to steam-rtisinq or v.iter 
tubes il::mersed in it; for qood quality coals approx:i:C!a.tely hal! of t..'le heat 
qenerated can be extracted in these tubes. This is an i=po~.ant fea.ture 
~~i:1g a s:ialler heating sUrfa.~e ~ bri:lqi.~q a.bou'= a =e<it:.ction in boila: size. 
A wide :anqe of coal sizes (either lWl'p or Crllllhed coal) can be use<!. 
Coal si:e, the bed material a.r.d combustor dimensions deoend on e..~ 
application of the systeiri; coal sizes are in t.~e =anga i to Soi:= wi-=..~ :~e 
!:led :::1atarial usually arounc l!!!:l1 in ~~icle size. 

The !::lasic elements of an a.t:nospheric ?ressure fluidised bed =oiler ~re: 

water tu.bes within the !:led 

convective t~es to :ecove: heat !rom the off gases 

grit collector to remove !ires from of! gases 

combustion air prehea.tar (optional) 

'r.':ese are shc·..m in Fig. l. 

A fluidised bed !::loiler must be competitive with conventio~al :nethods of 
firinq. The broad design requirements for an a."!..""10spheric ?ressure unit 
are: 

heat release rates of the order of l x 106 W/~3 oc :u=~ace volu:r.e 
are re~ired 

cc~ temperatures ::rust be li=iited to approximately hal! the 
adiabatic flame temperat~re or the ash softeninq t•~perature 
whichever is the lower 

excess air is to be li::~ted to 10 to 20\ 

this in t~rn req~ires :ha~ a~ou: so' of :he enerqy ~•leased by 
:he !~~l ~e ~er.~ved by ::io:ler :~=ds i::o.:::c~sac ~~ c~e oac 

:he St~t~c ~C?th o: the oec ~· to oe n~ qraatar :nan .!.!:;out O.Gm 
so :hat !J~ po~er consu~pt1on is ~oc excessive 

-1 
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Fiq. l An a-:::iospheric ?ressure :nc boiler 

'the heat release rate is pri.~Ci?ally determined !::ly the oxygen available 
in i!.~e fluidising air s~sam. Combustors operati.~g at at::ios?heric 
pressure have been used generally !or indust:ial boiler and wast~ 
incineration applications. By operati:1g the co::ibuscor ac L"l ele•1aced 
pressure, :nuch larqer t:1ass rat~s of oxygen can !:le achieved !or the sa::ie 
fluidising air velocity and '!his results in :nuch increased heat release 
rates per unit ~ea of combustion Qed. This ef!ect of increased 
pressure is shown L~ Fig. 2. ?ower st~tion ap?lications of flui~ised 
combustion have !::leen Qased generally on pressurised systems where 
pressure energy would ~e recovered by passinq the co:::Oustion gases 
t.~rouqh a gas tu:!::line. 

This combined cycle approach raises the electrical generating efficiency 
from about 38t.. to 42\ thereby saving a.bout 10~ of fuel =~i:-ements. 

At ':he low COlr~ustion temperatures, t.~e !or--:Ltion of !oulinq :naterials 
is mini.aised or even avoided and t.~e a•h is not sintered into a.C:-asive 
par:iclas. Th~ off gas from the ~om.Qustor, after mechanical cleaning is 
~enerally clean enough to not !o••l or er'Jde tur!::line blad1u. 

?ewer qeneracion with fluidised co~Duscion o!!e:-s :onsic~rable cosc 
savi~qs over conv~n:ional syste~~ ~ecause o! che reduc:ion in size. ~~e 
ex:enc o! t~e savings has be~~ assessed recen:ly (~.C.3. l980l and is 
su::i:nar:sed i~ ~~bla l. 

1 7 .. 
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Fig. 2 Electrical power output/bed a:ea !or ~i!!erent systec pressures, 
assw:U.nq 20 perc:enc excess air, 38 per:ent cycle a!!iciency 

Table I Costs o! atmospheric: a.nd pressurised !luidised ~ed cOlr.Custion 
of coal compared wich pulverised fu•l fi:i."'lc; !or eleet::'ic:icy c;enuation. 

Fluidised 'bed 
combustion 

At:llespheric 

Pressurised 

£.'C!>lanato:v ~oces 

\ savi.nq on capital. 
cost of pulverised !udl 

station 

With Without 
sulphur sulphur 
removal removal 

22 12 
10 

3 

\ saving on operating 
costs of pulverised fuel 

station 

iol'ith 
sulphur 
removal 

9 

lJ 

Wit:hout 
sW.phur 
removal 

2 

8 

l. Systems co=;iared are: conventional 'ulverised fuel !;)oiler wi~ steal:\ 
cycle, a~s~heric !llLidised. bee l;)oilar with steam cycle, and 
pressurised fluidised bed boiler with co:.bi~ed cycle. 

2. Systems are COQpared for hic;h sul~hur coal (3.3\) with 35\ su.l.;ihu.r 
removal ~r.d for a low sul?hu:·coal wi:hou: s~lphur re~.oval. 

3. Capi:al coses a..:-e :nid-1978 ;iri:es !or :coo !-!W (elec<:ri::i:1l pant, 
assuminq a lS\ contingency allowance and a 10\ archi:ec:/~ngin .. r fee. 

4. ~id-1973 :::<average coal cost • ~0.32/CJ. 

3. Oper3ei~g ~osts consist of coal, sor~enc. ~asee disposal, 09era~i~q 
l~our. ~a~~~enance and insura~cs. 



I 
i.J Adv~ncages or Fiuicise<i Com:>ustion 

':'he !l:.iidised bed coirbustion of coal has :iiajo= ad•Jantaqes over ot.'ler 
combus~ion systems: 

The high r~ce ~t ~hich heat can be ~ansfe::ed from Che bed :or steam 
raising or ot~er pur:-...oses enables smaller (and cheaper) ~cilers and 
furnaces to be used. 

3eeause the concentration of coal in the bed is scall, combustion is 
hardly affected by coal type, ash or 1:1Cisture contents. The ou::ninq 
coal is surroundee by inert mar.erial, so that there is little tendency :or · 
coal p~rticles to stick together. For the same reason, coals of 
vari.a.ble ash and moisture contents eo not upset the process, in 
contrast co pulverised :uel firing ~here coal of !ai:ly ;,i.~i:or: 
properties and ash content is necessa:y. Low-grade f~els regarded in 
the past as unsuitable for coirbustion can =e used in a fluidised bed 
combustor. 

In contrast to pulverised fuel firi.~q, fluidised bed cot:l!Justors can 
use comz::ercially available qraees of coal without !uri:.he: treac::ient, 
i.~ this way savinq costs. 

At hiqh cemperature, small amounts of certain salts are vaporised 
f?"om coal ash; the hiqher the te:aperatu:e, t.'le more the amount 
vaporised. Salts emitted from hot ash i.~ a boiler conden$e on steam 
or water tu!les,. causinq qradual !cul.in:;. At a~= of 9So•c, the 
t•.mperature in fluidised bed ccmi:us~ion is well below ~~at in ot.~er 
systems (!or example, over l2oo•c in pulverised !ual !iri.,q). 
l::::Lission of depcsit-for.tlinq ::iaterials is therefore less than !.~ 

other boilc:s and t'..:.l::le fouling is :nini:.al. 

Pa~icle velocities are well cela- ~'la~ at whi:h steel is 9rcded by 
i:::pact; scour:..,q by the moving par<!icles can oe ~e~efi:ial in 
preventing build-up of deposits on the pipes . 

• The evenness of the fluidised bed tecperatu:e en~les autoinati~~ontrol 
to be more ?reeise than in other co&l-oi;...-ninq systems • 

• More e!!icient methods of ger.eratir.q electricity canoe cevelopedusing 
coal-fired gas turbines. 

~e environcental contributiOE of fluidised bed c0tr.bustion is 
siqni!icant. !.ow operatinq :em;:a:~ture L, the bed h~l:s to :ecuce, 
control and e•ren elir.U.r.ate emissions chat r.:.iy cause en.,i:on:r.ental 
concern (~articula:ly oxides of ni":.roqen and sulphur) • Ourinq 
conventional ccim!::lustion .1:. hiqh te?nperat;ure, oxides of nitrogen are 
!ormad from oxyqen and nitrogen in th• air; nowever, at :he low 
temperature o! !l~idised comQustion, this does not occur so readily. 
O~ides of nitrogen ~an also be !ormed !rom nitroqen in che ccal, but 
the rr.et!'lods o~ operation o! ,!luidised com:usticn ;:,ini;ise their 
el!lission. 

Sul~nur dioxide is !or~Ad ~rom the sul:r.ur in a burning ~~el. ~c t~e 

Low :~m~erat~~e o! !luidised cor.~u~eion. ~os~ of :~e sul?hu: diox~de c3n 
=~ prevc~ted !ro~ ?4SSlng i~to :~e ~::::OS?~e:e oy adcinq ~a:ar~3lS such 
as li:estone or dolorniee, ~hich ~eace ~i:~ t~e sul?h~r ~•oxide, ~ixing 
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ic ir. a sol~~ ~~~v~~ wit_~ '!..~~ ~~h. ~is t=~~~i~~~ i~ a~~numi~4lly 4nd 
technically ?rafera.i:>le U> ?recesses in whic."'l sulphu: dioxide is washed 
from flue gas. Sul?hur ~etention is particularly iapor-:ant in those 
countries such as t."'le tJ.S.A. which posses_s large :ese:ves of hiqh 
sult:hur coal. With the app:opriate ~unt. of l.i!:!.~stone charged •.tith the 
!eed coal, ve:y good sul?hur removal can be achieveG as shown in ciq. 3. 

