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[OVER STORY
ur cover photograph

‘nis month shows the
smovable head of the
sactor pressure vessel
1 the Sizewell ‘B’ Pres-
irised Water Reactor,
ted in Suffolk, being
repared for lifting into
lace, on top of the main
ody, in preparation for
1e vessel’s cold hydro
ost at the Framatome
vorks in central France.
Earlier this year the
ompleted vessel passed
ve test with flying
olours.
The tubes protruding

‘rom the uppersurface of
1e removable head are for mounting the control-rod drive
jechanisms.
Each of the 53 drive mechanismsconsists of an electro-

nagnetically operated jacking device, which moves an
ndividual control rod cluster assembly up or downin a
series of small steps. The mechanisms are operated by
energising, in sequence,electrical coils which are outside
ihe primary circuit pressure boundary, so that no

penetrations of the drive mechanism pressure envelope
are requiredfor its operation. An important feature of the
mechanism is thatit requires a continuouselectric current to
hold the control rodsoutof the core.If the supply is cut off,

ihe rods fall into the core by force of gravity, tripping the
reactor.

“Cover photograph by courtesy of Nuclear Electric plc.

-Patron

 
 

THE INSTITUTE OF ENERGY

Her Majesty the Queen

 

President
D M Willis BSc CEng FinstE

Honorary secretary
Prof Alan Williams BSc PhD CChem CEng FRSC FIGasE FinstE
(Past president)

Acting honorary treasurer
B G Gills BSc CEng FInstE

Chairman, Publications and Conferences Committee
CE Pugh CBE CEng FlnstE
(Past president)

Secretary

Colin Rigg TD BSc (Tech) MA CEng MInstE MBIM

The Institute of Energyis in association with:
The American Society of Mechanical Engineers
The Canadian Institute of Energy
L’Institut Francais de l’Energie (Paris)
The FuelSociety of Japan (Tokyo)
Verein Deutscher Ingenieure (VDI-Gesellschaft Energietechnik)
The Australian Institute of Energy

CONTENTS
Viewpoint 2

 

  
International News a

Home News 4
Institute News 6

 

Coal Usein the Clean Environment 8
Author: James S Harrison

Director, Coal Research Establishment,
British Coal

Sizewell ‘B’: a review of modulating 15
control strategy
Author: Andrew Johnson

First Engineer (Central C&l Systems),
PWRProject Group, Nuclear Electric plc

Improved flow measurementfor the 20
powerindustry
Compiled by Gay Parr
Freelance Technical Writer

 

Book Reviews 21
Engineering Council 25

 

  
Events 26

Institute Conferences Back Cover

 

TERMS OF
CONTROL 

Energy World is circulated free of chargeto all paid up members of TheInstitute of Energy. Tolibraries, organisa-

tions and personsnot in membershipit is available on a single subscription of £45 for 10 issues. Energy World is

also available with the Journalof The Institute of Energy (quarterly) at a combined annual subscription of £140.  
 

October 1990

 



 

VIEWPOINT

|
|

 

UK coal reserves —

time for a thorough review

THE SUBJECTof UKcoalreserves is probably one of

the most vexed questions in coal debates in recent years.

These debates have left participants and readers confused

as to the size of the remaining UKcoalreserves.

Since the early 1980s there have been several reports which

have attempted to assess the extent of the nation’s accessible

coal reserves. The most recent report, commissioned from the

British Geological Survey (BGS) by the Coalfield Com-

munities Campaign, suggested that figures quoted by the coal

industry were over-optimistic and were frequently based on the

reports ofthe Royal Commissions on the CoalIndustry (which

were published in 1871 and 1905).

The BGS thought there was evidence that coal industry

estimates for reserves are subjectively influenced, not only by

changing viewsas to future markets for coal but also, perhaps,

by poor forecasting with regard to changesin technology and

the cost of coal extraction.

British Coal have frequently stated that the reserves will

allow coal production to continue at the present rate of

extraction for another 300 years. This time span would allow

for decision-making as far ahead as any organisation can

practically plan.
BGS suggested that British Coal’s reserve estimates “‘suf-

fered from a degree of ambiguity’’. Other analysts have argued

that the ‘‘300 years”’ ofcoal reserves acted as a convenient cover
story to deflect awkward questions, especially with colliery

closures on economic grounds(as opposedto colliery closures

caused by reserve exhaustion)sterilising large reserves ofcoal.
It is also worth noting that there have been few meaningful

estimates madefor the reserves ofspecialist coals, such as the

coking coals and anthracite, and also for the coal accessible by

opencast methods.
To overcome the confusion regarding UK coal reserve

estimates the House of Lords Select Committee on the Euro-
pean Community pressed the DepartmentofEnergy in 1983 to

produce an authoritive assessment ofUK coal reserves on the

same basis as is already done for oil and gas in the annual
publication Development of the Oil and Gas Resources of the

United Kingdom (referred to as the ‘Brown Book’ becauseofthe

colour of its cover).

WhenI recently questioned the coal minister, Rt Hon Tony

Baldry MP, as to why such an assessmentwasnot published by
the Department of Energy, he told methat it was a matter for

British Coal alone. Other meetings at the Department of

Energy(plus other Government Departments)showthestaff as
being in almost complete ignorance as to the level of coal

resources and reserves in this country.

How can anysensible review of a nation’s energy future be
carried out without a detailed knowledge of the energ:

resources that are available?

It is scandalous that there is currently more published data
available about the coal resources and reserves from countries

such as the United States and India than the United Kingdom.
It is hoped that if British Coal is to be privatised the

Department of Energy will first carry out a thorough exam-

ination of the UK coal reserves, as it is usually prudent to

undertake a review of a company’s principle asset before it is

sold.
I believe that now is the time for a new annual publicatio

‘The Black Book’, which outlines the developmentofthe |
coal resources. Perhaps we should have a ‘Green Book’as we'!

covering the nation’s renewable (and nuclear) energy resourc:

I look forward to hearing what the Department of Ener

have to say on this subject.

Dr Andrew W Cox
Research Fellow,
Department of Geography,
University of Durham
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INTERNATIONAL NEWS

Geothermal

energy studies
RESOURCE assessments for
low temperature, direct use

ceothermal projectsin cities and

counties throughout California

are currently being carried out
under grants from the California
nergy Commission. Dames &
{oore, the engineering and

nvironmental consultants, are

»nducting these assessments.

The grant programme is
signed to assist municipalities
thin the state in developing

ecothermal hot water systems for
heating commercial and public

ildings within their districts.

The geothermal resources for

the heating systems are not hot
enough for the production of

ctricity, but can be used

(rectly for heat, at significantly

lower cost thanfossil fuels. Other
lirect uses of low-temperature

geothermal resources include

enhancing crop production and

ne industrial process appli-

cations.
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enerators
or Nepal

S.EMENS’ KWU Power Gen-
eration Group has supplied and

installed three 30 MVA gener-

ators and all electrical equipment

‘ the Marsyangdi hydroelectric
wer plant in Nepal. This plant,

vith a capacity of69MW andthe
argest in Nepal, raises the

untry’s power system capacity

270 MW.It is located on the

Marsyangdi River 120 kilometres
west of the Nepalese capital,

<athmandu.

It is anticipated that the plant’s

annual power generation figure
will by 462.5 GWh.
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GE’s MS7001F gas turbine, the most powerful gas turbine in the world, is shown here nstalled at 5
Virginia Power’s Chesterfield Power Station near Richmond,VA.This 7F, part of the mostefficient
large thermal powerplant in the US, has logged an availability of more than 99 per cent since
commercial operation beganin June.

GENERAL ELECTRICofthe
USA have announced an order

worth more than $200 million for
an additional four MS7001F gas

turbines to Korea Electric Power

Corporation (KEPCO) of the

Republic ofKorea. The new con-

tract calls for the supply of gas

and steam turbines for whatwill

now be a 1,886 MW combined-

cycle power plant to be built on

Ildo, an Inchon Bayisland west
of Seoul.

GEannounced in Junethatit

had signed a first contract worth

more than $200 million with
KEPCO to supply four STAG
107F combined-cycle units for a
943 MW powerplant to be built

on Ildo. This new contract

doubles the size of the project,

from four to eight CE STAG

107F combined-cycle units and
brings GE’s share of the entire

project to more than $400

million.

Each GE STAG 107F unit
uses one 150 MW-class CE

MS7001F gas turbine-generator

and one GE reheat steam tur-

bine-generator rated at 83 mega-

watts. All eight gas turbines will

be equipped with dry low NOx

abatement technology while
burning naturalgas, and this new

order brings to 31 the numberof

GE “F” technology gas turbines

sold worldwide.

All equipmentis to be shipped

in 1991, with the plant to begin

combined cycle operation in

December 1992.

The 7F recently exceeded its

150 MW rating duringtesting to

become the most powerful

60-hertz gas turbine in the world.

That unit is now in baseload

combined-cycle operation at Vir-

ginia Power’s Chesterfield plant

(unit #7), with a combined-cycle

rating of 214 MW and a plant

efficiency level of more than 50

lraq/Kuwait conflict emphasises dependenceonoil
THE IRAQ/KUWAIT conflict
has served to bring homethe un-

comfortable extent of the world’s
continuing dependence on oil,

John Wakeham,Britain’s Energy
Secretary, said in Jakarta on 19

September.

Speaking at the Indonesian/
British Association lunch, Mr

Wakeham said that “there is a

close interrelationship between

the availability andcost ofenergy
and the pace of world economic
development.

“But the OECDcountries have

October 1990

also learned to use nearly a third
less oil for each unit of output

overthe past decade. At the same

time, progress towards increased

economicliberalisation — which

contributed to one of the longest

and most sustained international

economic upswings on record in

the 1980’s — should also have

now put western countries in
rather better shape to adapt to

new external changes,”’ hesaid.

Mr Wakeham pointed out that

global consumption of oil has

risen dramatically in the last 40

years. “In 1950, about 11 million

barrels were consumeda day. By

last year the total was almostsix

times that, at nearly 64 million

barrels a day — the highest level
for a decade.

“Tt is clearly vital that the inter-
national community should
remain united. In this context, I

particularly welcome Indonesia’s

own supportfor the UN Security

Council resolutions, which in-

clude the imposition of sanctions
and condemnation of Iraqi

aggression.”

per cent.
TheIldo plant will be thefirst

to utilise a GE three-pressure

reheat steam turbinecycle, which

is designed for greaterefficiency.

The steam turbineswill be reheat

single-flow, 33.5-inch last-stage

bucket units.

The plant will operate at an

efficiency greater than 50 per

cent (on a lower heating value

basis) using liquified natural gas,

with distillate fuel as a back-up.

In addition to the supply ofgas

and steam turbines, GE will pro-

vide powerplant engineering and

project management for the

powerisland, including procure-

ment of power island controls

and equipment such as a dis-

tributed digital control system,

feed water pumps, bypass

dampers, generator breakers and

bus ducts. GE will also provide

design data for the entire power

island.

US acquisition
by Davenport
DAVENPORT Holdings Lim-

ited, the Bradford-based UK

market leader in cooling tower

design and construction,

announces the acquisition of

Cooling Technology Corpor-

ation of Kansas City, USA. The

acquisition has been made

through an asset purchase agree-

ment and the new companywill

be known as Davenport Cooling

Technology, Inc (“Davenport

Inc’’).
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Safety first in
Labour’s newoil
and gas policy
FRANK DORANMP,Shadow
Spokesmanon oil and gas, made a

major new policy speech at the

Institute of Petroleum on 20

September.
In a statement of the broad

principles of the Labour Party’s
oil and gas policy, Mr Doransaid

the next Labour government

would seek “to manage the

national asset of our oil and gas

reserves for the long term benefit

of the UK,by encouraging maxi-

mum recovery of hydro-carbons,
by developing a strong UK based

industry and technology and,

aboveall, by preservingthesafety

ofthose who workin the industry

and conserving our natural

environment.”
The emphasis of Mr Doran’s

speech was on safety aspects.
Lord Cullen’s report is expected

at the end of October, and the

Labour Party has committed

itself to accepting the recom-

mendations. In a major policy

change Labour would removeall

safety work from the Department

of Energy, transferring it to the

Health and Safety Executive.

MrDoranalsostressed that the

next Labour government would

also undertake a review of the
environmental impact ofthe oil

and gas industry.

Go-aheadfor

Bruce Field

JOHN WAKEHAM, Energy

Secretary, has given the go-ahead

for BP Exploration to begin
development of the extensive

North Sea Bruce Field, con-

taining the largest gas reserves in

UKwaters.

The Bruce Field contains

reserves of mainly condensates

andgas, as well as crudeoil.

First oil production is expected

to commence by mid-1993 and
reach a plateau rate of 15,000

barrels a day. Gas production

should begin at a rate of
approximately 430 million

standard cubic feet a day,
building to a plateau rate of
around 530 million standard

cubic feet a day during 1994.
Associated condensate pro-

duction rates will initially be

around 40,000 barrels of con-

densate per day. The costs of

development, at 1989 prices,

were estimated to be £1.3 billion.

4

Diversity is the key says Sec of State for Wales

  
British Coal’s Point of Ayr Liquefaction plant. Recent economic assessments indicate that a plan:

 

similar in construction but several times larger could be economically viable, producing 50,000 barre!

per day of finished products from approximately five million tonnes of coal per year.

SECRETARY of State for

Wales, David Hunt MP, has

stressed the Government’s com-

mitmentto diversification in the

energy supply industries.

He wasspeakingat theofficial
opening of a coal liquefication

plant at British Coal’s Point of
Ayrsite in Clwyd in August.

‘“‘Current events show us that

we would be unwise to commit

ourselves to a limited range of

energy sources,’ he said, and

qualified his statement, saying

there is an “‘obligation to use the

nation’s coal reserves in the most

beneficial way, with due regard to
the environment.”’

British Coal’s Point of Ayr
Liquefication Project first got
under way in 1986, with backing
from the Department of Energy,

the EEC and Ruhrkohle, the

West Germancoal producer. The

project received additional back-

ing at a later date from the Amoco

Corporation.

The aim of the project i

produce liquid transport {

from coal. Thepilot planti

integrated unit capable of

tinuousoperation and will,«

the next few years, pro.
tonnage samples for testin

automobile engines, and de

data for commercial petrol-

diesel-from-coal plants w
could consume betweenfive
six million tonnes peryear.

