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Summarx

Faced with a future of rising energy costs there is a need
for industry to manage enerqy more carefully in order to
meet its economic objectives. A problem besetting the
growth of energy conservation in the UK is that a large
proportion of energy consumption is used in a low intensive
manner in organisations where the would be responsibility
for energy efficiency is spread over a large number of
personnel who each see only small energy costs.

In relation to this problem in the non energy intensive
industrial sector, an application of an energy management
technique known as monitoring and targetting (M & T)

has been installed at the Whetstone site of the General
Electric Company Limited in an attempt to prove it as a
means for motivating line management and personnel to
save energy. The objective energy saving for which the

M & T was devised is very specific. DOuring early energy
conservation work at the site there had been a change
from continuous to intermittent heating but the maintenance
of the strategy was teceiving a poor level of commitment
from line management and performance was some 5% - 10%
less than expected,

The M & T is concerned therefore with heat for space
heating for which a heat metering system was required.
Metering of the site high pressure hot water system

posed technical difficulties and expenditure was also
limited. This led to an 'in-house' desiqn being installed
for a price less than the commercial equivalent,

The timespan of work to achieve an operational heat
metering system was 3 years which meant that energy
saving results from the scheme were not observed during
the study,

If successful the replication potential is the larger non
energy intensive sites from which some 30 PJ savings could
be expected in the UK,

Keywords: Industrial energy management; Monitoring and
Targetting; Heat metering.
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CHAPTER 1

INTRODUCTION
S e | Energz

Energy is an essential input to our modern industrial
economy, It is by the expenditure of the various enerqgy
resources that industrial systems are able to win all -
raw materials and turn them into products and services
for the benefit of society., For the best part of the
last 200 years energy has been in plentiful supply from
fossil sources at low and sometimes even decreasing costs
and has essentially fuelled increasing industrialisation,
raised standards of living and supported a growing

population,

Unfortunately, such have been the demands of economic
growth that fossil fuel reserves are becoming depleted.
There 1s a growing awareness based on numerous forecasts
of economic growth and estimates of world reserves that
energy consumption commensurate with the forecasts cannot
be sustained much héyand the end of the century. A
review of various official forecasts is used by the
Department of Energy in its Green Paper on Energy Policy
in 1878, ( 1 ). Table (1.1) extracted from this document
shows that with a 4% exponential growth rate ultimate

reserves of o0il are estimated to last for 37 years



(from 1975), gas for 51 years and coal between 71 and
110 years. A 4% exponential growth with eneréy demand
increasing at a roughly similar rate is by no means

unexpected because of third world development, ( 2 ) and

(3).

If therefore there is to be a growth in enerqgy demand it
must be met either by the discovery of new sources of
fossil fuel or by the development of nuclear power and
renéuable resources like solar, wind, wave, tidal and
geothermal power., The small likelihood of any of "
these programmes except nuclear power making a major
contribution to world energy supply before the year 2000

is acknowledged by most western consumer governments,

{ 1 )s

Historically, the growth in energy demand since the
Second World War has been met by increasing use of o0il
and natural gas as shown in Fig. (1.1). The economies
of many industrialised countries are now so heavily
dependent on these fuels that this dependency cannot

be changed quickly without severe social and economic
consequences, The o0il crisis of 1973 has demonstrated
that OPEC (Organisation of Petroleum Exporting Countries)
can exert massive economic and political powers over the
supply and pricing of o0il and their position as major
suppliers to the international market has, somehouw,

to be moderated, ( 1 ),



1.2 Eneraqy Conservation

Faced with these somewhat alarming prospects, a number of
altefnatiue energy stategies are being examined by most
industrialised countries. For the United Kingdom, the
Department of Energy, ( 1 ), proposes a strategy based

on the development of coal, nuclear power and energy
conservation in order to satisfy needs onwaras from the
mid-1880s when North Sea oil and gas production move

into decline.

Wherever it is possible for energy conservation to
substitute for another energy source there are a number
of advantages. The Advisory Council on Energy
Conservation appointed by the Government thraough the
Secretary of State for Energy believes in the importance

of the following factors, ( 4 ):

- cost-effective enerqgy saving measures will make
industry, and indeed the country, more efficient,
competitive and profitable, and better equipped

to win and hold markets, so helping the balance
of payments;

- by reducing pressures on energy supplies, particularly
oil dependency among OCED countries (Organisation
for Economic Co-operation and Development), more
efficient use of energy is likely to strengthen the
chance to contain energy prices world-wide. It will
also help economic growth, prolong UK energy self-

sufficiency, and decrease vulnerability to future
shortaqges;

- by contributing to the avoidance of future energy
shortages and the associated upward pressures on
prices, wise use of energy by the developed nations
will assist the developing nations, many of whom
are heavily dependent on energy imports (and



especially o0il); their economic qrowth is of
benefit not only to them, but to the developed
nations as well;

- in many cases energy efficiency measures can be
introduced without the environmental controversy
that often surrounds new supply projects. The
impact of energy supply activities can no longer
be considered small and the external costs of
supply are coming under ever-increasing scrutiny;

- in relative terms, for a given quantity of eneragy,
the costs of improving energy efficiency are often
less than the costs of supply; many energy
efficiency investments offer distinct benefits
in terms of their high returns, short lead times
and low technical and commercial risks;

- energy efficiency measures in the home can lead
to better comfort levels and hence increase
standards of livings;

- enerqgy efficiency measures in buildings, by reducing

the quantity of enerqy consumed, widen and sustain
the opportunities to consumers for fuel and
appliance choice:;

- energy efficiency measures sill provide spin-off

benefits on employment, not only through stimulating

the provision of energy saving equipment and

services, but also by increasing the competitiveness

of the nation.

Although now a part of long term strategy, energy
conservation is an activity which developed hurriedly
in response to the disruption of the world economy
following the o0il crisis in 1973: The economy had to
adjus£ to a step change to higher energy prices.
Inevitably the increased prices were passed onto the
consumer who became increasingly hard pressed to pay.
This resulted in a depressed world economy, ( 1 ).
Energy conservation on the other hand offered scope

for reducing the severity of price increases.

-4 -



In the ten years since the oil crisis many consumers

have sought to reduce costs through energy canservation.
Equally there are those who have not takeﬁ up opportunities
for enerqgy conservation and there are those who have met
with only limited success. The Advisory Council on

Enerqy Caonservation has identified a number of barriefs

to energy conservation, ( 4 ), and these are shoun in

Table (1.2).

2 [ Enerqy Nénagement

In view of the increasingly complex factors affecting
enerqy supply and the potential for energy conservation
there is the need to change consumer attitude from one
of simply buying whatever fuels are required to one

where energy management is practised.

From the consumer viewpoint, the objective of energy
management is to achieve a reduced 'total' cost for

energy relative to productivity based on a combination

of bought-in energy and investment in beneficial
conservation measures. Chapter 2 of this thesis contains
a state-of-the-art review of the development in techniques

and practise of energy management.

l.4 ﬁfoqress with the intraduction.of Energy Management

The Department of Energy has monitored progress with

the introduction of energy management, ( 4 ). They



report that progress is slow except in the energy

intensive industrial sector.

As shown in Table (1.3), the enerqy intensive industries
consumed only 18% of gross UK enerqgy consumption in 1883,
For these industries, the driving force to conserve has
been that energy input makes up a large part of the

manufacturing value added,

The other consumers, that is the energy non-intensive
industries, transport, domestic and commercial sectors
account for the remaining B84% of gross energy consumption
in the UK, as shown in Table (1.3). Clearly, the
possibilities of practising energy management in these
sectors needs to be studied. In contrast to the energy
intensive industries all these sectors use energy at
low intensity and are generally less well organised for
management of energy in that there are large numbers of
people responsible for energy use with each seeing an
energy cost which to himself is small or even
insignificant compared to other operating costs. It

is in these sectors where the barriers to energy
conservation put forward in Section 1.2 and Table (1.2)

prevail,

Use of energy in non-energy intensive sectors is
predominately in the space conditioning and services in

buildings. Some 40 - 50% of gross UK enerqgy supply is



destined for use in buildings, ( 4 ), accounting for 40% of
industrial sector consumption and virtually 100% of the
consumption in the dEmestic, public and commercial sectors,
Energy conservation measures for buildings are therefore

an interesting category because of the replication enerqy

saving potential throughout the whole of the building stock.

1.5 Project Framework

This brief introduction demonstrates firstly that there is
a need to conserve energy but secondly that 84% of gross
enerqgy consumption in the UK is amongst é large number of
users who are dispersed and have, as is shown in Table 1.2
little knowledge or incentive to conserve energy. If
there is to be a growth in energy conservation in the UK

then energy management must be developed for the non=enerqy

intensive sectors,

Developments in management technique, in whatever
department, must be proven against the real world in order
that they gain a proper standing and for this reason it is
best that developments in energy management are made with
reference to an actual situation rather than a hypothetical
one. The contribution of the work described in this thesis
is a development in energy management aimed at overcoming
some particular barriers to enerqgy conservation at one
typical non-energy intensive industrial site within the

GEC Group of Companies (General Electric Company Limited).



1.6 GEC Whetstone

l.6.1 The Site

GEC Whetstone is a 53 acre industrial estate near Leicester
which is operated by GEC to provide office and factory
accommodation for its subsidiary companies. During the
period 1979 to 1984 which covers the undertaking of the
work described in this thesis, six tenant subsidiaries
occupied the site and were involved in a variety of

activities as follows:

GEC Gas Turbines Limited (GTL)

Business: Supply of gas turbine drives for
electrical power generation and for

pumping duties on gas and oil pipelines.

Site actlvities: Office accommodoation for sales, design,
purchasing, personnel and accounts
functions. Factory accommodation for
machining of turbine blades and rotors,

assembly and testing,

GEC Energy Systems Limited (ESL)

Business: Supply of components for nuclear reactors
and for new energy technologies, for

example,. heat pumps.



Site activities: Office accommodation for sales, design,
purchasing, personnel and accounts

functions., Factory accommodation for

assembly,

Business: Applied research in support of GEC
business and consultancy to industry

and Government.

Site activities: Office accommodation, laboratories

and test rigs.

GEC Central Metallurgical Laboratory (CML)

Business: Monitoring of materials in service in
GEC products, particularly metal creep
in turbine blades.

Site activities: Office accommodation and laboratories.

GEC Midland Computer Services (MCS)

Business: Computer time for GEC and other clients,

Site activities: Computer room.



National Nuclear Corporation (NNC)

Business: Design and construction of nuclear power

plant.

Site activities: Office éccommodatiun for design and
project management. Laboratories and

test rigs for equipment appraisal.

A plan of the site is shown in Fig. (1.2). Total office

accommodation amounts to 27000 m2 floor area, factory

space to 33000 m® and laboraties/test rigs to 16000 m2.

The tenant subsidiaries are provided with the use of
central site facilities which include telephones, canteen,

cleaning, maintenance and power utilities namely heat,

electricity and compressed air.

Heat

Heat is distributed via high pressure hot water (HPHU)
mains shown in Fig. (1.3) and is served from the central

boiler house having some 23 MW(t) of capacity.

Electricity

Electricity is distributed from a high voltage ring main

via on-site sub-stations as shown in Fiq., (1.4). Suppl§
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capacity purchased from the East Midlands Electricity

Board is nominally 4.2 Mu(e).

Compressed Air

The compressed air system which serves the factory areas
and laboratories/test rigs is shown in Fig. (1.5).
Compressors are operated at 1 bar and have a free air

delivery rating of 2750 L/s.

The Estates Division undertakes to provide the site
services to the various tenant subsidiaries. The Division

is headed by the Estates Manager who reports to GEC board

director level.

1,6,2 Energy costs in relation to other costs

Energy costs for GEC Whetstone during April 1979 to
March 1980 are shown in Table (1.4). Total consumption
of natural gas, heavy fuel oil, gas oil and electricity

amounted to 248000 GJ valued in 1979/80 at £740620,

It is difficult to obtain other costs from GEC accounts

to compare against enerqy costs. Operating costs in any
company are guarded commercial secrets and not divulged

to anyone except those who need to know to run the company.
Furthermore, in the GEC Group of Companies, the published
trading position of each subsidiary is disquised by



aggregating accounts. In law, GEC subsidiaries like GTL
and ESL.are agents acting on behalf of a holding company.
All payments are made to and from accounts belonging to
the holding company and consequently the agent does not
submit a profit/loss account to the Department of Trade
and Industry at Companies House, London. The balance
sheet which is éubmitted, contains minimal information
.except to show that GTL and ESL are £100 companies with
£99 of the shares issued being owned by the holding

company and £1 owned by the resident managing director,

(7 ) and ( 8 ).

NNC is the third major presence on the Whetstone site.
NNC is owned by a consortium in which GEC has a 30%

share., NNC has to publish full accounts. Until 1980,
NNC was two companies namely MNuclear Power Corporation

(Whetstone) (NPC(W)) and Nuclear Power Corporation (Risley).

The accounts for NPC(W) are of interest and for year

ending 31 March 1980, ( 9 ), show turnover as £397M with
profit before taxation of £1.2M, Unfortunately these

are meaningless in the context of enerqy cost comparisons.
The £97M turnover was due to a large involvement in
contracting work at nuclear power station construction
sites, The construction sites incurred energy consumption,
the cost of which appears in the contractor's fees and

is totally divorced from the Whetstone site energy bill

as far as any single person is concerned., The profit

- 12 =



figure is likewise meaningless except to show that it is
of the same order as the energy bill for the whole of the
Whetstone site, that is £1.2M profit and £0.74M site
energy cost (in 1979/80).

Faced with this lack of financial information it was
necessary to examine site functions more closely to

generate estimate costs for comparison with the energy

cost,

It is important when assessing the enerqy intensity of a
site to compare the energy cost against 'value added due
to site activities'. Raw material costs do not appear in
the analysis since on an input-output basis these costs
are merely summed with the ualﬁe added to become the

sale value of the product.

On the Whetstone site, added value is due mainly to

human labour. The site is labour intensive, As stated

in Section 1.6.1 there is 27000 m2 of office accommodation
which is 36% of total building floor area. Approximately
3000 personnel out of a total workforce of 4000 are
employed is these areés. It is presumed that wages and

salaries are the predominant cost element in office based

activities,

Furthermore, labour cost in manufacturing at Whetstone

is likely to be the biggest cost element., The 33000 m°

- 13 -



of factory floor area (43% of total floor area) is used

as follows:

94 of Factory

Area NiEa
Machine tool shops 16700 51
Heavy fabrication including 3300 10
ferrous welding
Light fabrication including sheet 7600 23
metal working, electrical and
turbine assembly
Stores 5400 16

33000 100

Fabrication processes are labour intensive and require
relatively low cost tools., 0Only in the machine tool
shops will the cost of providing the machine tools
themselves be significant, Stores areas are generally

low cost,

The Laboratory and Test Rig areas at Whetstone which
cover 16000 m® (21% of total site area) have only small
costs associated with them which are covered in the

overheads of office based activities.

« T8 =



In a labour intensive environment like GEC Whetstone,
costing is based on basic labour rates to which a overhead
charge rate is added to give the 'charge out' rate. Total
charged out work per annum is equivalent to 'value added'
per annum, Overhead rates vary depending on worker skill,
his workplace and the tools he uses. The following are

ranges of overhead rates applied at GEC Whetstone.

Office staff 100 - 400%
Site labourer 100 - 150%
Fabricator 100 - 200%
Machine tool dpera#or 700 - 1600%

Taking the average gross wage on the site in 1979/80 to
be £7000 it is estimated that value added in that year
was between £70M and £110M,

The validity of these figures can be 'weighed-up' against

some snippets of information that have been published,

as shown in Table (1.5).
With added value at between £70M and £110M, the £740620

energy bill represents only 3% to 1%. This is commensurate

with a non-energy intensive industrial site, ( 15 ).

- 15 -



1.6.3. Site Enerqy Conseruation'Prnqramhé

The progress of energy conservation work at GEC Whetstone
is documented in a PhD thesis by Rodriques, ( 16 ), who
undertook research to support the programme of energy
conservation work at the site. His research work uwas
undertaken during the period 1976 until 1980 under a
collaborative arrangement between GEC and the University
of Aston in Birmingham, Interdisciplinary High Degrees
Scheme, Total Technology Option., It is worthuwuhile at
this stage to mention that the author's work was carried
out under a similar arrangement and followed-on from the

work by Rodrigues,

The organisatibnal‘initiatiue for an energy conservation
campaign in GEC stemmed from the creation in 1974 of a
Corporate Energy Adviser (CEA) reporting directly to

the Managing Director of GEC Limited., With the numerous
and diverse sites within GEC it would have been an arduous
task to establish and maintain an effective organisational

structure reporting, say, directly to the CEA.

To keep the communication hierarchy simple, responsibility
for energy conservation was vested in the Estates Division
at each site. Each site therefore co-ordinates its ouwn

energy conservation programme with funds being found from

the Estates Division budget, Scrutiny of the effort on



each site is monitored by the CEA at intervals of 2 to

3 years by way of an audit lasting 3 to 5 days.

At GEC Whetstone, Rodrigues reported on both his own and
the CEA's analysis for the site. He concludes that

when taking 1972/73 as the base year, and after taking
into account weather and different levels of production,
then consumption is on average 13% lower in recent years

due to energy conservation measures implemented during

the period 1974 to 1879,

Rodrigues further concludes that future energy conservation
work on the site is limited, For the on-going energy

conservation programme he prescribes work in the following

fields:

(1) Waste heat recovery

(2) imnrcuemants to the intermittent heafinq stra£é§§

for the site

One of the energy conservation measures already implemented
on the site was the elimination of continucus space heating
in buildings by the installation of remotely controlled
motorised valves in all heating circuits. Rodrigues
monitored the energy saving performance of intermittent
against continuous heating and whilst doing so observed

a number of 'site problems' (Rodrigues, ( 16 ), section

5.3l7)l
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(3) Alternative methods of supplying domestic hot

watef in the Summer mbnfhé

The present use of the central boiler plant and HPHW
distribution mains on a low load factor supplying must

hot water service results in low system efficiency.

1.7 The Preject

The author's work was an integral part of the established
and on-going energy conservation programme at GEC Whetstone
which commenced in 1974/75. The work to be described in
this thesis is a contribution to a three stage energy

savings plan for the site,these three stages being:

STAGE 1 - the implementation of 'good housekeeping'

measures,

STAGE 2 - the extension of Stage 1 to include measures

requiring greater technical and capital

resources,

STAGE 3 - the inclusion of enerqgy efficiency considerations

in the longer term development of the site.

Recognising that further energy reductions after Stage 1

would become increasingly difficult to achieve, the Estates



Manager undertook to support a programme of research and
specialist project work aimed at examination and
implementation of measures in specific areas of Stages

2 and 3 of the plan, The necessary expertise was acquired
under a collaborative arrangement with the University of

Aston, Interdisciplinary Higher Degrees (IHD) Scheme,

Total Technology (TT) option.

The IHD Scheme at Aston University aims to place students

in industrial organisations to undertake research and
project work in agreed problem-areas. For the collaborating
industrial organisation, there is the prospect of progress
towards solving the problem, for the student there is the
opportunity to submit a write~up of his work for a

higher degree and for the University there are the
advantages of being directly informed about industrial
practice of today. Supervision of the work is provided

by senior personnel from both the university and the

industrial organisation.

At GEC Whetstone, Rodrigues was employed during the period
1976 to 1978 as has been previously mentioned, His thesis
( 168 ), reports on the comprehensive energy conservation
measures undertaken on the site., The adthor revieuws

Rodrigues' work and that of others in the energy conservation

field in Chapter 2.
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The author's employment at GEC Whetstone during the
period 1978 to 1982 under the same collaborative
arrangement between GEC and IHD as Rodrigues was to
continue the specialist input to the site energy
conservation programme, Clearly, from the GEC viewpoint,
the author was expected to look at the areas of further

work as directed by Rodriques and which have been outlined

in Section 1.6,3,

Rodrigues gave estimates of the potential economic energy

savings for each area of further work on the site.

(1) uwaste heat .recovery

Several waste heat recovery applications exist on the
site but are not economically exploitable, These,
however, should be kept under review as enerqy costs

rise and waste heat recovery technologies develop.

(2) Improvements to the intermittent heatiﬁq‘strateﬁﬁ

%6r the sifé

Rodrigues made two estimations and oﬁe further theoretical
calculation of the savings due to intermittent heating.
The first estimation was based on comparison between the
last year during which continuous heating was practised
and the first year following the commissioning of

intermittent heating. A 10 - 20% saving was shoun.
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The second assessment was based upon monitored data taken
in four buildings during week long periods of continuous

heating followed by a week of intermittent heating. From
the weekly data, Rodrigues calculated the following

savings for intermittent heating.

Block 52C: Temporary office block

occupied 0830 - 1700 - 27% saving

Block 51

¢ Permanent office block
occupied 0830 - 1700 - 50% saving
Block 2 ¢ Machine shop

occupied 0730 - 1615 - 21% saving

Block 7S¢ High bay fabrication shop
occupied for 2 shifts
0730 - 1615 and

2100 - 0730 following day - 12% saving

Based on these figures, Rodriques suggested that annual
savings due to intermittent heating should be ;ome 10 -
30% in office and laboratory aéeas and 10 - 15% in
factory areas. Whilst undertaking monitoring he observed
how seemingly trivial acts on the part of personnel in

buildings made it difficult to operate intermittent heating.

For example, leaving windows open overnight or covering
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radiators meant that the required internal temperatpre
could not be attained at the start of occupancy. Tﬁis

in turn led to requests for return to continuous heating,
or requests for portable bottle gas heaters, or the use

of electric fan heaters to overcome the 'problem',
Rodrigues saw that, in order to achieve the full savings
for intermittent heating, this behaviour had to be

stopped by changing the attitudes of personnel in buildings
best achieved through a firm commitment of management at

all levels,

The benefits of properly involving personnel is approximately
the 5 - 10% difference in savings indicated between the

two assessments made by Rodrigues, The first assessment

of 10 - 20% based on comparison of annual fuel consumptions
includes the effects of operating difficulties. During
monitoring for the second estimate there was a close

watch on the buildings to ensure that the test case was
maintained and therefore problem-effects were largely

eliminated.

The theoretical calculation by Rodriques saving due to
intermittent heating éhowed potential savings varying
from 41% in lightweight buildings to 14% in ones with
heavyweight structure, He points out that these figures
are comparable with work by others such as Bloomfield

et al ( 17 ) whose methods yield 34% and 14% saving

in the same respective cases.
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Based on Rodrigues estimation of space heating consumption
on the Whetstone site and the associated bailer plant and
distribution losses, the 5 - 10% saving from properly
involving personnel in conscious-minded energy use is

calculated as follouws:

Fuel consumption attributable to space heating::

From Rodrigues ( 16 ):

%.tntal
Use consumption
Space heating ° 60,5%
Boiler losses 23,4%
Distribution losses 11,6%
Domestic hot water 3.7%
Process heat *+0,8%
100,0%
Total useful heat = 65%
Total losses = 35%

Space heating apportioned losses = 60.5 x 35 = 32.6%
. 65

Total consumption attributed . to space heating

= 65 + 32.6 = 97.6%
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In view of the large tolerances on other estimated
figures, this is approximated to 100% of natural gas

and heavy fuel oil being used for space heating. From
Table (l1.4) this amounted to 166100 GJ valued at £276440
in 19739/80.

Returns from a 5 - 10% heat saving:

The saving is fuel coﬁsumption and costs from achieving
a 5 - 10% saving by properly involving site personnel in
conscious-minded energy use is therefore 5% and 10% of
the above fiqures, that is an enerqy saving of betuween
8300 GJ and 16600 GJ per annum valued at approximately

£13800 and £27600 respectively at 19738/80 prices.

(3) Alternative methods of suoplyinag domestic hot water

in the Summer montﬁé

According to the energy audit carried out by Rodrigues,
2050 GJ per annum of fuel are used during the Summer
months to provide 330 GJ input to domestic hot water
service and 80 GJ to process heating., The combined
boiler and distribution efficiency is only 20% The 80%
waste is 34% boiler losses plus 46% heat dissipation
from distribution mains. If these could be reduced or
eliminated by alternative means of supplying the heat

the potential maximum saving would therefore be 80% of

= DR -



2050 GJ equal to 1640 GJ per annum. At 1979/80 prices

this would have been valued at £2690,

One alternative method of supplying Summer hot water
service is solar assisted heating. This is currently

being investigated for the Whetstone site by MEL with
EEC funding. |

Based on Rodriques work therefore the most beneficial
area in which to work was to make improvements to the
intermittent heating strategy for the site. As has been
stated, the savings potential in this area is betuween
£13800 and £27600 per annum at 1978/80 prices. These
figures are far more substantial than the £2680 per
annum saving estimated for alternative methods of
supplying domestic hot water in the Summer months and
for waste heat recovery where in 1979/80, according to

Rodrigues, no applications were economically exploitable.

The problems with intermittent heating at GEC Whetstone
which were observed by Rodriques were of two types, as
previously stated in section 1,6.3, namely 'site' and
'organisation' problems. The site problems were basically
of an engineering nature such as the lack of boiler and
_heating plant capacity to meet start-up loads. These
problems were rectified before Rodrigues completed his
work in 1879. (Rodrigues, ( 16 ), Section 5.,5). The

so called organisational problems were where the author

started his work.
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The organisational problems observed by Rodrigues described
earlier in this section are symptomatic of some of the
barriers to energy conservation referred to in Section

1.2 and shouwn in Table (1.2). It has been shown in

this introduction that at GEC Whetstone fhe following

barriers specifically exist: :

(1) Institutional problems especially in tenant/landlord

arrangements,

(2) Highly disaggregated nature of energy consumers in
buildings and the need for them to play a positive

role,
(3) Relatively small cost of energy in total costs.

(4) Lack of management expertise and poor management

attitudes (on the part of line management).
(5) Lack of knowledge (on the part of line management).

(6) Traditional conservatism and inertia (on the part

of line management).
(7) Lack of poor operational control includiné

lack of measuring, monitoring and targetting.

This final item gives mention to an important tool for

bringing management and staff into line with corporate

objectives for energy efficiency. Measuring, monitaoring
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and targetting is essentially management accounting for
the use of enefgy. Through the use of metering and
costing energy supplies to a given area against an
agreed budget, line management can be made responsible
for energy use and energy efficiency. Under such an
arrangement there is the incentive for a’ manager to
consciously adopt a rational attitude towards energy

use and to acquire whateﬁe; knowledge is required to run

his department energy-efficiently.

Unfortunately, at GEC Whetstone it is neither easy nor
cheap to provide each manager with his ouwn metered

energy consumption, especially the heat consumptions

that are required for monitoring and targetting at line
management levels to motivate their co-operation in
maintaining the effectiveness of the intermittent heating
strategy. This is because there are numerous managers
and heat to each one is rarely supplied conveniently

from a source which is clearly definable as his supply.

The author's contribution was to generate heat‘metering
consumption information for line management use at an
acceptable cost in order that operational control through
monitoring and targetting could be exercised., The
primary purpose was to establish and maintain additional
savings from the intermittent heating strategy for the
site. The aim was to achieve a 5 - 10% saving on space
heating consumption which had been shouwn to be possible

. from the work carried out by Rodriques.
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use and to acquire whateﬁe; knowledge is required to run

his department energy-efficiently.
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cheap to provide each manager with his ouwn metered

energy consumption, especially the heat consumptions

that are required for monitoring and targetting at line
management levels to motivate their co-aperation in
maintaining the effectiveness of the intermittent heating
strategy. This is because there are numerous managers
and heat to each one is rarely supplied conveniently

from a source which is clearly definable as his supply.

The author's contribution was to generate heat.metering
consumption information for line management use at an
acceptable cost in order that operational control through
monitoring and tarqetting could be exercised, The
primary purpose was to establish and maintain additional
savings from the intermittent heating strategy for the
site. The aim was to achieve a 5 - 10% saving on space
heating consumption which had been shown to be possible

. from the work carried out by ‘Rodrigues.
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1.8 ﬁuuraisal of investment in heat meteriﬁq

for monitoring and targetting

In justifying capital expenditure on energy conservation
projects, GEC used the simple payback formula with

annual fiscal return equal to the value of the fuel
saving in the year capital expendifure was made, This
simpie approach was somewhat justified because it offsets
to a degree the prédictions of future increases in the
relative price of energy against the discounting factor
which would be present in more sophisticated calculations

such as discounted cash flow methods.
GEC criteria for payback was 5 years.