, .. I 

~t "" eo• g 
3 
~ 
';:; 

~3 4C• A-.:z 

211 
.s -.,, ~ 
.~j -.. .. --o 
}~ 

ii 
0 3 e 9 12 

l.imeslel<'<ladCiaon: 
<g~~ed =*kg of S4.11Qfturin co.i burned 

3. AA~ OF COMSOS"=J:C.'{ nl : .a.c. 

3.1 B~ble ~echa.nics 

As all fluidised combusti..on applicat.ions requi:~ t.":e 1.lse o! a.i: or 
oxygen as the !l~idisinq ~ediw:i, all of ~\ese systems ope:ate i~ t.~e 

aqq:eqative l'ICda of fl~idisation •#here c."'le buL~ of t.":e gas !lows t."'lrcugh 
the bed as :u!:lbles. T!le :isinq velocity of a bubble in a static 
!luidised bed is qiven by: 

od • o. 7l ( , ' -· 
where O is the .:iiamet;e: of a sphere which has ~e same •1olo.ime as t."'le 
bubbJ.e.

8 

·..r.-ien the o~cles are large and approach ~te container size, ~hs bc.tlbl~s 
oecoce elonc;ated sb.qs of gas. The risi.;:g velocit/ o! a slug i.s 
dater.:1.ined oy the container diameter and is given :y: 

0 • 0.35 .;go 
:3 c 

·..-he:-e o is t:!1e di.l::e~er o! :lie conc~i:ii~q •1ess.!l. 
c 

~.e above ~qua:ions !o:- a q.ls at negl.:.1~le dens.:.:y ~an ~e ~odi:l!!':± ~hen 
':.'"le gas c•.!ns.:.:·1 occcr.:es s.i.g:i:.!.i.cant . .,hen ccrr.;:~:-!\d ·•L:~ the ::ie-:t ::ens.:.:·/. 
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~cfore cons~iering the mechanics of combus~icn, e..~e distinction ~ust be 
~c!e bet...-een "~as::" and "slow" tlu!lcles. E"ro111 t:.he ::wo ~hase theorv of 
!l~idisation, the interst1tial rising velocity of qas ;hrough the.bed is 

u o/_ . 
~ c 

wben t~~ risir.g CU~ble velocity U~ is le3S than this interstitial gas 
veloc::.:;· the bubble is cescriiiec as "slow" and there is a :r~e exchange 
c;,f g.:i~ between the bubble and the bed. :or "!ast" bubbles the rising 
cu=ble velocity is greater t.'ian e.!ie interstitial velocity ~nd under 
these conditions a cloud :o~-ms arounc the bubble severely restrictin~ 
t.'ie exchange of gas between ::ie b~i:lle and the bed. 

Free ~u!lble Qechanics in a !luidised bed ~t can be shown !Davi:son and 
Horriscn, l96Jl that the concentration of a gaseous reactant, eq. oxygen 
va.:-ies according to be<! depth in the following :?tanner: 

c. :a c 1- Cc - c ) exp c- Q ., (3) 
c ? 0 p •/ u v 

i\ 
where c is t..'ie gaseous concentration in :.~e ?articulate ;:hase and 

p 

Cb is the gaseous conc:entrat:.ion in i:..~e bubble ;>l".ase. 

Q I 
'nle ter.n ( y u;\ Vl i.s the numeer of times t.'"!.e gas i-"1 the bubble has !:seen 
!lushed out ~Y exchange with t.~e bed c-.:.ring it:s rise to level y. W'nen 
y • H the bed height is ':..~en: 

J.2 C.~ar Cc~.Custion 

X a QH; V u;i. ( 4) 

F'ic;u:e 4 L"1dicaees some of ~he ;:ara.i::tQters whi::h ::iust be dete:::-:tined in 
order to ?redict the :ate of coal comi:Just~on in a fluidised :ed. The 
heat release, car:on hold-u~ car:on elut:iation ~nd combustion 
ef!icienC:"f can be derived frcm a ~nowledge of the combustion :ate, t.he 
physical behaviour of t;he bee and the ~sh prope=~ies. ;i.ssum?tions use<i 
for the development of models !or cha: co~.Custion vary cut ::!~~ ~ssu:ne 

"!ast" bubbles, appropriate to bench-scale a:iparatus. ~e resistance t~ 
the tra~s!er of c;as from the b~ele ?hase to t.~e dense ?hase can be 
characterise<:! !ro~ the ~~o-~hase t~eory ~Y che prediction of :he ?ara
~eter, ~of ::q. 4. This enablas :he prediction of the dense phase 
oxygen concentrat~on. ~he concentration profiles are then obtained by 
sclvin9 the diffusion equation for the transfer of the gaseous species 
to and !rom the bur~•nc; ?article. ~he rate, R, and hence the heat 
r~leased at ehe particle surface, :nay be obtained from :he expression 

(5) 

~her~ c~ is the o~ygen :oncen::a:ion in :he ~arti:~la:e ?h~s~, d is ~he 
p.irtlcl(l ii:..::&, and ~ :'.:':e CO.:"Zi.:eci c:..!:!~JS.i.onal .ind '.<.:.net:iC :esis;:3"'1C:::":'1. 

~e :.-12ac-::. ..... :'.lt!! o! -:he ca.!:~on °:'.as ·~a~!"l ~si~::iad !i::-s-: o::-d-:.-: '#it::!"! :espcct:: 

• . J 
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to ox1.;en. 

The expression f. - !<'. takes :he !or:11: 

l a _J_ 
:< k 

c 

ad +-
Sh D 

g 
(6) 

where kc is the chemical rate constant, Sh is t.~e She!:"'~ood nu.':t.ber and 
Dg :~e dii!usivity of oxygen. ~ and y are constants which tak~ the 
values indicated below. 

T!le •ralue of !C depenC.s on which of the following :-eactions is assumed 
at ~~e particle surface: 

a y 
(i) c + t02 + co l 2 

(ii) c ~ 02 + co
2 2 2 

(iii) c + co
2 

+ 2CO l l 

A pseuco-fi:st order veloci:y constant, k, i~ de!ir.ed by writing: 

r-ate of O~ consumption p .. r unit volume • kcp 

f=om which the bur-nout ti:ne, 
given by 

.. .. ' c for a batch of '.1.~i!or:n ?a~icles is 

... 2 
0 d.y OJ - • ':l m c l. . c :. 

(7) 
t ,. 

+ c -x 
96Sh0 48k 12:: A(0-(0-U le c c 0 0 <; 0 c 0 

wh!re c is the inlet oxygen concentration, and d. the initial char 
. l 0 . l. 

pa~ic.e diameter of density o . The first eerm reoresents t~e 
contribution t~ the bur~out tjje of the batch charg~, the second the 
di£!usional resistance, and the third that due to the kinetic resistance 
at t.~e par~icle sur:~ce. The ir.agnitude of burnout ti=le clearly depe~ds 
on ::iany parameters but is cocnonly in the r-ange of 500 to 2000 s. 

'='·..., .. -""'!. 
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A knowledge of the chemical kin~tics is r~ired in order to obtain 
v~l~cs from ~q. 7. A se~er~ limitation of experi~ents to date has ~een 
::he lac!< of kinetic informacion a!::lou:: °the char. ~.ost have assumed 
literature correlacions ~or prediction of :hP. chemical race constant. 

While it :nay be shown t.~t for particles >Smm the rate of char combustion 
was predominantly controlled by the rate of transfer of oxygen !rom th'!! 
bubbles to and t.""irough. the partiC'..iJ.ate phase. other work indicates thclt 
for particles <Smzu both diffusion ahd chemical kinetics control the rate 
of combustion. The proportion of chu.ical ki.."leU.c cont:ol is dependent 
on both temperature and particle size as shown in E'ig. 5. 

1!'100 
~~.;H P.1.i<TI::!.:'. ~IAMETER (j.irnl 

I 
] 

j 

?ig. 5 ':he depende.~ce of kinetic resistance to co~~usticn on particle 
size (-- • experi:ent of ~ss (1979) 5 to lO\ o

2
; 

-- • calc-~lations of3org~i et al (1977) 4\ o
2

) 

Since for some c~als ~ore t.~ half ~i-r heat±ng va.lue arises frot:l 
volatile component.$ which a.re released from t.~e coal S't!r!ace to CO::lSU:::'!! 

oxygen i:t competit.::on •.rlt.."t the rema.ini.-ig char, !t is i:::1portant 1:0 

consider volatiles comeustion i.."1 a comprehensive fluic!ised combustion 
model. The significance of volatiles in the applicat!on of ciodels to 
fluidised-bee com.Ousters i$ well es~lished and some !unda:nental work 
on ~'tis il:lportant aspect t~ now avai'abld. 

17-=-l 

- ---~----------~ 



l 
178 

In recent studies the volatiles are assumed to burn in a diffusion 
plume emanating from the coal entry port. Fiqure 6 shows the fonnulation 
of this :nodel. for a fluidised bed '"'it.i. two coal ent...ry ports at t.lte 
c.~istri.butor level. The volati.les are assumed to di!"fuse :adially 
as they pass th:ough the bed, while the char particles become 
distributed throughout the bed. The rate of char combustion is assumed 
to be zero inside the plw:ie, and takes place at the mean oxygen 
concentration outside these zones. The application of tJU.s approach 
to large-sea.le equipne."lt needs to be fu.lly assessed. 

