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WASTE HEAT RECOVFRY IN INDUSTRIAL PROCESSES
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1. INTRODUCTION

Over the period 28 February - 11 March 1983 an Australia/United
Nations Industrial Development Organisation {UNIDO) 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 Development Fund. The objectives of the
workshop were to discuss a wide range of waste hLeat recovery
techniques which were considered to be relevant to the industrial
environments of developing countries in the Asia/Pacific region.

Presha Engineering (Aust) Pty Ltd were largely responsible for

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

of site wvisits.

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,
the conclusions and recommendations which were -agreed and contact
points for the various people involved.
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WASTE HEAT RECOVERY IN INDUSTRIAL PROCESSES
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OPENING ADDRESS BY MR D.J. FRASER, FIRST ASSISTANT
SECRETARY, INDUSTRY DIVISION NO. 2 DEPARTMENT OF
INDUSTRY AND COMMERCE, CANBERRA

On behalf of the Australian Govermment, I would 1ike to welcome you to
Australia - and in particular to this Workshop.

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

I hope you will find it interesting to observe our democratic processas
in action. :

- If you don't find it interesting, I'm afraid you will find very
little o read n your newspapers, watch on television or listen
to on the radio.

My appearance here this morning represents one tiny ripple from the
stone of the Election.

- A Workshop such as thiis would noimally be opened by a Minister
of the Crown. )
- But you will understand that Ministers are somewhat preoccupied
at present.
I'd Tike especially to wel::me our UNIDO Colleague, Mr. Komissarov.
This Workshop is a direct result of nis visit to Australia a year ago.

Mr. Komissarov wiil be talking to you shortly about the work of UNIDO
in the field of yndustrial <evelopment.

For my part, I would like to explain briefly the involvement of the
Australian Goverrment in this field.

In recent years, Australia and UNIDO have worked increasingly closely
together in furthering the industrialisation of developing countries.

- And particularly of those in the Asia/Pacific Region.
This closer relationship results from a number of factors:-

- First, I belleve there is a growing awareness within UNIDO of
Australia, of her strategic iocation in the Asia/Pacific Region and
of the relevance of her industrial experience to the needs of other
countries in that region. An awareness which has resulted at least
fn part from a series of visits to Australia by very Senfor Officialc
of tihe UNIDO Secretariat.
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- Secondly, Australian Industry is becoming much more actively
involved with countries in the region.

Much of this involsement, of course, has Geen for a
commercial reasons.
. But our industry has also shown itself willing and able .

to take part in development assistan~2 activities.

- And thirdly, the Australian Goverrment has not only maintained
its high interest in UNIDO's policy activities.

. But now also actively supports UNIDO's technical assistance
programs by allocating funds to tRe Unfted Nations Industrial
Development Fund.

One way in which tfie closer relationship has manifested itself has
been the planning of a series of UNIDO Seminars in Australia

- of which this today is the latest example.

The major objective of the serie, is to provide an opportunity for
representatives of developinn countries to examine and discuss, at
first hand, recent developments in selected industry sectors.

We hope you will find that what you see of Australian industry is
interesting and relevant to your own industrial environment.

And we hope you will take the opportunity thie workshop provides to
share your own country's experience with your fellow Delegates and
with us.

Subjects for this series of Workshops are worked out by UNIDO, by
the Australian Department of Industry and Commerce and by Australian
Industry, working in close consultation.

Perhaps at this stage, I should digress briefly to explain the role
of my own Department, Industry and Commerce, in this process.

The primary policy role of the Department is to advise its Minister,
and through him the Govermment, on policies relating to Australian .
manufacturing and tertiary industries.

In carrying out that role, we are naturally in close and frequert -
contact with Australian industry. -

We are naturally also involved tn the activittes of a range of
international organizations concerned with industry policy

- One of which is UNIDO
We are abie, therefore, to compare UNIDO's requirements and Australian

indusiry's strengths, and to join with these two cther parties in
planning activities like today's Workshop.
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I might say that, not only during but also after this Workshop,
my Department will be de’ighted to help you in any way we can

- and I suggest you use us as your primary point of
contact with the Australian Govermment.

In choosing subjects for these Workshops, then, we try o match
Australian tndustry’'s capabilities to UNIDO's needs.

We try also to pick topics which are of immediate relevance to your
countries, and where the lead-time for spin-off benefits will not be
toc long.

We have recently had a Workshop on Cement and Concrete Procucts,

and another on selected building materials (both, I'm told, very
successful) and another one is Being planned for May, which will cover
Timber Engineering.

I hope you agree that the subject of this present Workshop is well
chosen.

Concern about energy consumption has risen dramatically in recent years.

The background to this concern 1s well documented. Cil prices .t
the moment appear to He moving down rather than up, but the surges
upwards, of recent years, have taught us all that we need tc improve
the ways in which we vse energy.

- And in particular that we need to minimise waste.

Industries the world over are developing energy management techniques.
Thece techniques

- are often relatively simple,

- pay for themselves after only a short time,

- and give attractive benefit-to-cost ratfos.
K==e in Australia, we Fave developed our own techniques and adapted
and applied techniques from overseas, and tiifs Workxshop is intendad

to show you what we are doing in the iield of recovering waste heat
generated in industrial situations.

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

- and it {s largely through the efforts of that fim's
Managing Director, Mr. John Wrigglesworth, that the
Program for this Workshop has Geen developed.

At this stage, I would like to record a special conmendation to
Mr. Wriggleswortl and his staff for th: work they have put into the

- Pregram.




I would like also to thank in afisentia, the other people from
Australian industry who have given freely of their {ime and effort
to ensure that the Workshop is a success.
Your Prograin includes:
- Papers presented by Australian and International experts.
- Visits to see waste heat recovery techiniques in action.

- And a“Panel Session where each of you can describe developments
in your own country.

The organisers have so arranged the Program as to give you plenly of

opportunities not only to see and hear, But also to question and discuss.

1 an sure that you will all become very actively inveived and thus
ensure that this Workshop is a2 success.

I am sure, 00, that you will not see the Workshop as an isolated event.
We see the follow-up phase as being particularly important, and I
suggest that towards the end of the Worksfiop you will need to give
considerable tfiought to the conclusions ard recommendaticns which
should flow from your work here,

In closing, I would repeat - My welcome to you to Australia aud to
this Workshop.

- My thanks, on behalf of tfie Australian Government and of
my Department, to Mr. Komissarov, Mr. Wrigglesworth and
the many others who fiave worked hard to make the occasion
a success. '

- And my best wishes for an enjoyable stay in this country
and for a useful and successful Workshop.

! now have great pleasure in declaring this Workshop cpen.

Thanx you.

* % * K k¥
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MESSAGE DELIVERED BY MR G. KOMISSAROV ON BEHALF
OF ABD-EL RAHMAN KHANE, EXECUTIVE DIRECTOR OF
UNIDO

Ladies and Gentlemen.

The subject chosen for this importanc workshop is of greac
importance and I am sure that che information exchanged in this
forum will greatly benefic develoging countcries. I am convinced
ic will also make asignificant concribuziun to the operacicnal

erergy-related programme of UNIDO.

UNIDO has 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 appraciation
to the Government of Australia which made chis mezting possible
through a voluntary contribution as well as chrougk utilizing

the experience and facilicies of Fresha Engineering.

Lt has become increasingly clear that social, economic and,
parricularly, induscrial development are inextricably connected
with energy development and utilizarion. Although other inpucs,
such as cechnology, human resources, finance and raw macerials,
cre also essential far the operaction, escablishment and expansion
of industry, energy is ac present one of the most cricical factors,
and ic has become a decisive factor determining internacional

trade and economic relations.

Industry is central co che development process, but ic is
also cancral co che development of energy ictself and fcs ucili-
zacion particularly in relation to energy-efficient design of
manufactures which consume energy. Consequenzlv, UNTDO has embarcked
on a new phase of activicy, togecher wich other bodies of the UN

system, in relacion to the development and utilization of energy




resources in developing countries, specifically new and renewable
ones. On the basis of UNIDO's experience and studies, it is by now
clear :hat the attancion of technologists, planners and maragers,
in governments and in industry, should be focused on three nain
areas for action which can be idenzified as: "Energy for Induscry”,

“Industry for Energy", and "Industrial Energy Managenentc”.

Gocd energy management with special attention co efficienc
energy utilization and energy savings has always been a primary
concern in induscrial operacions. The probleam has, however, become
acuce in recenc years, with the scoge and urgency of such programmes
being increased to the point when energy management is receiving
the closest atzention “-om both industry and governmencs: ac

national, sectoral and plant levels.

in industrial and agru-induscrial processes in developing
councries, a vast quantity of wasce hear energy is exhausted inzo
the atmosphere and totally lest. This occurs in cases of the in-
cineration of organic and industrial wasce and in the enission of
furnace and planc wasce gases. In maay cases, an invescment in a
waste heat recovery system is economic, yielding available heat
for minimal current cost. The benefit of installing syscems can
include recovery of a high percenrage of heac now wasted in in-
duscrial processes, with commensurace c¢eductirn in fuel usage. The

invescment can often pay for itse.f in one or two years.

Particularly in view of the high cost of energy, there is a
gr:ac need for developing countries co be able to assess the economies
cf waste heat recovery sysctems and to inscall and operace such equig-~
ment. Many instances of waste heat have unique characteristics. which
need to be recognized and evaluazed. The workshop will aim to assess

and identify the required skills and cechniques.




In che course of the work of this workshop, I am sure that
mest valuable concributions will be nade, on the above issuer which
will also be of the greatest interestc to developing countries .ot
represented in cthis meeting. UNIPO will do its best to convey tc

them the essence of your experience ani of the views expressed here.

I was pleased to visit Australia two years ago and to see chat
there was great potential for Co-operac’ ' with UNIDO. Subsequencly
3 UNIDO mission visited Auscralia to in . .igate in detail the
possibilities for co-operation in the energy sector. It is gratifying
chat chese v’sits have borne fruit in form of chis workshop, as well
as ocher activities. I am confident chat this workshop will be a
stepping-stone towvards further co-—operatiocn for the benefit of de-

veloping countries.

Wich my best wishes for a successful workshop.

Abd-El Rahman Khane

Execucive Director of UNIDO
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CONCLUSIONS

The Workshcp was successful in providing delegates

with a wide range of waste heat recovery techniques
relevant to their industrial environments, through

a series of discussions and practical demonstration
sessions. The program investigated a broad range

of zechnologies utilised in waste heat recovery
processes in industrial situations (inciuding production
of biogas from waste, power generation, heat exchange
design systems and fluidised bed combustion techniques).

In many instances, simple inexpensive programs could
be introduced which would result in more judicious

and appropriate us2 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 "housekeeping”
programs.

¥ ¥ * d * k ¥ * W
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AUSTRALIA/UNIDO WORKSHOP:

WASTE HEAT RECOVERY IN INDUSTRIAL TROCESSES
. -8th FEBRUARY — 11th MARCH 1983 MELBOURNE

RECOMMENDATIONS

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 introduéing
relevant programs, particularly in the field of waste heat
recovery.

Developing countries should give high priority to the

setting up of energy management estaklishments which have

the major objective of investigating and cc-ordinating
national efforts to develop sound and practical energy
management programs. These organisations should be structured
to suit the individual requirements of each country.

Accepting the need for this initial Workshop to cover a
diverse spectrum of technologies and industries, it is
recommended that future workshops deal with the applicaticn
of waste hea: recovery techniques in specific industry
sectors, for example in fluidised bed combustion.

It is recommended that developing ccuntrizss identify areas
and projects where the application of waste heat recovery
techniques is considered to be of particular priority.

It is recommended that the prospects of carrying out
feasibility studies relating to the intrcducticn of relevant
waste heat recovery techniques in idencified priority

areas be examined at the national level and that UNIDO
assistance be sought, whera necessary, to assist in

carrying out such studies.

It is recommended that an educational program for senior
management within both the government and non-government
sectors be developed to identify and provide suppcrt for

the introduction of appropriate waste heat recovery techniques
and which, in particular, draw attention to the short

pay-back periods often involved.

It is recommended that Australian industry experts make
themselves available to participate in future workshops
and technical assistance projects in this field.

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.

* * w ¥ w Kk * *
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1.0

INTRODUCTION

As a preface to this paper, I should like to briefly cutline the
derrelopment of the Centre's involvement in Energy Management cver
recent years,

The Energy Manmagement Centre was set up in 1977 with the following
broad cbjectives:

. To educate industry and cammence in the efficient
use of energy:

« To provide information which will assist in long tem
plaming by senior executives;

. To encourage positive attitudes towards energy
management ;

. To motivate senior executives to implement effective
energy management programs.

The Centre operates through three divisions:

. Education Divisicn - this group conducts seminars and
training courses for industry and commerce.

. Development Division - this group undertakes implementation
of development and demonstration projects designed to
asgess energy saving concepts and quigmmt under
actual plant conditions.

. Consultancy Division - this group undertakes in-plant

" energy studies on a fee for service basig, to outline
energy saving opportunities and to provide a cawplete
energy saving program.

i
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The information and procedures ocutlined in this paper result fram
over 100 studies conducted by the Consultancy service and the
demonstration projects and feasibility studies conducted by the
Development division.




2.0

ENERGY MANAGEMENT

It is probably wortiwhile to first define what we at the Centre
mean by the term "Energy Managemer.t” and where waste heat
recovery fits in to an energy management pragram.

In the Australian industrial environment energy management should
be seen as essentially a cost cutting exercise. Therefore
proposals o increase energy efficiency must be shown to be
econcmically viable. In fact the whole energy management program
must be seen to be beneficial to the Company as a cost cutting
exercise. While this criteria may at first appear to be t¢o narrow,
it is in fact compatible with overall national objectives of reducing
depencdence on imported fuels. It is our belief that in any
industrial energy management program, waste heat recovery ought tc
be one of the 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 spendinq a lot of
money .

As the energy management program progresses the Energy 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 plant usually fit into one
or more of the following categories.

Housekeeping. This area covers cost savings achieved
by elimination of wastage in cbvious areas. The
savings made are not usually spectacular but the
minimal costs involved generally result in simple
payback periods of one to four months. This area
should always be tackled first.

Process Inprovement. This phase foliows the previous
one and aims at ensuring that existing processes are
operating as efficiently as possible. Detailed

analyses of processes are usually necessary and some

[




capital expenditure may be required. Cost savings

are generally greatar than the previous phase,’ however a
reasonable level of technical expertise is required.
Investment payback periods may vary from € months to

1% years.

. Process Development. This phase of the program aims at
further development of processes by addition of
retrofitted equipment or the installation of new equipment
emloying the latest technolegy. This phase is almost
always expensive; requiring large capital investments.
Potential energy cost savings, however, can be truly
spectacular, with energy savings of 30-40% being quite
camon. Simple payback periods may range from one to three
years. This phase shculd be undertaken last of all.

Waste heat recovery projects fall very definitelv into the last
category and require very careful analysis because of the iarge
camnittment of capital funds generally required. Considerable technical
expertise is also necessary and plant management may enlist the aid

of ocutside consultants if specialist knowledge is required.




3.0

EVALUATION OF WASTE HEAT PROJECTS

In the course of a plant energy study cur consultants attempt to gain
a thorough understanding of plant processes through observation,
discussion with piant personnel (which often results in conflicting
ideas) and finally by direct measurements. Identification of
realistic weste heat recovery opportunities is not possible without
this fundamental understanding of the processes involved,

A mumber of important questions need to be congidered when icdentifying
waste heat recovery proposals, viz:

a) What quantity of waste heat is available, where and at what
tenperature? (All thermal processes produce some waste heat).

b) What can the waste heat be used for, how much is required and
at what temperature?

c) Is the supply of waste heat available greater than or less than
that required by the user process?

d) Will the waste heat be used more usefully by the process which
generates it (closed loop system) or will it be used by some
other unrelated process (open loop)?

e) Is the waste heat being generated unnecessarily?

f) Is the recovery proposal technically practical and econcmically
viable.

The answers to questions a) to d) requires a reasonably straight
forwaré and logical engineering analysis, involving the production
of mass and energy balances for the processes involved, together
with an assessment of any constraints cdused by overall plant
operation. Ultimately a decision will be made between campeting
technically sound proposalson the basis of financial viability.
(Question £) )




In relation to question d) a closed loop waste heat recovery
system (i.e. one in which the process which generates the waste
also uses it) will generally cause fewer control problems. Open
loop systems can cause problems when the process which produces
the waste heat generates more waste than is required by the user
process. Atb&cttnismaybeamisanceandinmemrstcase
may even be detrimental to the operation of the waste generating
process.,

In ocur experience, however, it is the answer o question e) (Is
the waste being generated unnecessarily?) which makes the
difference between a successful proposal ard a financial disaster.
So often this question is not even asked. An example of such a
situation is worth corsidering in same detail,

This example arvse from a study conducted in a medium sized
manufacturing establishment making hand tocls. This Carpany did
not have an effective energy management prcgrem but had become
concerned about the rising cost of energy. The Company decided
to recover waste heat from the flue of a gas fired phosphating
tank. The recovered hot combustion products were to be ducted
directly to a paint drying oven (also gas fired) to reduce its gas
consumption.

The arrangement of the production process is shown in Figure 1.
Tre plant operated 2 000 hrs per year and the average cost of gas
was $2.50 per GJ. Flue gas analysis of the phosphate tank
produced the following results:

05 -  9.5% Flue gas temp = 350°C
®, - 6.6%
® - Nil

Total burner input = 2.6 GJ/hr




Burner Input 0.6 GJ/h

FIGURE 1. HAND TOOL PAINT LINE
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‘From these results a flue gas lose of 29% of burner input was determined
implying exhaust wasce heat amounting to:

Flue waste heat = 2.6 x 29 = 0.75 GJ/hr.
100
It was determined (conservatively) that 55% of this heat would be
available at the paint baking oven at a usable temperature.

.'. Available Waste heat = 0.41 GJ/h
This represented over 60% of the heat required by the paint drying
oven at a temperature (350°C) in excess of that required by the

paint oven.

Thus anmual fuel saving = 0.41 x 2 000 GJ/year

820 GJ/yr.

Cost savings

]

820 x 2.5

$2 050 per year

It was proposed to use a simple direct recovery system using a
"hot" fan and insulated ducting. The estimated capital investment
was $4 GOO0.

[=]
o

The simple payback period was thus 4 00

[}

1.9 years

A more detailed discountedcash flow analysis yielded an internal
rate of retum of 23% aftex tax and depreciation and based on

an investment life of 5 years and an annual increase in gas price
of 5% per annum.

]




From this superficial analysis it appeared that the decision to
recover waste heat in this manner could be financially viable.
However, 2t this stage the opzration of the phosphate tank burner
was reviewed. The excess air level of the burner was considred
far too high (74%) and it was decided that the burner could be
trimmed back to vield a flue gus oxygen level of S%. This

would recult in a flue gas loss of 24% of input.

New input = 2.43 GJ/hr
.'. Plue gas loss= 2.43 x 24 = 0.58 GJ/hr
100

Assuming again that 55% of this heat could be recovered.

Available waste heat = 0.22 GJ/hr

Annual saving = 0.32 x 2 000 = 640 GJ/year

Cost saving - = 640 x 2.5 = $1 600 per year

1 600

Intemal rate of return = 12%
This return in investment (approximately half of its original) was
mtmideredacmptabiebymeCmpanyarﬂthepmposaldidmt
go ahead.
However a fuel saving of 0.17 GJ/hr or 340 GJ/year valued at $850
per anmum was mace by improving the burner cperation for almost no

cost.

This example illustrates the point that waste heat recovery should
not be applied to an inefficient process.




Implementation of an effective energy management program would
have identified and correctad this process inefficiency before
the possibility of waste heat recovery was even considered. There
are sufficient opportunities for soundly based recovery proposals
without wasting money on recovering waste heat from inefficient
processes.

The following szction illustrates same waste heat or waste energy
recovery proposals which have been identified in the course of our
energy studies.




4.0

CASE STUDIES

The procedure adopted by our consulting engineers, when assessing
waste heat recovery oprortunities as part of a wider study, is

to gqather sufficient information to make an initial appraisal of
financial viability. If this initial assessment is very
favourable (simple payback less than 1k years) then a recommendation
will be made that a detailed engineering study be undertaken and
the project proceed. If the simple payback pericd is between

2 and 3 years, then additicnal data may be gathered to more
accurately assess the proposal. If the payback period is much
greater than 3 years we would generally recammend that the project
not proceed.

a) Acid Plant. This plant foimed part of a large lead smelting
works. The process involved preheating acid gas feedstock to
6§20°C. The arrangement is shown in Fig. 2. Make-up heating is
provided by a once~through gas fired heater. The air heater
consists of a cambustion chamber fired by a single gas burner
with average input of 11 200 MJ/hr providing hot combustion
products which are mixed with cutside air from a dilution fan.
The resulting hot air is limited to a maximum of 620°C at inlet
to the preheater. The preheater exhaust temperature was
measured and found to average 400°C.

It was proposed that the fuel input could be reduced by
recirculating a fraction of the exhaust flow by means of an
additional fan. The proposed arrangement is shown in Fig. 3.
Fraom mass and energy balances it was detarmined that a recirculation
‘rate of 80% could be achieved. This resulted in a fuel saving
of approximately 50%. The fuel saved arounted to 48 600 GJ

per year valued at $73 CJ0 per annum. The capital cost of the
modifications was estimated at $35 000 yielding a simple
payback period of 6 months. The internal rate of retumn

bagsed on an investment life of 5 years was 115% after tax and
depreciation. This propcsal thus represented a real opportunity
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for cost saving. This type of recovery system although it does
not require a recuperator or regenerator is nevertheless an
example of one o the simplest methods of waste heat recovery,
and one which is often overlooked.

Process Steam - Power Generation. Steam is required at the paper
machines in a large paper mill. at a rate of 90 000 kg/h

at 350 kPa (5C psig) dry saturated. The process is shown schematiczlly
in Fig. 4. Steam is generated in the boilerhouse in two radiant
bi-drum boilers at 1 400 kPa (200 psig) with 62°C of superheat.

It is supplied to the paper machine with 20°C of superheat, is
desuperheated and requlated down to 350 kPa.

It was proposed to install a back pressure turbo-generator set
with inlet steam conditions of 1 400 kPa and 260°C exhausting at
350 kPa -and 168°C. The set was to be installed in parallel with
the existing system as shown in Fig. 5. The turbine was to be
governed on exhaust steam conditions dictated by the maper
machine. From this information and in consultation with the
turbo-generator supplier it was detemmined that a suitable set
could be purchased giving a power cutput of 4 000 KW. At the
clients incremental power cost the annralv cost saving in electrical
energy amounted to $1 050 000 per year. The total investment

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% aftér tax and depreciation
(simple payback period 1.3 years). The project was considered

to be an attractive propositionand we recommended that a detailed
engineering study be undertaken. We also however suggested that
as the existing boilers were near the end of their economic life
the Campany should consider the option of large scale co-generation
by installing new higher pressure boilers and much greater
installed turbo-generator capacity.
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OPTIMISING POWER GENERATION AND HEAT GENERATION THROUGH CO-GENERATION

INTRODUCTION

Electricity generation in thermal 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 environment
as wasteheat to the air or into tfie seas or rivers. There is therefore
considerable scope for combining electricity generation with a process
which can use this otherwise wasted fheat.

Co-generation may be defined as the on-site generation of electricity by

a cammercial or industrial establishment with a significant process heat
requirement whereby, through an electrical interconnection with the

Senerating AutRority Grid system, power is allowed to flow in either direction
depending on the needs or surplus capacity of the establishment.

The International Energy Agency in its survey of energy conservation in
industry in [.E.A. countries, published in September 1979, states that:-

“Combined heat and power production (CHP or co-generation) holds
prospects of large savings since it gives a total thermal efficiency
at least 2.5 times that obtained when fieat and electric power are
generated separately.”

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

CO-GENERATION POTENTIAL

The concept of co-generation is essentially simple. A large number of
industries use steam as the vehicle for transferring heat from the burning
of fossil fuels to the point of use within the factory. Process steam
can very easily be produced as a by-product of electricity generation and
produce overall efficiencies in the order of 70% plus. The two most common
types of plant used for co-generation are:-
(a) High pressure steam being generated in a boiler which is fed

into a back pressure steam turbine for electricity generation

with the low pressure steam from the turbine being fed to the

plant as process steam.




(b} The fuel is fed directly into a gas turtiine (this could also he
a reciprocating engine) to generate electricity with the exhaust
gases being fed into a waste heat boiler to generate the process
steam for the factory.

The choice of which system is used will depend primarily on -

(i] The relative proportions of electricity and steam required.
(i7) The fuels available.
(iii) The operator skills available.
(iv) The overall economics of the systems in the particular
circums tances.

With the enormous quantities of electricity heing produced in thermal

power stations, tfie potential for the use of waste heat from this operation
is massive. In some countries, notably America and European countries,

up to 20% of electricity supplied is cogenerated by Industry and in
addition waste heat from power stations is used for distinct heating.
Distinct heating, of course, would not he realistic in the temperate/tropic
regions. It is only realistic in cold climates with high population
densities.

WHY IS IT NOT UNIVERSAL

With tre potential for co-generation being so high and its use at this
stage comparatively smal11, we must ask "what is the 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 were only a small part of an industry's costs and the
available capital could be better spent elsewhere.

The question of available capital, together with the cost of that capital,
is still a major stumbling block to its further cevelopment. The detailed
economic assessment of the benefits to be achieved by investing large sums
of money (often millions of dollars) 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 before industry will commit
iarge sums of money to equipment which, in itself does not contribute
anything to production capacity.




The return on investment will depend on the savings in energy costs.
Therefore, 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 much degrre of agreement, 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 demand 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 the cost of fuel to produce that electricity.
However, once a utility has a significant co-generation contribution then
the avoided cost will include factors such as the deferrment of power
station construction and the buy back price could rise to 70-80% of the
supply price. Government subsidy or intervention may well be necessary

to raise the Buy Back rate initially and thus éncourage co-generation
until co-generation becomes a significant source of power for the
electricity utility and its avoided cost Becomes 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 Government
subsidy or intervention may be justified.

THE SOUTA AUSTRALIAN SITUATION

As I have already said, last year the South Australian Government set up
a working party to examine the existing situation, the potential and any
current dis-incentives for co-generation and to make recommendations for
any appropriate action.

To put South Australia - and indeed Australia - into perspective, here is
a break-up of land areas and population.
South Australia covers an area of 380,000 sg. miles
(984,000 sg. kilometres) roughly 12%% of the total area
of Australia. Its population is 1.3 million or about less
than 10% of the population of Australia. 70% of the population
lives in, or around, the capital city, Adelaide.




Industry is concentrated in three areas, Adelaide, Whyalla (steel)
and Mount Gambier {paper).

Total electrical generation capacity is 2090 MW of which 1280 MW capacity

is from Torrens Island near Adelaide and 330 MW is located at Pt. Augusta.

The Port Augusta facility is fired from indigenous brovn coal deposits at
Leigh Creek and a new power station to use this same fuel is being
constructed nearby to provide an additional 500 MW 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
incustry in the Adelaide area.

Of the total of 7% million Megawatt hours generated in 1980/81 only
250,000 or 3.5% was co-generated.