‘Renewables Order’ laid before Parliament

THE FIRST Order setting a
Non-Fossil Fuel Obligation

(NFFO)for renewables waslaid

before Parliament in September.

The Order specifies the initial

levels ofrenewables-sourcedelec-

tricity generating capacity that

the 12 regional. electricity
companies (TRECs) in England

and Wales are required to have

available from 1 October 1990
until 31 December 1998. They

will build up to 102.25 MW
declared net capacity at April

1995.
The responsibility for making

appropriate arrangements to
comply with the Orderlies with
the TRECs. The Department of
Energy understands that the
TRECs have concluded con-
tracts for some 75 projects.

These have an_ installed
capacity that will build up to

some 170 MW byearly 1994.
Over twothirdsofthis capacity is
attributable to new projects that

would not have been able to go

forward without the support of a

NFFOcontract.

The overall level of the Obli-

gation has beenset in accordance

with the advice of the Director
General of Electricity Supply, to
reflect the intermittent nature of
wind power and in case some of

the contracted projects should

run into difficulties. It will
increase, as new projects reach
their expected commissioning

dates, to reach a total of 102.25

MW declared net capacity (for

the 12 TRECs taken together)

from April 1995 until 31 Decem-
ber 1998.
September also saw the

appointment of the UK Lead
Underwriter for the flotation of

the TRECs. John Wakeham

nounced the appointment
Henry Schroder Wagg & Co
Mr Wakeham commen

“Following the launch of

retail marketing campaign

can beseenasthe springboar<

the institutional element of

offer for sale of the TRECs t:
floated in Novemberthis yea

CFC replaceme:
plant
A CFCreplacement plant \
inaugurated by Colin Moynih
Energy Minister, at the Cono

refinery at Killingholme
Humberside.
The new plant will have

capacity of 15,000 tonnes and
will produce ‘Dymel’ A, ©
rently being marketed by 1Du

Pont, Conoco’s parent compan

Energy World
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HOME NEWS

Shell combines LPG operations

ShellGas importfacility at Immingham.

SELL have amalgamatedtheir

tvo bulk LPG operations — Shell
Cas and Britannia Gas into one

company, with Immingham asits

Head Office.
[he new companyis oneof the

gest in the field and has the

vantage of flexibility with
port facilities at Teesside and

‘mingham and refineries at

anlow and Shellhaven.

he expandeddistributionnet-

rk is making an immediate

provement to customerservice
h deliveries by Shell Gas

licles backed up by Tank-
ight on a contractualbasis. In

short term orders can be

placed through existing channels

hough plans are in handfor a

   
central ordering system through

the Immingham Headquarters.

In the LPGindustry safety has
always been a high priority and

must continue to be so. Shell

have always placed a very high

priority on safety in their oper-

ations, their records and initial

installations. Technical Director,

David Gelder has a team of

10 engineers on call nation-

ally who will undertake all

safety, maintenance and_in-

stallation work throughout the

UK.
The reorganised operation is

under the directorship of John

Tew and is named Britannia

(LPG) Limited, trading as Shell

Gas.

Energy-saving project ten years on
KEEPING Newcastle Warm

(<NW) — Newcastle’s pioneer-

ing energy saving project — was
1 years old in September.

Since it was launched in Sep-

tember 1980 KNW has brought

extra warmth to 33,000 homesin

and around Newcastle. Over

3,000 vulnerable households

have been advised on how to

make use of their energy. In

addition, the schemehascreated

new work opportunities for over
500 previously long term un-

employed people.

Keeping Newcastle Warm’s
founder and Chairman, David

Green commented: ‘“‘Weset out
to show what could be done to

enable vulnerable households to

improve their energy use.

Through building a practical

partnership between local and

central Governmentand the com-

munity we have now shown what

October 1990

can be doneto ensure that weall

becomebetter users of energy.”

Labour Party Energy Spokes-

man, Frank Dobson MP, added:

“We need more of such initia-

tives; not only to help relieve the
stress of fuel poverty, but also to

tackle the growing threat posed

by global warming.”

The project was launched by

the then Energy Minister John
Moore MP in September 1980,

when the first home was in-

sulated in the Heaton area of
Newcastle. Many leading public

figures have since visited the
project, and over 370 similar

schemes have now been estab-

lished under the aegis of the

Newcastle based national charity

Neighbourhood Energy Action.

To markits tenth anniversary

KNWoutlined a five point action

plan that lays the basis for its
work in the 1990’s.

 

Greenhouseeffect called into
question by USscientist
AN EMINENTUSscientist has

warned against the danger of
acting rashly in response to the
greenhouseeffect.

Dr Robert Balling, Director of
the Climatology Laboratory at

Arizona State University, was

speaking at the Royal Society of

Arts Auditorium in London, at

the joint invitation of the Watt
Committee and British Coal.

DrBallingbelieves that thereis

no question that man-madegases

are addingto the total ofnaturally

occurring greenhouse gases. But

models upon which predictions

of future climatic changes are

based often produce quite con-

flicting forecasts. “The models

themselvesare notat fault,” says

Dr Balling, “but there are not

enough ofthem andtheir scopeis

too limited for the colossal task

that has to be done before we can

even begin to make accurate pre-

dictions of climatic changes in

the long term.”

He concluded: “Thereis grow-

ing scepticism about the future

greenhouse effect, and policies

unnecessarily tied to it may lose
popular support as confidence

declines in the whole greenhouse
issue.”

Planning
consentfor

Hinkley C
THE UKDepartmentofEnergy

has agreed in principle to the

building of a new PWR at

Hinkley Point in Somerset.

Energy Secretary, John Wake-

ham, stressed that the final go-

ahead for the project would have

to wait for the Government’s
review of nuclear power in 1994.

The Government’s decision

washeavily criticised by environ-

mental groups, Greenpeace and

the Council for the Protection of

Rural England. Friends of the

Earth described the decision as

“bizarre, dated andirrelevant’.
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Directors
appointed at BG
BRITISH GAShas announced
the key senior appointmentsinits

new regional structure.
Among those appointed are

three members of The Institute

of Energy. They are John

Thomas, Director of Engineer-
ing, North West region; Reginald

Leslie Dixon, Director of Mar-

keting, North West region; and

David Phelan, Director of

Engineering, South East region.

Mr Thomas and Mr Phelan both

joined the Institute in 1963, Mr

Dixonjoined a yearlater in 1964.

All three took up their new
appointments on 1 September.

6

Father to son

A FELLOW of TheInstitute of

Energy is to be replaced by his

son, a Memberofthe Institute,

followinghis retirement as senior

partner with a building services

company.

Leivers Associates, Consulting

Mechanical and_ Electrical

Engineers, based in Nottingham,

have announcedtheretirementof

Peter F Leivers on 1 October,

after a career of over 40 years in
the building services industry.

His place will be taken by his

eldest son, Malcolm, whilst Mr

Leivers senior will be retained as

consultant to the practice.

New members

Members

Robert George Galer, Power-

Gen, London.

Anthony Bohun Lawrance,

MclIlwraith McEacharn Ltd,

Australia.

Yiu Cheong Leung,
Kong Electric Company.

Hong

Glenn Albert Richards, R M

Consultants, Abingdon.

Anton Frederick Squirrell,

Metroflex Grossventilbau, Swit-

zerland. 

Pictured above: President
Doug Willis (front right)
during the morningsession of
The Institute of Energy’s

conference Costs of Flue Gas

Desulphurisation. Pictured

left, from left to right (back

row), are: John Coo;

(National Power), Ki!

Hein (Delft University ofTe
nology), Bill Kyte (Pov

Gen), all three speakersat
conference, and Presid

Doug Willis. In the front

are Dr Anu Sanyal (Babc

Energy and Chairmanof

Conference Organising C:

mittee); Jan Vernon (cen

(KPMG Peat Marwick (

sultants) and Michael Cc

(right) (British Coal) v

also speakers at the

ference.

Emmanuel Tagoe, Det

Babcock, West Germany.

Associate Member

Robert Leonard Skinner,|

City Architects, Hull.

Associate

Richard Crowder, Taywood
Engineering, Middlesex.

Graduate

Adrian Charles Gray, Ja!

Baum & Bolles Ltd, London.

Caroline Mary Louise Wh'i-
field, British Gas.
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INSTITUTE NEWS

GroupAffiliates take 2nd and 3rd prizes in Reed
National Management Game

CERTIFICATEOF ct
acnieveme

3P OIL and British Coal teams

ave taken the second and third

\rizes respectively in the 1990

Reed National Management

yame held on 9 and 10 Sep-

ember.

The BP Oil team, led by Kevin
Bell, was presented with a cheque

or £2,000, and certificates by Sir

Trevor Holdsworth, chairman of

National Powerplc, who was the

zuest speaker at the awards lunch

at London’s Savoy Hotel.

The British Coal team, led by
Nigel Byrne, was presented with

a cheque for £1,500 and certifi-
cates.

The winners of the 1990 title

were a team from Allied Irish

Bank,

The Reed National Manage-
ment Gameis organised by ICL-
Cranfield Business Games and
co-sponsored by Reed Business
Publishing Group and Nicklin
Advertising. It is Europe’s
biggest business game and this

October 1990

ERTIBNCATE
OF enacHievement

The British Coal team. From left to right, Peter Ashby, Nigel

 
   

Byrne, Helen Paterson and Chris Webster.

year attracted 630 teams. The

gameis played on an elimination

basis because of the large number

of teams involved.All start off at

the same position in round 1,

when they are given a briefing

pack which provides details

about their ‘company’.

Players then have to allocate

responsibilities and developbusi-

ness strategies, allocate budgets

and resources, and develop

pricing policies. They run a

simulated company in a com-

petitive environment, the aim

being to maximise profits. The

game is genuinely interactive

between teams and has the

elementoftraining value.

oo

Fellow appointed
TTCS chairman
EUR ING Dr Norman A White

(Fellow) retired as Chairman of

KBC Advanced Technologies
Limited at the company’s AGM
held in Weybridge.

Dr White has been Chairman

since the company’s formation in

1979. During this time he guided

KBC’s growth into a worldwide
consulting and high technology

organisation which was rewarded

by the grant of the Queen’s

Award for Export Achievement
in 1989.

Hehas been appointedthefirst

Chairman of the Technical

Transfer Centre Surrey Ltd
(TTCS)as ofJuly.
Dr White, who lives in Guild-

ford, is a Chartered Engineer and

businessman who established

Norman White Associates in

1972 to specialise in the develop-

mentanddirection of technology

based enterprises. Since then

NWA has been involved in the

creation of 15 companies. Dr

White was a senior executive and

director of companies in the

Royal Dutch/Shell Group, lat-
terly as chief executive, new

enterprises division.

Dr White holds various public

and professional appointments —

national and international — con-

cerned with technology, energy

and education. He has been a

Governorof the Royal Grammar
School, Guildford, and Reigate

Grammar School since 1976.

He joined The Institute of

Energyin 1961.

Freedom of the

City for
energy manager

ANN CONEY,the Chairman of

the National Energy Efficiency

Association (NEEA), an organi-

sation closely associated with

TheInstitute of Energy, has been

awarded the Freedom of the City

ofLondon for her contribution to

energyconservation.
Ann, who is the energy

management officer with the

London Borough of Bromley,

was nominated for the award by

colleagues from the London

Boroughs Energy Group. Her

nomination was inspired by her

contributions to local bodies and

national institutions promoting

energy management.
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Coal Use in the

Clean Environment

by James S Harrison, Director, Coal Research Establishment, British Coal

Based on the 17th Idris Jones Memorial Lecture 1990*

*Organised by The Institute of Energy and sponsored by BCURA Lid

 

The use of energy in the world is

steadily increasing, with the greatest
rate of increase being in centrally

planned economies and less

developed countries. Reserves of
coal are widely distributed and are

several times those of oil and gas;

thus coal can contribute to energy
needs for many years to come. New

technology can much reduce the
environmental effects of coal use

such as smoke, dust, and acid gases,

and high efficiency techniques of

powergeneration can reducethe pro-

duction of carbon dioxide per unit of
electricity generated.

Damageto lakes andforests results

from combinations of the many
factors involved, some of which are

related to fossil fuels, others not.

Existing legislation to reduce acid
emissions may be only partially

effective if solutions to the other

problemsare not found. Thereis con-

cern aboutthe effect which the use of

coal may contribute to changes in

climate via the greenhouse effect.

Although these concerns maybe un-

substantiated, there is general agree-
ment that it would be prudent to

encourage those technologies which

have reduced carbon dioxide emis-

sions, and in particular to promote

energy conservation and efficiency

on a globalscale.
It is wise now to examinethetech-

nical and economic feasibility and

the environmental acceptability of

the collection of carbon dioxide,iis

enhanced uptakein the natural cycle
including deep oceans,the use which

might be made of the gas, and oil.
wells as permanentstores.

There is, in any case a need to
improve coal utilisation in less
developed countries. The better us:

of coal should be brought about b,

positive encouragementof efficie:

and clean processes, and byfacil

tating technology transfer from th:

developed countries. Negatiy
measuressuchas a carbon tax wou
be unenforceable on a world scai:

distort competition between fue!
and have little practical effect «

greenhouse warming.

 

PUBLIC AWARENESS about the
environmental consequences ofcoal
use is related to local, national, and
international effects. Some of these
factors such as acid rain, waste dis-
posal and land useare universal. Other
factors such as visual and noise
problems in mining, and possible
greenhouse warming are of more
concern at present in advanced
countries than in developing
countries.

Established technology is available to
prevent smoke emissions, and techniques

for waste disposal are well advanced.

Considerable efforts are being made to

understand the mechanismsby whichacid
rain affects trees: and lakes, and to

establish whether greenhouse warmingis

occurring.

World energy
Overall energy use in the OECD group of

countries, centrally planned economies (CPEs)

and less developed countries (LDCs) has

nearly doubled in the last 20 years and may

well double again in the next two decades. The

8

rate of increase is highest in the CPEs and

LDCsand by 2005 their combinedtotal use of

energy will much outstrip that in the OECD.
The use of coal in the OECD group

increased by overonebillion tonnes per annum

from 1967 to 1987 althoughits proportion of

total energy use fell from 37 per cent to 31 per
cent. Global reserves of coal are several times

more than thoseofoil and gas combined, with

large deposits in China, USA, USSR and

India. Developing countries needcoalto fulfil

their energy needs, for example, the whole

future development of China and India

depends onelectricity generated from coal.

