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PREFACE

Modem standards of living and productivity have emphasised the need for a 
generous and convenient heat supply at a price that all can afford. Throughout 
the world many town and city dwellers already enjoy such heat services, based 
on supplies piped from central generating stations. The sources of both home 
produced and imported fuel are adequate for the provision of the same kind of 
services in this country, and as the economics, convenience and reliabUity of 
district heating become more widely known, the natural outcome will be its 
greater use in this country.

The information to be found in the following pages is intended for those, 
who without getting too deeply involved in teclimcalities, wish to know what 
may be entailed in the planning of a district heating service, how this may be 
costed to effect a true comparison with other methods of heat supply and how 
to ensure its successful financial operation.

A district heating service that is to be economic and completely reliable must 
conform to definite standards with regard to heat production, transmission and 
ufilisation. For these standards to be assured, it is necessary to have a know­
ledge of the principal factors involved. This information is supplied for the 
consideration of those concerned with the economic and other aspects of public 
utihty services and who therefore have a responsibility for choosing from the 
various forms of heat supply available today for the development of schemes 
involving such applications. It is also for those who are not famihar with the 
general design, installing and operating requirements of district heating.

District heating is a large and complex subject, embracing many matters of a 
financial, technical and general nature, and to deal with all these adequately 
would require several volumes. The need to present the information briefly 
here may sometimes have caused some loss of clarity or even neglect of 
certain problems, and affected the balance of the information presented. In 
consequence over simplification of some aspects may have occurred and too 
much detailing of others. The latter however has been intentional at times not 
only because of their greater importance but also because they involve matters 
that are generally little known. In the circumstances the reader’s indulgence 
is necessary in considering the information presented.
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chapter i

INTRODUCTION

Heat has been one of the basic human necessities since the dawn of 
civilisation. For centuries a variety of methods were employed for 
its production; but usually with httle or no regard for comfort, 
convenience, or cost. Thus mediaeval castles had great chimney-less 
fireplaces in which piles of logs were burned. Earher, the Romans 
employed underground hypocausts through which circulated air 
heated by primitive furnaces. Later on, stoves were used so as to bum 
the wood, peat and coal more effectively, until eventually the open 
grate appeared with its extravagant use of fuel for unilateral heating.

Today, because our race is less hardy and more hygienic, more 
leisurely and more discriminating in culinary processes, we demand that 
heat be made available more adequately and conveniently for space 
warming, the supply of hot tap water and for cooking. Modern 
standards of comfort are such that partial heating of a new dwelling 
is now seldom tolerated. Adequate heating throughout the building 
even in the coldest winter, coupled with a constant supply of hot tap 
water is considered essential. These are now made possible by improved 
systems of central heating, effected by efEcient generation and distribu­
tion of heat, and of hot water for domestic, commercial and industrial 

use.
Because of the many benefits derived from central heating, it was 

logical to extend the use of this method of serving single buildings so 
that the central boiler plant could also supply a number of buildings 
collectively, when conveniently grouped together. Today there are 
many examples of extensive systems serving industrial and housing 
estates, hospitals, barracks and office blocks, each covering a considerable 
area of land. These are often referred to as group-heating systems.

The natural development of group-heating resulted in even greater
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DISTRICT HEATING

areas being served, such as part of an existing town, a new town, or a 
residential district comprising several housing estates. This was the 
historical evolution of district heating, the term used for the system of 
generating and distributing large heat supplies. It is used in many 
countries throughout the world.

District heating appears to have been originated by a Mr. Holly, who 
in 1877 installed an experimental system at Lockport in the City of 
New York to serve some residences, stores and offices with about three 
miles of street mains. This installation attracted much attention, and 
not long afterwards plants were being established in various other parts 
of the U.S.A. A few years later the American District Steam Company 
was formed, and did much towards the development of district 
heating. About the same time the New York Steam Company came 
into existence, and their activities rapidly expanded to make it the 
largest and most important company for the distribution and sale of 
steam. The largest istrict heating system in existence is operated by 
this Corporation in New York City for supplying the down-town and 
up-town sections of Manhattan Island, which includes the Rockefeller 
Centre and some of the largest buildings in the world.

There are now several thousand district heating systems in the U.S.A., 
supplying a great variety of buildings, including those in built-up 
business and residential areas in cities where a high density of load 
exists, and a good load factor is obtained. Chicago, Detroit, Phila­
delphia and Baltimore are among the many other cities with a district 
heat supply to industrial, commercial and suburban areas.

Russia, also, has made good progress in the use of district heating 
over the last half century, and has gained much impetus from the Five 
Year Plan of 1938-42 wliich has since been further developed as part of 
the planned national economy. Over 30 years ago it was the aim of 
Russian engineers to bring about the complete beatification of towns 
and cities as part of the electrification programme, and the effect of this 
development can be seen today in Moscow, Leningrad and Stalingrad. 
There are also a number of installations in Siberia and the Far East.

There are over 300 district and group heating systems in West 
Germany where, Hke other European countries, the energy needs have 
compelled the adoption of a national fuel policy and the rapid expansion 
of district heat suppHes. In Hamburg, for example, where the district 
heat supply started in 1921, the demand has been so great that by 1938
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the heat supply had to be increased over 30 times. In Poland the supply 
increased by 50% between 1957 and 1958, due to the introduction 
of new schemes.

Other countries where district heating has been adopted are France, 
Belgium, Holland, Denmark, Norway, Sweden, Finland, Czecho­
slovakia and Yugoslavia. In Rome the Vatican City is heated entirely 
by district steam.

The district heating system at St. Pdlten in Austria has two features 
in common with the Pimlico District Heating Undertaking in London. 
Both systems have now been operating economically successfully for 
15 years, and each depends upon a transmission network housed in 
underground concrete conduits.

New systems are continually coming into existence abroad, such as 
the one at Toronto. As a result of a feasibility study made for a 
district heat supply for down-town Toronto, it was decided to proceed 
with construction. The central plant and sections of the distribution 
network have already been completed and serve the first phase of 
development, the final design of the second phase is expected to start 
shortly.

An interesting feature of the system is the use of a dual-fuel scheme 
for firing the boilers, so that the amount of oil and gas consumed each 
year can be varied to obtain the lowest fuel cost as market con­
ditions changed.

Existing district heating systems also continue to be expanded so as 
to meet increasing heat demands, as in the case of the power plant at 
Fynsvaerket, Odense, in Denmark. Here an additional turbo-generator 
has recently been ordered, for commissioning in 1968. Rated at 
205 MW, it is understood to be the biggest steam turbine in the world 
to be used in district heating power plants, with the exception of the 
Russian 250 MW turbine project. The turbo-generator set is of the 
contra-rotation cross compound type, comprising one radial flow 
high-pressure turbine, and one combined radial-axial flow low-pressure 
turbine, working as one unit.

In Great Britain there is httle district heating, despite the excellent 
opportunities provided for its development by the post-war recon­
struction of cities and towns, and notwithstanding the prodigious 
amount of information on the subject of district heating produced in 
the country during this time by the activities of research and various
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Fig. I. THE WESTMINSTER CITY COUNCIL’S PIMLICO DISTRICT HEATING 
UNDERTAKING. The route of the transmission mains is shown from Battersea Power 
Station across the River to the substation. The distribution mains are also seen extending eastwards 
to Dolphin Square and in a north westerly direction as far as Abbots Manor estate near Victoria 
Station. The heat accumulator at the substation is shown in Fig. 13
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Other committees, the presentation of technical papers, the preparation 
of reports, and the issue of official publications.

Before the Second World War one small scheme existed in 
Manchester, serving commercial premises, and another at Dundee 
supplying a housing estate. Since this time, with the exception of a 
few housing estates supphed with district heat on a small scale, and 
one large industrial estate, there have been only two notable develop­
ments. One is the Whitehall Scheme which supphes all the govern­
ment buildings in that area, and the other is the Pimlico Undertaking, 
seen in Fig. i which supplies several housing estates and numerous 
commercial premises, using exhaust heat from Battersea Power Station. 
Other schemes are now in the course of development or have 
recently been completed.

One of the latest schemes to be completed, that at Billingham, in 
South Durham, is a good example of what can be done by the co­
operation of a national board and a local authority in jointly providing 
and operating a district supply of heat. On full development the 
scheme will cover 30 acres and will use about 5,000 tons of locally 
produced coal each year; the metered quantity of heat leaving the 
boiler house being sold to the coimcil for distribution. The scheme 
may be regarded as a prototype for other comparable projects through­
out the country.

The successful development of district heating, has generally been 
acliieved, but not without difficulties, as might be expected with any 
new technological venture. In the early stages some schemes proved 
financially unstable because of inexperience in the operation of this 
new form of public utility service. Latterly there have been some 
failures in this country due to the use of unproven methods for the 
design and installation of the transmission network, but despite 
setbacks of this kind, the advance of district heating has steadily 
increased in recent years. This is because improvements in design 
techniques and in manufacturing processes have made the system more 
and more economic.

No close pattern has been followed in the design and operation of 
district heating systems, because the economic conditions in different 
countries are dissimilar and changeable. Many of the earhest installa­
tions made use of the exhaust steam from electrical generating stations, 
whilst others depended on the use of live steam direct from the boiler
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plant. Later, there were developments in the use of high pressure hot 
water. The present trend is in the further development of combined 
heat and power generation, because of the substantial fuel economies 
that can result from this method when the generating station is con­
veniently sited.

The establishment and operation of district heating systems was 
often originally undertaken by private enterprises that were also 
concerned with the supply of electricity. As district heating became 
more widely used and of service to various communities, its installation 
and administration often became the responsibility of institutions, 
municipahties or the state. In some countries today, specialist con­
tractors imdertake to provide the fuel, operate the plant and maintain 
it on behalf of the owners. There are also contractors who speciaUse 
in providing a heat-metering service. In this country a national board 
will sometimes provide steam from a power station or the boiler plant 
and all else that is necessary to supply the heat for sale to others 
responsible for its distribution.

Experience gained abroad has shown that district heating systems 
can generally be introduced and operated successfully provided that 
they are designed on an economic basis. The character of the area 
served should be appropriate, which sometimes precludes residential 
districts of insufficiently high housing density. This exemption, 
however, is less appUcable to towns in Great Britain, where chmatic 
conditions provide a better annual load factor, than such cities as 
New York, Hamburg and Moscow.

A recent feasibility study completed by the author in connection 
with the district heating of a new town to be built in the north of 
England, has shown that it is economic to provide a heat supply to 
both the town centre and all the surrounding housing areas extending 

over 250 acres.
The chief factors that have contributed to the development of district 

heating are: its general convenience, saving of fuel, and lower heating 
costs, and as these become more important in the expanding economy 
of a country so district heating becomes more extensively used. It is 
the substantially lower cost of district heat compared with other 
methods of supply that has been the greatest incentive to its use. It is 
not, however, generally reahsed how much lower this cost may be: 
until this is more widely appreciated and exploited the chief economic
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advantage of district heating will be lost to the majority of heat 
consumers. Much of the heat used today costs the consumer up to 
4s. 6d. for each useful therm received and usually not less than 3 s. od. 
when provided by hot water central heating. District heating plants, 
efEciently designed and operated, can provide useful heat at a cost as 
low as IS. 2d. a therm, a more typical charge being is. 6d. a therm. 
The profits made from heat sales of a single undertaking can approach

5 00,000 annually.
District heating in this country cannot be expected to be as profitable 

as that abroad unless its future development is planned for the maximum 
heat supply, so that its cost may be appropriately less. The size of future 
schemes should, therefore, be increased considerably to gain full 
advantage of the economies to be made by the greater heat output. 
The largest thermal-electric district heating scheme operated in this 
country, at Pimlico, uses an insignificant fraction of the total generating 
capacity of the power station, and although the heat supply cost is 
relatively low, it could be appreciably lower if the heat output were 
fifty times greater, as with some schemes in use on the continent and 

elsewhere.
There are many factors affecting the economics of a district heat 

supply, but none is more significant than its ability to meet the largest 
demands. This first becomes apparent in the development of a supply 
undertaking, as phase by phase it is extended to meet the increasing 
demand for heat which progressively reduces its cost until finally it is 
at a minimum. With larger installations this lower cost becomes 
effective at the outset, and is steadily reduced as the expanding heat 
supply necessitates relatively less and less expenditure on plant, fuel, 
manpower and the transmission network. Advancement in the 
technology of large scale production of heat has now lowered its 
cost sufficiently for it to be distributed effectively over wide areas, 
but only where equally efficient methods are also used in heat trans­
mission and utilisation. For these reasons it is important to ensure 
that these three factors are fully co-ordinated in the planning of a 
successful undertaking.

The figures appearing in the Tables and some of the appendices 
(for example purposes) have been taken at random from the author s 
records and show no general correlation. They are not necessarily 
typical of other projects of similar size.
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■ chapter 2

GENERAL CONSIDERATIONS

The increasing interest now being shown in the use of district heating 
in this country derives from a greater appreciation of its benefits to 
productivity and human comfort. This interest needs to be widened 
by a fuller understanding of its applications, if it is to provide all that 
is required by industry, commerce and the individual.

The steady progress made in district heating abroad over the last 
half century, has demonstrated what can be achieved if advantage is 
taken of the modem techniques available for the development of this 
form of pubhc utility service. The facilities in this country for the 
same development are often similar, and by their investigation it wiU 
be found to what extent they may be profitably used. But before much 
progress can be made in this way it seems necessary to dispel, not only 
the hazy vision focussed on the subject of district heating, but also the 
apathetic attitude toward its development. Only a full appreciation 
of the potentialities of district heating can ensure its successful 

promotion.
To be completely satisfactory, a district heating service should 

provide sufficient heat when and where required, and at the right price. 
This implies that the supply should be: ample in quantity at all times 
for the service required; variable in output so as to meet individual 
demands; and available at a cost within the economic price structure 
of the other available methods of supply. Continuity of supply should 
also be assured, other than under exceptional circumstances. These 
requirements first make necessary an examination of the conditions 
under which the service wiU be caUed upon to operate, for these will 
determine the design of the plant itself and, the way it wiU be installed 
and used. To obtain the essential information often entails much 
investigational work, and unless this is done in some detail before
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decisions arc made, unexpected difficulties may arise later, causing 
embarrassment to those responsible for the project.

One of the first essentials to be considered is the size of the heat load 
and the distance this has to travel from the central station to the 
consumer. For this reason the density of the heat load in the area to be 
served must be assessed to see if it comes within the economic limit of 
transmission. The siting of the central station and the density and 
character of the buildings served, therefore, will show whether or not 
a district heat supply can be provided ecoiiOinically.

Another factor of importance is the nature of the heat demand 
according to the class of consumer to be served. 1 his may be entirely 
residential in character, accommodated in houses, maisonettes or flats, 
but more often than not there is (in addition) a number of commercial 
buildings and, less frequently, industrial buildings to be served. 
According to the number of each class of consumer and the proportion 
of hght, medium and heavy industries, will depend the decision as to 
whether steam or hot water, or a combination of the two, is the best 
means of heat transmission. The class of consumer served will also 
affect the load factor which in turn reacts upon the costs of the heat 
supply.

The method to be used for the control of the heat supply may also 
be affected to some extent by the class of consumer to be served. 
If . the heat supplier is to assume full control, as may apply when the 
area to be served is mainly residential, the supply may be restricted to 
suit average needs and charged at a flat rate. Alternatively, consumers 
may be given full control, particularly in an area which includes 
residential as well as commercial and industrial premises. In this case 
the supply would be available at all times, and priced according to the 
amount of heat used by each consumer.

If hot water is used as a medium for transmitting the heat to the 
consumers, its control needs special consideration for satisfactory 
results. Here again, if the consumers are mainly residential, a simplified 
form of control may be used to ensure good stabihty of water pressures 
and volumes in the supply circuits. If there are commercial and indus­
trial consumers to be supplied, and they have various types of equip­
ment in their buildings, a more comprehensive arrangement of 
controls is necessary to ensure good regulation of the supply.

The nature of the terrain through which the transmission network
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is to pass, particularly in regard to the soil itself, the water table and 
the contours of the land, has a far-reaching effect on the service. Not 
only may the cost of the network be much influenced by such con­
ditions, but its reliability may also be seriously impaired unless suitable 
precautions are taken. The routing of the transmission mains through 
public streets and roadways may require statutory powers and, if these 
thoroughfares are already congested with other underground services, 
careful planning and consultations with the statutory supply under­

takings concerned will be necessary.
The magnitude of the heat load forms the basis for supply costing and 

needs to be accurately assessed if it is to give a reliable indication of the 
economic value of the service to be provided. Over-estimation of the 
maximum heat demand must increase the annual costs of the supply, 
and the actual unit cost of the heat when the service is in operation 
may then be excessive. Experience indicates that schemes (such as for 
new towns) requiring several years of development sometimes entail 
certain preliminary estimates of the demand of those areas to be 
planned in detail later. In such cases it is better for the annual heat 
requirements to be estimated on the low side.

A heat supply that is entirely under the control of each consumer, 
must, of course, be provided with some means of measuring and 
charging for the actual quantity consumed. Factors to be considered 
here are the capital cost, maintenance and administration of whatever 
means are being considered, and the final choice is generally dependent 
upon the quantity of heat supplied to the individual consumer. A 
combination of conventional heat meters and some form of inferential 

heat measurement is sometimes found to be most economic.
The charge to be made to the consumer for the heat supply, may be 

assessed in different ways according to the use made of the supply by 
the class of the consumer. The charge for the duration of the develop­
ment period over which it is given, must also cover the interest on 
working capital and profit required in the sale of the heat. The method 
chosen for reading meters and collecting payments due, will also have 
some bearing on the charges made and how they are applied. A study 
of the annual costs of providing the supply, which determines the 
charges to be imposed during development and on completion, will 
show the benefit of using a two-part tariff and how the costs for each 

part should be apportioned.
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Selecting the source of the heat to be used requires a close examina­
tion of all the relevant factors, since the success of the undertaking 
largely depends upon the right choice of generating plant. The 
situation of the area to be served may clearly indicate the use of direct 
thermal generation as being most appropriate. Other conditions may 
favour thermal-electric generation and possibly the use of nuclear 
power if a station were sited conveniently. Refuse disposal also 
provides a supplementary source of heat that should not be neglected. 
When indigenous or oil fuels are being considered, the relative merits 
of each in particular circumstances require careful investigation. Not 
the least important factor in this comparison may be the proximity of 
coal fields or oil refineries to the central station.

The economics of a district heating service depend ultimately upon 
the income from the sale of heat being sufficient to meet the cost of 
providing the service. To achieve this, a detailed costing of the plant, 
fuel and electricity supplies, and everything else necessary for current 
operation, is essential. Initial investigations may indicate that there are 
alternative ways for the plant to function in order to provide the 
required service. Only by costing each is it possible to decide on the 
least expensive. Then it is necessary to compare the result with other 
methods of providing and using heat, to see if district heating is 
competitive and determine the extent of any savings to be made by 
its use. This entails costing the other methods on a comparable basis, 
i.e. as to the plant needed and its operating cost. When comparing the 
cost of a district heating service with other methods of heat supply, it 
is necessary to take into account any further costs that these other 
methods involve (See Chapter 8). These are not always reflected in 

the unit cost of their heat supply.
The final appraisal of the merits of a district heating service will not 

be entirely dependent upon the financial benefits obtained. There are 
other advantages provided by a piped heat service which cannot be 
evaluated on a monetary basis with any certainty. Among these is the 
greater conveniences of such a supply, and its ability to meet the full 
demand at all times and for all requirements, as shown in Fig. 2.