The working party examining the co-generation situation has been
analysing the potential for expanding this proportion. Four case studies
were carried out on consumers where conditions looked favourable. The
fuel and electricity price increases anticipated are comparatively
predictable in the South Australian situation where the fuels are
indigenous and any increases in well head gas prices will affect both
the likely co-generation fuel and the price of electricity. (Over 70%
of the electricity is generated from Natural Gas). The viability of
co-generation projects were found to be dependent, to a critical degree,
on the buy back price and standby charges imposed by the Electricity
Utility. ;

The working party has not yet completed its report so that final conclusions

and recommendations are not available at this stage.



REPRESENTATIVE CASE STUDY

Whilst, unfortunately, 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 disclsse a common dilemma:-

1.

The capital costs of modern co-generation plants show an internal
rate of return of between 12 and 20%. This is equivalent to a
discounted "pay back" period of 9 to 6 years respectively.

Fuel costs in Australia are still very reasotiable compared with

many parts of che wor!d. This results in the long pay back periods.

Increasing fuel costs in the future could make the projects much
more attractive.

There is a potential problem of obtaining and maintaining operating
and maintenance skills to service the higher technology needed -
especially in the field of steam turfiine operation.

The reluctance of electrical generating authorities to move from
the present position of viewing tariffs is Based essentially on
cost of servicing capital for power stations (in other words
planning capacity to meet maximum demand), and buy back rates on
"avoided costs" i.e. mainly cost of fuel saved.

One answer that may be able to Be used in your countries - is to
build small power stations adjacent to industry.

The Auchority could operate the generating plant and provide the
heat energy (that would be otferwise wasted) across the fence -
so to speak - to industry located virtually or actually next door.

This could Be a future possifiility in South Australia - when the
next round of power station planning takes piace. It is something
the% the South Australian Govermment could certainly look at.

This could result in the co-generation of our State being significantly

increased from the present 3%%. (900 T.).
Capital costs of co-generation vary from around -

A$900-00/KW for steam turbines
to
A$300-00/KW for gas turbines.

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

There is a great deal of potential to utilize waste energy in a
realistic way to conserve the worlds finite energy resources to a
significant degree.
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HOW_CAN YQU 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 with co-generation we have significant obstacles to overcome

to reach a break even point for buy back and standby charges in particular.

If you have your system already in place then you may well have similar
problems and the expansion of co-generation may well require government
action in the short term to provide the benefits in the long term.

If you are still building up your systems, then you have the opportunity
to learn from experiences (“mistakes” would be too strong a word perhaps,
as few could Rave foreseen the rapid changes in energy prices in the
last decade). You have the cpportunity to build co-generation into your
systems from the start and make it -conomically attractive. You could
well be able to site industries with 4 large steam demand adjacent to a
power station which could provide thzt steam.

If you can achieve significant co-generation in your systems you will be
building in a buffer against the inevitahle rises in fuel prices (as
assuredly thiey will rise even if at present there is a drop). [ feel
sure that you will need every possible improvement in efficiency if you
are to achiieve a firm place in the very competitive international market
in the coming years.

SUMMARY

In sunmary, let me say that co-generation is not new. The technology
is available and proven as you will hear later in this seminar.

Co-generation offers significant improvements in efficiencies and the
potential for its application is considerahble.

[ 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 the international markatplace of tomorrow.

* ¥ W * * N ¥
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USING ENERGY MANAGEMENT CRNIRES TO IMPLEMENT NATIONAL ENERGY CONSERVATION
PROGRAMS

whilst the whole world has been hard nit by the rapidly escalating prices
cf oil, it has been particularly so fQr those countries with develcping

econamias. In many cases we now see very large propertions of a
country's expert earmnings being used to pay for imported oil. In addition,
the apnual increase in oil expenditure is not matched by a similar increase

in the value of the country's exports. Thus the money available for

industrial and social development has been decreasing. To reverse this

trend most countries have introduced Energy Conservation programs.

Almost all Naticnal Energy Conservation Programs are and should be based

on the need to irprove a country's financial position and to improve

the social well being of the people. Basicallvy che policies will be

aimed at reducing “he country's import cf oil and thus the costs asscciatad
with it, ususlily by two methods: substituticn and oonservation, in
addition, it is common to see policies such as rural electrification orocrams
Sometimes the

two policies are in conflict with each other in pure eccnomic tems but

then governments are “here to ensure a »-..ance between fiscal and social
problems.
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. I believe that most governments have recognized that action in energy -
conservation is necessary and many already have peolicies, same already
have implementation programs. what is often lacking is a structured well
organised facility through which these policies can be inplemented, the
results assessed and the findings returmed to the goverrment to assist

in the formmulaticn cf subsequent, rnore accurately orientated and smecific

pclicies,




through which all govermment =nargy conservation policies are directed.
They should be seen however, not just as a convenience for govermments

ut of benefit to the energy consuning groups. The Centre should consider
the differing needs of the Industrial, Cammercial, Damestic ané Transport
sectors and should structure its efforts accordingly. It should recognise
the critical areas and its own limitations. For example, the Transoor:
sector is usually the largest cil consuming sector but it is also the

nost difficult area in which to make improvements in the short temm. The
industrial sector is usually a much easier area £o work in because it

is much more structured, already subject 0 govermment involvement throucgh
taxes etc., and is usually the area through which a fledgling Centre should

first concentrate its efforts. The Commercial sector whilst not as

tighly structured in that there are much larger nmurbers, is also an area
through which =zarly efferts should be directed because like industry
uniformity exists in many of the applications and efforts and rsesults can
be categqorised. The Damestic sector is the sector in which the greatest |
interaction will occur between social and energy oolicies. It is an extramely

ifficult area to achieve substantial reduction in use because there are
usually a very large number of very small consumers and in general the
people are looking to upgrade and increase their energy consumption rather
than downgrade and reduce it. This is line with their expectation from

the govermment of improved living standards.

Having considered the above, then the Energy Conservaticn Centre should

set out to be effective, that is, it should operate in its area of

expertise and in areas in which results can be achiaved. It should recognise
that its eiforts will be divided into two formg: Shor: temm; generally
through a mix of conservaticn ané substitution,usually by low cost, low

tachnology methods, Long Temm; by major upgrading of processes and




equipment cr conpiste plant remuilds, a high technoliogy high capital

rocess.

e

In the early stages, the Centre's biggest problem will be lack of data
on which %o base its irplementation plans. In most cases, industry
will De the area throuch which early efforts should be dirscted: it is
usuzally the second largest consumer of licuid fels and the cne in which
greatest potential for conservation exists. In setting cut to achieve
Irproverents in the Industrial sector it must be recognized that the
govermment's ociective is to save 0il and thus reduce burden of

import costs, whereas industry wants to save money. It yill thus be
necessary to prove to industry that spending money to improve the

efficiency of energy use will result in a net saving cf money to them.

In the early stages, the Centre should form a2 m~-_r of groups whose
function it should be to go into industry to show them how to improve the
"housekeeping” standards in their factories. This form of conservation
effort can reduce energy consumption by arourd 15% for sizple pavback
periods of investment of 6 months. The group should at the same time
cather data so that a mere accurate picture can be established about
industry's use of energy, the age of the eguipment, the level of expertise
in the plants, and the potential for further improvements. The gatherirg
of this data should be in a well structured manner so that collectively
the Centre can egtablish a data base for the purposa of analysis and
Policy recomendations to governments. This data base should be hased

on the ISIC, that is, the International Standard Industrial Classification

System ard it should identify which industry groups are the largest




energy consumers, which are the most energy intensive, which have the
greatest potential for improvement, which are likely £o be the most
receptive to efforts and what fcmm this efiort should take. For exanple,
a cement industry rmay show up as the largest and most energy intensive
industry; it may however already have adequate technology within its

own ranks, adequate training facilities and the incentive to make
irprovements due to actual cost of energy. But it may simply lack the
capital to make the changes to its process. In this case the role of

the Centre should be to acsess the value of potential savings to the
nation's conservation efforts and to try to cobtain or make recommendations
about the provisicns of funds at concessional rates from the govermment
or cdevelcoment banks., In adopting this role, the Centre will be seen as

a benefit to industry and not just a representative of the government
anxious to get its hands on confidential industry records. It is for +his
reason that the structure suggested for the Centre is one which camprises
poth Industry and Goverrment. I- is also important that the Board of
executives. however, provides only pelicy guidelines and permmits the Centre
to be independent in day-toeday operaticn. The types of structure suggested
is also aimed at freeing the Centre from the limitations often imposed

on the salaries of government employees and would permit the Centre to
offer the level cf renumeration necessary to attract and hold enthusiastic
capable, self-notivating, broad thinking pecple required to make the

Centre a success.,

The cperation of the Centre should be such that its activities are totally
integrated, for example, studies conducted should lead to recamendations
for the improvements possible at the factory level. They should also
provide the facility for data gathering and the formulation of a data base
fram which an understanding of industry czn be achieved, they shculd also

allow the guccess of efforts to be measured and the requirements and




directives of future programs ani efforts, cdetermined. The information
should also provide the orientation for the thrust of any publicity
campaign and the provision of financial incentives by way of tax relief or
duty exerptions and dis-incentives thrcugh higher energy charges. The
findings and experience of the group executing the studies shculd also

be used for determmining the ecucational needs, and transferTring expertise

to incdustry groups whose knowledge and skills are deficient.

The field grocups should also becare iecturers in the courses run by the
Educational section . They will often also establish the potential for
and the types of waste heat recovery equipment which could be used or maybe

needed, and will also determine the scope within the Centre for the
develomment of new equipment specifically for local use cr the esvaluaticn
of camercially available equipment.

As the experience, knowlédge and data base of the Centre grcws, it should
extend its activities tc the Transport sector, it should investigate the
potential for altermnatives to licquid fuels possibly by LPG or Corpressed
natural gas, it should investigats the reiationship between the vehicle
pooulation and the type of fuel procuced by the refineries, the potential
for optimizing yields and the likely impact of uncontrolled exgansion in
+the use of ond fuel type, for example diesel fuel

If the availability of L™5 or ONG, is such that they ccould provide a substi-
tute potential for gasoline use, then its use should be promoted in the
rost beneficial areas by the Centre in line with goverrment policies. The

" Centre should ensure that the emergency services such as the Police,

Fire brigade, Medical services are adequately trained to cope with the
likely impact of the use of the fuels; and that the necessary skills

are transferred to those people who will install the equipment and ensure
proper safety standards. Often the potential for substitution can be
greatly affected if peovle are afraid of the new fuel due to inadequate
saferty stancdards,

€0
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in the domestic sector the Centre should be active in pramwting an

awareness of-the need for conservetion and aims to deronstrate the

method by which it can be achieved within this group. Often though

the section of the commmity which is using energy kased on liguid fuel

is quite small and this must be racognized in the pramotion which is
allocatad to this effort. However, an awareness by the public of the benefits
of the govermment's conservation program will assist in its successSiil

irplementation no matter what sector it is directed at,

Presentad here as an example is the recommended structure and operational
moée of an Energy Conservation Centre and it assumes that a govermment is
aware of its expenditure on imported oil,is anxious to recuce this
camrittment and is prepared to direct its policy initiatives through its
enercy authority here often called the goverrment energy authority and
preparad to establish an energy Conservaticn Centre jointly funded andé
operated by the major beneficiaries that is primarily the govermment

and industry.

THE NEED rOR AN ENERGY CONSERVATION CENTRE

As the work involved in providing advice and guidance to industry in

recard to energy oconservaticn is considerable and is of a highly

specialised nature, an institutional arrangement for faci.itating energy
conservation in industry is recamended. An Energy Conservation Centre

is one such arrangement which could take over the task of implementation

of energy conservation policies and allows the GEA to concentrate on

Policy formulation, analysis of aggretative data on industry sub-sectors

ard cther major sectors of the econamy, and on monitoring the results achieved

by energy conservation measures.




ROLE OF THE DNERGY CONSIIWVATION CEINTRE vis-a-vis GEA

The Centre should be the agency respensible for inplementing energy conser-

vation pelicies, formulated by the Govermment. The Centre shouléd have

£full

freaedom to conduct its day-to-day activities in conformity with the

policy guidelines of the governmment in regard to energy conservation. The

Centre's activities should be monitored by the GEA in regard to the

contribution made towards energy conservat.on, and in regard to the confar-

mity of the Centre's activities to the pelicy quicdelines.

The Centre must suppert the policy formulation exercise by providing the

GER with the following inputs:

information on scope for energy conservation in different sub-sectcrs

of industry and other sectors of the econamy.

Results of energy conservation activities undertaken by the Centre

in different se tors of the econamy including sub-sectors of industry.

Suggestions regarding modifications in energy conservation policies,

Camments on new policy propesals and also on medifications to

ex.l.stmq policies being contemplated by GEA. These camments will be
scught by the GEA from the Centre before the new proposals/notifications
are submitted by the GEA to the government for approval.

Specific suggestions regarding publicity, pramoticonal efforts
special funding, incentives etc. which in the opinion of the Centre

would help further enersy conservation efforts.




- Results of special studies undertaken by the Centre on its own or

&t the instance ¢f the GoA.

- Caments on soecial studies undertaken in the GEA in regard to enersy

consumption and energy conservation.
In crder that the experience of the Centre is available to the govermment
in its deliberaticns, the Centre should be represented on government

sub=camittzes and its agencies concermed with enercy conservation.

SCOPE OF ACTIVITI=S OF TE C2IRE

The Centre's activities should encarpass the total energy conservation
spectrum. It should however initially cencentrate on the industrial

sector for the f{ollowing reasons:

1. The damestic and transportation sectors are diverse, large in number
and likely to show results from major restructuring and regulatory

controls.,

2. Contribution to energy conservation from the damestic and transportation

sectors over the medium temm is not likely to be sizeable.

3. The large and diverse industrial sector requires special attention
as requlatory measures are nct suitable for this sector, and results
could be better achieved through providing training and expertise

to tie factory personnel in energy conservation technigques.



Whilst the initial area of activity sheuld be the industrial sector,

the Centre shcuid also plan in the near future to became active in the

&

a)

c)

g)

Better planning and isplamentation of a naticnal oublicity and -

Prarotion of conversion of gasoline cars to LPG use, the establismment
cf safety standards,training of converters, training of emergency

servires,

Energy conservation in camercial ouildings and retail aestablishmente,

Providing a forum for discussion of energy conmservation in the
construction incus%ry covering residential, cammercial/office and

factery buildings.

Providing guicance and assistance to cother voluntary agencies

engaged in promoting energy censervation.,

rrcvide research facilities in the fieldcof energy conservation.
Provide quidance and assistance to the colleges and universities for .

the estahlishment of energy consarvation courses and relevant curriculum.
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MREIRTDOENT OF TED CENEE

The Cantre should be dirscted by 2 nugh-powered 3oard of Oirecesrs
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crasantatives oI concerned agencies ¢f Govertment and
representatives of the orivate sector connected with incdustrv, tramsoors
construction, and 2lso technical experts in engineering, econarics, aadé

-~ 4 -
tass AL CaC1IinS.

The Centre's Bocard c¢i Cirectors should have a distincuished Chairman who
will preside over the 3card meetings and he shouid prefsrakbly be a

member cf the Govermment's pelicy formulating group. The acpointmenct of

+

the Chairman by the soonsors of the Centra shauld be gibiect =0 aorrovel ¢

th
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GCvermment.

The Cantre siwouid have an Ixecutive Director agpoinced by the 3zard of
directors who will be the chief executive of the Cantre and an asscciata
director of <he Board of Directors., The Executive Zirsctor shoelé e a
technical expert and should have considerable understanding <f the zsrivats

manufacturing sector and in smodem management techniques.

The Centre cshould constitute an Adviscry Cammittee consisting of experts
in industry, management, training and other relevant areas to assist the
Executive Director whe will be the Chairman cf the Advisory Coamittas.
The Advisory Camnittee should meet periodically and should not be

concerned with day-to-day activities of the Centre.

The Executive Director should be free to organise the various meittees

divisions of the Centre under the directicn of the Zoard ¢f Dirsctors.




SUNCTIONS OF TEE CONTES

The main Soactions of the Centra shall be o
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rovide:
Consultancy Services
Z3:cational Services
Souipnent Assessment

Publicity and Proroticn

Sata Collection and Disserination Services

Specifically the activities shculd incluce but not be limitad to:

1. Conducting enerxcy audits of industrial establishments to identify

sccoe Zor energy conservation. .

2. Training of factory personnel, mechanics, electricians.

3. Setting ur energy management. svstems in industrial and cammercial

establishments.

4. Prezaring oroject reports cn energy saving projects for clients
to facilitate provision of finance by lencing agencies.
S. Preparing ard implementing ar Information, Publicity and

Education Campaign,

6. Publication of an Energy Conservation Bulletin.

7. Developing data base £or facilitating more effective planning of energy

conservation activities,

Yo
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8. Guiding manufacturers S &N€Igy $aVIng eQuimment and instrments

in regarc o technical matters.
9. Providing suctport to the GZA in its pelicy formmulation tacks.

10, Maintairing close contacts with the GEA, energy users and axperts on
energy consarvaticn in the country and abroad in order to functicn
as a clearing house ¢f information on all aspects relating to

2rergy conservation.

TROING

The Government shculd crovide gart of the financial suppert to the Cantre,

Tre bulk cf the financial contribution to the Centre should be scught
iram private irdustry which should also have the major respensibility in

regard to the management of the Centre,

Financial institutions like the barks whe are likely to be involved in
financing major energy saving projects may aiso be approached to provice

funds.

The agencies and organizations who provide finds should have suitable level

of I=presentation cn the Boart of Lirectors of the Centre.

This part of the report is aimed at providing same operational guidelines

£or the propcsed Energy Conservation Centre.




OPERATION DNT=PACTIONS

The relationships and interacticns between the ceatre and industry and
govermment is indicated in Fig, 1.  Principally it is recammended that

the centre be permitted independent operation for its day-to-day cperations. -
The pclicy and statement of directives and objectives should be provided |
by a 3oard of Directcrs as described earlier, who should be representative

of both covermment and private industry. The requirements and policies of

both groups shouid be deliberated by the Board of Directors in the formulation

of the policy dirsctives.

The centre by its cperaticn will provide services to industry by way of
training courses, ané efficiency studies. The informaticn gathered in the
course of this work should be analysed and presented to the GEA in a mamer
which will permit them to fulfil their role as an instigator of policy
recamendations to the govermment. Govermment policy decisions once

made, should be carried to the Board of Directors by the GEA representatives.
Any suggested modifications to these pclicies would be conveyed to the

govermment via the GEA.

The needs and policies of the various industry groups would be introduced
by the representatives, on the Board of Directors of the Industry

ssociation or clubs.




FUNCTIONING OF THE CENTRE

The initial orientation of the Centre's activities towards the industrial
sector will determine the staffing requirements and structure. A

suggestec arrangement is given in Figure 2.

It is suggested that the initial efforts be directed towards providing:

a) A consultancy group to carry out factory studies to identify the
potential for energy savings and to make recommencaticns for
improvement by written report. The survey work should gather
stancdard data for the purpeses of later analysis.

The Division should be headed by a controlling engineer whe should direct
subcrdinate engineers and these should be formed into survey tsans.
The technicians should be supportive to these teams and nave the

responsibility for maintaining equipment in goed working corder.

b) The =ducation Division. This civision should have the resporsibility
to transfer practical technology on energy conservation to industry
engineers and other factory personnel who have energy as their
rasponsibility. This division should use its full time members for
organization of course syllabi, course timetables, preparation of
notes ete., It is important however that the field staff frem the
consultancy division be used as course lecturers to ensure that practical
inputs to the course are achieved. The courses shoulé be heavy on
practical skills and implementation and light on theory. The field
staff can permit this input. The course should relate wherever possi-le

local case studies. The lecturing ability of the teachers rmust be




first class. It will amost certainly be beneficial to have
all lecturars attend a course on "Techniques of Instruction”.
This divisicn must alsc conduct reqular seminars on industry-related

#echnical topics, i.e. "Steam Use”.

c) The equipment assessment and demonstration division should aim
to obtain the latest energy saving equipment available for the
purpeses of display in the Centre's display area. If possible,
working models should be installed and regular exhibitions held.
The potential for the equipment should be assessed and the value
oublicised. This division should also aim %0 engineer the
first installation of a particular energy saving unit for the
purpeses of pmcticai demonstration. In most cases the
oorortunities will be identified by the consultancy divisicn.
The need for Government demonstration project funds for this
ourpese should be investigated. After each demonstration
project, a camprehensive report must be preapred and the major
advantages and disacdvantages widely publicised by pamphlet or
booklet.,

d) The promotions and publication division will handle the
publication of publicity material generated by the Centre and
print consultancy reports and course notes. Another extremely
important role for this division is the organization associated
with the seminars, ocourses. and conferences, a very professional

standard is essential.
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e) Data Contxol. This division should ensure that data collected from
the field operations is properly collated and prepared in a
form most valuzkle to Govermment pelicy-making areas. The
need for information should be both obtained and screened by this
division. The inforrmational needs of the Centra's staff will
also be satisfied by this division. A sophisticatad data
oollection, storage and disseminaticn system is necessary along

with modern eguipment.



Gualifiz-
Functisn tion No. ¢f
Executive Dicectar £ng. in Charge cf Meck.
Centre ENG/MCA. 1
Comsgit. Siv. Con- Control of Consult. Mech
trcl Eng. Qiv. ENG Cherml 1
Proc.
£ngingers - C3n- Carcy out Tech. Mech.
sultanc Cocnsultancy ENG Chem.Zicc.
Prog. 8
Tachniciars - lon=- Agsist with Tech. Mech
sultancy Consultancy Tech. Cert. £ .
fduecation Jiv. Con- Control of Educatizn Mach.
trel Zng. Division ENG Chem. 1
Prod.
Teaching
Znginear - Cducation Carcy Jut Education Mech.
Arogram ENG Chem. 2
Proc.
Elec.
Zgsessmant & Santrol of Ass/Ter2 Mach.
Oemo Cantral Ing. Divisieon ENG I
Teshnicians - Ass/ Assistance with ~ss & Tezh. Lert o
Jemo Oema
Sremoticns Gfficer Organize Fromatian/ tdvertising/
Publicatian Journalists 1
Asst, Fromctions Assist w/Prom. & Organizing
Qffizer Publicatians Exparienca 2
Oata Contral Qfficer Qata Storage Ana- Statistical
lysis Control Analyst g
Data Control Preparation of Data Statistical
Agsistants Heports Analysts 2
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MOTTIVATION

The Centre will need to be a highly motivaced operation ané for
best operation the staff should be carefully chosen to ensure that
they are basically self-mctivating, ethusiastic, capable ané have
good personalities, since the degree of nmublic interaction is high.
It is important to note that the Centre is preaching modernization

and efficiency--it must therefore be that iself.

ESTABLISHMENT PERIOD

It is recamended that an experienced comsultant be cbtained to
assist in the initial estakblishment and operaticn of the cantre. This
assistance should tzke the form of direct juidance of the appeointed .
staff in the execution of their duties. The consultant should guide
the executive director in sverall Centre maragemert, the operation

of the various divisicns which camprise the Centre, the duties and
objectives of the divisional control engineers and the various

pramotional, publication and data services.

This brief should be to carry the Centre fram an initial formlation
stage to arr operational stage, a period estimated to take about

one year,
STANDARDS

Industry will expect to see seminars and courses professicnally conducced
with great attention to fine detail - good public address systems,
video display units, good lecture roams, with conditions conducive to

best learming.
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The facilities of the Centre rust be of high standard, telephones, typing
facilities, receptionist arrangements should all be first c¢lass. Faci-
lities for the preparation and best presentation of reports and

course notes, and convenient photocopying facilities mus% be

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

operation.




OPERATIONAL INTERACTIONS

P

BOARD OF DIRECTORS
PRIVATE AND GOVERNMENT

A

Fiqure 1

GOVERNMENT |__

POLICY
GOVERNMENT
T RECOMMENDATIONS
‘7 POLICY
INOUSTRY JOINT DIRECTIVE
REQUIREMENTS POLICY
DIRECTIVES | COMMENTS &
SUGGESTIONS
|
. | ENERGY CONSERVATION GOVERNMENT
SERVICES CENTRE FORMULAT 10N
INDUSTRY | S [§FQRMATION— GOV'T ENERGY
INDUSTRY 3 AGENCY
OPERATES : DATA
INDEPENDENTLY
FOR DAY-TO-OAY
OPERATIONS




(W]
<

STRUCTURE OF THE ENERGY

CONSERVATION CENTRE
Fiqure 2
BOARD OF DIRECTORS
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Engineer Engineer Control Officer{| Control
Officer
Engineers Engineer Technicians Assistants Assistant

Technicians
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MEASTRING EQUIPMENT EZID BY THS
ENERGY MANAGEMENT CENIRE FOR
L3E ON CONSULTING SEPVZCTS

UNTTS DESCRIPTION VALUE
GAS ANALYSIS & MEASUREMENT .
1 Johnson & Williams Methane Detectcr 5 750
1 Teledyne O, Detector 320P 1 200
1 Flue Gas Analyser 980 1 800
4 Fyrite 0, - O, Test Kits 2 000
5 Drager Multi Gas Detector Kits 2 500
1 Servomex O2 Analyser 1200
TIMPERATURE INDICATION & RECORDING
1 Foster 0-1000°C Indicator 250
1 Foster 0-1300°C Indicator 250
1 Jeatrol 0-1200°C Indicator 250
2 Mini Temp Digital Thermometer 600
1 Suction Pvrameter 1 800
1 Cambridge Potenticmeter 1 500
1 Leeds & Northrup Potentiometar 1 500
1 Slmes Temperature Recorder 800
2 Carbridge Filiment Pyrometer 400
1 Kelvin Hughes 0-600°F Indicator 250
1 Kelvin Hughes 0-1400°C Indicator 250
1 Goerz Thermostat Temp Recorder 750
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UNITS DESCRIPTION VALUE
PPESSURE CR FLOW DNDICATION & MTASUREMENT
! Bacharach Draft Indicator 75
1 Lambrecht 2ir Flow Meter 800
: Dwyer Inclined Mancmeter 250Pa 356
1 " " " 10" 450
2 " Pitot Tube 48" 260
2 " Pitot Tube 18" 180
1 Kurz Air Veolocity Meter 600
1 S & M Vane Anemmeter 300
1 Rosemount Flow Transmitter 1 200
1 F & P Precision Bore Flowrator Set 650
ELECTRICAL POWER INDICATION & REOORDING

1 Foxboro niv Recorder 1 200
1 Cambridge mV Recorder 1 200
1 Hioki 3134 Power Tester 1 500
1 Hioki 3141 Integrator 1 200
1 ‘ Hioki 8701 mV Recorder 800
Hioki 9008 Clamp on Probe 600

2 Fluke 8024B Digital Multimeter £00
1 Metrawatt Measuring Transcucer 1 500
1 Paton mV Meter 300
1 Paton«A meter 300
1 Waltman A meter 59
1 Siemens Kilowatt-hour meter 3 phase 100
" " " " " 2 phase 50
1 Event Recorler 1100
2 Goerz Multiscript Recorcder 500

Tacar Recorder

—

300

~1




INIT DESRIPTION VaLliz

MISCIANTEOUS MEASUREMENT

2 Hioki Light Meter 3421 3 300
4 Erannan Whirling Hygrometer 3Q9
e Lambrecht Ther—o>—..irograch 400
1 Bestobell Steam Trap Tester 1 200
1 E.I.L. pH meter 3490

5 Ogden Condensata Purp Counters 1 000
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Heat recovery is a comnon oractise i i
around the world, especially since costisc
the oil crisis.

v manufacturing plants
snergy increased with

To approacnh the preblems of heat recovery in the cairy induscry

it is necessary to understand some of the neating requirements

for processing of dairy products. Most dairy products are
processed at temperatures of less than 220°C, witn most operations
involving nheat at less than 100°C; for cooking and pastasurizing
of product, and cleaning of tanks, vessels and processing machines.