, roP ~ n1c sw 

COAi. 
AJA 

Fig. 6 C.:lncen::r~tion profiles !or ·,rola::iles (C:Al ar..a oxy<;en in the 
vici~i~y of ~he volatile plumes cc9 ) from ~wo =oals feed .90ints 
near the distr~u~r level in a Eluicisac-beci ~cr..b~stor (from 
?ark et al,l98t;) 
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4. RE:VI~i O: : .3.C. OEVE!.OP~S ~O~ WIDE 

4.l 3rieai:t 

For :::ore than a decaca Great aritain has accu::i.ulated a consi~era.!:::le body 
oE experience in :he Eluidised coCICustion of coal. A 2.5 ~ (ther.:iall 
ver-tical shell !:oiler a:id a 2 :-!W (t::er::ialJ pressurised coc:.buseor have 
been operated ~Y ~~e ~ational Coal 3oard (~C3l since 1963 and 1970 
respectively. A larger at:ospheric pressure unit of 13.5 ~ (ther:nall 
has been operated oy CJt:i::>ustion Syst.ems !.td and 3a.!:::cock and :-Wilcox (t.'Kl 
Ltd at. aen!rew, Scotland since 1375. 

Pioneerinq ~ork carried out ~'l ':.~e Central ~lectricity Ganeratinq 3oard 
and the ~C3 in the 1360s was directed towa:~ t.~e develo?ment of a new 
~oal-fired power station. However, -:here was little inc~ntive to ?Ursue 
t.~e advantages of fluidised combustion as o•l was in plentiful 5':??1Y 
a.nd a viqorous nuclear ;roqram had !:een initiatee. 'nie oil crisis of 
1975, ~h~ch cniqht have brought a.!:::out a radical change i:t atti:uce to a 
coal-based technology, ~as acccmpar.ied ~Y Cal a slowi~q in :eca.~c :or 
elect.:icity because of -:he econoetic situation, (!:) energy conservation 
ceasu:es, (cl t.~e introduction to t.":.e market o! :<orth Sea oil anc! ;-as 
a.~d (d) a strategic decision to build a lar;e pulverised-!ue:-:~red 
power station. As a cons~ence, electrici:y generating capacity in 
Britain is li~ely to :eet :.~e needs of ~,e i:::i:neciiate !u:~:e and 'C.~ere is 
lit~le possibili~y !or soce ti..::e c: local power generat~on ~sing 
!luidised co~ustion. T~e 3:itish, ~owever, were ~ick to :ealise the 
i:::por::a.~ce of ~sing !l~i~ised co~~ustors !or bu.rning ~ig~ 3Ul?hu: coals 
by ac:ing li:::estone to the bed. As a conseq-~ence t.~e~= e!!orts in ?Ower 
generation have la:gely =een directed toward overseas =arke~s. 

tocally t.,e XC3 ?redicts i:.~e largest growe.~ in coa: sales will be in the 
industrial sector a~c is encoura;i.~q t.":.e developr::ent of a range o: 
fluidised oed ~oilers to ~ee~ consu::iers' needs in Uiis area. 

Conventional coal-f i:ed boilers a.re at a considerable disadvantage 
cot:1parec to oil-fired or gas-fi:ec !.lnits, parti-::~larly in t~e costs of 
providing coal har.dling :acilities and hig~er :nar.ning :evels. ~arge 

industrial -~al-:i:ed boilers are also li:::ited in :hat ~~ey can o~rn 
only a ~ery narrow range of !~els. :l~idised bed ~oilers are !:einq 
developed oecause ~hey offer hi;~er cc~..b~stion i~tensi~ies, =ere ccm?ac~ 
construction and greater az::eni:y t~an conventional stokers. 

':'h• conve:sion o! a cross-type s~oker .,,t Ren!:ew to !l'.Jidised !::ed !i:-ing 
•..ias corn?leted by co.r.:.ius:ion Systecs :.td/Sabcock and :.tilc~x (U:<l ~::.: in 
l9i5. ~e boiler has ;irovicec stea::i !o'!: t!':e :zictory at ::iore ::.!i..an its 
ra:ed ou:?ut: o! 20,0~Ckq/h st:e<l!I\. ~ ~arie~y o! fuels have :een :urnt 
including hic;h ash and lugh s;.il?hur :c.J.13 . .'.s a resul::. o: t:!i.es~ ::.est:s, 
cha CC::"":?ar.? is .j::e~i;~c; :o~e:-~.:...!!. c;·~4.:.!.~:ees ~:Jr l.i:;ct .:..~:~J:::.~.!. 

!lu~disad :ed bcile:s. 