In Section 1,7, the objective of savings in space heatiné
consumption of between 5% and 10% were valued at £13800
and £27600 respectively, 1979/80 prices. Based on the
minimum of the range the capital expenditure which could
be justified in 1979/80 was 5 x £13800 = £69000, The

costs of heat metering for monitoring and targetting had

to be within this amount.

1.9 The Thesis

Later chapters in this thesis describe the author's work
to devise a heat meterinng system providing information

to managers about space heating consumption monitoring

- 28



and targetting in the buildings they occupy. In its

simplést overall terms the work was to study:

(a) The feasibility of providing a heat metering system
performing the above function on the GEC Whetstone

site for a cost of less than £63000 (in 1979/80).

(b) The anticipated savings on space heating
consumpfinn from monitoring and targetting with

the system were in fact between 5 and 10%.

(e¢) The implications of the work to other energy

USBerIS.,

However, it is clear that the staging point and validity
of the author's work is heavily dependent on the
correctness of the conclusions and recommendations for
further work given by Rodriques. The next chapter is
therefore a review of the work by Rodrigues and others

in the enerqgy management field.



Aston University

Hustration removed for copyright restrictions

Table (1.1) : TOTAL WORLD FOSSIL FUEL RESERVES AND

CONSUMPTION

Source : Department of Energy, ( 1 )
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Aston University

Hlustration removed for copyright restrictions

Table (1.2) : BARRIERS TO ENERGY CONSERVATION

Source : Department of Energy, ( 4 )

ceess / continued
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Aston University

llustration removed for copyright restrictions

Table (1.2) continued : BARRIERS TO ENERGY CONSERVATION

Source : Department of Energy, ( 4 )

w 3D -



Aston University

lustration removed for copyright restrictions

Table (1.3) : INTENSIVE AND NON-INTENSIVE ENERGY USE

IN THE UK DURING 1984

Source : Department of Energy, ( 5 )
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- GEC Power Engineering Limited

Turnover for B8 sites including
Whetstone in years (April - March) @

1874 / 75 -  £M 192
1875 / 76 - £M 251
1976 / 77 - . £M 308
1977 / 78 -  £Mm 383
1978 / 79 - €M 401
1879 / 80 - &M 427
1980 / 81 - €M 531
1981 / 82 - £m 589
Sources ¢ ( 10 ), (11 ), (12 ) & ( 13 )

- GEC Gas Turbines Limited

Order book for April 1978 to March 1878
was £M 55 ,

Source : ( 14 )

- Nuclear Power Corporation (Whetstone)

Turnover for April 1979 to March 1980
was £M 97 .,

Source : ( 9 )

Table (1.5) : THE FEW PUBLISHED PIECES OF FINANCIAL

INFORMATION RELATING TO GEC WHETSTONE

o ¥ o



Aston University

ustration removed for copyright restrictions

Fig. (l.1) : NON-COMMUNIST WORLD PRIMARY ENERGY CONSUMPTION

Source : Department of Energy, ( 1 )
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CHAPTER 2

2. INDUSTRIAL ENERGY MANAGEMENT: STATE OF THE ART

AND PRACTISE AT GEC WHETSTONE

2.1 Objective

The objective of industrial energy management was stated
in Section 1.3 and is to reduce the cost of energy paid

for by a particular company relative to its productivity,

2.2 Literature on Enerqgy Mangeméﬁ%

Textbooks about energy management have been written by a
number of UK and USA authors, ( 18 ) - ( 25 ). Each
states that energy management requires an understanding

of accountancy, engineering and human/brganisational
behaviour., There is however a difference in the way UK
and USA authors format their books which is a result of
the different approaches that are adpo;ed for management
development, UK authors tend to write a book as a
problem-solving quide for the energy manager. USA authors
tend to write their book as an input to a system of
'management by objectives' (MBO) which is widely practised
in the USA, ( 26 ). MBO is a technique whereby manager
and subordinate agree targets for the performance of the

latter which is then reviewed periodically with neuw

targets being set., Targets can be set aginst all
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responsibilities held by the subordinate although it is

essential that the indicator of performance is unambiguous.
Energy management through a syﬁtem of MBO is achieved

by introducing energy related responsibilities, targets
and indicators to all levels of line management. This
procedure is virtually synonymous with the ideas put
forward in Chapter 1 for monitoring and targetting of
heat consumption at GEC Whetstone except that through

MBO the action would have been early on in the energy
conservation campaign as organising for energy management,
not 6 years into the programme as the 'answer to a
problem', MBO is therefore important in relation to

the author's work and for this reason the USA literature

is considered particularly valuable,

Despite the difference between UK and USA ways of thinking,
the literature on energy management shows it to have the
same conceptual content whatever the order of its
implementation. Textbooks about industrial energy

management cover the following topics.,

(1) Enpergy auditing, energy surveying and energy analysis

(2) Sources of industrial energy
(3) Economics: Project appraisal techniques

(4) Physical laws: Thermodynamics, heat engine cycles,
heat transfer theory, heat transport,
combustion chemistry, electrical

engineering sciences, control theory
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(5) Energy conversion and transmission

systems: steam,

hot water, compressed air, electrical

systems.
(6) Buildings: Fabric, ventilation

(7) Building services: Space heating,

lighting
(8) Housekeeping: Maintenance

(9) Medium and long term investment in

technology

(10) Human/organisational behaviour and

The textbook content is descriptive and

literature which is of a general nature

air conditioning,

energy conservation

motivation

theoretical. In

this is necessarily

so since different industrial organisations have different

energy management requirements in terms

of practical

measures implemented and savings made, thus 'description'

and 'theory' form the only common ground. The author has

adopted the above structure for the contents of this

chapter but, further, has included the specific example

of the GEC Whetstone programme,

The purpose of this chapter is to:

- examine the above topics as a scenario to energy

management
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- to show the respective development of energy
management at GEC Whetstone prior to the author's

work (Sections 2.4, 2.10 and 2,12)

- to examine the practise of monitoring and
targetting which has emerged as a récent
development in energy management not formerly
practised at GEC Whetstone but which has potential
to solve the organisational problems to energy

saving described in Sections 1,6.3 and 1.7.

2.3 Energy Surveying, Enerqy Auditina andttnéfﬁk

Analysis

The particular steps an energy manager takes to make his
company more energy efficient is dependent on a number
of factors including product manufactured, the ways in
which energy is used and internal company organisation.
The first step in enerqy management is therefore to
carry out an energy survey (or energy audit) of the

company's site in order to plan the energy conservation

compaign,

Guidelines for undertaking an energy survey are given
in references ( 18 ) - ( 25 ). The simplest procedure
is to use a checklist such as those given in the latter

3 references. The scope of an enerqgy survey is described

below,
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The aim of analysing energy consumption as part of an
energy audit is an attempt at balancing total input of
energy to a system with its uses in one or more consuming
activities., Implicit in the achiquement of a balance is
that all uses, waste and inefficiency are identified

and accounted. In the context of an industrial site

the specific objectives are:

(a) To obtain a clearer understanding about energy

costs relative to productivity on a given site.

(b) To locate distribution systems and end-uses of

energy.

(c) To highlight the most energy intensive items of

plant or process.
(d) To identify inefficiencies and wastage.

(e) To record enerqy costs and consumptions for
comparison between actual and predicted or knouwn

standards of usage.
(f) To set priorities and realistic targets for energy.

saving,

The approaches to analysing energy consumption are covered
in references ( 18 ) - ( 25 ). Basically the analysis is

bequn by studying the energy bills to obtain monthly
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or quarterly consumptions and costs. These are then
brokén down in stanes between the various energ9
conversion/transmission systems and eventually to
individual end-uses. Energy balances are produced at
each stage to identify the proportions of useful energy
and the losses. Calculatipns can be estimates, based

on simple measurements or from sub-metering if available.
Results can be presented in the form of a Sankey diagram,

pie-chart or load profile as shouwn in reference ( 24 )i

(2) Inspect the housekeecingbof plant and buildiﬁﬁé

The purpose of inspecting housekeeping is to determine
the existing condition of plant and buildings. Checklists

specifically for this purpose are given in references

(21 ), ( 26 ) and ( 25 ). Basically, the points under

inspection are:

(a) Maintenance arrangements

(b) Are the plant and buildings being used as originally

intended? 1If not ....
(c) Are they really suitable for their present task?

(d) Are controls susceptible to unauthorised interference.

(3) Review the expertise and involvement of personnel

Positions within an organisation such as the maintenance
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and plant operative functions which are closely concerned
with energy management should be staffed by personnel
having the necessary knowledge and expertise. A manpouer

review in these areas should be undertaken.,

The involvement of all other personnel in the energy
con%eruation campaigH through the use of promotional
material, suggestion schemes and involvement of unions
should be investigated. The possibilities of making
individual personnel responsible for energy use in areas
under their authority should be examined (c.f. Work
outlined in Section 1.9 of this thesis re. GEC Whetstone).

Methods for involvement of personnel are described fully

in Section 2,11.

(4) Investigate investment options in eneray conservation

technologies

Energy conservation measures may be classified on an

economic basis as follouws:

(a) Short term - These measures are usually concerned

with good housekeeping involving changes in operating
practices or maintenance work requiring little or no

capital expenditure,

(b) Medium term - Low cost modifications and improvements

to existing equioment where the payback period is less

thaq two years and often under one year.
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(c) Long term - Modifications involving high capital
costs and which frequently involve implementation

of new techniques and new technologies,

In general, energy conservation projects have to compete
for capital expenditure on the same criteria as any other
form of capitai investment although Government grants

and tax relief, representing the wider benefits of
Eanseruing enerqy to the nation, are sometimes available
to ﬁake investment more attractibe to the company.
Capital reSOQrces within a company are limited and there-
fore it is necessary to plan a programme consisting of
short, medium and long term measures appropriate to the
company's actiuitie; and within the capital budget
available. The plan must yield optimum savings in terms
of maximum return on investment and minimum time delay

before some significant savings are made.

Individual energy conservation measures are described in

Section 2.7,

(s) tafry out product enerqy énai§§i§

Product energy analysis has similar objectives to the
analysis of enerqgy consumption of a given company except
that the scope extends beyond the bounds of the one
company in order that every input of energy to the

manufacture of a product is identified, Roberts, ( 27 )



lists the aims of energy analysis as:

(a) To analyse particular processes in detail so as to
deduce an energy efficiency and hence make

recommendations for conserving energy.

(b) To analyse the consumption of energy on 'a large
scale either to forecast enerqy demand or to point

to policies which could reduce future demand,

(c) To analyse the energy consumption of basic technology
such as food production and mineral extraction in
order to reveal some future consequences of

technological trends or an energy shortage.

(d) To construct energy costs and examine energy flouws
so as to understand the thermodynamics of an
industrial system. This type of long-range aim
may be coupled to projects such as 'world modelling'

based on physical, rather than monetary, flouws.
(e) Identification of possible energy savings in the
energy industries, which are themselves amohgst

the largest consumers of energy.

(f) Identification of feedbacks as indirect energies of

material and capital inputs.
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(g) Determination of the more energetically favourable

of two possible energy sources.,

(h) Identification of any limits or 'points of futility'

where no net enerqy is produced.

(i) Improvement of financial forecasting in evaluating

the enerqy component of the fuel cost.

For energy analysis to léad to tangible benefits there

needs to be large scale co-ordination on the matter
throughout industry. For this reason energy analysis

is arduous and requires significant resources. Energy
ainalyses which have been undertaken and published are
limited. Examples are.work carried out by the Energy
Technoloqy Support Unit (ETSU) into the production of

iron castings, ( 27 ), and work by the Production Engineering
Research Association (PERA) into six products made by the

engineering industries, ( 28 ),

Comprehensive methodology is described by Roberts, ( 27 )

and in a textbook by Boustead and Handcock, ( 29 ),

............

2.4 Eneféy-Surue?s énd'ﬁudits éf'Gttlwhetstnne

Energy audits at GEC Whetstone have been undertaken on
numerous occasions by Rodriques ( 16 ) and Carroll ( 30 ).
Rodrigues analysed enerqy consumption figures from the

year 1973 until 1979, Carroll, as stated in Section 1,6.3,
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audited the site on 3 occasions at 3 year intervals from

1874, Rodrigues verified his analysis against those of

Carroll.

The author progressed analysis of energy consumption for
the year 18973/80 along the lines prescribed by Rodrigues.
The analysis is shown in Table (2.1). A Sankey diagram

of energy use is shown in Fig. (2.1).

For 1878/739, Rodrigues found total heating fuel consumption
as 204710 GJ valued at £183656, The difference between
1978/79 and 1979/80 is partly accounted for by weather.
Meteorological Office degree days for the Midland area
during 1878/79 were 2523, eight per cent higher than

during 1979/80 (2334 degree days), Electricity consumption
during 1878/79 was 57830 GJ virtually the same as for
1979/80.

Table (2.1) identifies each energy use as either a direct
use, indirect use or a loss, Direct uses are those input
which power the production process. Indirect use is a
fixed overhead independent of production level, If losses
are apportioned on the basis of consumption by the various

uses, the ratio of direct to indirect usage is:

29
ggy

Heating fuel: Direct

Indirect
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38%
629

Electricity: Direct

Indirect

These ratios are typical of a low energy intensity,

mechanical engineering industrial site, ( 15 ).

Rodrigues made an evaluation of infra-red aerial
thermography for detecting heat loss. Trials from
overflying the GEC Whetstone site in April 1878 showed
the technique to be useful for identifying sources of
heat loss but it was not possible to quantify results

in units of heat on temperature from thermography alone.

This section has been concerned only with analysis of
energy consumption on the GEC Whetstone site., Other
aspects of enefgy surveying in respect of GEC Whetstone

are dealt with in later sections of this chapter appropriate

to their methods,

249 Sources of Industrial Enerq§

Most literature about industrial energy management includes
a statement of world energy consumption, forecasts and

reserves usually taken from an official source such as the
Department of Enerqy. In this thesis, this was covered in

Sections 1.1 and 1,2 in the Introduction,

Industry requires mainly three types of power, namely,

heat, electricity and mechanical. Any one of these three
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forms of power can be converted into the other two types.
Heat can be used to drive a heat engine producing mechanical
power which can be used to turn a generator to produce
electricity. Electrical power can be conversely used to
produce mechanical power in an electric motor or heat in
a heating element. Any conversion process is never

100% efficient. Furthermore, heat engine efficiencies
are governed by the thermodynamic laws and material
temperature limits which means that heat can only be
converted into mechanical power at little over 30%
efficiency (Section 2.7.3). Virtually all electrical

and mechanical power is produced in this way with heat
being derived from combustion of fossil fuel or nuclear
fusion and the 70% or so waste heat being dissipated

uselessly to the environment,

Clearly, it is a bad practice to use electricity for
heating when fuels can be combusted on site for heat
generation at efficiencies of between 70 and 85%. The

following is a list. of fuels supplied to industry for

heat raising:

Natural gas
Coal - Various grades and types

0il - Kerosine
Gas oil (Class D, 35 sec.)

Light fuel oil (Class E, 200 sec.)



Medium fuel oil (Class F, 950 sec.)

Heavy fuel oil (Class G, 3500 sec.)
LPG

Other sources of heat are being harnessed with the onset

of energy conservation throughout industry, The main

sources are:
(a) Incineration of waste
(b) Combined heat and pouwer - the harnessing of the
70% or so waste heat from mechanical and electrical

power generation,

(e) Recovery of heat from other higher temperature

ﬁeating processes.

Methods of producing heat from these sources will be

described in Sections 2.,39,2 and 2.9,3.

246 Methods of Financial Hnbraiéal of Prnjeﬁ%é

Energy conservation measures have to compete for capital
allocation in a company's budget as stated in Section 2.3

Techniques for appraisal are as follows:

(1) Rate of return

The basic principle of this technique is that the investment .

« Bi =



of additional capital must earn an adequate remuneration
for its owners. It is calculated by expressing the
average annual net income from the project, after

depreciation, as a percentage of the capital cost.

(2) Payback method

The payback period is the length of time required for
savings to equal the capital investment of the project.
Using this technique, the shorter the payback period
the more desirable the investment. The method is
particularly useful for short and medium-terin energy

conservation projects.

At GEC Whetstone, the Estates Manager used the payback

method exclusively.

(3) Net present value (NPV)

A disadvantage of both rate of return and payback is that
they do not take into account the timing of returns on
investment. Savings occurring earlier in a projects
lifetime are more valuable than those made later since
they can be reinvested to make other earnings predicted
to be the compound interest earnt at the test discount

rate,

In net present value calculations all outgoing expenditures

(capital, maintenance, consumables etc.) and income fram



savings, qrants and sale of scrap at thg end of the project
are discounted according to the year in which they occurred
to give net present value. The discount rate is chosen to
be representative of the cost of capital to the company

and therefore projects with negative NPV can be rejected
outright. The preferred investment amongst competing
projects is the one with the highest positive NPV (subject
to capital availability). Details of calculations are
given in reference ( 31 ).

........

(4) Modified discounted cash flow method

The method suggested by James ( 32 ) is based on standard
discounted cash flow but makes adjustment to the value of

energy saved according to anticipated grouwth in future

enerqy costs.

(5) Internal rate of return

Internal rate of return is alsc based on discounted cash
flow, The method operates to find the discounting rate
which gives an NPV of nil, The discounting rate so
obtained can be compared firstly wiéh the company's cost
of capital and then used for comparison of competing
projects., The method is also known as the discounted

yield method and details of calculations are given in

reference ( 31 ).
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(6) Life-cycle costing (Lcc)

LCC is a concept from the USA ( 33 ), and not widely used
in the UK. It is based on the premise that only the real
life expectancy of an energy saving measure should be used
in the estimate of time preceding absolescence. This, it
suggests, is the only limiting factor. The method rules
out other definitions of life expectancy for equipment
since with systematic maintenance, irrespective of cost,

equipment 1ife can be indefinitely extended.

The method uses the traditional straight payback constant
which is dimensionally in years. The formula for this
constant is different, however, expressing differential
investment against differential return. The method is
useful when considering competing enerqy saving schemes
because incremental capital costs and incremental operating
costs are compared, The sensitivity factor in these
calculations is obviously the view taken about life

expectancy as defined by the method.

2al ﬁﬁyéicél Laws and Phenomenon gouerniﬁé.Enef§9

.....

ieading;fo Enerqgy Conserﬁaﬁibn in Indﬁétr§

Murphy ( 18 ) and 0'Callaghan ( 22 ) devote about one third
of their textboocks to the understanding of physical models

and laws characterising energy flows in industrial plant
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and the implications for energy conservation. An eneraqgy
manager, whether it be the company energy manager 0} a
line manager with partial delegated energy management
responsibility, must be able to recognise the technical
grounds were there is an opportunity for energy
conservation. Energy surveys and energy audits (Section
2.3), whilst presenting a picture of energy use are |
useless unless the information gathered is analysed for
conservation potential using a knowledge of physics and
engineering science to first recognise the opportunity,

then to quantify it and finally put forward the case for

investment.,

Fundamental to energy management is the understanding of

the following, (References ( 18 ), ( 22 )).

Heat transfer

- Heat transport

- Thermodynamics (heat engines)
- Combustion chemistry

- Electrical enginéering science

- Control engineering

N Heat transfér

Heat transfer can occur in three ways namely conduction,
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convection and radiation. The mechanisms are different
in each case although the fact that a temperatbre
difference is necessary is common to all. A useful
treatment of heat transfer theory is given by Mayheuw

and Rodgers ( 34 ),

Conductibh

Heat transfer by conduction involves the transfer né energy
on a molecuiar scale, The analysis of conductive heat
transfer is based on Fouriér's law of heat conduction
describing one dimensional steady heat flow through a
solid, This states that heat flow is proportional to the
area of heat flow and the temperature gradients within

the solid. The constant of proportionality is called

the thermal conductivity of the solid.

Convection

Convection is a mode of heat transfer which occurs when
temperature differences exist between a fluid and solid
boundary. The mechanism of transfer is partly due to
conduction and pgrtly due to the motion of the fluid
itself., The fluid motion can be mechanically pumped or
due entirely to buoyancy effects caused by the temperature
gradients. Convection in the first case is termed

'forced convection' and in the later 'nmatural convection',
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Analysis of convective heat transfer is not simple, There
are many variables such as velocity of glow, thermal
conductivity, viscosity, density and thermal expansion of
the fluid, Boundary layer phenomenon (the behaviour of
the fluid immediately adjacent to the solid boundary) is
important in modelling convective heat transfer, refer

to Mayhew and Rodgers ( 34 ),
hadiafibﬁ

Heat transfer by radiation involves the emission and
absorption of electromagnetic waves, All matter at
temperatures above absolute zero emits electromagnetic
waves, A black body radiator (a surface with absorbtivity
equal to 1 and transmissivity and reflectivity equal to
zero) is comparatively simple to analyse in terms of
energy emitted. The total energy emitted per unit time
by a unit area of black surface is proportional to the
fourth power of the absolute temperature, as expressed
by the Stefan-Bottzmann lauw.

4

qb =JT

where & 1is called the Stefan-Boltzmann constant; it is

-12 ZOKd

equal to 56,7 x 10 kW/m , when energy emitted per

unit g is measured in ku/m? and T in °K. Many cases of
radiative heat transfer in industrial situations can be

analysed by approximation to black body emmission,
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Combined modes of heat tranéfef

Most practical heat transfer involves conductive, convective

and radiative modes. In energy management there is

interest concerning heat transfer in three main areas:

(1)

(2)

(3)

Boiler planf - transfer of heat from products of

combustion in the furnace to the water contained

in the tubes or shell of a boiler,

Qeaf exchahqéfé - transfer of heat from one fluid

stream to another such as in calorifiers, heater

batteries and heat recovery systems.

Building fabric losses - 'U' values given in W/NZDK

are co-efficients representing the combined conductive,

convective and radiative heat transfer performance

" of materials used in building applications, 'U!

values for various building fabrics are given in
many sources of which the CIBS Guide ( 35 ) is

probably the most comprehensive, The basic equation

using 'U' values is

Q. = E Uy Ay (T4 7))

all materials

where: DF is the heat loss through the fabric of

the building in watts
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U; is the 'U' value of material type i

ni is the area of material type i in the
building

TI is inside temperature

TO is outside temperature (average, design etc.)

ﬂ9£2= There are other heat losses from a building
such as the infiltration loss caused by warming of
air for ventilation from the outside temperature

to the level of inside temperature. Another loss
is intermittently heated buildings is the thermal
capacity of the building structure which absorbs
heat during heated periods and releases it during
unheated periods, These are not losses which occur

by direct heat transfer mechanisms., The subject of

space heating buildings is dealt with more thoroughly
in Section 2,8,

At GEC Whetstone, Rodriques made an assessment of
all building fabric heat losses. The results appear

in his thesis ( 16 ).

2.7.2 Heat transpbff

Heat transport is the movement of heat as internal
molecular energy of a fluid moved along a conduit by

essentially mechanical means and not by temperature
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difference as in heat transfer. The usual arrangement in
an industrial situation is 'to move a heated fluid around
a circuit using a pump or other forced circulation,
Fluids commonly used are water, steam, air, oil and
refrigerants. An example of application is a central
boiler house where heat is transferred to a water circuit
which distributes to remote calorifiers where the heat

is transferred from the water to . supply heating.,

A pure substance has a homogeneous and invariable chemical
composition even though it undergoes a change of phase,

AR substance can exist as solid, liquid or gas. As heat
is added to solid phase its temperature rises until it
begins to melt, As melting progresses, with the addition
of more heat, the temperature remains constant. The

heat added during melting is termed the 'heat of fusion'.
Continued addition of heat to the liquid phase again
causes the temperature to rise until the liquid begins

to boil., The boiling point is a function of pressure

and is also known as the saturation temperature. Whilst
liquid phase is present, the addition of the heat of
vapourisation in the boiling ﬁrncess takes place at
constant temperature. Once the liquid phase is removed

the vapour becomes superheated as further heat is added,

The above is a very simple description of the behaviour

of a substance when heated. The thermodynamic state of a
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Pure substance can be defined by pressure, temperature
and specific volume. The relationships are complex and
for practical application tables are used such as those

for water and steam produced by Mayhew and Rodgers ( 36 ).

2.7.3 Heat Engines

A heat engine is any system oﬁe:ating in a cycle and

producing a net quantity of work from a supply of heat.
The qgreater the proportion of heat converted intoc work,
the better the engine. There are the first and second

laws of thermodynamics which dictate the best efficiency

that can be achieved in a given heat engine,

First Law of Thermodynamiéé

The first law of thermodynamics states that when any
closed system is taken through a cycle, the net work

delivered to the surroundings is proportional to the net

heat taken from the surroundings.

Second Lauw of Thermodynamiﬁé

There is nothing implicit in the first law to say that net
heat taken from the surroundings cannot all be converted

to work., The second law is an expression of the fact that
in a practical heat engine cycle some heat must be rejected,

The law may be stated in the following form: "It is
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impossible to const;uct a system which will operate in a
cycle, extract heatlfrcm a reservoir and do an equivalent
amount of work on the surroundings." If energy is to be
supplied to a system in the form of heat, the system must
be in contact with a reservoir at a temperature higher
than that of the fluid at some point in the cycle.
Similarly, if heat is to be rejected, the system must at
some time be in contact with a reservoir of lower tempera-
ture than the fluid. Thus-the second law implies that if
a system is to undergo a cycle and prodqce work, it must
operate between at least two reservoirs of different

temperature.

Reversible Engines and Carnot Effiﬁiené§

A reversible engine operates a cycle where all processes
are reversible. Reversible processes are where heat flouw
must be by virtue of infinitesimally small temperature
differences and work must only be done when the force
exerted by the surroundings on the moving boundary is
infinitesimally different from the force due to the
pressure of the fluid in the system. The efficiency of

a reversible engine is governed only by the first and
second laws of thermodynamics and can be shown to be,

(Reference ( 34 )):

jc =1 = T2/Tl



where Yc is known as the Carnot efficiency
Tl is the hot source temperature in B

T2 is the cold sink temperature in %

Practical Efficiencies

In practice a cold reseruai? means dissipation to the
environment, either to the atmosphere or to the sea, at
a témperature nominally taken as 2889k, A hot reservoir
requires some process of combus£ion or nuclear reaction,
Temperatures at which the hot source can be allowed to
operate are currently limited by material temperature

limits which are approximately as follouws:

Steels used in steam turbines - 200°K
Alloys used in gas turbines :  1000%
Materials used in nuclear power plant °* 7009k

Higher temperatures can be permitted in internal combustion
engines where the heat source is intermittent and therefore
there is overall less heating of the material parts.
Nevertheless the upper thermodynamic efficiencies for

power plant are bounded quite sharply by material temperature

limits and the temperature of the environment,

In addition to thermodynamic inefficiency there are

mechanical inefficiencies such as friction and size/weight
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limitations imposed on the working parts of machinery.

These Faétars place further constraints on the minimum
achievable exhaust temperature and therefore increase reject
heat from an engine. To partially overcome some of the
limitations imposed many different heat engine cycles have
been devised and are discussed. in many textbooks about
thermodynamics such as referenﬁe ( 36 ), The current state

of development-in engine technology achieves the following

efficiencies:

Best efficiencies to date

Heat to Mechanical (%)

Steam turbine, Fossil fuelled 40
Steam turbine, Nuclear (AGR) 41
Gas turbine 30
Diesel engine 41
Spark ignition engine 29

(Source: Reference ( 37 ))

This section about heat engines has brought out two important
considerations for enerqy conservation, The first is

grading of heat according to temperature above ambient, A
higher temperature source is more valuable than a cooler
source, Particularly, when the heat source is a waste heat

source, the number of possibilities for re-use are enhanced
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thelhigher the temperature and also it is easier to recover
the heat. The second point of consideration is the use of
reject heat from power generation as a waste heat source,

The best power generation efficiency is achieved by

exhausting at ambient temperature but then the reject

heat is totally useless,. If there is a suitable heat load

to be satisfied consideration can be given to exhausting

waste heét_at a temperature high enough to supply the heat
load, Power generation efficiency is reduced but overall
thermal efficiency can be two- or three- fold increased

because usable heat is also being provided. Such arrangements
are called combined heat and power (CHP) schemes and have

been used on industrial sites and in district heating schemes.
Rodriques ( 16 ) made extensive investigation of the
applications of CHP and subsequently prepared pians for a
scheme at GEC Whetstone. Further details are given in

Section 2.9.2.