Table I below gives an indication of the temperature levels in
various dairy processing operations

TABLE I. Temperatures required in dairy processing

Process Maxinum Temperature
Town milk <£10G°C:

"Butter <£100°C + live steam
Milk Paowders >210°C + live steanm
Cheese <10CeC ’
Casein L1C0°C + live steanm

-

Temperztures required during cleaning are 7S 3C with 95°C
required for socme sanitizing operations.

Electrical snsrgy is used in dairy plants for metoars on jumps,
fans and lignts. Significant quantities cof =lectrical snergy
is used for miik cooling and in storage of finisned produce.

Energy use by orocess

There have been several studies conducted on energy use in
individual dairy processes. Results from a study of the New
Zealand dairy industry (74/75) are sncwn in Table 2.

TABLE 2. Mean energy consumption - dairy production

Product fuel MJ/L¥ Zlectricity Mo/L%
Town milk 0.31 0.12
Butter 0.26 0.20
Cheese 0.62 C.70
Skim milk powder 1.63 0.3C
Casein 0.84 Q.44

Source: Vickers and Zrannon, 1377

* litre of whole milk orocessed
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The energy use figures as shown in Table 2 are averame figures
from a survey of most of the industry. These figures do not
indicate the wide range of erergy efficiencies whicn occur in
industry. Harris (1382), in a recent survey on United Xingdom
pasteurizing dairies found that fuel usage rates varied from
0.2 MJ/L to 2.8 MJ/L. The mean fuel usage rate of 0.34 MJ/L
in United Kingdom dairies compares favourably with the average
New Zealand figures.

Bath . U.X. and New Zealand dairies package milk in glass
bottles. At these dairies significant quantities of energy is
used in bottle washers. .

Typical figures from Australian pasteurizing dairies are 0.35 MJj/L

fuei usage and 0.13 MJ/L of electrical energy where most milk
is packed in cartons.

Energy cost reduction opportunities in the industry

Significant energy and cost savings could be had throughcut the
industry. Recent energy audit studies in the United Kingdcm
have shown that energy savings of 30 to 40% are achievable in
most industry sectors; savings up to 81% in some sectors were
available through the improved use ¢f existing resources, and
adoption of existing technology (Grant, 1979; Currie, 1G81).

Energy saving measures f{all into four categories:

- good housekeeping and skilful management .
- modification of existing plant

- oplant replacement

- new processes

An energy audit is conducted on a plant to define the current
situation, identify areas for savings, and the minimuva energy-
use feasible with the particular type of plant in use.

These audits alsc enable longer term energy saving strategies to
be planned.

Experience in Australia (Westall, 198') and overseas (Grant, 1979)
is that savings of & to 20% can be achieved by improved energy
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 facteors such as the

economics of energy conservation, §ricing of fuels and energy, .
and the ability of organizations to fund new ventures.

1. Energy saving technolcgies available

1.1. Regeneration of milk pastuerizers

Milk is pasteurized to «ill off pathogenic organisms and reduce
bacterial numbers prior to packaging and consumption. The
pasteurization is performed in a plate neat exchanger, where the
milk i3 heated and held at 72°C for 1Ss and then c¢coled.

For a typical arrangemen: sea figure 1.
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On these continuous machines rneat is recoversed rom the outgoing
hot milk in the 'regeneration' section.

Pasteurizers for fluild milk in Australian plants typically

have heat recovery or regeneration figures of 85 to 38%; some
early machines perform with 75% regeneration. By increasing

the number of plates in the regeneration section, higher
regeneration can Ye achieved, so less energy is used in heating

and cooiing. WAith increased energy prices, socme large dairies

find it economic to operate pasteurizers with over 32% regeneraticn.

Not 2all existing pasteurization plants can be successfull:
extended. In some obsolete types new plates are not available.
Also pasteurizing plants with low pressure plates cannot withstand
the nigher pressures accosiated with high regeneration levels.

1.2. Partial nomogenization of milk

Homogenization of milk is an extremely energy intensive process;
about 6 kWh per 1C00 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 32°C and then

separated to give a c¢ream of 10-i12% fat. This cream is nomogenized,
and remixed with the skimmed milk prior to pasteurization. As

the volume nomogenized is one third that of the original milk,

there are significant energy savings. This process is economic
Where other processes also need a separator. A plant of this type
is in operation in Australia (Lees, 1982).

1.3. Ultra heat treatment plants .

-

(UET) plants by neating

Milk is sterilized in ultra heat treatament ¢
it to 740°C and nolding it for a few seconds.

In the early 1970's indirec*t heat exchange UHT systams were ablsa
to achisve about 60% regeneration with direct systems achieving

50 to 70% regeneration (Cattell, 1981). During the 73's and 30's
siznilicant design improvements have taken placa. Indirect heat
exchange systems are now able to achieve regeneration of 90-95%,
with commensurate improvements in energy efficiancy.

1.6, deat pumps

Heat pumps take in energy at one temperature, and raise it to a .
higher temperature. The heat pump can thus draw on waste neat
that would otherwise be rejectad and provide heat at a usavle
temperature. There are heat pumps undergoing Zemenstration trials
in dairy {actories in the United Xingdom and Sweden.

In tre United Kingdom in a large pasteurizing dairy cwred b5y the
Milk Marketing 3oard, a neat pump receives water at 24°C, and
provides neat at 33°C, whilst reducingz the 24°C feed to 7°C
(Smita, 1981). (Figure 2). i further heat pumc is used to heat
tne water from 38°C to AG°C. This system provides a 2ot and
coid recycled water supely. These heat pumps had average
co=afficients of performancs of 5.5. A payhack period of 2.5
years was axpected.
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1.9. Evaporation

Evaporation plants installed in Australia in the 136Q'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 consumption of 0.25 kg of

steam per kg water evaporated (figure 3}. More recent designs

of evaporator can achieve 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 two vears

have 5 stages and a finisher, and have steam economies of 0.125 kg
steam per kg water evaporated. Seven stage plants obuilt

recently in New Zealand have steam eccnomies of (.986 «g of

steam per kg water evaporated. Existing three and four -

effect plants can be modified by fitting further stagss to

give improved efficiencies (Van Geffen, 1977}. In mcst 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 eccnonic limit of number of stages for thermal
evaporators is 8 given the temperature driving fcrce ger stage,
and heat losses.

In seeking improved energy efficiencies it is necessary to use
mechanical vapour recompression (MVR) systeas. Typical
efficiencies achieved are 8 - 12 kWh/tnnne water evaporated.
MVR plants can also be driven by gas motors and steam turbines.
The smailest evaporator has an evaporation capacity of 12 tonre
water/nour (Harris, 1982}.

Yacuum production using vacuum sumps

Modern falling film evaporators utilize liguid ring vacuum

pumps for vacuum producticn rather than steam ejectors as in
older evaporators. Liquid ring vacuum cumps can be {itted to
existing plants to replace the steam ejactors. Payback time for
such a retrofit is less than one year, based on prevailing
Victorian energy prices.

Condensate re-use

The condensate from the evaporator can be utilized Jirectly as beilar
feed water, Most evaporators fitted in the 1972's in Australia have
the facility to send the condensate fronm the {irst avapcorator

effect to the boiler feed water tank. Cther uses for condensate

are supply to Clean In Place (CIP) systers, and for preheating

drying air.

Several Australian dairy factories successfully use the

condensate from the second and third evapcrater effects, as

boiler feed water and CIP? feed water. However some other dairy
factories discharge this same warter to waste. These factories
consider that the risk of ailk product carry ovar into this
corndensata’'is nign,makirg the water unsuitagle for use in proca2sses
where it may some into contact witn finished milk procduzt. A3 3
crecaution, a conductivity meter can be used to divert contaminated

water to a draln.

J)




)

@y
Concenzoace

Hdezt consumpeion ’D/“ %) = Q.18

Frg. 3.

heat ‘ P
g 277 ss’c

o -
cIncentraee ]

Cxample of & triple ¢ffec @vapOraAtiNg plant with mechanizal VAPOUSL recompressison




Various steps can be taken to improve the qualitv of condensate
available from evaporators (Holmstrom, 1978). These include
allowing aeration of product, constant steam supply pressure and
cooling water temperature 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 =snergy
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 payvack periods of 2 years.

1.6. Spray drying

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

Two-stage drying

Milk is dried to abcut 88% total solids in the main chambter 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 singls
stage dryer (figure 5). However, capital costs for a tWo stage
dryer are about 3C% higher than for a single stage system
(Harris, 1982).

Direct-firing

Direct-firing of dryers allows an improvement in efficiency
compared with indirect-firing systems. The system efficiency is
8% higher for direct-fired single-stage drying compared with
indirect systems, and 9% higher for two-stage drying (Shesler,
1977). irect-firing of dryers has been used in Australia

since 1977, and is the generally accepted practice where
economically feasible. Such systems are not suitatle for

Jdrying baby foods. Both natural gas and liquified petroisum

gas are used.

Heat recovery from spray dryers

ieat recovery {rom spray dryer exhausts is a technique whizh can
reduce the energy consumption of the dryer by 20%. Howevar, tne
problem with recovering this waste heat is the milk powder fines
in the exhaust air stream. These fines can foul neat exchange
surfaces, and cause bacteriological problems. In recent years
several systems have been developed in Europe for recovering tne
waste neat and powder fires:

Wet scrubber: In this device, milk was used as the scrubbing fluid
to remove most of the powder from the exhaust stream. These devices
wnere principally powder collectors, with some heat reccovery.

The recovered heat was returned to the evaporator which had a much
higher efficiency than tre dryer. Overall evaporator/dryer

energy savings of 5-10% can be expected. The milk scrubber is

now not favourcd 2s aneat recovery device in new installations,

due to i%s relatively low heat recovery zfficisncy and the
bacteriologizal problems associated with operation of tnis equioment.
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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 that a heat Pipe system can be sparatad

for heat recovery under certain conditions of exhaust air humidisy
and powder content (Jansen et al, 1981) and provide a thermal
efficiency of 30% and operate 24 hours hetween cleaning cycles.

A {ull scale heat pipe system with larger fin spacings was
installed on a milk dryer in Ireland in October, 1980.

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

Tubular heat exchanger: Ancther heat recovery device is the
tubular heat exchanger. The powder laden air travels through
stainless steel tubes, transferring heat to inlet air, or a
heat transfer medium. Powder buildup is removed through CIP
cleaning. These systems can achieve heat recoveries of 30%
and are commercially available. Further, these heat recovary
systems can be operated to remcve both sensible and latent heat,
thereby allowing condensation in the systen. This presents
further cleaning problems. Systems for latent heat recovery
are still undergoing development.

Bag {ilter - heat recovery system:

For ease of neat recovery a bag f{ilter can he fitted prior to

a heat recovery device. The system can be eccnomic where
powder prices are nigh, or a requirement whera environmental
exhaust standards are stringent. The neat 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 nrocesses

Membrane prccesses are usec in the dairy industry for both water
removal {reverse osmosis) and for fractionating milk
(ultrafiltration). In factories, reverse osmosis can be used
Lo pre-ccncentrate milk products prior to thermal evaporation.
Reverse osmosis plants can achnieve 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-gZeneration

In these systems both heat and electrical gower are produced.
Various systems produce heat : power in differing ratios (Table 3).

TABLE 3. Types of plant for cc-generation systems

Prime mover Heat/power ratic

Diesel engine (or gas) up to 3 1

Gas turbine up to 3 : 1 without supplementary
firing
up to 15 : 1 with sugplementary
firing

Steam turbine up to 15 : 1 typically hizn neat/
power 13 : 1

1ow neat/-cwer 5 ¢ 1 Source: Gran-

()
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savings if both the heat and elec:ricity_can be u
dairy factory. Various dairy nracesses have 4if
heat/power ratios (Table 4).

Combined heat and power systems can provide energy and cost
uc
e

TABLZ 4. Ratio of heat and power demand in the dairy industry

Sector Heat/power rati
Milk reception 9

Cheese 7

Powder 26

Fluid milk H
Condensed milk 7

Other sectors 29
Average 14

Source: Jansen 119373])

With the above range of neat and power ratics, steam or gas
turdines are suitable for powcder plants where thermzi avapcrators
are used. There are many factors Wwhich affect the viapilicy

o cZo-generation systems. These include, ¢sst of canrection

Lo grid, standhy power charges, energy costs, and avallagility of
capital.

In a study on the viability of a gas engine co-generation
system applied to a skim milk powder plant in the Netherlands,
Jansen and Piersma (1981) found the rate of financial recyurn
depended cn the price of electricity, fuel for the engine, and
fuel saved by the generated heat.

Trere are several combined nea: ang power systems :in use at
large evaporator/drying complexes in the dairy indus:ry:

- Steam turbines in New Zealand (Vickers, 1971)
- 5as turbines in Netherlands (Clox, 1932)
- 3as engines in Netherlands {fox, 1%82)

Enerzy conservation

There are several further ways to improve the energy 2fficziency
of existing dairy plants.

n automated doilesr ceonirals can

2cilzr controls: Improvements i
fficiency.

offer increased combusticn e

General nousekeeping: Cnecks should e made of ‘the foliowing areas:

- D0doilers and furnaces

- Steam system

- irsulation

- neat 2xchange fouling

- pumping and compression
- compressed air sysiems
- cooling

~1
[
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Comprehensive recommendations are listed in various publications;
International Dairy Federation (1977). Department af Fnargy,
United Kingdom, Znergy Audit Booklets. .

Other energy saving procedures include the use of hot water

systems rather than steam, and using hot water systems in casein,
butter and skim milk powder factories (Patchett, 1977).

Covernment aid

Heat recovery systems can offer significant cost reduction
opportunities for industry. In many countries some form of
government incentive is given for energy audits, and tax
incentives for capital investments.

The Gilbert Chandler Institute of Dairy Techrnology, and the
Australian Dairy Corporation has developed an energy conservation
program for the Australian dairy industry: This will ensure that
all companies benefit through knowledge of heat recovery devices
applicable in Australia. Other facets of the program include
demcnstration projects of heat recovery devices, plus education
and training programs.
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INTRODUCTION

"The Cas and Fuel Corporation {s a ges utility owned partly by the State

Covernment of Victoria and partly by private shareholders, It provides
s gas service throughout the State, mostly in the form of reticulated
supply, but also fn the form of liquefied petroleum gas supplied to

custosers' bulk storage tanks or bottles. .
The principal market for retfculated gas {s the State capitsl city of :
Melbourne and {ts metropolitan area, but the network extends also to B
country cities and towns, Approximately 802 of all of the residences z

in the State are within reach of reticulated supply. -

Except for a few small country towns, reticulated areas are served by .
natural gas from gas wells in the Gippsland Basin offshore {rom the coast
of Victoria in Bass Strait. The gas is brought ashore to 8 treatment
plant at Longford, approximately 200 km east of Melbourne. The Producer
is 8 50-50 partnership of Esso Exploration and Production Australia Inc.
and Hematite Petroleum Pty. Ltd. - a subsidiary of Broken Hill Proprietary
Led. (BHP) - and the gas 16 sold to the Corporation 2t the boundary of

the treatment plant.

From Longford the gas is carried to a City Gate located at Dandenong,
roughly 30 km east of Melbourne, through 8 750 mm diameter transmission
pipeline 174 km long, opzrating at pressuces up to 70 bar., A gac
turbine powered booster station is located spproximately mi{d-way along
the 750 mm diameter pipeline to recompress the gas to full pipeline
operating pressure,

Delivery pressure from the Dandenong City Gate into the metropolitan area
is 29 bar, but some gas is immediately further reduced to 8 bdar.

The Producers have a very limited right for direct sales of gas to
fndustry and the Corporation acts 2s & carrier of Producer's gas for these
sales and also, for gas used in the Producer's own establishments.

A most important carrfage of gas by the Corporation for others is the
future supply to two electricity generating stations: a 500 MW station
at Newport, an inner suburb of Melbourne and a2 400 MW station at
Jeeralang, about 60 km towards Melbourne from Longford.

In the financial year to 30th June 1978 the Corporation supplied a total .
of 101 400 TJ of natural gas to 728 943 customers, comprising 62 800 TJ °
for industrial use, 7200 TJ for commercial use and 31 400 TJ for residential
use. In addition, approxicmately 4900 TJ were carried for the Producers,

1.. PLANNING FOR LNG STORAGE ) )

Facilities for storage of gas in the Mclbourne metropolitan arca are
limited and under the Gas Purchaose Contract between the Producers and
the Corporation the Producers are entitled to supply the total
quantity of gas ordcred for any day at an cven rate over the 24 hours
of the day. The storage capacity nccessary to deal with the diurnal
variations in gas demand {s achieved by mcans of "linepack" in the
750 mm pircline which therefore acts both as a transmission pipeline
and 2 pressure storage facility., In both respects the load on the
Mipeline will incrcase sharply when the electricity gencrating loads
already mentioned are supplied.
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Studi{es were carried out to determine the optimum combinatfon of threc
procedures tc handle incressed losd, namely pipeline looping, pesk )
sheving and fnterruptfon. At the time of these studies the
arrangements for carrying gas for electricity genersation were not
established, but i{n°fact, the ornly form of addit{onal capacity sufted
to this particular load {s pipeline looping and the addition of this
load has simply resulted {n incressed and carlier provision for loopin
The optimisation studies {ndicated an {mportant role for pcak shaving
and the need for an ING storage plant at Dandenong. No other peak .
shaving arrangement was serfiously considered by the Corporation as the
distribution system was not amenable to LPC - air addition, ©Estimate
of capital and operating costs for various sfze LNG plants were
prepared.

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

Year | Mz .{mum Optimum Gas Supply Solution Total capital and
DD::IZ Level of | Level of | Amount of :p:rating cost
?nng) Interruption | Peak Shave| 750 mm ‘u}‘: i1 1Dp
(Z of MDD) | (Z of MDD)| pipeline ere tu
TJ 1 supplied via
ooping
required pipeline
9 (millions of $A)
1980 665 7 5 nil 2.5
1981 709 7 5 nil 2.5
1982 752 7 5 nil 3.6
1983 800 13 5 nil 4.8
1984 850 11 5 16 ko 5.3
1985 896 8 5 32 km 4.4

The optimisation studies indicated a theoretical need for an ING
storage capacity less than the smailest size normally constructed,
but once the cconomic case for storage was clearly established, with
a large margin of cost saving over alternative procedures, it was
decided to take advantage of the opportunity to provide sufficient
ING capacity to improve the gas supply system security and provide
for failure of the gas source, or the transmission pipeline, for
several days duration. A capacity of 10 000 tonne was nominated,

Tt was also decided to provide, apain at marginal extra cost, a
large recserve capacity over the.calculated minimum rate for both
liquefaction and revaporisation, For these purposes figures of
100 tonne per day and 100 tonne per hour respectively were adopted,

Theoretically, in terms of pipeline capacity for the combined
transmission/storage function, the LNG storage {s the equivalent of
thrce pipeline loops of approximatcly 16 km cach, This {s due
partly to the reduction in throughput required and partly to the
opportunity LNG provided to reduce pipelin: operating margins,

2




At the time of the studies the estimated total cost of the ING plant
was approximately 33 000 000 - some $10 000 000 less than the cost
of constructing the equi{vealent three pipeline loops. This
reiationship was the prime icédson for the decision to proceed wiih
the project,

Since 1976 the cost of the LNG project has escalated significantly - .-
mainly due to inflation and the technical requirements nominated by
the relevant Statutory Authorities., . This is to be the first LNC
storage plart in Australia and at the time of the studies the
Authorities had, understandably, given little thought to these matters.
In fact, the ING project cost has escalated faster than the cost of
pipeline looping, thus reducing the economic advantege over the
looping alternative, but to some extent this reduction has been offset
by savings achieved by operating in combination with an indusirial

gas company {as described in the next section) and a positive

econom{c advantage still remains. 1In addition, constructing the
plant significantly {mproves gas supply security.

THE JOINT OPERATION

It so happened that at the time when the Corporstion made its

decision to proceed with an LNG plant Australia's largest producer
and marketer of {ndustrial gases, The Commonwealth Industr{al Gases
Limited (CIG) 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
operating in Australia to participate in a joint operation and
sought proposals from each for comparison on & competitive basis,
Although considerable interest was displayed by other cocpanies

only CIG appeared to have production and other requirements which
matched those of the Corporation and their proposal became the basis
for the contractual arrangement now established,

In order to achieve maximum advantage from the joint operation it o
was considercd necessary to ;-

1) Utilise LNG as a scurce of ‘'cold' for the production of
the liquefied atmospheric gases., |

11) Utilise the Corporation's storage facility as a source of
ING for atmaspheric gas production.

111) Avoid unrccessary duplication of capital equipment, services etc.

1V) Reduce unit production costs by increasing the load factor
on liquefaction equipment.

7 V) Take advantage of C1C's extensive experfence in cryogenic
gas processes,
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1) The Corporatfon will construct, own and operate the LNG
storage tank and facilities for re-evaporation of the ING
and re-{njecticon into the Corporation's gas d{stribution
system,

|

\

| l

The prircipal festures of the contractual arrangement are :- .

11) CIC will construct, own and operate plant comprising three
main sections :-

a) The liquefaction plan: - to l{quefy natural gas
drawn {rom the terminal of the 750 mm diameter .
pipeline {rom Longford.

b) An interchanger where LNG {s used as a source of
‘cold' to produce liquid nitrogen (LN),.

¢) A low pressure air separation unit (ASU) to produce
gaseous nitrogen and liquid oxygen and argon and
+- - - which uses 1iquid nitrogen to provide cooling and
includes bulk storage for 1. ufd oxygen, nitrogen
and argon,

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

1V) ING for use in the interchanger will be available from the
Corporation's storage facilities, part of which normally
will be dedicated to this purpose.

V) After passage through the interchanger, natural gas in the ,
vapour phase will be recompressed by CIG for re-injection
into the Corporation's gas distribution system.

After adjustment to allow for the joint operation requirements the
plant capacities finally adopted were :- ]

For the ING liquefaction facility - 150 tonne per day

For the LRG/LN interchanger - 100 tonne per day of LNG
to liquefy 200 tonnes per
day of nitrogen (100 tonnes
per day to product storage,
remainder to ASU for cooling

. duty)

For the ASU facility - 100 tonne per day l{quid
’ oxygen

- 3.5 tonne per day liquid
argon

For the LNGC storage facility - 12 000 tonnecs

: For the LNG rcvaporisation
7 facility - 100 tonnes per hour
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The Corporation will supply CIC with filtered natural ges froe the
terminal of 1ts Longford/Dandenong pipcline at pressures ranging

from 31 to 70 bar. No charge will be made for the gas, but CIC

fs oblfged to liquefy the gas, to operate its plant with a minicun
of gas loss and to deliver back to the Corporation LNG which

contains no substances not in the original gas. CIGC may use
1i{quefied natural gas direct {rom the liquefaction plant, or
withdrawn from storage, for the purpose of operating the interchanget
end will return the vaporised LNG to the Corporation at sufficient .
pressure for re-injection into the gas distributfon system downstream

of the City Cate, ;

Conceptually, the 12 000 tonne ING storage provides 10 000 tonne for
usc by the Corporation and 2000 tonne for use by CIG, but at all -
times the Corporatfion has priority over CIC for the use of LNG,

The Corporation will place monthly orders for the amount of gas to

be liquefied and can require delivery at rates up to 100 tonne per
day although CIG may deliver at a greater rate - up to 150 tonne

per day. Orders must be for not less than 1000 tonne or ten days

‘operation, to avoid excessive plant start-up and shutdown and an

annval maintenance closure of 15 days is allowed., There 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 {f necessary to avoid

interruption to its gas supply operations,

Separate pumps will deliver LNG from the storage to Corporation
revaporisatfon facilities and to CIG's interchanger. CIG has the
right to take LNG from storage at rates up to 110 tonne per day.

The maximum pressure required for gas delivery into the LNG plant

is 42 bar and the Corporation can accept some gas into its distribution
system downstream of the City Gate at 8 bar. Thus there will be a
considerable amount of energy available from the expansion of gas anrd
maxioum 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, while the cold expanded gas will
provide some 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 cost of the
liquefaction plant and sccondly by a8 charge on cach net tonne of

LNG delivered which is related to the plant variable cost. For the
above purpose the capital cost of the l{quefaction plant will not be’
fts actual cost, but a lower figure which takes into account the’
savings the parties achicve by combining their plants instead of
building scparately, In sctting up the arrangements for construction
open tenders were called for the liquefaction plant to cnsure 2
proper cost basis. The Corporation also called open tenders for the
ING storage and vaporisation facilities and tire same procedure was
adopted by CIG in relation to the interchanger and ASU unit,

At the end of the 15 ycar contract period the contract may be rencwed,
or CIC may rcmove the plant, or the Corporation may purchase the
plantc, -

’
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The sgreement provides for close operational co-ordinstion betveen
lfquefaction &nd storage and the plant fnstrumentation 1s interconnected
to ensure safe operstion, for example, to prevent over-filling of the

rights of {nspection of the other's

siorage; and <3ch party has
fac{litfes. CIG will control the pump delivering ING to the
{nterchanger, but all tank operations, {ncluding wmaintenance of ail
pumps will be under Corporation control as operators of the storage.
Both plants will be contfnuously manned - CIC's operators
controlling the 1f{quefaction, interchanger and ASU plants and

tanker loasding of air products and Corporation personnel operating

the LNG storage and revaporisation equipment.

The establishment of & joint operation will result in substantfal
operational and cost advantages to both parties, The combination
was possible becsuse of a match between the production rcquirements
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 services and the improved load
factor on the LNG -plant will reduce costs well btelow those for ..
scparate plants. Both parties will benefit {rom a sharing of the
reduction in costs and their involvement in 2 flexible scheme

using proven technology. The Corporation will gain the assistance
of a partner experienced in cryogenic plant construction and
operation and the benefit of a higher delivery rate of ING, 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
530 000 000 Australian, with each party contributing about half,
In the Corporation's case this is more thaa the original estimate

“~of ¢ost of providing 'its own ‘total ING 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 jnvertment will stiil be considerably less than

i1f it had acted alone or adopted other nmcans of meeting its increased
g2s demand.

Figure 1 is a simplified diagram of the combined scherme.