In the OECD countries a much higher pro-

portion of coal is used for electric power

generation than elsewhere, and it is used at a

thermal efficiency of about 35 per cent com-
pared with levels nearer 25 per cent in less

advanced countries.
A large proportionofcoal burned outside the

OECDcountriesis for domestic andindustrial

use whichgivesrise to different environmental

problems. For example some 280 million

tonnes/year are used for domestic heating and

is burned very inefficiently, producing much

smokepollution.

In the UK, the development of smokeless

fuels, and appliances that enable bituminous

coal to be burnt smokelessly, has virtually
eliminated domestic smoke pollution.

 

Table 1: Environmental Concerns(Coal)
 

 

Countries
Production Developed Developi

Local Visual :
Noise 2
Land use -
Waste :

Coal use

Local Smoke oO
Residue i

National/ Acid rain *

International Greenhouse ~*

Key * Important

2 Medium importance

o Problem solved
 

A measure of the efficiency with wh
energy is used is given by the Gross Natio

Product per unit of energy. This difl
widely, from the most efficient groi

including Japan and West Germany,with|

UK and USAin the middle and the CPE’sa

developing world the mostinefficientusers

In some respects low efficiency aggraval

environmental problems. The need to impr

efficiency and to reduce environment

problemsare closely connected.

British Coal have developed technologi
which have made a major contribution |
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Fig 1: Limestone-gypsum flue gas desulphurisation process.

ducing air pollution and cleaning up our
cities and towns. These technologies could

help centrally planned and developing

countries. The smokeless fuels for openfires,
which were developed by British Coal with the

support of Dr Idris Jones and were introduced
in the UK in the 1960’s as a contribution to
-an air, are of interest overseas.

Another approach was to develop domestic

boilers that will burn bituminous coal smoke-
sly. These can be of two types, either a

cownflow design in which smoke is made to

pass through hotfirebed and refractory, or an
iderfed stoker design in which coal is fed

rechanically to a small combustion zone.

nissions are reduced by some 90 percent.
he latter design is also suitable for the larger

vilers required by the commercial market

here systems for automatic coal feed, ash

moval, and controls can be incorporated.

For industrial applications, many designs of

vilers using fluidised bed, chain grate, and

her grate types have been established in the

arket by British Coal in collaboration with
manufacturers. These boilers can be equipped

with cyclones or filters to reduce dust
emissions to low levels. A recent example is the

Cochran Coalmaster 2001 chain grate boiler

which has a capacity of 0.1 to 1.2 MW,is fully
automatic and has a high combustion

efficiency,

Some concern has been expressed about the

nission of trace elements from coal com-

bustion. Levels of these substances in coal are
milar to those in garden soil, and emissions

from boiler plant fitted with moderngas clean-
ing equipmentis found to be one hundred to

one million times less than recommended

exposure limits.

Acid rain

The introduction to the EEC original draft
directive, COM(83)704, produced in 1983

cites explicity ‘“‘the damage causedto forests,
lakes, agricultural crops and monuments and

other buildings” and elsewhere, “in view of
the threat of the forest death phenomenon

observed aboveall in the Federal Republic of

Germany, the Stuttgart European Council

called for drastic measures as a matter of
priority in order to halt the damage in

question.”’ Five years later EEC limits were
agreed for large plant. This legislation was
based on the observation that a new form of
damage to forests had become apparent par-

October 1990

ticularly in Germany and Scandinavia and it

was assumedthat there was a simplerelation-

ship between tree damage andacid gas emis-

sions, principally oxides of sulphur and
nitrogen.
Sulphur occurs in coal either organically

bound in the coal molecule or in the form of

discrete minerals, mainly pyrite. In British

coals the occurrence of these two forms of

sulphur are roughly equal in quantity. The

removal of organic sulphur is expensive

because drastic and complete destruction ofthe

coal structure is necessary using hydrofluoric

acid, sodium hydroxide, or liquefaction tech-

niques. At presentit is uneconomic, but there

is a need to continue research on ways that may

reduce organic sulphur as the economics can

change. Microbiological methods are at

present slow and expensive. Physical methods

used for coal preparation remove some

inorganic sulphur. Costs andlossesrise as the

quantity is increased and the coal has to be

finely crushed to release the pyrite.
Emissions of sulphur dioxide (SO,) can be

Fig 2: Formation ofacid rain.

reducedby treating flue gases with absorbents

— usually limestone. Theflue gas desulphuri-

sation process (FGD) most widely used results

in the formation of gypsum. This techniqueis
primarily employed at power stations; other

processes, such as regenerative systems, can
produce sulphuror sulphuric acid but are more

expensive andless reliable. World capacity of

FGDplant is increasing and these processes

can offer an acceptable solution to SO, emis-

sions but with a penalty of 10 per cent to 15 per

centin thecost ofelectricity.

Other methods of reducing SO, emissions

particularly on smaller plant at lower cost

involve the direct injection of limestone. In

chain grate stoker boilers limestone can either

be added withcoal, or injected into cooler parts

of the furnace to give reductions of about 50

per cent at reasonable limestonerates.

In shallow fluidised beds some 60percent to

70 per centofsulphur can be capturedby lime-

stone, and in deep andcirculating beds higher

levels are practicable. Shallow fluidised beds
are widely used in industrial plant for process

 

The author
JamesS Harrison hasqualifications in
chemical technology (Loughborough

College) and in chemistry (London
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Society ofChemistry, for which he was

Chairmanof the Process Technology

Committee, and of The Institute of

Energy which he has served as
Memberof Council and Chairman of

Publications and Conferences Com-
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Fellow of the Institution of Chemical

Engineers.
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mittee of the European Coal Pro-
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and space heating and for drying. Deep bed

boilers are mostly used in large scale industry,

and circulating beds for power generation

applications up to about 150 MW

_

when

efficient removal of SO, is important.

Thetype oflimestone andthe fluidising con-

ditions affect removalefficiency. Limestone is

widely distributed in Britain and currently

over 100 million tonnes per annum are usedfor

roadmaking and construction uses.Ifall coal

fired power generation plant in the UK used

fluid bed combustion with sulphur capture,

eight million tonnes per annum would be

needed producing 20 million tonnes of ash.

This ash mixture has somesetting properties

andis easy to disposeof. It could substitute for

freshly mined limestonein someuses and there

might even be a reduction in net requirements.

Coal nitrogenis converted to free nitrogen or

to oxides of nitrogen (NOx) on combustion.

Thefree nitrogen reaction is favoured by low

combustion temperatures, excess carbon, and

low oxygen; the NOx formation reaction by

the opposite conditions. About 80 per cent of

NOx comes from nitrogen in coal and

typically about 15 percent ofthe coal nitrogen

becomes NOx.
Low NOx burners are designed to produce

the former conditions. The electricity

industry’s plans for burner replacement on

existing power stations will progressively

reduce emissions. For smaller plant using

fluidised bed combustion, staged combustion

can produce reductions but with some loss of

 

Table 2: World coal use Table 3: Major producers of hard coal
 

OECD CPEs LDCs World
% % % %

Power 73 27 46 46

Steel 16 22 14 19

Industry 10 36 33 26

Domestic 1 15 7 9
 

1:63" 0.44 3.2/7Total billion te
tonnes

efficiency. In pressurised fluidised bed com-

bustion (PFBC) staging can have greater

effects — reducing NOx by up to 75 percent.
Overall EEC target reductions are 58 per

cent SO, by the year 2000, and 30 per cent of

NOx by1998. Thecosts will be of the order of
£2,000 million per year by 2003 for SO, and a

once off cost of £1,000 million for NOx. This

will add some 20 percentto the costof elec-

tricity and much more to industry if

restrictions are applied to smaller plant.

In recent years experiments have been

carried out to establish whether the type of

acidic precipitation which is associated with

the oxides of nitrogen and sulphuris in fact the

main cause of plant damage. None of these

studies has succeeded in reproducing any of

the symptoms byartificial exposures to air

pollutants singly or in combination; other

factors must be involved.
Ozone which is formed by the reaction of

nitrogen oxides with hydrocarbons may be a
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Fig 3: Travelling grate stokerfired boiler.
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Million tonnes
China 885
USSR 610

USA 607
Poland 192
India 180
South Africa 173

Australia 134
United Kingdom 103
 

 

Table 4: UK limestone production
 

 

Major usage (Million tonnes)

Uncoated roadstone 34.2

Coated roadstone 11:4*

Construction use(iefill) Sti:7*
Concrete aggregate 11.9
Others 17.8

Total production 107.0
Potential limestone

requirement for Power
Generation 8.0
PFBCash produced 20.0

* could be partially substituted with PFBC ash
 

major contributorto the yellowingofleaves or

needles and to foliar nutrient deficiency.
Deposition of nitrogen oxides in excess of the
normal requirements of the ecosystem maybe
a primary cause in someareas.

Anothercause oftree damageis acidification

of the soil. This can result in mobilisation of
aluminium ions which may damagethe ‘ine
roots of a tree, and thereby reduceits water
uptake ability. Soil acidification can also cause
leaching out from the soil ofessential alka ine
nutrients such as calcium, magnesium «nd

potassium. Soil acidification is a natural
process which is accelerated by forestry

activities as well as by acidic precipita
Reducing the acidity ofrainfall will gene
help to slow the progressive acidificatio of

soil, but will not rectify the damage whi: is

currently apparent without other meas ‘res
such aslimingthesoil.!
Some years ago it was considered tha’ the

relationship between plantlife and acid ain
wasstraightforward. However, we now !

that this is not so, and that many factor: are
involved in the decline of forests and lak If
trees are otherwise healthy, acid rain wi!) 10t
normally harm them. Only if the trees are
understress from droughtor diseaseor the is
a shortage of trace elementswill acid rain .ve
any direct effect. Nevertheless legislatior
been widely introduced to reduce acid in,
even thoughthebenefits will be limited if c. res
are not foundfor the otherfactors.
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Greenhouse warming
The earth receives radiation from the 10,

whichis either absorbed at the earth’s sur 2c
or reflected back into space. Certain gase® in
the atmosphere, such as carbon dioxide nd

water vapour, absorb this reflected radiation

and blanket the earth which produces our
present climate. Without this blanketing,
mean surface temperatures would be some
30°C lowerthanatpresent. The globalclimate

5 oO
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related to the equilibria that exist amongst

ese gases in the atmosphere.

There is concern that the balance is being

stributed by a build up of greenhouse gases

uch as carbon dioxide, CFCs, nitrous oxide,

zone and methane from man’sactivities. The

effect, and lifetime in the atmosphereof these
gases differs, but on a global basis carbon
dioxide produces about half of the calculated
man-made greenhouseeffect.
Coal use produces 30 per cent of world

carbon dioxide emissions and thus corresponds

to about 15 per cent of the calculated man-
made greenhouse effect. The current concern
is that increasing concentrations of these
greenhouse gases maygiverise to global warm-
ing and changesin the earth’s climate.
Global mean surface temperatures may have

increased by about 0.5°C over the last 100
years although some doubts have been
expressed about the past temperature record
(because of the location of measurement

stations and the monitoring techniques
employed).
Even the best mathematical models of

climate currently available have large uncer-
tainties associated with them. As they become
more refined the predictions of the models
become less dramatic. For example, tem-

peraturerises of2°C instead ofthe earlier 5°C

October 1990

 
Water samplingat an acid lake carried out during a studyof the factors effecting the water chemistry.

for a doubling of the concentration of carbon

dioxide in the atmosphere,and sealevelrises of

33 cm instead oftheearlier five metres!

The potential greenhouse effect is never-

theless an international issue of major

importance and the world’s nationswill have to

respond appropriately. In order that they can

do this we must find the answers to another

series of questions.

1 Can weuse the past warmingas a guide to

the future?
2 Whyare the model predictions so uncertain

and how can they be improved?

3 What measures should we take now while

we are waiting for the science to become

better established?

Thefirst point worthy of note is that there is
scientific consensus that the past temperature

record does not provethe greenhouseeffect. As

the UK Department of Environmentsaid in

their evidence to a public inquiry,‘‘the natural

variability in the (observed temperature)

record meansthat,statistically, the observed

rise cannot be identified with any certainty as
the greenhouseeffect.”’ A plot of recorded

temperatures against those predicted from the

build up ofgreenhousegases in the atmosphere
shows a numberof discrepancies:

 

es

 

Photograph courtesy of CEGB

@ it is clear that most of the 0.5°C rise

occurred between 1880 and 1930, although

only about one third of the increase in

greenhouse gas concentrationsis associated

with this period;
@ from about 1940 to 1970, while greenhouse

gases continued to build up in the atmos-

phere, observed temperatures dropped

substantially.

Some scientists have suggested that solar

variations may go some wayto explaining the

past temperature record. A graph from the

Marshall Institute? compares plots of average

sunspot members(whichareclosely related to

solar activity) and the temperature record over

the period 1880 to the present day. The
evidence points to changesin the sun’s bright-

ness as one contribution to global warming

since 1880.
On a longer time-scale scientists have been

able to provide evidence for correlations

between past temperature trends and solar

activity. TheLittle Ice Age ofthe 17th century
occurred at a time of low solar activity. This
shows that several factors can influence the

temperatureof our planet. There is an urgent

needto identify those of greatest importance.

Predictions of the scale of the greenhouse

effect are, in any case, very uncertain. Three
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main areas where improvements must be made

are:

@ resolving the role of clouds in the

greenhouseissue;
@ obtaininga better understanding ofhow the

oceans interact with the atmosphere and

take up heat;

@ increasing the quality of regional forecasts

of greenhousetrends.

Even though there are major uncertainties

surrounding the greenhouseeffect, the issue is

of such importance that prudent remedial

strategies should be developed and applied

while the scientific issues are resolved. These

measures should be those which carry with

them other benefits and which avoid major

economic penalties. It is imperative that they

are applied on a globalbasis and are backed by

international agreements; and they must

embrace the developing world.
With this is mind it is important that the

following strategies are implemented:

@ energy efficiency both in powergeneration
and in end use;
energy conservation;

phasing out of CFCs;
carbon dioxide removal andstorage;

halting deforestation and promoting the

sustainable use of biomass fuel supplies in

the developing world.