Much can be learned about the planning requirements of district 
heating by a study of the operating results of an efficient system. Some 
of these are given in Appendices A, B and C for the Pimlico District 
Heating Undertaking, and apply during the course of development.
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Fig. 2. HOURLY RECORDS OF INTERNAL TEMPERATURES. These were provided 
by the district heating system at Pimlico during the severe winter of 1962-63. It is significant to 
note the adequacy of the heat supply when the outside temperature was at or below freezing point. 

The slow rate of room temperature regain is intentional
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Reference is made to these appendices later in connection with 
different aspects of the subject described in the book. Some more 
general information about The Undertaking is given in Appendix I.

The chief consideration of a heat service must always be one of 
economy as determined by the heat-generating and distribution costs. 
It is, therefore, important for these costs to be carefully computed 
by adding to the annual expenditure on operation and fuelling the 
cost from a sinking fund for the amortisation of capital. Dividing 
this total expenditure by the annual quantity of heat generated and 
transmitted to consumers will show the unit cost of the heat service 
and the extent of its economy.
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chapter 3

CONTROL OF HEAT SUPPLY

The successful transmission and distribution of heat to the consumer 
depends largely upon the method adopted for the control of its supply, 
for this affects the interests of both suppher and consumer. Thus the 
supply should not only be used economically, but also be available, 
preferably, at times and in quantities convenient to the consumer.

Clearly the provision of an unlimited supply is seldom practicable 
since it would encourage extravagance and wasteful usage, with loss 
of much of the advantage gained by producing heat at high efficiency 
in a central station. It is therefore necessary for some restriction to be 
imposed by the supplier or consumer, such that the heat quantity, 
supphed is reasonably commensurate with the service required.

The heat supply may be provided either under the control of the 
supplier or the consumer, depending upon the arrangements made for 
charging for the service^ The more positive heating standards expected 
by the consumer in recent years together with the need for a commen­
surate charge to be made for the supply, have tended to transfer the 
control from the suppher to the consumer. The service may then be 
paid for and used in a way similar to that applying when the heat is 
provided direct to the premises in the form of electricity or gas.

Whichever way the heat supply is controlled, it is necessary for the 
quantity to be restricted at times because of changes in the weather, 
adventitious heat gains, the period of occupancy of the premises, 
individual preference for warmth, and according to the demands for 
hot tap water. These needs are difficult to meet by centrahsed control of 
the supply without some waste or curtailment of heat which reacts to 
the disadvantage of both supplier and consumer.

There are examples today of restricted district heating services for 
dwellings where the supply is provided almost entirely at the discretion
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of the supplier as regards when and how much heat is available. 
This simplifies the arrangements necessary for charging the consumer 
for the heat used. These arrangements allow the charge to be made at a 
flat rate or fixed price, based on the size of the space heaters installed in 

the consumer’s premises and their period of use, thus affording a means 
of computing the average amount of heat consumed. To this amount is 
added the average quantity estimated to be consumed for hot tap water, 
according to the number of occupants in the building served. The 
overall total is adjusted periodically for charging purposes as may be 
found necessary from the current operating cost records.

When the quantity of heat supplied is at the discretion of the 
supplier (as is necessary when he is responsible for its control), both the 
maximum heat quantity suppHed and the duration of the supply must 
conform with what is considered by the suppher to be adequate - 
for the needs of the average consumer. This entails programming 
the length of time of the daily and seasonal space heat supply according 
to some set pattern, such as i6 hours a day for 30 weeks annually, and 
to provide enough heat during these periods only when the outside 
temperature does not fall below some defined minimum.

These arbitrary standards for the heat service (forming necessary 
impositions in the circumstances), cannot be expected to satisfy all 
consumers. There are those who would find it more convenient for the 
supply to continue until say midnight, or even later during Spring, or 
to be started earlier in the Autumn, so that it may be more in keeping 
with the weather at those times of the year. It is also not unreasonable 
for the elderly in particular to be able to have a space temperature above 
the prescribed maximum, and for this to be provided when the outside 
temperature is below the prescribed minimum. Charges made for the 
heat supply when assessed at the flat rate or fixed price cannot be 
commensurate with the service required by individual consumers, 
because this must vary according to personal needs. For this reason 
there has been widespread criticism of heat sold in this way, because it 
was largely outside the consumers’ control and could be available only 
during specified hours, and only during a particular length of heating 
season. The fixed charges offered no means of economising, and often 
bore little relation to the amount of heat actually required.

The advantage of charging by a flat rate is the saving to the suppher 
made possible by obviating the need to measure the heat quantity

15
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supplied to each consumer, thus saving the cost of measuring devices. 
He is also saved the trouble of making arrangements for their servicing, 
which includes maintenance and repairs, reading of meters and 
accountancy. The disadvantage of a flat rate charge is that it necessi­
tates a restricted supply, so that space-heating is not always available at 
the times and temperatures wanted. There is also considerable waste of 
heat, since consumers cannot benefit from their individual efforts to 

economise.
The chief advantage to the supplier in charging by a flat rate is the 

saving made in capital expenditure for the measuring device, which 
may amount to many thousands of pounds. The annual cost of opera­
ting the system with suitable devices, however, need be no more than 
without them, because they reduce the amount of heat otherwise sup- 
phed. In consequence, if the extra capital investment can be met by the 
promoter, it may be repaid annually, and according to circumstances, 

with some interest.
There are many reasons in favour of an unrestricted heat supply in 

order to provide what has been termed selective heating, so that 
consumption is governed entirely by the needs of the consumer. The 
chief advantage is the economic one, but others are of a physiological 
and sociological nature. All affect consumer satisfaction to some extent.

The effect of giving the consumer full control of the supply, as 
with a measured service, is to lower the heat demand irrespective of a 
consumer’s specific requirements, because of the saving*  made by 
eliminating the waste that otherwise occurs from the provision of 
superfluous heat. This reduction in the quantity of heat supphed 
causes an increase in its unit cost (price per therm), but because of its 
more economical use the total cost to the consumer (usually residential) 
is less (See Table i, cols. 6 and 7). In consequence, part of this and 
subsequent savings to the consumer can offset the cost of providing 
some means of measuring the heat supply so that he may further benefit 
according to his actual requirements. The amount of benefit derived 
will depend upon how much use the consumer makes of the supply as 
compared with when it is given under the control of the suppher, as 
shown in the example in Table i. It follows that if considerable heat

* In North-West Germany and in Sweden consumers without meters were using up to 
30% more heat than those with meters.
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NOTE: The heat^demands for Items 2, 3,*4 and 5 assumes no reduction in standard of hot water supply. 
With supplier control it is necessary to extend duration for the benefit of a minority who stay up late.

Table i

Cost of heat supply as affected by metering

I 2 3 4 S 6 7 8

Standard of Heating Estimated 
Consumption 
IDwellingl 

an.—Therms 
average

per 
Therm 
Pence

Cost per 
Dwelling 

per 
annum 

£

Item Method of Control
Temperature Duration

Remarks

I

2

3

4

5

By Supplier 
—unmetered
By Consumer 
—metered
By Consumer 
—metered
By Consumer 
—metered
By Supplier 
Compulsory heat 
(Background)

Full

»»

iFuUff

45'’F

Full

J Full

iFuU

FuU 
(Continuous)

6oo

520

480

350

280

14-4

14'7

14-9

i6-3

i8-o

36

32

30

24

21

The difference in consumption 
between Items i & 2 is due to 
use of incidental space heat 
gains and avoidance of waste of 
hot tap water, also shorter 
duration (i hour). 
Item I assumed from 6 a.m.
to 11.30 p.m.
Item 2 assumed from 6 a.m.
to 10.30 p.m. average. 
Consumptions include 180 
therms for hot water supply.
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wastage can be avoided by its more economical utilisation with a 
measuring service, its unit cost will be greater. This increased umt cost 
when combined with a lower overall consumption results in a reduced 

annual cost, but without loss of adequate temperature.
All consumers benefit with their own control of the supply because, 

in removing the control from the suppHer, there can be an immediate 
saving in the amount of heat provided, resulting from the effect of 
adventitious heat and from the more economical supply programme 
made possible. One example of this is that the daily supply need no 
longer be given at the full rate for a period longer than necessary for 
the average consumer. How much further saving is possible for each 
consumer depends upon his particular habits, such as if he is away at 
work daily, the time of going to bed, and the level of temperature 

required.
A measured service provides an incentive for the consumer to 

benefit from adventitious heat, which is otherwise generally wasted 
by the opening of windows rather than being used by the closing of 
heater valves. To get the full benefit from adventitious heat, the 
measured service should be combined with thermostatic control of the 
heat supply in the manner referred to on p. 20.

With a measured service it is usual to give industrial and com­
mercial consumers full control of the heat supply, except when this is 
small, as in the case of residential consumers. In the latter case it is not 
always practicable to provide a reliable measuring device for both 
space heating and hot tap water, owing to the prohibitive cost. It is, 
therefore, sometimes desirable for the hot tap water to be supphed 
unmeasured and the quantity curtailed by the suppher in a way that can 
provide for all normal requirements. This may be done by restricting 
the quantity of hot water provided by the use of individual calorifiers, 
and by limiting the size of them in each dwelling with regard to both 
the storage and re-heating capacity according to the amount of 

accommodation provided.
Rationing the supply of hot tap water for each consumer by the 

use of individual storage heaters, has been found to be a very effective 
way of preventing extravagance and wasteful usage. This has been 
demonstrated by investigations made for a comparison between the 
quantities consumed when provided from: (a) centrahsed hot water 
storage calorifiers, and (b) individual electrical storage heaters. In
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Method (b), the quantity consumed was reduced to about one-third of 
that of Method (a), and although the higher cost of the electrical 
heating had some bearing on the reduction, the quantity available was 
found to be adequate for all normal requirements.

When the residential consumer is able to use the heat supply at 
his own discretion, substantial economies can be made in various ways. 
One of these results from the modem trend for a larger proportion of 
dwellings to be unoccupied during the day, and another from the 
opportunity given to consumers who do not need full heating in order 
to use lower temperatures than the prescribed standards. Even when 
heat is desirable, there are always those who, in temporary financial 
difficulties, are willing to forego some warmth in favour of more 
compelling bodily comforts! Economising in different ways, as is 
encouraged with a measured supply, can lead to an appreciably lower 
cost for a good standard of service with district heating. When this 
is fully reahsed by the consumers, it is expected that they will become 
more generous in their use of heat, with a consequent improvement in 
the economics of supply.

When the supplier is relieved of the responsibility of control, he is no 
longer subject to criticism of the adequacy of the supply, as this can 
then be made more than sufficient for all the needs of the consumer. 
It is, however, essential for the consumer to be provided with the means 
of automatically controlling the space temperature, so that this may be 
maintained constantly at the level preferred, irrespective of changes in 
the weather and other influences.

To ensure an ample heat supply at all times necessitates the outflow 
water temperature from the boiler plant being constantly maintained 
at the maximum. By this means the early morning pre-heating 
period will also be reduced to a minimum, and that of any later pre­
heating required, as when domestic consumers turn on their supply on 
return from the day’s work. Maintaining the flow temperature con­
tinuously at the maximum level incurs some increase in the transmission 
heat losses, but these are not significant enough to affect the overall 
economy of the heat supply.

The hot water may be circulated through the consumers’ installations 
at the maximum temperature when provided with an on-off form of 
control. Alternatively, the ingoing water temperature may be 
automatically modulated by a thermostatically actuated mixing device
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under the control of the consumer, as is more usual with commercial 
installations. These methods are illustrated in Chapters 5 and 9.

The facihties now available for the automatic control of temperature 
in the consumers’ premises enable accurate regulation of the supply 
to be provided for securing optimum economy. If it were not for the 
progress made in automatic temperature control devices over recent 
years, it would not be possible for the full benefits of a consumer- 
controlled supply to be obtained.

The accuracy of the heat control in the consumer’s premises can 
depend upon the method of heat measurement used, as when the two 
are inter-dependent. When this control is by the inferential method 
that measures the length of time the full supply is given, and not 
according to the amount of heat metered, the control provides only a 
common temperature throughout the building acceptable to the 
occupants in general. Any control of the heat output of individual 
heaters will not significantly affect the measured time of the supply and, 
therefore, its cost.

When the quantity of heat is measured more closely by an infer­
ential method of measurement, based on the water quantity circulated 
at a controlled temperature differential, or more precisely by a con­
ventional heat meter, the control should be as accurate as possible. 
This means that the amount of heat supphed to each room should be no 
more or less than that necessary according to the varying heat gains 
and losses of that particular room. This can be done best by the use 
of thermostatic valves on each heater to automatically control the 
quantity of water circulated, or thermostatic switching of the fans of 
forced draught convectors for control of the air volume circulated.

The use of thermostatic control valves for individual heaters enables 
the temperature of the space heated to be automatically maintained at 
the level selected by the occupants, thus ensuring both economy and 
comfort. It is of considerable economic advantage to give individuals 
this means of securing the maximum saving in the consumption of 
heat, as continuous full heating of a room is seldom required.

A further advantage, which is often overlooked, is that during the 
Spring and Autumn, and sometimes in the Summer when the weather is 
unseasonable and temperatures sub-normal, sufficient heat wfil be 
provided automatically to ensure a comfortable temperature indoors to 
suit individual preferences.
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Individual automatic control of heaters is a method that has been used 
for commercial buildings for over 30 years, and is now accepted as 
also being the ideal method for the induction units of air conditioning 
systems. This method is also being increasingly used for the heaters 
of residential hot water systems, because of the less expensive range of 
thermostatic valves now available.

For the greatest accuracy in heat control, those periods of supply 
required by the consumer should be regulated by a time switch. 
By this means the supply programme may be devised so as to turn the 
heat on and off at specific times and, if necessary, also for specific parts 
of the building when the whole is not to be occupied at all times. 
This latter arrangement is desirable for residences in particular, so that 
the heat supply to bedrooms may be restricted during the daytime to 
prevent its waste. Further information about time switching for 
commercial buildings is given in Chapter 6.

21



chapter 4 i

THE HEAT LOAD

Before much can be done about the detailed planning of the scheme, it 
is necessary to estimate the heat load apphcable, and to consider 
whether this is sufficient to justify its transmission over the distance 
required. The size of the final load may ultimately differ from that 
expected initially, depending upon how the area subsequently develops, 
which may be affected by changes in the nature of the areas to be 
served. Sometimes new areas are subsequently added to those originally 
planned. Provision for meeting this belated increase in the load may be 
anticipated initially by allowing space for the possible extension of the 
central plant which, by a change in operating conditions, may later be, 
made to deal with the greater heat demand.

Some areas, such as those in which new towns are being built, are 
developed comparatively slowly, and it may be many years before a 
given scheme is finally completed. In these circumstances it is necessary 
to phase the period of development to suit the expected rate of building 
construction, and to estimate the heat load in stages convenient to the 
increasing heat demand. In this way it is possible to relate the heat 
demand for each stage to the cost of meeting it, and so determine the 
cost of the heat supply progressively. This can vary over fairly wide 
hmits, as is seen in Table 2, until the most favourable cost is finally 
reached on full development of the scheme.

The information given later about the production and transmission 
of heat shows how the cost of this to the consumer is substantially 
reduced by the greater load. It is therefore expedient to consider, 
whether or not the load can be increased by including in the supply 
any existing buildings in the vicinity of the area to be developed. In 
some localities such opportunities exist for extending the supply by 
serving buildings such as blocks of flats, offices, churches and shops.
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the heat demand of which can much improve the economics of the 
supply, especially if this extra load is carried at the outset.

District heating development programme showing fluctuation in cost of heat 
SUPPLY according TO VARIATION IN ANNUAL COSTS

Table 2

Item
No.

District Heating 
Development Period

I 2 3 4

I Number of years in Period 2 3 4 5
2 Maximum Capacity of 1,200 3,200 5,200 8,400

3
Plant, Therms/hr.
Fixed Annual Charges £, 77.534 170,064 237.876 355.699

4 Variable Annual Charges 
£ 75.980 197,500 290,200 416,500

5 Total Annual Costs £ I53.5I4 367.5'54 528,076 772,199
6 Heat Demand per annum 

Therms 2,100,000 5,600,000 8,400,000 12,500,000
7 Cost of heat supply at 

end of period. Pence/ 
Therm (Item 5-7- Item 6) 17-5 i6-o I5-I 14'8

NOTE: The annual totals given above apply to the last year of the development period.

The size of the heat load and the distance traversed, when later 
reviewed on a cost basis, will show if these are economically related to 
each other. The apportionment of the costs of heat production and 
transmission must, therefore, eventually be ascertained to know how 
these compare and to decide if they are appropriate. This can be done 
in the way shown in Table 6 of Chapter 8.

With this information available, it can be seen to what extent the 
cost of heat production is increased by its transmission from the central 
station to the consumer. The actual incremental cost permissible wiU 
depend to some extent upon the size of the heat load, as the greater 
this is the smaller will be the proportionate cost of its production and, 
in consequence, the greater wiU be the margin available for its 

transmission.
In general, it may be assumed that the transmission capital cost 

would be in the region of 50-100% of that of generation on fuU 
development of the scheme. The actual percentage cost, however, 
depends upon the method of heat production used and also the nature
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of the region served, as this may entail a more costly transmission 
service especially if it is a built up area.

The suitability of the heat load for a district service must depend 
largely upon the kind of service to be provided. If the load is highly 
concentrated, with a good diversity factor and low transmission losses, 
as in some of the new towns where the town centre is planned as one 
compact unit, the circumstances are ideal for district heating. Alter­
natively, the areas to be served may be dispersed over country that is 
difficult to traverse with supply mains because of obstructions of 
different kinds, or simply because of the distance to be covered. Such 
conditions raise doubts about the suitability of a district heat supply.

The heat requirements of industrial and commercial consumers may 
be estimated within reasonably close limits according to the particular 
needs of each consumer, as these should conform to definite standards of 
heat quantity and supply duration. The requirements of the domestic 
consumer, however, may vary considerably, depending to some extent 
upon how the supply is to be controlled. It is necessary to decide about 
this control before attempting to estimate the heat load, as men­

tioned in Chapter 3.
Investigations made into the suitability of applying district heating 

for various projects have shown a wide diversity in the conditions 
under which the schemes would be installed and have to operate. The 
specific nature of the conditions applicable often becomes apparent only 
after a careful study of all the circumstances involved, indicating the 
need for a thorough examination of the different factors applicable to 

a particular scheme.
There is not likely to be much variation in the demand to meet 

structural heat losses of the average building today, as these usually 
comply with recognised standards of thermal insulation and which are 
to some extent obligatory for new industrial buildings. But the stand­
ard of air temperature and hot tap water maintained with a consumer 
controlled supply may differ considerably between one dwelling and 
another, depending upon the importance attached to comfort and 
hygiene, and on how much the consumer is willing to spend on this 
aspect of the household expenditure. These are the circumstances 
which mainly affect the annual heat demand.

When estimating the maximum hourly heat demand, it is necessary 
to allow for a full standard of the service provided, on the assumption
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that this may be required by any consumer. For space heating this can 
be approximated without much difficulty by the use of a factor varying 
from 3 to 5 Btu/h/ft^ of space heated, according to the type of 
building concerned. But for hot tap water what is a full standard for 
some is inadequate or more than enough for others, and there is always 
the wastage factor to be covered. In consequence, it is desirable with 
an unmetered supply to provide a method of hot water supply that 
will meet all normal requirements and, at the same time, prevent 
waste, as described in Chapter 3, page 18.