THE SITE

Having regard for the intended duty as a combined peak shaving and
security storage facility, it was neccessary to locate the ING plant
close to the Melbourne metropolitan arca and within reasonable
reach of suitable points for withdrawal of gas for liguefaction

and re-injection for peak shaving and other purposes. The
Corporation alrcady owned a large arca of land at Dandcnong which
inciuded the City Gate installation. This proved to be suitable
and superior to all other alternatives for the follevwing rcasons :-
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1) The Corporstion land was approxirately 800 metres square
snd although {t accommodaies other facilitfes it was
possible to locate the LNG storage and sssociated

iaciiities wiih adequate clearance distance to the

boundary and other installations,
11) Connection distances to the gas system are minimsl,

111) Because of the large volume of gas passing through the .
City GCate the blending of gases with minor differences :
in characteristics - particularly calorific value - .
during pcak shaving will not constitute & problen.

1V) The City Gate 1s continuously manned and the normal

* operation of the Corporation's section of the LNG
facil{ty will be safely supervised w’chout the employment -
of addit{onal personnel. CIG's plants will also be
continuously manned. .

V) Because the gas for liquefaction is derived directly
from the termindl of the Longford to Dandenong pipeline
a significant proportion of the energy required for
plant operation can be obtained from gas expansion;
in addition, the cooling ef{fect during expansion
contributes to the refrigerating process.

VI) The surrounding land is zoned for industrial vse and
agreement has been obtained that the zoning will not be
changed to residential. Thus the boundaries of the larnd
are 2 long distance {rom any dense residential development.

4. - THE LIQUEFACTION, INTERCHANGER AND ASU UNITS

CIG commissioned Cryoplants Ltd. of the UK on a consultancy basis
to assist with the feasibility study for these plants. .

Four possible basic means of integrating the duties of natural gas
liquefaction and air separation were considered :-

I) Liquefaction of natural gas alone in the main liquefaction
plant, with liquefaction of nitrogen against evaporating
ING in a scparate intcrchanger as required.

11) The reverse of case (I) namely liquefaction of nitrogen
alone in the main liquefaction plant, with liquefaction .
of nat.ral gas against ecvaporating nitrogen in &
scparate interchanger &8s reduired.

111) Liquefaction of either natural gas or nitrogen as
alternatfve dutics of & single liquefaction plant.

1V) Co-liquefaction of natural gas and nitrogen in parallel
streams in a single liquefaction plant.

For safety rcasons oxygen and hydrocarbons would not be processed
{n the same unit so that in all cases liquid oxygen would be
pi%duccd scparately by {nterchange with evaporating nitrogen.
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Approaches (111) and (1V) were both elim{nated, essentially because
the thermodynamic properties of nitrogen and natursl geas are
substant{ally di fferent and any cycle designed for efffclent
liquefaction of one wpould not efffcfeatly liquefy the other.

In addition, scheme (111) suffers from the disadvantage of much
higher capital costs while scheme (1V) 15 essentially fmpractical
because of the variable and unpredictable nsture of the pattern

of demand for ING.

Approach (1) was preferied to (11) because the economic advantages
of a combined scheme largely depend on running the LNG plant at
full load for extended periods to mavimise operating efficfency.
To achieve this using scheme (1]), substant{al additional liquid

nitrogen storage would be required.to provide sufficient flexibflity

to meet the full range of demande for both parties, whereas (n-
scheme (1) this flexibility 1{s provided at much less cost by the
ING storage tank, Moreover, the operating cost advantage of a
joint operation for air separation depends largely upon producing

1iquid nitrogen at a lower net power consumption than {n convent{onal
‘1{quid rif trogen production plants. This is achieved by using a

mixed rcfrigerant process (M?C) which has a signiffcantly lower
power consumption than a nitrogen expansion cycle and 2 higher
efficiency when liquefying natural gas, for which it is well proven,
than for nitrogen liquefaction.

THE LIQUEFACTION PLANT

The liquefaction plant wa2s designed for a natural gas fced at
42 bar and 300 K with the following typical composition :-

Methane 90.14 wmol 7
Ethane 6.46
Propane c.61
i-Butane 0.06
n-gutane 0.07
{-Pentane 0.02
n-Pentane 0.02

Co+ 0.03
Nitrogen 0.76
Carbon Dioxide 1.81 ’
Oxygen ' 0.02

Maximum levels for ca-~bon dioxide, sulphur compounds, water and
benzene were assumed Jor design purposes,

8i
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The ING product has to conform to the same major spec{{ications
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and Wobbe Index 46.00 - 50.80 MJ/w3 (st) and the nominel product
composition was :aken.as -

-
o

Methane 94,00 ool 7

Ethane 4.89

Propane 0.25 .
Nitrogen C.86 ;

The plant uses the MRC cycle, & cascade refrigeratfon principle
with a single multfcomponent refrigerant and a series of five
-partial condensation steps. - The refrigerant is 8 mixture of
nitrogen, methane, ethylene, propane and butene, To avoid
blockage in the low temperature system a hecavy hydrocarbon fraction
is separated from the natural gas., Figure 2 is a simplified
diagram of the liquefaction plant.

“Referring to Figure "2, “*le natural gas fced 1s regulated to 42 bar
and any condensate i{s then removed. The let-down portion of the
gas, f£bout 707 of the totel input, then passes to a water removal
unit before entering the expansion turbine and exhausting via a
heat exchanger (where it provides about one eighth of the cooling
required for liquefaction) to the distribution system at 8 Jar.

The gas to be liquefied passes to an amine carbon dioxide removal
unit and molecular sicve water removal unit before entering the
cold box where it is progressively cooled and condensed, Some
condensate portions (e.g. benzene) are removed to pravent subscquent
plant blockage and/or to adjust product composition. The g2s is
finally totally condensed, subcooled, measured and reduced in
pressure for discharge to the LNGC storage. No ING transfer puaps
are used and no flash is expected at storage tank conditicns.

It is envisaged that the plant will normally be run at maximum lead,
but it can be turned down to 70%.

4,2 THE ASU PLANT

The ASU plant is designed to producz the following products :-
Liquid oxygen - (99.5% minimum) up to 100 tonnc per cay
Nitrngén gas' - (10 vpm O, maximum) up to 140 tonne per day

2

raximum) up to 3.5 tcane per day

Liquid argon - (0.5% N,

(5% 02 maximu.n)

Referring to Figure 3, which {s a simplificd diagram of the ASU
plant, compressed eir from the air compressor {s purified and
cooled in reversing heat exchangers., It .s then scparated in &
double-column rectification system fnto liquid oxygen and argon
products and gaseous pure and waste nitrogen. The bulk of the
*~ irefrigeration for the plant {s provided by fnjection of nitrogen
liquefied in the ING/IN {nterchanger: the remainder is
provided by an air cxipansion turbine,
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Ref{rigerastfon for the production of liquid oxygen {s achieved
ceinly by 1iquefying nitrogen from both the high and low pressurc

CG!U:‘J‘-: ia .LL‘ '\]f‘[": ir:;.»huusug aJv‘sgu uud l&’t.vr:‘il.s 1’ <tz

the lov pressure column as reflux. The afr expansion turbine
produces some refriger2ztion {rom the balancing af{r stream of the
reversing heat exchanger and sllows the plant to be cooled down
in a convent{onal fash{on at startup,

“Atmospheric af{r {s drawn into the plant through a f{lter and

compressed to about 7 bar by a turbo compressor. The air {s then
cooled and washed {n the direct cooler and delivered to the
reversing heat exchanger system. This system cools the air to
about 100 X by continuous heat exchange with outgoing waste nitrogen
and gaseous products, Carbon dioxide e&nd water vapour in the air

" are deposited on the surface of the air passages of the plate-fin

type heat exchanger and resublimed into the waste nitrogen stream
on automatic changecver,

Alr {rom the reversing heacr exchangers then passes to the high
pressure section of the rectification column where it is separated
into an oxygen-rich bottom liquid product and nitrogen top product,
part of which {s condensed in the condenser-reboiler Ly heat
transfer from liquid oxygen in the sump of the low pressure column.
Some of this liquid nitrogen serves &s reflux for the lower column
and the rest is joined by 1fquid nitrogen frem the interchanger

and then subcooled before being expanded into the top of the low _
pressure column as reflux. The uncondensed nitrogen vapour

passes via the nitrogen heater and reversing heat exchangers to the
interchanger system for liquefaction.

The rich liquid collecting in the sur, of the high pressure column

“is''purifiéd -to remcve any hydrocarbon traces, subcooled and

expanded via the argon column reflux condenser into the low pressure
column as feed, The air is separated in this column into gaseous
and 1iquid oxygen bottom products, the liquid being removed and
pumpzd to storage and pure and waste gasecous nitrogen top products,
The pure nitrogen passes to the interchanger system for

liquefaction as part of the mitrogen cycle while the waste ges
passes through the subcooler, nitrogen heater and reversing heat
exchangers to atmosphcre. Argon is produced in a scparate column
as indicatced in Figure 3.

THE LNG/LN INTERCHANGER

The ING/1N {interchanger system, which is shown in Figure 4 and has
8 capacity of 200 tonne/day of 1IN, produces liquid aitrogen product
for storage and also provides the ASU plant with refrigeratien
extracted fror the ING for liquid oxygen production via the nitropgen
cycle. Only nit ogen {s uvscd in the interchanger system and the
ritroges pressurc is always greater than the natural gas pressure
to clirinate the possibility of contamination of the air products
with hydrncarbons, The i{nterchanger system receives pure nitrogen
from both the high and low pressure scctions of the rectificaticen
column in roughly cqual amounts, Both streams are ceapresscd to
25-bar, cooled and liqueficd against ING; the liquid {s then
subcooled by partial flashing. The natural gas which {s vaporised
{5 compressed to 29 bar for re-injection to the distribution system
vhile about half the ligquid nitrogen p1"cs to storage and half to
the ASU plant,
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4.4 THE COMBINED PLANT SYSTEM

The liquefaction and ASU plants, linked by the INC storage and
ING/LN {nterchanger, will constitute an effective {ntegrated
facility in terums of capital and energy ut{lisation. The fact
that the product decmand is not {n balance, {.e. there will be
spare liquefaction capacity for gas supply purposcs as in any
pcak shaving scheme and the combinated scheme can utilise this

" spare capacity to produce ING for ai{r refrigeration purposes, with

the ING storage providing &2 buffer reserve of cold for eir
separatfon, made the project fecasible and will result {n substantiel
energy savings: the total installed external power requirement

of the above combined scheme will be only about two thirds of that
vhich would apply for separate plants, f{.e. 2 Corporation owned

150 tonne/day LNG plant plus a CIG 200 tonne/day liquid products

ASU plant at a different sfite,

LNGC STORAGE AND REVAPORISATION PLANT

-After carryfng out & study of world practice the following was

r oA

originally adepted 2s & basis for Jesign of the storage vessel :-

Above-ground tank of conventional design and consftruction
in accordance with American Petroleum Institute (API1)
Standard 620 with a single bottom connection and an
internal shut-off valve,

Minimum Design Standard National Fire Protection
Association (NFPA) S9 A - 1975,

A conventional earthen dyke with a sump of capacity
sufficlent to hold the NFPA "one hour design spill".

The Corporation engaged Fluor Australia Pty. Ltd., to act as
general engincering consultants for the storage and revaporisaticn
facilities and in addition, to ensure that the putlic and adjoining
facilities were adequately safeguarded, University Tngineers Inc.,
(now renamed Encrgy Analysts Inc.) of Norman, Oklahuma were engaged
as specialists to calculate vapour dispersion and heact radiaticn
from fires resulting from spills of varicus sizes and to make
appropriate reccorzcndations for overall safety.

In accordance with local practice, an Environmental Assessment
Statement was prepared and advertised through the dppropriate

State Government Ministry for objection or comment. No objections
vere recoived and accordingly, thercafter it was necessary to

dcal only with the two Regulatory Authorities whose norcal
responsibilities cubrace the setting 2nd policing of engineering
standards for such installations.

There was agreement with the apprepriate Regulatery Authority

that for this site fi was Jesirable to restrict the waximum
allowable boundary heat flux in the cvent of c2tastrophic LNG spill
and fire beclow the limit nominated {n NFPA 59 A, but dclay was

" experienced in reaching agreement on an actual fi{gure and on vapour

dfspersal requircments,
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4.4 THE COMBINED PLANT SYSTEM

The liquefaction and ASU plants, linked by the LNG storage and
ING/LN fnterchanger, will constftute an effective integrated
facility in terms of capital end energy utilisation. The fact
that the product derand i{s not {n balance, 1i.e. there will be
spare liquefaction capacity for gas supply purposes as in any
pesk shaving scheme and the combinated scheme can utilise this

© T "rT - gpare capacity to produce LNG for air refrigeration purposes, with
the ING storage providing & buffer reserve of cold for air
separation, made the project feasible and will result in substantial -~
energy savings: the total installed external pover requirement
of the above combined scheme will be only about two thirds of that
which would apply for separate plants, {.e. a Corporation owned -
150 tonne/day LNG plant plus a CIG 200 tonne/day 1iquid products
ASU plant at a different site.

S. LNG STORAGE AND REVAPORISATION PLANT

---After carrying out & study cf world practice the following was
originally adopted &2s a basis for design of the storage vessel :-

- = - —y --

Above-ground tank of conventional design and construction
in accordance with American Petroleum Institute (API)
Standard 620 with a single bottom connection and an

TRy M. internal shut-off valve, : .

Minimum Dcsign Standard National Fire Protection
Association (NFPA) 59 A - 1975,

o o A conventional carthen dyke with a sump of capacity
TR s T T Sufficlent to hold the NFPA “one hour design spill". : -

The Corporation engaged Fluor Australia Pty. Ltd., to act as
general engincering consultants for the storage and revaporisation
facilities and in addition, to en-ure that the public and adjoining
facilit{es were adequately safcguarded, University Tngineers Inc.,
(now renamed Encrgy Analysts Inc.) of Norman, Oklahcma were engaged
as specialists to calculate vapour dispersion and heat radiation
from fires resulting from spills of various sizes and to make
appropriate reconacndations for overall safety.

In accordance with local practice, an Environmental Assessment
Statement was prepared and advertised through the appropriate

State Govcrnment Ministry for objection or comment. Ko objections
wvere received and accordingly, thercafter it was necessary to

dcal only with the two Regulatory Authoritics vhose normal
responsibilities cnbrace the setting and policirg of engineering
standards for such installations.

There vas agrcement with the apprepriate Regulatory Authority

that for this site ft was desirable to resirict the nmaximunm

allovable boundary heat flux in the cvent of catastrophic LNC spill

and f{re below the limit nominated in NFPA 59 A, but dclay was
v ciexperienced im reaching agreement on an actual figure and on vapour

dispersal rcquircments.
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- . . At this time, the U.S, Department of Transportation, Office of
Pipeline Safety Operstions, reieased its Advance Rotice of Froposed
Rule Making, 49 CFR Part 193 "LNG Fecilities: Federal Safety
Standards" and although it was recognised that thi{s vas not yet an
established Standard, the proposals therein naturally (nfluenced
the Regulatory Authority dealing with these questions,  The
Authority then engaged the services of A. D. Little Inc.,, of
Boston, USA to assist {n the decision making process.

Finally, it was decided that a maxigum heat radiation criterion of
14.7 M3/h/m2 at the property boundary should be adopted for the
catastrophic spill case after making allowance for atmospheric
radiation absorption and assuming that the flame was being blown
by a 32 km/h wind directly towards the closest property boundary.
When the A. D, Little computer programme was used to check the
design, a reduction of the bund surface srea was shown to be
necessary to satisfy this criterion.

As a result, the storage tank which 18 of 45m diaceter, will be
waverescrw waees - ggrrounded-by ‘8 refnforced concrete dyke 70m in diameter, high
enough to hold 120% of the ING storage capacity and with backfill
against the outside of the wall to & height greater than the
level represented by 100% tank capacity. The bund contains a
sump which would hold liquid discharged from the LNG pumps for
twenty minutes at the maximum pumping rate before the liquid
level reached the bottom of the sloped base of the general dyke
area. The base of the dyke and all of the sump will be lined
with insulating concrete to reduce the rate of vaporisation and
spread of flammable vapour in the event of spillage, :

An extensive system of gas leak detectors coupled to plant shutdown
and alarm devices {s being provided together with LNG spill level
detectors in the sump and dyke. In case of catastrophic ING spill,
manual and automatic vapour ignitfon is befng provided together

© . wvith extensive fire contrecl and fire fighting cquipment,

Also, as a result of A, D. Little's advice it was decided to amend
the LNG storage tank decsign to eliminate the bottom outlet with
internal shut-off valve 2nd to adopt instead in-tank submerged

) LNG pumps. There will be no outlets from the inner tank below
the maximum LNG lcvel.

.. .Under Victorian law this ING tank, which is an orthodox double wall
aboveground metal tank, is classed as a pressure vessel ard as such
{s subject to the approval of the second Regulatory Authority whose
responsibility cmbiaces beilers .,and pressure vessels,

The critfcal factor i{n the dectermination of wall thickness for
the lower rings of the tanks was the scismic Tead decsign eriterion.
1t was originally considcred that in view of this mar_in in wall
strength and the Corporation nomination of 100% vadiographic
testing of all inner tank shell welds, that full height hydrostatic
testing would not be necessary and a test level of 787 of maximum
' ING level would be adcquate., However, the finally agrced design

T re s rtesiagudyides for full hefght hydrostatic testing and the lower rings
of the inner tank and concrete ring foundations have been
strengthened accordingly.




The main LNG pumping system comprises three 507 capacity submerged
units vhich wi1l deliver at 29 bar to two 50 tonne per hour
submerged-combustion type vaporisers, the rcvaporizcd gss passing
direct to the distribution system. A sepsrate smsller submerged
pump will deliver ING to the interchanger and there is provision
for a 1oad tanker loading pump {f required {n future.

CONCLUSION

The particular circumstances of this {nstallatfon crcated some unique
design problems. There was the need to take mar{oum advantege of the
opportunities for economy presented by the joint operation, but a
cautious approach to safety was required on the part of all concerned
and this signi{ficantly affected some of the basic design decisions,

This will be the first LNG storage in Australia and there were naturally
various opinions on the hazards {nvolved and means of reducing these to
an acceptable level. The result, we belfieve, will be a sound and safe

{installation.
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The need for energy conservation in a world of shrinking reserves and
higher prices is not open to debate, and in industry wasteful use of
energy is not only in denial of the national interest, but it is unsound
business practice leading to nigher costs and lack of competitiveness.
The practice of energy consarvation Gives imrmadiate gains from the most
basic applications, through to the exercise of the latest tachnology,
and I would like to relate what we nave done as ws have followed this
gathway. ’

Energy conservation in a highly tachnical irdustry like the chemical
irdustry has always been p:act.sed in the iata2rest of eccnomy, particularily
Where energy is a significant raw material, for example electricity for
electrolysis in the manufactire of chlorine or as naphtha/LPG, as a feec-
tock for ethylene, zropylene etc. Of course 2nergy is used in many forms
other than in these important vraw materials and in 1978 it was seen that
there was 2 nead to obtain a clear understanding of this complex picture.
Accordingly a csrporate enarjy survey was undertaken to determine the usage
9% all 2n2r5v in all Zacucries and company estaslishments with the zrim
ourpoze ol suggesting a strategy Ior energy conss<rvation in the future.
A corgorat2 erergy survey in a company of our size would seem a daunting
task, but wzs carried out Ly two people in abcut twe months with warm
support £rcm all levels of management in all centres.
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The survey revealad that tha energy cost excluding petroleun fractions as
feedstocks w23 3% of trhe sales value of manufactured ; roducts and 19% oI
the added value. I+t was veccumendad and agresd tiidat a ccorporate enezsgy
manager be apgointed in an alviscry capacity and that energy coordinatcrs
be appointa2d in each factory. A corporate target o 5% energy recductics

ST vear tas accezstaed. It was reco,n-sad That suprort frem seniczr
L energy ccnservation 2UCsIarme 2and

a2z alil levels. The dutie
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The energy conservation programme is now prepared annually, based on
budcset and target values for energy usaqge provided by the factories

for the various energy consuming centres. The energy efficiency in GJ
per unit of oroduction is a critical figure and is monitored monthiv,
tecgether with the energy consumption and the trend against expected
performance. The data is entered into a computer data base at the
factories, analysed centrally and the resulcs distributed back to cthe
factories and to senior management. The programme also contdins
details of energy saving projects proposed by the factories and progress
is reviewed in the formal haif yearlv repcrt. Recently, a brief gquarterlv
review on progress towards the cost target has been prepared for senior
management. The use of the data base has removed the clerical tedium
and allowed mora time =0 be spent applving technology. The developzent
of this organisation supported our progress to what we believe o ke
four overlapping stages of any energy conservation progracame.

In the first phase of an eneryy conservation programme obvious waste
would be eliminated using established technology. Improved housekeeping,
for example, better maintenance of steam mains and traps, is an =ssential
component of this study, which should also include examination of
insulation, arresting compressed air leaks, and the correcticn of
suboptimal process controls and accounting procedures to highlight costs
and perhaps alter internal emphasis.

In the second phase, without moving <o new technology, there mav be
conversion from one energy formm to amother, sometimes encouraged by the
Government in the interests of conserwvation of particular fossil fuels.
In this country encouragement was given to industry to change from fuei
oil to coal, or in some cases to natural gas, and we wouid see a further
application in the use of waste heat in low temperature applications.
There may be greater scope for solar energy for low temperature water
heating.

The third pnase is the use of new technology. This will allow unexpectzed
gains but requires technical sophistication not only by those who inwoduce
the new technology, but by those who must apply it. Encouragement :s
required by the promoter, to develop an attitude of acceptance by tnhe user.
In this country support for worthy projects mav be nbtained from the
Government, and we have besn fortunate in our work to gain this support

in a number of cases. It is common knowledge that there is a reluctanca

to use new technology, and for this reason I believe more atfention should
be given to the training of users of new technology, to enable them to
assess the proposals of a scientist expert in his field.

The technologies we have embracad include microcomputer/microprocessor
systems for better monitoring and control. TIn this connection we have
devised a system of monitoring the maximum eilectricity demand at our Botany
complex which allows operators sufficient time to take corrective action

to avoid exceeding the agreed maximum and attracting penalty charges.

Perhaps the most excitirg and advanced development at Botany has been wnat
we call the Site ?lanrning Aid. This is a computer package whicn has been
orogrammaed firstly on the 2asis of all storage and prcduction constraints




or the site, and secondly to provide information on the manner of
operation for the optimum use of anergy. The site production programmes
can be altered by use of a light pen on a colour VDU screen where
daily, weekly, and six-weekly basic programmes can be “isplayed. The
use cf the light pen can change the programme accordi:r 3 to the demards
of the market place, and whr.n the best preduction and storage programme
has been obtained, the energy programmes can be accessed. The use once
again of the light pen in respect of the energy programme can choose an
energy confiquration fcr the site which, coupled with the oroductic-
programme, will provide the minimum cost operation for the conditions
applying on that day in relation to market requirements. The final
programme evolved should allow operation of the whole site in the most
economic manner Zor the production and storage of materials and the usage
of all fomns of energv.

We have found particular use for mathematical modelling to predict erergy
requirements and we have used optimisation methods to improve efficiency.
It is in this area that we have used data reconciliation studies to
identify "losses"” in energy reticulation circuits and to establish the
accuracy of metering equipment. Ia most recent times we have used
non-linear crogramming, a relatively new technique as opposed to linear
programming, to prepare cost analyses hitharto not possible, but most
particularly to programme the opveration of the Steam and Power Plant at
the Botany ccmplex. This programme which will be interxactive with the
operator, will minimize fuel usage and purchased electricity costs, while
meeting process, stean and water requirements and eguipment constraints.
In future we hope ta couple this programme into the Site Planning Aid
mentiored abowe.

Another technique, about which my colleague Mr Davies will speak in greater

detail, is what we have termed the second law of thermodynamics analysis,
or Linnhoff tecnnology after Professor Linnhoff, formerl; of ICI UK who
brought this technology to the attention of the engineering world a few
vears ago. We have trained 24 of our campany engineers in this field, and
a year ago conducted a two-week course with the Universities of Sydney a:d
New South Wales under the chairmanship of Professor Linnhoff. We see
great opportunities £for this technique in Australia, not only in the
design of new plant but in the improvement of existing plants. It is

particularly useful in that sophisticated computer methods are not required,

and it provides an understanding of the limitations of the process and
allows the design of the mwore ideal, in the thermodynamic sense.

We have also introduced infra-red imaging to identify heat losses, and
insulator weakness, for example, and we will expand this techrique in the
future. Other interasts include more recent computer programmes being
developed overseas which we hope to use in our energy conservation
proegrarme.

These new technologies will reduce the energy usage in current methods

of operation, but open the question as to whether the process can be
operated in a different fashion to use less energy. This is particularly
important in this recession when the base energy locad assumes a greater
importance at lcwar preduction rates. Ye have used the tarm "low enerjv
mode of cperaticn” and racognise that it recguires a considerable *acanical
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effort by staff, foremen and operators to devise and use a new operating
technique replacing that used for a number of vears. 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 that
distillation column be at that rate for so long, or is the crystallisation
tempera‘ture 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 intensificatic-
to reduce the physical size of plant, new materials, and even more prec:se
contxol and detection mechanisms.

The energy conservation programme was put into operation about four vears
ago. Since then, with the steps outlined above, we have created an aware:ess
of the need for energy conservation and introduced significant new
techmology. OQur efforts have seen reduced energy consumption over the past
three years of 5.8%, 1.6% and 3.8%. ’
The magnitude and diversity of energy usage in a lsrge enterprise, and the
availability of technical expertise does not mean that opportunities are

not available to smaller businesses. It simplv means that the starting
point is different and the percentage gain may Le less, but the value to

the enterprise is just as real. The introduction of a programme would
réquire the primary audit, elimination of waste and low cost correction

of poor operation. Staff must be encouraged to participate, and the lead -
given from senior management by insisting on targets being set by line
managers, and by supporting the energy conservation programme during its
currency. Publicity should be employed as applicable at all levels,
varticularly in the early stages. Consultants can be used if technical
expertise is not available, but company staff should be trained and
particularly taught the use of the simpler thermodynamic analytical methods.

Energy conservation is essentially the control of a resource at the lowest
consucption level and will be ineffectual unless one can measure achievement.
Adequate metering equipment is essential and as lLord Xelvin said many years
ago "if you can't measure it, you can’'t contrel it". Energy conservation

in industry is measurement, reduction and control, using all available means
at our disposal.
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Increasing fuel coscs are constantly demanding better energy conservation
programs. This is possible through an increased understanding of the
fundamental ways in which fuel is used to provide the means of powering
refinery processes.

The objective of this paper is to show that the key to successful energy
conservation lies with the preparation of balances and studies associated
with following the quanticy of useful energy through the processes.
Traditional approaches have followed the amount of total energy and

chis tends to conceal the location of the greatest opportunities for
improvenent.

Calculation methods and some examples are also provided, together with
referances for further study.

INTRODOC: ION

Tha prohlem of "energy conservation” {s actually misnamed. Enexgy is
conserved by nature, as refinery engineers reqularly demonstrate when
they perform routine energy and material balances around refinery units.

To be successful with "energy conservation®, it is necessary to under-
stand the fundamental changes which take place in an oil refinery.

In the creation of ordered products from crude oil we introduce "order”
intoc a random system and consequently reduce ths entzopy of crude
turned to products. This is accomplished through an incrsase in the
entropy of the fuels consumed. The minimisation of fuel usage is
therefore accomplizhed through systematic entropy conservation. What
is needed in refineries is an "entropy conservation” program.