The major elements ofthis strategy as they

apply to the use of coal must be to emphasise

those techniques and practices which reduce

emissions of greenhousegases, to promote and

develop processes of higherefficiency in con-
version and use, and to evaluate means of

capturing and storing carbon dioxide.

The first category of objectives is chiefly
concerned with the encouragement of tech-

niques which already exist, but which would
have beneficial effects on emissions if their
application were more widespread. For

example, some colliery methane is presently
collected and burned to generate heat. The

 

GREENHOUSE GASES OTHERTHANoe

 

   GAS 6%DEFORESTATION 13%
ETC.

COAL15% OIL16%
(UKCoal 0-5%)    

Fig 5: Man-madecausesof the greenhouse
effect.
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carbon dioxide produced has a smaller green-
house effect than the original methane.It is

therefore good practice from a greenhouse

point of view to collect methane and burnit;

makinguse of the heat generated will save fuel

and carbon dioxide elsewhere. There is also

scope for improvingthe efficiency with which
coal is used, especially on the domestic and

industrial scale — and even more importantly

in the developing world. The more widespread

use of up-to-date equipment would have many

benefits in addition to the reduction of green-

house gases, and we should be seeking meansto

encourageit.
We should also be encouraging the use of

combined heat and power systems, which

could have major benefits from a greenhouse

Incoming
solar radiation

 Fig 6: The greenhouse effect.

1940

Source: George C Marshall

point of view. For example, combini

separate heating system with an efficien

90 per cent with a power generation sj

of 39 per cent efficiency would result i

overall efficiency of 77 per cent and c:

dioxide savings of about 22 per cent.

In the power generation applicationsin

country and in other industrialised cou:

we should be applying moreefficient mea

converting primary energy into elect

Combinedcycles of gas and coal are ava

now and could improve conversionefficic

by some 10 per cent compared with pulv:

fuel systems. In developing countries

present day conventional systems would

considerable advantages.

For the immediate future we shouSou

Radiated
out tospace

  Energy World

Sapp



 
IDRIS JONES MEMORIAL LECTURE

promoting and developing technologies with

bigger savings in efficiency, and hence with
reduced emissions. In steelmaking, for

example, the direct use ofcoal injected into the
cuyeres of a blast furnace might save some 10

per cent of overall carbon dioxide emissions,

which is an additional advantage ofthis tech-
nique to those of reduced coke requirements
and smootherblast furnace operation.

In furtherance of the improvementofelec-

ricity generation, British Coal have been
sromoting and supporting the developmentof

, coal-based combinedcycle plant based on the

ise of pressurised fluidised bed combustion

PFBC).
This technology has been developed at the

‘oal Research Establishment (CRE) andat the
;0 MW combustion test rig at Grimethorpe.
ligh combustionefficiencies over 99 per cent
ave been demonstrated on this plant, and

ood sulphur capture achieved at moderate

mestone addition rates. Nitrogen oxidelevels
rere low, and could be reducedstill further by
aging the combustion air. Thereliability of
»mponents, and commercial service life were

emonstrated. The first commercial plants

sing the technique are being built in the US

id Europe and will be commissioned in 1990.

While the PFBC combined cycle has a sub-

antial generating efficiency advantage over

ynventional pulverised fuel plant with flue

as desulphurisations, further improvements

e limited by the temperature at which the

ymbustion bed, and hence the turbine can

perate. This in turn limits the cycle
‘ficiency.

In a topping cycle, part of the coal is con-

erted to a hot gas which is burnt to provide

gh turbine inlet temperatures. Anycoal not

isified is burnt and the heat incorporated into

1e cycle. This provides:

» a 20 per cent reduction in electricity

generating costs compared with con-

ventional plant;

» a 20 per cent reduction in carbon dioxide

production per unit of power generated;

» low capital costs;

® low emissions of sulphur and nitrogen

oxides.

HOT COMPRESSED GAS
4

enetsOLRs

SIP.\014

 Fig 7: Typical combined cycle.
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Grimethorpe PFBCtestfacility.

For generating capacities of around 350

MWe, technical and economic evaluations

indicate that the topping cycle has substantial

economic advantages over conventional

stations and other competing technologies.

Pressurised fluid bed and circulating bed

variants of the topping cycle have been

evaluated and give similar results. The

development programme now under wayin

the UKincludesthe operation of a pressurised

combustor and gas turbine at Grimethorpe,

and a pressurised gasification rig at CRE.

Large scale demonstrations are planned at

Grimethorpe for the mid 1990's.

This type of technology can make a real

contributionto the global environment, has no

adverse effects, and hence merits development.

Government support for developing this

technology is much preferable to a carbon tax

which will be unenforceable over most of the

 
world,

impossible to quantifyin its effects.

inequitable between fuels and

CO, removal and storage
A numberof schemes have been considered

for the removal of carbon dioxide from com-

bustion gas andits storage in waysthat prevent
it reaching the atmosphere. Water, methyl

ethanolamine, lime, and caustic soda have been

suggested as agents for removing carbon

dioxide, and liquefaction of the gas is a
possibility particularly if an oxygen-carbon

dioxide combustion gas mixture is used.

Possible storage methods for carbon dioxide

include dissolution in deep oceans (which have

sufficient capacity), storage as liquid carbon

dioxide under deep oceansor in caverns,or as

- plant material, although in thelatter case areas

of land would be needed.
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British Coal are taking the lead in an inter-

national re-examination of all these pos-

sibilities. We wish to obtain further under-

standing of the natural carbon cycle, and to

explore the possibilities for enhancing the

natural uptake ofplant and animallife on land

andin the seas. Wewill assess the potential for

storing carbon dioxide in exhausted reservoirs

ofgas andoilas well as in the deepoceanitself.

Thefirst objectives will be to identify the

most promising solutions and then to

collaborate in an international demonstration

of carbon dioxide collection, transport and

storage. We need to establish the technical

feasibility and the economic costs involved in
such schemes and wehave to demonstrate that

they are acceptable environmentally.

Exchanging one environmental problem for

another would not be a sensible wayof solving
a carbon dioxide problem. This is a large

project involving many research institutions

and university departmentsin this country and
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Fig 10. Deep sea disposalof liquid CO,.

abroad. It must be undertaken now,so that if

and when remedial steps proveto be necessary,

the technology will be available, the costs

known, and the environmental consequencies

fully appreciated.

Conclusion

There are problems with achieving high

environmental standards in coal use, but there

are technical solutions to them. Energy

conservation is a very worthwhile goal with

many advantages and no potential regrets. It

would be very unwise for nations to rush into
spectacular major policy shifts like the intro-

duction ofcarbon taxes, or a massive expansion

of nuclear power, without fully understanding

the consequencesor the international nature of

the problem.

A far morerealistic solutionis to find means

of promoting new technology with higher

efficiency and lower emissions of all

eet 1191)ae)

pollutants, including sulphur and nitroge

oxides and carbon dioxide. We also need

evolve meansofintroducingthese technolo;

into Eastern Europe and the Third World. |

helping them to overcometheir environm:

and energy problems we shall be helpin

solve the world’s environmental problems

hence be helping ourselves. British Coa

taking the lead in bringing togetherthe ir

national community to evaluate

demonstrate the technical feasibility, «

and environmental acceptability of mea:

capturing and storing carbon dioxide.
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ELECTRICITY FROM GAS
an Institute of Energy conference — 31 October 1990

at The Royal Garden Hotel, London W8

Business opportunities abound for energy usersto profit from combined heat and power. The 1983 Energy Act

ensures that the electricity industry will co-operate with customers’ electricity generation schemes.

Privatisation of fuel supply industries has brought a competitive edgeto fuel pricing. The environmentalissue

is creating the condition for combined heat and powerto flourish.

The Electricity From Gas Conference is where decision makersin industry and commerce can hear and debate

the opportunities with key people from the energy industries. Case studies ranging from hotels to factories to

powerstationswill illustrate the real benefits and difficulties. An exhibition and evening reception will give

ample time for informed and informal discussion.

For further details please telephone Judith Higgins, Conference Manager on 071-580 0008.

—__

 

14 Energy W< 

)

 



 

FLOW CONTROL

Sizewell ‘B’: a review of
modulating control strategy
THE PRESSURISED Water Reactor
(PWR) nuclear power station under
construction at Sizewell is the first
such reactorofthis type to be built and
operated by Nuclear Electric plc.
Thebasic designis similar to the West-

inghouse/Bechtel Standardised Nuclear
Unit Power Plant System (SNUPPS)
although a numberof modifications have

been made in order to satisfy Nuclear
Electric’s requirements in terms of station

yperation, safety and availability. Not
least among such work has been the

development of the station control
systems. This paper summarisesthe basic
yperation of these control systems and
-xplains the procedures whichhaveled to
heir present form.

The mechanical arrangementof the Sizewell

B’ PWRis shown schematically in Figure 1

ogether with the major Station Automatic

control Systems (SACS). The PWRtakesits

1ame from the use of pressurised water as the
yrimary coolant to transfer the heat from the

eactor to the steam generators. The wateris

 

by Andrew Fohnson BSc CEng MIEE*

The following article examines the developmentof the modulating control

   

systems for the UK’s first Pressurised Water Reactor, currently under
construction at Sizewell in Suffolk. Although the design of Sizewell ‘B’ is
based upon the Westinghouse/Bechtel Standardised Nuclear Unit Power
Plant System (SNUPPS), manychanges have been madeto thebasic design to
satisfy UK licensing and operational requirements. Oneresult ofthis has been
that control strategies have needed modification or validation before they
‘could be applied with confidence to th

        

circulated around the reactor primarycircuit
by meansof primary pumps,beingheatedasit

passes through the reactor core and dis-

charging heat in the U-tube heat exchangers of

the steam generators. A single coolantcircuitis

shown in Figure 1 for simplicity, in reality

there are four suchcircuits although only oneis

attached to the pressuriser.

In the secondary coolantcircuit, steam from

the steam generators passes into a common
steam header and then on through the two

turbines to the condensers. Condensate is

pumped from the condensers into the
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e UK design ofPWR.

deaerators from where it is extracted by the

main feed-pumps and pumped back into the
steam generators.
A summary of technical data relating to

Sizewell is presented in Table 1.

Thebasic principles of the SACSare similar

to the equivalent systems of the SNUPPS

design and an overview of their operation
follows.

Basic control principles
The SACSare divided into two main groups

controlling the primary and secondary coolant

circuits. The primary circuit systems control

the pressuriser (water level and pressure) and

reactor whereas the secondary circuit systems

control the feed-water (steam generator level

and feed-pumpspeed) and steam (turbine load

and steam dump)systems.

The coolant inlet temperature to the reactor

is held nominally constant by the operation of

the Reactor Coolant Temperature Control

System (RCTCS) whereas, since the primary

coolant flow rate is constant, the outlet tem-

perature is allowed to rise as reactor power

increases. The inlet temperature and reactor

powerare controlled by regulation ofthe inser-

tion ofthe control rodsinto the reactor. This is

achieved via the control rod drive equipment

which causes the control rods to move in pre-

defined sequences in response to demands

from the RCTCS.
The maximum temperature reached by

water circulating in the primary circuit 1s

below that required for gross boiling to occurat

the normalprimarycircuit pressure. The pres-

sure is maintained via the pressuriser whichis

a sealed vessel connectedto the primarycircuit

but maintained at a higher temperature. The

temperature inside the pressuriseris sufficient

to sustain saturation conditions and,therefore,

the coexistence ofwater and steam. A property
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Fig 1: Schematic of the PWR primary andsecondarycoolantcircuits showing the main Station Automatic Control Systems (SACS).

of the saturated water/steam is that its tem-

perature and pressure are uniquely related —

reducing one reducesthe other andvice versa.

It is this property which forms the basis by

which the Pressuriser Pressure Control System

(PPCS) controls the primary circuit pressure.

Immersion heaters in the pressuriser (1800kW

capacity) are progressively energised when the

pressure is too low increasing the temperature

and henceraising the pressure. If the pressure

is too high thenrelatively cool water from the

reactor inlet is sprayed into the pressuriser

causing a reduction in temperature and hence a
reduction in pressure.

There is a continuous letdown flow of
coolant water out of the primary circuit, the

clean-up and volume control purposes, which

is normally balanced by the charging flow into

the primary circuit. By regulation of the

charging flow in response to deviations of the

pressuriser level from the desired level the

Pressuriser Level Control System (PLCS)is

able to maintain the pressuriser water level.

The desired level is not constant but is

increased as the water in the primary circuit

expands dueto rising average temperatures as

the reactor power increases. The pressuriser

andits control systemsare designed so that the
normal expansion of the water can be accom-

modated within the pressuriser without the

need to change the massofwater in the primary
circuit. Consequently, there is only minimal

change in the charging flow during normal

16

operation although the system hasthe capacity

to replace investory lost through minor leaks

should this be necessary.

The secondary circuit water in the steam

generators must be maintained at an appro-

priate level to avoid uncovering the heat

exchangers or passing water into the turbines

as a result of load changes. This is achieved by
the action of the Steam Generator Level
Control System (SGLCS) adjusting the feed-
water flow to the steam generators. Unlike the

primarycircuit flow the feed flow rate must be
increased as reactor power increases. Each

steam generator is equipped with three feed-

valves of varying capacity which are used at

different powerlevels, changeover between the

valves occurring automatically. This ensures

that suffciently sensitive flow control is

available at all feed flow rates. Although the
principal measurement used to regulate the

feed-valves is the steam generatorlevel, other

measurements are used to improve the per-
 

Table 1: Summary of Sizewell ‘B’ main
operating conditions — full power.
 

Reactor thermal output 3411 MW.
Primary circuit pressure 155 bar
Reactorinlet temperature 293°C
Reactor outlet temperature 325°C
Primarycircuit flow 19139 kg/s
Secondarycircuit flow 1911 kg/s
Steam pressure(full load) 69 bar
Turbine generator output 1258 MW
 

formance of the SGLCS under condition

rapid change such asload rejections. Ones\

measurement is the difference between

steam and feed-water massflows, whichis v

to regulate the valves in anticipation ofa |

error developing — since under equilib:

conditions the mass flow into and outof

steam generator will be the same.

The flow through the feed-vavles is d:

minednotonly by the openingofthevalve

also by the pressure difference acrosstheva

This parameter is maintained at an opt

value by the Feed-pump Speed ControlSys

(FSCS) which measures the steam heade:

feed the headerdifferential pressure and v:
the speed of the feed-pumps in respons
pressure changes.