A signi!i:ant cc~?onent o! :!i.d cos: c: a =o~la: is :he c:~sh~ng ~~ui?-
:ir.c:i: :er ?nc·~-u.==-·= :o~=-i.~q o: :=:e :ojl. a .~\:\ ~~pcr~an~ =~~J.!":t.::"e ~==~ 
~~~u~~:~= ~~~d~ng ~~s =cen ~~ve~=?ed 3: :he ==~l ~~se~:c~ ~s:~b::sh~en: 
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of ':.!te ~- Z:i this development coal sized ::et·.;ee~ l2irr.m and 25am is 
screw !ed above t!:te !:lee surface. A suc:ession of ce•1elopment planes 
(~able I!J have been !:luilt on industrial ?remises. nte l~rqest of these 
is a JO ~i (':.hc?':lal: hic;h ?rsssure Stea.~ boiler at :he 3ri:ish Steel 
~orks in She!!iclc. 

- -

;iq. 7 tocomo~ive-cype ?ackaqe fluidised. bed ~iler 

'!'he ~st ~opular boile: i.~_Sritain is ~"'le horizontal shell boiler. 
Although U?e NC3 is atte~ptinq to adapt this :o !luidisa<i bed firing, 
t."'le ?refen:-ed desiqns have (i) vercical corr.l::ustion chatr.bers wi:h vertical 
t."'ler.nosyphon tubes to qive water flow oy na.tur!.l :ir:ulation or (i.i.) 

vertical co~.bustion c."'la::-=ers with horizontal convec~~v~ sectior.s - a 
locoll'.Otivc type boiler ar:anqement such as illustrated in !ig. 7 

A. t'anqe of hot wat:u: and St'!UI boilers is :ei~c; :na.rl<ated oy Stone-illatt 
!luid!ir~ which var1 in concept !rom e.~e a.Qove in several intaresej:.q 
ways. These boilers, az-e designed (i) to ind~ce a circulaticn of solids 
i~ the co~~ustion zone which (it is claimed) decreases the loss of coal 
~Y cluc:iation, (ii) to operaee at a lower !luidisinq veloci~y, (iii) to 
screw !ead thd coal ~elow t.he bed surface and (iv) ~ich separate 
comi:luseion and heat trans!er zones within the ~urnace. Heat =•moval is 
cor.;.:cl.led by indi•Jiducil air supply to each :cne. T:'\e ar:-anqemer:t is 
illustrated ir. :i;. a. 



Fig. 8 Industrial !luidised bed.boiler, GeorgetQwn O~versity, ~SA. 

The developments in power generation applications are largely con!i:i.ed 
to the ~C3 and 3abcock a:i.d ililcox (t::<) ttd. '!'hese t"#O grQups :ogec::.er 
with the Sw~ish :~r~ine :nanu!ac<;urer Stal ~aval are st~dying a 
pressurised ~luid.ised cosr.=us:or sys:eo. cou~led to a 70 !'rll (electrical) 
qas turl)ine !or the 3ri:i•h ~olui:l:>ia Hydro ~u:~ority i.~ canada. ~e 

same team is lir.kinq -;.~rough Coal ?rccessinq Consultants with N::erican 
~ectric ?ower :o design and cost a co~ine<i cycle system to ?reduce 
170 MW (electrical) . 

In 1975 the NC!l established ~ ~holly owr.ed sl.:l:)sidiary called NC3 (!~l 

services Ltd ~hose ciain task was to manage the Inte~ational ~nerqy 
aqenc:y's proposed pressurised combustor at the Gri~•c..~orpe Col:ia:y in 
Yorkshire. ~is project is jointly suppor<:ed cy the Goverru:ients o: 
3ri:ain, America and t.~e :ederal ?.epl.:l:)lic of Ger.::any. ~he des71n 
capacity o! the plant is ao xw (ther::ial) opera:inq at 6-12 ~a: a: goo :o 
gso•c. 

:he plant, ~hich is no• operational, is descri~ed as a fle~ibl~ 

•X?•ri:::ent~l co~~ustor rat~•~ than a de::ionstration ?lant. 

4.2 U.S.A. 

:::~aresc .:.n !:!.~i:!i·;Qd bee coal .::::-.=1.:s::.ion i.n :~e 'J. S. d.a:es !:-::ir.1 ::-.d 
sa~a ;:a::.od <lS: ::O.e !::1.:ro9ean ;ievelo;::':lu::.1. ?i.or:eer.i:ig ·.icir'..;: .:.:i ".'.:-..a :soo 's 
~'I che cor.s1.:!.:::.:-:q ~::.:-::i ?o::e, ::va:is a:'!d Roo!::Ji:-:s lacer :ed :o ::-:c 
co~s::·.;c:.:.on o: · ... ::.:ic i.s c~:=•.r.~l:t :~a ·.;o: !..:! 's la:ge:i: .l:::-.cs:;r.e::.:: 



pressure ?lant ~t Rivesville, ~est Virginia. Only in t.;e ?asc few years, 
however, has there been incense activicy and !!!ASsi•re f:!.,di:.g. 

~e r.iain incenti'le !or t~e development: of fluidised co!NJuscion in tile 
U.S. is ~~e ?reduction of power from coal in an enviror.ment:£lly accepc
able :nanner. A considerable ;iroporc:ion of coal reserves i.~ America 
coneains high sul~hur or high alkali metal conce.,es ~hich in convenc:ional 
::iethods of com:iuscion lead :o operat:i.'\g cii!!icu.l.cies or hic;h coses in 
?roviding :1~e-qas desul?hu:isacion. :luidised combust:ion of!ers the 
means of ex~loicinq c.;ese di!!ic~lt fuels ~ithouc boiler fouling or 
scack gas sc:ubbi.'\g. 

Industrial 3oilers 

~espite e.;e major i."lteresc in EJOWer generation, the America.,s appreciate 
t.~ac induserial boilers a:e a i:tUC.~ nearer cor:iz::ercial p:-oposition. 

A 100,000lbr.t boiler su~plyinq st:eam at 275psig to t~e Gaorqec:own 
University ~~ntral heacinq ?lane ~as built by l?op~, ~vans and :tcbbins/ 
Foscer Whe' .er E:nergy Cor:i- in 19'19. The design, !iq. 9 is for a bi
drum boiloi._. ·..rith sloping tubes passing th.:'Quc;h the bed. to allo-"' nac:u:al 
ci:culation. Su~cessful operation of the bo.i:ler has bee.'! reported. 

The DO~ has er.gaged Combuscion ::.~gi.,eering Co UJ Quild ~-o indust:rial 
boilers and Flui~yne ::.~qinee:ing Corp co develcp an at:::os9heric :tot air/ 
hct •.rater heater and dis-.::Dlueion sys-:em. ZXXon Resaar:h and =:m;i."leeri:ic; 
Co. has COE support: co inves-cigaee ?Qtential ap91.i.c3.t::.on eo refinery and 
pecroche:nical 9rocess heaters. As -.rill be ~ci:u.ed. ':ly ~ s;:ealce:. t:or.:
Qli·.rer is .comm; ss±oninq ~ boilers to !lu.."'n ant.'lracite cul:ll. 

Nota.bie is the OCE su;ipo~ of Sat:<:elJ.e <:.J!.::r.u:.'lu.~ T,-1!'-e:::ato".'ies aevAlopme,..t 
of a second generac:ion process :er.::ed ~ultisolid !lui~a~d ~e<! ccmeustion. 
!'his is a hybrid of the nor.na..l !luidised combusecr a.r.c an entrai;1ed flow 
reactor. !t has potential ad~a..~taqes in :::one:ol/~"..!..'":'ldown and sulphur 
re!!:Oval but: is !urt.~er !rOCl cou:mercial reali3atior.. 

The Ohio ~erqy and aesources ~evelopmenc Authority c~ose 3ai:,ccc.~ and 
Wilcox CU:<J Ltd to retrofit: a 60,0001.b/h, lSOpsig saturated steam !:loiler 
at the Cantral Ohio ?sychiatric ~ospital i~ i9i9. 

The ~ohnston Seiler Co. of ~chic;an has recently launched a range of 
factory asseml:le<! indusc:rial !lu~dised bed coilars (=ig. 7) with out;nits 
!rom 2500 co 50,000lb/h s-ceam up to 300psiq. ':he ai~ of the company is 
:o prov~da a :mJlti!uel boiler which is ca~ai:,1e o! oil or gas !irinq new 
and :::an 1.!'\ the future !:le •asily ar.d econo::".i:::ally con·re.r-:ed to :oa.l 
!i:in7 ·.ihen !uel. ;>rices or a•raila.bili~y :na.~a ':hi.s :-.ecessary. 

?ower Ganaration 

!': is :".Ot po~sible in ehe space ~o cover 4ll c~e po~er qenera~ion 
?rojec~s. A quick glance ac any recent !luidisa<i co~~useion con!erencw 
?roceedi::gs •.iill qive sc:me i:iea of the r1u::\l::Jers of g:-ou;;s i:wol•1ed. Many 
o! :he s~~ci~s :o:".sisc of c•t:ailed ccr.cc?:~al ~esiq~s lnd cos:i::gs whic~ 
ap~ =ased en li:i~~d 09a~aeinq ~a:". 

~d :c:: i.s s;;onsor~:".q :.he JO ~:w ( al•c:ri:::4l l .J-:~s;:l\er~= ooiler £': 

~:.·1asvil:2. ~1is ·..-as co:=iss ~.J~ec i:'\ l.977. :'~c ~ol:.•r ·~or.s lS~.s c~ 
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:::!tree combus:::ion ce.!.ls .,..hi.ch contai:i e•raporative an::i supe.rheater tul:es 
in e.'1e ~ed. ,i),. !ou.rth eel.!. •.Jhich con tair.s no ::::.:bes i!'l the !:led ac:::s as :±e 
coi:Qustior. cha~er ~or the elutriated !ines :roe :::he other :::.'iree cells. 
rt is also used as :.'ie star':~? bed - the oc..'ie.r cells ceinq li::: !::>y 
t:ansferri~q ~oc be<! :u~e~ial f:c~ ~he !ou~~ :ell. 

Al:.~o~qh a great deal o! experience ~as come out o! -:.'iis endeavor it has 
not: been •i:hout operatinq :::.routiies. The coal :eeders, ash ha."'ldlinq 
~i;icer.:::, the air distri::utor and the electrostatic precipitator have 
al!. ?resented ?!'Oi:>lems. However, the ex:;:e.rience is providi~q :::any 
valuable insights into :::he ope.ration o! a larqe ?.!..L"'lt. 

:or p:essurised applications :::.'ie lllQst signi!ic~::: C?era:::ional ?ilot 
?.!.ants are t.'ie l ~ol ( the.r:aal J ~on :-ti..."tiplam: at :.i:icen, ~;ew Ja.rsey, and 
t.'i.e CQ~ustion ?over Co • ..; :<!H ~-=::er.:all ~"li.-: at !-!enltJ :?a.rl<, ca:i!ornia. 
~ ::ia.jor conce:-n in ::0th ;rojec:::s is the assessment of -=-~e gaseous and 
solid constituents i."'l c..":.e ~as st.rea.::i. 9ot!i. q:-oups a.re st:Jdyinq t..~e 
per~or::ance of qrar.ular =ee !il~ers a.s ~ ~e~ia.rf qa.s cleani:ic; device 
and t.'i.e cor=osion of '!-:.l--=ine alloys exposed to -:.'ie off ;ases. 

~ 43 MW (ther.:ialJ pr9ssuris.C. '.l.~i~ inco~o.rat:i.~g a gas t~r~ine has oeen 
cci:r:nissioned by Curtiss-wr.:.;ht unde.r con~:ac:::: ~c ~~e :cz. '!'!'le design is 
based on an air heating cycla L"'l ~hi:h a ?:opo~~on c: '!.~e :otal ~= is 
heated i:t t-.U:es passinq t."!.rou~n '!.":e oe<!. :tecer.-: NO s::::icies have sho...,n 
se•re::e cor-osion o! CU!:e alloys a~ t!l.e high ~eta..l· :~e.ra'!:.i.res re<;;t:irec 
for t..":is cycle '"li.e..ri li.r:es~r--3 is present in '!he bee. ~ese resul-:s :iay 
necassi:at~ a :eapp:aisa.1 c! :::.":e cycle a.dop~ed. 

eo; -. _..,. 9 
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4. J Australi.3. 