The recognised standards of thermal insulation can be improved 
when it can be shown that this is economically justified. The use of 
double and triple glazing, for example, should be given careful 
consideration now that its cost is becoming less owing to improved 
manufacturing techniques, because of the construction of higher 
buildings, and the tendency for the price of heat to rise. Calculations 
of the savings in the cost of fuel and of the heating system itself by use 
of multiple glazing, will show if an adequate return on the capital 
investment can be assured.

The recommended standards for space air temperatures and hot tap 
water as prescribed in official publications and adjusted as necessary to 
comply with the requirements of local authorities, should be used in the 
estimation of the maximum hourly demand. Any lowering of these 
standards, will, for the reasons given, reduce the annual heat demand 
and increase the unit cost of the supply.

The total calculated maximum hourly demand should be adjusted to 
allow for the diversity factor, applied to the heat load according to the 
classes of consumer served and found by dividing the expected peak 
load by the total load. The period during which the maximum heat 
demands for each class of consumer coincide will show what the actual 
peak load is likely to be at any one time, and to know this it is necessary 
to compare the demands of each class of consumer when these are at 
their maximum. It will be found that when the demand of one class 
of consumer is at a maximum, that of another is not, and that the full 
demands of all consumers do not occur simultaneously.

A careful analysis of the heat demands of industrial, commercial 
and domestic consumers should be made therefore, according to the 
estimated requirements of each throughout the day to show when the 
maximum demand occurs, and its size. In this way it is possible to take
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full advantage of the diversity in demand and thereby often effect an 
appreciable reduction in the size of the boiler plant and its cost. The 
amount of diversity varies to some extent with each scheme, and under 
favourable conditions can produce a factor as low as 0-75, indicating 
that the peak load represents only 75% of the total load.

The building density applying to the development of land can have 
a considerable effect on the load, and for residential areas may vary 
according to locality from about 15 dwellings per acre to 80 or more 
per acre in large towns; and with an average occupancy of 3 - 5 persons 
per dwelling, the corresponding number of persons per acre would be 
52 and 280. Because of a preponderance of single- and two-room 
dwellings in a particular development, the average number of persons 
per dwelling may not be more than 2-5, and at this density the maxi­
mum hourly heat demand per person would be in the region of 0-04 
therms for hot tap water, and o-o6 therms for space heating. It is 
seen, therefore, that there would be some divergence in heat demand 
for a given area on account of both the density of buildings and 
occupancy, particulars of which should be known in making an 

assessment of heat requirements.
To complete the heat load figures, losses in transmission and also 

from heat storage, if used, must be included when it is known what 
kind of transmssion network is to be used. This latter will depend upon 
whether steam or whether high or low temperature water is used, or a 
combination of the three; upqn the distance covered by the mains and 
what proportion is under and over ground. The mains losses of a well 
designed and insulated network are small, the percentage loss varying 
inversely as the amount of heat supplied. When a single pair of low 
temperature hot water underground mains is used, the heat loss should 
not exceed 5% of the load in Winter and about 12% in Summer, for 
a medium size system on full development (See Appendix A, Item 24).

Much investigatory work has been undertaken in connection with 
heat losses under conditions closely approximating to those occurring 
during normal operation. The ‘Rate of Cooling method of testing, 
with results verified by a Heat Loss Meter, has shown that the losses 
are generally small compared with the heat carrying capacity of the 
system. In the case of a hot water heat accumulator of medium storage 
capacity, the hourly loss at normal working temperature would be of 
the order of o-i% of its average heat capacity. The hourly loss per
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100 ft run of hot water underground mains could vary between 
0-020% and 0-035% of their heat carrying capacity according to the 
diameter of the pipes and how they are installed.

Appendix C gives the results of heat loss tests carried out on under­
ground mains in conduits and the thermal conductivity figures may be 
used for calculating transmission losses of a system installed under 
similar conditions. The inner surface temperature of the insulation 
given in Item ii will be equal to the water temperature in the pipe for 
all practical purposes. The pipes were covered with in thick 

preformed cork.
In estimating the annual heat demand, which determines the load 

factor obtainable and the unit cost of the heat, a careful examination is 
necessary of the conditions under which the service is likely to function 
throughout the year. The occupancy period of the various buildings 
supphed, and therefore the duration of the heat supply, is a significant 
factor. This again varies widely according to the class of building 
served, as for example, that of industrial premises where single, double 
or continuous shift work may apply. The duration of the supply for 
commercial buildings, should also be estimated according to the kind 
of building served. Hotels, hospitals, police and fire stations, are 
occupied for longer each day than offices, shops and municipal 
buildings, which in turn, are longer occupied than schools, theatres 

and pubhc houses.
The occupancy period of dwellings is difficult to ascertain closely, 

because it cannot be predicted what proportion of consumers will be 
away at work each day, when little or no heat would be required. 
This proportion, in medium income group housing estates, can 
amount to as much as 50%. The standards of heating actually attained 
in dwellings, unlike that in commercial and industrial buildings, will 
therefore vary appreciably, according to the habits of individual 
consumers, and so affect the annual heat demand. This is normally 
in the region of 600 therms per aimum for an average size of semi­
detached dwelling where the supply is under the control of the 
supplier, giving an annual load factor of about 30%- Under especially 
good conditions the load factor can be as high as 50%, the actual 
percentage obtained depending upon a number of factors, including: 
the facilities provided for measurement of the quantity of heat supplied 
for charging purposes, and upon the means adopted to prevent the

27



DISTRICT HEATING

waste of hot tap water when this is not included in the measurement.
The annual heat demand will also be affected by adventitious heat 

gains, especially when these are fully utilised by thermostatic control 
of the heat supply. These gains from the consumption of electricity 
and gas, from solar radiation and from occupancy, have been estimated 
to amount to i6o therms during the heating season for blocks of flats 
in Southern England each flat being occupied on average by four 
persons (See Appendix B).

It is important to assess the heat demands carefully, so that the 
estimated cost of the heat supply shall be as accurate as possible. The 
maximum hourly heat demand, by indicating the capacity of the plant 
required, will govern its capital cost and amortisation, and represent 
the great part of the standing of fixed supply charge applicable. The 
annual heat demand, by indicating the fuel, electricity and other costs 
of operating the service, determines the unit cost charge applicable for 
the heat supply. Because of this it is prudent to under- rather than 
over-estimate this demand, so that the cost may be slightly inflated to 
cover contingencies. Any subsequent increase in the demand will 
tend to lower the cost of the supply and vice versa.

It is unnecessary to be precise in estimating the annual heat demand, 
and indeed, precision is not always possible because the necessary 
detail is sometimes not available during such investigations. On the 
supposition that the demand can be estimated within ±io% of the 
actual demand, the cost of the heat supply should not vary by more 
than 3d. per therm.

Estimation of the annual heat demand must necessarily be somewhat 
of an empirical nature because, being mainly dependent on predictions, 
it cannot be based on any very sound theoretical calculations. As 
district heat becomes more widely used and more operating data 
becomes available, the task will be simplified. Until then it is necessary 
to compute requirements from a knowledge of present records and 
of the consumer’s general habits as may be disclosed from a study of 

the present day regime.
The requirements of industrial consumers can often be ascertained 

within reasonably close limits because, as in the case of factories, the 
processes undertaken will usually follow a set pattern for most of the 
time and may therefore be pre-determined without much error. The 
supply to commercial buildings will also follow a definite routine,
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according to the administrative programme of each organisation. It is 
the domestic consumer who creates uncertainty about the annual heat 
demand, because of the many variables that can affect consumption. 
These may cause considerable deviation from the maximum, as is to 
be expected when the needs of each household are dependent upon its 
particular mode of hving. Until more is known about load duration 
curves for district heating systems as derived from operational records, 
an indication of the demand may be obtained by using factors of heat 
utilisation to represent the consumption in therms per dwellings per day.

The factors applicable with supplier heat control, after careful 
investigation of the working of a particular system providing a full

Total Space Heating, Hot Water & Process Demand = 7,540 
Total demand with allowance for diversity, say 0-8 = 6,030 
Total station load including mains losses, say 3% = 6,330

Table 3

Summary of estimated maximum hourly heat demands in therms

Development 
Period

Divellings
Commercial 

and Industrial 
Buildings

Total Demand 
Therms

Phase I 420 320 740
rtX .. 2 830 620 1,450

8 „ 3 480 690 1,1702
„ 4 960 950 1,910

§t)rt CU t/> Total Space and Process Heating Demand = 5,270

Phase I 210 120 330

„ 2 420 240 6603*
.> 3 240 270 510a
.. 4 480 290 770

0as
Total Hot Water Supply Demand = 2,270
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Table 4

Summary of estimated annual heat demands in therms

Development 
Period DivelUngs

Commercial 
and Industrial 

Buildings

Total Demand 
Therms

bO
•S Phase I 873,000 429,600 1,302,600
s 
a n 2 1,748,000 848,300 2,596,300

0 
0 .> 3 1,017,000 953.000 1,970,000

Oh
1 » 4 1,673,000 665,000 2,338,000

Sp
ac

e :

Total Space and Process Heating Demand = 8,206,900

Phase I 370,900 128,600 399.500

„ 2 541,000 259,820 800,820
§• co 315,000 288,140 603,140
a

4 519,000 427,900 946,900

Total Hot Water Supply Demand = 2,750,360

Total Space Heating, Hot Water & Process Demand = 10,957,260
Total demand with allowance for adventitious heat

gains, say io%* of space heating demand = 10,150,000
Total station load including mains losses, say 8%t = 10,962,000

•Full 10% applicable only with automatic temperature control of individual space heaters. 
fTo cover average loss during winter and summer.

standard of heating amounted daily to i-8 therms for space heating, 
0-45 therms for hot tap water, and 0-25 therms for towel rails and linen 
cupboard coils for each dwelling. (See Appendix A, Items 38 and 39). 
The hot water consumption per person per day was 20 gallons. With 
this information available, adjustment of the factors can be made if, 
for example, linen cupboard coils are not provided, or the allowance 
of hot water is restricted to some figure below 20 gallons. It is also 
necessary to allow for the diversity in demand as between one dwelling 
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and another, if the supply is consumer-controlled, and this may reduce 

the annual total by as much as 20%.
The metered analysis of the heat utdisation of the particular system 

investigated showed that of the total annual heat supplied: space 
heating accounted for 60%; hot tap water for 25%; and heating, for 

towel rails and linen cupboards 15%.
Tables 3 and 4 show examples of how the heat demands may be 

summarised for all classes of consumer according to the requirements 
for space heating, hot tap water and other services.
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chapter 5

TRANSMISSION NETWORK

The economy of heat transmission will be much influenced by the 
size of the load in the same way as is the production of heat. The 
bigger the load therefore, the less will be the relative cost of transmitting 
it. This is not only because the size of the mains becomes proportion­
ately less as their heat carrying capacity increases reducing their overall 
cost, but because the percentage of heat lost in transmission is also 
reduced. This becomes more readily apparent when considering the 
relative economy of hot water transmission mains later in this 

chapter.
To ascertain the best way to transmit heat economically and reliably 

over a distance of many miles, as is required for a district heating 
service, it is necessary to consider the alternative methods available, 
and to apply them to the particular circumstances of any given area in 
order to find out which is the more appropriate method. When the 
heat source is some distance away from the area of distribution, it may, 
for instance, be more economic to transmit the heat to one or more 
sub-stations conveniently situated to the centre of the load. By this 
means better facihties can often be provided for extending the circuitry 
as the project develops, and also for heat storage if required.

It is essential to employ an economic heat transmission system. This 
implies that not only must the constructional work involved in routing 
the mains and the heat lost in transmission be kept at a minimum, 
together with that of the motive power necessary to move the heat 
over the required distance, but the amount of subsequent maintenance 
work must also be minimised. The functional performance of the 
network must therefore be influenced by its capital cost, as upon this 
will depend how effective will be the transmission services, and careful 
correlation of these two factors necessarily becomes implicit in its design.
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It is not always possible to achieve the ideal design, because of cost 
limitations, and in consequence a compromise must be sought that will 
ensure sufficiently good safeguards for an efficient, reliable and durable 
service. Unless such safeguards are provided, an otherwise efficient 
heat service can be seriously impaired. For this reason, careful consider­
ation needs to be given to several factors such as: the kind of trans­
mission media; operating pressures and temperatures; the type and 
thickness of pipe insulation; and, the number and type of pipe fittings, 
supports, anchors, guides and expansion devices. Equally important 
is the protection to be afforded to underground mains, such as by 
concrete conduits, or by one of the alternative methods using preformed 
pipe casings, aerated concrete or loose fill insulants and moisture 
repellents. According to the provisions made in regard to all these 
features will depend how far the heat can be transmitted from the 
central station to the consumer without making its cost prohibitive.

It will be seen on reference to Chapter 8 concerning costs how the 
expense of transmitting the heat may be added to that of its production 
so that the overall cost may be appropriate. For every foot of distance 
the mains are extended from the central station there will be a corres­
ponding fractional increase in the cost of the delivered heat supply 
until this cost reaches the economic maximum and determines the 
limit of extension. Because of this restriction, a preliminary design 
of the transmission system can be costed for comparison with recognised 
costs of heat production, to see if the two are compatible and justify 
proceeding with a more detailed investigation.

Amongst the alternative design methods to be considered, one of the 
most important is the transmitting media to be used, which may be 
steam or, high, medium or low temperature hot water. To meet the 
need of some industrial consumers for process work, a supply of steam 
is necessary, which initially, may be in the region of 250 Ib/in^ and 
6oo°F. This might be provided economically from the central station 
if the steam load represents a fair proportion of the total heat demand, 
and if it can also be used conveniently at sub-stations for the further 
transmission of heat by hot water to commercial and domestic con­
sumers. When the industrial steam load is known to be hght and 
variable, a cheaper supply may be possible by the use of individual 
steam generators in those factories requiring a supply, thus dispensing 
with steam for heat transmission altogether.
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The use of steam as a transmitting medium provides certain advan­
tages for specific purposes which cannot be claimed for hot water. 
One of the chief of these is its rapid response to demands for heat as a 
result of its higher rate of travel and higher heat content per unit of 
weight. These features make steam more suitable for industrial use 
when demands are often widely variable in time and quantity which 
permits of httle delay in its supply. There are also many processes 
carried out by plant designed expressly for steam consumption only, 
although others will function equally well with high temperature water.

There is httle difference in the capital cost of providing a steam and 
hot water service, but because of the latter’s better reliability, mainten­
ance costs are reduced and the overall costs are less. For this and other 
reasons to follow, it is now generally accepted that hot water is 
preferable for district heating when steam is not required by the 

consumers.
Hot water is regarded as superior to steam for heat transmission to 

pubhc and residential buildings, owing to its greater flexibility and 
rehability, and because of its higher overall efficiency. The actual water 
temperatures used have a significant effect on the economics of the 
system and should be selected accordingly. The aim in general should 
be to use mains of a size commensurate with a medium flow tempera­
ture, such as 25O°F, and a temperature differential of about ioo°F, as 
this range is usually more economic than either high temperatures such 
as 33O-23O°F or low temperatures of 2OO-i6o°F.

High temperature water is most advantageous for the larger scheme 
when transmission distances are appreciable, and it can be used at its 
circulatory temperatures directly in space heaters, and when artificial 
pressurisation is unnecessary. It may also be used when a supply of 
low pressure steam is required by some consumers, by the installation 
of local generators. High temperature water may be of little or no 
benefit for a less extensive service and when used mainly for commer­
cial and domestic consumers. Comparisons of the cost of high and 
medium temperature systems can show that the latter is cheaper, 
because the more costly equipment required for high temperatures 
can be eliminated. The lower mean temperatures, however, could 
affect the cost of the consumer’s installations in industrial buildings, 
because of the larger heaters required.

The amount of circulating head required for the quantity of water
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Fig. 3. RELATIVE ECONOMY OF HOT WATER TRANSMISSION MAINS. 
Length of fioiv and return = i mile. Pressure drop — 5 in per loo/l. Temperature drop: 
22O°F — 12O°F = 1OO°F. Insulation thickness = 2 in. Conductivity of insulation = 

0-323 BtulhrlfPI°Flin.

necessary under the desired temperature conditions, depends upon; 
the size of the system; the limitations of commercial pump capacities; 
and the relative costs of pumping, and of the mains themselves. In this 
latter respect it will be found that there is an economic minimum size 
of mains below which any advantage gained by a saving in their cost 
is nullified by a disproportionate rise in pumping costs. For the smaller 
system, where the transmission distance is no more than a mile or two,
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a pressure loss in the region of lo in w.g. per lOO ft of travel is permis­
sible. For the larger system, extending over several miles, a loss of 
5 in w.g. or less would be appropriate. Although this smaller loss 
might appear to indicate the need for unduly large mains, the fact that 
the load carried is that much more for a more extensive system, brings 
the carrying capacity of the mains into a more economic range of 
sizes, as is seen by reference to Fig. 3. This shows how the economy 
of heat transmission increases with the greater heat demand, as in the 
example given for 9 in dia and 18 in dia mains. This comparison shows 
that, by doubling the diameter, the carrying capacity is increased by 
nearly 6 times that of the smaller size. The increase is 66 times as much 
when comparing a 4 in dia main with a 20 in dia main. The percentage 
of heat losses also diminishes progressively as the load increases, as is 
seen by comparing 12 in dia mains with 20 in dia mains when the losses 
per mile are 0-77% and 0-32% respectively.

Unless suitable precautions are taken to maintain the circulatory 
conditions of hot water as required, there will often be changes of 
pressure and volume throughout the transmission system as a result of 
frequent variations in demands, extensions of the network, and 
subsequent changes in circulating pump duties. It is thus necessary to 
ensure that the total pressure head at the supply points does not exceed 
the maximum permissible for radiators, and equally important that 
the volumes at these points are correlated with demands, so that each 
consumer receives neither more nor less than that necessary for the 
service required.

The total pressure head necessary for the water circulation, depending 
on the distance of the building most remote from the central station, 
results in the production of excessive pressure at intermediate service 
points. The effect of this higher pressure may be reduced by the use 
of hand regulating valves, but not to within very close limits of accuracy, 
and they will need further adjustment as the scheme develops. This 
becomes a tedious and time consuming job for an extensive installation.

The pressures and volumes of the water in transmission, therefore, 
need to be controlled automatically for these to be stabilised correctly 
and at all times provide the right conditions for the consumers’ 
installations. When the characteristics of these installations are known 
at the time the transmission network is being designed, the require­
ments may be simplified; but more often than not the extent and the
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details of such installations are not known until later. This makes it 
necessary to ensure that the pressure and volume control is fully 
co-ordinated at the outset.

Figs. 4 and 5 show two methods of providing equalised flow 
conditions for commercial and industrial consumers. Other methods 
include the use of heat exchangers for space heat supplies, and also for 
hot tap water, when they may be of the non-storage type as is seen 
in Fig. 20.

The experience gained with continental district heating systems has 
shown the advantages of a close regulation of water pressure and 
volumes in the transmission mains. This has resulted in the develop­
ment and production of a wide range of controllers for pressure, 
volume and temperature in order to secure the right operating condi­
tions both during development and on completion of the system. The 
controllers may serve a group of consumers or alternatively, when 
convenient, a differential pressure controller may be provided in the
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Fig. 4. TYPICAL SERVICE CONNECTIONS TO INDUSTRIAL AND COM­
MERCIAL CONSUMERS. Temperature modulation is by diverting valve to ensure equalised 
flow conditions in the mains. Pressure controllers may also be necessary to safeguard radiators
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EXCESS PRESSURE VALVE WILL DEPEND ON THE SYSTEM 
CHARACTERISTICS

Fig. 5. TYPICAL SERVICE CONNECTIONS TO INDUSTRIAL AND COM­
MERCIAL CONSUMERS. Temperature modulation is by mixing valve necessitating a 
volume controller and also controllers for pressure when this can exceed maximum permissible 

for radiators

service connection to each consumer, to ensure that the water volume 
supplied is always closely related to his needs. This controller, which 
is provided with | in dia screwed connections, and does not exceed 
4 in length, is simple to install and needs the minimum of maintenance.