The task of the enargy conservation engineer, therefore, is to
determine the real energy requirerents and match the quality of the
energy source and the quality of thu requirement so that the needs of
the process ars just satisfied and no-more.

The aim of this paper is to show that entropy conservation is a
practical tool which refinery engineers can use to systematically resduce
refinery fuel consumption. BExerqgy (or availubility) is defined as tha
means through which refinery processas are analysed and oppor-unities
for fuel ~onservztion identified.

Through tae use »f "Process® a Simulation 5cience computar program, the
source of losses and projects for cheir reduction are readily identified.




IDENTIFICATION OF THE REAL THERMAL LOSSES IN

AN OIT FREFINERY

The first phase of the work of tha energy coaservation engineer i: tc
discover the real losses in the refinery.

Traditional methods of the measurement of efficiency ara of little
help in coming to grips with chis requirement. An understanding of
this problem is facilitated by consideration of the following two
exazples which are both 80% efficient based on the traditiocnal methods
of evaluatica.

IWO __OIFFERENT __ BORLER EFFICIENCIES
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Althcugh each is 80% efficient by the coaventional criteria, there has
to be a difference in real efficiency. One of the two is ~roducing
highly useable material while the other is producing ecfectively
practically nothing. The scheme pruducing warm water could easily
accomplish the same result using mucn less Suel (or less than half as
zuch) by a more efficient method, for example, by using a heat pump.

The same type of probler is seen in ths anaiysis of stewn cycles using
condensing turbines. A large loss is wrongly attributed to the
consnser, whereas in reality the condenser loss is ex:iremely samall,
znd the real losses are elsevhere in the process.

There is a requirement o quantify the losses in inefficient processes
and identify methods for their recovery.

EXERGY - A METHCD TO QUANTIFY USEFUL ENERGY

To obtain a practical tethod to aralyse tharmal systems it is necsssary
to be able to calculate the amount of energy in our sectiocn which is
available for use and identify where tha usefulness of the ensrgy is
degraded. To accomplish this, we combine the concepts of energy quantity
(enthalpy) and energy quality (entzopyv).

In order to appieciate how they can be ccabined and utilised, consider
the ambient (equilibrium) condition irn which our processes are situated
and in which the crude oil comes in and into which the croducts leave.
It is necessary to expend anergy to deviate to temperatures oOr pressures
either higher or lower than ambient and throughout the refinery thare
are everywhere driving forces trying ts return the systewr o
environmental temperature and pressura.

Define To and Po 23 the refereuce (absoliule) temperature and pressure.
If H is enthalpy and S is entropy, define exergy :-

s bd (g-go) - To (S-SO)

where the subsgcripts o denote zhe proparty values at the specified
refarance conditions. (A mors complete foram appears in Appendix A).

Any deviation from the referenca conditions requires tne inpu:z of work
to achisve it; or alternatively work could be obtained in the caeturn
of the fluid to the referancsa state. The minimum work to achieve the
change is aqual to the value of the exerqy E az that point and is also
the zmaximum amount of work which coulc be generated in the return to
equilibruia. .

Conservation of Exergy

Conservation of Exergy does noc 2xist ii the same way as f£or zass or
energy. 3ut the losgas can be accounced for and all lLosses nave To bha
paid for in fusl and consequently in dollars:

]




Conservation of Mass

Z Min = Z Yout

Conservation of Snergy

E : Energyin = E ; Energyoue

Bahnc_. of Exergy

E : Ein = E I!zcut""‘loss

Por an entixs refinery Ej,4.g is the total refinery fuel an expensive
commodity which well justifies tha use of more complex mathods for its
systematic reducticn.

gfficiency - Real Efficiency

{ - =

2ndL, Ein

Processes such as the one shown previously in which the boiler is
qensrating warm vater - reveal their low true efficiencies by thig
nathod:

.
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1co
TWO DOIFFERENT BOILER EFFICIENCIES

BOILER NO.1. PRODUCES SUPERHEATED HIGH PRESSURE
D STEAM
SECOND LAWY = 43.2%
Hg=0 Ho =20.257 Mw
Eg=0 E2 =11.093 Mw
16.5 MPg, 835°C
%?;kgls e .\AM[ o SUPERHEATED STEAM
44444
28.100 MW, FIRED FUEL
BOILER NQ.2. PRODUCES HOT WATER
FIRST LAWY . 80%
SECOND LAW 1 = 0.65%
Hg =0 Ho =20 257 MW
Eg-<0 €2:0.168 Mw

969.9 kg/s JVV\AF WATER AT 30°C
WATER AT 25°C
2&1m1LmE"'MWHW

- THISIS AN EXTREME CASE, BUT IT MEANS THAT THERE ARE MUCH

BETTER WAYS TO PROOUCE LOW TEMPERATURE HEAT THAN USING
FURNACES.




This type of analysis directs the enerqy conservation angineer to look
for a bectar method to satisfy the energy (exerqgy) requirement. an
example showing vhat this amounts to apg2ars in Appendix 3. The
application shown is a domestic example which is more easily understood.
There are many analagous applications in the refinery.

Exerqgy Losses

The really large, as well as ths eagily recovered, losses are not
readily identified; or at least they cannot be quantified by the
traditional methods. They are caused by “irreversibilities” and some
amount of them is necessary to drive the process. The success of our
so called energy conssrvation programs are a measure of our success in
reducing them and in distributing them more evenly. Some of them are
listed below.

Driving Porce/lLoss Example

Combusticn by chemical Fired heaters and boilers

reaction

Heat transfer by temperaturs Difference Letween flame
driving forcs temperature and procass
£luid in furnaces

Temperature Iriving force
in heat exchangers

Mechanical friction caused by Pumps, compressaors,
motion turbines
Electrical rosistance losses Electric conduits
resulting from potential

difference

Throttling by pressure driving Contral valves
force

Mixing by concentration driviag Blending

force

There are many others.

Usually, the source of the major losses is not obvious. An exergy
analyvsis identifies the problem areas.

[N}
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Identifying the Major Losses - The Exergy Analysis - Hand Calculations

To explain the exergy method, an anaiysis is performed on tha
following (relatively straight forward) example.

Details of the actual calculations appear in Appendix C "Steanm
Power Plant Exergy Balances.

EXTRACT IOM
nml! ,\

2000 u-
u.
1000 kPe
3
1.
8OILER N
P .~y
2 STEAM
TRAP TANC OR
6  OIMER MEATING

S8OILER FEED P




1C3a
Prom the balances the following diagrams summarise the results:
BOILER AND STEAM ENERGY BALANCE
E LOSS =0_11MW
QLOSS=0
E3=8.59 MW
Em: 100 MW
E3= B MW
H3 = 26.57 MW 1000 kPa | ©
j E‘zzl»a MW
4 H=28 10 MW € = 1703 MW
E =25.70 Lo
—;_% -
,:23% | '
E11=8.5609
? MW
Ep=128 MW |
4 Q =1208
TRANSFERRED
€ =1.505 Mw
. LOSS
5 Q=0
5 ¢ Loss
3 — 6 E10=3.Uo53 MW
Ey=1260 MW OCTANE
Em=0.02 MW
W =002 Mw

- EXERGY DFFERENTIATES
BETWEEN HIGH TEMPERATUF
ANDO LOW TEMPERATURE
ENERGY.

 —



The results of the traditional first law analysis and the energy
{second lawj analysis are shown below:

FIRST LAW ANALYSIS - ENERCY USACE

Energy lost Useful Energy lost in
in the flue gas work condenser cooling

uaty\
£

20%

100% Energy

in 801 25% ——‘

554

Boiler Turbine Condenser

SECOND LAW ANALYSIS - EXERCY USAGE

Exergy lost Useful
in flue gas work
A /} Exergy Jost
51.47% 23% : in condenser
cooling
water
Exergy
100% in 0.5%
25.53% 552 J/
0.03%
Boiler Turbine Condenser

Note that this
analysis is for

a fully condensing
turbine

Losses due to “irreversibility®




The results demonstrate that, contrary to coamon belief, the biggest
lo#s is in the furnace which is really only 25¢ efficient, and that the
logses through the use of efficient turbines a‘e almost negligible as
are the losses to the cooling water. The losses in the furnace amount
to 75% and are of three types:

a. The irreversible nature of combustion - 9
b. Loss to the flue gas - 23
c. Large flame to process temperature dxriving force - 43%

758

The furnace efficiency is greatly affected by the process conditions of
the fluid leaving thae furnace. The following example damonstrates how
great this effect is for the example of steam/water. Taa furnace
conditions for each amount to an efficiency of 80t hased on the first low
of thermodynamics and fuel lower heating valve (customary basis used in
Mobil):

CONDITIONS OF FIRST LAW SECOND LA
GENERATED STEAM EFFICIENCY EFFICIENCY
A. 30°C Hot Water 80,02 0,652
B. 400 xPa, SaTuraTED, I4350C 80,02 23,363
C. 10 000 xPa, SuperneaTED, 80,07 35,522
484, 50C
D, 16 500 xPa, SuperHEATED, 80,02 43,17%
8359

SoMe BoiLer EFFICIENCIES




The foregoing identifies a major source of loss which applies troughout
the refinery and can be greatly reduced as discussed later by:

a. Eliminating those furnaces which produce relatively low grads
heat by oeans of either:

(1) using exhaust steam from tuchkines.

(idi) heat pumping process fluids being condensed.

b. Restructuring the process.

Exergy Analysis by Computer Simulation

An Exergy Study on the Altona No. 2 Cr.;dc it

The Simulation Science, "Process” computer prograx permits calculations
to be performed to deternine exergy losses in all refinery unit
operations. The program is similar in scope to Quikbal but it generatas
thermodynanically consistent property data, including entropy, which
allow balances to be performed throughout the refinery to detarmine the
source of losses and devise a solution far their reduction.

Appendix D shows an exergy balance around the Aitona Crude Onit 2.
Note that the cutlet stream exergies are shown prior to air or water
cooling.

As previously the exsrgy loss analysis is the kay to the locacion of
potential energy conservation projects. The loss Analysis for the
Altona Cruds Unit 2 appears below:




EXERGY INPUTS

SOURCE

EXERGY MAGNITUDE
i

PIRED PUEL

STRIPPING STEAM

IMPORT FROM TCC
ELECTRICITY, ESTIM; EIC.

62,72
1,95

7,26
2,0Q

EXERGY USAGE AND LOSSES

THEORETICAL REQUIREMENT POR SEPARATION
EXPORT TC TCC
EXPORY TC CRUDE 3

LOSSES: FURNACE - IRREVERSIBILITY QP
COMBUSTICH

- 10SS DOE TO TEMP. DRIVING PORCE
DISTILIATION - MAIN TOWER
- STRIPPERS

HEAT INTERCHANGERS -
IRREVERSIBILITIES

OVERHEAD CONDENSER
LOSSES TO COOLING WATER
OTHER LOSSES

1,6
8,4

5,7
0,4
7,8

6,3
0,7

TOTAL: (adjusted)

73,9

Nett exergy input to Cruds 2 = 63,7 MM, yielding an efficiancy of 2,
with vhich the process turns crude oil into ordered products using fuel.

ALTOMA CRCDE UNIT 2 ZXERGY BALANCE




As previously, the greatest need for efficiency improvement rests with
the furnace, which because heat of only a moderate temperature is
recovered from it, has an efficiency of only 30s. To effect an
improvement here it would be necessary not oniy to reduce the excess
air and the stack gas exit temperature but also to reccver higher
temperature bheat ahead of the heating of the oil. The function
served would be to provide a working fluid for echanical/electrical
powst generation and then use the exit fluid for heating where the
exergy requirement of the beating is small. These schemes have a
big effect but are difficult to arrange. '

Another area well worthy of attention is the fairly large loss due
to temperature driving forces in heat exchanger. Alsc, sooe
exchangers serve no furiction at present, for example El3. Refer

to the complete list of heat interchanger losses in Appendix E.
There is also plenty of scope to reduce air/water cooling. Possibly,
the overhead condenser could ba heat pumped to place its duty at a
convenient point in the heat exchanger train, alternatively a tip
top pumparound might solve socme of the problem.

The analysis of the solutions to this crude unit design grobleam
based on exezrgy is still in progress.

other Sources cf losses

Although furnaces represent the greatest losses in work availability
and hence the greatest real losses by far, other pieczs of equipment
also incur losses and offer aasy savings.

The traditional refinery steam system with inefficient condensing
turbines or turbines venting to atmosphere is an area worthy of
artention. Although good quality back pressure turbines can easily
reach 98% efficiency, many typical (large size) turbines operating
in the saturation regicn run at efficiencies near SO and smaller
turbines are often only 10% efficient.

TURBINE SECOND Law

SFTICIENCY
ALTONA PTR 3 - BACKPRESSURE SECTION 98%
ALTONA PTR 31 - CONDENSING SECTION o
ACELAIDE PTR S3s
ALTONA PTR 1 52%
ALTCNA CRUDE 2 - REDUCED CRUDE PUMP 15%
ALTONA UTILITIES - SERVICEZ WATER PUMP 10s

DESIGN EFFICIENCIES OF SOMT 2TR STEAM TURBINES




REDUCING TEE IOSSES - THE EXERGY AUDIT

The commencement of a systematic program for the reducticn of exergy
and therefore energy usage in a refinery begins with an avdit of the
pajor sources of losses.

The methods by which this is most readily accosplished are well
described in Reference number 1, although the methods to use for
tackling complex hand calculations are not covered in this bool.
Most of the calculations in a refinery are diff .cult, involving
entropy of mixing and difficulty in obtaining adequate property
data for entropies. Some simplifications are discussed .n
Reference 2; also References 18 and 19 provide thermodynamically
consistent enthalpy and entropy data for many light hydrocarbons.
Refineries with vell developed Quikbal mcdels would find it easy

‘to perform simulaticns on the Simulation Sciences computer progran

(avatlable through General Electric Information Services). Thic
is discussed in Reference 3.

A general discussion of sources of refinery exsrgy losses and the
gqeneral typs solution needed to each i3 given in Appendix P.

Many of the losses in common process:s are quantified using the
methods of Appendix H.

Although the concept is difficult to grasp, the losses are
tangible and expensive. Each loss can be assignad a dollar
loss valae.




PINDING LOW EXERGY

(LOW ENERGY)/ SOLUTIONS TO LOW EXERGY

APPLICATIONS

Wwith the assistance of the Exergy Audit, applications having a low exergy

requirement become apparent.
gives clues to this.

The domestic gas heat pump of Appendix B

Frequently, in 2 refinery they are supported by fired heaters and could
be substituted by heat pumps or back pressure turbine exhaust steanm.

The diagram below shows some novel approacheyg to distillaticn, fram

Reference 10.

Three different
methods ofenzgg
recovery compare
with ecgwmfgrnl
distillation.

A more detailed flowsheet appears in Appendix G.

Cawentional
dstillation
axaratus

Mutipie effect

Indirect vpor

recompresson -

Drect vcoaur
recompressan

1

»
7

Other tecimiques such as absorption refrigeraticn and low temperature
Rankin cycles are related subjects, both intended to Dake use of the
resources available.




DISTINGUISEING BEIWEEN AVOIDABLE AND INEVITABLE LOSSES

This is the moat difficult part of the analysis, tut also a very
importanc part.

Some of the irreversibilities incurring high refinery fuel consumption
can easily be changed with better design. Others are as elusive as
the achievement of carnot cycle efficiency for practical refinery
processas, Applications such as the recovery of heat reversibly
from a chemical rezction at the temperature at which the reaction
takes place are frequently not achievable and need to be recognised
as unattainable, and quantified. This is the task of the experienced

energy conservation engineer. Some quidance is effected by Reference
No. 2.

BALANCING HEAT AND WORX REQUIREMENTS IN THEE REFINERY

This is an essential part of the energy conservation program. Successful
accomplishoent of this task necessitates a tharough knowledge of the
pechanical work requirements in the refinery and all the heating raquire-
:ments and the temperature associated with each ce. :

A design i{s then compiled which looks 2t candidates for:
a. 8at pumps (cz'ivex- by high presssure steam)

h. Beating using back pressure stean. -

There are cften applications which could use either, 30 an excess of
either low pressure stsam (cr low level heat) or an excess of high
pressure/medium pressure sceam can be "mopped up” profitably. A
further advantage of the hea: pumpel distillation column is that it
frees the process from the temperatures, and hence the pressures
associated with the cooling water condenser and allows a design which
requires less energy anyway.

GENERATICN OF ELECTRICITY IN TEE REFINERY

Cogeneration for the simultaneocus production of electricity and process
heat is an essential part of this task of properly balancing hezt and work

requirements in the refinery. There are many possible options and there
are definite advantages for some schemes.

To evaluats the relative merits of common alternctives the following
three schemes were evaluated:

a. Scheme 1: Gas turbine for slectricity
generation and a waste heat boiler for thae
production of process heat or steam.




b. Scheme 2: Conventional boiler and turbine-
generation system with the turbine exhaust
providing steam for low lemperature (lBOOC)
process heat.

z. Scheme 3: Application of a gas turbine to
provide electricity generation and then
using the gas turbine exhaust as the "air"
to a process furnace, supplying sufficient
fuel to achieve an excess air of 10%.

The schemes are shown schematically in Appendix I. To simplify the
evaluation, calculations were performed using moderately high temperature
steam generation in lieu of process heat in furnaces.. However, the
conclusions are equally valid for a comparable grade of process heat.

The results are summa;ised below:

CRITERION omIT SCHEME 1 SCHEME 2 SCREME 3
. QF
MEAS. GAS TURB CONVENTIONAL GAS TURBINE
& BOITIER &
WASTE HEAT EXHAUST GAS
ECONOMISER FIRED WITH
SUPPLEMENT
FUEL
- o First Law "Effic.” % 73,5 % 86,1 & 86,2 %
EFFICIENCY) cecond Law "Effic.” ) 45,6 % 39,8 % 44,1 3
Electrical Output MR 10,45 5,01 10,45
OUTPUTS Process Heat MW 22,62 37,80 121,47
Process Heat Temp. °c 407° 180° 407°
% Excess Air L) 274 & 10 s 10 %
FIRING Stack Temp °c 140 140 140

OPTIONS FOR COGENERATION

The gas turbine has the ley advantage that it recovers mechanical work from
the high temperature combustionof the fuel. Including the exsrgy value of
the exhaust, the gas turbine/generator alone (Thomassen G3142J) has a second
law efficiency of 53% which is a lot better than that achieved by other

fired equipment.




The problem of the gas turbine is its high excessair, in this case 274s
which prevents a high first law efficiency. This results in ‘he loss of
a large quantity of moderately low grade energy, ie with low exergy,

and in this case difficult to utilise.

A practical solution to this problem is possible by using the high oxygen
turbine exhaust as the air input to a refinery furnace which produces
high temperature heat such as a reformer or cracking unit furnace. The
scheme would require the ye~zration of steam and additional boiler feed
water heat or equival .t low temperature process heat to achieve a

stack temperature of 140°C without a temperature cross in the convection
section.

Good utilisatjon of the combustion enthalpy is achieved with a high

second law efficiency. The high second law efficiency is reflected in the
simultaneous production of electricity and high temperature process heat
with a low total fuel requirement. Its advantage over the conventional
boiler plant is the simmltaneous production of high temperature process
heat which in the conventional boiler (Scheme 2) would have to have been
provided using another furnace which still would have the usual problems
of inability to recover sufficiently high temperature energy (high

exergy material). i

Note that the implementation of the recammended Scheme 3 would require

a large furnace (120 MW in the example) for the efficient utilisation of
the exhaust of 10 MW of electricity generation, implying the use of the
combined reforming and catalytic cracking furnaces innany refineries.

It is alsc relevant to appreciate that these furnaces may then require
much of the available bsiler feed water heating and steam generation
to reduce the stack tempature to l40°C, with air preheat alaone used to
reduce the stack temperatures of the other furnaces.

The scheme is economically attractive as outlined in Referenca 25.

NEW TECHNIQUES FOR HEAT EXCHANGER
NETWORK CESIQN

A new method is available for this essential step in re-engineering the
refinery for-low energy. The method was devised by Linhoff and others
working 2t the ICI Corporate Laboratory in the United Xingdom. It is
described in reference 3l.
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APPENDIX A.

THE ZXERGY EQUATION

Exergy, or work zvailability is a state function which is fully
specified by a knowledge of the system parameters.

From the system parameters, exergy can be calculated at any point in tne
system from the following equation:

E= (u-ug) + Pg (v-v,) + 42 + g(z-z5) + ’}uo;/b)Nc+

internal pressure kinetic potential chemical potential
energy energy energy energy

+ ejA;F; (IT4-To4-41,T3) + ...

radiative emission potential
energy

= To(s=sy)

' entropy

Usualiy, all the kinetic and potential energy terms can be neglected, so
that the equation simplies to:

E = (h-hy) - T(s-sg)
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APPENDIX C.

STEAM POWER PLANT EXERGY JALANCE

SAMPLE HAND CALCULATIOU
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APPENDIX D

ALTONA CRUDE 2 EXERGY BALANCE

- 11,0582 Crupe Q1L
—>

OverweaD Vapour - 0,01047

NAPHTHA 5 1,55648

Kero ProDucT T 0,42169

\

LHO ProbucT - 0,3629%0
LV40 Propuct - 1,01666

h 4

2

WO Propuct - 0,57326

N

Rep CruDE PROD}. - 4,08697

TOTAL = - 11,0582 — REQT = 12,350 MW é——— TOTAL = 1,29203

6,4643 QueNncH
- 1,7159 VT: BotToMs

N A

0,55613 ToweRr BASE_L
STRIPP.,STEAM

1,35228 STEAM TO
STRIPPERS

N

&’n FUEL TO
FURNACE

BALANCE 15 IN MW of ExERGY

QUENCH T 0,71815

4
RECIRCULATION, - 1,79732

\
>

Decaten - 0,02304
WATER ’ :

BALANCE 1S BEFORE
AIR OR WATER COOLING
OR EXPORT




APPENDIX E

ALTONA CRUDE 2 EXCHANGERS - EXERGY LOSSES

Rerer nggngATTACHED M j;
|
1 0,1676 ;
2 0,1679 5
3 0,3167 |
4 1,0583
5 0,7632
6 0,6774
7 0, 4440
8 0, 4899
g 0,4762
10 0,2773
n 0, 0446
12 2,1380
13 - 0,0397
14 0,01889
15 0,39930
TOTAL 7,33%







TYPE OF LOSS

'ruocens of Combustion

Hoat transfer -
Conbustion gas to Fluid
buing heated

High Excess Alr -
Dilution of flue gas
uxergy

Flus gas to atmouphere

Al Prehsater losses

ERLRGY LOSSES IN REFINERIES

- CAUSES AND CURES

CAUSE OF LOSS

Irreversible energy transfer
from chemical to heat

lilsat tranefer temperature
driving force

Dilution of high exergy heat
in radiant section and
increase of flue gas loes

Rejectlon of energy and exergy
to atmosphere

Tespurature approach betwean
flue gawos and incoming air

SIGNIFICANCE OF LOGS

& eignificant loss in
every furnace and boller

A very large loss in
many refinery furnaces

A relatively large loss
sither at high excess air
or with air leaks into
furnace either in firebox
or convecotion seation.

Not very significant at
woderate flue gnuooutluc
Cempuratures (150 C)

A relatively emall loss
in modern air preheaters

METIOD OF REDUCTION OF LOSS

This loss is inevitable in
combustion systems and cannot bs
reduced with present technology

Ehutdown furnaces which provide low
teaperature huat in favour of steam.
Balanos wark and heat requirenents.
Racover high temperature heat for
work generation in hottest part of
furnaces. .

Install forced draught with combined
02/C0 comhuetion control to
accurately control air to fuel
ratio.

Install equipwment to reduce flue
gas outlet tempurature {(eg BIW
prelicat) on small temperature
approach.

Inwtall an air proheater after
BFW or other proheat for fiue
gas to prehieat combustion air




TYPE OF LOSS

Lods to cooling water
in condensing turbinea

Loyses due to turbine
inefficlienciese ’

luat exchanger losses

Discillation lososes

EXERGY LOSSES IN REFPINERIES

= _CAUGES AND CURES (CONTD)

CAUSE OF LOSS

Rejuction of a large
quantity of very low
quality hsat to cooling
wwater

loss due to friction in turbine

Largar than necessary
tompurature approach in
exchangers

Heat supplied by a reboller
or furnace to separate
liquide by boiling point

SIGNIFICANCE OF LOSS

Exergy lose is not
signiticant relative to
other exergy lossss, but
see next itea

Exergy loss ie almost
negligible in wmodexn high

officiency turbines operat-

ing in the saturation
region but it is very
1arge for all turbineas
operating in the
saturation region. Some
are only 106 efficient.

A very large loss in many
refineries which manifests
itaelf in an excess of low
grade heat

Inefficient distillation
towere needing high reflux
are vary wasteful

HETHOD OF REDUCTION OF LOSS

Wherever possible use exit stean
for hsating

Balance heat and work requirements
to avoid condensing tucbines. .
Increase steam temperaturus and
preasures to recover sufficient
work without need to operata in
saturation region.

Avoidable by redusigning tha
exchanger train to reduce
approaches. Best results needed
are obtained by reviewing the
process aimultaneocusly.

Redegign/retray to reduce
requiremant. Consgidor heat pumping
overhead to provide duty of side or
bottom reboliler and allows .lower
pressure lower energy (exergy)
operation.

~
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AUXILIARY |
REBOILER ]

RECTIFICATION
COLUMN ]

<FNITROGEN
D> VACLUM PUMP

ad.

VACUUM
PUNP
Fic

i |

* | OISTILLATE
)

wr

FLOWSHEET OF THE DISTILLATION PILOT PLANT WITH A HEAT PUMP



APPENDIX 4,

EXERGY LOSSES COF COMMON PROCESSES

LOSSES DUE TO TEMPERATURE
APPROACH IN HEAT EXCHANGERS

REEGILERS AND CONMDENSERS
I y Tl = MEas TEme s Ao
E, = TO 3 S - 4 ; tH = MEAN TEMT OF VRAN3FEZ
LOSS . i FROM ROT FLuis
LTH' Tc 4
Tc = MEAN TEMP 7 TRANSFIR
FRCM COLD FLUID
HEAT INTERCHAMGER (Constant Cp)
r~
Bloss = To 8 1 _ 1 To = REFERENCE TEMP
Ty Tey 8 = HEAT LOSS
LOSSES DUE TQ PIPING, VALVE
AND HEAT EXCHANGER TURE rxICTION
£« = W I8 Ap M = MASS FLOW
Loss T = SPECIFIC VOLUME
AP = pPrRESSURE DROP
HEAT LOSSES FROM EQUIPMENT
Eloss = -4 [I'J}Q]
M
- TURBOEXPANDER
ELoss = (W - Ws) IE W = ISENTROPIC WORK

T Ws = ACTUAL WORK
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-APPENDIX T
POSSIBILITIES FOR iN PLANT ELECTRIC
GENERATION
SCHEME 1
METHANE L~
—_— GAS
=) GENERATOR
— <& TURBINE 10,45 MW
AIR .
FLUE GAS 526°C
4
WASTE HEAT FLUE GAS 140°C
BOILER —
B.F.W. 274% EXCESS AIR
—\/\V\\\N\ =
- 3 8000kPa STEAM 407°C
5,19kg/s 8000k?a BFW 4
95° .
295°¢C TURBINE - GENERATOR
- ) 2,388 MW
6,55kg/s 1000kPa 179,9°C
SCHEME 2

FLUE GAS 140°C

4’
10% EXCESS AIR

8000kPa STEAM 407°C

METHANE
BOILER
AIR .
B.F.W.
TURBINE [-2)-
.

sAYAY

GENERATOR | 5,01 MW

14,1kg/s 1000kPa 179,9°C
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ELECTRIC GENERATION

SCHEME 3
METHANE
— SAS - GENERATOR o
————= TURBINE - 1045 MW
AIR |
. 3 FLUE GAS 140°C
FLUE GAS 526°C 10% EXCESS AIR
: FURNACE DUTY
BFW
- N\NANAS 121,5 MW

! ’ TT

METHANE FOR 10% EXCESS AIR

8000kPa STEAM 407°C

YA,

GENERATOR | 4 6,216 MW

44,51kg/s 1000kPa 179,9°C




AUSTRALIA/UNIDO WORKSHOP:

WASTE HEAT RECOVERY IN INDUSTRIAL PROCESSES
28th FEERUARY — 1lth MARCH 1983 MELBOURNE

HEAT EXCHANGER NETWORK
DESIGN BY ICI METHOD

Mr K.W. Davies
Energy Conservation Co-ordinator
Petroleum Refineries Australia



135

{NTROOUCT.ION

Heat exchanger retwork design is an essential step in the
desian of an energy efficient flowsheatr.