Oneil quite r~cently t~ere has ~ot ~een e.~e sai:te deq:ee o! ?u!:llic aware
~ess of t~e ~orld ener~ sit~ati~n in Australia as i~ ~~:ope and t~e U.S .. 
Shielded ~Y see:ni.nqly plentiful supplies of oil, gas and good qt;ality 
coal there has not been c.~e L~centive to develop a ~ovel mec.~od of 
com.bustion. Despite this. in t.he early staqes of t~e overseas develop
ment of fluidised com.bustion, scientists at the CS!~.O Division of Fossil 
Fuels demonstrated t..~e advantages of !luidised combustion !or e.~e 
!::Jur:ti.nq of low grade solid and liquid wastes. This ef!::ir: has continued 
to the present day over a wide ranqe of !eedstocks. 

~~rket ?ressures, caused by inc:easinq oil prices and stable coal prices, 
~ill er.able coal to coc?ete i.~ e.~e Aus~alian ooiler :!larke~. Alt.~ough 

owners of s::a.ll ::ackaqed :ol.l.ers may in some areas switch to gas this 
alternati~e c:iay be relatively sho~ lived and is not even an option in a 
great :nany places. A coal-fired s~ker would be an alternative in this 
range !:Ju~ does not offer the a.bility to fire coal, oil and gu as ava.il
a.ble ~or the possi.!;)ility o! unattended operation. 

In t.~e power generation sector it see::is likely that c~al from new fields 
in Victoria and Sout.~ Australia ~ill ~resent di!!ic-~lties ~hen f i:ed in 
pulverised !..:el ?lants. There is a stronq case to e.:c;.lc:-e the :iotential 
of flu;.~sed combustion to ou_-::. -:.;,.ese coals wi~hou-: :Ou:i."1<; or corrosion 
of !;)oiler components. 

In 1979 <;.~e :tational tner;y Research Cevelopc:en-: a~d ~emenst~ation 
CQur..cil col:ll!lissioned a repor: to assess t:.~ 
needs for research into fluidised !::9d coa-.=usticn i."l Aust:r~li.s. ~e 

princi;>al (i.~cii:1gs o: t:.~is :-epor': we=e: 

Su~por: for resea:rch, devclopi:ien~ and de!llC'~st::stion of ::~idised bed. 
com.l:lusticn was naeeed by ~ra:-~cc on a signi!i:anely ~~c:-eased lavel sc 
that. i'! was at lea.st com:nensu::ste '.Jit;.'"1 ot!ler pr~ltisi.."'lq da•re1.opments in 
t.~a energy field. Support would be justified !rom the poten~ial !::Jenefies 
that !luidised !:Jed co::i.bustion would ori~g to small and larqe industrial 
conce~s and ?Qwar generati.iq authorities. 

The priori~ias :ecommenCed !or su;90~ were in o=Ce:: 

l. t~e de.'!IOnst~ation o! a c::ial !i:9d !luidis~d !:Jed cocbustion packaged 
boiler, 

2. ?ilot ?la..~~ st~Cies laad~nq ~~ ~~e Ce=o~se=a~ion o: =o~er genera.:..ion 
oy !l~~dised ~ed col!IQustion especiall/ !or appl~cations :nvolvinq 
troubleso~c coals and coal ~astes, 

3. !u.idacental studies ai:::ad ae developing process unde:sr~nd!nq a~d 
plane ~prove~ents, 

4. U"le df:!•te!.o:;r::ent of a s::o.al.:.. -:o ::1ed.i.!.!t:'I 3c~!.9 !!.u.i.dised :>ed ga:; ~roducar, 
a.r.d 

5. :::e :!e•1elo9r.:ent o~ ~:,..:i~i3ed ::ed oo:r.::iu.ai:.o:-s !o:- -:::e 1.:::i!.:..sa-::on oE 
inc!~s:::-:..l.:.., ~:-::.c.i.;:al .3r.d ~gr~:·.l.l.t.~ra.:.. · . .-as:::!s anc! :o·.i g-:-.lc~ .:\:ols. 

l 



I 

~luid.ised =ed co~~useion units in Aust::alia. are listed in ~~la :v. 

Indust::ial 3oilers 

Alt.~ouqh a ~w:lber of groups are of!eri.•g ?ac.~aged fluidised bed ~oiler 
designs in Aust::alia, ~ date no com::iercial unit has been i.~seal:ee to 
o:;ieraee on ~oal. I:i 1980 N~CC sirovi~ed a g::-a.-ie of S.::.22, ~00 to c.'1e 
Health Com::lission of ~.S.W./t:nive::si~y of Syd::ey for the L"lsta.l.:.aeior. o! 
~ 3 MW steam ~oiler at Royal ?::-i.-ice A:!red Sospital, Sydney. ~~is project 
is currently at the tendering sea.ge with t.~e e."Glectation t!'..at t."':.e •..init 
will be cocr::ti.ssioned late 1982. ':hi~ l!.~it will provide, for t~e first 
time, a definiti~e assessment of t~e ?er!or::iance of a =.s.c. ~oiler using 
~ustrali.3:1 coals. 

~er Generation 

Planeiful 51.!pplies ot good <!\!Ality coals in ~.s.w. and Qld. allow 
relatively tro~le free operation of ?Ulverised fuel ~ilers ~t ir. Vic. 
and S • .\. the coals burned in c.'le power stations c:a.n cause a.."Cc:essi'.re 
fouling. As a consequence tr.ese pla.~ts ~ave heavy 1:1&.i.-itanance and ::Own
ti:ne penal~es. Sot!\ ehe Seate nec~ici~y Cotr:ti.ssion of Vic-:o::ia 
(SZC:V) and ~"':.e ?:lect::icity T=use of Scut.1. Aus-:.ralia (~Al are aware tha't 
fliti.d.isec combustion may have t.'le poeeneial to alleviate ~oil.: !oul.ing. 

The SE:CV has ?:"ecently l::iuilt a 350 :c :JSOc:i at.:!Ospheric pressu:e pilot 
plant a.e t."le Her.:ian i:.al=or&tories. ~e ooject.ive of t.1i.e projee-: :.S to 
investigate t:.cse peculiar di:!ic-~l~es '.olhich brown coal :itigh~ :resen~ 
sue!\ as feedinq and fcul.i.-ic;. As any la:ge :=lc.e would proba.Dly !::e :!esio:;ned 
by an oversea..s ca::pany on t.'le basis o! ax;ierie!'lce of bu.:ni.~g !oreiqn 
ecal.s a lc.~ovledqe of how t.'ie loca.!. coa.!. ::U:=i.s in a fluidised bee is o! 
~ramou.-it • -;>o?:'tance. 

South Aust:alia has la.rge reser-Jes of ;oor ~ality coals. ~e State wi:l 
need. to i.•c:ease its coal-fi:ed qenerae.i~q capacity by the :ni:!-!.98u's a.~d 
hopes to ~egi:i using a new coal fiel:. ~e coal !ro~ t."le new field 
analyses ::oug~ly a.t 56 percent water, 2 ?•rcent sul;hu:: anc i :ercent ash 
'"it.~ 14 ;erc:ent sodi!.lI:!. in the a.sh. ~SA ~as a colla.bora.tive prog:-am \.lit:=:. 
t~e CS!~O Oi•Jision of Fossil :uels to ;er!o~ combustion anci !culing 
teses on.~'iis coal in the ~ivision's 300 ~ JOCC!I !lu.idised :ed coc:ius~or. 
It is procal::ll~ :ha.e the first lar~e scale application of :l~idise~ 
c:otrbustion :ir ;iower generation ::ur::oses ~ il.ustralia .,..ill :e !o:- ':..~e '.l.Se 
o! di!!ic:~lt coals. 

Australia ?roduc2s q~~nti:ies of ..,a.see ~a.tarial of r.~dera:e calcri!ic 
value such as ..,ood was~es. suc;ar-cane '.olas'tes. ~ice hulls and so ~n. ii. 
l.2 x 0.9::1 fluidised bed inci::era:or, .... ::.:h heat recovery. was :ecently 
installed a.t an abattoir in Brisbane oy :.:.a~eless Inc:ir.ers:ors ?~y ~::i. 
Cia:!::ac;e o! a. calori!ic val:ie of 7. 2!·!.J/:<g !'!as ;,ee~ trea.:ed a.: ::a.tes 
c;rcaeer t!'l"n l :onne/h. ~e .cen:::sl ~esearc~ :.aoo:a.tories o: 3?.? ha·1'! 
also been dX.l::li:ii::c; :he fli;i:iisc-=. cor...::t;s ::.:.or. of ag: ic1.:: :·.:.: .!l. ·..,.as ~es. 

':he .:oint -=~al ?oard and ::-.a :s::?.O ~:.·:is:.on o! :cs3i.!. :1.:e:.s :..:: ~:::ll..i:Oo:
a.:i~n ~i:h c.:.~=~~ ~evelop~en: ::~ ~a~c :een cper3:ing a .!..6 x :.s~. 
2 :~~.:'\':!/:--., ~ .. 5 =--::·: (':~er:-.a.l.) c:~'..!s~== 3.: ':!°'.• '~!.anle'! C~a:. :·:tJs:-.C!:·; 
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":he plant has burned both coarse reject ;nater.i:al and ~lti.-ckened collie.."}' 
t.ailinqs without auxiliary !i:±ng. Typi:cal cai:l~-ic;s· feedstock consists 
of 60 percent water, 10 percent ash, 30 percent carbonaceous ::ia.terial. 
In t.'lis case fluidised combustion w±ll not only ~e a means of overcomi..-ig 
an environmental problem but will enable heat to be ext:a-:;ted f:om 
ot.i.er.,ise unusable wastes. !nstallation of a waste heat boiler to this 
ur.it is expected to be completed by .July, 198~. 

Py:-ec:on ?ty Ltd usi.1g t.i.e spouted flu.!dised bed teehni:que developed 
in conjunction with the CSI'.00 Division of Poss.i:l ~els have oee.."1 
successfully marketing a fluidised bed incinerator - !u--ther deeails will 
be given in another pape: to ~us sem~"'l.ar. 

CONCLUSIONS 

~luidised bed combustors are available co1?:111.ercia.lly. ~hese are :na.inly 
incinerators, s:eall packac;ed ~ilers am! hoc gas generators. ;.,s expect~<! 
with a new development not all these ?lants have operated successfully. 
Tro\lDle free operation depends not only on the s\U.:abili:y of ~~e applic
ation but also on the design skills and ex?erience cf ~~e g:c~? ~arke~ing 
t.i.e 9<1Uic:ment. An understar.di.ng o! both t~ese aspec~s ::a:: only !::e g;iined 
by developL-ig our own experience ~f !luidised co:n!>ustion :evi.ces wi~'ti.n 
Aus-e:alia. 

Fluidised oed boilers will soon oe operating in ~ust:alia. ~ese will :e 
S111&ll k:->ilers i.~ the fi:s~ ~~ta..~c• b~""ni.~q coal and/o= wa.s~e ::l.a.~aria:s 

~ut, at a later date, large i~dustrial ~i:ars ar.d at::o.0s?heric ?ressure 
powe: stations burning di!!ic~lt or :ow qrade coals seec a rea: 
;ioss.i!>ility. It is unreasonal::ll• to expect pressuri3ed !l~disee ~ed 
~meus-eion to :e adopted !or power ger.eration until such ti=e ~s there is 
a d~nst:atad ::et~od of ogta.i.-iing gases of su!!icient cleanl~ness :o 
pus through a gas turQine. 

ror lar;e scale applications, it ~ill ~e nec~ssary to ~e~~nser~ee ~~e 
cofi'll:)ustion o! t.~e !uel in pilot plants of a realistic si:e and i~ tests 
of ~u!!icient duration to ?reduce meanir.q!ul desiqn in:or::iation. T~e 
development costs re~ire<! for an u.-iderstandi~q of how ~ustral~a's 
indiqenous coal3 behave a.re s:nall compared ~ith the ~er.efie acc:..:e<! !rom 
strenq~~eninq coal's ?QSiticn in t.~e heat and ?Qwer ::iarkets, t~ereby 