The provision of pressure and volume controllers, together with 
the equipment now available for the automatic control of the supply 
water temperatures, simplifies the arrangement of the transmission 
mains. Transmission mains can now provide all that is necessary, as 
two pipe circuits instead of three and four pipe circuits as were often 
formerly used. This enables a considerable saving to be made in the 
cost of the mains themselves, and the insulation required, and also in 
the conduits when the mains are underground. This more than 
justifies the cost of the control equipment.

The size of the mains, although dependent on the maximum load 
carried, may ultimately be influenced by how the scheme develops, 
and thus how the circulating pumps are to be arranged in regard to the
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number and duties of each, to give the best efficiency. It is usually 
necessary, with district heating service schemes, to allow for the require­
ments at each stage as well as after complete development. The 
operational characteristics of the pumps, should therefore, when used 
singly and in parallel, and with impeller changes, match as near as 
possible the varying water pressure and volume conditions corres­
ponding to the heat load during each stage of development. It is 
sometimes possible to do this more effectively by sizing some sections 
of the mains to suit the final pressure characteristics of the pumps rather 
than vice versa. The use of variable speed pumps should also be 

considered.
The size of the mains necessary for a particular project may be 

calculated in the usual way, but their arrangement in the central 
station should include provision for metering the supply accurately, 
and without complications in handling the fluctuating heat demand. 
Because of the wide variation in demand during Winter and Summer, 
the corresponding heat quantities are often outside the meters’ normal 
operating range. This necessitates separate meters for the two periods 
of the year. When the meters are connected to the supplies to Winter 
and Summer pumps respectively for alternating operation, the change 
over from one meter to another is synchronised automatically with the 
change in seasonal load, thus avoiding any 'dependence upon the use 

of hand valves at the time of the change over.
Effective disposition of the mains relative to the area served can do 

much to avoid possible interruptions to the heat supply, due to future 
extensions etc., and hence reduce the cost entailed for their provision. 
When the mains radiate in different directions from a generating- or 
sub-station that is centrally sited, separate circuits can be used for a 
number of areas so that each circuit may be independently isolated 
when necessary. If this arrangement is not possible, such as when a 
station is situated at one side of the area served, it is necessary for each 
main branch circuit, and also the secondary circuits (if the network is 

extensive) to have isolating valves.
The routing of the mains, and their levels relative to new and 

existing buildings, public highways and private roads, railways, 
canals and bridges may sometimes appear as a formidable task until, 
by the gradual process of elimination, a clear way eventually emerges 
past the various obstacles. In some cases it may be necessary to procure

39



DENOTES TRANSMISSION MAINS IN UNDERGROUND CONDUITS

Fig. 6. THE TRANSMISSION SYSTEM OF THE CWMBRAN NEW TOWN 
CENTRE. The route is shown of the underground mains to he later extended, and also the 

positions of chambers for valves and expansion bellows
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wayleaves through existing buildings, and where existing pubUc 
highways are concerned the need for statutory powers and ministerial 
approval of the proposals should be considered.

The level of the mains relative to the ground to be traversed varies 
according to the conditions encountered, and to reduce capital 
expenditure to the minimum, the mains should be run overground 
whenever possible, preferably near ground level rather than overhead, 
unless use can be made of elevated road and pedestrian ways, and when 
practicable, of the basements to buildings. There is, however, often 
little alternative to the use of underground mains, particularly in 
established commercial and residential areas. This necessitates a close 
co-operation with statutory undertakings for the proper co-ordination 
of the mains with other existing underground public supply services, 
including public conveniences. The arrangement of underground 
mains for a new Town Centre is shown in Fig. 6.

The essential need for the satisfactory working of any system of 
transmission mains, is adequate provision for their freedom for the 
movement resulting from temperature changes. Although this is 
a fundamental functional requirement, it does not always receive 
sufficient attention. Undue stressing of the pipework due to changing 
temperature, must be prevented if ultimate failure of the supply is to 
be avoided. There are several causes of failure, and only by the 
judicious use of insulating materials, expansion devices and anchorages 
can it be ensured that proper conditions of operation will result.

The forces imposed on pipework due to expansion and contraction 
can be considerable, and disruptive when not counteracted by suitable 
means. One of the most simple and effective means is to make use 
of right-angle changes in the direction of the mains when these occur 
conveniently for routing. When this is not possible, purpose made 
sets of appropriate length in ‘U’ formation are sometimes to be 
preferred to expansion bellows, except when space restrictions prohibit 
their use. Multi-corrugated bellows are best used when movement in 
more than one direction is encountered.

The correct positioning of anchorages will do much to reduce the 
number of expansion devices required to relieve stresses at vulnerable 
points in the system, and when the anchorages are situated at inter­
sections in the mains, there is no danger of welds or fittings at these 
points being adversely affected. The structure for the anchorage must

42



TRANSMISSION NETWORK

be substantial enough for the heavy loading to be imposed and securely 
embedded in concrete, or fixed to main building structures.

Other necessary provisions, which sometimes receive scant attention, 
are those for mains venting and drainage. Because of the greater size 
and length necessary of district heating mains, there must be adequate 
facilities for these purposes. The accumulation of air at the high points 
of the system can be the cause of much trouble unless it can be speedily 
removed, as can also be the accumulation of sludge at the lower levels. 
The provision of isolating valves and ample drainage points is also 
necessary to facilitate the testing of sections of the pipework as com­

pleted, and for future extensions.
Satisfactory conditions for the welding of the pipework require 

sufficient space for the welder to properly do his work. As it is not 
practicable to rotate the pipe for every butt weld, the provision of 
temporary welding bays at suitable points en route is necessary so as 
to facilitate access for bottom welding at final connections.

Much depends upon the workmanship for this part of the installation, 
and unless rigid standards are employed in its execution, there is always 
the risk of subsequent failures of the heat supply (See Appendices G 
and H). For the same reason it is important for completed sections of 
pipework to be thoroughly tested, both by appropriate hydraulic 
pressures, and by the application of heat at the maximum working 
temperature. Not before the test conditions have been fulfilled is it 
possible for insulation to be applied and the final cover made.

Defects in pipework do not always appear during hydraulic testing, 
because the maximum stresses occur only at working temperatures. 
Heat tests must therefore be made, and these are sometimes required 
before the boiler plant is ready for service when mains are underground, 
to enable roadways to be completed. This calls for the use of a mobile 
heating and pumping unit to produce a circulation of hot water in 
positions convenient to the sections of mains to be heat tested.

Mains that are to be installed underground should be assured a 
working life of not less than 6o years and considerably more in some 
circumstances, if a repetition of the failures that have occurred in 
several installations in this country is to be avoided. The cause of these 
failures is well known and understood.

Design and workmanship standards must be high if mains are not 
to leak and corrode in consequence of the pressures and temperatures
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TYPICAL CONDUIT FOR 6' DISTRIBUTION MAINS

Fig. 7. TYPICAL UNDERGROUND REINFORCED CONCRETE EXPANSION 
CHAMBER. The chamber may also accommodate isolating, drainage and air valves. A conduit 

for 6 in dia mains is also shown
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applied. This will obviate the need for access for repairs and main­
tenance other than for valves, expansion bellows, vent and drainage 
cocks. It is also essential to afford the mains ample protection from the 
effects of surface and subterranean water.

The hfe of underground mains depends upon how effective are the 
measures to avoid the corrosion of the steelwork that results from 
moisture penetration. One small leak in the mains that continues 
undetected for some time can eventually cause much damage. It is 
of little use, however, to ensure by sound design and workman­
ship that leakage of the mains does not occur if water is allowed to 
penetrate to the pipework from the soil through lack of adequate 
protection.

Most of the troubles experienced by the corrosion of underground 
pipework have been caused not by pipework leakage, but through the 
use of unsuitable methods to protect the pipes from the effects of ground 
surface and subterranean water. The effectiveness of any method must 
depend upon the condition of the ground, and when this is known to 
become saturated with water a strong moisture barrier must be pro­
vided between it and the pipes in the form of a conduit. Untreated 
brickwork, for example, cannot be used for this purpose, despite the 
attempts of the uninformed to prove otherwise by costly practical 
demonstrations of its unsuitability!

The form of protection and heat insulation used must therefore 
depend upon the nature of the soil and the water table, and where these 
are unfavourable it is desirable for the mains to be installed in reinforced 
water-proofed concrete conduit. Under more favourable conditions, 
methods that rely for thermal and moisture protection upon the use of 
such materials as aerated concrete, loose mineral fills and pre-formed 
casings, may be considered and, if used, should be applied with extreme 
caution if they are to be satisfactory.

The effectiveness of the different methods of insulation, especially 
those using prefabricated sheathed pipes for laying directly in the 
ground, will depend very much upon the site workmanship conforming 
rigidly to the specified requirements. Unless constant and careful 
supervision is given as the work progresses, supposedly minor defects in 
assembly can later develop into major causes of failure. It is important, 
therefore, when considering a prefabricated method of construction 
for this to ensure that the casing can be air pressure tested after lengths
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are joined together on site. It is also desirable to provide a permanent 
monitoring system for casing leakage detection.

Fig. 7 shows the arrangement of an R..C. Conduit and expansion 
chamber with its associated pipework, which is typical of many 
in use today.

Accessible underground chambers of the kind shown in Fig. 7 are 
necessary at a number of points in the transmission network for 
operating isolating, vent and drain valves, and for the maintenance of 
expansion bellows. The chambers also serve as collecting points for any 
water that may accumulate over the years, and are provided with 
sumps for its easy removal by a mobile pumping umt.

The cost of pipes, fixings, insulation and concrete conduits wiU 
depend to some extent upon the ground conditions encountered, as 
these will affect the amount of work for excavation, shoring, the 
removal of water, and any re-surfacing of roadways required. With 
the exception of the last three items, the range of costs apphcable per 
foot run extends from about for 2X2 in dia pipes to /^lo for 
2X 8 in dia pipes, and extra cost will be entailed for valves and 
expansion chambers.
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THE CONSUMER’S INSTALLATION

The best use of a district heat supply in the consumer’s premises 
necessitates its distribution in a way that will ensure a close balance of 
supply and demand in order to effect the greatest heat economy, and 
at the same time provide the right conditions for process work and, 
the comfort and convenience of the occupants themselves in the 
buildings served.

The comfort of consumers can be assured if the supply is not used 
wastefully, because the comparatively low cost of district heat enables 
the temperature of the whole building to be maintained at an adequate 
level. This cannot be said of many heating systems in use today in 
residential buildings, because the higher price of the heat enables only 
partial or background warmth to be provided except, perhaps, in 
the hving room.

Recent surveys of the methods for heat utilisation in buildings 
indicate that great economies can be effected by the use of the latest 
techniques in this field. It is no longer practicable to provide a copious 
heat supply to the consumer in the hope that it will be efficaciously 
used unless the means are provided to this end. This is particularly 
significant with district heating systems using exhaust heat from power 
stations, which many consumers believe to be waste heat and, therefore, 
need not be conserved, since it is a superfluous by-product in the 
generation of power.

When district heat is provided by direct thermal generation, the 
economics of supply are even more dependent upon its efficient 
employment at the points of utilisation, and this can be ensured only 
if the supply is distributed in such a way that the specific uses of modem 
apphances and controls are exploited to their fullest extent.

The increasing price of fuels in recent years has emphasised the need
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for economy in their use, and this has led to the development 
and production of a variety of relatively inexpensive devices to auto­
matically control the heat supply according to the consumer’s needs. 
Previously it was often customary to depend upon hand regulation of 
the supply, and although this method could be fairly satisfactory when 
dihgently applied, more often than not it was neglected, thus causing 
heat wastage, inferior process work and uncomfortable working and 
hving conditions for those concerned with its use.

The rising cost of fuel has also given impetus to the adoption of 
methods of heat usage showing the greatest economy, convenience and 
cleanliness. The trend now is towards dispensing with numerous 
separately fuelled heating apphances, by using one central appliance 
with its facilities for the close control of heat output, thus saving 
on the capital and operating cost of the installation. The small bore 
hot water central heating system is one example of this modem trend, 
as it now provides some of the advantages of district heating in being 
able to make better use of the heat to be distributed throughout the 
building.

The automatic control equipment now available can be used to good 
advantage at the district heat supply point to the consumer’s premises, 
by enabling the constant supply temperature of the transmission net­
work to be modulated in accordance with that actually required at any 
particular time. Automatic control is also essential with steam supphes 
to process plant, since a small deviation from the required temperature 
can slow down production and impair the quality of the product.

Of much importance is the need for accurate control of the heat 
supply to space heating and hot tap water systems because of the wide 
variations in demand that can apply over a short time period. The 
economic significance of this in regard to space heating is appreciated 
when it is reahsed that each degree Fahrenheit deviation from normal 
air temperature can effect a change in fuel demand of about 5 % and a 
corresponding wastage when overheating occurs.

Heat supply to hot water systems can be conserved by reducing 
circulation of losses which may represent a high proportion of the total 
heat demand, as losses usually also occur in towel rails and linen 
cupboard cods. In some classes of buildings such as flats and hotels 
it is not essential for circulation to be continued throughout the 
night, and may be interrupted for some hours by automatically
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switching off the circulating pump, or by the use of a time controlled 
motorised valve in the secondary circulating pipework.

Control of the steam supply by means of on-off valves and pressure 
or thermostatic actuators, suitably positioned, will usually provide all 
that is required with this form of heat supply. When the supply is hot 
water, and it is used for space heating, it is necessary to modulate the 
temperature continuously, or shut off the supply entirely, to closely 
compensate for changes in the weather. This can be done by the use 
of mixing and diverting valves under central or zone control. An 
exception to this arrangement can be made for industrial and 
commercial buildings, when using natural or forced draught convector 
heaters having individual thermostatic control, and also for the heaters 
in dwelhngs when they are fitted with thermostatic control valves. 
The less expensive, but not so effective alternative to these valves is the 
thermostatically controlled diverting valve in the supply circuit, as 
shown in Fig. 4- Automatic control of storage calorifier temperatures 
by diverting valves is also to be preferred to on-off valves in order to 
assist in stabilising pressures in the transmission mains.

The zone control of buildings, to compensate for changes in heat 
demand resulting from the prevailing ambient temperature, solar 
radiation and wind velocity, requires special treatment when applied 
to multi-storeyed buildings containing up to 30 floors or more. This 
entails zoning the building according to both its directional and 
elevational exposures to make the control fully effective. The amount 
of vertical zoning necessary will depend upon the altitude and contours 
of the adjoining land, and the proximity of nearby buildings. Separate 
zones may be required for every 5 floors above the first 10. This need 
results in a complexity of controls, and a less expensive and more 
effective alternative could be to provide automatic temperature control 
valves on each heating unit throughout the building, as has been done 
for many years in large office blocks.

To ensure the greatest economy and comfort at all times in the use 
of space heating systems requires the use of additional automatic control 
equipment to start and stop the heat supply daily. The modem 
building, having structures of low thermal capacity, is heated more 
economically when the overnight supply is shut off, rather than when 
the temperature is merely lowered. It is therefore necessary for the 
daily pre-heating of the building to be neither more nor less than
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adequate. The pre-heating period will vary from day to day according 
to the overnight heat loss as influenced by the weather and other 
factors, and to compensate for this the starting-up time, each day, 
needs to be thermaUy co-ordinated with the prevailing conditions. 
The best results would come from the type of control that is adjustable 
with regard to both switch-on time and the range of temperature rise, 
so that these may be set according to the thermal characteristics of the 
building structure and of the heating system.

Uimecessary pre-heating can also be avoided when the supply is 
provided by a centrahsed warm air system, if full re-circulation of the 
air is provided during the pre-heating period. This can be arranged by 
using the time switch to also control the motor operating the fresh air 
intake dampers, so that these are not opened until the time the building 
is first occupied each morning.

There is now such a wide range of heaters for use in buildings 
of diiferent kinds that the choice of the one which will give the best 
service tmder particular conditions is not easy. Although there is 
no restriction in the type of heater or distribution system to be used 
with a district heat supply, it is necessary for this to be used efficiently 
by providing good heat transference to the space to be warmed and 
direct to individuals.

The choice of the type of heater to be used in a building is influenced 
by many features. Amongst these are: its appearance and compacmess, 
ease of installation and cost, and less frequently, its thermal efficiency! 
Heaters requiring a low initial outlay are, sometimes, also, thermally 
inefficient, because they do not provide the heat where it can be most 
effective; whereas others concentrate the output of heat within a small 
area to the discomfort of individuals in its vicinity.

Experience of the conditioning of space in buildings (or of ‘environ­
mental engineering’ to use the latest term) has shown that, satisfactory 
space warming cannot be achieved by merely introducing enough 
heat to offset the losses by conduction and air infiltration without 
regard to the comfort of the occupants in the particular conditions 
created. Provision must be made for a reasonably good balance in the 
transfer of heat by conduction, convection and radiation to produce 
an acceptable ‘equivalent’ temperature where it can be most beneficial. 
This imphes that the heaters used should not produce pronounced air 
temperature gradients, or abnormal temperatures of structural surfaces
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that may be near, or come in contact with individuals, or yield in­
sufficient radiation to counteract the cooling effect of glazing.

Reliance cannot, therefore, be placed entirely on air temperature 
alone to provide a satisfactory thermal environment since this also calls 
for the dissipation of heat by conduction and radiation. The ideally 
warmed space would be provided by a combination of low tempera­
ture flooring and medium temperature walling, with the addition 
of some convective heat for air movement. Such a combination as 
this would be costly to provide, and a compromise is necessary to 
obtain something approaching the ideal.

A satisfactory compromise is obtained when the mean radiant 
temperature of a space is near the optimum, and this may be achieved 
by the use of panel type radiators if these can be suitably positioned. 
If not, supplementary radiant heating is desirable, which may be 
provided from the floor or wall surface by embedded or interposed 
pipe coils. Skirting panel heaters may also be used to advantage when 
they are not likely to be much obscured by furniture.

The type of building to be heated will determine the kind of system 
selected. Modem buildings with large glazed areas, like offices and 
hotels, and others used for certain manufacturing processes, may 
require a full air conditioning system to provide a satisfactory environ­
ment. Some factories can be adequately heated and ventilated by 
forced draught convector heaters, and supplemented, if necessary, 
with radiant panels, especially when supphed with high temperature 
water. Low temperature radiation in the form of heaters embedded 
in the building structure, or superimposed on its surface are alternatives 
which may be used for commercial buildings and some residential 
buildings, particularly when concealment of heaters is desirable.

A good distribution ofboth radiant and convective heating is obtained 
by using continuous cased heating elements or linear type air diffusers 
on the inside of external walls below windows, especially when the 
latter occupy a high proportion of the wall area. This method is 
convenient for modular unit construction, and when demountable 
partitions are used, in enabling the floor area to be sub-divided to suit 
individual tenants without disturbing the heating installation. When 
hot water is used, this circulates through a concealed heating element, 
the warm air being discharged through the top of the casing at or 
below window sill level. Alternatively, warm air may be circulated
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from a central plant through a continuous duct below the windows 
and discharged through the diffusers in the siU as seen in Fig. 8. This 
method, in also providing mechanical ventilation, can be used for full 
air conditioning to compensate for some of the shortcomings of 
modem building construction.