The optimal pressure drop is the minin

required to give acceptable control and

minimising the pressure drop, wear on

valve is reduced as is the power consumptio

the electrically driven feed-pumps.
There are three feed-pumpsallocated to e.-h

of the turbines and normally two out of ‘1°
three will be operational with the third on au'o-

matic standby. All of the feed-pumpsrespond
in parallel to changes in differential pressu'e.

However a bias speed demand is applied
between operating groups so as to draw more

or less feed-water from one deaerator. The 5

demandis derived from the differencein level
of the two deaerators and is arranged to main-
tain the same waterlevel in each deaerator —
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even when the turbines are operating at
different loads.

Station electrical output is adjusted by the
operatorselecting a target load on the Turbine

Load Control System (TLCS). The TLCS

then regulates the opening of the turbine

governor valves so as to admit the amountof

steam required to achieve thedesiredelectrical

output. The change in primary coolant tem-
perature and electrical output following a
change in steam demand is sensed by the
RCTCS which makes the necessary adjust-

ments to the control rod positions so as to

control the reactor temperatures and match the

reactor power output with that of the turbines.
This principle of ‘reactor follows turbine’
control is the basis for all station load
manoeuvres.
In the event of 'a suddenload rejectionortrip

of the reactor and/or turbines, there is an

immediate need for an alternative path for the

steam generated by the steam generators. This

is provided by the Steam Pump System which -

opens dump valves connected directly to the

turbine condensers (or to atmosphere) and
thereby provides an alternative path for the

steam, bypassing the turbines. The bypass

path is maintained in operation until the

reactor power output has been reducedor has

decreased sufficiently to match the new
conditions. The Steam Dump System com-

prises two sub-systems: the Steam Dump

Interlock System (SDIS) which actively

inhibits dumping until required by plant

conditions and the Steam Dump Control

system (SDCS) which regulates the precise

umount of steam dumped. The two sub-
systems combined are able to accommodate a

oss ofall load externalto the station without a
rip of either the reactor or turbines. The

steam Dump System can also be used to
control the steam header pressure to a value

selected by the operating staff. This mode of
)peration is used to hold conditions stable

orior to turbine loading and during plant
ooldown.

Much of the philosophy of the control
described above is based on the experience

gained from operating PWRsandthe basic

SNUPPSdesign. Since the Sizewell design has
developed beyond the basic SNUPPSdesign

then it has been necessary to undertake a

programme of work to validate the control

schemes for Sizewell use and optimise or

extend their operation. This is now discussed.

Developmentandvalidation
Theprincipal objectives of the SACSare to

enable the plant to be operated in a safe and

efficient manner. In order to achieve these

objectives three main strategies have been

followed in the formulation of the control
principles; control system modelling, Proba-

balistic Safety Assessment (PSA) and ‘human
factors’ analysis.
As stated earlier, changes to the basic

SNUPPSdesign of PWR have been madeat
Sizewell and, consequently, it has not been

possible to simply replicate the control of an
existing power plant. SNUPPS control
systems were based on hard-wired analogue

technology whereas direct digital control

October 1990
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systems are to be employed at Sizewell. In

order to investigate the behaviour of the

control systems, a mathematical modelofthe

Sizewell plant was developed and validated

using data from an operational SNUPPS PWR

(Wolf Creek, USA). This established the
modelas a good representation ofthe Sizewell

plant which could therefore be used to develop

andtest various control strategies.

The use ofthe model has enabledtheeffects
of changes from the SNUPPSdesign to be
investigated and optimal solutions adopted.

For example, because Nuclear Electric has

adopted a twin turbine design at Sizewell
several modifications to the SNUPPSload
control and Steam Dump Systems have been

made andreassurance of the performance of
the plant, in both single and double turbine

modesofoperation, has been obtained by using
the plant model. The use ofthe model had also
allowed knownproblemsofPWRcontrolto be

owing the plantitemsregulated andinterface to

investigated and improved upon. Many

generatingutilities throughout the world have

reported difficulties in the control ofthe steam

generator water level, particularly at low

loads, due to difficulty in measuring feed and

steam flows andthe large fluctuations in water

level experienced. The problems have been

addressed by other utilities in various ways —

typically by the use of additional instru-
mentation for the measurementor estimation

of flow, steam generator level or both. The

modelling work revealed which of the

additional instruments was likely to be most

beneficial at Sizewell ‘B’ and how best to
,employ their measurements.

The second strategy employed has been PSA

to determine the maximum permissible

frequencyoffaults within the SACS. This was
done by considering the effects of the
individual SACS control loops failing in a
variety of ways. For each modeoffailure the
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effect on the rest ofthe plant was considered as

werethe actions taken by othersafety systems

to mitigate the effects of the SACS fault and
return the plantto a stable condition. By com-
bining the failure frequency of the safety
systems in mitigating the fault with the target
frequencyforseriousfaults, a targetreliability
for each SACSloopin each modeoffailure has

been determined. The figures differ for each

control loop and also differ for different types
offailure ofeach loop but generally indicate a

needfor highreliability. The identification of
the stringent reliability requirements of the
SACS has been central to the design oftheir

implementation.
The above analysis assumes only one of the

control loops failing in a particular way with

the others continuing to perform pormally.
Therefore, in addition to assessing the target
reliability ofeach control loop the PSA hasalso
investigated the potential effects of several
controlloopsfailing at the same time. The out-
come of this has been that the two SACS
groups (primary and secondary) described

earlier have been further divided into four
control sub-groups for which specific steps are

required so as to minimise the effects and
occurrence of multiple control loop failurc.

The four sub-groupsso identified are:

(a) Reactor Coolant Temperature Control,
(b) Pressuriser Control(level and pressure),
(c) Feed Control (Steam Generator Level

and Feed-pump Speed),
(d) Steam Control (Turbine Load and

Steam Dump).

The third form of analysis applied to the

developmentofthe SACShasbeen theanalysis
of the operator workload when undertaking

specific tasks. This has identified several areas

of high activity for which the extension of
existing automatic controlfacilities would be
advantageous. One example of this is in

relation to the cooldown and depressurisation
ofthe plant. The SNUPPSdesign ofthe SACS
required manualoperation of the plant during

these activities but, as a result of benefits

revealed by task analysis, facilities have been
provided on the pressuriser, feed and steam
control systems to permit coordinated auto-
matic operation during cooldown and depres-
surisation, and so reduce operator burden.

Having thus described how the SACSdesign
has been enhanced beyond the principles of
SNUPPSthe next section will describe the
realisation ofthe complete scheme and how the
principles determined above have been
addressed.

Control implementation
In considering the implementation of the

SACS a number of shortcomings ofearlier,
conventional control schemes wereidentified.
The adoption of the SNUPPScivil design
imposed space constraints such that a con-
ventional hard-wired scheme which incor-
porated the necessary level of redundancy for
each control system could not be accom-
modated. Experience of large centralised
control and data processing systems on other
projects has revealed problems dueto lack of
expansion capability anddifficulties caused by

18

having to delay commissioning until the

system was substantially complete. Also,
conventional schemesusing individual circuits
for controls and panel mounted devices

required large numbers of small signal cables

to be installed, with the attendant space and
site workload implications.
The solution has been to integrate most of

closed and open loop controls and displays
together with the station data processing

system into a distributed system — the Data
Processing and Control System (DPCS). The
only part of the SACS which has not been
integrated into the DPCSis the TLCS. This
has been implemented in microprocessor based

governor systems which are supplied with the

turbines. One governor system is associated
with each of the two turbines.
The DPCSis made up of a numberoflocal

area networks known as Data Network
Branches (DNBs) which distribute the data
capture processing and display between many
microprocessors and provide multiplexed data
transmission between them. This approach
facilitates off-site assembly and significantly
reduces site cabling requirements. An example
ofthe use ofa typical DNB for a SACScontrol
ivop is showing in Figure 2.
The DNButilises dual redundant hardware

with integral self-checking and diagnostic

routines at all levels of processing and data
transfer upto the final output of a demand to
the plant actuator. By virtue of the frequent
comparisons and voting of the data in both
halves of the redundant structure,most hard-

warefaults will be quickly diagnosed and their
effects mitigated. The use of redundancy,
digital data transmission anderror detection,

diagnosis and correction techniques signifi-
cantly improves the fault tolerance and
reliability of the DPCS compared with con-
ventional hard-wired schemes. This in turn
reduces the potential for SACS faults and for
misleading information being presented to the

operator. Also the DPCS self-test fault

diagnosis and reporting techniques greatly
simplify maintenance thereby enabling a high

level of availability to be achieved.
Measurements of plant conditions used by

the SACSare obtained either directly from
plant measurements or via the Primary

v_
Protection System (PPS), see Table 2. The
PPS is a microprocessor based protection
system the main function ofwhichis to initiate
a reactortrip should anyofthe principal plant
operating parameters moveoutside the normal
operating envelope. Many of the parameters
monitored by the PPS are used by the SACS
and high speed fibre optic data links have been

provided to transmit this data to the DPCS.
The use of this form of data link ensures
electrical isolation between the twosystems,
furthermorethe data links are undirectionalso

that no data can be passed from the DPCSto

the PPS. Consequently, complete indepen-

dence ofthe PPS and SACSis maintained such
that the PPS can mitigate SACSfaults which

may occur at frequencies up to those dictated
by the PSA. Thepossibility that the common
sensors used by the PPS and the SACScould
fail and affect both control and protection
simultaneously has been considered.Forsingle
sensorfailure, other lines of protection remain

available, whereas multiple sensor or PPS

failure is addressed by the provision ofa

diverse protection system which hasits own
separate dedicated sensors.

Anycontrol system can only be as good as the
data it receives in the form of plant measure-

ments and for this reason each parameterused

by SACS(either from plant or the PPS)for
control is measured by several different
sensors. The PPSconsists of four independent
channels and so four measurements of each
parameter are obtained; other inputs (not
obtained via the PPS)are three-way redunda:
Each redundant measurement enters the
DPCSvia a separate current loopordata |
interface and a signal validation algorithn
applied for each parameter which:

(a) checks that each input valueis wit

the expected range,
(b) checks that all of the input values

consistent and,
(c) forms an average value from ¢

measurements for control use.

If the checks at (a) or (b) result in a ‘t
measurement being detected thenit is ai
matically discarded and control will conti
with the remaining ‘good’ measurements
the event of insufficient ‘good’ measureme«
 

Table 2: Summary of the allocation of analogue measurements from plant and the PP
each of the SACSand of devices regulated.
 

Control System Inputs from Inputs from Regulate
PPS Plant Devices

Reactor Coolant Temperature 24 8 53 controlr
System (RCTCS) (via CRDE)

Pressuriser Level Control 24 4 1 valve
System (PLCS) 1 valve

Pressuriser Pressure Control 42 4 2 valves
Contol System (PPCS) 5 heaters

Steam Generator Level Control 72 12 12 valves
System (SGLCS)

Feed-pump Speed Control System 4 15 6 pumps
(FSCS)

Steam Dump Control System 20 23 28 valves
(SDCS)

Steam DumpInterlock System 0 6 16 valves
(SDIS)

Steam DumpControl System 0 14 20 valves
(TLCS)
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Fig 3: Allocation of the SACS to data network branches showingthe plantitems regulated andinterface to the primary protection system.

yeing available then the SACSreverts to
nanual control. It should be noted that many
f the SACS control loops (eg, Steam
Senerator Level) are not easy to control
nanually and so prolonged operation with one
»r morecontrol loops in manualislikely to lead
© a reactor trip with the associated loss of
lectrical output. Thus the use of redundant
nput measurements, which makes such an

-ventuality unlikely, not only improves the
eliability of the control system but also
improves the availability of the powerstation
generated output.

The description above explains how the
features ofthe DPCShavebeenused to achieve
the individualloopreliability targets required
by the PSA. Defence against the failure of
multiple control loopsis gained by distributing
the four control sub-groups amongstdifferent
DNBswhichare physically separated and have
independent power supplies. Thus hazards
such as fire, which have the potential to
simultaneously affect more than one DNB and
hence cause multiple control system failure
have their effect limited by the physical
barriers. Figure 3 shows how the SACS have
‘been allocated to different DNBsandidentifies
which of the DNBsare physically separated.
The complexity of the SACS control

algorithms and the use ofthree- or four-way
redundant measurements imposesa significant
processing burden on the DNBs performing
SACSfunctions. A comparisonof therelative
processing requirements for each ofthe SACS
systems is shown in Figure 4 and from this it
can be seen that the requirements for the
secondary circuit loops are considerably
greater than those for the primary circuit.
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There are two reasonsforthis; firstly, as can be

seen in Table 2, the numberofinput measure-

ments and actuated devices for the secondary
circuit systems is greater than for the primary
circuit; secondly the speed of response of the
Steam Dump System in dealing with load
rejections requires higher speed processing by
the DPCSthan anyof the other systems. Con-
sequently, although the PSA only required the

SACSto be segregated four ways it was found

necessary to subdivide the Feed Control and
Steam Control sub-groups so as to achieve a
more even loading across the DPCS.
The major control loops at Sizewell ‘B’ have

beenbriefly described as have someofthe main
changes from the SNUPPSdesign which have

required additional design effort from the
PWRconstruction project. The benefits ofthe
application ofoff-line analysis to the design of
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Fig 4: Comparison of the processing
requirements for each of the SACS

implemented in the data processing and

control system.

the control schemeshas been discussed as have
the reasons which havelead to the formulation

of the design of the control hardware about to
be installed atsite.

A number of enhancements to the basic

SNUPPSphilosophy of control have been
developed for this application such as the use
of redundant plant measurements and auto-

matic signal validation algorithms in order to
maximisecontrol system availability. Much of

the complexity of the design has only become
possible with the advent of modern digital
control systems and distributed processing.
The benefits of this approach will be revealed
overthelifetime of Sizewell ‘B’.
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Improved flow measurement|

for the power industry
POWERplants, whetherfossil fuel or

nuclear, need to produce power using

the most economical methods without

exceeding governmentalrestrictions.