2 14l tbmbﬁsfioﬁ'ChehiétrQ

The term combustion refers to the fairly rapid reaction,
usually accompanied by a flame, which occurs between a

fuel and an oxygen carrier such as air, The molecules of
fuel and air have a certain amount of energy stored in the
bonds between their constituent atoms. In the new molecules
formed by a combustion reaction this chemical energy is at

a lower level and the energy thus released can be transferred
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to the surroundings in the form of heat, Combustion is

therefore said to be an exothermic reaction.

. Fuels

The fuels for industrial use listed in Section 2,5 consist
mainly of carbon and hydrogen which exist as hydrocarbons
in.pgtrcleum and natural gases or, as in the case of cpal,
as graphite carbon, Coal does also contain between 5 and

10% hydrocarbons trapped within the solid material,

Combustion reactions

Complete combustion of hydrocarbon fuel leads to the
formation of carbon dioxide and water uaﬁour. Incomplete
combustion where there is insuffiecient oxygen supply leads
to the release of carbon monoxide and possaply some unburnt
. carbon and/or hydrogen in the combustion products. The
presence of these partially combusted products represents

a waste of energy in that they contain a higher level of

chemical energy than carbon dioxide and water vapour.

In industrial combustion systems the supply of oxygen is
obtained by mixing fuel with air, As well as supplying
oxygen, nitrogen is present in air in a volumetric ratio
of 21% oxygen to 79% nitrogen. The nitrogen takes no part
in the reaction but appears in the combustion products,

A fuel/air mixture containing the correct quantity of
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oxygen for complete combustion is called a stoichiometric
mixture. In practice the time available for combustion is
limited and excess air must be provided if complete
combustion is to be provided. The temperature of combustion
products is determined by the flow rate and their specific
heat. The guantity of air and particularly excess air and
inert nitroganxassociated with it has a large influence over -
_the temperature of combustion products. A high temperature
is desirable since this makes heat transfer from the
combustion process more powerful and also enables a higher
grade of heat (c.f. Section 2.7.3). The control of air
quantity to achieve complete combustion yet not unnecessarily

cool the combustion products is therefore important.

Combustion reactions for different fuels and their anaysis
are dealt with in references ( 34 ), ( 38 .) and ( 39 ).
Basically there are the three parameters mentioned above
which are of interest namely air guantity, heat generated
and temperature of combustion products. Air quantity is
derived from the mol analysis of the chemical equation for
the combustion reaction. Heat generated is calculated
from the 'change in enthalpy' from reactants to products
and temperature of combustion products is found from

the temperature rise caused by the release of this energy
into the reactants/products stream. The heat derived from
complete combustion of a unit quantity of a given fuel and
subsequent cooling of products to the same temperature as

the reactants is termed the calorific value of the fuel.

A number of calorific values for a fuel are distinguished,
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(a) Gross calorific value at constant volume where the

water in the products is condensed to liquid,

(b) Net calorific value at constant volume where the

water in the products in vapour.

(c) Gross calorific value at constant pressure (water

in products as liguid).

(d) -Met calorific value at constant volume (water in

products as vapour).

The difference between gross and net values is the latent
heat of the water vapour, 1In industrial combustion systems
burning fuel o0ils it is not possible to achieve the gross
calorific values because small quantities of sulphur present
in the fuel which burn to sulphur dioxide and then combine
with water to give sulphurous acid which attacks steel
components of heat transfer surfaces and flue ways. UWhen
burning natural gas it is possible to operate to the gross

calorific values.

The difference between constant volume and constant pressure
calorific values is very small and represents the work done
at constant pressure by changes in volume due to number
of molecules (mols) of gaseous reactants against number

of molecules present as products after combustion,



2e0ad Electrical En@iﬁeerind'SEienEé

As stated in Section 2.5, electricity is generally regarded

as an expensive form of energy since the overall efficiency

of electrical generation from fossii fuel in a power station
is around 30%. Houwever, electricity has advantages in ease

ﬁ? control, high energy transfer efficiencies at the end-

use and freedom from pollution.

Eiectricai hachineé

Production of mechanical power in an electric motor is at
efficiencies of between 80 and 80% depending on the type

and size of motor, ( 40 ).
Heatiﬁﬁ

Heating of material can be accomplished at high e%ficiency
using electricity via direct resistance heating (passing
a current through the material to be heated), electromagnetic

induction, arc or plasma=-arc, dielectric loss or microwave

absorption, ( 37 ).

Lighting

Types of lamps found in industry are described by Murphy

( 18 ) which are in 4 categories:
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Luminous

efficacy
(Lumens/w)
Incandescent ~ Heated white hot filament 8 - 18
Fluorescent ; Fluorescent coating excited 20 - B5
by electrical discharge
Mercury vapour = Mercury vapour excited 40 - 70
by electrical discharge
Sodium - Sodium vapour excited by 55 - 110

electrical discharge

Energy savings can be made by installing one of the more
efficient electrical heating methods and, for lighting,

by changing to more efficient lamps such as fluorescent

and sodium,

Other electrical savings can normally be made on an

industrial site as follows:

(1) Pouwer Factory Correction

Most electrical equipment which contains 'wound! components,
for example electric motors and transformers, presents an
inductor reactive component of load to the pouwer supply
system which is additional (vectorially) to the real pouwer

being converted to motive power, heat etc. Inductor
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reactive loads do not consume power but store and source
energy from the magnetic field associated with a wound
component., However reactive power increases the level of
current flowing in an electrical system and increases the
power dissipated in the resistance of cables and transformer
windings. The ratio of real power divided by the vectorial
addition of real plus reactive power in a given electrical

system is called the power factor.

Inductor reactive power can be generated local to an
inductive load by connection of a capacitor which imposes

a reactive load that is vectorially 180° out of phase (i;é.
a generator) with the inductive loading. By selecting a
suitable size of capacitor (Say, ( 40 )) the reactive
current loading on distribution cabling and transformers
can be minimised thereby reducing losses in cable and

winding resistances,
(2) Controls

Electrical usage can be controlled using time switching and/
or feedback loop controls. A more detailed description of
controls is given in Section 2,7.6, Here it will suffice to
say that time switching means that items of plant are
switched on and off according to programmed requirements

and feedback loop control means that the output from a
motor, heater etc., is modulated according to instanéous
demand on the plant., There are number of methods of

achieving variable output from electrically powered plant
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and these are described by Say, ( 40 ). It must be
recognised that some of the simpler methods described in

this reference do not lead to reduced electrical consumption
since they merely dissipate surplus power in a rheostat or
load resistor. There are always alternative energy efficient
methods in these cases. \Variable voltage transformers can

be used to replace rheostats. Load resistors, such as those -
used to vary the speed of 3-phase induction motors, can be
replaced by an inverter which converts the surplus power to
mains voltage and frequency for reinjection to the mains

distribution system. (The Kramer system, ( 40 )).

(3) Tariff Analysis

Tariff analysis undertaken by a consumer aims to secure the
lowest price-for the electricity used. Enerqy savings are

not primarily involved as far as the consumer is concerned.

Area Electricity Boards offer a range of tariffs for

different users, for example, domestic, industrial, commercial
and farming., The commercial and industrial groups are

further sub-divided according to annual consumption or supply
capacity., The first stage in tariff analysis is to verify’

that the most suitable tariff is being used.
The second stage is to examine the elements of the tariff,

Industrial tariffs generally contain the following charges

although this does vary between area electricity boards,

- 75 =



Fixed charge - based on supply capacity.

Consumption charge - based on KWh consumed, which
may be broken down into day,

night and evening/weekend units.

Maximum demand charge - based on the annual maximum
demand assessed by measuring
the highest KWh consumption over

a half hour period.

Power factor charge - based on the monthly average

power factor,

Fuel cost adjustment - surcharge for variations in
fuel cost to the Central Electricity

Generating Board levied on a per

unit basis,

Minimum monthly charge,

The consumer has a measure of choice over the consumption,
maximum demand and power factor charges. The consumption
charge can be reduced by re-scheduling operations to the
periods of lower rate such as overnight heating of hot

water and overnight charqging of electric vehicle accumulators.,
The maximum demand charqge can be reduced by re-scheduling

production activities occurring during the critical maximum



demand period. Power factor charges can be reduced as
previously described in this section. Although only po@er
factor correction results in actual KWh savings as far as

the consumer is concerned, the modification of load factor
through lower night rate charges and maximum demand penalties
enables the Central Electricity Generating Board to use the

most economical power stations in their merit order.

I Y tbntiol Enqiheérina

In any control system, the control is based on the requlation
of a physical quantity such as temperature, pressure, flow
etc., In the context of enerqy conservation controls are
applied to plant in order that set conditions of temperature,
pressure, flow etc. are maintained in processes or building
environments by requlation of energy input. In elementary
terms, the contribution made to energy conservation by
control is that when process or space conditioning plant is
working at less than design capacity the energy inputs can

be turned down proportionally and thus avoid wasting energy.

Control engineering is a complicated subject with the most
exacting state-of-the-art theories and standards being
practised in the control of aircraft and spacecraft, For

the energy manager, the 63 page treatment in Dryden ( 37 )

is a good grounding.
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Any type of controller, manual or automatic needs three

continuous inouts:

(1) The signal representing the value of the quantity

being controlled (the measured variable).

(2) A required level of the measured variable (desired
value). This is usually in a memory either physically
pre-set or memorised by a human operator or stored

Idigitally in micro-processor and computerised control
systems., The desired level can be a variable, for

example, a function of time,

(3) A power supply - electric, pneumatic, hydraulic or

human,

The controller performs an algebraic subtraction of measured
and desired values to determine magnitude and direction of
the error. This is then operated on mathematically (to give
stability, stiffness and responsiveness to the control system
as described later) resulting in a signal which causes the
process to proceed at a new datum where the measured value

of the physical variable i8 near to the desired value, The
signal from the controller can be applied to the process in

one of two distinct ways known as 'open-loop' or 'closed-

loop' control,
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Open loop control uses a causative measured variable
compared against a corresponding desired value which acts
through a transfer Function‘(the input-output characteristic
of the control loop) to control a process. The transfer
function has to be known precisely in mathematical terms

if the system is to control the process in the desired
manner. Also open loop control has no way of responding

to a disturbance in the process which is not related to

the measured variable in use.

An example of open loop control is the 'compensator'
manufactured by Satchwell ( 41 ) and others. This control
device attempts to maintain a constant building internal
temperature by regulating space heating system output in
an inverse linear relationship with outside temperature.
Clearly the system has no control over, say, heat gain due

to electrical usage in the building.

Closed loop control uses a measured variable which is fed
back from the conditions in the process under control.

Such a system can accommodate disturbances., These are
allowed to enter the process and measurement is made of

the actual quantity to be controlled. The controller feeds

back a signal to cause the process to proceed with correction

for the disturbance,

An example of closed loop control is the use of an internal

space temperature thermostat to control heating in a building,
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Three features of closed loop control are that:
(1) The controller 'sees' the result of its action.

(2) Because of this, it is possible for the system to
oscillate if the controller action is too great for
a unit error. A finite time must elapse between
controller action and the result of the action
arriving at the sensor, and the controller may have

overcompensated, This condition is known as 'hunting'

(3) Some departure from the desired value must occur to

produce an error to initiate controller action,

In order to influence the oscillatory nature (stability)
of a closed loop control response, derivative action can
be added to the straight forward proportional response.

Derivative control introduces damping into the response,.

In order to correct the offset problem (stiffness of the
control system), integral action can be added to proportional
control. The integral action, over a period of time, finds

a correction for the offset which is épplied to the

controller,

Dinital control

A controller can be made a digital processing device. To

facilitate this, primary measured values have to be
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translated from analogue to digital code and controller
outputs have to be converted from digital to analogue form,
The main advantage of a digital system is the ease with
which sophisticated control strategies can be programmed
into the digital processor. A microprocessor or computer
is capable of accepting a number of measured variables

and their corresponding desired values (as functions of
time if necessary), undertake computation of proportional,
derivative and inteqral terms for a number_cf outputs

and even self-adapt its response characteristic based on

learning from the way the process behaves.,

Self adaptive control is a valuable technique in the
industrial field because in most cases it is very difficult
to mathematically model the behaviour of a process. An
example of this is the modelling of thermal response for a
building, In simple terms, the rise in internal temperature
from commencement of heating would be the solution to a
differential equation involving net heat into the building
(heating system output minus the internal temperature
dependent fabric and ventilation loss) and the thermal
inertia of the building structure, However, other factors
such as response to wind speed and direction, solar gain
and changes in outside air temperature during warming up
make the model unreliable., Improvement to the model and
extensive validation in individual buildings would be

required and this is out of the question on a site like
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GEC Whetstone where there are approximately 30 buildings to
be considered. One reason for wanting to know the thefmal
response of a building is so that the octimum time for
commencement of heating the building prior to occupancy

can be computed, From the simple thermal inertia model,

it can be seen that this time is variable and is a function
of inside and outside temperatures. A control device knoun
as the self-adaptive optimiser manufactured by Satchuwell

( 41 ) and others can be installed to predict the correct
time for switch-on of the heating, This device is micro-
processor based with digital storage and it learns and
remembers the building thermal characteristic at different
internal and external air temperature conditions as measured
by its own sensors. The predictive nature of the control is
further refined by generating an external air temperature
daily profile and not relying on a single point-in-time
current measurement. The daily profile is learnt from
historical measurements and is slowly modified throughout

the year to take account of seasonal variation,

Electronic Enerqy Management Systéﬁé

A development in digital Eontrnl technology currently

taking place is the integration of all energy controls an

a given industrial site by linking them to a central computer.
Such systems are called electronic energy management systems

(EMS). The advantages of this are put forward in the ASHRAE
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Handbook ( 42 ) and are essentially that the measurements
made by the control sensors are available from the cgntral
computer and enables site management to determine thét

the correct process conditions are being maintained and
that the controls are performing reliably. Any corrective
measures can be programme&‘into the system at the central
computer which may be set point changes, re-programming of

control strategies or running a diagnostic program to

ascertain a repair or maintenance schedule for the plant,

Controls which are put under the supervision of an EMS can
be, process, production, space heating, hot water service
and lighting. The different types of control are discussed

in Section 2.9.4.

2.8 Buildings and Buildina Services

Buildings are an important category of energy consuming
'plant', As described in Section 1.4, 40 -~ 50% of gross

UK energy supply is destined for use in buildings for space
conditioning. For this reason this section is devoted to

the subject of buildings and heating, ventilating, air
conditioning (HVAC) systems. The majority of the information

has been obtained from the CIBS Guide, ( 35 ).

There are a number of factors which influence the environment

within a building:
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(1)

(2)

(3)

(6)

(7)

Heat loss or gain through the walls, roof and floor.

Heat loss or gain through ventilation of the building,

Heat lost or gained from the structure of the building

during warming-up or cooling-douwn,

Internal gains from plant, electrical machines and

people.

Solar gain on the-building fabric,

The type of heating system employed: warm air types,

radiant types and air conditioning.

The hours of use of the building and whether

-

intermittent heating is involved,

There exists some sophisticated models of building thermal

behaviour taking into account all of the above factors,

references ( 43 ) - ( 45 ) and ( 35 ). Basically they

model a building as a heat flow system where, for a heating

situation, there are heat inputs from internal gains, solar

gain and the heating system and heat losses via walls, roof

floor, ventilation and to the structure. Heat loss through

the fabric is represented by the conductive heat transfer

equation but with 'U' values as described in Section 2.7.1

Heat loss by ventilation, which may be natural or mechanical
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using fans, is a heat transport phenomenon (Section 2.7.2).
The magnitude of both these heat losses is directly
proportional to the temperature difference from outside

to the required inside. Clearly, these losses diminish

as outside temperature rises and there is a temperature at
which the internal gains alone will maintain the required
internal temperature without any input from the heating
system, The outside temperature at which fhis occurs is
called the balance temperature for the building., If outside
temperature rises further cooling is required if the

desired internal temperature is to be maintained,

There are a number of arrangements for heating and coolings:

(1) Radiator Systems

Radiators are installed throughout a building and transfer
heat to the space mainly by natural convection and to a
lesser extent by radiation. The radiators themselueé are
heated by a flow of hot water or steam. UWhen medium/high
pressure hot water or steam is used directly in a radiator
system the radiators are enclosed for protection against

scalding. This type of radiator is commonly termed a

convector.

(2) Warm Air Systems

Warm air systems consist of a unit containing a heat
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exchanger matrix and a fan which blows air through it,
Heat is supplied to the matrixiby either hot water, steam
or combustion products from direct firina. Heat transfer
to the air stream is by forced convection. The stream

of hot air can be supplied down ductwork to the building
space or the warm air unit can be situated actually.in
the space as with the 'unit heater' and 'fan convector'.
The cold air to the unit may be taken from the building
space (recirculation) or from outside.(Fresh air input)

or a mixture of both (partial recirculation).

(3) Radiant Systems

A radiant system is designed to emit a high proportion of
radiant heat relative to conduction and convection components.
The radiation, which is ﬁredominantly infra-red band, does
not heat the air volume of the building directly but passes
through it to be absorbed by bodies and thereby heating

them, A radiant heating emitter usually requires a source
temperature of 150°C or higher which can be provided by

high pressure hot water, steam or gas firing. Gas firing

is a relatively new technique and is described more fully

in Section 2.8.3. Radiant emitters are usually mounted

overhead.

(4) Air Conditioninn

Air conditioning is an advancement of the warm air type of

to include not only heating but cooling and also
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humidi%ication/dehumidification. A 'full' air conditioning
system consists of a plant which supplies air to and takes
return air from the building space. Basically this air
stream is recirculated through cooler and heater batteries
in the plant where heat can be removed or added respectively
to maintain the desired space conditions which are usually
monitored for control purposes by sensing the return air.

A variable quantity, betueen 0% and 100% of the return air
can be exhausted to outside with a corresponding volume of
fresh air being drawn in at the plant in order to provide
for ventilation of the building. Humidification is
achieved by spraying water or injecting steam into the
supply duct. Dehumidification is achieved by cooling the
air with the cooler battery so that water vapour condenses
and is drained away. The air is then reheated with the

heater battery to the required supply air temperature,

Buildings at GEC Whetstone

Rodriques ( 16 ) made a survey of buildings on the GEC
Whetstone site in terms of fabric heat loss, ventilation

heat loss and types of heating system employed.

2.9 Energy Conservation Technbloé&

The various avenues for practical enerqy conservation are

based on the theory described in Section 2.7. To recap

there are the following avenues for industrial energy

conservation:
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(1) Insulation of hot bodies, e.q. pipes, tanks and
buildings,

(2) Thermal Bettering e.q. CHP and heat recovery,

(3) Alternative fuels including advanced combustion

systems and the burning of waste,
(4) Electrical system optimisation (as Section 2,7.5).
(5) More efficient lighting (as Section 2.7.5).

(6) Automatic controls,

(7) mMaterial substitution in products with alternative

having low intrinsic energy content,

(8) Change processes.
The above avenues basically involve the installation of a

piece of harduware., To this list three somewhat more

abstract concepts can be added:

(8) Maintenance - Maintaining plant in the best working
order with the intention that this
gives the most energy efficient

operation,

(10) Doing without e.,q. Lowering standards of comfort,



(11) Line management and workforce involvement and
motiuation. This is described in the following
Section 2.10 and it was this avenue that developed

into the author's work at GEC Whetstone,

It is impossible to describe every.application of energy
conservation technology because these are very varied
taking into account all the specialised situations that
exist throughout indﬁstry. The remainder of this section
is a brief description of the more common measures which
are applicable generally on an industrial site. The
descriptions given outline the principles and give where
possible typical payback periods for the measures taken
according to references ( 18 ) - ( 25 ) and the Department

of Enmergy, Energy Conservation Demonstration Projects

Scheme Project Profiles ( 48 ),

2e8.1 insuiation

Three types of hot body common in the industrial environment

which should be insulated against heat loss are:

(1) Pipes and tanks
(2) Buildings

(3) Furnaces, Kilns etc,
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bioes anﬁ’TénRs

A wide range of pipe and tank insulation products is
available and are commonly preformed sections made from
rock or glass fibres, calcium silicate or magnesia,
polyurethane or polyisocyanurate depending upon the
working temperature,( 47 )., Payback on pipe‘and tank
insulation is typically 0.5 to 2 years depending on the
temperature of the pipe or tank, the level of insulation

applied and the hours per annum of plant operation.
Buildings

For buildings there is again a wide range of insulation
products available for application to both roof and Qalls.
( 48 )., The insulation materials are commonly rock or ‘
glass fibre, polyurethane or polystyrene based, Methods
of application vary. The materials can be blown or

foamed into cavities or used in sheet or quilt form for
fixing directly to roof and wall internal surfaces.
Polyurethane can also be sprayed onto external roof and
wall surfaces, Payback on building insulation depends

on hours per annum the building is operated and the

'"y' value of the existing fabric, The range of payback

is from 2 years for a continuously heated building insulated
to achieve a 'U' value of G.Smfm2 from previous Gw/m2
(single sheet steel or asbestos) to 7 years for a building

occupies 10 hours per day with 'U' value improvement from
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3W/m? (typical uninsulated office building roof) to

0.6u/m3 ( 48 ).

Furnaces and Kilns

Kilns and furnaces can haye insulation applied for two
reasons fhe first being ta minimise heat loss from the

hot space -to ambient through the kiln or furnace wall.

The second reason, where the kiln or furnace is used on

an intermittent cycle, insulation can be used to minimise
heating up and consequenf cooling down of the wall itself.
In this case the type of insulation used is ceramic fibre
which has low thermal conductivity and low thermal capacity
and is applied to the internal surfaces of the kiln or
furnace, Payback periods are usually less than 2 years
being dependent on hours per annum operation, intermittency

period and furnace operating temperature.

2.9.2 Thermal Betterina

The principle of thermal bettering were described in Section
2,7,3 as involving the harnessing. of 'waste heat from a
source which is matched with a demand for heat in terms of
temperature or grade of heat, quantity of heat and timing.
(i.e. Do the times when waste heat is sourced from a given
process correspond to the times when it is required by
another?) Basically, implementation of thermal bettering

involves finding a source/demand match and then employinng
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a heat exchanger.

exist:

(1) Wwaste heat'boiler

(2) Shell and tube heat exchangers
(3) Plate type heat exchangers

(4) Run round coil system

(5) Recuperators

(6) Regenerators

(7) Heat Wheels

(8) Heat pipes

(39) Heat pumps

Waste Heat Boiler

R waste heat boiler is employed in CHP systems where the

exhaust gases from a diesel engine or gas turbine are fed

A number of types of heat

exchanger

through primary tubes of the boiler in order to raise

steam or hot water for heat supply.

Shell and Tube Exchanqeré

The waste heat transport medium is circulated through a

primary tube bundle which is imersed in the secondary
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(recovery) circulation contained in the shell., Typical
applications of the shell and tube heat exchanger include
heat recovery from hot effluent streams such as boiler
blowdown, waste wash liquors, waste gas streams, solvent

cooling and process fluids.

Plate Type Heaf Exchanqéfﬁ

Plate type heat exchangers consist of a series of separate
paréllel plates forming thin flow passages. Each plate is
separated from the next by gaskets and the primary stream
passes in parallel through alternative plates whilst the
secondary stream passes in parallel between the hot plates.
The advantages of this type of heat exchanger are the ease
of cleaning, ability to add additional heating surface if
heat recovery conditions alter and ease of reolacement of
faulty plates or gaskets. Applications are therefore
typically where one or both of the primary or secondary
fluids is dirty or aggressive such as in heat recovery

from dyehouse effluents and flue gases.

Run around cpil systeh

A run round coil system consists of two heat exchanger
coils installed in the inlet and outlet ducts of two air
streams and connected to each other by pipework filled
with a continuously circulating water mixture, Exhaust

air passing through the outlet heat exchanger warms or

o R



cools the circulating liquid which is then passed to the
inlet coil where there is heat exchange with the inlet
stream, An advantage with the system is that the inlet
and outlet ducts can be remote from each other and the
pipework in which the liguid circulates can be installed

to suit.”

Recuperators

Recuperators are heat ekchangers in whieh heat in exhaust
flue gases are transferred to preheat the air being supplied
for the same combustion process. The heat exchanger
passages are arranged counterflow and can be made integral

with the burner as in the self-recuperative burner, ( 49 ).

Regenerators

Regenerators are heat exchangers in which heat is transferred
between exhaust and inlet streams on a cyclic basis

involving a thermal mass heat store which is warmed by

waste exhaust for a period of time and then used to heat

the inlet stream for a corresponding period of time.

The thermal store is usually a matrix of metal or refractory
material, Clearly, in order to sustain continuous heat
transfer from exhaust to inlet, two thermal stores are
required which alternate between the heating and cooling

phases,



Heat uheeié

-

A heat wheel uses the same principle as the regenerator.
The wheel consists of sectors of steel mesh or inorganic
fibrous materials coated with glass ceramic, Exhaust and
inlet are ducted so that they run adjacent to each other
and'the wheel is installed so that half of its face area

is in each of the two ducts. The wheel is rotated and thus
moves sectors of matrix warmed in the exhaust stream to
heat the inlet stream. The main area of application for
heat wheels is where heat exchange between large masses of
air having small temperature differences is required such

as in ventilation and extraction from building spaces.

Heat Pineé

A heat pipe is a self-contained heat transport system
(Section 2.7.2) which consists of a pipe lined with a
metal mesh and containing a working fluid, At the hot end
of the pipe the fluid evaporates and the vapour is driven
along the pipe under its vapour pressure. At the cold end
the vapour condenses thereby giving up its latent heat.
The condense fluid then moves under capillary action in
the wire mesh lining towards the hot where the mesh is
dryer due to evaporation taking place. Heat pipes have
not had wide scale use to date but their usefulness is
their ability to transfer large gquantities of heat from

one point to another on a piece of industrial plant.
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Heat Pumbé

A heat pump is a heat engine in reverse (Section 2.7.3),
that is, it takes heat from a low-grade source and supplies
it for use at higher temperatures. To achieve this there
has to be an input of mechanical power to bring about the

upgrading of the heat.

There are two practical arrangements for a heat pump:

(a) Vapour Compression Cycié

In the vapour compression type heat pump a fluid is boiled
at 'low' pressure by heat from the 'cold' source and the
vapour produced is then compressed so making the saturation
temperature for the condensation process at a higher
temperature. The vapour is condensed at this higher
temperature by transferring to the 'high' temperature sink.
The working fluid then goes through a pressure reduction
process in a throttling valve to return to the 'cold'

source heat exchanger to complete the cycle,

(b) Absorption type

The absorption type of heat pump makes use of the ammonia -

water equilibrium reaction:

NHy + H,0 = NH , OH



When ammonia (NH3) dissolves in water (H2U) the reaction
giving ammonium hydroxide (NHaDH) is endothermic and can
be used within a heat exchanger to refrigerate an air
stream or other medium. Heating of ammonium hydroxide
solution causes the equilibrium to reverse giving ammonisa,
water and also liberating the heat absorbed previously in
the cycle from the refrigerated medium,

2.9.3 Alternative Fuels, Advanced Combustion Systems and

the Burning of Waste

The main developments in this field have occurred with the
widespread availability of natural gas since the late 1860s
and early 1970s, Natural gas burns cleanly to give just
carbon dioxide and water as combustion products. These"
attributes have led to a2 number of new ideas in combustion
technology namely 'direct firing' and 'fully condensing'
systems, Direct firing is where the flame and piece to
heated are in direct contact. A fully condensing system
exhausts the water from the combustion products after heat
transfer as liquid and not vapour and thereby gaining the
gross calorific value as opposed to only the net calorific
value (Section 2.7.4). Also exhaust products in the fully
condensed state are cool and flue arrangements can be
handled in unconventional ways as described in the following

'mew' natural gas burner types.
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(1) Black Radiant Tubes

The 'black radiant tube' is the heat transfer surface of =2
black radiant system which emits heat basically by radiation.
The tube is natural gas fired having a gas injector nozzle

a one end and in induced draught fan at the other end,

The tube is used to space heat tall factory buildings where
radiant heat transfer to bodies in the building is a more
efficient mode of transfer than attempting to warm up larqe
volumes of air to comfort level. Radiant heating can use

up to 60% less enerqgy in producing equivalent comfort

conditions to warm air heating.