releasing cil ~d gas !or ::1Grs critical ~ses. 



I 
A bed cross sec:ional area 
c~ concentration of gaseous reac:ant (oxygen) in :he bu;:ble phase 
c0 concentration of qaseous ::-eac:ant in i::.lec qas stream to :)ed 
c9 concentration of gaseous ::-eac~ant in :.'"1e i.~terstitial gas i::. t.~e 

:=articulate phase 
Oc di~cieter o! :.~e bed contai.~i::.c; vessel 
De dia=eter of :he s~here which has the s~ volu::te as the bu!Jble 
Oq dif!usivi:y of c;aseous reac:ant (ox~ge.'ll 

d particle diameter 
di initial particle diameter 
q acceleration due to gravity 
K combined di!~us~onal and ~i.~etic resis:ances 
kc chemical rate constant 
~ batch charc;e weight 
Q effective rate of c:oss !low o! c;as bet~een the bul::Jble a::.d 

par1:iculate phases 
R rate o~ comb..ation 
Sh Sher""".od nwn!:>er 
~ pa~icle burnout t.i:na 
U fluidising gas velocity 
Us b~le velocity relative to t.:~e partic-~lata ?hase 
U0 su?erficial gas velocity of i.~cipiant fluidisaticn 
u~ &Qsoluce c~le velocity 
v bubble volu:e 
x nu::iCer of ti.'"!es a bU:bl.e exc:..~anges .its vo.l.;.!me ·.1it.'"1 the ;:ia.r':iet!lai:e 

phase during its passage of t.~e be<! 
y height in ths bed 
a constant defined in ~q. 6 
o constant defined i.~ ~q. 6 
E:o voidaqe of ?a~iculate phase at ir.cipi•n~ !l~i~isation 
Pc particle density 
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BIOCii\S 
UTILIZATION 
Industrial Demonstration 
Project at 
1\1cCain Foods, Ballarat. 

A joint proj~c:: of the :-t'ath.>:ial Energy Research. Developmenc 
and De.mof'~tr:;,:lon Coun~:..l. G-.is and Fuel Corpot":J.tion ofYietoria 
and ~fcCai.n :=c ),!.~ !.1.us-:1. 



Introduction 

For.many years. piloc plants have 
c."<pc:rimenred v.ith biog:is production :ind 
combustion. To acm:illv use it in a cost 
effeaive induscrial si~cion is a different 
scary. In its no\·el method ofbiog:is 
utilization. the ~lcClin project is unique. 
certainlY in .-\ustrali:t 

There are wider r.unillc:ic!ons of the 
success of che project. For chose industries 
producing biodegradable \YlStes. the food 
industry in particular. it can now be 
demonstr:ued that the disposal of chose 
w:istes cm be:: 1chiC'\·ed in a m:inner 
J.ccepc1ble co c::mirorunc::ncal aurhoritic:s. 
and in such l way that energy consur..pcion 
~m be reduced and signitk:int highly case 
effective sa.,ings made. Furure projects of chis 
rype \\ill show investment payback periods of 
less r!lan 2 ve::i.rs. 

The .\tCc1in tlctory h:is been producing 
bioga.is from its anaerobic digc:scers tor 
2 years. Tnis method wa:; originally chosen 
co :illov.· liquid wastes from the plane's 

The Company 
\lcClin Foods (.\use.). a subsidi;in.· of 

:'-lcCain Foods Led. or C:i.n:idJ... initially . 
commenced ics oper:u:ions in i 9-1 at 
D;;slesford. shiftin~ co BJ.llarac in t 1.r; 

· The cornpan~~is :i foc:i.l poinc for che rich 

processes co conform co emironrnent:ll 
authori~· tr:ide w:iste 1equiremencs. Cmil 
now the biogas has been disposed of by 
tbring co J.tmosphere. 

To use the biogas in the plane's boilers 
presenced "Several difficulties. The biog:is i:s 
impure. conclining \"Jri:i.ble amounts of 
c:i.rbon dioxide and water \·:i.pour: its rarc:: 

19 .!, 

c[ production is also extremely v:iriable. Tu 
O\·ercome these problems a unique mc::rhoc 
w:is proposed co blend dige:scer gas with 
narur:il ~:is :ind to~ the resulram .. sh1I1d, .... 
co fuel the boiler. The S\'Stem 't\"ith ics · 
J.SSOci:ued safery ~mer!ocks will gt!l.f'Jncc:e 
reliable and safe boikr opc::r1cion. 

The project \\":l.S :i joinc effort of the GJS 
:ind Fuel Corporarion·s Energy '.\{;)n.igemenc 
Centre and Scienrilic Services Depa.l.menc. 
Funding of rhe project ~·:s pro·•idc:d by m 
Australian Go\·emment ~ERDDC Rc:5e-.:rch 
and DC\·elopmenc Gr:mr of s-r;.ooo. Iniri;U 
cescing indicac~ char chese fund5 have bc:en 
very wi:sely invesced. with savings in n::rur;ll 
gas in the order of 518.000 per mnum. 

pot:i.w pro<lU<.:mg di:icriccs :irountl B;lll:ir:i.c. iii.~.~ ·. 

processing ffiJ...'1Y thOU!il.!lru, of tonnes or ~ 
potato~ :innu:llly .. \!though poCJCo prnJuccs 
continue to form the ba:sis ot its operation. 
\tcCl.in has :Ji\·ersi..t1ed ics :icciY!cies into 
ocher ue:i.s of che food !nduscry Jr.J now 
produces dim ~ims. pizz:i.s. quiches :ind 1)thc:r 
enc recs. 

\kC1in !s l \·i~Oroll!i. c:xp:inJin~ 
1.:omp:i.n,· Jnd is :it prc:~c:m pl.ir.n:ns c0 further 
c:xcc:nd it" oper:icions . 

. 'lore ch.:n .:\01) p~opk ue c:mplo,·ect 
JC '.\kC:i.in. miling ic J 1·ic;.U ?:.trt nt' che 
economy of the B:ill:ir::t n:gior:. 
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Technical Summary and 
Systems Coniponents 

Biog,as Properties 
Typic:J.i R:in~c 

Composition ( by ,·olume) CH' -+:; ". 80":. 
C02 ;;"., 20·~. 

Higher he-.Hing \·;.due: '.\I) m-• 

Spedfo.: Gr.i,·icy ( .\ir = I ) i.1 o.-; 

To accommo<l:ice fucure increases in 
factory production rhc: ~-stem has been 
designc'! co h:indle Jouhle the presenc 
miximum hiogas production nee of 
IOOm' hr 

\ \arer Separators (7) 
The hio~ lc.J,·es rhe <.liszesters :u 

°' ~ ~c .uid is sacur:ited with t\·'icc:r \·Joour. 
Conderuace formc:d in the pipe iine' ;.;.s the 
~:.I.S cools. is remcn:d oy 1 wJrc:r sep:u:itur 
::bt.:illed up~tre:-.un of the tl:une tnp :ind 
bt.>o!)cer. The: separ:icor Jlso remo\·es my 
:-e1.!imc:m rhac m:i,· le::tYe rhe di~esters. 
:'..n addition:i.l 't\":lrer sep;lt'ltOr insulled 
1mm<::di:udy bdor e rhe boiler ,-ah·e crlin. md 
str1ce¢c:Llly pbced Jnin poincs de:il wirh my 
further rnr.lic:ns.uien. 

Biagas Booster (I) 
The fur:ction of rhe booster is co supply 

biog:is co the boikr ,-:tl,·e rr:iin ;lC :i. pressure 
sufficient ro ensure ill bio~ is tired in the 
boikr. The booscer is direct dri,·en b,- J tbm.e 
proof c:lectric mocor and connect(!d to the 
µs line by tlexible couplings. Ic is c:ipabie 
of producing gas pressures co I .3 kP:i \\·hich 
ensures rhac back tlot\· of hiogas co the 
n;icur.tl gJ.S line pasc che boiler \·:iln: trlir! 
will nor occur. 

A low g:JS pressure s"icch ( 10) .u rhe 
bouscer inkc is sc:r to shuc dOt\11 the boo:m:r 
and clcsc:: the safer..- shuc off \-;ilYe if inkt 
bioµs pressure fails below 0.; kP1 :\ rhret: 
w:i.y \-ah·e incorpor..ccd t\·ich the ,wic1.:h 
ensur~ ;.iurom.,_cic prO\ing of the pn:~!'un: 
swicch on start up. 

.\ . .;ccom.1 luw prc:ssure ,wi~·.:h ;.:c ir:s 
our!ec proq:s boo!'lter opcr:inon. Ir JUi:k! 
pres.sure falls bekJw 6.; kP:i. rhc b1ugi~ ~:i.fery 
shut ocf,·Jh·e ""m dox. 

The h1t1'l;b ri.1 ~"", ... 'c!" ;ir:::i•""'\ ·:uuu..t 
-,cp4'".m>r ~u .u""-:~c-..! ... 1ncrrn) 
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Biogas Flo\\' Control \a.lye (2) 
This \"'::tlve senses booster inlet pressure 

:ind closes if bio~ pressure falls below I kPa 
md stJ.rts ro open if biogas production 
reco\·ers sufficiencly ro rlise rhe gas pressure 
Jfxwe rhi.s \":J.lYe. The functions of the ,·:J.!ve 

a) To ens!lre booscer ourpuc matches 
digester biogas output. 

b) To prevenr 're:i:ion ofa ,·acuum in 
the digesters. whch •:ould cause lir 
int;tress. 

c) To maintain rnnscant booscer inlet 
pressure c:ose to I k..Oa.. 

d ) To prC'·enc on-' off 1..·ycling by the 
booster. 

Biogas Sa fer:,· 
Shut -off \ aJye ( 3) 

111is shur-ol:f ,·J!ve is ins~alkd 
immediarel~· below the biog.is control v:L\·e. 
It will interrupt the: supply of biog:is co the 
b:isdoad bailer for my uf the following 
re:i.sons: 

a) 
b) 

Baseload boiler :;hue down. 
If the boiler fuel comrol ,-:ih e dr0ps 
belo~· -;··:.full open setting. 

c) Booster inlet pr6.Sure droos belot\· 
o.; kPa. 

d) Booster vurlet pressure Jrops 
oelow 6. i kP1 

e) Inlet nacur11 gJS pre~sure co che 
b~;.t;;:r pressure regul:icur drops 
t::::o~· 30kP:i. 

There :in: rurther safcr:v f~tures in rhe 
system including thme ~r:ir .1.Sseaiblies. low 
pressure swicches. JUi:Om;.mc pr6sure 
pro\·ing prncecures md ;,) on - :.iil of whi<.:h 
.ire ciesi~ned co i::nsure rdiJhie mu s:u'c: 
oper:mon of chi:: .,:-sci::m. 

f:'\J'tCtn\l \I.,;. .. ((''!...:..' 0';:>":" ...n~ =ht: ~f.J/'C' 
,, .. l.:...: JJ:-t;"\ ,,,u ... :\ ... , -L..!~ ·.;t:~c:".at.·~ ··'~ 

.... ,n\C'".c~ t•J r:'lc -~ ... r(" ~lJ1..A ... ;:~ ""~.rnc r11 
.~,'T11;'\( :'icrr. 

SuHit,L-. 01tr;C"'ti(9'."' .. nlc CV . , ..!al~"Ct:r" 
.,no"n Pn>uu...:c .JP cc, .!~~Hi .;,.;ci1L 

mctr~,,, .:..t• ::ic:- _ _.. 
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Economic .~al)·sis 
Presenc Biog:is Production Race: 

Birg;is Enc:r~y Race: 

Fquinlc:nc YG. Cose :Sa\·ings 

lnsullacion co'.)c 
( ~~kcc!n~ dc:mofl!itr.icion 
and e:tpcrimc:ntal J.Sp.:ccs) 

Simple: Payback pc:nod 

Syscc:m is d~ignc:d co h:lndk 

195 

2000m' da,-

it) GJ day ( ! O":. c! dail,- 'Ii G. usJ.gc:) 

5 :'IJ.t}t)Q 

I - ,-e:irs 

~OOIJrr.' I.Uy 
~~~~~~~~~~~ 