The method used for heating residential buildings in general also 
depends to some extent upon how the accommodation is arranged. 
Multi-storey blocks of flats are most conveniently provided with hot
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water heaters of the panel type, arranged as shown in Fig. 9, or with 
natural flow convector heaters positioned below windows, especially 
when supplied with the higher water temperatures. The same method 
is apphcable to maisonettes, terrace houses, and those which are semi- 
or fliUy-detached, with the alternative of ducted warm air from central 
heaters in each dwelling, when provision can be made to conveniently 
accommodate the air ducts in the building structure.

Ducted warm air systems are able to provide a quicker supply of 
heat than hot water heaters, but in depending more on the movement 
of warm air than those systems where lower air temperatures are 
combined with radiant heat, necessitates more frequent redecoration 
of the house. For heating open-plan houses ducted warm air is less 
convenient when overall heating is not required continuously. These 
systems in producing more pronounced vertical temperature gradients 
will also require higher thermostatic settings (7O-8o°F) to provide 
comfortable conditions at sitting level.

The heating of residential buildings is improved when some 
continuous background warmth is provided, so that the temperature 
of dwellings unoccupied for some time does not fall low enough to 
cause condensation, and also not to increase too much the heat losses 
from adjoining dwellings maintained at normal temperature.

Whatever type of heater is decided upon, it should, of course, have 
a heat output adequate enough to provide the temperature required 
under the given conditions. Such factors as the position of the heater 
in the space to be warmed, the position of the space relative to the 
height of the building and its orientation, and any pre-heating required 
will all affect the size of the heater and its supply circuitry.

The heat output of appliances should also be sufficient to offset the 
higher loss that may occur with some forms of modern curtain-wall 
construction. When, for example, the wall construction includes 
aluminium mullions with a high external surface area, the rate of heat 
flow between indoors and outdoors can increase the normal overall 
loss by as much as i$% unless the mullions are provided with a thermal 
barrier.

Whether the heat supply is steam or hot water, if the circulating 
pipework distributing it to various types of equipment throughout 
the building is to function properly the right facilities must be provided 
to avoid the troubles often experienced with this part of the installation.

53



DISTRICT HEATING

When steam is used, adequate initial and index circuit supply pressures 
are essential, as is also the venting, trapping, draining and grading of 
the pipework. With hot water the correct balance of circulating 
pressures is even more important if short circuiting is to be avoided, as 
this cannot be entirely prevented by the hand adjustment of regulating 
valves.

The provision made for the expansion and contraction of the 
pipework, to ensure its freedom of movement, should also be adequate, 
not only to avoid heavy stresses, but also to prevent the creaking and

Fig.g. SPACE HEATINC AND HOT WATER SUPPLY SERVICES. The arrangement 
of heaters and pipework is shown for flats in a multi-storey block of a housing development of 

800 dwellings
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cracking noises which can be disturbing sounds in residential buildings. 
These noises, which are caused by rapid rises in temperature resulting 
from the action of automatic controls, can be avoided by treatment 
that allows pipe movement to be unrestrained by adjoining structures. 
This treatment also apphes to radiator lugs and brackets where metal 
to metal contact occurs between moving and stationary surfaces.

The present trend towards the complete concealment of circuit pipes 
in the building structure emphasises the need for precautions to avoid 
restricting the movement of the pipes. This can easily occur, for
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instance, when the pipes are buried in the floor screed unless they are 
suitably encased to prevent any restraining action by the screeding. 
The encasement should also be of insulating material to avoid local 
floor surface overheating and excessive heat transmission downwards. 
Concealment of pipes also necessitates providing proper access for the 
operation and maintenance of valves, cocks, air eliminators and 
expansion bellows.

Much can be done to improve the efficiency of heat distribution by 
the proper use of thermal insulation for pipework and other equipment, 
especially in places where heat losses can be considerable. The need for 
making provision to reduce these losses, which is often neglected, is 
emphasised when the circulation losses represent a high proportion 
of the usable heat demand, as with hot tap water supplies.

The insulating material selected should not only have a thermal 
conductivity of the right order, but, also good serviceability in regard 
to temperature, dampness, vermin, incombustibility and durability. 
It is also necessary to use an economic thickness, which is not always 
the same for every installation. A greater insulation thickness is 
justified with a continuous heat supply than one which is intermittent, 
and the exact thickness of insulation will depend upon its cost, the hfe 
of the material and the cost of the heat.

Much of the information in this chapter has stressed the need to 
provide adequate facilities for the economical use of the heat supply, 
so that the maximum amount of fuel may be conserved without 
affecting the full standard of service to be provided. The annual cost 
of the supply to the consumer is thus being reduced to a minimum, 
which means that a more generous amount of heat can be afforded by 
those consumers otherwise obliged to have something below a full 
standard, the consequent increase in the heat demand improving the 
economics of supply.
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HEAT PRODUCTION

The bulk generation of heat, as with other mass-produced commodities, 
enables the cost of the product to the consumer to be reduced because 
of the greater and more efficient output. As the output increases, the 
less will be the relative cost of plant, fuel, transport and labour, required 
in the production of a thermal unit. From this economic truism it 
follows that the greater the heat demand the more profitable it is to 
supply it.

One of the chief reasons for being able to supply the larger heat 
quantities at relatively lower cost is the saving made possible in the 
purchase of fuel which, as the amount increases, becomes less costly 
pro rata. It is often possible, also, to reduce the fuel cost by using less 
expensive grades made possible by boiler plant specially designed for 
this purpose, and which is not available for the smaller heat output.

Another reason for the lower heat cost is that the larger boiler plants 
are able to bum the fuel more efficiently because of the precise com­
bustion conditions that can be provided and maintained, by the more 
costly and extensive range of controls and instruments justified for this 
purpose. Also, when heat is produced on a large scale, the amount of 
attention for operation and maintenance of the plant does not neces­
sarily increase proportionately to the greater output. This is because 
the modem fuUy mechanised and automated plants can be much 
increased in size without entailing a corresponding increment in the 
number of personnel required for attendance.

Heat generation in itself, however, is not always the sole criterion 
of successful production. The heat has to be conveniently utilised, and 
because of this there is the need to equate the requirements of supply 
and demand to accord with the particular circumstances. This applies 
particularly, for instance, with combined heat and power generation.
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This method of heat supply, with electricity as a by-product, has been 
shown to produce heat with optimum economy in countries abroad, 
but in this country has made Uttle progress. The fact that economic, 
social and poUtical conditions in the countries abroad are similar to our 
own, imphes that here certain influences, including insufficient 
co-ordination of the country’s heat and power requirements have 
reacted to the disadvantage of the heat consumer.

It is necessary to have a reasonable coincidence in the heat and power 
demands, so that the latter may be made available at times of peak 
demand to increase its value. This entails the use of back pressure 
turbines, or pass-out and condensing turbines combined with heat 
storage to produce an economic scheme. The use of either type of 
turbine appears to offer good prospects of developing economic 
supplies of heat and power, and this is now being closely investigated 
by a committee of expert engineers to find out more about the 
practical implications.

Heat production direct from a thermal generating plant, having an 
efficiency of 80-85%, is an alternative to the dual generation of heat 
and electricity that is able to substantially reduce the cost of heat 
compared with the more conventional methods of supply. Because of 
this financial advantage, straight thermal generation combined with a 
district heat supply, can often provide a service that is also superior in 
other ways. This explains the greater interest now being shown in 
this method of production.

The production of heat independently of electricity generation has 
been used for many years to provide district heating services. At the 
present time there are several schemes in this country under con­
struction, or recently completed, which will be able to supply low 
cost heat to consumers in conveniently planned communities. Most of 
these projects are of medium size; nevertheless the heat demand is 
sufficient to merit the supply being provided from centrahsed boiler 
plant.

The use of nuclear energy, as a means of producing heat for district 
supphes, has not yet become an economic proposition, mainly because 
of the present high capital cost of plant. Another reason is the restric­
tion governing the siting of nuclear stations, which results in their 
being situated away from built-up areas, and thus uneconomic because 
of the transmission costs of heat over the intervening distances. But the
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development of new areas for industry and commerce, together with a 
relaxing of siting restrictions, and the attainment of parity between the 
costs of nuclear and conventional condensing generations may do much 
to make the use of nuclear power more favourable for district heating.

There is at present one scheme in operation in Sweden at Farsta, a 
suburb of Stockholm, using nuclear plant for district heating. The 
reactor is of the heavy water type, using natural uranium as fuel and 
supphes nearly 2,000 therms an hour from a back pressure turbine. 
This plant may be regarded mainly as a development project, able to 
provide useful experience in connection with future schemes.

It is not possible in the space available here to deal with heat produc­
tion in other than general terms. A more detailed study may be made 
by consulting the various publications on the subject. The following 
information is given, therefore, to outline what may be involved in 
heat production by both thermal-electric and direct thermal generation.

The amoimt of heat rejected and lost by generating plant in a power 
station is a high proportion of the heat input, as is seen by reference 
to Fig. IO. The amoimt discarded by one modem generating unit 
alone is sufficient to heat the medium size of town. If all this heat is 
not to be wasted, by using that required for district heating, there is 
much to be gained by reducing the large quantities of heat lost to rivers 
and to the atmosphere with future generating plant. Part of this plant 
could be designed to operate with appropriate turbine exhaust steam 
and pass-out pressures, and be usefully employed at the outset by the 
existence of a district heat demand. Circumstances such as these require 
the construction of conveniently situated generating stations to proceed 
concurrently with the development of new towns and associated 
industrial areas so that supplies of electricity and heat may be provided 
at the time required. This could involve a reduction in the size of some 
of the central station generating units, together with a small increase in 
the overall generating capacity. There will also be some change in the 
operating regime later as stations become confined to daily peak hour 
generation, and a resultant compromise in the overall generating 
efficiency.

It has long been realised that there is scope for improvement in the 
efficiency of thermal power stations to make better use of the fuel 
consumed. During recent years there has been a steady improvement in 
efficiency due to the advance in steam pressure, steam temperature.
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and si2e of plant. The maximum efficiency of a supercritical pressure 
station now in construction will probably reach 40%, and in the 
U.S.A, one such station is in operation at 42%. Nevertheless, the 
average efficiency of generation today in this country is still less than 
30%, and the maximum is unlikely to be much more than 40% with 
a conventional prime mover.

Most of the 60-65% of the heat input which is eventually rejected 
at a modem power station passes out at the turbine exhaust, and the 
ultimate temperature of the steam is not more than 90° F, which is of 
no value for district heating. To provide useful heat from steam 
turbine plant necessitates increasing the pressure of the steam to provide 
the higher temperature, as may be done by the use of condensing 
machines arranged to allow part of the total steam throughput to pass 
out for heating purposes, or alternatively by back pressure turbines.

The present mode of electricity generation, exclusively at optimum 
efficiency, is seldom in the interests of the general public, who have an 
interest also in the efficient generation of heat and its availability at 
the lowest possible price. This reahsation by private enterprise has 
enabled substantial economies to be made in the supply of heat for 
commercial purposes by combined heat and power generation.

Fig. II gives an indication of the heat economy possible for district 
heating with combined heat and electricity production in showing 
the percentage saving in fuel over that required for the production 
of electricity and heat separately.

The important feature of any combined heat electric scheme is the 
ratio of the electrical energy to the heat sent out. The commercial 
value of heat as such is much less than the value of the equivalent 
quantity of electricity, and it will be appreciated that the higher the 
ratio of electricity to heat the more valuable is the combined revenue 
from both sources of energy. These requirements can be met by 
using dual purpose steam turbines and thermal storage.

The coincidence of the heat and power demands will vary according 
to the use made of these supplies, which depends upon the class of 
consumer connected. The extent of demand variation is affected 
according to whether or not the supply is given jointly to industrial, 
commercial and domestic consumers, or one or two of the three, and 
the particular requirements of each consumer. These circumstances 
not only affect the variation in demand throughout the day, but also
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Fig. II. HEAT ECONOMY PROSPECTS OF DISTRICT HEATING. Fuel saved 
expressed as a percentage of the amount required for the separate production of heat at a thermal 
efficiency of 8o% and the separate production of electricity by condensing generation at a thermal 
efficiency shown by the abscissce, assuming that the thermal efficiency of the district heating plant 

is also 8o%
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Fig. 13. THE HEAT ACCUMULATOR AT PIMLICO. Hot water is stored at atmospheric 
pressure, and the vessel is charged and discharged automatically according to supply and 

demand conditions
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throughout the year as from Winter to Summer. This is illustrated 
by Fig. 12 which shows the daily supply loads for a district heat supply 
in Winter and Summer to mainly residential buildings.

Large capacity hot water accumulators are a means of balancing the 
heating and electricity loads, so that any surplus or deficiency of 
exhaust heat is made good by storage of the heat in the form of hot 
water, thus enabling the two services to be run independently of each 
other. Heat storage also serves to improve the annual load factor with 
a corresponding reduction of capital charges. Fig. 13 shows an 
accumulator of 500,000 gallons capacity providing storage for about 
5,000 therms or more according to the operating temperature 
differential.

The useful heat storage capacity of a hot water accumulator is in 
the region of 5,000 Btu/ft^ for the lower temperature range. With

Ftg. 14. COMBINED HEAT AND POWER SUPPLY SYSTEM. The arrangement is 
shown of steam connections to the turbine and heat exchanger
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SECTION ON 'A-A’

Fig. 15. THE CWMBRAN NEW TOWN CENTREBOILERPLANT 

higher temperatures, the capacity can be increased by using the double 
storage system, which also increases the flexibility of district heating 
and also of process work requiring moderate temperatures. The capital 
cost, including insulation, for a large heat-electric station, would be 
similar to that of cooHng towers. The heat losses of large capacity 
accumulators are low owing to the favourable surface/volume ratio, 
and should not exceed 1% of the annual heat consumption.

To deal with the heat and power demands so that adequate supplies 
of each are always available, high and low pressure turbines may be 
used, the pass-out steam of the former being taken to a heat exchanger 
to provide hot water for district heating, and the steam of the latter 
going to a condenser. A valve in the steam line between the two 
turbines is used to regulate the amount of steam required for each 
according to the demands for heat and power. This method can be 
combined with heat storage, the accumulator being charged mainly 
overnight during off-peak periods, and discharged according to the
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The arrangement of the oil fired plant shows the first stage of installation (continued on pages 68 and 69) 

prevailing demand conditions during the day. With this arrangement, 
the maximum amount of heat generated can be reduced considerably 
with a corresponding saving in the cost of plant. Such an arrangement 
is shown in Fig. 14 in simplified form.

The purpose of using two stage turbines is to enable both stages to 
be used simultaneously for electricity generation at times of peak 
demand.

Conditions may be such that at times the heating load does not 
compensate the electricity supply load, necessitating a supplementary 
supply of live steam direct to the heat exchanger when requirements 
exceed the capacity of the high pressure turbine. Alternatively, as 
mentioned, a reserve supply of heat accumulated during off-peak 
periods of electricity supply can be provided by thermal storage.

The alternative method, by the use of back pressure turbines, 
enables the exhaust steam temperature to be increased to that necessary 
for district heating. To assist with the balancing of the demands with
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this method, it may be necessary to arrange with the local Electricity 
Area Board for the sale and purchase of power when this is more or 
less than required.

When it is not practical to generate power and heat together, heat 
can be produced by itself efficiently enough to make it economic for 
transmission in district heating services, provided that the design of the 
plant is appropriate to the circumstances. These will influence the 
choice of fuel, the type of plant required, and its method of operation 
together with the arrangement of the auxihary equipment. It is also 
necessary to make provision for the future extension of the plant as the 
heat demand is increased by development of the district heating 
undertaking.

It is now reahsed by sohd and liquid fuel suppliers that district heat 
can be marketed at competitive prices without reUance upon the 
generation of electricity, provided that the size of the load is adequate, 
and the transmission distance is reasonable. Recent studies made on 
behalf of the suppfiers have shown that sufficient return can be made 
on the capital investment to justify its being made in order to increase 
their fuel sales.

The situation of the central station itself relative to the area to be 
served can do much to improve the economics of the scheme, as when 
the station can be centrally sited. This is more easily achieved today 
by utilising tower buildings to accommodate the chimneys; by using 
the quieter working plant now available and because of the greater 
ease of fuel handling and storage.

Improvements in the use of solid fuel for the firing of medium sized 
boiler plant has enabled firing to be completely automatic, eliminating 
all manual labour, and for the fuel to be delivered by pneumatic 
vehicles discharging their load through permanent standpipes into the 
bunkers, or through flexible hose direct into overhead storage hoppers.

The method of operating the plant will also affect the overall 
efiiciency and the cost of supervision and maintenance. This may be 
reduced by using a full range of automatic controls and adequate 
instrumentation, with provision for remote control of the plant when 
this is desirable.

The modem design of medium sized multi-pass smoke tube and 
water tube boilers, constructed as self-contained, compact units, 
complete with firing equipment now available, not only improve the
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efiSciency and reliability of operation, but also saves materials and 
labour for their installation, and space for their accommodation, each 
of which can be costly to provide in certain circumstances. It is such 
features as these, combined with automatic operation, that have enabled 
district heating services to be linked effectively with the more economic 
heat production desirable for their provision. Further developments 
in this particular range of boiler plant and auxiliary equipment should 
help to extend the scope of district heating, so that its usefulness and 
efficiency may be more fully exploited.

A well designed boiler plant that is automatically controlled and

Reebrbncb

A Smoke density recorder and indicator
B CO2 flue gas temperature recorder 

and indicator
C Boiler flow temperature indicator
D Draught gauges
E Green light oil burner ‘on’
F Red light oil burner lock out
G System flow pressure gauge
H System return pressure gauge
J Electric clock
K Oil storage tank contents gauge

L Oil storage tank contents gauge 
M System flow temperature gauge 
N System return temperature 
O Rate of flow indicator Btu meter 
P Btu meter integrator 
Q Klaxon
R System flow system return and external 

air temperature recorder
S Btu recorder
T Lamp and Klaxon test
U Push button and indicator lamps

Fig. 16. THE PANEL OF INSTRUMENTS. For the plant shown in Fig. 15
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fully instrumented can operate at an average thermal efficiency 
approaching 85%, and maintain this figure consistently with regular 
servicing of components. Much of the improvement in efficiency 
during recent years has resulted from the progress made in combustion 
control technique which, depending less upon the human element for 
regulating firing conditions, enables these to be adjusted at shorter 
intervals and with greater accuracy.

The layout of the plant for a direct thermal central station should 
conform to the statutory and other requirements essential for its 
correct operation. These will include compliance with the Clean Air 
Act; reserve equipment to ensure continuity of operation for main­
tenance and emergency purposes; indicating and recording instruments 
for efficient operation, and signals and audible alarms for safety and 
other purposes. Fuel, water and heat meters are also required to assist 
in costing the heat service. Fig. 15 shows a typical layout of plant for 
a new town centre, using oil fuel of 3,500 secs viscosity, and Fig. 16 
the instrument panel. The arrangement of plant to burn coal is shown 
in Fig. 17 for a new town centre.

Because good instrumentation facilitates proper control of com­
bustion, it is desirable for a comprehensive range of instruments to 
be provided, particularly for gas analysis, including draught and 
temperature. Plant operators should also be able to readily detect the 
discharge of smoke, so that it does not exceed the darkness scale 
applicable to the Clean Air Act.



chapter 8

COSTS j
\, t

Much of the work entailed in investigating the suitability of a district 
heating service is concerned with the preparation of cost estimates, 
as upon these will depend whether or not the consumer can be charged 
an economic price for the heat supply. It is therefore necessary, for 
cost estimating purposes, to plan in some detail the extent and proposed 
arrangement of the necessary plant and ancillary equipment required, 
as well as estimating the current expenses incurred in its operation. 
These may then be evaluated reasonably accurately to show the annual 
costs entailed in providing the service.