(2) Imersion Tube Tank Heater

An imersion tube heater has the same arrangement as a
black radiant tube but is used to heat ligquid in vats and
tanks, Heat transfer is conductive/convective. The

imersion tube can be made fully condensing and have an

overall efficiency of greater than 90%,

(3) Radiant Plague

A radiant plaque is another radiative heat transfer system
used for space heating. The radiation given off has

visible red frequencies as well as the infra-red band given
of f by black radiant systems. The radiant plaque consists

of a ceramic matrix which is direct gas fired,
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(4) Catalytic Surface Combustion

Natural gas combustion can be made to take place on a
catalytic surface virtually with no flame involved. Heat
transfer from the reaction is effective and precise

leading to low levels of waste and therefore good efficiency.

(5) Self-Recuperative Burner

The self-recuperative burner was described in Section 2.8.2

and also in reference ( 49 ).

Advanced Combustion Syétem for Solid Fuels and Waste

An area of development in the burning of solid fuel is a
technique known as fluidised bed combustion. In this type
of combustion system, particles of pulverised solid fuel
forming the bed are suspended in an upwards moving air flow
in which combustion takes place. lThe benefits of fluidised

bed are:

(1) Good mixing of the air and fuel enabling high heat

outpyts from compact combustion units,

(2) The heat flux from a fluidised bed is near uniform
over its area and this makes effective use of heat

transfer surfaces beyond the combustion chamber.



(3) Fluidised bed facilitates the burning of fine
particulate solid fuel. Solid fuel in this form
is easy to handle since it can be blown along pipes

and therefore has similar convenience to oil.

(4) Fluidised bed systems can burn pelleted or pulverised

waste.

2.8.4 Energy Saving Controls

Eleven types of control strategy are described in this
section, Apart from the automatic on/off (timeclock)
strategy the other ten arrangements are all for use on

HVAC plant. Clearly there are possibilities for specialised
energy control on specific items of process and production
plant throughout industry but to describe these possibilities
further than the general principles given in Section 2,7.6
would be difficult and virtually pointless in view of their
limited range of application. Space conditioning controls, -
Eoweuer, are applicable to virtually every building and

are particularly relevant on a site like GEC Whetstone
where 98% of heat raised goes to building services (Section
2.4), ‘For this reason heating, ventilating and air
conditioning control strategies are covered specially in

the following descriptions. The descriptions are taken

from a USA source, ( 50 ) which is interesting because

the wide range of climates egperienced across the USA

prompts coverage of a wide range of control strategies,
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(1) Automatic on/off (Timeclock Control)

Automatic on/off control can be used to make energy savings
by switching plant such as heating equipment, lighting and
production machines in accordance with the occupancy and

working patterns.

(2) Optimum Start

The optimum start time for a HVAC system is such that the
building just recovers comfort conditions for the start
of occupancy. The functioning of an optimiser for computing

optimum start has been described in Section 2.7.6.

(3) Temperature Sethack

Use of temperature setback is an alternative to optimum
start, During the non-occupancy period the building
temperature thermostats are reset to a lower setting thereby
reducing the energy input requirement but maintaining
thermal conditions where a known period of preheat will

return the building to comfort conditions.

(4) Fresh Air Shut-off

When HVAC plant is running but the building is not occupied
such as the operation to recover comfort conditions or

maintain a setback temperature it is not necessary to
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introduce fresh air for ventilation, Fresh air dampers
should be fully closed with full recirculation taking

place during these periods,

(5) Free Air Coolina

Internal heat loads in a building may require the HUAC

system to provide cooling even though outside air temperature
is cooler than the desired internal temperature. Under

theée conditions it is possible to take advantage of the
cooler outside air by introducing it into the building to
provide some or all of the necessary cooling., 0On an air
conditioning system this means opening the fresh air

dampers to relatively high volume flouw rate whilst

recirculation is towards the minimum.

(6) Enthalpy Control

Enthalpy control is an improvement to the basic controls
for free air cooling in that it takes into account latent
heat due to humidity as well as the more simple sensible
heat due to air temperature alone, Levels of fresh air
input and recirculation air made on the basis of enthaloy

minimises the amount of heating or cooling that is necessary.

(7) Floating Suoply Temperatures

Multizone, dual-duct HVAC systems consist of two parallel

ducts carrying heated and chilled air, Zone controls mix
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air from these two streams in different proportions for
each zone according to how much heating or cooling is
demanded. Early controls on the heater and cooler batteries
were designed to maintain the heated and cooled stream at
given constant design temperatures and use whatever mixing
that was required to maintain zone temperatures,. The

basic concept of floating supply temperature is to minimise
the amount of mixing by adjusting the heated stream
temperature to just meet the demand of the zone requiring
the most heating and the cold stream to just meet the
demand of the zone requiring the most cooling. The relaxed

supply temperatures require less energy input at the heating

and chilling plant.

(8) Floatina Chilled Water Temperature

In order to minimise the work input to refrigerant
compression between evaparator and condenser in a chiller
unit, the chilled water setpoint temperature should be
varied to the highest temperature which will just satisfy

the cooling load.

(8) mMultiple Chiller Scheduling

Multiple chiller arrangements should be operated to a merit
rating to achieve optimum efficiency (i.e. the most efficient

chiller takes the base load).
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(10) Compensator Control.

Compensator control modulates the outout from a heating
system as an inverse linear relationship with outside
temperature in an attempt to prevent overheating beyond

the desired internal temperature when outside ﬁeather is
less severe than the design case. The control acts on a
3=-port valve through which the.heating system circuit is
supplied, The flow through the valve is such that the
circuit is supplied with a mix of hot water from the

boiler or calorifier and portion of the return flouw.

The temperature of the heating circuit is therefore reduced
thereby reducing its output whilst the boiler or calorifier

supplies a reduced volume of hot water thereby reducing

fuel consumption.

(11) Combustion Control

Electronic probes can be used to monitor the amount of
oxygen that passes up a boiler stack and send a feedback
signal to adjust air supply to precisely match combustion

requirements,

2+9.5 Alternative Production Processes

There are a number of specialised production processes
which have been developed in recent years to undertake
operations such as specialised welding and metal refining

L

- 104 -



particularly of semiconductor materials. 0One of the
requirements of the processes means that there is a high
intensity transfer of energy focussed onto a small area

of the material being worked as will be shouwn in the
following desciptions. Apart from meeting the production
related criteria these processes are enefgy efficient
because they minimise or even eliminate wasteful heating
of, for example, large uﬁlumes of 'parent' metal in welding

and crucibles etc. in metal refining.

(1) Electron Beam and LASER Weldina

Electron beam and LASER welding involves directing a focussed
beam to impinge on the joint to be welded., Meltinag occurs

in a very narrow zone either side of the joint but can be
made to penetrate 20 times the width of the zone, { 21 ).
Conventional gas or arc welding can only be used at a 2:1
depth to width ratio and so considerably less parent metal

is heated with the electron beam and LASER techniques.

(2) Heating by direct resistance, electromaanetic

induction, arc, plasma-arc, dielectric loss or

microwave absorption

Direct resistance, electromagnetic induction, dielectric
loss and microwave absorption use the internal properties

of the material being heated to absorb energy as electric
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current, magnetic or electric flux, or electromagnetic
radiation reshectiuely and convert it to heat. UWasteful
heating of receptacles and conveyors is minimised since
these are made from materials which do not absorb the

particular flux type or fregquency of the power being

emitted.

Arc and plasma-arc -heating does involve heat transfer to
the material being heated but since the arc discharge is
in ﬁery close proximity to the surface of the material
the thermal resistance to it is Qery low resulting in

efficient transfer of heat from the power source.

Mechanical Removal of Water in Drying

The removal of water in a drying process by evaporation

means that heat has to be sunplied for sensible and, more
importantly, latent heat, If mechanical removal of water

is possible then only a fraction of the equivalent latent

heat input is required. Mechanical drying processes

include laundry mangles and spin dryers. A recent development
for removing water droplets from surfaces is the 'air

knife' which is a fine blast of compressed air which blouws

the drops from the surface,

210 Enerqy Conservation Measures Investigated and

Imolemented at GEC Whetstone

The energy management programme at GEC Whetstone had been
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in progress for 6 years prior to the author's involvement
and compr;hensiue investigation of enerqy saving measures
had been undertaken by both Rodriges ( 16 ) and other GEC
staff before him. The greater part of the measures put
forward were implemented, Capital expenditure on eneraqy
saving measures by 1879 amounted to £270000. The measures
implemented are described by Rodriques ( 16 ) and these
are summarised by Tables (2.2) to (2.4) reproduced from
his thesis, Tabies (2.2) and (2.3) show the enerqgy
conservation measures which were implemented in relation
to heating and electrical systems respectively. Table
(2.4) shows measures which were investigated but did not
satisfy GEC investment criteria, The tables include details
of investment expenditure, projected savings and simple

payback against each project,

2.11 Line Mananement and Workforce Involvement and

ﬁotiuation

There are a number of steps a company enerqy manager can
take to involve line management and the workforce.
Involving personnel basically requires an objective or
objectives to be communicated to them and then suitable
motivation applied in order that they try and achieve
the desired result, 1In energy management there prevails

two ways of interesting personnel:
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(1) “Appealing to a person's 'better nature', through

a promotional campaign, to switch things off and

turn things down.
(2) Make personnel responsible and accountable for the
necessary action through monitoring and targetting

and reward those who are effective.

2.ll.i bfomotiohal Camoaiﬁné.

The purpose of a promotional campaign is to make the
workforce aware of a company's energy saving programme
and to indicate the contributions required of them such
as switching off lights, closing windows and doors etc.
The steps in a promotional campaign are described by

smith ( 20 ), and are as follous:

(1) ﬂfficial'ﬂnnounﬁemenf

An official announcement should be made by senior management
at the initiation of an energy saving programme, The
announcement could include reasons for the company embarking
on the programme, the appointment of an energy manager and

how personnel will be affected.

(2) Joint Committee

A joint committee with representatives from all areas of

the company's site meeting the energy manager serves to
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keep personnel advised of progress on the prograhme

particularly where it may affect standards of comfort.

(3) Newsletters and Brochures

Neusletters and brochures either posted on noticeboards or
haqded—out to all personnel can serve to keep the workforce

informed of the programme on a continued basis,

(4) ‘Local Announcement of Enérqy Saving Perfofmaﬁéé

Where possible, energy facts and fiqures for specific areas
should be made available to personnel, Posters displaying
charts of energy consumption over time are useful in
generating interest. The information for such charts is
synonymous with monitoring and targetting which is to be
described in Section 2,10,2, It is important to recognise
that monitoring and targetting is a means of motivating

line management but the promotional campaign is complementary
in that it aids the line manager to bring about changes

of behaviour in the general workforce.

(5) Theme and Loao

Development of a theme and logo to characterise an energy
management programme will help gain programme recognition,

An example of theme and loqo is the Governments's "Save-

It" campaign,
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(6) Point-of-Use Labels and Posters

Point-of-Use labels and posters can be affixed in appropriate
places to remind personnel to switch off equipment and

lighting, close windows, report leaks of steam and compressed

air, turn off hot water taps etc,

(7) Suqggestion Scheme

The workforce can be asked to contribute suggestions for
energy saving measures, This may be particularly valuable
in specialised areas where specific personnel will have
particular working knowledge of plant, The suggestion
scheme should be supported by the award of a prize,

Suggestions put forward in this way will probably require

capital expenditure.

(8) Continued Communicatio

The promotional campaign efforts should be reqularly

renewed and updated in order to maintain the impact on

the workforce.

(9) fraininq Courses

Training courses for plant operatives should be considered

if standards of operating practise have any significant

effect on enerqy efficiency,
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2.11.2 Monitorina and Taraettina

Monitoring and targetting is a management technique for
control of energy use. It is similar to the preparation
of financial budgets and keeping account of spending
progress against the budgetted allowances. In fact, as
far as én industrial manager is concerned, it is an
extension and rationalisation of management accounting
since budgetting and fiscal monitoring of manpouer,
materials, finance and sales is commonplace. With the
increasing cost of energy, this too has sooner or later

to become significant in the manager's accounts,

Monitoring

The component parts of a monitoring and tarqetting system

are shown in Fig. (2.2) which is extracted from an article

by Swallow, ( S1 ).

Monitoring means the systematic ongoing, reqular recording
of enerqy supplies to energy cost centres. Enerqgy cost
centres are initially identified by the enerqy audit
(Section 2.3) and should include all major items of plant
and individual buildings of area greater than, say,
lUOUmZ. The energy supplies must be metered to give
'hard'! data, Estimated consumptions derived from
apportioning usage in some manner, for example by area,

is not hard data and is of little use in monitoring and
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targetting because it makes enerqy saving trends ambiquous

with happenings in the other apportioned areas.

%araettiﬁﬁ

‘An energy consumption target is a value or range of values
representing efficient energy utilisation for a given
energy cost centre. Targets ma} be essentially of two
types, namely those built up from calculated theoretical
figures to allow for operational factors, or those
calculated from existing consumption levels by statistical

or empirical means,

Furthermore there are two levels of tarqet setting as

shown in Fig. (2.2) naﬁely to maintain existing performance
and secondly to improve Der%armance. The responsibility

for monitoring performance can normally lie totally with

the line manager charged with a given energy cost centre.
Usually no capital expenditure is involved only that

correct operating procedures are observed and that attitudes
and motivation of his personnel are reasonable. Improvement
of existing performance usually involves capital expenditure
on energy saving equipment, This will require authorisation
at senior level by management who themselves have overall

corporate energy targets to meet.

Represenation of Monitoring and Taraeftina Data

Three methods of displaying monitoring and targetting data
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commonly used are the consumption plot, CUSUM graph and
standard error band, The basic format of each method is

described in Fig. (2.3).

Monitoring and Targetting Schemes in Proqreés

A number of monitoring and targetting schemes have been
installed in the UK since 1981 and in the USA since 1977,
These are summarised in Table (2.5) which gives a brief
description of enerqy cost centres involved, personnel
held responsible and the reported benefits, The table
indicates savings through monitoring and targetting of
hbetween 5% and 25% on energy consumptions valued in the
range £100000 on a single site to £BM on 2 multi-site
operation; with some examples of savings being achived

with no capital expenditure except on metering eguipment,

&2 Summary of Chapter 2

The indication given in the Introduction to this thesis,
based on the conclusions of Rodriques ( 16 ), was that the
author's work in monitoring and targetting for the Whetstone
site was the next logical step in the already established
energy management programme. This chapter has reviewed

the theory and practice of energy management from the
literature on the subject and has described the respective
progress of the energy management programme at GEC Whetstone

in the years preceeding the author's work.
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The development of the programme at Whetstone has been

moulded by a number of site and executive factors:

Site Faéfbrs

GEC Whetstone is a low enerqy intensity site as identified
in Section 1.6.2. As shown further in the energy audit of
Section 2.4, 98% of heating fuel and 62% of electricity
are used to maintain building environments and represent
an ﬁuerhead which is fixed in relation to productivity of
the site, Energy management, therefore, centres on
buildings and building services (described summarily in
Section 2.8) to which there is the relatively limited
range of measures outlined in Section 2.9 and 2.10 that

can be applied,

The energy management programme at GEC Whetstone had been
in progress for 6 years prior to the author's involvement
and comprehensive investigation of energy saving measures
had been undertaken by both Rodriques ( 16 ) and other

GEC staff before him., The greater part of the measures

put forward were implemented., By 189739, capital expenditure
on energy saving measures amounted to £270000 supported by
annual savings in the region of £55000 in fuel and

electricity as shoun in Section 2.10.
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Onooina Work in 1979

There were two aspects to further work on the site in 1878,

(1) To replicate certain of the measures proven under

Rodriques' study on a wider scale across the site.

(2) To progress the energy management programme to new

ideas.

The replication of measures which had been proven was made
the responsibility of engineering staff at GEC Whetstone.
For example, the responsibility for implementing the re-
lamping of the whole site with high effi;iency fluorescent
and high pressure sodium lights became the responsibility
of the Works Electrical Engineer after initial trials in
just one building. Likewise, pipe laggqing and building
insulation became part of the civil engineering staff

responsibilities,

As stated in Section 1.7, the author's contribution wuwas
expected in the second aspect to progress new ideas into

the programme,

As shown in this chapter, monitoring and targetting has
been a new area of investigation in UK industry with
reports being published since 1981, Monitoring and targetting

described in Section 2.11 purports to answer the problems
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found by Rodriques ( 16 ) and described by the author in
the Introduction Section 1.7, namely: "the lack of firm
commitment from management at certain levels and the
attitudes of certain staff in buildings" generating
resistance to the use of intermittent heating strateqgy
and consequential loss of its operational effectiveness.,
It was therefore the application of monitoring and
targetting of heat usage that the author investigated
with the aim of gaining commitment from line management

primarily on the effective use of intermittent heating

strateqgy.

Note on MGnitnriné and Tarqatfind nf'tleétfiﬁitQ toﬁéuhbticﬁ

The "author was aware that monitoring and targetting of
electribity consumption would be a potentially useful
exercise but the work could not be supported by tangible
observations of abuse or records from Rodrigues work ( 16 )
as could the heating. Houwever, the monitoring of a breakdoun
of electrical consumption was later installed by GEC staff
although this was then apart from the author's line of

work agreed in the interim with GEC to investigate monitoring
and targetting of heat. Consequently electrical monitsring

and targetting forms no part of the author's work,
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Type of consumotioen Nature GJ Fuel | Percent Value Percent
of use breakdown £ cost
19739/80
.n*
Space heating Indirect] 85235 c= 51 35 | 141856 19
o
Hot water service Indirect 7575 ® S 3 12607 2
oo
Process heat Direct 1638 { 2 1 1 27286 -
L]
Boiler losses Loss a7904 | 53| 29 19| 79727 11
2 M
Distribution losses Loss 23748 { == | 14 10| 39524 5
.
TOTAL HEATING 166100 100 68 | 276440 37
Lighting -« Offices Indirect 9284 16 4 50927 8
Lighting - Workshops Indirect| 5616 10 2 | 368SS 5
Space heating Indirect| 5188 g 2| 34047 5
Heating, ventilating and
air conditioning Indirect) 4140 2 7 1| 27170 4
Creep testing laboratory Indirect| 9464 % 17 4 62108 8
Machine tools Mirect 8166 E 14 3 53590 7
-
Production heat Oirect 1259 W 2 1 8262 1
Turbine testing Nirect 8174 16 4 60205 8
Air compressors Yirect 2180 4 1 14306 2
T f nd tran
losses o ° ansnission Loss 2729 s 1| 17910 3
TOTAL ELECTRIC 57200 100 23 | 375380 51
Turbine testing Oirect 22700 g:i 9 88800 12
TOTAL 246000 100 | 740820 100

Table (2.1) : BREAKDOWN OF ENERGY USE AT GEC WHETSTONE

FOR 1979 / 80
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Aston University

Hustration removed for copyright restrictions

Fig.(2.2) : COMPANENT PARTS OF A MONITORING AND

TARGETTING SYSTEM

Source : Swallow, ( 51 )
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Aston University

Hlustration removed for copyright restrictions

Fig.(2.3) : REPRESENTATION OF MONITORING AND

TARGETTING DATA

.Sources : PA Management, ( 52.)
NIFES, ( 53 )
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CHAPTER 3

HEAT METERING SYSTEM FOR GEC WHETSTONE

3.1 Introduction

Monitoring and targetting of space heating consumption
in the buildings at GEC Whetstone required the
specification of, firstly, the breakdoun of heated area
taking into account building/tenant manager divisions

and, secondly, the heat metering equipment to be used.

3.2 Breskdoun of Haated Ares

The final solution to the breakdoun of heated area was

dependent on a number of factors, some of them

interdependent, as follouws:

(1) The different buildings on the GEC Whetstone site,
(2) The levels of line management who will be asked

to participate in monitoring and targetting and

the buildings they occupy,

(3) The supply of heat to the buildings:-
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Supplies of heat to a building are not always

conveniently arranged for metering. Tﬁere are

two situations where problems arise:

(a)

(b)

Large buildings with a number of feeds:

Technically, there is no problem in providing
more than one heat meter per building, although
the internal distribution of heat may bé some-
what indeterminate, However, the cost of having
to provide, say, 5 heat meters to meter Block 55
when there is no justification other than that
there are S5 separate feeds is 'difficult to
swallow' when the economics of the project

dictate a £639000 maximum expenditure. (Section

1.8.)

Small buildings grouped together and heated

with a common heating system:

Some small buildings grouped closely together
(for example, 'Mobile' buildings 678, B7C and
B70) are heated with a common LPHW heating
system from one calorifier served by the HPHU
mains, There are two heat metering options.
Firstly, metering the HPHW with one heat meter
and lose accuracy on individual buildings or
install separate heat meters on the LPHU

circuitry at increased caost.
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(4) The cost of a heat meter including installation

costs.,

(5) The smallest heat usage which is of interest in

monitoring and targetting.

(6) The accessibility of a suitable length of heating
main in which to install the heat meter. Preferably
this should be indoors to avoid the need for weather

protection,

AR level of compromise taking into account all the above
six points was put forward for GEC Whetstone. The problems

which made this necessary were basically two-foldi-

Firstly, areas used by line management to accommodate
their production line were not necessarily convenient

in terms of identifying a given building with a particular
line manager. Effective use of the intermittent heating
strateqgy at GEC Whetstone (the main reason for implementing
monitoring and targetting as stated in Section 1.7)
requires consideration of a building as a whole by

someone who is closely associated with it, preferably,

who works in it and who has recognised authority., This
not always being the case, monitoring and targetting

which operates through the existing line management
organisation had to be slightly redressed to, for

example, involve a committee formed from line management
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in certain buildings billed with the total heat
consumption of the building. Whereas this compromises
the purist's approach to accountability it is the more
realistic arrangement. By continued example, foremen
and supervisors (the lower rungs of line management)
whose work is accommodated in the same building cannot
contribute to the effective operation of intermittent
heating in isolation, One forman who fails to ensure
that ventilation is not closed off at the end of the
day will affect the warming-up of the whole workshop
the following morning, Such conditions do exist in

the big workshops at GEC Whetstone in Blocks 1, 2, S5,

56, 73 and 75,

From the point of view of providing heat metering, the
implication is to meter Eﬁildinqé as the consumption or
energy cost centres. Clearly, process uses of heat
should be separately metered and billed to an appropriate
cost centre/line manager but as these are small on the
GEC Whetstone site (1% of total heat consumption as

shown on Table 2.1), heat metering on a building by

building basis forms the main strateqy,

The second point of compromise on the breakdown of heated
area arises in the cost of heat metering. Clearly, the
less expensive the heat metering system the more detailed

the metered breakdown that can ultimately afforded.
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The cost of a heat metering measurement is dependent

on a number of factors such as type of heat meter
difficulties in dealing with the heat transport medium,
installation difficulties etc., and this forms the subject

of the next Section 3.3.

The breakdown of heated area actually used in the heat
metering system devised by the author is shown in Appendix
l. This appendix consists of 34 extracts from the

1:1250 site plan of GEC Whetstone. Each extract shouws

a bullding or buildings outlined in a thick black line

which are supplied via the heat meter also shown on

the plan extracts, Where two or more buildings are
outlined, they are heated from the same calorifier and

not individually metered because of the cost of heat
metering against the relatively small consumption. Most

of the small buildings in this category are mobile

buildings (Portakabin, Terrapin etc.) with a fairly

standard annual consumption of between 220 GJ for

continuous heating and 130 GJ for well operated intermittent
heating (from Rodrigues ( 16 ) work in Block 52C). The
value of .this heat in 1973/80 was £360 and £200 respectively.
In 1979/80, in round terms, any heat meter would have

cost £1000 and therefore it was impossible for such small
buildings to individually give the criterion payback of

S years in a monitoring and targetting energy saving

exercise,
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The tables shown in conjunction with each plan extract
in Appendix 1 can be ignored at this stage. They are

connected with the documentation of the heat metering

actually installed at GEC Whetstone which is to be

described in the following sections of this chapter.

3.3 Heat Meterina Equipment

Heat metering where the transport medium is hot water is
achieved by measuring flow rate in the circuit and flow
and return temperatures., The heat dissipated from the

circuit is calculated by:

G = Gellle (tl - tz) ceess (3.1)

where c = the specific heat of water at the mean of
tl and t2‘ The specific heat of water is
fairly constant over small temperature
ranges, It is usually assumed that in a

heating system the difference betueen tl

and t2 is small compared with their

absolute values,
'm = mass flow rate through the circuit.
tl = flow water temperature.,

t2 = return water temperature.
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Separate measuring devices are used to measure m, tl
and t2. In most flow measuring systems it is volume

that is measured and mass flow is inferred. It is usual
in an industrial situation for all measurements to be
continuously changing with time and therefore integrating
computation has to be incorporated. A number of systeﬁs

for making the temperature and flou megsurements plus

integrating have been devised.

Types of Heat Meter

Surveys of the different types of heat meter have been
compliled by Singh ( 57 ), Tamm ( 58 ) and Birch ( 59 ).
Singh gives the most comprehensive treatment putting

forward 5 categories of heat meter,

(1) Direct multiplication type mechanical heat meters

This type of meter uses an impeller, either a positive
displacement or turbine, to measure flow rate and liquid
expansion thermometers to measure temperature difference,
Multiplication of these measurements and integration is
achieved with gearing and linkages using the impeller
rotation as the power source. The meter requires no
other external power supply which is an advantage if
there is no electrical supply available, Heat meters of

this type have been available for many years and have
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become known by brand names:

- Aqgqua-Metro heat meter
- Pequs heat meter

- Pollux heat meter

- Ferranti heat meter

- American BTU meter

The above manufacturers also make a range of other types

of he'at meter.

(2) Direct multiplication type electrical heat meters

This type of heat meter comprises a flow meter (any flow
meter that can be made to give an electrical signal
output) and temperature sensors to measure temperature
difference which may be resistance thermometers,
thermocouples or thermistors., Multiplication and

integration is done by electronic circuitry.

The choice of flow meter that can be used in this type
of. heat meter is one of the list below. A full

description of each type of flow meter is given in

reference ( 37 ).

(a) Positive displacement

Used in Aqua-Metro and

(b) Turbine Pollux electronic heat meters
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(c) Orifice plate Used in Babcock-Bristol,

Fisher Controls and Kent

heat meters.
(d) Venturi
(e) Pitot

(f) Vortex sheddina 7 Possibilities

(g) Magnetic flow meter

(h) Doppler

The choice of flowmeter is governed by the type of fluid
(may be 'aggressive' or cause fouling), the magnitude

of the flow, the turn-down ratio (maximum to minimum
flow at specified measuring tolerance), accuracy and
head loss introduced into the fluid circuit. Basically,
positive displacement is accurate, 100:1 turndnwn, but
susceptible to fouling, low flow capacity and high head
loss. Turbines are accurate, 20:1 turndouwn, affected by
fouling and aggressive fluids, medium flow capacity and
low head loss., The remaining flowmeters are high
éapacity, less susceptible to fouling and aggressive
fluids, low head loss (except the orifice plate) but

only around 3:1 turndown and generally less accurate,
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(3) Indirect multiplication meters

(a) Calormetro and National Coal Board heat meters

A fraction of the circuit flow rate which is proportional
to the temperature difference is diverted through a water
consumption meter, The proportional function is in

effect a multiplication Operaticn.‘ jhe totalising read-

out on the water meter provides the integrator function,

(b) BCURA heat meter

A fixed proportion of return water from the circuit is
electrically heated to the same temperature as the flouw.
The heat consumed from the circuit is proportional to
the amount of electricity supplied to heat the fixed

proportion loop which is measured using a KWh meter.

The main disadvantage with indirect multiplication meters
is the proportioning valve which has to work in the main

flow and is susceptible to fouling and agressive fluids.

Also the proportioning action of the valve is characterised

by the same Bernoulli equation laws as orifice venturi
and pitot based heat meters and therefore the turndouwn

is likewise limited.
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(4) Simplified multiplication heat meters

(a) Norco Junior heat meter

This heat meter is basically a direct multiplication

type but has a preset flow temperature reference,

Clearly if the flow water temperature cannot be gﬁaranteed
constant at the preset value there_is uncertainty about

the validity of heat measurement.