Historically, heat exchanger networks have been designed by
matching streams in accordance with the best judgement of the
engineer performing the design. Recent analyses have shown
that this only rarely 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 minimum allowable ¢t hot-cold in heat exchange.
The technique provides a method for the design of an exchanger
netwcrk which meets the minimum enerqy. For a revamp, this
design is easily modified to incorporate existing exchangers.

Application of the method is facilitated by a computer program
which performs the calculations.

SUMMARY

This paper provides a description of the prccedure 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
invalving a rework of a crude distillation unit. The "before”
and "after” configurations are given.

The computer method will handle up to S0 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
investigated.

HEAT EXCHANGER NETWORK DESIGN BY ICI METHOD

Acknowledgement

This paper has been developed based on the application of
Petroleum Refineries (Australia) of the Heat Exchanger Network
design technique developed by Linhoff and others at ICI in the
United Kingdom. It was taught at the Energy Conservation
course at the University of Queensland, Australia from November
25-27, 198l. The course notes have been ascribed a copyright
to Professor Bodo Linhoff, Department of Chemical Engineering,
University of Manchester, United Kingdom,




Exnariesnce versus "Pinch" Desidan Technigue as Methods for that
Exchanger Network Design

Traditional methods have customarily improved the energy
consumption of rafinery processes thrcugh experience using
improved stream heat interchange methods each time a new design
is made.

The ICI "pinch” design method determines the mirimum hot

utility required by an optimum match of the given process
streams and provides a design which will achieve it:

DESIGN BY EXPERIENCE vs ICI METHOD

MJ| Hy
—3 ___ DESIGN BY EXPERIENCE -
" 700 | SUCCESSIVE IMPROVEMENTS
600 |
500 |
£00 DESIGN BY TARGETS
8Y ICI DESIGN
300 |
O/
;’ - 200 -""“————I—'——-———-—-—-—
| l
100 - | O _
EARLY DESIGNS IMPROVED
DESIGN 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

heating and cooling requirements.

(d) Relax the design to u=zilise as much existing
equipment as pcssible.

SET




Principle Steps in ICI Design 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 of the method
to complex systems is explained.

Temperature-Enthalpy Diaqgrams

An understanding of temperature-enthalpy diagrams as applied to
heat exchanger 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

oC
Tr
Te b—
= AHST ———
H ENTHALPY
MW
TEMPERATURE - ENTHALFY DIAGRAM
Tg = STREAM SUPPLY TEMPERATURE  (°C!
Tr = STREAM TARGET TEMPERATURE  (oC)
AHgr = STREAM ENTHALPY CHANGE (MW)
CP . STREAM HEAT CAPACITY ()
= STREAM FLOWRATE x SFECIFIC HEAT CAPACITY
kg M
¢ S ) kg K
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Temperature-Enthalpy Diagrams (continued)

The diagram shows a straightforward hydrocarbon bYeing heated in
the sensible heat area. The more difficult cases of liquids
foc which CP is not constant, or mixed phases are dealt with
later.

The following diagram shcows a £fluid being heated, a fluid being
cooled and their representation on the temperature-enthalpy

diaqram:
M

Q STEAM
STREAM B
T A
STREAM A N
COOLING
WATER
:
°C
[«]
400 STEAM 1000 kPa_ 180°C
Toa
1L0°
}
QS‘}S}\
1000 |18 y
y
l ////,/1K1§’
ATMIN gReh .
cgo 158
LQ° T/
TTa COOLING ’
250
| WATER AT25°C "
I
"‘OC MIN ——_'-AHHE ”QHMIN _...,___M}\<N
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Temperature-Enthalpy Diacrams (continued}

The diagram shows the following key design criteria for this
straightforward system:

Tsa = Stream A supply temperature
Tta = Stream A target temperature
Tsb = Stream B supply temperature
Ttb = Stream B target temperature
ATmin = Tightest heat interchange approach
temperature
Qhmin = Minimum hot utility
cmin = Minimum cold Utility

Composite Temperature-Enthalov Diagrams, Multiple Streams

Consider the following four streams being cooled across the
temperature intervals shcwn:

MULTIPLE STREAMS ’

T TNTERVAL
INTERVAL 1 ' / D
T2
INTERVAL 2 " 2 C-0
T3

$
INTERVAL 3 /gﬁ/ A+ BsC

T
INTERVAL & Q,," AsC
TS >

INTERVAL S A
T6

H for each interval becomes:

Interval AH
MW
1 (Tl-T2)0
2 (T2-T3)( C+D)

(V)

(T3-T4) (A+B+C)
4 (T4-TS) (A+C)

S (TS-THRIA
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&

emoeracuce-cn thalov DL agrams (continued)

The corresponding T~-H diagram becomes:

I
°C
Tl : /

T2 /

TS
i

COMBINED T -H DIAGRAM

The Pinch

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
towards each other or away from each other to yield differing

amounts of hot and cold utility corresponding to increases and
decreases in Tmin:

14.

i




H
H MIN

]

MOVING THE "COOLING LINE
BACK AND FORTH INCREASES
AND DECREASES & TMmiN.
AND CORRESPONDING TO

£>HHMWJAND£>HCMW

I&chw

AH
THE "PINCH’

The Pinch (continued)

Having selected a value forATmin which is considered to be an
appropriate economic minimum at the tightest point in the heat

exchanger network, the &aHwnin and Afemin can be immediately'
determined. The tight point in the network is termed the pinch.

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 and
cold ends.

The addition of extra heat beyond the minimum AHpgin above
the pinch, results in extra cooling by the same amount. The
provision of any <ooling above the pinch has the same effect.

Setting Design Targets

The determination of Qupin and Qemin for a given economic
AT yield realistic desian targets which form the goal of the
low energy design.

Target energy = LOpmin
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Calculation of the "Pinch” location, Determination Of Qnmin
and Ocmin - Hand 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 target temperatuce, Tt (°C).

(¢) Stream Heat Capacity, CP (MW/K) or alternatively, a
" table of enthalpy,4H (MW) versus temperature (K or
oC).

The method is explained using the following straightforward
example for five process streams:

1 §
Supply Target Heat
Stream Stream Temperature Teﬁberature Capacity

No. Ts Tt cp
oC oC kw
K

1 Crude 0il 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

S Rerosene Rundown 200 40 15,0

6 Overhead Condens + 120 90 350,0

FIG PINCH DESIGN EXAMPLE
RAW DATA

Estimate the minimum economical AT hot-cold to be 209C.
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Calculation of the "Pinch" location, Determination of Onnpin
and Ocmin =~ Hand Calculations (continued)

The following tables are prepared:

Stream Ts +ATmin Remove Set up
Tt - 2 Duplicate Intecvals
1 CcoLp 25 35 260
250 260 230
2 COoLD 110 120 190
130 140 140
3 HOT 200 190 . 130
140 130 120
4 HOT 240 230 - 110
40 30 840
5 HOT 200 190 Duplicate 35
40 30 Duplicate 30
6 HOT 120 110
90 80

TEMPERATURE INTERVAL TABLE

INTERVAL STREAM POPULATION
AHj=(Tj=Tj+ 1) (ZCP COLD - = CP HOT)
cP
160
600 -

160 1

55 ' +

15

i
350 |

ORROBNONNCREON

|
{
] |
| |
260° 230° 190° 1L0° 13C° 120° 110°  g0° 350 . 30°

o] | |
©
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Calculation of the "Pinch" locaticznh,
and Qemin - Hand Calculations (continued)

Now, for each interval:

Hj = (T} - Tj+1) ( 2/ CPecold - 3T CPhot)

Cie

(2

Intezval | Tj~-Tj+1l CPcold- CPhot o H cumul
No. K poad MW MW
K

1 30 + 160 - 4,80 - 4,80
2 40 + 105 - 4,20 - 9,00
3 50 - 70 + 3,50 - 5,50
4 10 + 530 -.= 5,30 - 10,80
S 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 follcows:
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G
FROM FROM
HOT HOT
UTILITY UTILITY
0 } —_— — — — 2600 — — — — i»la,so= Hhmin
H = 4,80 H = 4,80
-4,80 _— 2300 — — — — [ 13,80
H = 4,20 H = 4,20
-9,00 V — — 1900 —m— — — — + 9,A0
H = 3.50 g = 3,50
-5,50 —_— — 1400 — — — — & 13,10
H=5,30 “H = 5,30
-10,80 §y — — 1300 — — — — 4 7,80
H = 6,90 H = 6,90
-17,70 § — — 1200 — — — — L n,90
H = 0,90 K = 0,90
-18,40 JE— 1100 — — — — DINCH = 1190
R = 7,80 H = 7,80
-19,80 —_—_— - 800 — — — — 4 7,80
H = 4,05 g = 4,05
-14,85 —_— 350 — — — — [#3,75
H = 0,35 H = 0,35
-14,50 — — — — 300 — — = — |+ 4,10 = Hcpin
f

From the above tabhle:

(a)
(b)
(c)

Pinch = 110°C
Minimum hot utility = 18,60 MW
Minimum cold utility = 4,10 MW




Computer Method for Cetermination of the Pinch, Minimum Hot
Ugtility and Minimum Cold Utility

The computer method utilises the coiputer program RGMHENA.
This program :

(a) Accepts up to 50 streams.

(o) For each stream, will accept up to 12 tehperatuce-
enthalpy data points, so that non-linear heat curves
are easily handled.

(c) Prints an output consisting of:

(1) Pinch Temperature

{2) Minimum Hoz Utility

(3) minimum Cold Utilicy

(4) Data for construction of Heat-Exchanger Network

The program steps are listed in Appendix A. Instructions for
the use of the program apgcar in Appendix B.

Data input for the forsaoing example is as follows:

APPROACH TEMPERATURE: 28
Stream Stream Start |Target No.of T H
No. T T T-H Points
1 Crude 0il 25 250 2 25 0
i 250 36,00
2 Debutaniser Rebciler | 110 130 2 | 110 0
139 12,00
3 Kerosene Reflux 200 140 2 140 0
200 9,600
4 Gas 0il Rundown 20 40 2 40 0
240 11,000
5 Kerosene Rundown 200 40 2 40 0
. 200 2,400
6 Overhead Condenser 120 90 2 %0 0
120 10,500

The computer output appears in Appendix C.
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The pinch is the point in the netowrk at which the mininum heat
interchange temperature approach A Tpipn is actually reached
Often it need be the only point. Note that A Tpin is not

the same as AT]q.

The pinch is a very significant point in the network:

(2) Do not cool with utilities above the pinch. Cooling
above the pinch also increases hot utility usage by
the same amount.

(b) Do not heat with hot utilities below the pinch.
Heating below the pinch also increases cold utility
usage by the same amount.

(c) Do not use heat pumps below the pirch. Their duty
could be substituted by heat interchange.

Notation for Drawing Heat Exchanger Networks

The ICT method requires a different notation for the drawing of
heat exchanger networks. The reasons and benefits will be
apparent when some worked examples are carried out. The
procedure is as follows:




| N .

KERO GAS OIL  GAS OIL P/A ) K

CRUDE FURNACE

oiL

fcu_ﬂ

CONVENTIONAL REPRESENTATION

cruoe /) /) ()
N % \/

KERO (e _
GAS A N\ .

oiL N\

GAS f\ c

OIL PIA \_/

REPRESENTATION FOR USE IN PINCH DESIGNS
HEAT EXCHANGER NETWORK REPRESENTATION




Design for Maximum Enecgy Recovery

This is effected using the information calculated abcve. 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 pinch

(L) Nhor £ Ncold Nhot No. of hot streams
Necold No. of cold streams

(2) CPhot € CPcold for each stream match

(b) Immediately below the pinch

(1) Npot 2> Ncold N

{2) CPhot ;é 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.
During the design, attempt to completely satisfy the duties of
streams so that no utilities ace required for them. For the
problem previously presented, the minimum energy design would
be as follows:
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Design for Maximum Energv Recovery (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:

(a) 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 incucrred
for the elimination of the 0,55 MW crude/gas oil exchanger.
Allowing the kerosene rundown to approach the crude to within
1590 would allow a kerosene/crude interchanger to replace the
gas oil/crude interchanger, eliminate the kerosene cooler and
preserve the gas o0il rundown as a good quality heat export for
use in a low temperature application.

The conventional diagram for the minimum energy solution would
be:




The minimum number of units which would be possible to meet the
design heat requirements is given by:

Upin = N -1

where

Unin = minimum number of units including heaters
and coolers

N = number of streams including utility
streams '

This solution is normally not synonymous with minimum enecgy.

Retrofit Designs using Computer Programs RGMHENA, QUIKBAL and
HTRIST D

This procedure has been developed to integrate the ICI heat
optimisation technique with the existing Mobil Programs QUIKBAL
and HTRISTS (Mobil version).

The method will handle up to S0 streams with heat cucves
involving up to 12 temperature-enthalpy points.

Steps in the design sequence are as follows:

1. Make a QUIKBAL model of the unit. (151 LXTN (:\OL(\ Jc.v?\g S f:-\.r:"
?rurm PVo(a }

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 exchanger 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-used, together with
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.

11. Evaluate control and operational problems.

Altona Crude 3 Redes.ign Study

The Altona Crude Unit No. 3 was simulated in accordance with
the foregoing procedure. The study involved the requirement to
install a new LGO pumparound to transfer some tower heat
cemoval 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 was completed for the combined Altona Crude 2/
TCC/Sat Gas Plant/Unsat Gas Plant revealing potential for
enormous improvement. Projects are being developed to implement
these studies.

Heat Cascade Diagram

This diagram is a graphical representation of the enthalpy (AH)
versus temperature (T) information, interval by interval.

It shows graphically the potential for heat cascade down
through the system. It also shows the potential for the
addition of lcw grade utilities at low temperatures.

Some Heat 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 0il 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 tucrbine exhaust, if enough mechanical work is
needed to exhaust this large amount of low level hea oi
otherwise by heat pumps operating in the PDA and Fbvéir~

fInits.

Much of the graph for the Adelaide Fuels Refinery is very flat,
and comparison with the existing olant energy usage indicate

that carefully designed heat exchange could effect much
improvement. This will be the subject of ongoing investigations.
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CRUDE EXCHANGER NETWORK
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CCNVERSION BURNERS

Thank you for inviting me to be present at this energy workshop and the
sharing of experience on this timely and important topic of "Waste Heat
Recovery".

Rather than being lulled into complacency during this recent period of
lower 011 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 will deal
with some of the hardware and the application and installation of equip-
ment involved in waste heat recovery systems. The general areas of
discussion will be: :

1. General information on PGP and "Conversion Burners".

2. Suspension Burning of Wood and Agricultural Wastes using the "SF"
Burner.

3. Municipal Refuse Burning using the "RGF" Rotary Grate Fuvnace.

4, Waste Heat Recovery from Boiler Stacks using the "HEATMISER" cond-
ensing type economizer.

Peabody Gordon-Piatt, located at Winfield, Kansas, is a wholly owned
subsidiary of Peabody International of Stamford, Conneticut. Peabody
Internationail is a New York Stock Exchange Company, with annual salas
of US $450 Million. The firm employs 5,000 people in 65 locations
throughout the world. Major markets include energy, environmental 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. Paabody
Engineering makes the larger burners (Register Type) for the industrial
and utility markets. We, at Winfield, Kansas make the smallar size
burners for .5 to 50 Million BTU/HR input for the commercial, instit-
utional and industrial markets.

OQur main speciality is the burner itself rather than the boiler, furnace
or heat exchanger into which the burner is fired. The burner is usually
completely assembled with its combusticn a“r fan, gas or oil controls

and control panel arranged in a package ready to attach tu the combustion
chamber of the pressure vessel or heat exchanger.. About one half of our
sales are as replacement or conversion burners with the remainder being
sold to boiler manufacturers as original equipment.

.
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The “"replacement market” at present is the upgrading %o more
efficient hurners, or renlicement of single fuel gas or o0il burners
with dual fuel models. For example, the Dallas Schaal systes
recently converted from a variety of about 20 different burners,
installed aver 25 years, mostly of the atmospheric gas iype to

one tvoe of forced draft Jas oil burner throughout their eatire
systam of 300 boiler rooms. Boiler combustion chambers were re-
worked for pressure firing with reduced excess air, 2ir leaks to the
combustion chamber were sealed and overall efficiency raised 2t least
ten per-cent. Operating costs were turther reduced by simplifying -
maintenance and raducing the variety of spare parts required.

Modern burners are designed to cperate with less excess air, part-
jcularly at the lower firing rates. When compared to atmospheric

gas burners, the forced draft gas burner has considerably less "off"
period or "Stand 8y" loss. Burners in the size range 10 %o 3C0 GPH
of oil 2nd the equivalent gas usually moduiate to low fire much of
the time. Normal "turn down" from high to low fire is 3 tc 1, tiere-
fore i 1/3 firing rate is too much for the load the boiler shuts off.
Air flow through the burner and combustion chamber during the "of*"
period wastas heat and therefore it shouid be minimized. Modern
burners and boilers accomplish this with a fairly high pressure dreco
across the burner and boiler.

Modern burners save fuel and are part of an energy conservation
pragram. Many times there are funds available to replace and/cr
“tune up" the burner where the complete boiler unit cannot or is not
nacessary to replace.




SUSPEJSION BURNING OF WOOD AND AGRICULTUPAL
WASTES

The "SF" or Solid Fuel burner is designed to use wasta 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 th> fuel can be of a larger size (1/8"
x 1" 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 normally fires directly into the combusticn chamber that
is a part of the boiler firebox. The combustion chamber will usually
have refractory surfaces to 2 or 3 feet above the burner certer line
and sufficient volume to provide 30 to 40,000 BTU/CF of -heat release.

sufficient excess air is used to keep the combustion chsmber temp-
erature below the ash fusion point (Approximately 2,000°F).

It is common 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 of 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 dispese of
the waste and the cost of the fuel if the heat is required in the
process.

The SF Burner is a part of 2 complete system that has been developed

to burn the specific type of waste fuel. We nave found that the
systems approach is absolutely necessary for a successful operation

as each part of the system must werk properly and in concert, 1ncluding
fuel storage, fuel preparation, conveying, metering, burning, ash
removal and emission control.

The ash is remcved from the combustion chamber menually. When
burning bark {3.5% ash content), the chamber floor is usually cleened
once per shift while with white wood waste (%% ash) cleaning once

per week iS sufficient. Approximately half of the ash is carried
through the boiler and removed with a2 multiple cyclone mechanical fly
ash collector. This 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 recuired for
pirticulate removal.

The SF burner uses a standard gas, ail or dual fuel burner as the
support or ignition turnar. On first light-up the gas or 0il preheats
the combustion chamber at the pre-set warm up rate for sufficient time
to get the chamber to 1200-14000F . The waste fuel is then introduced
at 3 Jow fire rate with the support burner also at low fire. Avter
stabilizing (3-5 minutes), the support burner turns of f and the waste
fuel modulates (2:1 Turndown) to meet the steam demand of the boiler.
If necessary in cese of waste fuel shortage, the support brner 15
capable of sucplying the full input to the boiler.
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The fuel is stored in a silo of sufficient size to sunply 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. [t incorpaorates a live bottom
floor of screws driven by a variable speed D.C. drive. The screws
unload into the pneumatic fuel conveying line to the burner.

Overfire and undergrate combustion air is supplied by seperate
combustion air fans with damper controls which modulate flow in
accordance with the fuel feed 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
[.D. 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 afe normaliy 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:

[. In Combustion Chamber of 1. Firebox or HRT type Firetube
boilers for the Wood Boiler.
Processing Industry. 2. Water Tube type Boiler.
[T. Seperate Furnace with 1. Horizontal Multiple pass Shell
Hot Gas.Duct to Waste and Tube Boilers.
Heat Boilers. 2. Water Tube type Boilers.
IIT. In Air Heaters as the 1. Particle Board Plants.
Heat Source for Rotary 2. Wafer Board Plants.
Oryers. 3. Wood Pellet Plants.
4. Sugar Beet Pulp drying for

Pelletizing.

The SF Suspensiorn Burner is a good method of burning waste fuels. It
burns the fuel completely, the fuel can be stored easily and delivered
to the boiler in accordance with the steam demand. There is a minimal
amount of fuel in the chamber 4t any one time which improves control and




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 hammermills 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.
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MUNICIPAL REFUSE BURNING

Two years ago PGP decided to extend their waste fuel burning capability
to include municipal waste. Patent rights were purchased of a Rotary
Grate type design - two stage incinerator called the "Pyrocone". A
pilot plant of 25 TPD canacity had been installed in Grafton, Wisconsin
and operated fcr 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 3 steam customer close by tc 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 @ condensing
turbine to get income from the steam generated in the fcrm of elect-
ricity to add to the tipping fees and improve the economics.

In addition a completely new 3 TPH (75 TPD) 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
fills.

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 additional 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 ccol 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 weighs less.

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 are
avoided.
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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 1ow maintenance conveyor
which continually supplies the RGF with waste material. Preparation
of rzw 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. Tae remaining waste may be fed
directly into the system. Metal cans, glass 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. 1In 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 permitting the cone to be moved away from
the chamber.

8. An auxiliary fuel burner is used for initial ignition of the infeed
material. Mo additional fossil fuel is needed once combustion I
is sustzined.

We are presently offering the Electrostatic Precipitator for the

emission control of particulates. The ESP is necessary when requ-

irements are as low as .08 grains/SOCF at 12% CO,. The I.D. Fan,

draft control and stack complete the major items of equipment down

stream from the boiler.

The RGF is only offered as a complete system inciuding engineering,
erection, start up and an operator training period of one year. Most
municipalities are requiring performance guarantees by the equipment
manufacturer.
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1. INTRODUCTION

There is general recognition that before the enéd of this century the
demand for oil and gas will outstrip supolv. As production of these
fuels passes its peak and reserves become cdegleted, coal will recumrn <o
its former dominant gosition. The change has already bdegqun. To
accelerate this change and to secure the full benefit of using coal, new
industrial coal-burning svstems are being developed..

In order to keep coal competitive and to meet exacting environmental
recuirements, fluidised combustion has been develoged as a new coal
smbustion system. The rfequirements were that the systea should be
efficient, have low cazital cost, be flexidble in performance and in che
type and gquality of coal used, and also be environmentally acceptable.

e world wide interest in the fluidised cochustion of coal over recent. —
y=ars has resulted in a wide range of developmant and dexonsIration

units for a variety of applications. In 3ritain, Anerica and West
Gerrany, the introduction of Zfluidised bed comdustion zoth ia the power
generation and the industrial sectors is considered an important aspect

of their national energy objectives since it reduces de=and for oil and
gas as well as exploiting low grade or difficuls ccal regsezves. In
Australia significant develoovments are taking place 2 assass the

potential for fluidised bed combustion under local conditicns, in
addition these applications include the .use of fluidized beds for the
cecpbustion of industrial and agricultural yastes.

2. PRINCIPLES OF TLUITISATICN AMD TLUIDISZD CCMBUSTICM

2.1 rluidisation

Solid particles can ke moved by a fast streaz of air or other gas.
Inagire a tox con:ainigq sand resting on a mesh. If air is blown wery
slowly upwards through the mesh, it percolates Setween the sand garticls
without disturding them. WYhen the velocity of the air streanm is
gradually increased, a point is reacred when individual garticles are
forced ugwards; they become sucported by the air stream and being to move
about within a bed with a fairly well defined surface.

Az still higher velocities an imporzant change occurs; the ted becoces
very turdbulent wich rapid mixirg of the particles. 3u=bles, sizmilar to
those in a briskly boiling licuxd, pass through ™e zed and the surface

* Paper first prasentad Australian Iastitute of ZInergy; Melb. Group Meecing
23 July 1982
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is no longer well defined. A bed of solid particles in this state is
said to be 'fluidised', because it has not only the appearance but also
some properties similar to a gas' passing through a £fluid.

There ares lower and upser limits cf air velocity between which

satisfactory fluidisacion of sand or any other granular substance will

take place. The velocity of the air stream causing fluidisazion is .
termed 'fluidising velocity'. For a bed of any material, the larger che
particles, the greater the velocity of the air or other gas regquired to
fluidise i%z; for particles of a given size, the heavier they are., tihe -
greater the fluidising velocity needs to be. Fluidising gas velocizies
between ! to 3m/s are generally used.

In practice, a fluidised bed will contain zarticles of different sizes.
The operating limits are set, on the one hand, by the =ninizmum air
velocizy neasded to keep the particles £fluidised and, on the other hand,
by the maxizum velocity that can be used before an excessive guantity of
macerial is blowr cut of the bed.

A fluidised bed of solids behaves in many ways like 2 liguid and has
imoortant charactezistics:

. The bed finds its own level. If the vessel containing zhe fluidised
bed of solids is =ilted from a horizcontal position, the surface of
the bed remaing level.

. Provided the fluidised stata can be maintained, the bed can ke
transfer-ed frcm one concziiner =0 another as though it were a liquid. -

. Solid particles ia a fluidiseé bed aze violently churned about: ragid
mixing occurs and anv added particles are quickly distribuzaed through-~
out the bed. N .-

. Cbjects can £loat or sinx in a fluidised bed aczorxding to their
densizy, as in a liguid.-

. When a fluidised bed is 1eatsd, the thorough mixing enables heat to
be rapidly transferred f.omone part to another, ensuring near
uniforzity of temperatur2 as in a liquid. This is in contrast %o
conditions in a bed of statiorary parziclaes, ian which heat is

ransferred by the zuch slower process of conduction from cne laver
of sarticles to another. Temrerature diffsrences in beds of
stationazy sarticles can therefore be very hignh.