In considering the cost example figures, given in the Tables of this 
and other chapters, it should be remembered that they refer to under­
takings and projects in this country, seldom representing a very econo­
mical size of scheme compared with many of those abroad. Because 
of the difference in heat output, the former do not, therefore, produce 
the more favourable costs per therm of the larger schemes.

It is necessary for a full preliminary design to be made of the proposed 
scheme in order to obtain sufficient information for costing purposes. 
The design will show the extent of the civil, mechanical and electrical 
engineering work involved, so that this may be adequately covered 
in the estimates.

The chief factors affecting the capital cost of the scheme are its 
thermal output and the distance this has to travel to the consumers. 
The size of the plant to be provided, must therefore, be ample for the 
service required in the particular circumstances. An approximation 
of the plant size and that of the transmission network in some detail 
is time well spent, as upon its accuracy will also depend the cost of the 
civil and electrical engineering parts of the works.

In addition to the current cost of materials and labour there will be
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further expenditure incurred to meet increases in the cost of these 
items during the contract period extending over several years. The 
inclusion of a provisional sum to cover contingencies is usual, but 
further sums to cover water, gas and electrical supplies to the site may 
be necessary. The cost of engaging an insurance company for inspection 
and testing services, especially in connection with any underground 
mains, must be met, also the fees of the consulting engineers responsible 
for the investigational, design and supervisory services.

When the estimated total annual costs have been made and divided 
by the estimated annual heat demand, the result will be the net unit 
cost of heat production and transmission. This cost is then increased 
to cover contingencies and reserves, and any profit required, the final 
figure being the sale price of the heat to the consumer after allowance 
for transmission losses. During the development period the annual 
costs must also include the payment of interest on the loan to cover 
development losses later recouped.

As with most other commodities, the net production and distribution 
cost of heat is dependent upon the demand and, therefore, on the 
quantity sold over a specific period of time. The greater the output of 
heat and the shorter the time over which it occurs, the smaller will be 
the cost of the heat because the standing charges become proportionately 
less. That is why the annual costs given in Table 2 do not increase 
proportionately to the increase in the capacity of the plant as a result 
of the incremental rate of fixed charges being smaller.

The reasons for the slower increase rate of the fixed charges are: 
(a) As the size of the plant increases, a corresponding increase in the 
number of staff for operation and maintenance is unnecessary; (b) The 
space available in the central station also becomes more fully utilised 
as additional plant is installed, as also does the capacity of the chimneys, 
for it is not economic to increase the size of the station for each new 
phase of development, and not always practical to provide an extra 
chimney at these times.

How much the heat will eventually cost the consumer to use is 
dependent upon the type and annual cost of the equipment required in 
the consumer’s premises to utilise the heat supply, and this expense is 
added to the supply cost to show the overall expenditure entailed. 
Until this is known, it is not possible for the cost of the various methods 
of heat supply and utilisation to be compared realistically for the same
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standards of heating in each case—a need which is often overlooked 
in endeavouring to obtain good value in the purchase of heat.

This comparison of the overall cost of district heating with other 
methods of supply on a similar basis will show if it is economically 
favourable when each is considered on the same useful heat quantitative 
basis. For this reason it is important to assess carefully the heat utilisa­
tion efhciency of the alternative methods of supply as distributed in the 
consumer’s premises. This depends upon the particular methods and 
appliances used.

Before the consumer can use the heat supply to his premises, heaters 
must therefore be installed and connected to the supply. This is an 
additional expense to be met when using district heat, electricity, gas, 
oil or solid fuel, although for the latter two fuels supply connections to 
the heaters are not always necessary. To find out what this extra expense 
amounts to entails further estimation of the costs of the various 
methods for using the different supplies. The capital and operating 
costs will differ for each form of supply according to the purchase 
price of the heaters, the cost of the connections and the amount of 
useful heat obtained from the quantity supplied.

When making cost comparisons for heat supply by different 
methods it is essential, if these are to be valid, to ensure that each 
method provides the same amount of useful heat for the services 
required. Some methods are able to produce heat from the source 
of supply at higher efficiency than others, but may lose much of this 
advantage when using certain methods of transferring the heat to the 
space to be warmed.

The incremental cost of the heat supply to the consumer for its 
utilisation in his premises will thus vary to some extent according to 
the form of supply and to the type and cost of the equipment that it is 
necessary to install. With some forms of heat supply, this equipment 
cost is comparatively low, but because of the higher cost of the supply 
associated with the less expensive equipment, there is little, if anything, 
gained by this lower cost. The extra cost to be borne by the consumer 
is derived from the amortisation of the capital expended on the 
equipment installed and its operating cost, and when this annual 
expenditure is related to the consumer’s annual heat demand, the 
supplementary cost per therm may be ascertained.

The extra cost of making use of the supply is least when this is
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provided by gas and electricity because the expense of the necessary 
apphances is less. For this reason householders wishing to minimise 
capital expenditure choose one of these two supplies, preferring to pay 
more for the heat as it is used rather than invest more capital in a 
method assuring greater overall economy.

It is desirable to be reasonably accurate in estimating the capital 
expenditure involved, as the final cost of the heat supply must vary 
from that estimated according to the difference between the actual and 
estimated amount of expenditure. If, for example, capital costs are 
under-estimated, and are exceeded in actual expenditure by io%, the 
resultant increase in the heat supply cost would amount to about 5%. 
The total expenditure for civil and mechanical engineering works— 
the latter of which will also include electrical services—needs to be 
shown separately so that the relevant amortisation periods may be 
applied.

The estimation of operating costs being largely dependent upon 
the amount and cost of the fuel used, the heat generation efficiency, 
and the operating personnel required, requires care to be exercised in 
the quantities used for these four items if the results are not to be 
misleading. The same applies to the consumption of electricity for 
auxiliary equipment, the cost of which may also be influenced by the 
Electricity Board’s tariff selected. To complete the estimate of the 
annual operating cost, an amount to cover wages and stores, repairs 
and maintenance and rates, insurance and administration should 
be included.

The costing of the fuel requires special attention, as it is a heavy 
item of expenditure in the operation of the plant, and a small variation 
in its purchase price can have a significant effect on the cost of the heat 
supply. The ultimate cost of using the fuel being governed by its 
quality, the quantity bought, distance deUvered and the unloading, 
storage, and feeding requirements, calls for a close examination of 
these factors before deciding about the economic value of a fuel when 
used under specific circumstances.

In order to secure the best terms in the purchase of fuel, it may be 
desirable to enter into an agreement with the supplier for some years. 
This enables special rebates to be offered by most suppliers who 
undertake to maintain them throughout the agreement period. At the 
same time an ‘escape’ clause in the agreement permits the purchaser to



DISTRICT HEATING

cancel the agreement if it can be shown at any time that more favour­
able terms can be obtained elsewhere.

The cost of the electricity consumed can also be appreciable, and the 
estimated quantity allowed should be based upon a close assessment of 
the running times of auxiliary plant and other power requirements 
(See Appendix E.) For the maximum saving of electricity, automatic 
speed reduction of the motors may be a worthwhile feature, together 
with time switching, and this might include changing daily to off peak 
supply periods to make use of the lower tariff applicable.

The wages to cover the attendance of a plant for its current operation 
should be costed on the assumption that it will be continuously manned 
on a 3 shift working basis, with an extra man to stand in when workers 
have their weekly days ofi" duty during a 40 hour working week. 
One man per shift is normally sufficient when the plant is fully 
mechanised and under complete automatic control. Of the four men 
employed one should be fuUy skilled and the others semi-skilled 
workers able to carry out routine inspection and maintenance duties. 
In some circumstances it may be sufficient to man the plant only during 
the day time.

The relevant particulars of the main items of cost are detailed in the 
example shown in Table 2 of Chapter 4, according to the development 
periods applicable, to illustrate how these items affect expenditure and 
the cost of heat supply for each phase of development, when related 
to the respective annual heat demands. The total annual costs are 
divided into fixed and variable amounts, as these will subsequently 
need to be applied separately in fixing the tariff for the heat supply.

It is important to regulate the capital expenditure for plant according 
to the rate of development of the project so that the outlay incurred 
is restricted, as far as possible, to the amount necessary for each phase 
of development. In this way only sufficient main plant is used to meet 
the current heat demand to ensure obtaining the best load factor, 
and this has the effect of reducing the higher average charge for the 
heat supply that it is necessary to impose during the development 
period. Despite this arrangement all of the initial plant cannot be 
made appropriate for the first phase only, and is common to the 
requirements of fuU development, and this is one reason for the higher 
cost of the initial heat supply. Another is because it is not practical to 
extend the size of the central station building at the start of each new
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Estimated annual expenditure and revenue on full development op undertaking with 5% variation of interest on capital 
EXPENDITURE FOR CENTRAL BUILDINGS AND PLANT

Table 5

Expenditure

Amount per annum

Revenue

Amount per annum

Minimum 
Interest 

£

Maximum 
Interest 

£

Minimum 
Interest X

Maximum 
Interest

Capital Charges on
Generation and Transmission 
Working costs on generation and 
transmission for 1,011,320 therms 
sent out*
Balance in hand for Contingencies 
and/or Reserve

21,760

36,380

2,080

28,550

36,380

2,080

Sale of 963,170 therms at I5d/therm

Sale of 963,170 therms at i6*7d/therm

60,220

67,010

X6o,32O 67,010 /;60,220 67,010

•The difference in the number of therms sent out and the number sold represents the loss in transmission.
The above example shows the variation to be expected in the sale price of heat with interest rates of 10 and 15% for th ecapital cost of central buildings 
and plant and 6% on remainder of installation.
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development phase which results in space and chimneys not being 
fully utilised initially. A third reason is that the station staff may be 
under-employed until the project is fully developed.

The division of the total annual costs into two parts to represent the 
fixed and variable amounts of expenditure is apportioned according 
to their share of the full costs entailed. The ratio of fixed to variable 
costs will fluctuate during each development period as the heat demand 
changes, and when this is increased to the maximum at the end of the 
period the proportion of fixed costs becomes less. Covering the fixed 
costs by a separate standing charge to the consumer ensures that these 
are met irrespective of the number of heat units sold under the running 
charge, which is made sufficient to balance the cost of fuel, electricity, 
repairs and maintenance.

Appendix D shows an example of how the principal items of cost 
may be set out to arrive at the annual expenditure incurred.

With known total annual costs, a statement can be made of the 
estimated annual expenditure and revenue on the full development 
of the undertaking, according to the amount of heat supplied, in the 
way set out in Table 5. This shows a small addition to the capital 
charges and working costs, to provide a balance in hand for contin­
gencies and/or reserve, and includes transmission losses, to give the 
total expenditure to be covered by revenue. The sale price of the heat 
is therefore that much more than the supply cost, and this price is 
increased as required for a profit-making undertaking within the 
economic price structure for other methods of heat supply.

It is convenient with a district heat supply to separate the cost of 
generation from that of transmission to ascertain that the apportion­
ment of the total cost between them is realistic, and also for adminis­
trative purposes. The cost ratio will show if the expenditure on 
transmission is appropriately relevant, and may also indicate some error 
in the costing of the transmission network. It may also be desirable to 
know what cost is to be borne by the producer and by the distributor 
when responsibility for the heat supply is to be divided between two 
different Authorities.

Because the economics of a scheme depend so much upon the cost 
of the transmission mains, it is prudent to make a preliminary appraisal 
of this expenditure before estimating the cost of the boiler plant to 
see if it is likely to represent a reasonable increase of the heat production
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costs in current use, so that the total costs may be appropriate. This 
can be done by approximating the cost of the transmission network 
on the basis of the cost per therm transmitted according to the annual 
heat demand, so that when this cost is added to the production cost 
per therm the total cost is known. Table 6 gives an example of this 
procedure. If the heat production cost is low, as with thermal-electric 
generation, the greater will be the margin available for heat distribution.

Table 6

Preuminaky estimated cost of heat transmission with mains in underground
R.C. CONDUITS

1. Total length of transmission mains .. .. .. .. .. 5 miles
2. Average diameter of transmission mains .. .. .. •. 6 in
3. Capital cost of pumps and mains with all fittings and insulation .. /^iji.ooo
4. Capital cost of underground concrete conduits including valve and

expansion chambers .. .. .. . • . • • • ■ • £105.000

5. Total capital cost .. .. . - . - • • • - ■ • £237,000
6. Annual cost of mains and conduits, amortised at 6-18% for 60 years .. 14,600
7. Annual cost of electricity for pumping, and maintenance .. .. 2,800
8. Transmission heat loss, 8% if at lod. per therm  £6,600
9. Total annual cost .. .. .. .. .. ■ • • • - • £24.000

10. Total annual heat supply, therms.. .. • • • • • • 2,000,000
11. Cost of transmitting heat per therm (Item 9 4- Item 10) .. .. 2’88d
12. Cost of heat production per therm, say .. .. .. .. .. lo-ood
13. Total cost of production and transmission, per therm . .. .. i2-88d

Table 7 serves as an example of the approximate comparative costs 
of combined heat and electricity generation, and direct heat generation, 
and shows the three separate unit prices applicable to each method of 
supply. The actual costs may vary from those shown according to the 
particular circumstances involved, and the particulars given are, 
therefore, intended to illustrate the method of presenting the informa­
tion required for comparison purposes, and not to show the difference 
in the costs themselves. The extra cost represented by the difference 
between Items 2 and 3 of the Table is an indirect charge to the consumer, 
normally included in the rental value of the premises, or otherwise 
covered by the annual cost of the property to be met by the owner. 
It is not, therefore, an element of cost in fixing the price to be charged 
to the consumer for the supply of heat, but is used for comparative 
purposes as previously mentioned.

Comparisons in the cost of using different forms of heat supply
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cannot be very exact because of the many variable factors that apply to 
each method. The comparisons, however, will show if the difference 
in cost is more than sufficient to cover marginal inaccuracies, and 
adequate enough to merit the use of district heating, and also allow 
for any profit making that may be required. The figures will also 
make apparent the wide difference in cost of the most and least 
expensive forms, which is not generally appreciated in considering the 
economics of a heat service.

Table 7

Approximate comparative costs of combined heat-electric and direct heat supply 
METHODS

Item No. Cost Division

Cost of useful heat in pence/therm 
for the method of supply:

Heat-electric Direct Heat

I Generation
(Producer) 6—9 10—13

2 Generation and Transmission 
(Distributor) 10—12 14—16

3 Generation, Transmission and 
Utilisation
(Consumer) 16—18 20—22

The actual cost of the heat depends upon such variables as the size and type of installation, its 
thermal efficiency, the district served and the fuel price rebates applicable.
Item 3 in representing the ultimate cost to the consumer should be used in compansons
of the costs of other methods of supply. These may range from about 30d. to 50d. per therm.

Considerable care is necessary in assessing the thermal efficiency of 
each method of heat supply, as upon this will depend how much useful 
heat will be obtained from the fuel consumed and therefore the cost 
of the effective thermal unit purchased. The more expensive heat 
sources need to be provided with accurate means of automatic time 
and temperature control, so that they may be used without waste, and 
the saving thus made usually justifies the cost of the necessary control 
equipment. This should be included in estimating the capital cost of 
the heating installation to give comparable results.

The heat cost comparisons, such as those shown in Table 7 do not 
reveal the full financial and other benefits accruing from a district 
heating service. One of these benefits is a further saving in cost, often 
made possible by the avoidance of heat wastage by consumers; by the
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more precise automatic control facilities that can be included in the 
capital cost of the installation. Another is the saving in the cost of 
space in buildings for plant, fuel storage and chimneys, when indepen­
dent boiler systems are dispensed with. A third is the elimination of a 
serious fire risk. There is also the advantage, with a district heating 
service, of a full and continuous supply during the worst Winter 
conditions, obviating the need to use alternative forms of heat at these 
times. These four incidental items of cost are considered in some 
detail in the following paragraphs.

Because of the lower cost of district heating, it is possible for the 
charges made for the supply to cover the cost of providing suitable 
equipment to ensure a standard of automatic control above that 
normally given by other methods of heat supply. By this means not 
only is the optimum economy secured in the use of the heat, but also 
ideal conditions of comfort are assured.

When costing, for comparative use, independent methods of heat 
supply such as with separate central heating plants in each building, 
it is necessary to include the extra expense of providing the structural 
additions for the boiler house, fuel stores and chimneys, and also of the 
space requirements of these items. The rising cost of land, especially 
in towns and cities, has much increased the rentable value of the floor 
area of buildings, and when this is reduced by the requirements of 
boiler plant, allowance should be made for the corresponding loss of 
income in assessing the annual costs applicable.

One of the intangible costs involved with a heat supply is that 
concerned with the risk of fire, which is of some significance with 
certain methods of supply. The losses incurred by fire may be consider­
able, as they are seldom fully covered by insurance, and any means 
available for their prevention merits careful consideration. Heat that 
is procured by combustion on the premises of solid, liquid and gaseous 
fuel, whether in boiler houses or in individual room appliances that 
provide an incandescent form of heat, including those using electricity, 
are never free from some danger of fire, despite any safety precautions 
that may be taken. Because this risk can be avoided by district heating, 
there is an intrinsic monetary gain by its use which cannot be evaluated.

During prolonged severe Winter weather conditions, it is often 
impossible to maintain normal supplies of the various fuels to individual 
consumers because of the sudden rise in demand exceeding the resources
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available for supply and delivery. On occasions such as these it is 
frequently necessary to boost the normal supply by other means of 
heating to restore the customary temperature level. This can involve 
the use of supplementary heaters and eventually meeting of a heavy 
bin for the alternative fuel consumed. A district heating system cannot 
be overloaded by sudden rises in heat demand because it is designed to 
provide sufficient heat output for the maximum needs of each consumer 
when the outdoor temperature is at freezing point.
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chapter 9

MEASUREMENT OF HEAT CONSUMED

The information given in Chapter 3 concerning the control of the 
heat supply shotvs the advantage gained if control facilities are extended 
to small consumers, such as private dwellings, shops and offices, so that 
they may benefit from metering just as larger consumers do. The 
reduction in the total amount of heat consumed has been shown to 
be enough to justify the expense of providing both the measuring 
device and that entailed in its current operation.

The meter, being the alternative to the imposition of standard 
charges for the heat supply, is a sound reason why the different 
measuring methods should be closely examined to find one that is 
able to satisfy the needs of both the supplier and the consumer. In the 
past there has been no moderately priced and efficient heat meter 
available to measure comparatively small heat quantities, but recent 
developments in metering techniques have produced devices that are 
both relatively inexpensive and sufficiently reliable to provide the 
information required for charging purposes.

Individual control of the supply, made possible by metering, 
affords the means of curtailing the amount of heat that would otherwise 
be given under the control of the supplier, so that all consumers benefit 
when using a full standard of heating. The amount of benefit, however, 
is correspondingly increased for those consumers who do not require 
a full standard because they are satisfied with lower temperatures 
and/or a shorter duration of supply, such as when their premises are 
not occupied throughout the day.

With an unmetered supply the supplier is obliged to provide heating 
for a period long enough to satisfy the majority of consumers, which 
is often more than enough for the average consumer. This difference 
in heat quantity can be saved by metering, so that the average consumer
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no longer subsidises the minority who require a longer period of heating 
both daily and from Autumn to Spring time, and who consequently 
pays that much more for the service.