( .-\r chis dcsigr. r.icc: the: ~:iy b-.ick pc: nod cumpucc:::1 co 'c:ss 'h;m I ,-c::ir i 

Operation of the System 
The bioga.s insr:illation mx;r be dhicied 

into four m~n compcncnrs: 
i) Poc:uo waste dige:m:rs. 

ii) F.xce::s biog::.s tfare s<:ick. 
iii) Eiogas bcoscer. flow concroller and 

safen· shut off valve assembi\: 
j\· ) :::-; aru.r:il iz:is fired baseload bOiler 

( 3. 9 ~ rW) md g:is burner ,-alve 
rr:iin. 

Of these components i) md ii) were 
llre-.idv in exiscence. In order co bum the 
biO~:l.S- in Chi! boiier cl·.e g:is booscer md rlow 
'oncroller were 1dded. ~lodifa:.irions rn the 
tla.re stJck md boikr ,-:i1ve c.rlin were :ilso 
necess:irv. 

Biagas pressL•re .ic che diges~er is 1 kP:i.. 
The g:.LS bocscer w:LS required ro o,·ercome 
rlow resiscmcc: J.S well as ro r:iise rhe bio~JS 
prc:ssure sul:fkiemlt· ro J!low its incroduc-.:ion 
:nco che c:x1sting boiler \"ll\·e tnir. which 
•JpC:rltes lt J n:irural gas pres.sure of 6 k.P1 

On oper:icion. biog'lS is red imo the: nlve 
cr1in. mi.'<ing '-\·ich n;icur~ g:i.s bc:fore boiic:r 
t~ring. The: system oper:ires su<.:h ch1r: 

I. Booscc:r tlow r:icc: ;ilw;i .. -s m;itchcs 

-, 
chc: digc::m:r ourput. 
Biog:i.s ;uppiy prc:'.!)surc: tnr1) chc 
boikr v:tl\·e ,c:iin i:; su...:h ch:it .111 
J\-~il;ible biog;i.s will ;low co chc: 
boiler. 

'· The: ml..ximum \"Ui:icion .)f chc: 
hc::uin~ \":lluc: or Che: mixed ~:LS tfoc:s 
nnc c:xcc:c:d 1 ~ '. or che oure n;icur:.i.l 
g:is \"Jluc:. · 

-t. Autom:uic shuc down or Che biog15 
Utiliz:ition :5\"Stem OCCU.-S if l!W o[ 
the s:llc:cy requirements :ire m)r mc:r. 

Biog:is is diverted ro ~he: ~fare :;uck wtc:n 
not required for boiler tiring or on .luromacic 
shut d0"-'11. 

:$ur~cr~r...; ~!'~·!'."•,'."'· ! ... ,. .. ,., ... \ 

\t.L't1:rh.:~ :h•1ic:'" "~' ·" 1:-:tiit ·"'' ~' 'J•O\:' 
c:c\.! :nc'.' c:'\; .. c1n~ '""'~;r-1: (,...,~ • ,l~c ~:"'~!'\ 
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DR.i BUNOIT FUNGT~AN 
Fa~-Ulty of Engin~ering, 
King Mongkut's Institute of Technology, Nort.~ Bangkok Campus, 
BANGSON, 
THAILAND. 

19 Z: 



---------~~--.------------------------------------ ----

I 200 

ATT,T'R ATTA /TT1'.TTn/""'\ 'lVTr"'\nTr...-.TT-'""' ....... 
...... .....,o..J .... .f.~J....L.Ji~l./ U..L'f!L/V w V1\~i)flU~: 

'~ASTE HEAT RECOVERY IN l~Dl-STRIAL PROCESSES 
.!Heh rEBRL'ARY - I !ch MARCH 19R3 MELBOURNE 

INDUSTRY PARTICIPANTS 

GAS & FUEL CORPORATION OF VICTORIA 

Mr M.J. Shaw, Assistant General Manager 
Mr K. Doyle, Group Manager, Marketing 
}1r D.J. Alder, Chief Engineer 
Mr K.J. Westall, Engineer in Charge, Energy Management Centre 
M.!' :. -1-1. Adams , Engineer, Consultancy Services 

SOUTH AUSTRALIAN GAS COMPANY 

Mr A. Smithson, Manager, Industrial Gas Division 

MELBOURNE & METROPOLITAN BOARD OF WORKS 

Mr N. Sutherland, Mr G. Archer 

AUSTRALIAN PAPER MILLS 

Mr A. Campbell, Enginee=ing Manager 
Mr G. Gough, Manufacturing Manager 

STATE ELECTRICITY COMMISSION OF VICTORIA 

Mr G. Pollard, Engineer in Charge 
Mr R. Whitburn 

GILBERT & C~"'IDL.ER INSTITUTE OF DAIRY rECHNOLOGY 

Mr G. Cox, Chemical Engineer 

COMMONWEALTH SCIENTIFIC & L"llIDUSTRIAL RESE'.l\.RCH ORGANISA'IICN 

Dr R.D. La Nauze, Fossil Fuels Division 

SMORGON CONSOLIDATED IND~STRIES 

Mr P. Krasnostein, Director 

ICI AUSTRALIA OPERATION PTY LTD 

Mr c.w. Peterson. Corporate Energy Manager 

PETROLEUM REFINERIES AUSTRALIA 

Mr K.W. Davies, Energy Conservation Co-ordinator 

PEABODY GORDON-PIATT 

Mr K. Gordon 

McCAIN FOODS 

PRESHA ENGINEERING (AUST) PTY LTD 

Mr J.C. Wrigglesworth, Managing Director 
Mr J.E. Wilkie, Technical Director 
Mr M.J. Salmon, Service Manager 
Mr W.R. McLeod, Works Manager 
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CHAIRMAN: 

WA.STE HEAT RECOVERY IN INDl"STRIAL PRO<:ESSES 
.!Heh FEBRL'ARY - 11 ch :\1ARCH 19Rj MELBOl.:R.."IE 

WORKSHOP OFFICIALS 

Mr M.J. Cullen 
M.J. Cullen & Associates 

m!!!20 REPRESENTATIVE: Mr G. Komissarov 
Head, Industrial EnP.rgy 
Engineering U:-1i t 

DEPARTMENT OF INDUSTRY AND COMMERCE : 

Mr R. Bolduan 
Director 
Melbourne Regional Office 

Mr L. Ffrench 
Assistant Director 
Multilateral Affairs section 
Canberra 

Mr T. Robinson 
Melbourne Region~l Off ice 
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AUSTRALIAiUNIUO '"110RKSHOP: 
W.\.STE HEAT RECOVERY IN INDl"STRIAL PROCESSES 

.!Hth FEBRL'ARY - I !ch ~1ARCH 19>1; .MELBOt:RNE 

WORKSHOP PROGRAM 



I 
AUSTR.>\LIA/UNiDO WORKSHUP: 

PM 

1/ENUE: 

'\l'.~.sTE HBT RECOVERY l!'i l~Dl"STRIAL PROCESS.ES 
2Rch FEBRL"ARY - I !ch ~1AqCH llJR:\ ~IELBOlJRNE 

DAY SUNDAY, 27TH FESRUAR't, 1983 

Arrival of Delegates ~r.c Representatives 

Shera tor. Ho te 1 , 

Spring Street, 

MEL SOURr:E. 
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9.00 AM 

10.00 AM 

10 .45 AM 

11.00 AM 

11. 30 AM 

11.45 AM 

12.00 PM 

1.10 PM 

1.15 PM 

4 .15 PM 

6.00 PM 
to 

7.30 ?M 

DAY 2 MONDAY, 28TH FEBRUARY, 1983 

Regis tra ti on and Administration Arrangements 
Election of Chairman 

~e1come - Mr. John Wrigglesworth 

Offici~l Opening - Mr. O.J. Fraser, 
First Assistant Secretary, 
Industry Division, No 2 
Department of Industry and Corr.merce 
CANBERRA. 