Flow measurementprovides:
@ operational information, such as fuel

and air flowrates for burner control;

@ operational control, so the operator
can tell how close the plant is to 100

per cent power; and
@ performanceevaluation, for efficiency

studies, heat balance, and so on.
Annubarflow sensors have been widely used

throughout power plants measuringair, fuel

gas, steam flow, cooling water, feedwater, and

condensate. Flo-Tap models can be installed

and removed without system shutdown. This

means valuable production timeis notlost.

Recent technology has increased the
Annubar’s applicability in the critical areas of

main steam line measurement(high pressure

steam from the boiler directly to the turbine)

and emissions monitoring. Annubar’s in-

creased applicability, coupled with the fact
that its design results in lowerinstallation and

operating costs, puts the Annubar on the

leading edge of flow measurement technology

for the power industry.

How Annubar works

The Annubaris a differential pressure (DP)

primary flow sensor designed so that a single

probe spanstheinternal diameter of the pipe

without restricting the flow. The Annubar

produces a DP signal proportional to the

square of the flow rate, in accordance with
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Fig 1: How Annubarworks.

20

Compiled by Gay Parr*

 

Annubarflow sensors have been applied in powerplants since the mid 1960’s.

Thefollowing article looks at the latest design evolution, which allows them to
perform in the mostdifficult environments, such as the main steam line (from
boiler to turbine) and stack emissions monitoring. Installed cost and

operating cost savings in these applications can be as critical as their
performance.

 

Bernoullis theorem. This signal has two com-

ponents: the high pressure (P;;) and the low

pressure (P,): Py—P,=DP.
The high pressure is produced by impact of

the velocity profile on the sensor. Thevelocity

profile results in a corresponding impact pres-

sureprofile. Multiple sensing ports, located on

the front of the senor, sense the impact
pressure profile. Inside the high pressure

chamber, the average velocity pressure is

maintained by the proportionality of the

sensing port diameters to the chamber cross-

sectional area. The velocity profile continues

around the sensor and creates a low pressure

profile. The low pressure profile is sensed by

ports, located downstream and opposite the

high pressure ports. Working on the same

principle as the high pressure side, an average
low pressure is maintained in the low pressure

chamber.
Since larger pipes are most susceptible to

dynamic distortions of the velocity profiles
which can affect the stability and accuracy of
the flow device, the Annubaris engineered so

the numberofsensingportsis a functionofthe
pipe size. The additional sensing ports provide

astable DPsignal that is a better average ofthe

velocity profile.

Measurementaccuracy

The diamond shape of the Annubar estab-
lishes a fixed separation pointofthe fluid from
the sensor. Thiseliminates any shift in the low
pressure signal that would cause a correspond-
ing loss of accuracy in flow measurement.
Annubar’s flow coefficient remainsstable over
the long term andis unaffected by wear,dirt or
grease buildup.

The non-constricting design of Annubar’s

diamond shaped sensor produces the lowest
permanent pressure loss of all intrusive

primary flow sensors. This results in signifi-
cant powersavings. Orifice, venturi and flow
nozzle flow sensors generate DP signals by
constricting the flow stream and increasing the
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permanentpressureloss, therefore, increasing
energy costs.
1 Special Annubar designed for main

steam line measurement — Main steam

(high pressure steam from theboilerdirectly

the turbine) and hotreheatline measurement

critical in supplying power moreefficient

When cycling boilers to meet varying lo
requirements, flow measurementprior to

turbine gives operators better cont:

information and allows faster, more efficic

start up.
Flow measurementcanalso detect boiler

pumpinefficiencies by comparing fuel co
sumption with kilowatt hours produced. Wh

efficiency drops, an intermediate measureme

of steam can detect if the boiler or the turb
is causing the inefficiency. An Annut

located in the steam lines to the turbine «

provide this critical information to p!

operators.
The severe temperature and pressure

ditions characteristic of main or hot-rel

steam lines found in a fossil-fired plant h:
restricted theinstallation offlow measurem

equipmentin the past.

Fixed separation
point

Variable
separation point Fig 2: Fixed separation point increases

measurementaccuracy.
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Now, however, a new Annubar model — the

MSL(main steam line) — has been designed

that can withstand theerosive effects of high

steam flow rates at extreme conditions of

temperature and pressure such as 593°C
(1100°F) and 180 bars (2650 psig), as well as

corrosion from water treatment chemicals such
as hydrazine.

Case history — Commonwealth Edison in

Joliet, Illinois, USA, was installing a new

combustion control and data acquisition
system designed to provide centralised control
for the plant and control for both the boilers
ind the turbine.

The plant had been measuring flow rates by
aking the pressure drop across a 6.1m section
f pipe, and wanted to improve the accuracyof
s steam flow measurementonthehigh pres-
ure steam lines from each boiler to the
irbine.

A flow nozzle installation would require
cutting a section out of a pipe with a 75mm

(nick wall. Someofthe pipes run vertically for

more than 20m, making any work difficult.
(SL Annubars, constructed ofIncolloy 800H

ere selected for installation in a 325mm pipe-
ie with pressuresto 180 bars (2650 psig) and

a 650mm pipeline with pressuresto 48 bars

(00 psig). As a part of its maintenance pro-
e-amme, Commonwealth Edison has removed,

inspected, and reinstalled the Annubar sensors

vy hich were foundtobein excellent condition.
The MSL Annubar can be machined from
6SS, Monel, Alloy 20, Incoloy 800, and

incoloy 800H. Ports and passages are gun-

crilled in solid metal to avoid welds andjoinsin

| igh temperature areas. The MSL Annubar
! ow sensors are designed to span thefull pipe

ciameter up to 2 meters and are supported by
veldedfittings at both ends.

lustalled cost savings can besignificant —
Since installation involves only cutting ports
on both sides of the pipe and welding on

cessary fittings, installation and future
rctrofitting are cost-effective. NDE require-
ments for the line are usually greatly reduced,
overall installation time is reduced, and cranes
and other heavy lifting equipment are not
required. Minimal welding around each

mounting coupling is all that is required, in

contrast to multiple passes aroundthe circum-
ferance ofthe pipe.

2 Measuring exhaust emissions — The
current focus on clearair legislation has led to
new requirements for the measurement and
control of exhaust emissions. The measure-
ment of exhausttype gas flow presentsseveral
difficulties: high temperatures, suspended
solids (ash), high moisture content, and
corrosive gases. The DSF-46 Annubaris the
latest generation of averaging pitot tube tech-
nology which has been designed for flow
monitoring systems in stacks or ducts up to
10 meters.

Case history — Kansas City Power and Light
(Kansas, USA)is being required to measure
emissions on their 850MW plant in LaCygne,
Kansas.
The plant burns high sulphur and ash

contentcoal from a local source and has one of

October 1990  

MSL Annubar.

the largest wet scrubbers in the world.

Accurate flow measurementofthe emissionsis

critical. If the plant runsout of tolerance, the

company is subject to a high penalty. The

company needed to measure the duct flow

exhaust from the boiler. This measurementis

critical because Kansas City Power and Light

uses the flow rate readings of the exhaust in

combination with gas analysers to arrive at

emissionlevels. The flow rate mustbe accurate
to determine accurate emissionlevels.

Specified for the installation were: (four)
DFF-46 Annubars for a rectangular duct

3660mm Xx 3200mm with a maximum DP of

23mm of water; and (four) DSF-46 Annubars
for a4725mm roundduct with a maximum DP
of 45.2mm of water. An integral temperature
sensor inside the Annubareliminated the need
for a second duct entry per measurementpoint

and the associated thermowell and support

structure, reducing the total cost of the

installation.

The Annubarcan be designedtofit existing

flanged instrumentports in the exhaust stack,
or can include the appropriate mounting hard-
ware for new or retrofit installations. To
accommodate the severity of the corrosive

 
nature of the gas, the DSF-46 Annubar can be

manufactured out of 316SS, Kynar or
Hastelloy C.

3 Typical power plant applications for

flow measurement — Flow measurementis

important in a variety of power plant appli-
cations. The Annubar advantagescan also be

obtained in these less challenging appli-

cations.

Feedwater — Feedwater is measured on both

the suction side of the boiler feed pump and

after the discharge side in orderto distribute

flow for the boiler feed pump or heaters,

although sometimes it may be measuredat the

high pressure heaters or at the economiser
inlet.

Condensate — Condensate is measured for

flow recording, or condensate recirculation

control and for test purposes. It is generally

measured:

@ between the condensate pump and the

deaerator;

@ between the condensate pump and the

steam packing exhauster;
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Fig 3: Fossil fuel power cycle diagram (balanced draft coal/oil drum boiler).

@ between the condensateair ejector andseal

steam condenser;

@ after the low pressure heaters;

@ after the seal steam condenser.

Steam flow — Steam flow is measured to
check turbineefficiency, for main and reheat
steam lines, and for auxiliary steam supplies.

Coolingwater — Cooling water is measured
on cooling loops for equipment cooling, and
for cooling towerefficiencystudies. At Niagara
Mohawk Power Corporation in Oswego, New
York, USA, cooling water is drawn from Lake

Ontario into the plant for steam generation. A
flanged Model 86 Annubar was mountedin the

3350mm TD undergroundconcretelined pipe

to measure this cooling water. The flow
exceeded 1,551,850 LPM with a velocity
exceeding 3.3 meters per second. Including the

flanged extension, the Annubar had a total

unsupported length of 4172mm. The flow
rate, as measured by the Annubar, agrees

within 1.0 per cent of the flow rate as
determined by the pump performance curve.
The Potomac Electric Power Company

installed four Annubars at the Chalk Point
Generating Station in Aquasso, Maryland to
measure turbine cooling water flowing at

529,900 LPM through a pipe that is buried
4115mm underground.

Air measurement — Air measurementis

used for heating, ventilating and air condition-
ing throughoutthe plant, and in process areas
such as the mixingofair and fuelto the boiler.
A thermo-electric power plant in Vienna has

22

installed an Annubarin a 3600mm rectangular

duct to measure combustionair flow.

Emission and pollution control — Emis-
sion and pollution control can be monitored
when bringing a boiler on line. Without
precise measurement, the boiler would be
broughtup online with a surge ofpower which
would result in a surge of pollutants being
released into the atmosphere.

Other applications within the power
industry which benefit from flow measure-
ment are waste disposal, river water, service

The DSF-46 Stack Aunubar. 

water, fire protection, boiler control, coo!

tower, and load balancing.

4 Nuclear installations — For nu

power plant applications, the Annubar
been designed to handle the measuremen
steam flow, cooling water, boiler feedw

condensatereturn,air flow, and lubricant

Annubar flow sensors hold the NPT S:

(piping subassemblies) in accordance wit!

requirements of the American Societ:

Mechanical Engineers (ASME), Boiler
Pressure Vessel Code, Section III, Class

and 3.

Case histories — The Trillo Nuclear P:
Plant in Madrid, Spain, installed a M

Annubarweighing 188kg, designed to me:

seawater flow through a pipe that is 320
in diameter. The Annubar was inst
through a manhole cover and is mounted

concrete pipe with a steel core. A un
mounting was designed for this install
which involves a support on the inside o
opposite wall.
Arizona Public Service, USA,installed |

1525mm Annubarsat the Palo Verde Nu
Generating Station in a thin wall duc

measure exhaust air. Larger model 86’s

specified because of the stringent se!

qualification requirements.
Annubars have been installed at

Heysham II unit in Lancashire, and the \

Stamphasallowed Annubarsto be provide:
such critical jobs in the United States

America as TVA Watts Bar Nuclear Plant

Sequoyah Steam and Electrical Genera’
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Power Plant in Tennessee; Susquehanna
Steam Electric Station in Allentown, Penn-
sylvania; Catawba Nuclear Power Plant in
Newport, South Carolina and the WPPS Han-
form Unit near Richland, Washington.

Annubarbenefits

Installation without shutting down the

system — Flo-Tap Annubarscan beinstalled,

removed, and reinserted without system shut-

down. This is an advantage thateasesretrofit
of flow measurement.
A gear-driven mechanism cutsthe insertion

or retraction time to a minimum underflowing
conditions. The gear drive is a worm gear
design that can be powered by hand crank,
heavy duty electric drill, or available line
pressure.

Elbow mount installations — To obtain

published accuracy of + one per cent with an
Annubar or any other flow device, adequate
straight run of piping mustbe available for
installation. Where straight run is not avail-

able, the elbow-mounted Annubarcan provide
a + three per cent accuracy solution. This is

sarticularly useful in retrofit installations into
existing plants where flow measurement was
not initially planned.

Although a pipe elbow distorts fully

jeveloped flow, it acts as a flow conditioner
esulting in a predictable flow profile im-
mediately downstream ofthe discharge of the
elbow.

When an Annubaris installed, two pipe
liameters downstream ofthe centreline of the

Table 1: Application summary

 Maximum temperature Typical application
: : P

Material850°F (1010°C) Stack, exhaust, flue gases, & oxidising environments 330SS1500°F (816°C) General purpose high temp — non corrosive 316SS1250°F (677°C) Highvelocity & steam flows Incolloy 800 HT1200°F (649°C) Low pressure — hot air & gasses — low cost 316SS900°F (482°C) Steam with chlorides & contaminants Monel850°F (454°C) General purpose — high temperature 316L800°F (427°C) Corrosive applications Monel
Alloy 20
Hastelloy C
Inco600°F (316°C) Organic chemicals — corrosives tence
 

elbow will average the velocity profile and pro-
vide repeatable, predictable results.

Thekey to.accuracyis the prediction of the
dischargecoefficient, or K-valuein this elbow
position.

Conclusion

‘The Annubaris being usedin an ever widen-
ing spectrum ofpower applications because of
the benefits it can provide. With increasing
Powercosts, accurately measuring flow is not
enough. Flow measurement must be accurate,
butit should not substantially increase energy
costs. The diamond-shaped Annubar, offers
accurate flow measurement with low per-
manent pressure loss. The result, energy
savings resulting in cost savings. fal
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Fig 4: Typical high temperature flow
measurement.
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The differential pressure flow

 
measurementdevice that has a
reputation for accuracy,
simplicity and reliability.

available only from

KDG MOBREY  Application: gases,liquids and
steam.

@ Accuracy + 1% of rate
maintained over a flow
turndownof greater than
10 to 1.

@ The multiple tube sensor
provides dual averaging
chambers with a diamond
shaped cross-section and
bi-directional flow sensing.  @ Low permanentpressure loss
resulting in significant energy
savings.