How much money can be spent in providing a metering service for 
the smaller consumer will depend upon his annual heat demand. The 
greater this is, the greater will be the saving of heat when metered, and 
thus a larger amount of money will be available for the metering 
service. The amount of heat consumed in the average dwelling allows 
for the use of only a moderately priced meter, in the region of 15 to 

unless the unit heat cost of a particular scheme is low enough to 
permit the use of a more accurate and costly meter. Until a reliable 
meter is obtainable within this price range, it is necessary, therefore, 
to simplify the measuring device for some of the smaller consumers. 
This can be done by using an inferential method of measurement that 
does not register actual heat units, but records the near equivalent of 
the quantity of heat consumed on a time or water volume basis.

Some of the inferential methods to be described depend upon the 
maintenance of a constant flow water temperature in order to simplify 
measurement, by rehance either on a time or water quantity basis for 
computing the amount of heat used, whilst others depend on a 
controlled return water temperature. A constant flow temperature 
also allows the use of a less expensive heat meter when this is provided 
with a single temperature sensing element.

An effective inferential method can be provided for space heating 
by measuring the length of time the heat supply is used by means of an 
hour meter (or elapsed-time counter, as it is sometimes called). This 
device is connected in the electrical supply circuit to the motor of the 
hot water circulating pump, or to a diverting valve when used, as 
shown in Fig. 18. For a ducted warm air system, the meter is connected 
in the circuit to the delivery fan. The meter, therefore, simply measures 
the total number of hours the system is switched on by the air thermo­
stat for the delivery of heat, and it cannot take full account of the 
consumer’s control of the individual heaters. It will thus be realised 
that the meter indirectly indicates the amount of heat used throughout 
the whole building according to the temperature selected on the 
thermostat, which can also be used to switch the whole supply on and 
off as the consumer desires.

Recording the length of time that a constant flow water temperature

86



MEASUREMENT OF HEAT CONSUMED

is supplied to heaters of a specific output is a method that can provide 
a fair measure of the heat supphed when all the heaters are in use and 
is the least costly form of heat measurement when this need not be 
of the highest accuracy. The cost of an hour meter is about

An hour meter may also be used in conjunction with a diverting 
valve to show the period of time that heat is supplied for hot tap water 
when an individual calorifier is provided for each consumer. Alter­
natively, the heat consumption may be assessed according to the 
storage and re-heat capacity of the calorifier, or a water meter in the 
cold water feed to the calorifier may be used for measurement, 
although this will take no account of fluctuations in storage water 
temperature.

Hour meters should be positioned within the thickness of a con­
veniently situated external wall of the building, so that they may be 
easily seen by the reader. This saves his time and avoids delays that 
could be experienced in obtaining access to the buildings. When hour 
meters cannot be positioned so that they can be read from both inside and

87



DISTRICT HEATING

outside each building, they may be grouped together at some central 
position in the block, and housed in a lockable cabinet for easy viewing 
by the meter reader. Some hundreds of meters can be contained in a 
space of a few cubic feet.

Table 8

Cost of metering with mechanical heat meter and with hour meter

Method
Mechanical 
Heat Meter Hour Meter

£, s- d. {. s- d.
Per Dwelung

Capital cost, including installing 40 0 0 600

Amortisation cost at 8-7% (6% p.a. over 20 years) 3 10 0 IO 6

Operating Cost:
Maintenance 100 5 0
Meter reading and accounts 100 10 0

Total annual charge 5 10 0 I 15 6
Weekly charge 2 X 8

An alternative to the use of an hour meter is that of the pre-payment
meter to switch on the heat supply at the insertion of a coin, its value 
determining the amount of heat provided. This method of paying 
for the service eliminates the accountancy otherwise entailed, the 
services of the weekly meter reader being replaced by those of a 
collector to empty the coin box. In the coldest weather it would be 
necessary to insert several of the largest coins accepted by the meter 
in order to meet the heat demand of the larger dwellings. Some con­
sumers may regard this as an inconvenient way of paying for the service.

Table 8 shows a comparison in the cost of using a heat meter 
and an hour meter on a housing estate of 700 dwellings. It will be 
seen that the weekly charge for the metering service is appreciably 
less when an hour meter is used, and represents only a small proportion 
of the total weekly charge for the heat supply.

An alternative and more accurate method of inferential heat 
measurement for space heating and for hot tap water supphes is by the 
use of a water flow meter, and thermostatic control valves in the 
return circuit from the heaters. The thermostatic valve automatically
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maintains a set return temperature which enables the water volume to 
be reduced as its temperature tends to rise with diminishing heat 
output, and this is reflected in the quantity of water metered. This 
method is shown in Fig. 19.

When each room heater is provided with its own adjustable thermo­
static valve, this can be used, instead of a single thermostatic valve in 
the return mains, for controlling the water quantity circulated to meet 
the prevailing heat demand, but the results will not be quite so 
accurate.

Another arrangement to facilitate metering is to provide hot tap 
water from a non-storage calorifier connected in scries with the high 
temperature circuit for space heating. The temperature of the hot 
water supply is maintained nearly constant by intermixing this with 
some of the cold water supplied to the calorifier passing through a 
thermostatic blending valve. During the hot water supply peak 
periods there is a temporary loss of heat for space heating, but this has 
no detrimental effect if the capacity of the equipment is adequate. 
This instantaneous method of heating the cold water supply, in provid­
ing a constant flow temperature, enables a water meter to be used for
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measuring the hot water supphed to each consumer when space heat is 
charged at a flat rate, and, in general, is an arrangement less costly 
in plant and space than the more conventional methods. A diagram of 
the circuits is shown in Fig. 20. Using a supply connection that is 

HOT WATER SUPPLY  
CALORIFIER

DIVERTING VALVE

TRANSMISSION RETURN

DRAW-OFF POINTSMIXING .VALVE

WATER METER

HOT WATER SUPPLY PUMP

VACUUM RELIEF VALVE

PRESSURE RELIEF VALVE

COLD WATER SUPPLY

NON-RETURN VALVE

SPACE HEATING SYSTEM

CIRCULATING PUMP

TRANSMISSION FLOW 
---------------- »------------------- M-

Fig. 20. HEAT MEASUREMENT OF HOT WATER SUPPLYBY WATER METER. 
Diagram of consumer's installation showing arrangement of circuits and values

common to both space heating and hot water supply might, under 
some conditions, enable both services to share a heat meter when its 
range is wide enough to handle both Winter and Summer duties 
without loss of accuracy.

Space heat supplies may also be measured on an inferential basis 
by the use of a device fitted to each radiator and working on the 
evaporation principle. For measuring hot tap water the distillation 
principle is used. The ‘meters’ are normally read annually when the 
ampoules registering the amount of heat used are changed. This 
system of measurement is of continental origin and, if necessary, may 
be installed and operated by the suppliers on behalf of the heat supply 
undertaking.

Evaporative meters for measuring space heat are usually provided 
on each radiator, although one type may be installed for each room. 
The liquid level in the meter, as affected by evaporation when read
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against a vertical scale, indicates the intensity and duration of heating, 
and thus the relative quantity of heat used. Some types of evaporative 
meters may be subject to interference by consumers, whilst others are 
fitted with a patent lock and sealing device requiring a special key for 
reading and servicing. Hot tap water distillation meters fitted on the 
incoming supply to each consumer use a venturi tube, restrictor flange, 
or pitot tube to obtain a fixed proportion of the water consumed to 
indicate the amount of heat used according to the quantity of liquid 
distilled by various means.

There are various types of conventional mechanical and electrical 
heat meters for measuring the supply to industrial and commercial 
consumers, when quantities are sufficient to justify their cost. They 
function within acceptable tolerances of accuracy under the right 
conditions of use which include both a correct range of operation and 
a proper amount of maintenance. For steam measurement, a self- 
contained, self-operated type of meter provides a better accuracy over 
a wide range of flows than the type depending on an orifice differential 
pressure and electrical drive. As an alternative, a condensate meter 
can also be rehable for measuring the amount of steam used, because 
of its simplicity of design and ease of maintenance.

Electrical heat meters, which are all broadly similar in construction 
and depend upon electrical or electronic integration for measurement 
direct in heat units, consist of a system of several separate components. 
These comprise a flow transmitter meter and indicator, a Btu 
integrator, a Btu recorder, electrical resistance thermometers and a 
venturi or orifice plate with pressure connections. Additional com­
ponents, if required, include a flow recorder for use with a roll-chart. 
The cost of these meters ranges between about X;4oo and X^6oo.

Heat measurement with hot water, when the best accuracy is 
required, as with large heat quantities, is best done with an electrical 
type of heat meter, but for average requirements the less expensive 
mechanical type should give the better all round service.

Mechanical meters, in dispensing with electrical means to effect 
the integration of the two variables, require less components, and are 
consequently less expensive than electrical meters, and, sometimes, 
more reliable. They are connected direct in the pipe line and consist 
essentially of three main parts; the temperature sensing elements, flow 
meter and Btu computer. The range of sizes varies according to make.

91



Fig. 21. MECHANICAL TYPE OF HEAT METER. {Above} Arrangement of measurement 
and indicating mechanism. {Below} Assembly of meter and probes in pipe lines
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and the cost from, about ^^30 to ^300. This kind of meter, which has 
undergone much research and development in recent years to reduce 
its cost and improve its reliability to meet the increasing demands for 
its use, is produced in a number of variants, one of which is shown 
in Fig. 21.

A new design of heat meter eliminating the use of a water flowmeter 
and mechanical integrator, has been developed by the British Coal 
Utilisation Research Association, and is now undergoing final trials in 
the field. The relatively simple and inexpensive mechanism appears to 
give a close integration of water flow and temperature difference as 
recorded by a watt-hour meter. The design of the meter enables the 
product of flow and temperature to be measured directly by by-passing 
a small proportion of the return water and re-heating it to the inlet 
flow temperature by a small immersion element, automatically con­
trolled by a bellows-operated switch. The bellows are connected by 
capillaries between two vapour pressure phials—one in the by-pass tube 
and the other in the flow main. The electricity used by the element is a 
measure of the heat taken from the flow by the consumer.

Another new type of heat meter for both space heating and hot water 
consumption has been developed in Denmark, and is claimed to 
measure heat quantities accurately. It operates on the thermo-electric 
principle by the use of thermo-couple elements fitted to the radiator 
and the adjacent wall, the amount of heat given off being expressed by 
the temperature difference of the two elements, their number of 
thermo-junctions and by time. The total current generated by all the 
thermo-couples is measured by an electrolyte meter, the sight glass of 
which is calibrated in thermal units to give a direct reading of the heat 
used after multiplication by a single digit factor.

In prescribing the standing charge to apply to each consumer, which 
is done on the basis of the fixed cost of the heat supply, the expense of 
administering the metering service has to be taken into account. 
This comprises the following items:

1. Inspection and maintenance of the meters
2. Periodical meter reading
3. Collecting charges and crediting any repayments.
The amount of time necessary for i. will depend upon the method of 

measurement used. An hour meter will require comparatively little 
attention, whereas a hot water flow meter may require recalibration
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and replacements every few years if it is to continue to give 
accurate results.

The expense involved for the inspection and maintenance of the 
meters is consequently least for an hour meter, as this should give many 
years of reliable service without attention. Allowance should be made, 
however, for the replacement of a small number of these meters during 
the first few years of use, when they are liable to become defective.

The amount of maintenance required for hot water flow meters 
varies according to the make used and how they are serviced. Users’ 
experience of these meters over several years suggests that good results 
are obtained providing pre-installation inspection and testing is ade­
quate, and if routine maintenance is carried out at regular intervals. 
Little breakdown maintenance was required for the different types of 
faults which developed, as these were few and infrequent. This also 
applied to mechanical heat meters.

Meter reading can become an expensive item of a metered service, 
unless it is done at infrequent intervals, because of the time spent in 
gaining access to internal meters owing to the large proportion of 
consumers who are away at work all day. When the meters can be 
read externally, when for example they are situated outside for ease of 
access, or are all centraUsed in some convenient position, the time 
required for reading is much reduced and can be done more frequently.

Meter reading at six-monthly intervals is considered to be adequate 
for the purpose of making any adjustments to the charge when paid 
weekly by residential consumers by the method shown in Table ii. 
The same frequency for commercial and industrial consumers would 
enable any adjustments to be made to the alternate charges paid 
quarterly and based on an estimated consumption.

The accountancy work entailed in billing charges, collecting the 
money and making any repayments due, will depend upon the method 
of charging adopted. The least expensive one is for the charge to be 
paid weekly as a supplement to the tenants’ normal rent.
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CHARGES FOR HEAT SUPPLY

To remain solvent, a heat supply undertaking must ensure that 
income balances expenditure, both during the period of development 
of the service and upon its completion. To achieve this, the methods 
adopted for charging the consumer and for collecting the amounts due 
must be carefully considered. The tariffs to be applied however are, in 
general, similar in basic principle to those of the electricity and gas 
supply boards.

Charging for a restricted heat supply which is under the control of 
the suppher presents little difficulty, as the charge is a standard one 
calculated on the basis of the maxinum amount of heat that can be 
used by each consumer. The tendency to impose overcharging when 
fixed rates are used in order to cover excesses in heat demand can, 
however, be reduced by restricting the amount of hot water included 
in the rate to a maximum quantity. Unlike space heating, the quantity 
of hot tap water used can much exceed what is considered to be the 
normal maximum amount required because of the extravagant or 
wasteful habits of some consumers. This excess consumption when 
recorded by a water meter can thereby be paid for as a supplementary 
charge to the fixed rate covering the normal quantity.

With a consumer-controlled supply, the circumstances are entirely 
diffprent, both in regard to the charge to be made and the way in which 
this is collected. This involves matters such as how much use each 
class of consumer makes of the supply, their abihty to pay for what 
they use and, in consequence, the frequency of collecting the dues.

Dealing first with the net total charge per therm apphcable, it was 
seen from the example given in Table 2 how this is derived from the 
total annual cost and the annual heat demand during the various 
periods of development. In order to keep the charges for the heat at a
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reasonable level throughout the development period, the capital 
expenditure is apportioned, as far as practical, according to the require­
ments of each stage of development. This will not, however, prevent 
some inflation of the supply cost during the earlier part of the develop­
ment period on account of the relatively higher capital and operating 
expenditure at that time; and to avoid unduly high charges to the 
consumer at this time it is necessary to allow a deficit in revenue to 
accumulate and for this to be recouped during the later development 
period. By this means the charges may be stabilised at a fixed amount 
throughout development, with each consumer contributing fairly to 
the development costs irrespective of the time of first taking the 
supply.

As is to be expected, the cost of the heat diminishes as the demand 
increases until the end of the development period, when it reaches a 
minimum. The difference between the initial and the final cost is 
affected mainly by how much the load varies from start to finish, and 
how closely the load can be matched by the plant installed for each 
development period to minimise capital expenditure. The greater loss 
in revenue occurs during the early part of each development period 
when the plant is not fully loaded, and a full return on the capit^ 
invested is unobtainable.

Table 2 has shown that in the particular example given the maximum 
capacity of the plant during the 4 development periods increased 7 
times that of the initial capacity, but the corresponding increase in 
total aimual annual costs was only a little over 5 times. This gives an 
indication as to how much the total charge for the supply can be 
reduced as the size of the system is increased.

To determine the proper charge applicable throughout development 
it is necessary to aggregate the annual cost of the supply year by year 
over this period, according to the variation in capital outlay (and 
including extra interest payment during loss period), operating costs 
and in heat demand, and relate the total sum to the corresponding 
total amount of heat supplied. The resultant cost per therm will 
represent the average charge to produce sufficient income to meet 
expenditure.

The sum total of the costs to be incurred each year for the heat thus 
shows the true amount of expenditure to be met during the entire 
development period for the relevant quantity of heat supplied, and it
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DISTRICT HEATING

is only in this way that it can be ensured that the average charge made 
is sufficient to cover the total expenditure involved.

At the end of the development period when the heat cost is stabihsed, 
a re-appraisal may be made of the future charges to be imposed in the 
hght of current operating costs, or the need to increase the reserve 
fund and also possibly operate in future as a profit making undertaking.

Fig. 22 shows in graphical form how much the supply costs may vary 
year by year during development, and also the average development 
charge and that applying to full development in the particular circum­
stances that apply to this example.

The two main components of the total annual costs, i.e. fixed and 
variable expenditure, need to be separately applied in fixing the tariff 
in order to make the charges equitable for each consumer, and to ensure 
that fluctuations in the heat demand will not react unfavourably on the 
economics of supply. The fixed costs, being those other than the cost 
of fuel and electricity, should therefore be recovered by a standing 
charge to the consumer irrespective of the quantity of heat supphed. 
By this means each consumer will pay his full share of the fixed cost 
regardless of his heat demands.

The standing charge may be assessed from the cost estimates which 
should show the expenditure allocated to the relevant items, and when 
expressed as a percentage of the overall annual cost will indicate the 
amount of charge applicable. The standing charges may also be 
finally assessed on the size of the consumer’s premises, and apportioned 
according to their floor area or cubic capacity.

The apportionment of the charge between residential and non- 
residentii consumers may be made in a way that allows each to pay 
according to the use they make of the heat service, so that the resi­
dential consumers may have some advantage from the higher load 
factor produced by the domestic demand. This may be done by divid­
ing the fixed costs of the heat supply between the two classes of 
consumer in proportion to their fraction of the combined maximum 
heat demand, and dividing the variable cost in proportion to the 
respective number of therms taken during the year.

The standing charge to cover the fixed costs, when adjusted accord­
ing to the consumer’s share of the maximum demand, ensures that he 
contributes fairly towards the cost of the plant necessary for his 
particular requirements. In this way industrial consumers, for instance,
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who require appreciable quantities of heat for relatively short periods 
will pay more of the fixed costs than other consumers because of the 
peak nature of the demand.

Some adjustment of the charge made to residential consumers may 
also be considered desirable to compensate for inequaUties in heat 
demand because of the type and situation of the building occupied. 
This apphes to multi-storied blocks of flats where, for instance, the 
heat loss of a comer flat on the top floor can be appreciably more than 
one situated more centrally near ground level. It may be said that the 
flat with the greater heat loss provides the superior accommodation 
because of its elevated position and the tenant should be expected to 
pay more for this privilege. On the other hand the tenant may have 
been given no choice when the flats were allocated, and may have 
preferred one that was thermally more economic.

Today consumers have little choice in the amount of the charge 
made if they occupy a building of the latest design. Modem archi­
tecture in building high and embodying such features of construction 
as curtain walling and excessive glazing increases the capital cost of 
both heating or cooling installations and their costs of operation. 
These differences in the thermal characteristics of buildings erected 
today and those of conventional design formerly built react to the 
disadvantage of the occupier, who now pays considerably more for 
rnuch the same air conditions as before.

The economic and other advantages gained by the consumer with a 
district-heat supply, as compared with the usual alternative independent 
methods of supply would permit the charge for district heat to be 
fixed not much below that expected for the alternative methods, and 
consequently more than the actual cost of the district heat supply. 
This method of charging would have the effect of producing a surplus 
of income if this was desired.

It is reasonable to suppose that commercial consumers in particular 
when supphed with district heat could afford to pay almost the same 
as for the next more expensive conventional method of supply in view 
of the greater advantages accruing from the use of district heat. On 
this assumption, the cost per therm supplied could be increased by 
up to 20% to show a substantial profit on the sales of heat.