Introductory UNI DO Message · Mr. G. Kami ssarcv 

MOR.'JTNG TEA 

Introduction of Delegates - Chainnan 
Rationale and Object~ves of the ~orkshop - Chairr.ian 

Paper on flehalf of !JNrDO - Mr. G. Komissar.:iv 

LLJNC ff 

(Own arrangements) 

Assemble in Hotel foyer 

Bus departs Shera ton for visit to -

Melfiourne and Matropclitan Board of ~arks, 
Soutn Eastern Purification Plant, 
Tnompso n Road, 
CAR RUM 

Introductory Talk - Film 

AFTERNcJO,'J TEA 

iour of Pl ant 

Bus departs Ca rrum for return to Shera ton 
Arriving approx. 5.00 i:wn 

Co-:kta il Party - Australian Government 
'reasury Room, 
Shera ton Hate i 



9 .00 .L\M 

10.45AM' 

11.00 AM 

12.30 PM 

2.00 PM 

3.00 PM 

3. 15 PM 
to 

1.00 PM 

DAY 3 iUESDAY, lSi MARCH, 1983 

Paper - Assessing the Potential for Waste Heat 
Recovery Projects 

Speaker - Mr. L.M. Adams 
Engineer in Charge, 
Consultancy Services, 
Energy Manager.tent Centre, 
Gas & Fuei Corporation. Melbourne. 

Question iime 

,\AORNTNG TEA 

Paper - Optimising ?ower Generation and Heat Generation 
through Co-generation 

Speake~ - Mr. A. Smithson, 
Manager, 
Industrial Gas Division, 

2C J 

South Australian Gas Company. South AlJstralia. 

Question Time 

LU .vc /.f 
(0wn arrangements) 

Paper - Energy Conservativn in a Real Life ?roject 
(5163 M Pulp ~-till P'"cject) 

Speakers - M:-. A. Campbe 11 , Eng i n~ri ng Manager/MK.i'1 

Mr. G. Gough, Manufacturing Manager/MKM 

Australidn Paper Mills, 
Maryva 1 e. 

Question Time 
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7.50 AM 

3.00 AM 

12.30 PM 

2.00 PM 

4.00 PM 

DAY 4 ~EONESOAY, 2ND MARCH, iq33 

Assemble fn Hot~l foyer. 

au5 departs Hotel for 'liSit to -

State Electricity C0111rission cf Victoria, 
Open Cut - Hazelwood Power Station, 
Briquette Factory, 
MOR~ELL. 

Inc 1 ud i ng ,'.IC) R,\J t.IJG 7" EA 

LU .~CH 

Parkda 1 e Res tau rant, :'10 rwe i 1 

visit to -

Australian Paper ,11i1ls, :'1aryva1e ?lant 

- and -

Sulphite Recovery Plant 

Including AFTE;::.,IJ()C)N TEA 

Return to Melbourne 

Arriving approx. o.OOcm. 

" . --- ' -- -- ~ - ,,. - . 



'. 

8. 20 AM 

8.30 AM 

11.45 AM 

12. 30 PM 

2.00 PM 

DAY 5 THURSOA '{, JRD MARCH, 1983 

Assemqly in Hotel foyer. 

Bus departs S!leraton for full morning visit to -

Gas and Fuel Corporation, 
Energy Management Centre, 
Clayton. 

Paper - Using Energy Manageri')ent Centres to Implement 
Natfona1 Energy Conservation Programmes. 

Speaker - Mr. K.J. Westall, 
Engineer in Charge, 

~· Energy Management Centre . 

. 'AORN I NG TEA 

Instructional :our of Energy Management Centre 

Bus departs Clayton for return to Sheraton 

LUNC/4 

(Cw~ Arrangements) 

Paper - Heat Recovery in Dairy Factories 

Speaker - ~r. G. Cox, 
Chemical Engineer, 

207 

Gilbert and Chandler Institute of Dairy Technolo~y 

3 . 00 PM \ FT ER N Q <) N TE A 

3.15 p~ 

4.0J PM 

Questions and Ans~ers 

Fi i rn "Energy Conservation" 
by cou l'"'tesy of 
Nation~l Coal Goarc,Unit.::d <ingdom. 
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9·. 30 AM 

10.00 AM 

10.30 AM 

11 .00 AM 

il. 30 AM 

12.00 PM 

r 7 

DAY 6 FRIDAY 4TH ~ARCH, 1983 

Paper - Fluidised-Bed Combustion - An Introduction 

Video - C.S.I.R.O. Coal Research Film 

,t!CRN!NG TEA 

Paper - Commercial Application of Fluidised-Bed 
Combustion 

Video - The C.S.I.~.O./Joint Coal Soard P~~ject 

Qiscussion 

Speaker - Dr. ~- 0: La Nauze, 
C.S. !.R.O., 
Fossils Division 

12.30 PM LUNCH 

1. 30 PM Afternoon available for discussion by attendees. 

m ..... 
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8. 35 AM 

8.45 AM 

4. 30 PM 

DAY 7 - SATURDAY, STH MARCH, 1982 

FREE ALL VAY 

DAY 8 SUND.AV, 6TH MARCH, 15.83 

Assemble in Hotel foyer 

Bus departs Sheraton Hotel for a sight seeing visit cc -

Healesville Sanctuary 

MVTVJT,\IG TEA a.:td LUNCH included 

Return to Melbourne 

Arriving approx. 3.3Gpm. 

D!.1J.1JE~ hosted by Presha Engin~ring at .<enloch Restaurant, 
Olinda, preceded by cocktails at residence of 
Mr. John Wrigg1esworth (Managing Director, Presha Engineering)· 

Bus departs Sheraton Hot~l 4.30pm. 



2lu 

DAY 9 '10NDAY, 7TH MARCH. 1983 

FULL DAY VISIT TO -

8. 50 AM 

9.00 AM 

1.30 PM 

4 .00 PM 

1) S.E.C. Energy Utilisation Centre - Ormond 

2) Gas & Fuel Corporation, L. & G. - Oandenor.g 

Assemble in Hotel foyer 

Bus departs Sheraton Hotel 

Arriving Or.nond 9 . .45am 

Bus departs for Gas and Fuel, L. & G. Centre 

AFTETVJQ(),l.J TEA will be provided 

Sus departs for Sheraton Hotel 

.il.rrivi ng approx. 5 .OCpn 



\ 

9.00 AM 

10.00 AM 

------~---

DAY l 0 TUESDAY, BTH MARCH, 1983 

Paper - energy Conservation in Industry 

Speaker - Mr. C.W. Peterson, 
Corporate Energy Manager, 

Paper 

Speaker 

I .C. I. Austrai ia Operations Pty. Ltd. 

Application of Thermo Dynamic Princi~les ~o 
Optimise Energy Conservation Design. 

Mr. Ken Davies, 
Energy Co-ordinator, 
Mooil L irnited . 

. ~IV R.'I r \iG T 5'A 

Paper - Heat Exchanger Network Design 

Speaker - Mr. ~en Davies, 
Energy Co-ordinator, 
Mob i1 Limited. 

211 
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12.15 AM L:.JNCl:f 

2.00 PM 

(Own ~rrangements) 

Prograrnne involving Delegates in providing infonnatic:i 
af their owr Waste Heat problems. 

Discussions/Debates 

Chairman 

Panel 

l·lr. Ken Oa v 1 es 
Energy Conservation Co-ordinator, 
;'~ob il L im i ted. 

Mr. Kern Gordon, 
President, 
?eabody Gordon-Piatt, 
U.S.A. 

Mr. C.w. 0 eterson, 
Corporate Energy Manager, 
i.C.r. Aust:ra1ia Operations Pty. Ltd. 



... 

8.05 AM 

8.15 AM 

9.45 ;.,M 

11.15 .:l.M 

1.45 PM 

3 . .+5 ?M 

5. 00 ?M 

DAY 11 \./EDNESDAY, 9.TH MARCH, 19.83 

FULL DAY VISIT TO BALLARAT 

Assemble in Hotel foyer 

Sus to depart Sheraton Hotel 

Arriving Ballarat 

Vis it to ."1cCain Foods, Bfo Gas Plant 

Civic Reception, Mayor of 3allarat 

LU."CH 

"L.a Sea 11 a Restaurant" 

by courtesy of Gas and Fuel Corporatfon of 'Jictoria 

Visit to Sovereign Hill 

A.rrival at Sn2raton :1otel 



9.00 AM 

11.15 AM 

12.15 ?M 

l. 20 PM 

l. 30 PM 

:l . 30 =>."1 

DAY 12 THURSO.C.Y, lOT:-! MARCH, 19.83 

Pape ~aste Fuel Bur~ing, Waste Heat Recovery 

Paper Boiler Economiser 

Speaker - Mr. Kern Gordon, 
President, 
Peabody Gordon & Pia:t, 
~infield. U.S.A. 

Questions and Answers 

LUi'JCH 

( Otm Arrangenents )_ 

Assemble in Hotel foyer 

Sus departs for visit to -

Smorgon Consolidated :ndus::ries - Footscray. 

Presentation by Mr. D Krasnost:ejn (Director) 

Tour of ?aoe~ ?lant -

Pcwer and Steam Generation :ncoroorating 
Total Energy System. 

REFRESH,\IE.VTS 

Sus departs for Sheraton ~o~~l 

21S 
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DAY 13 FRIDAY llTH MARCH, 1983 

9.00 AM Winding up of Workshop 

Seminar Notes 

Workshop Review 

12.00 PM CLOSE 

-. 

-- ........ . 
) 

-. 
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