(b) SEGOR system of heat metering

This heat meter uses a preset flow rate making actual
measurements of flow and return temperature difference
only. Clearly if the flow rate cannot be quaranteed
constant at the preset value or cannot be measured

accurately in the first place, the heat measurement

will not be accurate,

(5) Miscellaneous heat meters

These heat meters do not work on the principle described
. at the beginning of this section of measuring flow and
temperature difference on a heating circuit. They rely
on assessing heat usage at the points of emission from
the heating circuit through inference with some heat
driven process employed in the measuring device, Such

heat meters cannot be calibrated to read directly in
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units of energy but have been specifically devised as
low cost methods for charge apportioning in district
heating schemes where the total quantity of heat produced

is known, The different types of device are as follows:

(a) Thermoelectric heat meter

This heat meter uses a thermocouple loop with the hot
junction on the surface of each rédiator on a district
heating system and the cold junction on the walls of
the corresponding rooms, Each temperature difference
related emf is inteérated with respect to time which
is periodically recorded and used to apportion heat
consumed from the district heating system. The
calculation to apportion heat takes the total of all
time integrated emfs, makes allowances for different

sizes of radiator and then divides up the total heat

supplied accordingly.

(b) Topart heat meter

This meter is similar to the thermoelectric heat meter
but uses resistance thermometers instead of the

thermocouple loop.

(c) Evaporative heat meter

The evaporative heat meter is a simple device which
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is fitted onto each radiator on a district heating
system. The device consists of a reservoir of special
fluid which evaporates due to heat supplied from contact
with the radiator. The fall in fluid level in the
reservoir with time is used to apportion total heat
supplied from the district heating system. Birch ( 59 )
gives an extensive description of the evaporative heat

meter,

(d) taldiu heat metef

This heat meter is similar in concept to the evaporative
heat meter but uses the phenomenon of metal creep which
is temperature, stress and time dependent. A constant
force is applied to a metal element which then extends
over time at rates dependent on the surface temperature
of the radiator. The relative amounts of creep shoun
for all metered radiators on the district heating system

is used to apportion the total heat supplied,

Other miécellanenus heat metéfé

Two other simple methods of apportioning heat supplied

from a district heating scheme are:

(e) Hot water meter

This meter simply measures the volume of water flowing to

v
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a consumer as a method of dividing up total heat supplied
by a district heating system. It takes no account of

the temperature drop through a consumer circuit.

(f) Hours run meter

This meter simply records the number of hours for which
a consumer draws water flow from a district system to
form a basis for apportioning. Clearly no account is

taken of flow quantity or temperature drop through the

consumer circuit.

3.4 Development of a Heat Metering System for

the GEC Whetstone Site

3.4,1 Selection of Heat Meter

A series of 'go-no go' practical considerations pointed
to the necessary use of the venturi flow meter and thus
the direct multiplication electrical type of heat meter,

The considerations were as follows:

(1) Low cost 'miscellaneous' heat meters

The low cost 'miscellaneous' heat meters described in
Section 3.2 could not be used because although the HPHUW

distribution system on the Whetstone site resembles a
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district heating scheme there is a variety of heat
emitters connected to it. These include conventional
radiator systems fed via a calorifier, natural convectors
connected directly to HPHW, warm air unit heaters,
radiant panels and air conditioning systems., Clearly,

no simple '"miscellaneous' heat meter could bé seen to
perform fairly across this range of heat emitters, not
least because they could not be installed in a

functional position in some instances!.

(2) Heat meters with movina parté

The water in the HPHW distribution system is chemically
treated with substances including a tannin which is

added to form a lining coat on the inside of pipes to
help protect against erosion from particulate matter and
also self-seals small leaks such as at flanges etc.
Unfortunately the tannin treatment 'qums-up' lou-force
moving parts such as meter impellers, Turbine floumeters
installed by Rodriges ( 16 ) had a life of about 30
months before seizing and something under a year as an
accurate measuring device. Also it is not possible to
use strainers before flow meters because they would

clog with particulate matter like magnetite (Tamm ( 58 ))
which constantly develops in an iron piped system despite

the addition of the tannin to inhibit and arrest it,
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Heat meters for HPHW must have flow meters with large
open bores namely the orifice plate, venturi, vortex-

shedder, magnetic or Doppler types.

(3) Head loss

Orifice plate flow meters have a high net head loss

( 60 ) which is some 80% of thé_Bernoulli equation
pressure differential produced at the tapping points.
The venturi, vortex-shedder, magnetic and Doppler types

have a net head loss of only 20% or less.

The HPHW distribution system at GEC Whetstone is centrally
pumped, nominally 70 L/s from centrifugal pumps ooerating
at the 45 metres head dictated by the index circuit,

All other circuits were manually throttled using guess-
work to achieve something approaching a system hydraulic
flow balance, Some extremities of system, Block 52

in particular, exhibited symptoms of flow starvation
namely under-heating and poor warm-up. GEC personnel,
particularly those whose task it was to balance the
system through guesswork, expressed reservation about
introducing an extra 1 metre or so head loss into the
less well served circuits from orifice plates. The use
of heat meters employing orifice plate flow meters was

therefore considered not viable.,
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The venturi is a more simple and therefore less expensive
flow meter than the vortex-shedder (typically £1800 in
1979/80) and the magnetic and Doppler types (more than
£3000 in 1979/80).

Another cost related factor influencing the choice of
flow meter was the commercial availability of heat meter
systems using a given type of flow meter or, if no
suitable commercial system was available, the relative
merits of each employed in an in-house design (although
cost considerations were obviously significant at the
above price differentials). The next section is an
assessment of commercially available heat metering

systems satisfying the four flow meter related criteria

described in this section.

3.4,2 Commercially Available Heat Meterina Systems

The author was unable to find any commercial packages

of heat meter system which employed a venturi flow meter.

Replies from some enquires where manufacturers were
unable to supply venturis offered orifice plates instead.
‘Whilst these were unacceptable as explained in Section
3.4,1, the prices were of interest. Appendix 2 shous a

'budgetary' quotation from Fisher Controls Limited for
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BTU metering equipment using orifice plate flow meters.
The price of £le7 per heat meter (in 1980) is budgetary,
based on the average cost of orifice plate assemblies
for pipework ranging from 38mm to 200mm. The quotation
does not include installation costs., Taking the 34 heat
metering points (Section 3.1, ﬂppendix:l), the total
equipment cost would have been in the region of 34 times
£1607 equal to £54638.  Bearing in mind that maximum
capital expenditure on the project was £69000 (Section
1.8), the amount left to cover installation was £14362
or £422 per heat metering point. This level of
expenditure on installation was found to be of the right

order when the author later installed heat metering

equipment at GEC Whetstone,

However, even if the price was just about acceptable

using orifice plates the head loss was not as explained

in Section 3,4.1. The possibility of replacing the

orifice plates with venturis from another manufacturer

was investigated. The only source of venturis found

was from a manufacturer who primarily produced for

the process and petroleum industries (Aéroquip Instruments)
The cost was in the reqion of £3300 for a nominal B80mm

or 100mm venturi. Clearly the cost of heat metering

would have been twice the acceptable price with this

rather specialist metering device.
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Heat metering equipment using the Vortex-shedder, magnetic
gr Doppler flow meters was not located and anyway it was
presumed that if the orifice plate based equipment uwas

only just acceptable in price then these more sophisticated

devices would be too expensive.

The conclusion drawn on the commercial availability of

suitable heat metefing equipment was that there was none.

3.4,3 in-house Construction of a Heat Meterinﬁ

System for GEC Whetstone

In view of the unsuitability of commercially available
equipment it was decided that the author should investigate
an in-house design and construction, Seemingly, this |
move would go against the cost criterion but in this

case there were three foreseen advantages:

(1) The venturis could be designed to British Standard
1042 ( 60 ) and manufactured by either the General
Machine Shop or Training School of GEC Gas Turbines
Limited. The quality would not be 'process' or
'petroleum industry' standard but neither was the
cost expected to be as high as indicated in Section
3,4,2, In fact, the eventual cost of the venturis
was very low indeed, a matter of some £20 or so

each since they were made during otherwise machine

idle time in the General Machine Shop or in the

training School at zero labour cost,
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(2)

(3)

The mdltiplication of flow and flow-return tempera-
ture difference plus integration could be detached
and removed to a central processor unit thereby
attempting to produce capital savings. The cost

of electronics for multiplication and integration

in commercial heat meters was estimated at £300

per device,. This is only an estimate because
manufacturers do not itemise individual component
costs (see Appendix 2) and it is not always possible
to identify and compare pfoducts because of the

way functions are packaged, i.e. separate modules

or one electronics enclosure. Based on the estimate
of £300, a central processor costing equal to £10200

or less was a possibility,

The multicore cabling around the site used for the
night cut-off system (the system of remotely
controlling motorised valves on the heating circuits
from the boiler house described in Section 1,6.3)
had spare cores, Utilising these spare cores for
data transmission could eliminate the need for
further data cabling and give capital savings on

the central processor option, The multicore cabling
for the night cut-off system was installed in 1976
at a cost of £20000, Most of this was labour
associated with pulling-in cables to ducts, conduits

etc, and therefore it was important not to incur a
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similar repeat cost for data cabling but to use
the spare cores and increase the viability of

the central processor option,

When centralised processing of data is suggested aone
invokes the argument over centralised intelligence

versus distributed intelligence, (Gardner ( 61 )).

Centralised intelligence is where data is gathered by
peripheral devices and transmitted to a central computer.
The peripheral devices are non-intelligent and act
totally under command from the central processor in
terms of when and what data measurements and transfers

are made, The central processor also undertakes all

manipulation of data,

Distributed intelligence is where peripheral devices
gather data and undertake local data processing. The
role of the central processor becomes somewhat different
to centralised intelligence in that can be used to
monitor conditions around the system. The central
processor can produce reports for the energy manager

and it can be used to download new programs and parameters
to the intelligent peripheral devices., Where control is
being effected from such a system it is usual to have the
control of individual processes to be the responsibility
of an independent intelligent peripheral device, 1In

this way the reliability of the system is improved, 1If
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one device fails the others continue to control whereas,
with a centralised intelligence system, malfunction on
the central computer stops the whole system from working.
The disadvantage of distributed intelligence is that it
is more costly than a centralised system for the same

basic operating strategy, (Gardnmer ( 61 )).

The parallel to a distributed intelligence system in
relation to heat metering at GEC Whetstone would be to
have had independent heat meters at metering points and
monitor units of energy, say MJ, transferred as data from
the meter readouts to a central computer. The cost of
such a system would be the same as a basie heat metering
system (Section 3,4,2) plus extra for the central computer

facility. As stated in Section 3.4.2, this could not be
afforded.

The system of centralised intelligence which the author
advocated on the grounds of lower cost against reduced
reliability (where, in any case, malfunction would not

be catastrophic on a system which purely monitors) makes
only 'raw' measurements of pressure difference (related

to flow through the venturi) and flow-return temperature
difference for transmission back to the central processor,
All sqgquare rooting, multiplication and integration is

undertaken at the central processor.
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In the author's opinion, the use of a packaged central
microcomputer offers the in-house producer the only
viable facility for processing square roots, multiplication
and integration all of which are required in a venturi
based heat metering system. Complex linkaging, gearing
and dedicated electronics used in commercial heat meters
are out of the scope of the in-house producer if he is

to éampete with the same commercial products. Further,
not-only to compete but to make affordable a heat
metering system for GEC Whetstone (i.e. costing £639000

or less in 19738/80 (Section 1.8)), the in-house producer
has to look at a centralised intelligence system as shouwn
above. Clearly the 'affordable' as opposed to the
'commercial competition' was the important factor bearing

in mind the allowable level of capital expenditure,

3.5 The Experimental Phase

Having supposed the building of an in-house heat metering
system it was agreed between GEC and IHD at the First
Annual Review on 9 October 1980 that the author should
proceed with experimentation and prove a system prototype.
There were two areas where experimental trials were

required.

(1) The venturi flow meter

(2) The use of the spare night cut-off cahling,
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3,5.1 Desian of the Venturi Flow Meter

The flouw elements for the venturi flow meters were

designed using BS 1042 ( 60 ). The design calculations
produced in Septemter 1980 are reproduced in Appendix 3
A miniature of the engineering drawing used to specify

the venturi manufacture is also given in Appendix 3.

fést td-check ueﬁturi desiqﬁ

A check on the design of the venturis was undertaken by
testing a venturi against a calibrated orifice plate
in a hydraulic flow rig., The hydraulic flow rig used
belonged to the Department of Mechanical Engineering

at the University of Aston. It consists of a tank at

40 metres head which feeds down a 100mm inte?nal bore
pipe to the Hydraulics Laboratory where there is a
manual control valve, the calibrated orifice plate with
differential water manometer and flanged connection for
test pieces. UWater from thg rig is discharged to a sump
and which is pumped back to the header tank as required.
A diagram of the author's test venturi is shown in Fig.

(3.1),

The calibration of the orifice plate was sourced histori-
cally by comparison with a2 magnetic flow meter when
the rig was originally built, The calibration curve

was reported ( 62 ) as having been derived by fitting a
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3-term polynomial to measured points of flow as determined
by the magnetic flow meter and pressure difference as
measured by the manometer across the orifice plate. The

calibration curve so derived was given as

q_ = 7.7678 x 107 /ho + 7,39 x 1072 ,, (3.2)
where DC = Volume flow rate in m3/s
hD = Differential head in cm

The coefficient of the third term in the polynomial wuwas
reported as negligible. The correlation coefficient
associated with the least squares method of curve fitting

was reported as 0,9999736 (where 1 would have been a

co-incident fit),

This level of essentially systematic error was totally
overshadowed by the random error introduced into individual
readings of the manometer by fluctuations in differential
pressure head due to irreqularities in velocity profile.
The repeatability was quoted ( 62 ) and observed by the
author at £0.5% of a given differential reading., This
gives rise to a #0.25% tolerance on individual flou
measurements after square rooting in equation 3.2, Taking
systematic error as zero (as above) and random error as
t0.25%, the tolerance on individual flow measurements by

the orifice plate/manometer was therefore :0.25%,
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Appendix 4 shows the BS 1042 calculation of tolerance

for the 2 inch test venturi. The figqure calculated is
+1,77%. The calibrated orifice plate test rig at %0,25%
tolerance was therefore capable of resolving the expected

inaccuracy in the test venturi,

The purpose of the test was an acceptance test to BS 1042

Thé_objectiues of the test were therefore to prove that:

(1) The instantaneous flow rate at design pressure

differential was within *1.77% of design flow

rate.
(2) That the differential pressure versus flow rate
characteristic in the range 71% to 100% design
flow rate was a square root relatimnshia (i.e.
corresponding pressure differentials are 50% and
100% the design pressure differential) to within

g . .
the £1.77% tolerance on instantaneous measurements

calculated in Appendix 4,

(3) That the net head loss across the device at design

flow rate was 200mm water gauge,

The test was carried out by connecting the test venturi
piece shown in Fia, (3.1) to the flow rig. The pressure
differential developed by the venturi was measured with

a Bourdon differential pressure gauge with a full scale
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deflection of S0 inches water gauge (127cm w.q.). The
procedure during the test was to vary the flow rate with
the control valve and set the venturi differential to
values between 0 and 50 inches in steps of 5 inches water
gauge and then read the water manometer measuring the
differential developed across the calibrated orifice

plate,

THE'results are shown in Table (3.1). The readings

were repeated several times with no differences discernible.
This is understandable since the manometer levels were
subject to small fluctuations as mentioned previously

and therefore hysterisis in the system is overcome

although at the expense of the $0.5% repeatability

already accounted for.

The results are shown graphically in Graph (3.1) from

which the following conclusions can be drawn:

(1) The pressure differential versus flow rate
characteristic is within the BS 1042 standard
tolerance in the range of flow from 0.96 to 1.75
litres/sec where 1,75 litres/sec is the design
flow rate. This range represents a turndown

of around 2:1.

(2) Subject to experimental accuracy (i.e. the tolerances

on the calibrated orifice plate (£0,25%) and test
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venturi (£1,77%) not being additive) the range for
which the test venturi oressure differential versus
flow rate characteristic can be said to be within
the BS 1042 tolerance is extended from (1) above

to the range 0.55 to 1.75 litres/sec. This range
represents a turndown of just over 3:1 which is
typical for a Bernoulli metering device as stated

in Section 3.2.

Net head loss at design flow rate was measured during
the test by connecting the Bourdon differential pressure
gauge across the tapping points upstream and dowunstream
of the venturi as shouwn on Fiq. (3.1)., The net head

loss was 200mm water gauge and therefore conformecd to

the 8BS 1042 desiqgn,

3.5.2 The use of the Spare Night Cut-off Cabliné

The design of a method to use the spare night cut-off

cabling for data transmission from metering points to

a central computer on the GEC Whetstone site had to

consider:

(l) How many spare cores were available in the various
lengths of multicore cable going from point to

point around the site.
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(2)

(3)

How close were the terminations of the lengths of

multicore to planned heat metering points,

The signal quality of the spare cores especially
bearing in mind that the other cores have potentials
of 50 volts a.c. and current levels of up to 0.5A
flowing. Individual cores in the multicore cabling
are not screened and consequently the capacitive

and inductive coupling is high and therefore

induced interference is inherent,

Numbers of Spare Cofes

Basically there are 3 ways of correcting cable for

electronic data transmission:

(1)

Hardwire each measurement from the outlying points

back directly te the central computer. This
requires a high number of cores to be available

on the trunk routes (i.e. The route which will be
followed by large numbers of individual signal
cables, most notably the routes immediately
connecting to the central computer). This type

of connection for 34 heat meters was impossible
with, virtually everywhere, there being insufficient

spare cores.
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(2)

Parallel data transmission, ( 63 ). Each
measurement is converted to a binary word and

bits of that word are represented on individual
cores of databus connecting to the central computer,
The same databus connects a number of data input
points, Specific words of data are represented
for short durations of time sufficient for the
central computer to receive the word which may
then be followed by transmissions of other words
from other data input points. The databus for
parallel data transmission consists of upuwards

of 9 cores (24 cores for IEEE-488) and this number

of cores was not generally available in spare

night eut-off cabling,

Serial data transmission, ( 63 )., Measurements

are converted to binary words as in parallel data
transmission but instead of bits being represented
simultaneously over parallel lines they are
transmitted sequentially on just 2 cores. The
central computer operates in synchronism with the
transmission of bits in order to recagnise series
of bits making up words of data. The 2-core serial
databus can connect a number of data inputs with
communication between the points and central
computer taking place similarly as for parallel

transmission although speeds are slower because of
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the time break-up of a serial word, A 2-core

network could be connected up from the spare cores
in the night cut-off system multicores and so the
author proceeded with the design of a serial data

transmission system.

Cable Terminations relative to Heat Meterina Points

The terminations (junction boxes) for the night cut-off
multicore cabling were conveniently close to heat
metering points., The terminations were originally
arranged to connect to the motorised night cut-off
valves on individual heating circuits. For practical
reasons the motorised valves had been-installed in
serviceable lbcations such as plant rooms and the same
physical access to pipework made the same locations

attractive for the installation of the heat meters.

Signal Quality of Spare Cabling

The level of interference induced onto the spare night
cut-off cores by the 50 volt O0,5A flowing in adjacent
cores of the multicore was quantified by a simple test,
The test involved connecting an oscilloscope to a2 pair
of spare cores contained in the longest signalling
distance on the GEC Whetstone site, Details of the
test were shown in Fig. (3.2). The oscilloscope showed

a sinusoidal waveform with frequency of 50 Hz (mains



frequency) and amplitude of between 3 and S volts related

to the number of night cut-off control cores energised

at any one time. This level of interference was too high
for standard commercial interfaces to be used. These
typically use +5 or #12 volts to energise the communications
bus but have threshold sensitivities for recognising data

bits as low as t3 volts, Macari, ( B4 ).

3.6 The Desiaon Phase

Following on from the specification of requirements for a
heat metering system at GEC Whetstone in Sections 3.2
and 3.4 and the experimentation described in Section 3.5
into the design of the venturi flow meter and use of

spare night cut-off cabling, the author embarked upon

final design of the system,

Basically there were three levels of design activity:

(1) System Integration - The putting together of central
processor, spare night cut-off cabling, data
gathering outstations, flow meters and temperature

sensors on flow and return pipes to heating circuits,

(2) Detailed Desian - of the components which could not

be purchased from commercial sources for reasons

given in Sections 3,4 and 3.5.
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(a) Interface devices to transfer data via the

night cut off cabling.

(b) Venturi flow meter already described in

Section 3.5,1 and Appendix 3.

(3) Software - to run the system.

J.6.1 System Integration

System integration is the putting together of the basic
building blocks for heat metering and central processing

of data as identified in the studies described in the

preceeding sections of this chapter, namely:

(1)

Micro-computer for undertaking the central

processing.
(2) Spare night cut-off cabling.

(3) Interface device between the micro-computer and

night cut-off cabling,

(4) 1Interface device between the night cut-off cabling

and the data to be nathered at the various points

around the site,
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(s) Venturi flow meter and associated differential

pressure transducer,

(6) Temperature sensors on flow and return pipes to

heating circuits.

The basic system architecture for these building blocks

is shown in Fig. (3.3)

3.6.2 Detailed Design of Interfaces for Data

Communication

For the reasons given in Section 3.5.2, data communication
via the spare night cut-off cabling was 2-wire serial

data transmission, The various requirements for this

to be undertaken are described in the Post Office

Handbook of Data Communications ( 63 ) and these are:

(1) a communications protocol consisting of a
description of the signal waveform and
synchronisation of transmitter and receiver

to the signal, and

(2) error control to suppress the effects of noise

on data transmission,

The demonstration of poor signal quality of the spare

night cut-off cabling described in Section 3,5.2 led the
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author to desiqn a slow speed, high amplitude data
signalling system. Voltage amplitudes at the central
processor signal wire driving unit were made 220 volts
(+20 volts to represent binmary 1 and -20 volts to
represent binary 0). Threshold sensitivities at the
data gathering outstations were put at a minimum of

10 volts with guaranteed response at 12 volts amplitude.
(i.e. Data gathering outstations would be guaranteed
not to respond to signals of less than 10 volts and
guaranteed to respond to signals greater than 12 volts.)
The 10 volt threshold sensitivity masks all noise at

between 3 and 5 volts measured in the test described in

Section 3.5.2.

To further make data recognition more reliable, data
synchronisation was achieved using the return-to-zero
technigue. In this method, + voltanes represent binary
1, - voltages represent binary 0 and 0 volts (actually
-10 to +10 volts) represent an idle state., Every bit
of data therefore has its leading edge to act as an
independent synchronisation mark between transmitter
and receiver and, when using 'dirty' cabling, serves

to increase data reliability (c.f. the TELEX systenm,

( 63 )).

Data transmission in the GEC Whetstone heat metering
system occurs at the dictates of the software in the

central processor such that when a given measurement
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of flow or temperature difference is required a polling

routine is invoked to acquire the value.

Pnlliqg_Routiné

The polling routine consists of sending an 8-bit digital
address sequence followed by an B8-bit interrogation
sequence. The waveform of a typical polling sequence

is shown in Fig. (3.4)., The address sequence consists
of a transmission by the central processor of +ve and -ve
data pulse which are recognised by data gathering
outstations., The address selects one particular input
to the data gathering outstations. During the
interrogation phase the central processor transmits a
series of 8 +ve pulses and the digital value of the
input is returned semi-passively as high and low current
conditions in the signal cabling. Low current (less
than 150 mA) represents binary 0 and high current

(greater than 250 mA) represents binary 1,

Error Control

Error control was implemented using a procedure whereby
up to 10 readings of a respective input are made on a
repeated basis until 2 consecutive measurements agree to
within plus or minus the least significant bit. This

is a slow method as at best it is double the basic data
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transfer time but the advantage is that it checks data
acquisition inclusively from the point of sensing
through to the central processor. It also introduces

a 'smoothing' into particularly flow measurement which
may be transitory high or low due to valves opening and

closing and pumps being switched on and off.

Polling routine and error control are generated in
software and a flow chart of the steps involved is
shown in Fig. (3.5). The line references given in the

fiqure refer to the software listing, Fig. (3.22).

Signal Wire Drivinag Unit

The signal wire driving unit is the interface between
the central processor and the signal wire pair. 1Its
function is to translate the low power logic states used
in the micro~-computer into the higher pouwered signals

on the transmission wires and visa-versa.

The conversion ‘between 8-bit parallel information and
serial communication is a function of the polling sub-
routine. The signal wire driuing_unit is purely an

amplifying device which operates to instructions from
the polling routine. There are four operating states

under control from the processor unit,
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(1) Transmit zero volts
(2) Transmit negative 20 volts
(3) Transmit positive 20 volts

(4). Transmit positive 20 volts and monitor current

flowing in the signal wire pair.

The circuit diagram of the signal wire driving unit is
shown in Fig. (3.6) and its component list in Fig.
(3.7). Fundamentally the circuit consists of tuo power
supplies which are electronically switched to enable
energisation of the signal wire pair with zero, positive
20 volts or negative 20 volts. The positive voltage
pomef supply has a current measuring facility in circuit
to achieve state (4) operation which is used during

the interrogation phase of the polling routine.

Data Gatherina Unit

A data gathering unit is an ocutstation data handling
device to interface sensors to data transmission on the.
signal calling. Basically the functions are to translate
the signals from the flow and temperature difference
measurements into the digital sequences of high and low
currents ansuyering to the interrogation phase following

a recognised polling address,
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R block diagram illustration of circuits within a data
gathering unit is shown in Fig., (3.8). The heart of
the unit consists of two shift regqisters for parallel-
serial data conversion and an analoque-to digital

converter which digitises the measurements being made.

Address sequences are fed via the front end circuitry,
shown in Fig. (3.9) , into the address recognition
shift register, The function of the front end is to
translate the high power, positive and negative signals
on the transmission uwires into noise free binary states
for logic circuitry. Address recognition circuitry is
shouwun in Fig. (3.10) and consists of the shift register
(IC3 and IC4) with direct outputs and their inverses
(1C5) available for connection via the ADDRESS SET
switches to an AND-gate enabling function (IC6). The
integrated circuit timer (IC2) delays the clocking of
the shift register for 0.001 seconds after the reception

of the leading edge of a bit in order that loading state

is established,

Data gathering units were designed to accommodate four
or eight measuring inputs. A heat metering point uses
a pair of inputs, one for flow and one for flow-return
temperature difference. Accommodating four inputs in
one unit economises on components, Further economies

result where two or more heat metering facilities are
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fed into an B8-input unit. 1In the 4-input units, the

two least significant bits of the address recognition
shift register are used to operate the input selector
(IC1l shown in Fig. (3.12)). An S-input unit has the

three least significant bits routed to its selector.

On completion of the address sequence, analogue-to-
digital conversion of the selected input takes place.
The B8-bit measurement is then loaded into the second
shift register contained in the parallel-to-serial data
conversion circuitry, The data is clocked from this
shift register in response to interrogation pulses.

The binary states of the data switch a power device in
the front end circuitry (IC1l shown in Fig. (3.9)).

This causes the high and low current conditions on the
traﬁsmission wires., The circuits for parallel-to-
serial data conversion and analogue-to-digital conversion

are shown in Figs, (3.11) and (3.12) respectively.

If a fault occurs during a polling sequence all circuits
aré automatically reset., The circuitry for undertaking
this is shouwn in Fig. (3.13) and consists of a timing
device which causes reset one second after any transmission
wire enerqisati;n. A polling sequence is undertaken in

less than half the reset period.

Auxiliary circuits within a data gathering unit are a
clock for the analogue-to-digital converter (Fig. (3.13))

and the power supply (Fig. (3.14)).
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The component list for one data gathering unit is shown
in Fig. (3.15). This list does not include components
for the operational amplifiers which amplify the millivolt
or microvolt signals from the transducers to voltages
compatible with the 2.55 volt full scale sensitivity at
selector inputs. The operational amplifier circuits

are shown in Figs. (3.16) and (3.17) and their component
lists appear on Fig. (3.18). The standard operational
amplifier is used to couple to the single-ended inouts

of fhermocnuples. The differential operational amplifier
is used to connect to the bridge measuring networks of

the differential pressure transducers on venturi flow

meters.

Flow-Return Temperature Difference Thermocouples

There are 3 types of sensor for electrical temperature
measurement namely platinum resistance, thermocouple

and carbon thermistor, The advantages and disadvantages
of each in the use of measuring temperature difference

(i.e. measurement of 2 temperatures and subtracting) are

as follows:

(1) Platinum Resistancé

Platinum resistance temperature sensors to BS 1904
( 85 ) are generally taken as the standard for electrical

temperature measurement, Sensors conforming to 8S 1904
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are closely enough matched to enable temperature difference
to be measured using a bridge circuit and differential
input to the indicating device. The resistance/temperature
characteristic is 0.385 ohms/°C on a BS 1904 standard,

100 ohm at UDC, sensor which would enable a 0.2500

resolution in a 60°C temperature difference with B8-bit

digitising,

Note: A temperature difference of 60°C is twice the

design flow-return temperature difference for
the HPHW system at GEC Whetstone and was taken

as a practical value for specifying instrumentation.