. Mixing in a fluidised bel causes heat to 2e rapidly transfer-ed to a
cooler surface (for examole, a water tube) immersed in ic. The
constanz —overent Srings a contiiuous supply of hot sarticles to this
surface.
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2.2 FTluidised Combustion

The fluidisation principle has been successfully apolied to combustion

applications. The basic concept is that the fuel is supolied to a hot ked of
rzicles (for example, coal ash or silica sand) and is fluidised by che

upward passage of a stream of air. Because of the zhorough mixing, the

fuel is gquickly distributed throughout the bed and :is rapidly bSuznt,

sreducing heat at a high rate for steam raising, water heating or other

surposas. 7The temperature of the bed is uniform.

When feeding a material like coal, the ash remaining afer
combustion is removed continucusly to keep the bed volume constant. Because
of rapid aixing and the high rats of coal combusticn, the amount of
unburnt aat ial in the bSed is small:; cypically the bed will contain
G.5% =0 1% of coal. For satisfactory operation the bed is kapt Selow
the temperaturs at which ccal ash begins to fuse or siater. The bed is
therefore operated within the range 750°C - 950°c -~ the tamperacure a:z
: which a soft, fine ash is procduced.

Control of the bed temperature within close limits presents no difficulty.
Heat is transferred at a high rate from the bed to steam-raising or water

- tubes ismersed in it; for good quality coals approxirately hal®f of the heat
generated can be extracted in these tubes. This is an important faature
requiring a smaller heating surface and bringiag about a reduction in boilaer size.
A wide range of coal sizes (either lump or crushed coal) can be used.
Coal size, the bed material and combustor dimensions depend on the
applicaction of the system; ccal sizes are in the ranga 1L %o 50mm with the
Sed matarial usually around lmm in sar-icle size.

The basic elements of an atmoscheric dressure Iluidised bed boilar are:

water tubes within the bed
csnvective tudes to recover heat frsm the 9ff gases
grit collector to remove fires from of# gases

combustion air preheatar (cptional)

These are shcwn in Fig. 1.

A fluidised bed boiler must be competitive with conventioral methods of

X firing. The broad design requirements for an aznoscheric pressure uni
are:

. 6 . .
Qeat rslease rates of the order of 1l x 10 W/m3 of ZIurnace volume
are required

Scd temperatures must be limited =g approximately half the
adiabatic flame temperature or the ash softening tamperacure
whichever is the lower

excess air is to be limited %o 10 to 20%

-l oy ' . .
this in turzn regu

iz2s that about S0% of the anergy relzased by
the Juel De remcved by boilar Tutes immersad La the bad

the scacic depth o

£ the 2ed is =2 2e no Jr2acer zinan asout J.4m
- 30 that fin fower CONSUMDELLON LS 0% exces3ivae
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Fig. 1 An azmospheric pressure TBC boiler

The heat release rate is principally determined by the oxvgen availakla
in the fluidising air stresam. Combustors operating at atmospheric -
pressure have been used generally for industrial boiler and wasta
incineration apszlications. B3y operating the combustor at an elevaced
pressure, much larger mass ratas of oxygen can be achieved f5r the same
fluidising air velocity and this results in much increased heat release
Tates per unit area of combustion bed. This effecs of incraased
pressure is shown in Fig. 2. Power station applications of fluidised
combustion have bHeen based generally on pressurised systems whers
pressure energy would De recovered by passing the <ombustisn gasas
througnh a gas turzbine.

This combined cycle approach raises the elactrical generating efficiency
from about 38% to 42% thereby saving about 10% of fuel reguirsments.

At the low combustion temperatures, the formatian of Fouling macerials

is mininised or even avoided and the ash is not sincsrzed into abrasive

parzicles. The off gas from the comsustor, after mechanical claaning is .

generally clean enough to not fo'l or ersde turbine blades. 1

Power generation with fluidised combustion offsrs considarasle cosc
savings over convanzional systacs bSecause of the reduction in size. The
extent of the savings has tean assessed reacenzly (MN.C.3. 1930) and is
sunmarised in Table 1.
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Fig. 2 Elactrical gower output/bed area for different svsiem pressures,

assuning 20 percent excess air, 38 perzent cycle afficiency

Table I Costs of atmospherzic and oréssu:xsed fluidised bed combustion
of coal compared with pulverised fual tizing for elactricity generation.

% saving on capital % saving on operating
cost of dulverised %ual costs of sulverised fuel
station station
Fluidised bed With Without With Without
combustion sulphur sulphur sulphur sulphur
removal removal Temoval removal
Atnospheric 22 12 9
Pressurised 1o -3 13 8

Exdlanatorv Notes

1.

Systems compared are: conventional julverised fuel Soiler with stean
cycle, atmossheric fluidised bed Soilar with steanm cycle, and
pressurised fluidised bed boiler with combized cycle.

Systems are compared for high sulphu: coal (3.3%) with 35% sulphur
removal znd for a low sulpnur coal withous sclohur removal.

Capital costs are mid-1978 prices for 1000 MW (elec=ricizy) slant,
assuming a l3% contingency allowance and a 0% archizect/en ginger fase.

Mid-1973 UX average coal cos:t = £0.32/GJ.

. Oparating <as:s cocnsisz of coal, sorbent, wasta disposal, oparating

labour, nainZenance and insurancs.
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2.3 Advancages of Fluidised Comoustion

The fluidised bed combustion of coal has major advantages over cther
combustion sysctems:

. The high rate at which heat can be transfezred from the ted for steanm
raising or other purposes enables smaller (and .Heane*) beilers and
furnaces o be used.

. 3ecause the concentration 9f coal in the bed is small, combustion is
hardly affected by coal type, asi or moisture contents. The burning
coal is surrounded by inert material, so that there is litsle tendency for
coal particles to stick togather Tor the same reason, <oals of
variable ash and moisture co“-er:s do not upset the process, in
contrast to pulverised Zuel firing where coal of fairly uniform
progezties and ash content is necessary. Low-grade fuels regarded in
the past as unsuicable for comdustion can be used in a fluidised bed
combustor.

. In contrast to pulverised fuel firing, fluidised bed combustors can
use comrmercially available grades of coal without Zurther treatament,
in this way saving sosts.

. At high temperature, small amounts of certain salts are vaporised
from coal ash; the higher the zemperature, the more the amount
vaporised. Salts emitted from hot ash in a boiler condense on steam
or watar tubes, causing gradual fouling. At a maxinmum of 950°C, the
terperature in fluidised bed cemcustion is well below that in other
systems (for example, over 1200°C in pulverised fuel Ziring).
Emisgsion of depcsit-forming materials is therefore lags than in
other boilers and tube fouling is minimal.

5 arcded Ly

. Particle velocities are well celow zhaz at which ste i
cial in

impact; scouriag by the moving particles can be benefi
preventing build-up of deposits on the pipes.

-
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. The evenness of the fluidised bed tamperaturs enatles automatic ccntrol
to be more drecise than in other coal-surning systems.

. More efficient methods of gensrating electricity can he developed using
coal-fired cas turbines.

. The environmental contribution of fluidised bed combustion is
significant. Low operating temparature in the bed helps to raduce,
control and even eliminate emissions that may cause snvizonmental
concern (particularly oxides of nitrogen and sulphur). Zuring
conventicnal combustion 1: high temperature, oxides of nitrogen are
formad from oxygen and nitrogen in the air; nowever, at the low )
tempecature of fluyidised combustion, this does not ogcur 3o readily. .
Oxides of ni:vaqen can alsoc be Zormed Zrom n---aqen in the ccal, but
the methods of operation of fluidised comsusticn ainimise their
emission.

Sulpnur dioxide is formed frcom the sulzhur in a burniag fyel., Ac the
low zemcerature of fiuidised cormdustion, most of zhe sulzshur dioxide san
ke prevenced Irom passing into the atmospnere Dv adding mazarials such
as lizestone or dolomite, which react wizh the sulshur 4ioxide, fixing




it irn a solid removed with the aeh, This technigus is sconomicaily and
technically preferable to processes in which sulphur dioxide is washed
from flue gas. Sulphur retention is particularly impor=ant in those
countries such as the U.S.A. which possess large zaserves of high
sulphur coal. With the appropriate amount of limestone chazg with the

feed coal, very goed sulphur removal can be achieved as shown in Fig. 3.

b .-

SOy

BALCEOG

4¢

208

per coni of sulphut in codl burned

Sulpius retained inbod:

Umestong addiuon: ]
kg irnesione added der kg of sulphur in cosl burmed

Fig. 3 Sulphur retertion

3. BSATES OF CSMBUSTICN IN F.B.C.

3.1 Bubble Mechanics

As all fluidised combustion applications requirz the use 97 air or
oxygen as the fluidising medium, all of these systems operacte in the
aggregazive meda of fluidisaticn where the bHulk of the cas Iflcws thrcugh

the bed as bubbles. The rising velocity of a Subble in a static
fluidised bed is given dy:

U:3 = 0.71 vg De (

[

where De is the diamezar of a sphere which has the same volure a3z the
bubble.

“hen the bubbles are large and approach the container size, tha btiblas
become elongaced slugs <f gas. The rising velecity of a slug is
determnined 2y the container diameter and is given LSy:

- 5 v 2) ’
U3 0.33 S Dc (

.

“here Oc is the dilazezar o0f zhe contiianing vessal.

The above aguazions 97 a gas at negligiblie dens:ty zan e modiliad when
zhe gas denszity seccmes signwficant when ceomzarad witlh the zed Zansity.




Zefore consiiering the mechanics of combus<ticn, the distinction must be
macde between "fasti™ and "slow"” bubbles. From the =wo shase theorv of
fluidisation, the interstitial rising velocity of gas through the bhed is

Uo/_ .

&

<

When thea rising budble veloacity Uy is less than this incezstitial gas
velocity the bubble is described as "slow" and there is a frae exchange
of gas between the bubble and the bed. Zor "fast" bubbles the rising
butbble velocity is greater than the interstitial velocity and under
these conditions a cloud Iorms arcunc the bubble severely restricting
the exchange of gas between zi'e¢ bubble and the bed.

Frcm Zubdle mechanics in a2 Iluidised ned it can be shown /Davidson and
Harriscn, 1963) chat the concentration of a gaseous reactant, eg. oxygen
varies according o bed desth in the following manner:

e =¢c + (¢ =-c ) exp (- Qv
5 ° ( 5 P) » ( Q./ ) (3}
u AV
where <, is the gaseous conrcentration in the particulate zhase and
<y is the gaseocus ccnceatration in the bubtle shase.

The term (gy/u V) is the number of times the gas in the dubble has been
flushed out 3y exchange with the bed during its rise to level y. When
y = H the bed height is =hen:

X = QH/uAV (4)

3.2 Char Combustion

Figure 4 indicates some of the parameters which must be determined in
rder to predict the rate of cpal compustion in a fluidised ted. The
heat release, carzton hold-up carzeon elutriation a2nd comtustion
efficiency can he derived Zrcm a Xnowledge of the combustion rate, the
physical henaviocur of the bSed and the ash properties. Assumptions used
for the devalopment of models for char combustion vary but =ost assume
"fast" bubbles, appropriate to bench-scale apparatus. The resistance to
the traasfer of gas from the bubkie phase tc the dense phase can be
characterised from the Two-crnase theorv 2y the predictizsn of the para-
meter, 5 of IZg. 4. This enablas che prediction of the dense phase
oxygen concentration. The concentratisn profiles are then obtained by
solving the diffusion equation for the transfer of the gasacus species
to and from the burning par=icle. The rate, R, and hence the heat
released at the particle surface, may te cbtained from the expression

R = 27d” X 2 £3)

whare €, is thec oxygen concencratian in zhe partizulaze phase, 2 is ucha
farticld size, and £ the cocziced <d:rifusional and kinetic resistiaci.
The reactiu zate of nhe carton nhas Saen as3umed Iirsc order with respect
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to oxyven.

The expression £ - ¥ takes che Zgrm:

I ad
X % *Ssko (8)
c g

whers X. is the chemical rate constant, Sh is the Sherwood number and
Dg <he diffusivity of oxygen. C and Y are constants which takza the
values indicated belgw.

The value of X degends on which cf the following reactions :is assumed
at the particle surface:

c Y

(1) C + }02 - Q9 1 2
(i1) C + O2 - COZ p 2
(iii) C + CO2 - 2co 1l 1

A pseudo-first orlder velocity constant, k, i defired Dy writing:
rate of 02 consumption ger unit volume = kcp

from wihich the burncut time, :c' for a batch of uniferm sarticles is
given by

o] :'..2'1 o d.y

e - m = . C 1 - c (7)
€ 122 A(U-(u-y )& 96ShD ¢ 48k ¢
o o g o c o

whare ¢ is the inlet oXyqen cancentration, and dl the initial char
particle diameter of density 0 . The firs:t term Zepresents =he
contribution to the burnout tife of the batch charge, the second the

diffusional resistance, and the =hird that due S0 the kinetic resistance

at the particle surface. The magritude of burnout tize clearly depeads
on nany parameters but is cormonly in the range of 500 to 2000 s.
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A knowledge of the chemical kinacics is required in order %o obtain
values from £g. 7. A severe limitation of experiments to date has Seen
the lack of kinetic information about the char. Most have assumed
licerature correlacions for prediction of the chemical rate constant.

#hile it may be shown that for particles >Smm the rate of char combustion

was predominantly controlled by the rate of transfer of oxygen £rom the
bubbles to and through.the particulate phase, other work indicates that .
for particles <5mm both diffusion and chemical kinetics control the rate

of combustion. The proportion of chemical kinetic control is dependent

on both temperature and particle size as shown in rig. S. .
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CARDON PARTICLE CLAMETER (um)
Tig. 3 The dependence of kineric resistance to combustisn on particle
Size (-~ = experiment of Ross (1979) 5 =c lo%n J5;
— = calculations of30rghi et al (1977) 4% 02)

Since for some coals more than half =heir heating value arises I-cn

volatile components which are raleased from the coal surface to consuma

oxygen in competition with the remaining char, it ig important o

congider volatiles combustion ia a comprehensive fluidised combustion

model. The significance of volatiles in the application of models to .
fluidised-bec combustcrs is well established and some Zundamental work

on this important aspect is now avaiable.

. . RN e o . . —




In recent studies the volatiles are assumed to burn in a diffusion

Plume emanating from the coal entry port. Figure 6 shows the formulation
of this model for a fluidised bed with two coal entry ports at the
distributor level. The volatiles are assumed to diffuse radially

as they pass through the bed, while the char particles become
distributed throughout the bed. The rate of char combustion is assumed
to be zero inside the plume, and takes pPlace at the mean oxygen
concentration outside these zones. The application of this approach

to large-scale equipment needs to be fully assessed.
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Fig. 6 Caoncenzracion srofiles for volatiles (Ca! and oxvgen in the
vicinizy of zhe volatile plumes (Cg) from zwe coals fa2ed noints
near che distribuctsr level in a fluidisaed-ped ccmoustor (from
Park et al,L198c)
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4. REVIZW QF F.3.C. DEVELOPMENTS WCRLD WIDE
4.1 3rizain

For acre than a decade Great Britain nas accumulated a consicerakle body

of experience in the fluidised combustion of coal. A 2.5 MW ![thermal)
vertical shell boiler and a 2 W (thermal] pressurised cocbustor have

been operated by the National Coal 3caré (NC3) since 1963 and 1979 .
raspectively. A larger atz=ossneris pressure unit of 13.5 MW (thermal)

has been operated by Combustion Systems Ltd and Sabcock and Wilcox (UK)

Lté at Renfrew, Scotland singe 1375. -

Pioneering work carried out by =he Cantral Zlectricisy Generatiag 3cazd
and the NC3 ia the 13603 was directed toward zhe development of a new
csal-fired power stacion. However, there was litile inceative =o pursue
the advantages of fluidised comtbustion as oil was in plentiful supply
and a vigorous nuclear crogram had Seen initiated. The o0il crisis of
1973, which might have brought azou: a radical change in atzizude to a
coal-based technology, was accempanied by (a) a slowing in demand for
electricity because of the ecsnomic situation, (b) esnergy censervacion
measures, (&) the inctreducticn to the market of lNorth Sea 9il and sas
and (d) a strategic decision %o build a larzge pulverised-fuel-Zirad
gower station. As a conseguence, electricisy generazing capacitv in
Britain is likely to meet the needs of <he immediate Suzura ané chere is
liczle possibilizy for some tize 37 local pewer Generation using
fluidised combustion. The 2ritish, however, were guick to realise the
importance of using Zluidised comduscors for burning Aigh sulphur coals
by adding limestone te the bed. As a conseguence thelir afforss in power
Generation have largely tSeen diraczed toward ovarseas rarkezs.

Locally the NC3 predicts the largest growth in coal sales will ke in =he
industrial sector aad is encourasing the develocrment of a rance of
fluidised bed boilers =o zee:z consuners’' needs in zhis area.

Induscrial 3oilers

Conventional csal-fired boilers are at a considerable disadvantage
compared o oil-fired or gas-fired unita, particularly in the costs of
providing coal hardling Zfacilicies and higher manning levels. Large
industrial ~nal-?ired boilers are also lizited in zhat zhev can duxn
enly a very narrow range of fuels. Tluidised bed zoilers azs teing
develoced beczause they offer hijher combustion intensiziss, ocre cocmpacse
construc=ion and greater amenity than conventicnal stokers.

raced ocutput of 20,09Ck3g/n stedm. A variecy of fuels have zeen zurnt

including aign ash and nigh sulphur ssals. As a resulc of chese ¢

the ccmpany is 3iferi.g commersial guarantses Zor large indugtrial
2

fluidised ted ccil

The conversion of a cross-type stoker at Renfrew to Iluidised ted firing

wag completed bv cowdustion Svstems Ltd/3abcock and Wilecsx (UX) Lzd in

1975. The boiler has provided szeanm for tha factory at nors than its :
e
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of zhe NC3. 1Ia this development coal sized tetween 12imm and 2S5mm is
screw fed acove the Ded surface. A succzession of develocment plants
(Table II) have been built on industrial premises. The lazgest of these
is a 30 MW (zhermal) aigh pressure stsam Hoiler ac the 3ritish Steel
Warks in Sheffield.

C::*ﬁa
rﬁEﬁﬁlz:n:ZZ.g
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\ Gmgustion
Qamoer

Fig. 7 Locomonive-cyre dackage fluidised bed Hoiler

The most fopular boiler in 8ritain is the horizontal shell boiler.
Althouch the NC3 is attampting tc adapt this to fluidised Led firing,

<he preferred cdesigns nave (i) vertical comtustion chambers with vertical
thermosyphon tubes to give water flow by natural circulation or (ii)
vertical combustion chacters with horizontal convective sections - a
locomotive tyve doiler arvangement such as illustrazed ia Fig. 7

A range of hot water and steam boilers is teing markated by Stone-Plaz<:
fluidfire wnich vary in concept £rcm the abocve in several inzsresting
ways. These boilers, are designed (i) to induce a circulatica of soliis
in the corbustion zone which (it is claimed) decreases the loss of coal
by elutriation, (ii) tc operate at a lower fluidising velocity, (iii) to
screw fead the csal below the bed suriace and (iv) with separate
comoustion and nheat transfer zones within the furnace. Heat removal is
conirciled dy individudal air supplv to each =cne. The arrangement is
illustrated in Ti35. 8,




fig. 8 Industrial fluidised hed.boiler, Georgetown University, USA.

Power Geineration

The develorments in power ganeration apolications are largely coniined
to the NC3 and 3abcack and Wilcox (UX) Lzd. “These two groups togatler
with the Swedish :turbine manufacturer Stal Laval are studying a
pressurised fluidised combustor system cougled to a 7C MA (elecxzrical)
gas turbine for the 3ritish Columbia Hydro Autiority in Canada. The
sarce team is linking chrough Coal Prccessing Consultants with Axerican
Electric Power o design and cost a comdined cycle system to sroduce
170 MW (eleczzical).

In 1975 the NC3 eszablished a wholly owned subsidiary called NC3 (IEZR)
services Ltd whose main task was $o manage the International Znergy
agsency's proposed pressurised combustor at the Grinechorpe Colliazy in
Yorkshire. This project is jointly sucportad by the Sovernmencs o3I
3ritain, America and the Tederal Republic of Germany. The design
capacity of =he plant is 30 YW (thermal) cgerazing at 6-12 sar at 300 =0
9s50°C.

“he plant, which is now operational, is described as a flexilla
exderizental ccocmbustor racher chan a deaonstration gslanc.

4.2 U.S.A.
Interest n Ifluidised bed coal comougtion in zhe U.S. dates from the
same zeriod ag ne Turopean develormenzs. Dioreering wark Ln the 1530's
9v the consulzing firm Poce, Zvans and RooshHing later led %o Ihe
fonscriciidn of what i3 curransly whe world's largess actsosvnerzis
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pressure slant at Rivesville, West Virginia. Only in the past few years,
however, has thera been intense activity and massive funding.

The main incentive for the develooment of fluidised combusticn in the
U.S. is the production of cower from coal in an eavironmentally accept-
able manner. A considerable proportion of coal reserves in America
contains high sulghur or high alkali metal contents whizh in conventional
nethods of combustion lead <o operating difficulties or high coscs in
providing flue-gas desulpnurisacion. Fluidisad combustisn offers the
means of axpleiting these difficult fuals without beiler fouling or
stack gas scrubbing.

Industrial 3oilers

Despite the major interest in power generation, the Americans appreciacze
that industrial boilers are a auch nearer commercial crogesition.

A 100,0001b/h boiler suzplying stsam at 27Spsig to the Gacrgetown
University Cantral heacing plant was built by Pope, Svans and Rebbins/
Foster Whe' .er Energy Corp. in 1979. The design, Fig. ¢ is for a bi-
drum boilcs with sloping tubes passing through the bed to allsw natural
sirculation. Successful operation of the boiler has been reported.

The DOE has engaged Combustion Ingineering Co to duild two iadustrial
boilers and FluiDyne Zngineering Corp to davelcp an atoospheric hot air/
hot water heater and distridbution system. Zxxon Researcn and Engineering
Co. has DOE support to investigate —otential application to refinery and
petrochemical process heaters. As will be discussed by ancthaer sgeaker Dorz-
Qliver is commissioning F3C boilers to burn antiracite culm.

Notable is the DCE suppors of Satselle LolLwwus~ laroratories developmens
of a second generation process termed nultisolid fluidised bed combustion.
This is a hyorid of the normal fluidised combuster and an entrained flow
seacter. It has petential advantages in controli/curndown and sulphur
rezoval but is further from commercial zealisation.

T™e Chioc Energy and Resources Development Authority chose 3abcsck and
Wilcox (UX) L:d to retrofic a 60,0001b/h, 150psig saturated steam boiler

at the Cantral Ohio Psychiatric Hospital in 1979.

The Johnston Boiler Co. of Michigan has rescently launched a range of
factory assemcled industrial fluidised bed boilars (Fig. 7) with outputs
from 2500 to S0,000lb/h steam up %o 300psig. The aim of the company is
26 provide a multifuel hoiler wnich is capabnle of oil or gas firing ncw
and can :a the futuzre be 2asily and aconomically converced to zoal
fizing when fuel prices or availapility maka this necessary.

2ower Genaratcion

% is not zossible in the space =2 caver all =he pover Jeneration
rojects. A quick glance at any recent fluidised combusction cornferencws
roceedings will give scme idea of =he rniumbers of grouss involved. Many
of =he studias sonsist of dacailed corcescual Jesigns and coscings which
r2 sased cn limited operating <data.

‘U0t

[

~oscieric zoiler acs

gconsoring =he 310 MW (alac=rical! az ri
The zoLler zorsists <

. This was comissiored in 1977,




three combustion cells which containa evaporative and superheater tubes
in the bed. A fouzrth cell which contains no subes in the bed aczs as che
combustion chamher for the slutriated Sines from oh other thrae cells.
it is also used as zhe startup bed - the other cells ceing lit by
transferring hot hed material frem the fSsurch sell.

Although a great deal of exserience has came ous of <his endeaver it Rhas

not Deen wiilout operating troubles. The coal Zeeders, ash handling
ecuiscent, the air distritutor and the alectrastaszic orecipitatar have .
ail presented nroblems. However, the experience is providing zany

valuable iasights inzo the cperation of a large planc:.

for pressurised applications the most sicnificans cgerational oilat
slants are the 1 MW (thermal) Sxxon Miaiplant ac linden, Mew Jarsey, and
the Combustion 2ower Cs. § M (=hermal] unis at “enlo lark, California.
A major coancern in toth srojecss is the assessment of =he gaseocus and
solid constituents in the gas stream. 3och gTouss acs studving zhe
perforzance of granular ted filters as a tersi rY G2s cleaning device
and the corrasion of turbine allovs exposed to the off gases.

A 43 MW (thermal) cressurised unis i corzorating a gas turbine has Heen

smnissioned by Curtiss-Wright under contracs = the -CZ. The design is

sased on an air heating cycle in wnizh a aroporticn of the tatal air is

heated in tutes passing through the bed. Recent NC3 studies have shown

severe corrosion of tube alloys at the high metal- temzeratures recuired |
for this cycle when limestsna is presant in the bed. These resul-s may |
necessizacz a reappraisal cf the zvcle adogted.
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4.3 Auscralia

Until quice recencly thera has act been the same degree of 3ublic aware-
ness of the world energy situation in Australia as ia Zurope and the U.S5..
Shialded 5y seemingly plentL:ul supplies of oil, gas and good gquality
coal there has not been the incentive to develop a acvel mathod of
comdustion. Despite this. in the sarly stages of the cverseas develop-
ment of fluidised combusticn, scientists at the CSIPO Division of Fossil
Fuels demonstrated the advantages of fluidised compustion f%or the

Durning of low grade solid and liguid wastes. This eZfyrz has continued
to the present day over a wide range of feedstocks.

Market pressures, caused by iacreasing oil srices and stable coal pricges,
will enable coal t=o comgete in the Australian toiler markez. Although
owners of small cackaged toirlers may in some areas switch o gas :=his
alternacive may be tela:xvelv short lived and is not even an cption in a
great nany places. A coal-fired stoker would be an alternative in this
range but does not offer the ability to fire coal, oil and gas as avail-
able nor the possibility of unattended operation.

In the power generation sector it saems likely that coal from new f£islds
in Victoria and South Australia will sresent dilficulties when fired in
pulverised fuel plants. There is a strong case %o exulere the sotential
of fluidised combustion to burn <hese coals witiout fculing or corrosion
of boilar components.

In 1979 <he lational Energy Research Cevelopment ané DemcnstTation
Courcil commissioned a zepor= =g agsess the

needs for research ints fluidised ted combusticn in Australia. The
principal findings of this rspor:t weze:

Support for zesearch, developmenz and damonstration of fluidised bed

combusticn was needed by NERCLCC on a significancly increased lavel sc
that is was at least commensurate wizh other oromising develogzments in
the =nergy field. Support would be justified Izom the potantial benefits
that fluidised Sed combustion would bring to small and large industrial
concerns and powar generating autihorities.

The prioritias recommended for suppor: were in grder:

1. the demonstration of a coal fired fluidised bSed comdustion packaged
boiler,

2. 2ilot plant studias laading T :the demonstrati s: zcwer generazion
oy fluidised sed combustisn especially Zor applicatisns iavolvin

troublesome coals and coal wastas,

3. fundacental studies aimed acz develoging prccess understinding and
plant impravements,

4. the devalozrent o0f a small 30 medium scale fluidised bed gas sroducar,

ard
5. che Zavelopment 0f “4liidized Hed zorduators Jor znRe uzilisaz:ign of
industrial, munmicizal ;nd agr.cultural wastas and low gracde Iuels.