 

KDG MOBREY LTD
Crompton Way, Crawley
West Sussex RH10 2YZ

Tel: (0293) 25151 Fax: (0293) 33095

-A subsidiary of Meggitt plc

@ No system shutdownfor
under pressureinstallations.

@ Sensors available for pipe
sizes from 18mm to 1800mm.    
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BOOK REVIEWS

A highly charged topic
‘Understanding Radioactive Waste’

by Raymond L Murray
Battelle Press, third edit, 1989

184 pp. $18.95 (H/B); $12.50 (P/B)

Plus $3.50 shipping and handling
Dr Murray, Professor Emeritus at North
Carolina State University, has published

widely on nuclear engineering topics. The

book underreview, the third edition, contains

many newfeatures.
Notable amongst these are topics covering

radon in buildings, new estimates for

America’s annual radiation exposure from all

sources, an enlarged perspective on environ-

mental issues and the accomplishment of the

spacecraft Voyager powered byradioisotopes.

The book explains in easily understood

termsthe basic science of nuclear energy,so it

is very much a bookfor the lay person.It is

however to be recommendedto students.

Dr Murray reveals the many techniques in

use to concentrate and immobilise radio-

activity. He discussesat some length the merits

of the various waste managementpolicies and

disposal ideas currently practised or under

development. Above all, the book emphasises

the need for reliable information, public

participation and leadership in such matters.

The author supplies a good deal ofnew data

in this third edition and covers the changing

political scene amid new technological

improvements. The importanceofthe effect of
these aspects for the future of nuclear poweris

examined.

The bookis thoroughly recommended. The
contents supply the knowledge needed to form

responsible opinions that assist in making

sensible and logical decisions in what is a

highly charged topic in many countries.

FJohn L Bindon

An excellent review

‘Combustion of Liquid Fuel Sprays’
by Alan Williams
Butterworths, 1990

289 pp. £35.00
The object of this book is to “‘outline the

fundamentals of the combustion of sprays in a
unified way’? at a level suitable to those
entering the subject and students. This it

achieves admirably, being easyto read, clearly
presented and aiming for breadth and sim-
plicity rather than depth.
The first chapter sets the scene with a brief

review of fuel science relevant to spray com-

bustion, in particular relating to sourcesofoil
and the fuel combustion properties. The next
two chapters are concerned with thescience of
sprays, discussing the basic mechanisms of
spray formation and measurementtechniques.

The book then moves on to consider the
combustionfirst of individual drops, and then
of sprays. Perhaps group combustion does not
receive the emphasis that it deserves in the
latter case. At least typical values of the group
combustion numberin sprays could have been
quoted to emphasise the extent to which the

24

sprays mustbe modelled as a group, and when
single drop combustion may be presumed.

Therefollow sections on the production and

control of pollutants and deposits from spray
combustion. Two-phase fuels are discussed in

a most interesting chapter devoted to this

relatively new field. Emphasis is given to the
economicsofthese fuels, whichinjects a useful

perspective.

Theoretical modelling is touched upon in a

rather short chapter. Given thatthis is a major

area ofactivity, the book could possibly be
criticised for not treating the subject in more

depth. However, the basic principles are

covered with the governing equations, and,

given the intended natureofthe book,the level

of coverage is about correct.

Finally, the practical uses of spray com-
bustion in furnaces and enginesare discussed.

Here the properties of atomisers and burners
are reviewed and their influence on furnace
aerodynamics and performance. Applications
to a number of industrial processes are

examinedbriefly, including boilers for steam
raising. The chapter on engines is short but

provides an interesting taste of the subject.

Thebook is producedby direct reproduction

of typescript. It is clear and well presented.
Unfortunately, the decision to group all the
figures at the end of each chapterresults in a
minorirritation, as the reader has continually
to go searching and thenreturn tothetext.

Inevitably in such a wide overview at the
level intended, someaspectsofthe subjectwill

not be covered in the depth that they may

warrant. Occasionally there is a tendency to
gloss over material where only a very short

addition would help. The example of group
combustion number was mentioned pre-

viously. In another case CARSis mentioned as
a means of temperature measurement. How-

ever, it would have been worth adding one

sentence to say how thisis actually achieved.

On the whole, however, the book is an

excellent short review and will well serve the

market for whichit is intended.

Dr A R fones

Evaluation techniques
‘Environmental Policy Benefits:
Monetary Valuation’

OECD,1988

83 pp. £11.50
Following an OECD Conference on Environ-
ment and Economics held in 1984, it was

decided to prepare a comprehensive survey of
studies onthe collection and analysis ofdata on
the economic evaluation of the benefits of
environmental measures. This report is the
result ofthat decision. Thefirst chapter begins
with a clear statement of its scope, being
concerned solely with monetary evaluation
techniques and the associated procedures
needed to engage in monetary evaluation. The
importance of environmentalpolicy is stressed
and a numberofbasic conceptsare introduced,

eg, benefit, willingness to pay, markets and

uncertainty. Thefinal section, on time anddis-

counting, will trap the unwary, as a $1 million
of cost in 50 years time ‘‘... at a 10 per cent

Vv
discountrate . . . is viewed as being worth now

... less than one cent”’! Let us hopethat our

decision-makers don’t get hold ofthis one!

The second chapter outlines the types of
framework used in decision-making, eg, Cost-

benefit Analysis, Cost-effective Analysis,

Multi-criteria Analysis, Decision Analysis and

Environment Impact Assessment. This js

followed in the third chapter by a brief

description of Total Economic Value. This

includes values that are placed on natural

environments and which are notassociated

with anyspecific use, eg, a fine landscapeview.

It also includes the existence of environmental
assets for future generations.

Direct valuation techniques are dealt with

under four headings in the fourth chapter:
Hedonic Property Prices (the value of a piece

of land is related to the stream ofbenefits to be

derived from that land); Wage Risk Studiesand
the Value of Life; Contingent Valuation

(asking how much people are preparedto pay
for a benefit, and/or what they are willing to
receive by way of compensation to tolerate a
cost); and Travel Cost Models. Indirect

valuation proceduresare discussed inthe next

chapter under the headings of pollution and

health, materials corrosion and vegetation

damage.

The sixth chapter looks in detail at a fey
examples ofbenefit estimation, including the

analysis of the Gordon River Dam project
Tasmania. The approachesoutlined in the text
are clearly summed up in the final chap

which includes a matrix of benefit technig
by environmental sector. Eight brief anne
illustrate some of the techniques and there

comprehensive bibliography.

This is a useful book for those who wish ‘0

examine the background literature and

. economic theories which have recently b

applied to environmental issues. The auth
have rewritten someofthe text in a simpli!
version in ‘Blueprint for a Green Econon
with a co-author, Edward B Barbier; thi

published by Earthscan Publications.

Dr Cleland McVeigh

Recently published
‘Solar Energy Conversion
A Photoelectrochemical Approach
by Yuri V Pleskov
Springer-Verlag, 1990, 163 pp. DM 178.0

‘Bretherick’s Handbook of Reacti\

Chemical Hazards’

by Leslie Bretherick
Butterworths, 1990, 2056 pp, £120.00.

‘Labour’s New Policies: Strategies
for Business’
Public Policy Unit, 1990, 100 pp, £65.00
(net).
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ENGINEERING COUNCIL

Schoolboy’s ‘Cookmate’ wins Young Engineer for Britian title
A 13-YEAR-OLD schoolboy has carried off
the title ofYoung Engineerfor Britain 1990.

Ben Scammell, of Trent College, Notting-
ham, won the coveted trophy and £1,250 for

his college — for the purchase ofequipmentfor
the encouragementofyoung engineers — with

his invention called ‘Cookmate’ — an elec-
tronic device that indicates when a barbecueis

at the correct temperature for cooking.

Ben’s invention — which gives audible

signals andactually speaks the warnings — has

great potential for a wide range ofapplications,

in industry and the home, to warn ofchangesin
heat, resistance and speed.
Ben, of Guilsborough, Northampton, was

one of42 nationalfinalists, aged 11 to 19, com-
peting in the competition organised by The
Engineering Council — theleading eventofits
ype in Europe — at the National Westminster
fall in the City of London. They had been
selected from 400 youngpeopleat 11 regional
inals staged throughoutthe country.
The winning projects also included: a fog

iensity monitor, a bicycle ride simulator, a

lampfor pulling a caravan on to the ball-hitch
fa car, a low-costdevice to hygienically clean
baby’s mouth and an applianceto help with
/hysiotherapy ofa patient’s arms.
Runners-upreceived prizes ofstudyvisits to
ompaniesin the United Kingdom andabroad,
ash prizes up to £600 for themselves and their
chools and the opportunity to discuss projects
nd career prospects with highly-qualified
eople in thefield of engineering.
The Engineering Council’s Women into

science and Engineering (WISE) award of
250 for the best project by a girl was won by
‘ictoria Barrett, aged 19, of Harrogate,
‘orkshire, with her invention ‘Silent drum kit’

yhich enablesthe musician to practise without

nvironment engineers
“HE 1990 Engineering Assembly was held in
uly at Surrey University.
The 114 nationally elected engineering dele-

‘ates drew uptheir plans for the protection of
he environment, calling for professional

‘ngineers and technicians to take action to

mprove the environment, and to help reduce

ollution andrisk to the public.
The Assembly also called on The

Enginnering Council to press the Government

‘or national policies on energy, transport and

vaste management. Speaking on the second

day of the Assembly, Mr David Heathcoat-
Amory MP,Parliamentary Under-Secretary of

State at the Department of the Environment
replied that new provisions would be intro-

duced in the EnvironmentalProtection Bill to
minimise waste production, but increasingly

the Governmentwas looking towards using the

market to provide the necessary environmental
signals.

Sara Parkin, the Green Party speaker, gave

her backing to The Engineering Council’s
programme of engineering solutions to
environmental problems.
“Environmentally sound designofall future

technology is the most important area. From
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pictured right, Victoria Barrett,
Award.

disturbing the neighbours. The device
provides a realistic drum feel and sound butis
only heard by the drummer.
A special £600 prize, awarded by the Depart-

ment of Education and Science for the school
entering the competition for thefirst time with
the most imaginative project, was won by
Bishop Bell ChurchofEngland School, Priory
Road, Eastbourne,for ‘Alter climb’ by Andrew
Phillips (13) and Stuart Wyllie (13). Their
invention was a climbing system that can be

can lead the way
now on, everything we do must be checked

againstonecriteria — is it biologically sustain-
able?”’ she said.

“The engineering heroes and heroinesofthe

next century will be those who have done most

to shift human progress along a development

path which minimises our use of energy and
raw materials in everything we do.”

Speakingon thefirst day of the proceedings,

HRH The Duke of Kent, President of The

Engineering Council, took a worldwide view,

broadening the discussion to include the third

world andtheeastern bloc.

“Less developed countries are often the ones

with the greatest pollution problems, because

they are using old fashioned, dirty and energy
inefficient methods,”’ he said.

“Ifwe are to transfer technology to countries
in eastern Europe and the third world, as we

must, thenit is absolutely incumbent upon us

to ensurethat it is the appropriate technology

from an environmental point of view. Trans-
ferring technology that is obsolete or

obsolescentwill only negate the actions we take
to reduce environmental damage. As
Chernobyl remindedus, weall share the same

atmosphere and breathe the sameair.”

  

Ben Scammell, 13, winner of The Young Engineers for Britain 1990 competition (left), and
19, winner of the WomenInto Science and Engineering

attached to brick walls.
The two principal sponsors of the com-

petition are Lloyd’s Register, one of the
world’s leading marine, offshore and industrial
technical inspection and advisory organi-
sations, and the National Westminster Bank.
Other major sponsors include: BP plc, GEC
plc, ICI ple and Shell (UK) Limited.

Prizes and other supportare also provided by
industrial companies, professional engineering
institutions and educationalbodies.

ACostE affiliation

THE ENGINEERING COUNCIL has

announced that the Association of Cost

Engineers (ACostE) has become one ofits

institution-affiliated bodies.

The Association of Cost Engineers was

formed in 1960 in Londonasthe British Group

of the American Association of Cost Engineers

(AACE). It promotes the technical study and

development of cost engineering with the

objectives of furthering the application of

scientific principles and techniques to the

problems of cost estimating, cost control,

profitability and investment appraisal.

This new status for the ACostE meansthat

those ifits members whoaresuitably qualified

can apply to become Chartered Engineers

(CEng). The arrangement will be operated

through an_ institution-affiliated agreement,

approved by The Engineering Council, with

the Institution of Chemical Engineers

(IChemE) with whom the ACostE has had

close links for many years.

The ACostE will now be a member of The

Engineering Council’s Executive Group Com-

mittee 4 and so promote evencloser links.
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EVENTS

October 1990

Electricity Privatisation

— Effect on User

Industries
National IEEIE lecture by Dr D

R Helm &IJ Blakey. 22 October,

London.
Details from IEEIE, Savoy Hill
House, Savoy Hill, London

WC2R OBS.Tel: 071-836 3357,
fax: 071-497 9006.

Electrical Aspects ofCHP
Colloquium, 26 October,

London.
Details from Christina Dagnall,

IEE Press Office. Tel: 071-240

1871 ext 272.

November 1990

Safe Road Transport in
the Petroleum Industry

— The Way Ahead
Conference, 6 November,

London.
Details from Miss Caroline

Little, Conference Officer, The

Institute of Petroleum, 61 New

Cavendish Street, London W1M

8AR. Tel: 071-636 1004, fax:

071-255 1472, tlx: 264380.

Futures and Forward

Markets — Swaps and

Options
Conference, 16 November,

London.

Details from Miss Caroline

Little, Conference Officer, The

Institute of Petroleum, 61 New

Cavendish Street, London W1M

8AR. Tel: 071-636 1004, fax:

071-255 1472, tlx: 264380.

The Human Factorin

Safety: Implications for
the Chemical, Process &

Offshore Oil & Gas

Industries

International conference, 20-21

November, Manchester.

Details from Katie Lye, IBC
Technical Services Ltd. Tel:

071-236 4080,fax: 071-489 0849,

tlx: 888870.

Offshore Safety — The
Way Ahead

Conference,

London.

Details from Caroline Little, The

Institute of Petroleum, 61 New

Cavendish Street, London W1M

8AR. Tel: 071-636 1004, tlx:

264380, fax: 071-255 1472.