(2) Thermocouoles

Thermocouples to B8S 4937 ( 66 ) for measuring temperature
difference are simple devices since the 'hot' and 'cold'
junctions at each of the two temperatures results in an
emf proportional to the difference., Such thermocouples
can be made for a few pence from thermocouple wire.
Whilst thermoelectric effect is a reliable means of
generating an electrical measurement it does not produce
a very high signal source (typically anpu/Uc from a
copper-constantan junctiun). Consequently, instrument
gains have to be high and thus become susceptible to
other sources of interference if precautions are not

taken to eliminate them,
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(3) Carbon Thermistor

Carbon thermistors are basically inexpensive and give a
large signal relative to temperature variation. However,
for temperature difference measurement, close tolerance
or matched thermistors have to be used and this increases
their cost. Also thermistors have negative temperature
coefficients which complicates the bridge network and

the computation of temperature difference values.

For measurement of temperature difference in heat metering
at GEC Whetstone, thermocouples were used because of

their low cost and simple circuitry. Further to reduce
costs, the thermocouples were surface mounted. Whilst

it is considered generally that this method of mounting

is not as accurate as an imersion pocket, the discrepancy
introduced in measurement on a pipe at 150°C with nominal
covering of pipe insulation is about -1°C on absolute
values, Comark Company ( 67 ). The discrepancy on
measurement of temperature difference where HPHW flow
temperature is lGDOC. return at 130°C and ambient at 20°¢
is estimated from Comark data ( 67 ) at -0,23°C. In
practice it is doubtful whether imersion pocket temperature
measurement would better this because heat conduction
along the pocket has similar effect to surface heat loss

at surface mounted sensors.
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Measures had to be taken to suppress electrical
interference to the thermocouples which can be picked-up
in two ways. Firstly, the HPHY pipework forms a 'loop'
which runs around the site through most buildings.
Interference is transmitted from the many sources on

the site to where thermocouple junctions are in contact
with the pipe. The elimination of this source of
interference was achieved by both earth bonding flow,
return, electrical mains earth and electronics earth
and.by electrically insulating the thermocouple junctions
from pipework with mica sheet. The second source of
interference pick-up is due to the thermocouple cables
themselves passing through interference fields of
electrical equipment, Electric motors powering heating
.system circulating pumps produce considerable interference
fields within plant rooms, Elimination of this source

of interference was achieved by electrically screening

the thermocouple cables with flexible metal conduit.

Venturi Flow Meter

The design of the venturi flow meter has already been

described in Section 3,5,1 and Appendix 3. '

The pressure differential across the venturi is measured
by a standard semiconductor type differential pressure
transducer manufactured by Druck Limited of Leicester,

Type PDCR 120/uL.
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3.6.3 Software

The software in the central processor has to perform

two general functions namely:

(1) Measure heat consumptions

(2) Record these heat consumptions and periodically

report the readings to management.

Measurement of heat was discussed in Section 3,3 and is

described basically by the following equations:

Q = CeMe At wsene (3.1)

where g

instantaneous heat flow rate

c = specific heat of water

At

flow-return temperature difference

m = mass flow rate of water in the heating

circuit

A venturi is used to measure m, therefore

m=m TI:]I‘ .Tnoo (3-3)
where M = design flow rate of the venturi in

terms of mass flow rate
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X
LI}

differential pressure developed across the

venturi at design flow rate

T
I

instantaneous differential pressure reading

Finally heat consumption is obtained by integration of

the instantaneocus heat flow rate, q, with respect to

time,
L
i
Q = Q(t). dt s e e (30'&)
o .1
where Q = heat consumption of time period ti-l
to t.
i
a(t) = heat flow rate as a function of time

Obtaining heat flow rate as a function of time imposes
a consideration concerning the accuracy of the heat
metering system, Iaeally the function should be
continuous; that is temperature difference and flow
rate should be continuously monitored, multiplied and
integrated. In any system of remote data loqginé
involving polling for data (refer to Section 3.6.2)
the function g(t) has to be constructed from discrete
valued sample data, Accuracy can be impaired since
variations having a high frequency than the sampling

frequency will not be fully accounted for.
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Rodriques ( 15 ) in his work invnlving heat meters
states that the choice of samoling period in a practical
situation can only be made by trial and error. The
author made use of Rodriques limited heat metering in

4 buildings (described in Sections 1.7 and 3.4,1) to

select the sampling period for the site heat metering

system,

The heat meters used by Rodrigues sampled every 30
minutes, In his analysis of errors he reduced the
sampling period to 10 minutes and reports in his thesis
( 16 ) that no significant change in accuracy could be
observed, He also makes reference to the work by Singh
( 57 ) who made a detailed assessment of sampling errors
in heat metering and concluded that over a complete
heating season, sampling at 30 minute intervals would

introduce negligible error basically because of cancelling

effects.

Based on the above information the author decided on a
sampling period of 10 minutes or less would be satisfactory.
In the software program developed by the author the
sampling period is in fact variable depending on how many
data errors are encountered, The minimum cycle time

for sampling each of the 34 heat metering points is 170
seconds. If data errors are encountered this time is
increased because more measurements are made under the

error control procedure described in Section 3.6.2,
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The error control procedure in addition to eliminating
data errors also inherently increases measuring accuracy
because, as stated in Section 3.6,2, it requires tuwo
consecutive measurements to agree to plus or minus the
least significant bit before accepting the measurement.
This therefore acts as a filter for transient phenomenon
ensuring that only stable values are used for the

computation of heat consumption.

Returning to the discussion of the heat metering equations,
it is clear that each of the 34 heat metering points has
different parameters, for example different sized venturis
and different zero positions on pressure transducers,
These need to be incorporated into the equations.
Therefore combining equations 3.1, 3,3 and 3.4 and

inserting factors and offsets to measured variables the

following equation is produced.

Q= c.(A.At+8) .M ’(E.h-D). dt .6 (3.9)
H
t

where: A

1]

Temperature differential gain

B = Temperature differential zeroing offset
= zero because zeroed at the operational

amplifier
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(9w ]
1]

Pressure transducer conversion factor and gain

o
1}

Differential pressure offset

M also a parameter dependent on the size af
the venturi
The‘softuare prcgram for the heat metering system was
therefore written to fundamentally operate equation 3,5
for each heat metering point using measurements polled
from data gathering unit around the site and stored
values of A, B, C, D and M, A full list of functions

is as follows:

(1) Poll ('dial-up') the required temperature

difference and pressure differential (flow)
\

measurements.,

(2) Access appropriate values of A, B, C, D, and M

from storage within the central processor.

(3) Remember time ti-l and know time ti from the

internal clock.

(4) Trapezoidally integrate to approximate the ideal

integration of equation 3,5.

(5) Cumulate and store the resultant heat consumption

value,
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(6) Cycle through all 34 heat metering points.

(7) Produce a orint-out of cumulated heat consumptions
for heat metering points when requested to report

to management,

Flow charts of the software giving more details are
shown in Figs, (3,19) - (3.21), A listing of the program
which was written in BASIC by the author is shouwn in

Fig. (3.22).

An illustration of the print-out of heat consumptions

is illustrated in Fig. (3.23), A specimen full print-
out is given in Appendix 5. Print-outs are obtained

on request at the central processor and give the current
values of cumulated heat consumptions since fiqures

were last reset to zero in the program,

The store of constants A, B, C, D and M is illustrated

in Fig. (3.24): MATRIX OF DATA FOR GEC WHETSTONE HEAT
METERING, A full listing of values is given in Appendix
& and a precise description of each column of numbers
appears in Appendix 7,

'
The MATRIX OF DATA FOR GEC WHETSTONE HEAT METERING
was prepared using a separate data loading program,
A flow chart of this program is shown in Fig, (3.25)

and the proqram listing is displayed in Fig., (3.25),
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3.7 The Installation Phase

3.7.1 Central Processor

The central processor was assembled from Commodore

Business Machines equipment consisting of the following:

- Commodore 3032 32K microcomputer with

integral VDU and keyboard
- Commodore 3022 Printer
- Two tape cassette decks
- Signal wire driving unit described in

Section 3.6.2

A photograph of the equipment is shown in Fig., (3.27).

3.7.2 Data Gatherinag Outstations

The activities to install a data gathering outstation

are shown by the path diagram in Fig. (3.28). During

the installation of the 34 heat metering points at GEC
Whetstone the author had day-to-day responsibility for
directing the installation activities, A brief description
of the activities are as follouws: (Activity reference

numbers are according to Fig. (3.28)Y).
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Activity 0 - 1 ¢ Manufacture of Venturis

Venturis were manufactured by centre lathe turning
undertaken either in the Training School or General
Machine Shop of GEC Gas Turbines Limited. The machining

details are given in Appendix 3,

Activity 1 - 2 ¢ Installation of Venturis

The installation of venturis involved fabrication of a
flow measuring length and then installing it at the
appropriate point on the HPHW system at GEC Whetstone

The work was undertaken by pipe-fitter labour employed

by GEC.

Fabrication of a flow measuring lensth involved welding
the venturi to the minimum upstream length of straight
pipe specified by BS 1042 (see Appendix 3) and making

flange and pressure tapping connections.,

Installation of the flow measuring lengths was a
continuation of the fabrication process, Installations
were different in all cases but basically involved
isolating the circuit, draining-down, cutting and welding
flanges to accommodate the measuring length and then
reinstating the circuit, An instruction sheet for
fabrication and installation of a particular flow

measuring paint is shown in Fig, (3.29) to illustrate
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a typical case., The sheet had a standard format and

was completed with aporopriate sketches and details,

Activity 2 o + Fitting of the Differential Pressure

Transducer

Fitting of the differential pressure transducer with
associated bypass valve, bleeds and heat dissipating
copper tube was undertaken by pipe-fitter labour. The
bypass valve was fitted between 'T' pieces screwed into
the pressure tapping isolating valves on the venturi.
The pressure transducer with air bleed facilities was

mounted nearby, communicating with the pressure tappings

via small bore copper tubing,

Activity 3 - 8 : DPriming the Pressure Transducer

The transducer system was primed in order to remove all
air and thus ensure.consistent pressure readings. The
task was undertaken by a technician and involved forcing
water around the transducer system via the bleed openings.
After priming the bleed openings were closed-off, The
transducer system was not made operational until
commissioning of the complete data gathering sub-system
was undertaken, Pressure tappings remained isolated

and the bypass valve was left open.
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Activity O - 4 : Manufacture of Data Gathering Units

Printed circuit board preparation and assembly of data
gathering units was undertaken by a sub=-contracted
company, System 2000 of Leicester, The artwork for the
printed circuit boards was prepared by the author from
the theoretical circuit diagram given in Figs., (3.8) -

(3,18},

Rctiuities 4 = 5 and 5 = 6‘: Electrical Work

Electrical work involved mounting the data gathering
unit enclosure, providing mains power, connecting the
signal wire pair and installation of thermocouples,

The work was undertaken by electricians employed by

GEC.

The installation of the thermocouples entailed firstly
fitting the screening metal conduits and earth bonding
between each of the flow pipe and return pipe to the
enclosure, The conduits were fitted to the enclosure
using conduit glands. The other ends were clamped to
the pipes using jubilee clips which'also carried earth
clamp saddles for earth bonding the pipework, Earth
bonding was run from the earth clamps up each conduit
to a single central earthing point to which mains earth
and electronics earth were also connected. The

thermocouple was then drawn into the conduit and junctions
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were clampned onto the pipes in a sandwich of mica sheet
and asbestos tape., Silicone grease was applied to both
sides of the mica sheet to ensure effective thermal

conduction from pine to the thermocouple junction,

All other activities : Commissioning

All remaining activities shown in Fig. (3.28) are
commissioning for a heat metering point. Detailed

commissioning instructions are given in Appendix ( 7 ).

Sele3 Pﬁotoqranhs of Heat Meterina Point Installations

Photographs of two typical installations of heat metering
points are displayed in Fins., (3.30) and (3.31). The
first shows the installation in Block 56, Bay 7 and the
second is in Block 68 plant room where two heat meters
(metering Block 68 and Blocks 678/67C/67D respectively)
are served from one data gathering units with additional

inputs (refer to Fig. (3.12); 8-input version).

3,8 Accuracy of the Heat Metering Systeh

3.8.1 Estimated Accuracy of Individual Heat Meterinnm

Points

A basis for estimating the accufacy of heat meters is given

by Tamm ( 58 )., The quantity of heat measured by a heat

- 173 =



meter is subject to 3 sources of error:

(1) The mass flow measurement (Error el)

(2) The temperature differential measurement (Error e,)
(3) The computation and integration (Error 93)

In the heat metering system devised by the author at

GEC Whetstone, these errors physically arise for two

reasons (after Singh ( 57 )) :

(a) Quantisation : The tolerance on measurements of

flow and temperature difference and diagital

approximation in computation.

(b) Sampling ¢ Fluctuation in the flow and temperature
difference occurring at a higher frequency that the
sampling rate and the follow-on loss of accuracy

during integration.

The errors can be resolved into two terms known as

calibration error and random error, ,

Calibration Error

Calibration error can be plus or minus, but as the term
implies, the error remains either plus or minus and at a

given magnitude from the time of calibration. 1In the

- 180 -



heat metering system at GEC Whetstone, sources of
calibration error arise in the setting-up of thermocouples
for measuring flow-return temperature difference and

dimensional tolerances introduced in the manufacture

of venturis.

The calibration error for thermocouples is estimated at
0.23°C for the range of temperature differential (Section
3.6.2). The tolerance on flow measured by the venturi

is éiuen in Section 3.5.1 and Appendix 4 as 1.77%
relative to measured flow for a range of 2:1 turndown.

In order to know the effects of these errors on the
measured heat value it is necessary to estimate the

average flow and temperature differential (Tamm ( 58 )).

The design of the HPHW system of GEC Whetstone caters
for a bulk circulation of water around the mains passing
through 'diverting' valves which control heat input to
building circuits. When the building reauires less heat
the valve passes water directly to the return and when
the building requires more heat more water is diverted
to the building heating system, (The reason for this
type of control is that 'dead legs' on the system are
eliminated.) The flow rates under such control vary only
between 70% and 100% (observed from the working heat
metering system) which is well within the 2:1 turndoun

conditions for 1.77% tolerance. Temperature differentials
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on the HPHW system vary between a design of 28°C and
02 depending on heat load, Approximating the flow rate
to a constant (above) gives an estimated average

temperature differential of :

28°C «x x 0.6 = 13°C

ki
1y
where 289C is the design temperature difference.

1.3 1is the heating system oversizing factor

for cold start (CIBS Guide ( 35 ))

—~ 0.6 heating season diversity on space heating

requirements (CIBS Guide ( 35 )).

The error in measured heat due to temperature differential

error is therefore :

0.23°c = 1.77%
130C

Random Error

Random error is the further tolerance in each sample
heat measurement which is not attributable to calibration
errar., At each sampling random error can be plus or minus

and vary in magnitude. Over a large number of samplings

- 182 -



random error cancels out and therefore leaves only
calibration errors between the measured value and actual
value., Sourﬁes of random error in the GEC Whetstone

heat metering are @

(i) Hysterisis in the differential pressure transducer

on the venturi

From the manufacturer's data, the combined non-
linearity and hysterisis affects are #0,1% of

pressure differential reading.

(1i) Analoque to digital conversion of flou (pressure

differential) and temperature difference

In each sampling there are 2 analogue to digital
conversions of flow and temperature difference
followed by digital processing all undertaken at
8-bit resolution, The basic error at the least
significant bit of 8-bit resolution is :0.4%.
Assuming that in practice the most likely error
which occurs is that given by the root sum squared

of the three error inputs: (Tamm ( 58 )).

- 1(0.4)2 + (0,8)2 4+ (0,4)2 = £0,7% full scale heat

rate
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(iii) Timinag of samplinas relative to transient chanaes

in flow rate and temoeraturé differenﬁé

From observations of the working heat metering
system, the profiles of daily heat flow were as

follows :

At initial switching-on of the heating system in

a given building using night cut-off, the heat
flow rate immediately goes from zero to an initial
maximum whilst the heating system and building
warm up, After this the heat rate drops to a
controlled level depending on prevailing weather
conditions which, for the majority of days, means
that heat rate stays moderately constant. At
switching-off the heat rate drops to zero in the

closing time for the motorised valve (about 10

seconds) .

Errors introduced during the rises and falls in
heat rate will randomly cancel each other and
over a8 heating season of typically 200 days there
will be negligible error, Singh ( 57 ). The
worst effects of errors from this source are in
daily readings where heat is turned on just after

a sampling and off again at the end of the day



(iv)

just prior to a sampling. Assuming that the heat
rate throughout the occupancy period is constaht
and therefore no error, the measured heat will be
incorrect by an amount equal to maximum heat rate
multiplied by 170 seconds (the sampling period

(Section 3.6.3))., Over a 10 hour heatinng period

this represents:

-170 secs. x 100 = =0,47% of full scale heat

10 hours x 35600 quantity

-0or assuming an average heat quantity reduced by

a plant oversizing factor of 1/1.3 and a heat
load diversity of 0,6, the error on measured heat
quantity is about -1%, A similar occurrence
could occur with sampling just prior to switch-on
and 170 seconds after switch-off in which case

the error would be +1%, The error is therefore

1%,

Trapezoidal inteqration between heat flow

rate samplinas

The heat flow rates observed from the heat metering
system stayed moderately constant throughout

daily heating oeriods once the buildings were up

to temperature, Random cancelling of trapezoided

integration error over the 200 or so samolings
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undertaken durinn heating periods makes these
errors two orders of magnitude less siqnificant
than the transient errors under Item (iii) and
therefore negligible. The worst trapezoidal
integration errors occur at switch-on and switch-
of f and these are already taken into account in

item (iii).

Total Likely Error

Over an annual heating season, assuming random errors
to cancel completely, the total likely error relative
to the measured quantity of heat through a given heat

meter is given by the root sum squared (Tamm ( 58 ))

of just the calibration errors, i.e.

+ j (1.77%)2 . (1.77%)% « 4 2,54

The error in daily heat quantities is larger than
$2,5% because random error introduced at transient
charges pelatiue to sample timings becomes significant
because there are t06 few random events. The total

likely error in daily heat quantity becomes:

- (1.77%)% + (1.779)2% + (1%)% = $2.7%

(1 occurrence)
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3.8,2 0Overall Heat Balance for the Meterina Svstem

The author attempted to reconcile the overall summation
of the heat meters with total heat produced by the boiler
house measured by a master heat meter and also with gas
supplied to the boiler plant, The author obtained some
limited data from the site for the period of Gﬁtober and
November 1984, This was sometime after completion of
work on site. The author in fact left the employment

of GEC in January 1983 after installation of the heat

metering system as is explained in the following Section

4,1,

The data and reconciliation is shown on Table (3.2)

as follows:

(1) Gas consumption by the boiler plant for each of

the months October and November lQBﬂ;

(2) Total heat output from the boiler house as measured
by a separate master heat meter (Kent Instruments
device with orifice plate flowmeter and platinum

resistance thermometers),

(3) Summated heat meter readings from the heat metering

system print-out,
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Unfortunately it is not possible to conclusively reconcile
the measurements because there is anEunmetered heat
quantity in the form of distribution losses. Also the
master heat meter is subject to the same order of error
as individual heat meters, However, taking an estimate
of distribution losses from the energy audit data shouwn
in Table (2.1) does enable an approximate‘check on the
heat metering system. The discrepancies shown in Table
(3.2) are -4,5% for October 1984 and -1,5% for November,
Clearly these two fiqures neither support nor confute
the errors calculated in Section 3.8.1. One would hope
that -4.5% for October is not representative as this
suggests that it would be difficult to judge a 5% to

10% heat saving expected from monitorina and targetting

for line management,
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(3) Percentage discrepancy =
Q

Table (3,1)

+ RESULTS OF VENTURI TEST
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(LIME 373C)
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NS

current current

2 Return .

n to zerno

@ _ (LI%E 9710)

€ : 3

w

E g Niyide A4PNAELSS

= - accumulatnr by 2

- - o

z e (LIYE 9n012)

- -1 Yo ‘/j\\ 3

= < - - POl Bl }(Lrvs 9012)
= £ renainder b P )
s 3 3

v Transmit Transmit

e -270 valts +27 valts

(LTME enls) (LTHE anie)
! <A ]
| e
4
Return
to zero

}(LINE an32)

Arict

Lonp to a maximum of 10 times then or

,(LOgR COUNT)

COAUNT incrementally decreases
in steps of -1 startinn at 7 and

= MEASUREMENT accumulator
< (LINE 3032)
- ]
3 T
ﬁ Return
e to zero
C C~ (LINE °9734)
et L'
il I_
3
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Aelay reset pulse
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previous MEASUREMENT
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Fig.(3.5) : FLOW CHART REPRESENTATION OF THE

POLLING SURROUTINE
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E0h | A MICETANS

1 - T4 )

'\5 - 32 ) .

20,7012 ] siliean nriee ractifier, 20%, 19
117 - 20 )

~Zl - "24 )

[c1 )

Ic2 ) Single opto isolator

2t )

e % 7413 Dual 4-input YANN jate
IE; ) Sehmitt Triajer

%E; ; NS3543E4 Selay rdriver

IE? 7400 Juad 2-input NAYND fates
icio )

%Fié ; 7P0E +5y requlator

IC13 )

:ié % AFYLSl Silicon non transistor
Tr3 afFx29 Silicnn onp transistar
AR RZYya3 1lv and 15v zener diodes
%g% % R7ZYRRA 5,83y and 15y zener dindes
RESTISTNRPS

All resistors unless otherwise stated : 17,125 W rating
+ 197 tnlerance

R1 4K7 a7 2209 R13 12K
R2 4K? ]R8 227R £l4 12X
R3 4K7 RO 22013 Q15 12K
R4 4%7 310 1502 1§ 1K
RS ax7 Q11 18317 R17 1X
RG aK7 912 159R 313 1K
VRL 1K Carbon track oresst notenticmeter
yR2 40\ “Jirewoun? rheostat preset at 2SR
CAPACITORS
e - electrolytic P - polyester
Gl 1000p 25v e C1l 220n 53v n
cz2 1000p 25v e clz2 220n v Id
c3 1000p 25v e C13 220n 63v n
Ca 1000p 25v e Cla 470n 53v r
e 1000 63v e C15 470n 63v r
CeE 1000p 53v e cl16 470n 653v r
c? 220n S3vy n c17 470n 63v ”
ca 220n 53v V] c18 470n 63v n
ra 220n 83v n cle 470n 63v ”
c10 220n 53y P c2n 470n 653v P
c21 470n §3v r

MAINS TRANSFORME®?

n im T 5 5
g:iuidg;iezrv : gi?un.an§ v, 0.5A / Gv, 0.58 / 6v, 0,54 /
29y, N.58 / 25y, 0,58
Fiq.(3.7) : COMPOMENT LIST FOR THE SIGHAL WIRE

NRIVING UNIT
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Fig.(3.11) : PAPALLEL-TN-SERIAL NATA CONVERSINN
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SEMI-CONNUCTARS

D1 184007

n2 -nNs )

D5 - no ) Silicon bridqe rectifier, 207y, 18

D10 - D13 )

IC1 N535A854 Relay driver

IC2 558 Nual timer

IC3 74857 S-bit shift renister

IC4 7498 S5-hit shift reagister

ICS 7404 Hex inverter

ICS 7430 8-input NAND nate

IC? 7498 5-hit shift reqister

Ics 7498 S-bit shift reqister

ICs 7430 A-input MNAND nate

IC10 IN427E Analogue-tn-digital converter
ICl1 40518 8-input analoque multiplexer
IC12 556 Nual timer

LEL1D 7400 Juad 2-input NAND gates

ICl4 7400 Quad 2-input NAND gates

ICL5 7805 +5v requlator with heat sink
IC16 7308 -S5v requlatar.

Trl - Trll RC108 Silicon non transistars
RESISTNRS

All resistors unless otherwise stated : 7.125 W rating
+ 10% tolerance

s 3K R17 10K A31 s
R2 2K 2 his i A3L 4
R3 22 oY spny B2 o
ae 2K2 R20 100¢ n38 A
RS 2%2 921 ax? e i
RS 2K2 922 47 A i
5 33K R23 10K 230 i
e s R24 10K 318 242
RO 497 825 1¥ R¥a shx
R10 4708 6 s 238 10K
R11 47 27 3%q R41 1"
R12 4K? asn i 741 B
R13 4X7 o B ez 1¢
jg 13K 30 47v 5.0 2k
R1S 2K2 s R K
R16 AR &4 ' wirewound R4S 4%
Four 220X  for 4-input version

CAPACITARS

¢ - ceramic e - electrolytic » - polyester { - tantalum )
£¢ - low loss (silvered mica, polycarbonate, polystyrene or polypropylene

cl 1n 10Ny C17 100n 100v e
c2 A 100y i c1e 1n 100y c
C3 in 100y e c13 1n 100v c
Ca 1n 190w c £2n lp 10v L
ES 1n 170y e c21 10n 120w c
Cs 47p Byl 4 cz22 10n 100v e
c7 17n 100y c c23 an?7 10w (44
ca 1N0n 170v c C24 1n 100v c
ce In 170y c €25 47y 6v3 ¢
cio 1n 17y e C26 220%u 25v e
Cll 10n 1% e r27 1799 25v e
clz 10n 10y s ce= 227n 250v n
C13 170n 17y ¢ £20 22%n 250y P
Cl4 100n 1170v e r3o 470n 250v r
€15 lp 1% Y C31 470n 250y P
C1l8 100n 1My e
PAWER SUSILY TRAYSFIRMED “ains primarv : 240y, S0Hz

Secondaries : Ay, 12 / 5y, 14

Fig.(3.15) : COMPONENT LIST FOR OME NATA GATHERING UVIT

(Excludes components for operational)
(amplifi=r inouts
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CAMIANENT LIST 7172 A*JE STANNGAN NIERETIAMAL A™MILIFIER [°9uT

SEMI-CONNICTNRS

IC.1 L Instruymentatinn amplifier

RESISTNRS

All resistnrs unlass ntherwise stated : N,125 'J rating

+ 10% tolerance

Rl 108 gl 109R +2% tolerance
Q 5 1

RSE 3aRn 93_ 102R]

R53 S1R

URSL 100¥ Carhon track oreset pontentiometer

unsz 100K Carbon track preset pctentiometer

CASACITNRS

Csl 47n 100y ceramic

CS2 22n 170w ceramic

COMAOMENT LIST FOR NME NIFFEREMNTIAL NPERATIONAL AMPLIFIER INOUT

SEVMI -CONDUCTORS

ICDI L3994 Operatinnal amplifier

RESISTARS

All resistors unless otherwise stated : 0.125 W rating
Low tolerance, high stability

Ryl 12K +10% tolerance 6 13K
Ry2 im Rn7 13X
Re3 2n? Ry 39
RDQ im ROE 349
RDE 27

CAPACITNRS

Gal 220y 10y " electrolytic

CDZ 52p 350w silvered mica

Fig.(3,18) : COMPONENT LISTS FOR OPERATIOVAL

AMDLIFIER INRUTS
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Nefine stnraae sdace
Bandam Lrcess Memory far variahles,
starage and an array comorising the
MATRIX IF
(LI7ES 177 - 18°8)

d4ithin =icrn-canpute
strin
wnrk space

TATA Lsikh additional

T

+

issiqn printin: and farmatiing Aata to
string storasjes for use in orint out
(LINES 290 - 239)

3

Load MATRIX TF JATA froam tape storage
(LI%ES 3nND - 317)

Loop ad infinitum,_

Lonp 600 times

l.Loop thraugh Aall facilities catered

For in the MATRIX NOF NATA

i ) :
-;\9 } (LIIE 312)

Nisplay instructions on VDY
for obtaining srint-out
(LIYES 313 - 320)

o

aPRORTIOY
UNITY
<
}_
=
=
Lo
[ ey
=
=l anns
-
< ™
=
£ FLO S
gl zeen
“l FLow
=l rovusT
=l fFLOY
2l 1MrEY
=
=
<l rnvgT
HEAQT aREas

Fibas
?EE}:-‘_'-“ acquire flow measurement

SHOTRALCTEN

- I }(erz 330)

Facility Spare

]

in use

S50 to Polling subroutine to

(LINES 232 - 334)

¥
Go to Polling subroutine to
acquire Flow-return temperature
differencz measurement
(LIES 335 - 337)
1
falculate heat denand

for Yeating area
(LI%Es 332 - 342)

Zampares heat
dgmand yikth MAXIWY™W
1CAT "E£484D in memery
(LIZE 343)

Less js

} (LINE 331)

 demand  just

3

Intearate heat Hdemand wit= respect
tn time assumina censtant AemanA
since arevious reasurement

Summate wita cumulative for

oreviaus intervals tn qgive a
tatalised =ZAT CANSUVMOTIN

(LIMES 364 - 354)

-y

Agsinn heat

caleculated
to MAXIMuM
HEAT MEMANND
stored in
memory
(LIVE 343)

Ma print-nut

k\__LDri"tt-':wt af HEAT

3
renquested Mg/

h 4

'
FAIGIMITINS requested (

¥

50 te Suhroutine %g write MAXTTIY
NEMANTS an~ HEAT CANSHPITIANSG sntn
tape stnra-ze for secure keeninn
(LINF 354)

) Y

G0 to 2rint-cut

section af the
orngranm
(LTI 387)

)

- 3A/0)

Fig.(3.20) : FLOW CHAST PSORESENTATIAN NF_THE HEAT METERING

PRNGRAS
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Tomnence

Collate MA(IMIM N 1ANNS and HEAT
CONSUMBTIONS fram tape stnrane:
(LINES 400 - 420)

+
Print title an print-out
(LIYES 430 -438)

For each

consumer (LInE 439)

rl

Print consumer identification
and column headings nn orint-out
(LINES 439 - &444)

For
each heat

metering
»{facility, I, LINE 442
= catered for ( - ?)
in MATRIX
AF DaTA
o
:
Is
n At )
wl T ADPORTIAN facility I used r£LINES_ )
gl & ol ITTY 84 — for heat metering to J (450 - 455)
ap 2 = consumer C1
[ = T
O (5] G YESL o
Q c
~| ® e 3?03”713”.=b Add facility I measurements to
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Fig.( 3,22 : LISTING OF THE HEAT METE?INt PROGRAN
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Fig.(3,24) : MATRIX OF NDATA FOR GEC WHEITSTNYE HEAT METERI!G
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CHAPTER 4

DISCUSSION

4,1 Resume of Work by the Author

Directly following completion of the installation of

the heat metering system in January 1983, the author

left the employment of GEC to join a practice of energy
management consultants. As a resultlof these circumstances
the author saw no operational period of monitoring and
targetting using the heat metering system., The work
involved in advancing to the installed heat metering
system had therefore taken the full 3 year term under

the IHD Scheme. In hindsight, the timespan of work on
site was due firstly to the necessary attention to detail
in the experimental and design phases (described in
Sections 3,5 and 3.6) particularly with respect to
electronics and software design, and secondly, from the
h;gh level of personal presence required in order to
progress the installation and commissioning of 34 heat
metering points across the site (described in Section
3.7), Theée two items of work took approximately one

year each to complete.