—
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fluidised ted combustion units in Australia are listed in Tabla IV.
Industrial 3Soilers

Althouch a number of groups are ofiaring cackacged fluidised bed anilerx
designs in Australia, o date no commercial unit has been installed
operate on ceal. Ia 1980 NIRECC araovided a granc of $422,000 to the
Health Commission of N.S.W./Universitry of Sydney for the installacion of
a 3 MW steam Soiler at Royal Prince Alfred Hospital, Sydaev. This project
is currently at the tendering stage with the expectation that the unis
will be commissiorned late 1932. This unit will provide, for thae first
time, a definitive assessment cof the serformance of a F.3.C. Soilerusing
Australian coals.

Power Generation

Plantiful supplies of good guality coals in N.S.W. and Qld. allaw
relatively trousla frse operation of pulverised fuel boilars bu:z in Vic.
and S.A. the ccals bhurned in the power stations can causs axcessive
fouling. As a consequence these plants hrave heavy maintanances and down-
time penalzies. 3Soth the State Zlectzicity Commission of Victoria

(SECV) and the ESlectricity Trust of Scuzh Australla (ETSA) are aware that
fluidised combustion may have the sotantial to alleviate boiler Souling.

The SECV has recsntly built a 25¢ x 350mm atmosphieric pressurs dilot
plant ac the Herman Laboratcries. The cbjective of the oroject is to
investigate thcese peculiar difficultias which brown csal might zresent
such as feeding and fouling. As any large jlanc would probably e designed
by an overseas ccmpany on the basis of axperieance of burning Ioreign
coals a knowledge of how the local coal Suzns in a fluidised bed is of
paramount imporsance.

South Australia has large reserves of zoor quality coals. The State will
need to increasae its coal-fired cenerazing capacity by the mid-1280's and
hopes =0 begin using a new coal fiaeld. The coal f£roam the new field
analyses roughly at 56 percent water, 2 jercent sulshur and 7 sercsat ash
with 14 sercent sodium in the ash. ITSA has a collaborative 3rogram with
the CSIRQ Division of Fossil Tuaels <o serform comdustion and Zculing
tests on.this coal in the Jivision's 3Q0 x 30Cmm fluidised Sed combustor.
It is procasla thac the first larse scale application of Iluidised
combustion &r jower generation tursoses in Australia will te Jor tle use
cf difficuls coals.

Other Applicacions

Australia producas guantities of wasta mactarial of rmederaze < lerific
valuas such as wood wasces, sugar-cane wastes, -ice hulls and so 2n. A
1.2 x 0.9m fluidised bed incinerazor, with heat recovery, was secently
installed az an acat=oir in Brisgbane by F.ameless Incireracors Pty L L=d.
Garbage o0f 1 calorific value of 7.2MJ/%kg nas Deen treazed at rates
greacear =han 1 'anﬂe/h. Tha Canc=al 2eseazch Laporatories of 3H? have
also bDeen examining =he fluidised somsussion of agriculzurzal wasctes.

]

zion wizh ClLuzha Cevelogmens L:i Rave zeen speratiag 2 1.3 X
2 =anmaa/n, .3 70 (=hergmal) camoustor at the Slanles Coal Washary

he Join= <oal 20ard and =na O3I30 Division of Tessil Fuels inm cslladors-

h}
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The plant has burned both coarse reject material and thickened colliexy
tailings without auxiliary firing. Typical tallings Feedstock consists
of 60 percent water, 10 percent ash, 30 percent carbonaceous naterial.
In this case fluidised combustion will not only De a means of overcoming
an environmental problem but will enable heat to be extracted from
otherwise unusable wastes. Installation of a waste heat boiler to this
unit is expected to be completed by July, 198%«.

Pyrecon Pty Ltd using the spouted fluidised ped technique developed

in conjunction with the CSIRO Division of Possil Puels have bean
successfully marketing a fluidised bed incinerator - #further details will
be given in another paper to this seminar.

CONCLUSICNS

Fluidised bed combustors are available commercially. These ara mainly
incinerators, small nackaged boilers and hot gas genearators. As exgecte
with a new development nct all these plants have cperated successiully.
Tzrouble free operation deperds not only on the suizability of the applic-
ation but also on the design skills and experience ¢f the gIcup markezing
the equizment. An understanding of noth these aspec=s can only te gained
by daveioping our own experience of fluidised comdbustion devices within
Australia.

Tluidised bed boilers will socon be operating in Ausszralia. These will te
small bnilars iz the first iastance burning csal and/or waste zatarials
but, at a later date, large industrial beilars and atmostheric srassura
power staticns burning difZficult or low grade coals seem a real
possibilisy. It is unreasonable %o exgect oressurised Iluidised bed
comdusticn o e adopted for power generation until such time 2s there is
a deconstratad xethod of obtaining gases of sufficiant cleaniiness %o
pass through a gas turbine.

For large scales applications, it will be necessary ©s5 Zemonscrite the
combusticn of the fuel in pilot plants of a realistic size and in zasts
of sufliciant duration to prcduce meaningful design information. The
development costs required for an undersctanding of how Australia's
indigenous coals cehave are small comparsd wizh the Serefiz accried Zrom
strengthening coal's position in the heat and power markats, chereby
releasing cil and gas for acre critical usas.




NQMENCZATURE

A bed cross sectional area

Cy concentzaticn of gaseous reactant (oxygen) in the butbble zhase

So conceatration of gaseous reactant in inlet gas stream to sed

Co concancration of gaseous raactant in the intcerstitial gas in the
sazticulate phase

De diameter of the bed containing vessel

Da diamecer of the sghere which has the same volume as the bubble

Og diffusivizy of gaseous reactant (oxvgen)

d particle diametex

di initial parzicle diametar

q accelaeration due 7o gravity

X comdined diffusional and <inetic resistances

Xe chemical rate constant

o batch charge weight

Q effective rate of cross Ilow of gas between the bubble and
particulace shases

R rate of combustion

Sh Shezweced numbder

tc parzicle buraocus tixme

164 fluidising gas velgcity

Us bubble velocizy relative to the partisulata phase

Ug superficial gas velocity of incipiant fluidisacticn

LY absolute bubdle velocity

v bubble voluxe

x number of times a bubble exchanges its voliume with the particulace

phase during its passage of the ded
heisht in the bed
constant defined in Zg. 6
constant defined in Ig. ©
voidage of particulace phase at incipient fluidisacion
pazticle densitcy

F& o0
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BIOGAS
UTILIZATION

Industrial Demonstration
Projectat
McCain Foods, Ballarat.




introduction

For.many vears. pilot plants have
experimented with biogas production and
combustion. To acrually use it in a cost
effective industrial situation is a different
storv. In its novel method of biogas
utilization. the McCain project is unique.
certainly in Australiz.

There are wider ramitications of the
success of the project. For those industries
producing biodegradable wastes. the food
industry in particular. it can now be
demonstrated that the disposal of those
wastes can be achieved in a manner
acceptable to environmental authorities.
and in such a way that energy consurnption
can be reduced and significant highly cost
effective savings made. Future projects of this
tvpe will show investment pavback periods of
less than 2 vears.

The McCain factory has been producing
biogas trom its anaerobic digesters tor
2 vears. This method was originally chosen
tc allow liquid wastes from the plunt’s

The Company

McCain Foods ( Aust. ). a subsidiary of
McCain Foods Led. of Canada. initially
commenced its operaiions in 1971 at
Davlestord. shifting to Baliarat in 19735

The company is a focal point for the rich
potate prociucing districts around Ballarat.
processing many thousands ot tonnes of
potatoes annually. Although potato products
conunue to torm the basis of its operation.
McCain has diversitied its activities into
other areas of the lood industsy and now
produces dim sims. pizzas. quiches and other
entrecs.

McCain is a vigorous. expanding
company ind is at present planning o furtier
extend ity operauoas.

sMore chan 300 people are emploved
at McCain. making 1t a vitul part of the
economy of the Ballarut reion.

processes to conform to environmental
authority trade waste vequirements. Until
now the biogas has been disposed of by
flaring to atmosphere.

To use the biogas in the plant’s boilers
presented several difficulties. The biogas is
impure. containing variable amounts of
carbon dioxide and water vapour; its rare
i production is zlse extremely variable. To
overcome these problems a unique method
was proposed to biend digester gas with

natural gas and to use the resuitant “shandy”

to fuel the boiler. The system with its
associated safery interfocks will guarancee
reliabie and safe boiler operation.

The project was a joint efort of the Gas
and Fuel Corporartion’s Energy Management
Centre and Scientific Services Department.
Funding of the project w2s provided by an
Australian Government NERDDC Resezrch
and Development Grant of 345.000. [nitial
testing indicates that these funds have been
very wisely invested. with savings in narural
gas in the order of $18.000 per annum.

IO

Mot an Cup Plant = Hadarac
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Technical Summary and
Systems Comiponents

Biogas Properties
Typici Range

Composition ( bvvolume) CH* 45 80"
CO? 535% 20

Higher heating value MJ m* 1= 30

Specitic Graviv{( Air = 1) 1.1 0758

To accommodate future increases in
ractory production the system has been
designe! to handle double the present
maximum biogas production rate of
100m* hr.

\Water Separaiors(7)

The biogas leaves the digesters at
35°C and is saturated with seater vapour.
Condensate formed in the pipe line s the
215 Cools. is remcved oy 1 water separator
:nstalled upstream of the tlame trap and
Booster. The separator 1iso removes any
sediment that may leave the digesters.
An additional svater separator installed
immediately before the boiler valve train. and
strategically placed drain points deal wich anv
tfurther condensaticn.

Biogas Booster (1)

The tur.ction of the booster is to supply
biogas to the boiler valve train at a pressure
sufficient to ensure all biogas is tired in the
boiler. The booster is direct driven by u tlume
proof electric motor and connected to the
gas line by lexible couplings. [t is capubie
of producing gas pressures to 1 3kPa which
ensures that back flow of biogas to the
natural gas line past the boiler valve train
will not occur.

A low gas pressure switch ( 10 ar the
bouster inlet is set to shut down the booster
and clese the safety shut off vaive i inict
bicyas pressure fails below 0.5kPa. A threc
way valve incorporated with the switch
ensures automatic proving of the pressure
switch on start up.

A second low pressure switch Gt ifs
outlet proves booster operation. [f outlet
pressure ralls below 6.5 kP the biogas safery
shut off vaive wii close.

The Bk 132 Dooster peman teud
FCPALICOC AU D% 1 ILC L INLCOy
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Biogas Flow Control Vake (2)

This valve senses booster inlet pressure
and closes if biogas pressure falls below 1 kPa
and starts to open if biogas production
recovers sufficiently to raise the gas pressure
above this valve. The functions of the valve
are:

a) To ensure booster output matches

digester biogas output.

b) To prevent ¢reation of a vacuum in
the digesters. which could cause air
ingress.

¢) To maintain constant booster inlet
pressure close te 1 kP2

d) To prevent on:off cycling bv the
booster.

- Biogas Safety
Shut-off Valve(5)
- This shut-off valve is installed Suntts Drgenicn. e & .» Jigentens
immediately below the biogus control vaive. IO DAOUULE 4 s 200K org
It will interrupt the supply of biogas to the TS Nr s aer -
naseicad boiler for any of the jollowing
reasons: S 4
a) Baseload boiler shut down.
b) Ifthe boiier fuel control valve drops

below =5 tull open setting. '-—»
¢) Booster inlet pressure droos below ) 1'
0.3KkPa. Dot

d) Booster outlet pressure drops
oelow 6.5kP2
¢) Iniet natural gus pressure to the
ba.er pressure regulator drops
kelow 30 kPa
There aie rurther safety fearures in the
svstem including flame trap assemblies. low
pressure switches. auiomatic pressure
proving procecures and so on — il of which
ire aesigned o ensure reliubie and safe
operaton of the svstem.

EXINUNY ¥ iste 20 0Pz und the Hure
Mats Pres ousit un wds generited Wi
Comtet e to (e Dafe sldh <itd Suint o
LMosgaere
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E conomic Analysis

Present Biogas Production Rate

2000m* dav

Bicgas Energy Rate

50 GJ - dav (10" c¥daily N.G. usage)

Fquivalent N.G. Cost Savings

375 davor318.00¢ veur

[nstallation cost

{ Neglecting demonsiration 330.000
and experimental aspects)
simple Pavbuck pernod 1.7 years

Svstem is devignied t0 handic

+000m* day

( At this design cate the pav buck pertod computes to less than | vear:

Operation of the System

The biogas installation may be divided
into four main compcnents:

i) Potato waste digesters.

ii) Excess biogas tlare stack.

iii) Eiogas beoster. tlow controller and

safery shut off valve assembiv.

iv) Natural gos fired baseload boiler

(3.9 M¥') ind gas burmer valve
rain.

Of these components i) and ii) were
alreudy in existence. [n ¢rder to burn the
biogas in the boiier tiie gas booster and tlow
conrroller were added. Modifications to the
flare stack and boiler vaive train were also
necessary.

Biogus pressure ar che digester is 2kPa
The gus booster was required to overcome
tlow resistance as well as to raise the biogas
pressure sutficiently to aliow its introduction
into the existing boiler valve train which
uperates 1t 1 natural gas pressure of GkPa

On operation. bingas is fed into the valve
train. mixing «vith nacural gas before boiier
firing. The system operates such that

1. Booster flow rate alwavs matches

the digester ouiput.

2. Biogas suppy pressure into the
boiler valve wcain is such thar all
available biogas will rlow to the
boiler.

The maximum variation ot the
heating value of the mixed gas does
aotexceed 257 of the pure nutural
gas value.

i\

+.  Automatic shut down of the biogas
utilization svstem occuis i any of
the safety requirements are aot met.
Biogas is diverted to the flare stack nhen
not required tor boiler firing or on autormnatic

shut dowmn.

Burner AnC Lot T o Sty
MAIReT™ Bolie? saomng e gl e
ed 1 NN YAl Loy e Tran

Cnlrol and 2 ele? 0y CulPMentt Inf Nuga igul T e et
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OVERSEAS PARTICIPANTS
BANGLADESH

DR. DELWAR HOSSAIN

Additional Cnief Metallurgist or Deputy General Manager,
Bangladesh Machine Tools Factory, Ghazepur,

Joydebpur,

DHAKA,  BANGLADESH

ABOUL MANNAN

Deputy Chief Engineer (Power),
Khulna Newsprint Mills (BCIC),
KHULNA.  BANGLADESH

MOHAMMAD NAZIM

Chemical Engineer

8angladesh Chemical Industries Corporation,
Shilpa Bhoben, Motijhed C/A,

DHA¥A. BANGLADESH.

BURMA

U WANN HLAING
Superintending Engineer,
Electric Power Corpuration,
Ywama Power Station, Insein,
RANGOON. BURMA.

UTIN TUN

Divisional Inspector of Boilers,

Directorate of Regional Industrial Co-ordination and Industrial Inspection,
RANGOON.  BURMA

INDIA

R.N. SINGH,

AdditTonaT Industrial Advisor,
Ministry of Industry,
Govermment of India,

Udyog Bhawan, Room No. 479,

NEW DELHI. INDIA

S. NAMMALVAR

Chemical Engineer.

Energy Cell [/C,

M/s Hindustan Antibiotics Ltd., PIMRIL
AUNE. 411018, [NDIA




INDIA  (Cont'd....)

BASUDEV CHATTERJEE

M/S Hindustan Fertiliser Corporation of India Ltd.,
55 Nehru Place,

NEW DELHI.

PIN 110019. INDIA

INDONESIA

KURNIA HANAFIAH

Chemical Engineer,

Institute for R. & D. of Chemical Industry,
KARANG ANYAR 55,

JAKARTA.  INDONESIA

PAKISTAN

DR. NISAR AHMAD,

0fficer-in-Charge,

Solid Fuels Research Division, .-
P.C.S.I.R., D-102 South Avenue,

KARACHI 18,

PAKISTAN

GHULAM MURTAZA

Acting General Manager,
Zealpak Cement Factcry Ltd.,
HYDERABAD. PAKISTAN.

PAPUA NEW GUINEA

PORLIN JAMES POPOT

Production Maintenance Supervisor (Mechznical f£ngineer),
ACI - New Guinea Containers Pty. Ltd.,

P.0. Box 613, Speybank Street,

LAE., MORQBE PROVINCE.

PAPUA NEW GUINEA.

SINGAPORE

CHONG THEAN CHCNG

Senior Chemical Engineer,

Singapore [astitute of Standards and Industrial Research,
179 River Valley Road,

SINGAPORE. 0617,
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SINGAPORE (Cont'd....)

TAN SING ONG

Senior Principal Electrical Engineer,
Jurong Towr: Corporation,

Jurong Town Hall,

JURONG.

SINGAPCRE. 2260

MR. ANG X0O SOON

Engineer/Edd,

National Iron and Steel Mills Ltd.,
22 Tanjong Kling Road,

Jurong Town

SINGAPORE, 2262

SRI_LANKA

DON BARATHARATNA JAYANTHA RANATUNGA

Principal Research Engineer,

National Engineering Research and Development Centre,
EKALA, JAELA

SRI_LANKA

THAILAND

DR.: BUNDIT FUNGTAMMASAN

Faculty of Engineering,

King Mongkut's Institute of Techinology, North Bangkok Campus,
BANGSON.,

THATLAND.
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INDUSTRY PARTICIPANTS

GAS & FUEL CORPORATION OF VICTORIA

Mr M.J. Shaw, Assistant General Manager
Mr K. Doyle. Group Manager, Marketing
Mr D.J. Alder, Chief Engineer

Mr K.J. Westall, Engineer in Charge, Energy Management Centre
Mz L.M. 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, Engineering Manager
Mr G. Gough, Manufacturing Manager
STATE ELZECTRICITY COMMISSION OF VICTORIAZ
Mr G. Pollard, Engineer in Charge
Mr R. Whitburm
GILBERT & CHANDLER INSTITUTE OF DAIRY TECHNOLOGY
Mr G. Cox, Chemical Engineer

COMMONWEALTH SCIENTIFIC & INDUSTRIAL RESEARCH ORGANISATICN

Dr R.D. La Nauze, Fossil Fuels Division

SMORGON CONSOLIDATED INDJUSTRIES

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. Gocrdon
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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’ M.J. Cullen & Associates
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DEPARTMENT OF INDUSTRY AND COMMERCE :

Mr R. Bolduan
Director
Melbourne Regional Office

Mr L. Ffrench

Assistant Director
Multilateral Affairs Section
Canberra
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DAY 1 . SUNDAY, 277k FEBRUARY, 1983
oM Arrival of Qeiagates and Represantatives
VENUE: Sherator Hotel,

Spring Street,
MELBOURME .




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 pPM

4.15 PM

6.00 PM
to
7.30 PM

DAY 2 - MONDAY, 28TH FEBRUARY, 1983

Registration and Administration Arrangements
Election of Chairman

Welcome - Mr. John Wrigglesworth

Officiel Opening - Mr. D.J. Fraser,
First Assistant Secretary,
Industry Division, No. 2
Department of Industry and Commercs
CANBERRA.

Introductory UNIDO Message - Mr. G. Komissarov

MORNING TEA

Introduction of Delegates - Chairman
Rationale and QObjectives of the Workshop - Chairman
Paper on behalf of UNIDO - Mr. 3. Komissarav

LUNCH

(Own arrangements]

Assemble in Hotel foyer
Bus departs Sheraton for visit to -
MelBourne and Metropclitan Board of Works,
South castern Purification Plant,
Thompson Reoad,
CARRUM

Introductory Talk - Film
AFTERNOON TEA
Tour of Plant

Bus departs Carrum for return to Sheraton
Arriving aporox. 5.00 pm

Cocktail Party - Australian Goverrment
Treasury Room,
Sheraton Hotei




3.00 aM

10.45 AM’

11.00 AM

12.30 PM

2.00 pPM

3.00 PM

3.15 PM
to
1.00 PM

2Cq
DAY 3 - TUESDAY, 1ST MARCH, 1983
Paper - Assessing the Potential for Waste Heat
Recovery Projects .

Speaker - Mr. .M. Adams
Engineer in Charge,
Consultancy Services,
Cnergy Management Cantre,
Gas & Fueil Corporation. Melbourne.

Question Time
MORNING TEA

Paper - Optimising Power Generation and Heat Generation
through Co-generation

Speaker - Mr. A. Smithson,
Manager,
Industrial Gas Division,
South Australian Gas Company. South Australia.

Question Time

LUNCH
(Own arrangements)

Paper - Energy Conservaticn in a Real Life Project
(S163 M Pulp Mill Orpject)

Speakers - Mr. A. Campbell, Enginecering Manager/MKH
Mr. G. Gougn, Manufacturing Manager/MKM

Australian Paper Mills,
Maryvale,

AFTERNQOON TEA

Question Time




7.50 AM

8.00 AM

12.30 °M

2.00 PM

4.00 PM

DAY 4 - WEDNESDAY, 2NO MARCH, 19383

Assemhle in Hotel foyer.

8us departs Hotel for visit to -

State Electricity Commission of Victoria,

Open Cut - Hazelwood Power Station,
Briquette Factcry,
MORWELL .

Inctuding MCRNING TEA

LUNCH
Parkdale Restaurant, Marwel!l

Visit to -
Australian Paper Mills, Maryvale Plant
- and -
Sulphite Recovery Plant

Including AFTERNOON TEA

Return to Melbcurne
Arriving asprox. 5.00cm.




8.20 AM
8.30 AM

-11.45

12.30

2.00

AM

M

oM

M

oM

oM

\,‘

DAY S - THURSDAY, 3RO MARCH, 1983

Assemhly in Hotel foyer.

Bus departs Sheraton for full morning visit to -
Gas and Fuel Corporation,
Energy Management Centre,
Clayton.

Paper - Using Energy Managedient Centres to Impiement
National Energy Conservation Programmes.

Speaker - Mr. X.J. Westall,
Engineer in Charge,
Energy Management Centre,

MORNING TEA

Instructional *our of Enargy Management Centre

Bus departs Clayton for return to Sheraton

LUNCH
\Own Arrangements)

Paper - Heat Recovery in Jairy ractories
Speaker - Mr. G. (ox,

Chemical Engineer,
Gilbert and Chandler [nstitute of Dairy Technology

YFTERNOON TEA

Questions and Answers

Fiim -  "Energy Conservation"
by courtesy of
National Coa! Goard,United <ingdom.




o
re

Q

8

g-.30 AM
10.00 AM

10.30 AM

11.00 AM

11.30 AM

12.00 PM

12.30 PM

1.30 PM

DAY 6 - FRIDAY 4TH MARCH, 1983
Paper - Fluidised-Bed Combustion - An [ntroduction
Video - C.S.I1.R.0. Coal Research Film
MORNING TEA
Paper - Commercial Application of Fluidised-Bed
Combustion
Video - The £.S5.1.2.0./Joint Coal 3oard Project
Discussion
Speaker - Or. R. 0. La Nauze,
C.S.1.R.0O.,
Fossils Division
LUNCH
(Cwn. Avrangements)
Afternoon available for discussion by attendees.




3.35 AM

8.45 aM

4.30 PM

QAY 7 - SATURDAY, 5TH MARCH, 13982

FREE ALL DAY

DAY 8 - SUNDAY, 6TH MARCH, 1583

Assembie in Hotel foyer

Bus departs Sheraton Hotel for a sight seeing visit o -

Healesville Sanctuary
MORNTING TEA and LUNCH included

Return to Melbourne
Arriving approx. 3.30pm.

CINNER hosted by Presha Engineering at <enloch Restaurant,

Olinda, preceded by cocktails at residenca of

Mr. John Wrigglesworth (Managing Oirector, Presha Engineering)’

Bus departs Sheraton Hotel 4 .30pm.




OAY 9 - MONDAY, 7TH MARCH. 1983

FULL DAY VISIT TQ -

8.50 AM

5.00 AM

1.30 FM

4.00 PM

1) S.E.C. tnergy Utilisation Centre - Grmond

2)  Gas & fuel Caorporation, L. & G. - Danden

Assemble in Hotel foyer

Bus departs Sheraton Hotel
Arriving Qrmond 3.45am

HORNING TEA aud LUNCH  will he orovided by

Bus departs for Gas and Fuel, L. & G. Centre

AFTERNUON TEA will be provided

3us departs for Sheraton Hotel
Arriving approx. 5.0Com

ong

-~

5.¢.C.




9.00 AM

10.00 aM

DAY 10 - TUESDAY, 8TH MARCH, 1983
Paper - (Energy Conservation in [ndustry
Speaker - Mr. C.W. Peterson,

Corporate Energy Manager,
[.C.[. Austraiia Overations Pty. Ltd.

Paper - Application of Thermo Jynamic Principles o
Optimise Energy Conservation Jesign.

Speaker - Mr. Ken Davies, i
Energy Co-ordinator,
Mobil Limited.

MORNTING TE4A

Paper - Heat Exchanger Network Oesign

Speaker - Mr. en Davies,
Erergy Co-ordinator,
Mobil Limitad.

LUNCH
(Own Arrangements)

Programme involving Delegates in providing informaticn
of their owr Wasta Heat problems.

Discussions/Debates

Chairman - My «en Qavies
Znergy Consarvation Co-ardinator,
Mobil Limited.

Panel

Mr. Kern Gardon,
President,

Peabody Gordon-Piact,
J.S.A.

r. C.W. Peterson,
Corporatsa Energy Manager,
i [. Austraiia Nperations Pty. Ltd.




8.05 aM
8.15 AM

9.45 AM

11.15 AM

5 M

-
=
1

(RV)
$a
w

oM

DAY 11 - WEDNESDAY, 9TH MARCH, 1983

FULL DAY VISIT TQ BALLARAT

Assemble in Hotel foyer
8us to depart Sheratcn Hotel

Arriving Ballarat -

Visit to McCain Foods, Bio Gas Plant

MORNING TE

Civic Reception, Mayor of Ballarat

LUNCH
"La Scalla Restaurant”
by courtesy of Gas and Fuel Corrora

-
-
w
-
ot
g
(s}
)

overeign Hill

Arrival at Sharaton Hotal

r
-

ion of Yictaria




9.00 AM

12.15 PM

-
~n
o

PM

—
a
[en]

oM

4,30 24

QAY 12 - THURSODAY, 1QTH MARCH,

Pape - Waste Fuyel Burning, Waste Heat Recovery

MORNING T£ZA

Paper - Boiler Economiser

Speaker - Mr. Karn Gordon,
President,
Peabody Gordon
Ainfield. {.S.

Piarce,

Yo g

Questions and Answers

LUNCH

(Own Arrangements)

Assemble in Hotel foyer

Bus departs for visit to -

Smorgon Consclidated Indusirias -

Presentation by Mr. . Xrasnoscein (Diractor)

Tour of Paper 2lant -

Pecwer and Steam Generaticn incaroorating

Total Energy System.

REFRESHMENTS

Sus departs far Sheraton morai

Footscray.



T DAY 13 - FRIDAY 11TH MARCH, 1983

9.00 AM Winding up of Workshop
Seminar Notes

Workshop Review

12.00 PM CLOsE
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