22 November,

26

Petroleum Technology
Australia ’90
International oil & gas exhib-

ition, 22-24 November, Perth,

Western Australia.

Details from PTA 790, 103 Scar-

borough Beach Road, Mount

Hawthorn, Perth, Western Aus-

tralia. Tel: (09) 443 3400, fax:
(09) 242 1811, tlx: AA9531.

Installation &
Maintenanceof Security

Equipment
Symposium, 27 November,Soli-

hull, UK.
Details from The Conference

Office, IEEIE, Savoy Hill

House, Savoy Hill, London

WC2R OBS. Tel: 071-836 3357,

fax: 071-497 9006.

Oxygen Enrichmentin
Combustion Technology
Symposium, 28 November,

Leeds, UK.
Details from Mrs Dianne Taylor,
Department of Fuel & Energy,
University of Leeds, LS2 9JT.

Tel: 0532 332511/332508.

Man’sInfluence on the

Climate II
Conference, 28-29 November,

Neuss, FRG.

Details from VDI-Gesellschaft

Energietechnik, Postfach 11 39,

D-4000 Diisseldorf 1, FRG. Tel:

*211/6214-363.

Implications of the Piper

Alpha Disaster for the

Onshore and Non-Oil

Industries
Conference, 30 November, Edin-

burgh, UK.
Details from Dr John Christy
(Hon Sec), Dept of Chemical

Engineering, University ofEdin-

burgh, The King’s Buildings,

Mayfield Road, Edinburgh EH9

3JL. Tel: 031-667 1081 ext 3364/
3650.

December 1990

Gas Applicances and the
Consumer: WhatPrice

Quality & Safety?
Conference, 3 December,

London.
Details from ICM Marketing,

tel: 0483 37557.

Gastech 90
International conference & ex-

hibition, 4-7 December, Amster-

dam, The Netherlands.

Details from Gastech Ltd, 2

Station Road, Rickmansworth,

Herts WD3 1QP. Tel: 0923

776363, fax: 0923 777206, tlx:

924312.

 

Subsea 90

International conference, 11-12
December, London.

Details from Themedia Ltd, Sub-

sea 90, PO Box 2, Chipping
Norton, Oxon OX7 5QX.

Robotics in the Power
Generation Industry
Conference, 11-12 December,
London. ‘

Details from Katie Lye, IBC

Technical Services Ltd. Tel:

071-236 4080,fax: 071-489 0849.
tlx: 888870.

January 1991

Lighting Developments &
Appliances

Conference & exhibition, 16

January 1991, London.

Details from Miss Linda Jelly,

Conference Organiser, ERA

Technology Ltd, Cleeve Roa
Leatherhead, Surrey KT22 7SA

14th Energy-sources

Technology Conference &

Exhibition

20-24 January 1991, Texa
USA.

Details from Frank Demares

ASME, 1950 StemmonsFreews

#5037G, Dallas, Texas, US

75207. Tel: (214) 746 4901,fa

(214) 746 4902.

 

We're Ladbroke Racing the largest and most

 

ENERGY
&
SERVICES
MANAGER

Competitive salary

+ Car + benefits

 

Ladbrokes
BET IT'S MOREEXCITING

LZ A Ladbroke Group Company

successful retail/leisure organisation of its kind in
the world.

Wehave an extensive property portfolio of over
1,950 in the UK with continued expansion planned
in 1990. Weare nowlooking for a highly motivated,
self-starter with excellent organisational skills who
can manage an effective energy conservation
programmefor all our properties nationwide.

Specific areas of responsibility will include;

* Maintaining and developing energy monitoring and
targetting systems

* Ensuring the use of energyefficient
equipment

* Conducting regular reviewsofelectrical and
mechanical specifications.

* Managing aneffective air conditioning
maintenance programme

For this challenging and demanding role you will
need a good technical background in energy
conservation and a sound knowledge of HVAC.

You will be based at our Head Office in Rayners
Lane, Middlesex, but you will be travelling
throughout the UK.

We'll offer you a competitve salary, a company car
and an attractive range of benefits. Career
prospects in a company which hasa policy of
promoting from within are, of course, excellent.

Please sendot CV to Mairie Healy,
Personnel Officer, Ladbroke Racing Limited,
Imperial House, iat Drive, Rayners Lane,
Middlesex HA2 7JW.
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Make a note for your diary NOW

S™ NOVEMBER, 1990

The Dome,Doncaster
District Heating

EXHIBITION

AND SEMINAR
Keynote address by Malcolm Edwards c.B.E.

Commercial Director British Coal

 

   

 

   

Speakersinvited:

GEORGECHRISTIAN Doncaster Metropolitan
Borough Council 

MIKE SMITH

RUSS JAMES

GERRY ATKINS

DAVID HUTCHINSON London Research Centre

Chaired by: GORDON GALLIMORE
Leader of Doncaster Metropolitan Borough Council

Bank of America

ABB PowerLtd.

Mainmet

Full details to be sentlater. Please contact Geoff Place, British
Coal, Yorkshire & Humberside Sales, Fairburn House, 44
Park Lane, Allerton Bywater, Castleford, WF10 2AT:

Tel: 0977 551626 with reservations fortickets

 

  
  

 

COMBINED BQ
The eventis HPA HEAT AND COMMUNITIES
sponsored by:- POWER&

DONCASTE! ASSOCIATION
METROPOLITAN
BOROUGH COUNCIL   
 

 

BAYHAM LTD

OIL

&

WATER

&

HEAT

LIQUIDS &

METERS

SAVE ENERGY!
BAYHAM LTD, RUTHERFORD ROAD

DANESHILL, WEST INDUSTRIAL ESTATE
BASINGSTOKE, HANTS RG24 0PG

Tel: Basingstoke (0256) 464911
Fax: Basingstoke (0256) 464366

CONTROL AND

MEASUREMENT

OF

 
 

GENERATIONS
AHEAD IN ENERGY
MANAGEMENT

1926
Control Valves

for

Barking

 

  
  

1990
Control Valves

for

Sizewell ‘B’

 

    

   

More than 60

years experience

generating high  technologyproducts

including:

@ Control Valves

@ Actuators  @ Sootblowers

@ Desuperheaters  
COPES-VULCAN

Road Two,Industrial Estate,
Winsford, Cheshire CW7 3QL, England.

Tel: (0606) 552041
Telex: 668771 Telecopier: (0606) 558275  “sooe
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FBC TECHNOLOGY TO MEET THE ENVIRONMENTAL CHALLENGE

28

Autumn 1991

FIRST ANNOUNCEMENT& CALL FOR PAPERS

The Fifth International Fluidised Combustion

Conference, organisedbytheInstitute of Energy,

will provide a review offluidised bed combustion

developments worldwide. At the present time

there is much publicity on the potential impact of

fossil fuel combustion upon the environment.

The conference organiserswill, therefore,

particularly welcome papersthat describe

developments and demonstrations of systems

with a high environmental impact, for both

industrial and utility applications.

PAPERS

Papersare invited covering:

e Fundamentals — particularly mechanismsfor

formation and controlof pollutants.

e Emissions Performanceand Control

Developments — SO,, NO,,, particulates,

combustion modifications, additives, gas

clean-up equipment.

e Economics prospects for advanced cycles,

efficiency, capital/operating costs, systems

analysis.

e Advanced Combustion Programmes— PFBC,

CFBC, topping cycles, pyrolyser-combustor.

REPLY SLIP
(Please tick as appropriate)

|_| PAPERS
| wish to submit a paper and enclose an abstract of
500 words.

[| EXHIBITION
Please send mefurtherdetails on exhibition space
and rates (when available).

|_| pRoceEDINGS
Please send medetails on the conference

publication.

L_| CONFERENCE
Please send medetails on attending the conference.

 

e Experience — large plant performance, long-

term operating experience, component

reliability.

ABSTRACTS

Abstracts in English of 300 to 500 words should

give a clear understanding of the scopeof the

paper and be submitted by 31st January 1991, to:

Conference Department, The Institute of Energy,

18 Devonshire Street, London W1N 2AU. Tel: 071-

580 0008. Fax: 071-580 4420. Notification of

acceptance will be given at the end of February

1991. Final drafts must be received by April 1991.

THE CONFERENCEWILL INTEREST

The Conference is designed to promote the

exchangeoftechnical, scientific and economic

information on the various aspects of the

technology. It will be of interest not only to

researchers and engineersbut also

manufacturers and end-users.

EXHIBITION

An exhibition associated with the conferenceis

planned, providing exhibitors with an excellent

opportunity to address manufacturers and users.

Enquiries are invited from potential exhibitors.

Name LOS teetudesoe 

Position . 

Organisation 

Address ee 

Telephone Fax

Date wee
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MEMBERSHIP ENQUIRY The Institute
To: Membership Officer : of cEnergy

lam interested in applying for membership of TheInstitute of Energy. Please send
further details and an application form to the name and address below.

| fulfil one of the membershipcriteria indicated below (pleasetick):

O Chartered Engineeror equivalent. O Incorporated Engineeror equivalent.
O Degree in_ engineering/scientific OQ) Other professional qualification and

discipline. an active interest in energy.
O Academic qualification recognised C1 Engaged on a relevant course of

by The Engineering Council. study (Studentapplicant).

NANIee. ek...Poe.

ADDRESSOeA aeG eee es ae ee ee sce eeoeoes ese ees ana

SUBSCRIPTION APPLICATION ENERGY
| wish to subscribe for 10 issues of Energy World. WORLD
(The subscription yearis from January to Decemberinclusive)

O lenclose my remittance of £45.00
(Make cheques payable to TheInstitute of Energy)

O Please invoice me.

(1) Please charge my credit card No. re aa

O) Access O Visa (1 American Express C/card expiry date: ...........

NANciccs,Ca

COeeeevee

—_——— ee mmm meee meres semen meme es meee meee mcmemeeeeeel

READER ENQUIRY SERVICE* ENERGY
For further details of products and services advertised in this WORLD
issue please enter the appropriate Enquiry Card numbersin the OCTOBER 1990
boxes below. *Validity limited to six months from publication.
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AIR MAIL POSTAGE
PAR AVION STAMPS

REQUIRED    

MEMBERSHIP DEPARTMENT

THE INSTITUTE OF ENERGY

18 Devonshire Street

London W1N 2AU

England

 

AIR MAIL POSTAGE
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THE INSTITUTE OF ENERGY

18 Devonshire Street

London W1N 2AU

England

 
 

AIR MAIL POSTAGE
PAR AVION STAMPS

REQUIRED      

MARKETING DEPARTMENT

THE INSTITUTE OF ENERGY

18 Devonshire Street

London W1N 2AU

England

4 REQUIRED

SUBSCRIPTIONS DEPARTMENT

 



 

Flow measurement expertise: It’s why Daniel cansell youmeasurement, not just products    

  
Whenyou buy flow measure-
ment products from Daniel, you

get more than precision equipment. You
have access to the largest bank of flow
measurement expertise in the world

id Unlike mere fabricators and
equipmentvendors, Daniel's

measurement and control specialists work
with you from project inception through
completion to make sure your metering
system performs to yourspecifications.

Whether you wanta single
meter tube or a packaged meter

station with microprocessor-based flow
computers, Daniel can provide them plus
the knowledgeandserviceit takes to
give you the mostfor your money. That,
in the longrun,is the real difference
betweenselling measurement and only
selling products

oe For complete information about
all the expertise and products

Daniel has for you, contact the represen-
tative nearest you.

  ‘
a
e

Daniel Industries Limited
Library House, The Green
Datchet Slough Berkshire SL3 9AU

Fe England, telephone: 0753-48587
Fax: 0753. 582765

eZ —

 

INDUSTRIES LIMITED   
 

 

 

MOWLEM ENGINEERING
(Incorporating Zenith Engineering Consultants)

THE ONE STOP SHOPFOR:

Comeinep H EAT & Power
Industrial and Commercial above 1 MWe

Feasibility Studies and Consultancy through to Turnkey Contracts

Mowlem Engineering, the multi-disciplined engineering

contractor with in-house consultancy

Part of John Mowlem pic

 

 

Tel: (051)
334 - 4990

Tel: (051)
334 - 0207

   

 

  
PORT CAUSEWAY, BROMBOROUGH, WIRRAL, MERSEYSIDE L62 4TP

 
 



 

INSTITUTE OF ENERGY CONFERENCES
 

The following programmeis currently being organised by TheInstitute of Energy.

For further details please contact Judith Higgins orJill Leigh on 071-580 0008.

 

In 1990

31 October

In 1991

February

13 March

30 April-1 May

17-19 May

Autumn

Autumn/Winter

ELECTRICITY FROM GAS
Venue: The Royal Garden Hotel, London W8
Chairman: Mr J Masters (British Gas)

MANAGING LONG TERMRISKSIN THE ENERGY BUSINESS
Venue:to be confirmed
Chairman:Mr D M Willis (Institute of Energy)

WHERE ARE WE NOW ON NUCLEAR POWER?
Venue:to be confirmed
Chairman: Mr C E Pugh CBE(Institute of Energy)

FIRE & EXPLOSION HAZARDS: ENERGY UTILISATION
Venue:Fire Service College, Gloucestershire
Chairman:Mr P G Redpath(British Steel)

THE INSTITUTE OF ENERGY ANNUAL CONFERENCE
Venue: Bournemouth
Chairman:MrD M Willis (Institute of Energy)

ENERGY FROM WASTE(provisionaltitle)
Venue:to be confirmed
Chairman:Mr

B

Lees(Institute of Energy)

Sth International Fluidised Bed Combustion Conference:
FBC TECHNOLOGY TO MEET THE ENVIRONMENTAL CHALLENGE
Venue:to be confirmed
Chairman: Mr J S Harrison (British Coal)

  Conferences co-sponsoredby TheInstitute of Energy

In 1990

4-5 December

12 December

In 1991

Jan/Feb

20-25 March

National Energy ManagementExhibition & Conference NEMEX ’90
Contact: Energy Systems Trade Association on (0453) 873568

The Reactionsof Nitrogen in Coal Combustion
Contact:Institution of Chemical Engineers on (0788) 578214

Practical Solar Energy: New Opportunities in Europe
Contact: The Solar Energy Society on (071) 333 4314

2nd International Conference on Desulphurisation
Contact: Institution of Chemical Engineers on (0788) 578214

 