The case for monitoring and targqetting of heat consumption
was primarily based on the reports by Rodriques ( 16 )

that full savings from intermittently heating buildings
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(i.e. turning off the space heating when the buildings
are not in use) at GEC Whetstone were not being achieved
due to lack of linme management commitment and poor
attitudes of certain personnel, The underlying reason
for lack of line management interest was made evident
in Section 1.,6,2 where it was estimated that energy
costs in 1979/80 amounted to about 1% of value added
in commercial operations on the site., Interest in
energy efficiency sh&uld nevertheless be encouraged
because this proportion is set to increase in future
years as described briefly in Section 1.1, Also the
site energy bill at £0,75M in 1979/80 is to within an
order of magnitude the same as the trading profit and

therefore enerqy savings are somewhat more significant

in profitability terms.

Lack of interest in energy efficiency in low energy
intensive sites such as GEC Whetstone (i.e, where

energy cost is 1% or 2% of site value added) manifests
itself in the so called 'barriers to enerqy efficiency’
found in pubiished literature, Department of Energy ( & )
Low energy intensity energy user covers a wide variety

of consumers including non-energy intensive industry,
transport, domestic and commercial sectors, As shoun

in Section 1.4, these accounted for 84% of gross energy
consumption in the UK in 1983, Use in space conditioning
for buildings across the sectors is a high proportion

representing some 40% - 50% of the gross UK energy
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consumption with industrial and commercial buildings
taking 10% < 20%. It was therefore concluded in Section
1,4 that although buildings are a low intensity use of
energy, their numbers and total amount of energy used
makes them a very important area for energy conservation
work and whatever exists of the so called 'barriers to

energy efficiency' must be removed.

The lack of line management commitment and poor attitudes
of personnel at GEC WHetstone to the relatively neuwly
installed intermittent heating strategy was a specific
symptom of barriers to energy efficiency where, in this
particular instance, energy and monetary loss could be
quantified. In Section 1,7, it was estimated from
monitoring work undertaken by Rodrigues in four buildings
that savings of between 5% and 10% could be achieved

on space heating consumption equating to 8300 GJ -

16600 GJ valued at approximately £13800 and £27600

respectively at 1973/80 prices.

In view of the problem at GEC Whetstone being one of
involvement and motivation of line management and
personnel the technique known as monitoring and targetting
was put forward as the solution, This is a management
method in which line management at all levels budget
(target) and account for (monitor) energy use in a
similar manner as they do for most production related

resources such as manpower, raw materials etc.
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Taking the minimum saving estimated from Rodriques
monitoring work in four buildings, expenditure on
installation of monitoring and targetting of heat
consumption amounting to £59000 could be justified

at the GEC payback criterion of 5 years.

Chapter 3 describes houw the authér devised a heat
metering system comprising 34 metering points for a
capital expenditure of £40620 which is, as is shouwn in
Section 3.4, about half the cost of the cheapest
commercially available system, The main methods of

achieving the low cost were :

(1) Use of apprentice labour and machine idle time

in producing venturi flow meters for the system.

(2) The use of spare night cut-off cabling to transmit
all data to a central processor thereby eliminating
costly distributed electronic processing and

reducing data transmission costs.

In Chapter 2, the author reviews enerqy management
theory and practice generally and at GEC Whetstone
specifically, The review shows energy conservation
work at GEC to be well advanced and that monitoring
and targetting is one of the few and certainly the
most important conceptual advance that could be made

The author does however express the opinion that although
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monitoring and targetting at a late stage in an energy
management ‘programme serves to maintain the performance
of enerqy efficiency measures already installed; had
it been installed earlier it would have catalysed
capital investment resulting in faster implementation
and therefore higher accumulation of savings.

discussed further in Section 4,3,

and Targetting at GEC Whetstone

As explained in Section 3.2, the breakdown for heat
metering was based on buildings as the energy cost
centres. The aim and intention was therefore to present
the managing body in each building with heat targets
expressed in both units of energy and money followed

by periodic presentation of bills based on metered

heat consumptions. There exists in this a very basic

form of incentive for the manager in that the expenditure
allowance for energy in his budget, which beforehand was
lumped into his overhead account, has to stand on its

own account, If he overspends his budget, the situation
is liable to investigation with his own competence

coming into question., Whilst it is clearly unrealistically
drastic to discipline a manager for poor energy efficiency
at the present time, where enerqy costs probably make

up 1% of his operational costs, an alternative approach

of offering a performance related bonus to his salary

might be a possibility,
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Taragets

Target heat consumption for the buildings at GEC Whetstone
could be derived in one of two ways, either theoretically

or by monitoring.

Theoretical Tarqéfé

Theoretical targets for heat consumption could be
calculated using one of the models of building thermal
behaviour described in Section 2.8, inputting such
parameters in fabric areas, 'U' values, estimated air
change rates, statutory internal temperatures and

degree day information. Theoretical targets could serve
to show the best that could be achieved but these are
likely to be so far removed from current practical
consumptions that they would be useless as 'incentive
targets', The main reason for the models being
inaccurate is predominantly due to the value input for
air change rate, In the authoi's experience actual air
change rates are nearly always higher than the statutory
minimum, The statutory minimum figures therefore give
low targets which of course are worthwhile achieving

but are usually too big a step change to act as interim
incentives to gradual acceptance of enerqy efficiency
measures, Alternatively, measurement of existing air
change rate in a building is possible and is achieved by

heat balance taking into account all heat gains and losses,
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Clearly this does require heat metering to quantify the
gain from the space heating system and is therefore less

of a theoretical target and more a monitored target.

Monitored Tarﬁefé

~Monitored targets are derived using the heat metering
system itself to generate the thermal characteristic

of a building. -This is achieved by recording heat
consumption over a number of months against production
hours worked and deqree days experienced to form a base
empirical relationship between existing heat requirements
building usage and climatic conditions. Prediction of
heat consumption for a target month is calculated by
taking anticipated production hours and nominal degree
days for the month in question (the average degree days
experienced historically in previous years) and then
using the empirical relationship to forecast heat usage.
The target heat consumption itself is the predicted
heat usage minus energy savings estimated for measures
implemented minus a small percentage, say arbitrarily

5% annually, as an incentive to personnel for good

housekeeping.

Heat Consumption Targets for GEC Whetstone éuildiﬁﬁé

The aim of monitoring and targetting of heat consumption

at GEC Whetstone, as described in this thesis, was to
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motivate line management and persocnnel towards a commitment
and acceptance of intermittent heating in office and
factory buildings. It was intended therefore for the
targets to be set at a level which could be attained by

a good standard of co-operation and support for the
intermittent heating strateqy., The targets were to be
derived by monitoring buildings over a period of some
months with close supervision by boiler house personnel

to ensure the.building was efficiently operated, in
particular, making sure windows uwere closed overnight

and radiators were not covered (Section 1.7).

The target so produced should reflect Rodrigues' ( 16 )
observations presumably with the 5% - 10% savings relative
to unsupervised buildings which he suggested were possible,
therefore giving payback on the installation of the heat

metering system in accordance with the calculation shouwn

in Section 1.8,

Managing Bodies

As explained in Section 2,11.2, monitoring and targetting
permeates the whole of management structure within a
company of industrial site from senior management to a
line management level with immediate responsibility for
the enerqy cost centres, In the case of monitoring and
targetting of space heating consumption at GEC Whetstone,
this meant the preparation of information for both senior

management of each of the six tenant subsidiaries and
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their line management in individual buildings. For this
reason, heat meters readings on the computer print-out
were grouped together under the headings of each tenant
subsidiary as shown in Appendix S so that senior manage-
ment of each unit could be presented with the total heat

consumption of the buildings that they occupy.

As explained in Section 3.2, the managing body in each
building which were intended to receive the monitoring

and targetting information would not necessarily be just
one line manager, rather a committee of managers who
jointly used the building. A rule to be applied in
deciding whether the managing body should be one person

or a committee is that the managing body must work in

the building and not have office accommodation remote from
it (Section 3.2). Thus if a building could be made ‘the

responsibility of one manager but his office is in a
remote office block then the managing body should comprise
of his subordinates who actually work in the building
formed as an 'energy' committee with himself as the head.
In some buildings at GEC Whetstone (refer to Fig. (1.2)),
different tenant subsidiaries occupy parts of the same
building. In these instances the role of the energy
committee formed from line management of the respective

companies is essential if all are to gain from energy

savings.,.
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4.3 Future Use of Heat Metering.lh%ormatiuﬁ and

Monitorina and Taraettina

Gaining line management commitment and support for good
housekeeping measures with respect to intermittent
heating of buildings is clearly a very specific objective
fnf a monitoring ana targetting exercise requiring only
the -simplest of actions to be successful., Although this
basis for monitoring and targetting may appear very

narrow there are two good reasons for it.

(1) Capital expenditure on a heat metering system had
to be supported by hard evidence of savings from
some source before GEC management would give
authorisation. The limited monitoring by Rodrigues
(16 ) in 4 buildings and his observations described
in Section 1.7 gave the initial evidence that
savings of the level needed to justify capital
expenditure on a heat metering system could be made.
This is not to say that there are no other savings
that may result from monitoring and targetting, just
that this one source of savings could support the
level of expenditure required for a heat metering

system,
(2) The monitoring and targetting information was to be

directed at a cross section of line management who

would have differing levels of understanding relating
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to enerqy efficiency, The first step therefore

is best kept simple.

As explained in Section 2,11,2, from Swallow ( 51 ),
monitoring and targetting can involve two active cycles,
illustrated in Fig. (2.2), one concerned with the improve-
ment of energy efficiency through capital expenditure and
implementation of energy saving measures and the other
with maintaining energy efficiency., Clearly the use of
monitoring and targetting to ensure the effectiveness of
the intermittent heating strateqy at GEC Whetstone is a

maintenance type function.

The performance of monitoring and targetting in terms of
generating energy savings could be enhaqced if it were
accepted as a means of supporting capital expenditure.
As stated in Section 2,12, energy saving measures which

had been proven during Rodrigues study were replicated in

other applications across the site by site civil, mechanical

and electrical engineers, One programme of replication
work, the thermal insulation of buildings, was proceeding
very slowly and this could be catalysed through extension
of monitoring and targetting and making a capital
allowance available through the scheme to be spent by

the managing body of each energy cost centre (i.e. the

energy committee for each building).
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Once a line manager is presented with monitoring and
targetting information, an enerqy bill and a capital
allowance in his budget he at least becomes aware that
there is a problem to be solved and that he is meant to
play an active part, At this stage then, the drive for
energy saving is down to the individual line manager at
‘the 'end of the line' and by crude inference the barriers
to energy efficiency which are organisational in nature
(1isted in Section 1.7, Items (1), (2), (3), (&), (6)
and‘(7)) are surmounted., No doubt, though, in the case
of item (1) reiating to the tenmant/landlord arrangement
at GEC Whetstone, there would be some hard 'commercial'
bargaining as to whether tenant or landlord's capital
should be spent but at least heat metering information

makes the bargaining possible through being able to

reconcile capital and running costs.

The remaining barrier to energy saving is the level of
ability that a line manager has for implementing energy
saving measures (Section 1,7, Item (5))., The natural
answer is to have a central enerqgy efficiency service on

the site having a 3 part brief:

(1) To provide technical assistance to line management
to implement energy saving measures in the building.
This service to be provided at the request of a

line manager and paid for from his budget allowance.
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(2) To set standards of uniformity for like measures
across the site (e.q. Appearance of building
insulation) and to co-ordinate line managers who

plan to implement similar measures,

(3) To have ﬁg 'above board' sources of capital, All
capital for enerqgy saving measures is to be derived

via line management budget allowances.

This third item is the complete reverse of the current
arrangement, and that which has existed at GEC Whetstone
for the last 8 years, where the Estates Department handles
the capital sums with line management paying a running
cost. Essentially the author is advocating that capital
resources for energy efficinncy measures should be
channelled to line management whb, in the light of their
metered energy usage and cost billed, their enerqgy
targets and advice from the central energy efficiency
service; will 'vote with their capital allowance'as to
the measure that would best benefit them. The motivational
strengths of this arrangement to line management would
appear very strong in terms reducing energy consumption
relative to their productivity and having firm commitment

to energy saving.

4,4 Final Costs of the Installed Heat Metering System

The final costs of the various elements to the heat

metering system were as shown below. UWhere costs were
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spread over a number of years these have been adjusted to

equivalent 1979/80 prices.

Item Cost (£)
Central processor - 1100
. Sub-contracted electronics 4695
Venturis 580
Pressure transducers 10785
Thermocouples 410
Installation man time 230480
Capital cost 40620
Estimated cost of employing the 12000

author for 3 years less SERC grant

Total outlay

Ongoing operating and maintenance 3000

cost per annum

With a total outlay of £52620 it can be concluded that
it was possible for the author to construct a heat
metering system for the GEC Whetstone site for less than
the limited £69000 available, shoun in Section 1.8, and
despite the ongoing operating and maintenance costs, a
5% saving in space heating consumption is all that is

required to give the criterion payback of 5 years.
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i.e. Saving of 5% in space heating fuel consumption
in 1979/80, from Section 1.8
= £13800

Less operating and maintenance costs of £3000

= £10800
Total outlay = £52620

Payback = 52620 = 4,9 years
10800
Note: Operating and maintenance costs include the costs
of forwarding heat metering data to line managers

and the employment of a technician part-time to

maintain the system.

In view of the heat metering system having a low capital
cost compared with commerical systems (Section 3:6.,2),

it can be concluded that the use of apprentice labour

and machine idle time to produce venturis, the use of
central processing and data transmission via spare cabling
already installed on the site (Section 3.4,3) were

beneficial.

4,5 Potential Energy Savings to Industry from Reolicatibn

of Monitorina and Taraetting of Heat Consumption as

at GEC Whetstone

If the 5% to 10% savinas in space heating consumption
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suggested in Section 1,7 is achieved at GEC Whetstone
through motivating line management and personnel to
maintain buildings in conditions for optimum intermittent
heating, then assuming similar circumstances in all UK

industrial buildings the overall benefit is as follows:

Enerqy supplied to industry during 1883 on
a heat supplied basis (from Table (1,3))

= 1479 PJ

Industrial buildings cansume 40% of enerqgy

supplied to industry (from Section 1.4)

= 582 PJ

Saving of. 5%

30 PJ

Saving of 109%

60 PJ

Direct replication of the author's work, that is using
multi-point heat metering system served by a central
computer, is a possibility only on the large multi-
building industrial sites. 1In the UK half of industrial
energy consumption is accounted for by 14 large companies
(Department of Energy, ( 25 )) who typically ouwn the
larger multi-building sites, Th?s overall savings nearer
the lower of the two above figures would be the probable

benefits of direct replication of the author's work.
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CHAPTER 5

CONCLUSTION

Against the backnground of deoleting world energy resocurces
there is the wide acceotance of the need to conserve energy.
R problem besetting the growth of energy conservation in
the UK is that 84% of gross energy consumption (in 1883)
is used in a low intensity manner in energy non-intensive
indﬁstry, transport, domestic and commercial sectors and
here organisation for the management of energy is under-
developed. This is because the would be responsibility
for energy is spread over a large number of personnel who
each see only small energy costs (c.f. Enerqgy intensive
industry using 16% of ogross UK consumption where enerqy
management is relatively well developed). For there to
be a qrowth in energy conservation for the UK as a whole,

energy management for the non enerqy intensive users has

to be developed,

In relation to this need, the author has made a specific
apolication of an energy management technique known widely

as monitoring and targetting for use at GEC Whetstone *
which is a typical non energy intensive industrial site.

The application is specifically designed to gain commitment
and to motivate line management and personnel into acceptance
of change from previous continuous heating to intermittent

heating and furthermore to play an active part in its
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operational effectiveness. Further advances using the

technigque are possible as discussed in Section 4.3,

Monitoring and tarqetting of heat requires a heat metering
system at an acceptable and justifyable cost. The author
designed and installed such a system at a relatively low
cost against allowable capital budget and against the

cost of commercially available systems. Instrumental in
achieving this was the manufacture of venturi flow meters
on otherwise idle machine tools and by apprentices, the
use of central data processing and use of spare cabling

already installed around the site for transmission of data.

In undertaking this work the following specific conclusions

were reached:

On the preparation of the czse for heat meterina Fof

monitorina and taraetting:

(1) GEC Whetstone is a non energy intensive user,

Site energy costs in 19739/80 accounted for about

1% of site value added (Section 1.6.2).

(2) Energy supplies to the site in 1979/80 were as

follows (Section 1.6.2):
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(3)

(4)

Fuel E; Cost (£)

Natural gas 155900 2561380
Heavy fuel oil 10200 20260
Electricity 57200 375380
Gas oil 22700 88800
TOTAL 246000 740620

Provision of space heating accounts for 80% of
natural gas and heavy fuel oil consumption and is

an indirect or overhead energy use.

Electricity usage is 38% direct and 62% indirect.

. Gas o0il is used for turbine testing; a direct use.

(from Section 2,4),

GEC Whetstone had an established energy conservation
programme managed by the Estates Division. The
programme was very advanced in terms of having
rigorously investigated and applied energy conservation
measures at least for energy intensive items QF plant
(Chapter 2). This programme had been supported by
research input from Rodrigques ( 16 ), an IHD student

during the year 1976-1979 prior to the author's work,
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(5)

(6)

(7)

There was ohserved malpractice on the part of line
mananement and personnel in relation to the effective-
ness of intermittent heating (Section 1.7)., An
assessment of the cost of the malpractice was possible

from data generated by Rodrigues ( 16 ).

The cost of non commitment of line management and
poor attitudes of personnel was estimated to cost
5% - 10% of space heating consumption amounting to
between 8300 GJ and 15600 GJ valued in 1879/80 at

£13800 and £27600 respectively (Section 1.7).

This level of saving could justify capital expenditure

of up to £63000 on a heat metering system at the GEC

payback criterion of 5 years.

On the design of a heat meterina system for the

GEC Whetstone site:

(8)

(8)

The energy cost centres for metering of heat
consumption should be, as far as is possible, on a
building by building basis., This gave rise to 34

heat metering points at GEC Whetstone (Section 3.2).

The device for flow metering within heat meters had
to have a larae bore element such as an orifice
plate or venturi because solids and chemical additives

in the HPHY system would cause delicate instruments
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with moving parts such as turbine flow meters to
seize., 0Orifice nlates were further unaccentable
because of their hiah net head loss. Venturi flow
elements were the only possibility within the bounds

of accentable price (Section 3.4.1).

(10) A commercially available system for heat metering
at GEC Whetstone could not be found for a cost of

£69000 (Section 3.4.2).

(11) The author designed and subsequently installed an

in-house develoned heat metering system for a cost

of £52620 (Section 4,4),

Venturis for the system were produced on otheruise

idle machine tools and by apprentices for about £20

each, i.e, negligible cost,

Costs of computation of heat quantity were reduced
below commercially equivalent prices by combination
of use of central processing and use of spare cabling
already installed on the site for data transmission

(See following Items (13) and (14)).

(12) Tests carried out on an in-house manufactured
venturi showed measured flow rate to be within the
calculated BS 1042 tolerance of +1.77% (relative to

measured flow) for the turndown range of 3:1
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(Section 3.5.1) which more than covers the 70%-170%
flow rate ranne experienced in HPHW circuits at GEC

Whetstone (Section 3.8.1).

(13) Use of spare night cut-off cabling for data transmission
produced capital savings of around £20000 to the use
of a central processing facility (Section 3.4.3).
This eliminated the penalty of data cabling for
central processing which would otheruwise be in the
favour of conventional discrete heat meters each with
their own readout., Central processing enables the
centralisation of complicated computation leading to
the low relative cost of the heat metering system.
(14) Central intelligence architecture as opposed to
distributed intelligence had to be adooted in order
that it was constructionally simple enough for in-
house production and also competitive against the
commercial scale, furthermore instrumental in yielding

the acceptable price of £52520 for the system (Section
3-4.3).

(15) The estimated accuracy calculated for individual

heat meters is (Section 3.8.1):

+2.,5% of measured heat over a heating season

+2,.7% of measured heat over a single day
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These levels of accuracy are ngood enough for

monitoring and targetting,

(16) Limited checks on the overall accuracy of the system

show similar order of error (Section 3.8.2).

(17) There are no conclusions as to the energy saving
effects of involving line management and personnel
through monitoring and targetting because the work
involved in preparation, design and installation of
the heat metering system took the full 3 years of

the author's IHD postqraduate term,

(18) Future work on the introduction of new energy
saving technology at GEC Whetstone is limited for
the time being., However, replication work, particularly

building insulation, could be speeded up. The

motivation for this could be brought about through

the scheme of monitoring and targetting of heat

consumption as described in Section 4.3.

On the wider UK scéléE

(19) Industrial buildings consume some 592 PJ annually
which requires about 10% of UK gross annual energy

consumotion (Section 4.5).
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(20) Over all types of industrial company and buildings a
57 saving from simple involvement of line management
and personnel through monitonring and targetting of
heat consumotion (i.e. direct replication of the
author's work) would be 30 PJ. The aocoroximate

value of this quantity of enerqy at today's (1985)

prices is £100M,

(21) Probably the most significant benefit to come of
monitoring and targetting would be the speeding un
of capital investment in energy conservation as
described in Section 4.4 which would surely be an
advantage as industry progresses, for the time being,

into a future of increasingly more costly energy

supoly.
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APPENDIX 1

GEC WHETSTONE HEATING AREAS,

LOCATION OF DATA GATHERING UNITS

AND

DIRECTORY OF INPUTS
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APPENDIX 2

. QUOTATION FROM

FISHER CONTROLS LIMITED

FOR HEAT METERS USING

ORIFICE PLATE FLOW METERS
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: . Q tion No.
_Customer: GEC Power Engineering Ltd., eeoron 571/1/18967/DYER/CAU.

Contract No.

ltem | Quantity

BTU MEASURING LOOPS (EACH LOOP COMPRISING:)

Carrier Ring Orifice Plates or Orifice Flange Assemblies
(the type depends on the nominal pipe diameter). Carrier
Ring Orifice Assemblies incorporate pressure tapping
points and are suitable for mounting between the flanges
of the pipe in a position to our approval. Orifice Flange
Assemblies incorporate pressure tapping points and are
suitable for mounting between the pipe ends in a position

of our approval. Nominal pipe diameters between 1% and 8
inches.

2 1 pr Pipeline Fittings Model 405-30. The fittings ihnorporate
stop cocks for use with the above Orifice Plates.

3 1 Barton D.P. Flow Transmitter Model 4523.
D.P. Range: 0-400"WG.
Complete with Square Root Extraction Module.
Output: 4-20 mA dc (Linear).
D.P. Unit: Model 199.
Static Pressure Rating: 2800 p.s.i.g.
Body Material: Carbon Steel.
Complete with Manifold Assembly Model 1089C.
Mounting: 2" Standpipe.

4 B 1 Power Supply Units Model 4551.
Oﬁtput Voltage: 32 volts dc + 2 volts.

To supply 4523 Transmitter Unit.

Retransmission Signai
Output: : 0-10 mA dc.

Supply Voltage: 110 or 240 volts 50 Hz.
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Quotation No.
Customer: GEC Power Engineering Ltd.

571/1/18967 /DYER/CAY
Contract No.

Item | Quantity

5 2 .Resistance Thermometer Assemblies, Model 36SS.

Platinum wound element on glazed former.
Pocket fabricated in stainless steel.
Extension in mild steel.

Flanged connection.

Distance Below Flange: 6 inches.

The assembly comes complete with a die cast aluminium
terminal head.

6 1 Bridge Unit supplying power to the Series 36SS Resistance
Thermometers.

7 1 Millivolt to current converter Model AMT213.

8 1 Integrator Unit Model ACC353.
Input: 0-10 mA dc.
The Integrator is an 8 digit non reset. *

- SINGLE _LOOP PRICE: £1607.00.

. Quotation Notes 1 to 5 apply.
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QUOTATION NOTES

1.

lns.tallation and Commissioning are not included in this
quotation although we should be pleased to provide either

or both of these services if required subject to a separate
quotation.

This quotation is for the items listed. Any additional

equipment, e.g. mains cable etc., we would be pleased to
supply at extra cost.

One set of Installation and Maintenance Instructiors would
be supplied with each set of equipment. Additional copies
would be supplied at extra cost.

The equipment offered, where applicable, is designed to -
operate from a 100/120 volt or 200/250 volts 40/60Hz

single phase supply. Please state exact voltage required
at time of order.

The equipment if finished in our standard production colours
and paint specification. Special finishes may be supplied

at extra cost and may result in an extension to the delivery
date mentioned above.
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APPENDIX 3

HEAT METERING ON THE

GEC WHETSTONE SITE
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DESTGN CAICULATIONS FOR

THEE VENTURI TUBE FLOW °

ELEMENTS TO BE USED FOR

EZAT METERING ON THE

G.E.C. WEETSTONE SITE

September 1980

M. Roberts

Plant & Puildings Department
G.E.C. Gags Turbines Ld.
Whetstone

This document contains the calculations of the venturi
tube dimensions which axe to be used for heat metering

on the G,E.C. Whetstone Site, All calculations and
extracts of data are from British Standard 1042 ¢ Part 1@
1964 (Methods for the measurement of fluid flow in pipes ¢
Orifice plates, nozzles, and venturi tubes) and are
specific to the EPEW heating system on the Whetstone Site.
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PROCEDURE FOR DESIGN CALCULATIONS (From B.S.1042: Pactl:IfiL)

l. S<lect the type of device appropriate to the
particular application (sco Clauses 38-39).

. Check the suitability of the type chosen by
reference to the range of application given
in the relevant Section Seven to Fourteen.

Determine the pipe diameter D inches if the
devics is to beinstalled in an existing pipeline.
Otherwise ch20ss a suitable pipo size., ;

. For an existing pipeline, determine the
number of ciameters of straight pipeline
available upstream of the device aad from
Subclauses 475 and e and Table 8 estimate

the maximum permissible value of the area
rago,

Express the rate of flow in the units adopted
in ths standard (Ib/h, ft*/h or UKgal/h) (see
Tables 13 aud 14 in Appendix A). For
continuous metering take for the subsequent
calculations a rate of flow equal to 0-7 of the
maximum rate of flow to be handled.

Determine the upstream pressure, p 1bf/in?®
_gauge; the local barometric pressure, py
- lbffin%; and cobtain the absoiute upstream
. preasurs P Ibf/in® (= p + pv) (Clause 23).

it oy,

o . Determine the upstream temperature, °F
2. ""and add 459:67° to obtain the absoluts:
LIS ups! temperature T°R (Clauss 24).

v e TR

. expaasion to obtain the value at the
-conditions (Clause 21). . - s L I
‘té." i - i i - e T4 > B

F I

’l. :U_’_:‘ .

Determine .H.c;_dc;u;‘l ‘o-P. the -

3. Comrect tho ’pip-o “diameter for - thermal
working <

T
1

it

I1. Determine for gases the specific heat ratig,
y (Clause 29). /

2. Ceavert $her it of ﬂm, i A
Velemt, um:'|'s - rejarenet
13 by

“"‘k;ﬁl mi’”icn} (S-hc)cns.g_
Appedis A.aad Toble 1%,

1J. Select a suitable value of the pressure
difference expressed ininH,0. For continuous
metering, remember that the pressure differ-
cace for the maximum rate of flow will be
twice that for a flow of 0-7 of the maximum.

. Check that the chosen value of the pressure

diferencs (inki,0) is less than 55 times the
ibsolute upstream pressure (Ibl/iaf).

-i 13 Calculate the quantity N from Equation 10
(Subclause 14q).

16. Obtain an approximates valus of m by assum-
| ing that CmE is equal to N (that is, taking
* both Z and « to be unity) and by reading the
value of m corresponding to CmE from Fig.
3. Calculate also an approximats value of
d/D (= +/(m)). Alternatively, for square-
edged orifice plates only obtain an approxi-

"1 mate valus of mE by dividing N by 0:606

and read an approximate value of 4/D from

the chart (Appendix J) at theback of the stan-
 dard (Clause 15). For conica l-entrance orifice
 plates oaly, an exact value of mE is given by
dividing N by the discharge coeficient givea
in Section Ten, and an exact value of d/D
is thea obtained from the chart (Appendix”
J). Omit the following steps 19-26 inclusive.

Check that a devics of the typs chosca and
._having the approximate value of d/D or m

P‘QEJ wadar Horll.:sl ua.f."-'ulj P l””: = .
' L - | 727 satishes the requircments of the relevant .

10. Determine the viscosity of the fluid under - @0 : e :
working conditions, p go;s.c ' S . reqn.ur::inenu of Secuo_u Six (Clauses 45-52). ' !
: : + 7272 Otherwiso sclect a differeat valus for the - -
=~ pressure differenco and repeat steps 14 to -
-2 - 16 inclusive. Remember when sclecting & new
valus for the pressure difference that the
presure differenca s approximately pro-
portional to the fourth power of the orifice

or throat diametes, -

232

<" Section Seven to Fourteen and also the . .



18. The approximate value of 4 may be taken as
a guide to the choics of a suitable value for
d and the rate of flow may then be calculated
for this chosen value by the procedure
given above under * Steps in the calculation
of the Rate of Flow ",

Alternatively the exact value of d required
for tha chosen rato of flow and pressure
diffcreace may be clculated by the pro-
codure given below,

19. Calulato the Reynolls nomber Ry from the
approximate value of 4 by means of Equation
13, Subclause 14a. For quarter-circle orifice
plates, check that Ry is greater than the
lower limit given in Fig. 45 and omit the
following stcps 20-23 incluxive,

20. Obtaln the valucs of Z; and Zp from the
relevant Section Seven to Fourteen. For
orifice plates with flangs tappings the com-

" bined multiplier Z (= Z32Zp) is given in
Fig. 41.

21. Obtain for gases or vapours ths value of the
expansibility factor « from the relevant
section,

s
2. Cakulate an improved valus of CmE by
dividing N by Ze.

23. Obtain an xmpmved valus of m from this
n.luoof CmE by means of Fig. 3.

24. Obtain the basic coefficient Cfor the improved

value of m from the relavant lt:l:!.iciw;.:.l

25. Calalate mE by dividing the improved
mueo{CmEbyC.

, zs,mmmmammord;nfmmmzbym

- of the chart (Appendix J) at ths back of !
the standard. :

21, Calculats the valus of d from d/D using the .

pips dlameter at working conditions,

- 293

23. Carrect the value of 4 for thermal expansion

. to gobtain the valus at room tmputm
@nhdl.us 20a).

-

29, Correct the valus of d at room tem

farp:nmof;dnmhohlfmyﬁub—

~ clause 205 and note under Step 15, 2
mxm) tep 15, Appen

30. Check that a device baving the final calculated
orifice or throat diamecter satisfies the
requiremeats of the relevant Section Seven
to Fourteen and also the uirements of
Section Six (Clauses 45-52).
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Feet head per looft.

loss.

Frichon

FLOW CONDITIONS
Friction Loss Diagram for Clean Water "Fluzwing- in Steel Pipes

DESIGN

g [g 14

- 295 -

: obi ot ot ot o1 5 . g9 Setce=== 8
2_:. 000! oot oot oot __ " . 7 7 [
’ N i VPX/ \ / \ \ \ \\
./1/ //;V \\. //VA / N A 7 e
sr e 7 ..,z_:lz \ \ \ \ \
N - N Y/ / \ uvxil\:ir\ .
] — i i i INVX / \\ —¥ $ a___w/um ( \ \\
s Hq”\ouf / \\ \lhf iy : 7 7 ok
L = o b | T |4 ¢
O TR A A AT A
o R AL IS q e
A AP AR 5 A 1 o Nnﬂ. / o
5 4 & / \ /M £ N'n. Vm.q A ] - g
» ,/mp h N 8 / ) N \% % Nrn”/ / \ \.\ ¢ O .
v P~ vW/ = 1 _\ e N1 T4 \_ca/
« A/Alllr / N /2 o S s
» o FORRN ANVAINIR N <
« P P Se AR m AT An) -
. /./v \ L1/ 14 / Jis v
¢ BRI A G A NG S 3
IRNERY \ X &
s 7.{ /./...._,K ™ A < u;. \ /I/ B 5
S ’ v
[ // Vm/\ / J\ /ﬁw / g AN = o
Hd RN . ) hi 4
NN / i 1iis 93 M/ s
» J w/vm N A T Ml . N 2
52 P — NS T o / ~ w v
A AR AT » N} .
xxwhu;., A N |
s ',y.M!m = & \N.Vr hN1NXA, N - b ) L \l/f
’ \ _\./. N W! d ™~ ™
wid i ) . L L
d .\\\N__iw_ /,./vm..ﬁNM.ﬂ. ﬁ/xf /ﬁ .A!p N/ 0y W\/f g _\ N | / 5 ,
' ) k\ JANDS /,%z o SVARR S P < N ;
ATV ZARD NI A IRN AN EUNEN Az LA 4
| L AR Y N h‘___ [ f/. 4 .
. Nh_‘ __.M. _\_ x\ 7 N a \ 4-/ 1 w. : -)Jr A T T ..J o | ' (— 1 T 1 ol
o T L B L U WL .m ._. [+~ | i 13 nm 3
8 o g o 3 8 8 3 : 8 . ﬁ./a - awopaad rogep—moyg
¢ s s 3 © i
aprviw sad sveep (97,00 + F1WY Jqoroqy) Moy vhispg —————= 09l gL T sT



DATA

() Densdy of HPHW ot 290°F, 200psia.

b. Temperature range 32°F to 1000°F

T Pressure
emp. . . ‘& - .. r—
CF | g | so | 100 | 250 | s00 miwoo 1500
....... : e S -
12 16250 6258|6274 ] 63-20, 63941 6463 | 63291 c5-48
60 | 62:44 | 62:52| 6266 | 6308 | 6377 | 64-40 : 640 | 662 ;
100 '6207:G2-14|6228|6268) 63-32, 639 615 | 656 i
150 51-21|-51-34 6148161-88| 625 1632 1647 |649 ;
200 | 6020|6027 | 60-42] 6084 | 61'5 } 621 | 627 | 639 |
|
212 159.92:5099) 60131 €06 | 612 le1a {624 636
300 {574 1575 To76 o1 ] 567 {595 1612 | 614
400 | - 538 [540 | A5 1555 !565 |574 !534
50 | — ; — }49:3 |501 |S1-1 |519 |529 [543
600 | — | — | — 1446 {458 |468 417 | 493
700 | — l - = — 13651395 |1 |41
800 P - = -— — | 337 | 365
900 | — | — | — | — 1 — — la23s | 122
1000 | — ! = | = | = | = } - | = |284
]

NOTE. The values given in Table 3a are accurate 10 better than 4: 003 per cent. Ia Table 1b
however the accuracy rapidly dimimishes as the wemperature and preasure increase; at S00°F
aod 300 atm the tolerance may be taken as £ %4 per cent and st the eatrenis valucs givea the
tolerance should be taken as about 1.2 per ceat.

it should be noted that the above values relaie to distilled water; the density of normial
waler, containing salts in solution, may be O-l per cent or more higher thaa that of disnilled
waier.

® From Propernes of ordinary water swbstance, by N. E. Dorsey., Americana Chumical

Society Monograph Senes (New York. Reinhold), 1940. See also Eitension of tabdles of

“ensity of dunlled water, by E. A. Spencer. (East Kilbride, Qlasgow Nauonal Enpneeriag
v ®ser ¢} Fluids Memo No. 13, 1959,

B.‘f ;n"’erf)‘o{a'l'l'nn : P = 578 lb!ﬂ‘g [}P = 0.0173 -P'f"‘/lb]

This c.’w.ck_'v N;“\ slenm '}QHES whare SPecipic \Jo[ume (_U\
[vc '{D] for saburated liguid  290°F & 0.0174 £°/b.
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L?-) Visc.osk}'j of HPHW ol 290°F 200psia

Temperature ‘C

100 200 300 400
0-003 | 1 . .I 1 4 i 1 i l, 1
2 ooc02 — ; I —
L — N 1
|
" i ) \l\h;:l\_ i : ' !
3 oool : —— :
2 l | \ :
- - 1 ; e M \\ |
> 5 | | - 1
200 300 400 300 600 700 800

Temperature °F
Fig. 16, Vlscm'siry of water from 212° to 7150°F al ssiuration pressure

’
The 10lerance increases from about 4-1 per cent at 212 F 10 about 45 per

cent at 750°F (from same source as Fig. 15)

Vifmaﬁ-i'!'j o£ ‘iiuic!s bara'j e_l\cmjes u}-H-, Fre_ssupg'
(8s fjou2, Pat I, 196k, Clanse 28)

}J = 0.00 2 poise
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(3) T!weerl EXPa.n.Sion

Temperature °*C
0 I00 200 300 400 500 600

1012 ~ /

1011 A2 18-8
. / -su{mlc!ss

1010 7 et

I-009 / /
. 1008 A A L
E 4540 |
8 1007 /// 4 $Monel '
. Hot r[olleld Jbrass ‘/A // ><§

1006 o = ST
L RN LS
% W0 Alimirinurn by 7/ V// ‘\\
R e A || Drew

| / N
1003 7/;/;// = <l 12°%
“chromium
002 /A A Z iron
W %
Y p
1001 Za
%
1000 L

68 200 400 600 800 1000 1200
Temperature °*F

Fig. & Multdplying factors for thermal expansioa

Mdholying  facder for mild shkel o 290°F = 10015

[Rec:Ppml i ?‘TSS_]

&) Ex.pans.:zbilih Factor  for  HPHW

& = ] (L@. HPHW s incomFress}UeJ
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COMPUTATIONAL CHARTS

7 1T ERRRRERER B2
411444 114]-|Corner tLappings| /(—'-,-’C- +
i b= b b —— - | =t
— -1+ |D and D/2 tappings --fau--{--
O6 T TLE Flange tappings | --F L
0 R e e 13 ™AL E ap3nn
I EEEAS A IINA I VLD A ]
05 y BEaDa
i=-} |- /V L "'"(F:J'I"/""
REARAED ABRRANY%7Z SN
» = 1
o sEaclablizhdis> date
= LA ;ﬁ?' INozzles and
m 1ALt /r;g’_ |l Ventusi. ;\ozzies—
63 S A - ‘,fdvf-‘r-r\./en‘lyri Tubdes - ] il
3 /j 1-0uarter circle orifice
p -
e ;{4 }?{_u [T pTal:}s
0-2 FATTE _
-yt | =+ / 4 oty e o e - s
B e A
A . Hihs haki -
O-l - FEEGEE : TEEEE Ay RBa
SAZ LR LR E T A T e e
AN TEE B ATTEET P
o o1 !0g2 03 04 05 06 07

Cm&

Fig. 3. ¥alues of in plotled agalast CmE
{for use only in calculativa of orifice or throat dianseter)
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CoMPYTATIONAL CHARTS

100
S0 \\\
N
N N
80 AN
. NN
o 20 N e
N | Ro—lorifice |piates
© .
e X
g 60 T\ :
: X
E o5 Nozzles+—T |\
: N
= k" \&
40 Y 1 \
o> N \
3 Venturi| tubes \\
c t } .
g 30 - and | venturi nozzlesu h
G x\.\ /r
& 20 3 <~ /
F'S . ‘\‘\q /
6 T~ ‘\'(i 14=15°|taper
-—..-———-.____L___,'S_-IO tu%er'
O0 Q- 02 03 04 05 06 07
m

| ﬂ;.'l. Net pressure Joss as a percentage of pressare difference (sce also Fig. 62)

NOTE. Despits appearances, the net pressure loss is the same for orifice plates and nozzies
for the samae rate of flow 1n the sams size of pips at the same pressure dilfersnce (1c0 Clause
10).

- - o -
r
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CHARTS

COMPUTATIONAL
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CHAR TS

CoMmPUTATIONAL
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CALCULATIBN

PIPE BoRE (inches) Dof M | 1A | 2 2% | 3 | 4
DESIGN RATE oF Flow (gpm)| 5 | 7.5 | 1 |25 |44 |73 |lo
0 (1b/h) {2784 | 4175 | 612 (13920 (24500 {40450 (87080
SI1ZE VENTURI ON 0-T7077
2 | 17324 (28744 | €2990
Miss L Rure (bIR) 1969 | 2952 | 4330 | 18K 24 LYy
JE HALF FULL StALE
=  DIFFERENTIAL PRESSULRE 25 25 25 2S5 25 25 |28
READING OF 50" w.g. (in.w.q.)
pive oiomerer AT 290°F (inches)|1-0015 | 1282 | 1-S02 | 2:003 | 2.504 |3-004S | 4006
N= W Ol | 0138 | 0J4) | 0180 | 0-202 |0-233 0.287
359.2 D? J_hp“
PRoviSowa. CmE = N Oyl | 0138 | O/l | 0180 | 0202 | 0233|0287
m (FRom  FiG. (3)) ol |6-140 | 0442 |0182 (0203 |0.235 |0-284
R4= ud 162300 [ 198400 [242100 |36450D (485920 |624500 {33700
15-8p O /ym'
Zg (FRaM Fi1G. (52(1:))) 0.997 | 0998 | 0-979 | 1:20 | j-00 | )00 | l-00
Zo (FRom FiG {51{:))) 0-986 | 0.787 | 0-988 | 0-988 | 0.9% | 0-7J0 | 0713
28 Zp. Zs 0-983 | 0.995 | 0-987 | 0-988 |0-990 | 0:990 | 0-713
'S { ! ! ! ] / |
N
imPreveg CmE = = 0. lb |0-l4v | 0N3 | 0182 |0-204 | 0235 |0-28]
IMPRovey m (FRom FIG(3)) | 0.5 o442 |07 | 0187 |0.205 [ 0235 {6287
C (rrom FiG. (52(a))) 0-1875 |0-137» |6-9875|0-988 |0-985 | 0988 |0-18%
E
mE = C’; 048 |02 |05 |0-184 | 6-206 | 0-238 06293
(mg)® 1028
d = D[; + (mE)* ()] 0-38 | 047 | 057 | 08S| M2 | Lkl | 202
[A-r MACHINING TEMPERATU
NET PRE3SVRE O0Rof (n'n. u.:.)
(FRom Fig. @-)) 1 L 1 .8 5 1.7 &
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t

E T ]

— 7417 @1 A7 stocv

T 3 | _J- diameter

=
s

y | 7°30¢!
] N (REF)
Z
] Ly .
Ly

REF : Angles marked 2EF are for gquidance only :
32 N
Material : Rringht drawn stock Finish ; Internal surfaces v/ur V;/
steel bar
Venturi n " " n n n n
s as pipe 1 1% 1% 2 23 3 4
®1Full scale [FLOW
E 1o EONST] 1h/h 2784 4175( 6124]|13920|245700(| 40650(838080
co
Full scale pressure
oE
< diffecential in HZG S0 S0 50 50 50 50 S0
S 8| Net head loss in H,0 9 9 g 8 8 7 6
dr inches 3.380|0,470{0.570{2.850({1,120|1,440({2.120
mm 9.65§11.95}14,5 |21.5 {28.45]36,5 |53.85
g1 inches 1.02511.,359{1.585{(2.023{2,648|3,116|4,078
mm 26,0 |34,75)40.3 |51.6 |67.25|79,15{103,55
ﬂD ipches 1,344(1,59R8|1,90€|2,.375|3,000|3.500(|4,500
0 mm Ja,l 142,79 | 48,4 |50,3 |76.2 |88,9 |114.3
[ =
e ] inches 4,52 |6.3 7.1% |8,47 |11,05{12,34|14,83
2 1 mm 115,.5(151,N} 182,5({214,5{280,5/313,5[(376.5
o L inches 2.50 |3.41 | 3,85 |4,45 [5S.8 6.37 |7.43
= 2 mm 62,0 |87.n (98,0 (113,0)147.0/162.0|189.0
o |y inches 0,38 }|9,47 | 0,57 |ND,B85 )1.12 J1.84 |2,12
E mm 9.5 |12.9 | 14,5 {21.,5 |28.5 |36.5 |54.0
L= R inches 0.40 (0.5 (0.5 0.65 |(0.65 [0.65 [0.8
5 mm 10.0 (12,0 {12,0 |16,0 }|16,0 |16.0 |21.0
8 Nrill 4
=
g, inches | 1/16 |1/15 {1/16 |3/32 |3/32 |1/8 |3/16
orill ¢ 3 e
3y inchas 3/15 |3/18 |1/4 [1/6 {1/4 |1/a |1/a
4 inches | 0.3 |n.s |0.5 |0.5 |0.7 |o0.7 |a.8
mm 7.0 {10,0¢12,0°{12.0 {19.0 18,0 |(21.0
g {Upstream length inches | 18,5 |23.0 |27.75|37.0 |46.25|s5.5 [74.0
- n |of pipe
el Upstream pressure
« ' | tappina from throat|inches 2,45 3.3| 3,75 4.6 | 5.95| 6.75| 8.35
o & | tapping hole
cCE
4w | Drill diameter for |Orill @
&n [ Gatteass buinins inches | 1716 [1/15]1/15 |3/32 {3/32 {1/8 [3/16
Tnleré;l-ces : Turned diameters : +0.005 inches +0.1 mm
Lenqgths @ 30.05 inches +1.0 mm
Orilled diameters : ~ As drilled
NDrilling depths : +0.0, =0,1 inches +7,7, =2.5 mm

VENTURI TUBE FLOW ELEMENT
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APPENDIX 4

ACCURACY OF THE 2 INCH TEST VENTURI

CALCULATED BY BS 1042 PROCEDURE
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APPENDIX 4

ACCURACY OF THE 2 INCH TEST VENTURI CALCULATED BY

BS 1042 PROCEDURE

From BS 1042, Section 4:

Tolerance (%) on mass and volume flow rate, Xu. is given by:

0.5

2 \? 2m? \2 1
B 2 2 2 2. @ o2
Xy = "c*"‘z(a)""z(n)*"e*(l—_;f) "d’f(;'_';z Xp* 4("f+"h)

where and for the 2 inch test venturi:

>
]

Tolerance on discharqe coefficient = 0.7%

c
(fFrom BS 1042 Clause 93(a)).
XZ(R) = Tolerance on Reynolds number correction factor
= 0% (from BS 1042 Clause 83(B)).
xZ(D) = Tolerance on pipe viza correction factor = 0%
(from BS 1042 Clause 93(c)).
Xe = Tolerance on expansibility factor = 0%

(from BS 1042 Clause 93(d)).
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X4 = Tolerance on throat bore = 0.6%

(Machining tolerance from Appendix 3).

Xg = Tolerance on pipe diameter = 3,2%

(Manufacturing tolerance from BS 1387 for BS pipe)

Xp = Tolerance on fluid density = 0,5%

(fFrom data in Appendix (3)).

Tolerance on pressure differential reading = 2%

T
n

(Quoted total error for pressure differential
meter a full scale deflection of 50 inches water
gauge. i;é; Also the differential produced

by the venturi at design flow rate).
m = 0,182 (from Appendix 3).

giving X = 1,77% tolerance on mass and volume

flow rate
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APPENDIX 6

" MATRIX OF DATA

FOR

GEC WHETSTONE HEAT METERING
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WBTEIY GF DETS FIR SED LMETITOME RERT METERIHG

Ea=iADTE I ADTE) FLMe | FLCW t FLCW ¢ TD | HEAT ARERS |SFFOFTION
PoTd SEFD ICGHAT VIMDEX 1 ICMETI UETFRCTED iUNITIAFF

a5 L. da S 5 . s SO S 1 RO B ° P
a0 9,90
a8 @.00
Sy 9,00

a1 <3 52 ITe4 G000 1,080 89 80 ea Ol <18
a3 D.Z8
a7 8.5
o @.68

@2 23 SN ‘1 13538 1TZ.o9 .20 81 a9 @3 8l 1.606
o0 .99
a0 9.09
od  B.09

5] v o5 35St (7Z.80 t.80 26 09 @B 61 0.43
a3 8.39
g5 9.558
g0 0.6

a4 31 E3s) 55t 172,33 L.@a 92 90 oA @83 0.23

85 8.59
g 3,29

ay  a.e2

1T 2= 3 {2635 172,60 1.w0 00 B9 63 Al 8.47
gz 0.93

39 0.80

a3 9.09

gl 13 22 (1 Segon f3G.E0 1.00 90 80 88 01 9.32
ar g.92

68 @.9a

09 .08

a7 51 =0 (4 4OESa 16,08 1,90 60 00 00 B2 1.49
o3 0.64

w3 6.00

83 @.88

a3 b4 S I4500 130,00 1.90 o0 @0 89 ez 9.27
g5 8.73

g3 9.99

og  9.80

a3 a2 B8 417S 128,89 1.8 @90 09 80 62 1.90
a3 8,00

a0 @.og

oy 0,00

1a G {3920 (33,00 1,00 69 @8 00 2 0.6
a7 8.04

o8 6.89

on B0

ki S 35 TG 130,00 1.90 00 98 80 o1 0.97

97 9.03
5o @.09
93 ©.08 -
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RPPENDIX 7

COMMISSIONING PROCEDURE FOR

HEAT METERING POINTS
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APPENDIX 7

COMMISSIONING PROCEDURE FOR HEAT METERING POINTS

The procedure for commissioning a heat metering point has

five stages.

(1) Amending the-HEAT METERING MATRIX OF DATA

Cnmpﬁtational constants for the heat metering facility
being commissioned are loaded oﬁto the tape cassette
storing the MATRIX OF DATA FOR GEC WHETSTONE HEAT METERING
(Appendix 6)., The program for undertaking the operation
(described in Section 3.6.3) is temporarily loaded into

the micro-computer. The computational constants required

are listed below.

HEAT Reference number of the area of the site metered.
AREA

ADDR The address transmitted in order to acquire the
FLOW

flow measurement for a heat metering point., The
tables of system inputs shown throunhout Appendix

1l are used to determine the address,

ADDR The address transmitted in order to acquire the
TD

flow - return temperature difference for a point.
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FLOW
ZERO

FLOW
CONST

FLOW
INDEX

The zero flow pressure difference, as read in
Rundreths of volts at the input to the CMOS 40518
selector (ICll shown in Fig. (3.12)). This
constant is initially set to zero. The actual
reading is obtained after the transducer is made
operational; The zero'flom condition is simulated
by temporarily opening the bypass and closing one

of the pressure tapping iscolating valves,

The full scale flow for which the venturi or
orifice plate was designed. Values for this

constant are shown in Appendix 3.

where:

AR = Venturi or orifice plate full scale pressure
differential, Usually 50 inches water gauge
for venturis and 100 inches for orifice plates.

B = Transducer full scale pressure differential,
Transducers with full scales of 70.26 and
140,52 inches wster gauge differential were
used for venturi and orifice plate
installations respectively,

C = Transducer full scale output voltage,
Transducers on standard venturi installations

give 12.5mV full scale., Orifice plate
transducers give 25mV.,

D = Differential operational amplifier gain.
RDZ + HDS ) HD& + RDE
17 400 17 400
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TO
CONST

RDZ, RD3, RDQ and HDS vere shown in Fig.
(A5.10).

The procedure for calculating FLOW INDEX is to

first calculate:

FLOW = A %' 255
INDEX —_—

Values of HDZ, RD3, R04 and RDS are then calculated
using the preuioﬁs formulae rearranged. The
nearest preferred values were selected for these

resistors and then FLOW INDEX re-calculated,

In situations conforming to design a FLOW INDEX

of 190 is used.

A constant used in conjunction with the gain of
the operational amplifier coupling the flow -

return temperature difference thermocouple into

the data gathering unit,

HEAT AREAS To enable heat consumptions to be deriuéd
SUBTRACTED

for an area, each facility can be linked to
heat areas which are on branches fed via a given
meter, Up to three branches can be subtracted
to enable derived heatmetering for an area.

The three spaces under HEAT AREAS SUBTRACTED
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contain the reference numbers (HEAT AREA) of

heat areas on branch feeds,

APPORTION The information contained under these headings
UNIT APP

is used to apportion a heat. area betuween

consumers,
The consumer reference number appears under UNIT,

01 GEC Gas Turbines Limited

02 GEC Enerqgy Systems Limited

03 GEC Mechanical Engineering Laboratory
04 CEC Central Metallurgical Laboratory
05 GEC Midland Computer Service

06 National Nuclear Corporation

07 GEC Power Engineering Limited, Estates Division

The apportionment appears under APP.

(2) Setting ADDRESS Connections and Testinag the Data

Gathering Unit

The ADDRESS connections on the data gathering unit printed
circuit board are set in accordance with binary notation

catering for the flow and temperature difference addresses.

The address values are shown in Appendix 1.

The data gathering unit is then tested by close-coupling

to the central processor sube-system., Test voltages are
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connected to the inputs and polling sequences executed to

check for correct functioning.

(3) 1Installation of the Data Gathering Unit Printed

Circuit Board

The printed circuit board is taken to its allotted location
and installed in the enclosure, The electrical mains,

_ signal wire pair, earth bonding and pressure transducer

are connected,

(4) Switch-on of the Data Gathering Sub-system

The data gathering unit is switched-on to establish
communication with the central processor sub-system in
the boiler house. The pressure traésducer is then made
operational by opening the pressure tapping isolating
valves and closing the bypass. The up=-stream pressure

tapping is opened first to initially pressurise the

transducer system,

(5) Calibration of the Thermocouples

The calibration of the thermocouples entails adjusting

the gain of the operational amplifier coupling the
thermocouple loop to the CMOS 40518 selector (IC1ll shouwn
in Fig. (3.12)). The gain is adjusted to return a reading
which represents directly the measured temperature

difference between flow and return in degrees Fahrenheit,
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The gain is governed by the setting of URSZ shown in
Fitie (3.16)., Before adjusting the gain the operational
amplifier is set to zero by grounding its input to earth

and altering VRgl (shown in Fig., (3.16)).

All unused inputs on the data gathering unit are grounded

to earth.
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