The three alternative methods of charging, which indicate the range 
of price that might apply, are shown in the example in Table 9.
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Alternative charges for heat supply to residential and non-residbntial consumers 
ON FULL development

Table 9

Item 
No. Method of Charge

Charges per therm d.*
Surplus 

Incomelp.a.Non- 
Residential 
Consumers

Residential 
Consumers

I When fixed and variable costs are 
equally divided between consumers 15-0 15'0 Nil

2 When fixed and variable costs are 
apportioned relevant to the two 
consumers demands (See penulti­
mate para, page 98) 15'4 12-8 Nil

3 As for Item 2 above when con­
sumers are charged as for the 
methodf of heating next lowest in 
cost, less say 10% i8'0 l8’O /;i4.000

With an annual heat demand of 1,000,000 therms.
•Excluding annual charges for equipment in consumers premises, 
toil or coal fired central heating.

Quarterly consumption block rate charges

Table 10

Therms Price per Therm 
d.

For the first 100 i.e. from i to 100 14-0

„ „ next 200 ,, ,, lOI to 300 13'5

M t. .. 500 „ „ 301 to 800 13'0

.. .. 800 „ „ 801 to 1,600 12-8

....................1.200 „ „ 1,601 to 2,800 12'5

„ all over 2,000 12’2

Because the cost of producing a thermal unit is reduced as the 
demand increases, thus cheapening the supply as the result of the 
improved load factor, it is logical to offer consumers some inducement 
to use more heat by charging less for the greater amount consumed.
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This may be done by using a block rate tariff that allows the charge 
to diminish progressively when the amount of heat consumed exceeds 
the minimum quantities scheduled during quarterly periods, as shown 
in the example in Table lo. Some variations may be made in the 
charges to commercial and industrial consumers on account of the 
different conditions under which the supply is given.

This method of charging is not only an incentive for the average 
consumer to benefit from the more liberal use of heat at a lower price, 
but it also serves as an inducement for the large potential heat consumer 
to be connected to a district-heat supply.

It is not, of course, possible to foresee how the cost of the heat 
supply may be affected later by different circumstances, and although 
the estimated cost should include a small margin for contingencies, 
this may not be sufficient to cover all eventualities. Some small revision 
of the scale of charges may therefore be necessary to meet such items as 
increases in the rate of interest at which money can be borrowed; 
increases in the cost of fuel and electricity together with those of 
constructional materials and labour during the course of development; 
and delays in the building programme causing a greater accumulated 
deficit before the undertaking could be self-supporting. Under some 
circumstances it may not be necessary to recoup all the accumulated 
deficit during the development period, and losses may be allowed to 
continue for several years longer before the account is balanced and 
thus enable a reduction to be made in the charges.

The arrangements made for reading meters and collecting payments 
vary according to the different classes of consumer. The heat demands 
of industrial consumers and most of the commercial consumers are 
large enough to justify the use of a conventional heat meter which 
may be read at the usual quarterly or half yearly intervals, and charged 
accordingly.

The requirements of residential consumers are somewhat different 
and need special treatment. Many of the residential consumers would 
be in the lower income group and accustomed to arranging their 
finances on a weekly basis, making it desirable for them to pay for 
the heat supply weekly. If dues are allowed to accumulate, many 
would have difficulty in finding the money, owing to other commit­
ments such as hire purchase. In order, therefore, to keep both bad 
debts and administration costs to a minimum, the method of
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determining and collecting the charges should provide for as little 
meter reading as possible, and facilities for consumers to pay for the 
heat with their weekly rent.

Although the cost of the heat supply is greater during the Winter 
than the Summer (because of the much higher demand), it is a 
convenience for the lower income group tenant to be able to pay for 
the heat received throughout the year by equal weekly instalments. 
This is another reason why the pre-payment meter method of collecting 
charges may be considered undesirable.

The amount of the weekly payment to be made should be assessed

Table II

Proposed weekly charges foe consumers according to heat demand

1. Supply cost per therm
Sale price per therm

2. Let estimated annual heat demand for average 
consumer=500 therms

500X 15I
---------- ( ’• 
52X 12 )

I2S. od. pet week

i4-6d.
I5od.

3. Total annual costs on full development:
Fixed /;6,864 = 33%Kf „„ts
Runmng /,I2,62O = 6S%J

Z;i9.484
4. Standing charge = I2S. od. Xo-js =

Running charge = 12s od.X 0-65 =
Running charge proposed to cover excess over

estimated consumption say =
Add standing charge as above =

4s. 3d. per week
7S. gd. „ „

8s. 6d. „ „
4s. 3d. „ „

Total charge to consumer, initial
5. Cost per therm to cover running charges only, for 

purpose of adjusting weekly payments every 6 months: 
i5-od.XO-65 =

I2S. gd. „ „

9-75d. per therm
6. On the assumption that the metered quantity is only 

two-thirds of the estimated consumption during
6 months, the running charge over this period amounts to:

{500 X 0-671
------------- 1 = 168 therms at 9‘75d. = 16s 6d.

1
Amount actually paid by consumer over 6 months

= 8s. 6d. per weekX 26 == /ill is. od.

Amount of half yearly refund /;4 5s. 6d.
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SO as to cover the highest average heat demand expected from any 
one consumer. This would subsequently be adjusted in accordance 
with the actual measured quantity of heat supplied by means of a 
half-yearly or yearly refund. Table ii shows a method of calculating 
the initial weekly charges with heat at a sale price of ijd. per therm, and 
the amount of refund that might be applicable.

It is seen in the example of assessing the weekly charge that a 
standing charge of 4s. 3d. per week is included to cover the fixed 
costs, which represent 35% of the total costs of the heat supply. 
The half-yearly refund would not normally be paid in cash, but 
credited to the consumer by adjusting the subsequent weekly charges.

The amount of the weekly charge will depend upon whether or 
not the supply is metered and, if metered, upon the method used. 
The charge also varies according to the size of the building. Table 12 
serves as an example to show the charges applicable for space heating 
and hot tap water, and how these compare with those for rent, rates 
and water included in the total weekly payments. The charges apply 
to an unmetered heat service provided by thermal-electric generation.

Table 12

Weekly rents, rates and heating charges

Type of Flat
Maximum 

Rent

Rates 
and 

Water

District 
Heating and 
Hot Water

Total 
Weekly 

Payment

Z 5- d. £. s- d. Z s. d. Z s- d.

Bed-sitting room I 14 0 4 0 6 9 249

2-rooni 250 4 9 12 5 3 2 4

3-room 2 16 0 6 7 IS I 3 17 8

4-room 3 7 0 7 8 17 IO 4 12 6

5-rooni 3 18 0 8 10 I 0 3 S 7 I
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MISCELLANEOUS REQUIREMENTS

In planning and costing a district heating system it is important not 
to overlook items of expenditure ancillary to the main work. In 
relation to the boiler plant, for example, it is necessary to include all 
the civil engineering work necessary for its accommodation and 
operation. The extent of this work will vary with the design of each 
installation, with the class of fuel to be used, the facihties to be provided 
for its unloading and storage, and the type of chimneys deemed 
necessary. The installation of the transmission mains may necessitate 
the building of sub-stations, underground pipe conduits, and their 
associated structures. Foundations for heat accumulators and od 
storage tanks may also be necessary.

The boiler house dimensions should be adequate to house not only 
the plant but also an office and, washing and changing facilities. The 
height of the building depends upon the type of boilers used and the 
fuelling arrangements, which vary over fairly wide limits. The floor 
structure may require heat insulation if it is to be in direct contact 
with the boiler bases, and generous openings should be provided in the 
wall or roof for the entry of combustion air. Permanent or semi­
permanent openings are also necessary for the moving in and out of 
plant.

The proximity of the central station to adjacent buildings will 
determine if it needs any special acoustical treatment. This may entail 
the provision of special insulators for plant mountings to eliminate 
vibration, and sound absorbing materials for walls and roofs. Other 
incidental items of work include cable and pipe ducts, sumps, bases 
for boilers, when required, and for pumps.

The level of the central station may be influenced by the nature 
of the sub-soil, and the consequent cost of excavation. When sohd
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fuel is to be used, for example, it may be economical to lower the floor 
below the surrounding ground level in order to minimise both the 
capital cost of plant and the mechanical power required for elevating 
the fuel. The fuel bunkers should be large enough to store not less 
than two days’ supply at full load, and the overhead ash hopper to 
have suflicient capacity for about a week’s storage. An access roadway 
for fuel delivery vehicles, with ample turning space, is also required.

When the situation of the central station does not permit oil storage 
tanks to be exposed to view, these will require screening or housing 
above or below ground level. In the latter case the brick or concrete 
chambers should be provided with enough space on all sides of the 
tanks for welding of the plates, for interior access, and for draining 
facilities below. As an alternative to the use of tank chambers below 
ground level, and one that may prove to be more economic in annual 
costs, the tanks may be constructed of suitably lined concrete in direct 
contact with the soil, and provided with the necessary access and service 
manholes at ground level.

The opportunity may be taken here, in connection with oil fuel 
storage, to show by example the advantage of making a close exam­
ination of the costs entailed in using alternative auxiliary plant for 
different purposes. Despite the higher capital cost of the plant, because 
of the way it is installed and the materials used, the total annual costs 
are sometimes found to be lower than the alternative of lower capital 
cost, when the operating and maintenance expenditure also is taken 
fully into account. This becomes apparent, for instance, when com­
paring the relative costs of providing storage for the oil in steel tanks 
exposed above ground with those of concrete tanks cast in situ 
imderground. It is seen that although the capital cost of the tanks 
underground is more than of those above ground, because of the 
former’s longer life expectancy, there is little difference in the 
amortised costs. They also entail lower operating costs owing to 
the negligible oil heat loss and less maintenance (because there is no 
paintwork to deteriorate), making the total annual costs that much 
less. These may be further reduced when there is no loss in land value 
by using the extra ground area made available to obtain income from 
ground rents or car parking charges. This is made clear in the com­
parison shown in Table 13.

The number of chimneys required for a boiler plant, their dimensions
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especially height, and the form of construction, vary consider­
ably according to circumstances. Under some conditions the chimneys 
may form an integral part of a tower building, and in other cases they 
may be erected as independent structures containing one or more 
flues such as shown in Fig. 23.

The provision of a chimney of the appropriate height is important 
in order to avoid the nuisance of smoke, including large particles of 
oily acidic carbon, and also, grit and dust not removed by the arrest­
ment plant. The approximate height, which depends upon such 
factors as the amount of sulphur ioxide emitted, and the efflux 
velocity, can be calculated by a relatively simple method described in 
an official publication connected with the Clean Air Act.

The provisions necessary for underground pipes will mainly depend 
upon the method adopted for their insulation and where they are 
situated. Some methods require excavation only, others both excava­
tion and some refill. Each will need extra excavation to form welding 
bays at suitable intervals and also accessible valve chambers, which 
may also accommodate expansion bellows. Substantial concrete 
blocks for anchorage fittings are required at regular intervals.

When mains are to be installed in underground conduits, they 
should preferably be constructed of waterproofed concrete with rod 
or steel-mesh reinforcement as required for the loads to be imposed.

Rslativb costs op fuel on. storage tanks when installed over and underground

Table 13

Cost Item
Position and Material of Tanks

Overground, Mild Steel Underground, Concrete

Capital Cost £,»,soo £,9,500

Amortisation Cost:
over 20 years 740
over 60 years 590

Operating Cost 300 30

Maintenance Cost 80 Nil

Loss in ground value, say 500 Nil

Total annual Cost X; 1,620 £620
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Approximate surface temperature conditions based on surrounding air temperature 
OF 5O°F and internal chimney temperature of 5SO°F

rig. 23. TWO FLUE CONCRETE CHIMNEY. Sectional plan view of chimney of 
independent construction

Insulation 
Construction

Interface Temperature 
i.e. Inside Face of 

Shell

External 
Shell Surface 

Temperature

4i in Insulating brickwork 17O°F 70’F

6 in Insulating brickwork i35°F 65°F

6 in Insulating concrete 175°F 75°F

9 in Insulating concrete I45°F 70’F
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It is also preferable to cast the base and sides in situ and to cover these 
with precast slabs carefully sealed in position at all the joints.

The provision of the conduits will be affected by factors such as the 
foUowng: (i) Locality (availability of building materials in the 
district); (2) Variation of materials cost according to haulage limits; 
(3) Availability of labour force; (4) Type of bonus and other incentive 
schemes offered to labour force; (5) Nature of soil or rock to be 
excavated; (6) Depth to be excavated; (7) Suitability of existing ground 
level for the excavation process; (8) Amount of protective hoarding 
required; (9) Presence of other underground services hampering 
excavation; (10) Water table levels (necessity of de-watering during 
construction); (ii) Bearing capacity of the ground; (12) Necessity for 
extra reinforcement of the conduit if passing under roadways.

The electrical engineering work entails the provision of the main 
and sub-circuits for supphes to the numerous items of ancillary electrical 
equipment associated with the mechanical plant. Included in this 
equipment are the motors and their controls for fuel conveyors, mecha­
nical stokers, draught fans, oil burners and circulating, feed and sump 
pumps and control valves. Supplies may also be required for oil­
preheating at tank outflow and burner heaters, for tracing oil lines and, 
of course, for such items as thermostats, instruments, recorders, meters, 
time switches, clocks, light and audible signals. Telephone lines may 
also have to be provided, or G.P.O. lines rented for remote control 
and indication. An example of the loadings that may be required for 
an oil-fired boiler plant is given in Appendix E.

Some of the electrical equipment may be situated remotely from 
the central station, as when it is used in sub-stations; or it may be in 
the plant rooms of consumers’ premises to transmit information about 
operating conditions there. Items such as temperature compensators 
may be supplied as complete units, pre-wired at the factory, thus 
requiring only connection to the supply terminals. The preparation 
of a schematic wiring diagram is necessary to show the circuits to be 
provided for the various items of equipment.

The equipment to be installed throughout will also entail the use 
of various building trades such as bricklayers, concreters, carpen­
ters, painters and plumbers. A brief summary of the items 
applicable is given in Appendix F. This is usually referred to as 
‘incidental builders’ work’.
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The satisfactory completion of the entire plant also requires the 
inspection and testing of materials, and workmanship, to ensure that 
proper standards are maintained throughout the course of construction. 
The services of an insurance company and the fees applicable should 
also be covered by the cost estimates, and an adequate sum allowed 
especially for the inspection and testing of welds in the transmission 
mains. Particulars of a welder’s test are given in a typical insurance 
company’s report in Appendix G. The mains should also be heat 
tested by the use of a mobile heating unit before insulation is applied. 
Examples of specification clauses applicable to welding test require­
ments are given in Appendix H.

Provision should also be included for water treatment. The colora­
tion of the circulating water is desirable for detecting leakage in 
heat exchangers, and also in underground conduits where it is necessary 
to differentiate between system and soil water. A small dose of a 
fluorescein dye of about 50 ppm. (i lb per 10 tons of water) is sufficient 
treatment of the water for the colour to be revealed by an ultra-violet 
lamp.

Water treatment for scale formation depends upon the quantity of 
make-up water used, and when this is less than about 1% of the total 
content of the system, scale formation should be negligible. To 
prevent corrosion it may be desirable to use a chemical to remove the 
oxygen and to ensure that the condition of the water is maintained 
correctly, frequent samples need to be tested by a pH value indicator. 
Bacterial contamination of the water can produce a black sulphide 
sludge, and this may be troublesome if allowed to accumulate. The 
bacteria cannot exist unless the water temperature is below about 
2OO°F, and district-heating systems would therefore be immune and 
not require chemical treatment other than for secondary circuits.

The kind of water treatment for steam systems will depend upon 
the quantity of feed water used and its chemical analysis.

To comply with statutory requirements and be acceptable to the 
local authorities, whose approval is necessary before erection com­
mences, certain matters must be taken into account. The Clean Air 
Act 1956, for example, makes it an offence for new furnaces to be 
installed if they are incapable of operating without emitting smoke 
when burning the fuel for which they were designed. The regulations 
prescribe the requirements to be observed in regard to boilers, fuels.
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flues, dampers and instruments, and include reference to apparatus for 
indicating and/or recording the density or darkness of smoke emitted 
from any furnace. ‘The Notice of Intention to install Furnaces’ calls 
for a number of technical details of the plant to be provided before 
the approval of the local authority can be obtained. The design of 
heating, ventilating and air-conditioning equipment in the consumers’ 
premises may also be affected by the current Factories Acts 1937 and 
IQ48; The Ojfices, Shops and Railway Premises Act 1963, and the 
Construction of Industrial Buildings by the Thermal Insulation 
{Industrial Buildings} Act 1957.

The estabhshment of a heating authority to provide a public supply 
in an existing urban area may necessitate obtaining special statutory 
powers to facflitate putting the scheme into effect. One example 
of this is the London County Council {General Powers) Act 1949> which 
provides that the heating authority shall give to the appropriate 
ministers and to the relevant statutory undertakers notice of their 
proposals, and supply any such information to them as may be 
reasonably required.
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chapter 12

CONCLUDING COMMENTS

The last chapter finished with a reference to the heating authority 
k that must he responsible for the estabhshment and working of a district 

heating undertaking, and some comments can now be made about 
the authority’s constitution and functions. In the past the body that 
initiated a district heating scheme also often undertook the admims- 
tration of the service; whilst in other cases the developers had only a 
partial interest in the inception of a scheme, and delegated to others 
the responsibihty for administering the service.

There are several different ways in which a district heating service 
may be promoted and operated, each of which depends to some 
extent upon the kind of service provided, and for whom it is intended. 
When the service, for instance, is intended exclusively for use in 
government property, it is usual for it to be provided and operated 
by a government mimstry. For local government buildings, munici- 
pahties generally assume responsibihty for the entire project, except 
when private premises are also supplied. In this case responsibility 
terminates at the consumer’s supply connection. In other circumstances 
the local authority may undertake only to distribute the heat from a 
central station provided by a separate organisation which generates 
the heat only and guarantees its supply under agreed terms of use.

Many more district heating schemes wih, no doubt, continue to be 
estabhshed and operated in much the same way as before, and although 
the schemes have been generally satisfactory in the past, there may be 
some doubt as to whether they will continue to serve the pubhc s 
best interest, owing to the more stringent economic conditions which 
must prevail in the future, and thus the need to make the best use of 
the country’s energy resources.

Circumstances such as these suggest that a heating authority might
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function best as an entirely independent private body, with power to 
develop projects in different areas in close collaboration with other 
pubhc utility undertakings such as gas and electricity. This could 
secure a fully co-ordinated plan and avoid unnecessary competition, 
overlapping and duplication in the provision of heat services. PoKcy 
decisions would have to be made on whether or not consumers should 
be given the choice of alternative methods of heat supply, other than 
for cooking, on the standards of heating applicable, and on the 
metering of supplies and fixing of tariffs. Such a consortium type of 
organisation as this, with a status similar to a development corporation 
and empowered to act on equal terms with statutory supply under­
takings, could not only plan new schemes with the optimum overall 
economy, but also act as a fuel utilisation efficiency controller to main­
tain heat production and transmission at an economic level in the 
current operation of the service.

It is a curious anomaly that we should have national boards to look 
after the supply of electricity, gas and coal for conversion into heat 
by various means when, the supply of cheap ready made heat in the 
form of steam and hot water, is left to others to provide as best they 
may. A heat authority that could also carry out research, development 
and capital investment on a national scale, could do much to enhance 
the value of district-heating services with the improvements that 
must ensue.

Further deUberation on this subject might enlarge the terms of 
reference of the authority to enable it to allow a project to develop 
according to requirements. One consideration here is the need to 
ensure that the contractural procedure adopted is in accordance with 
the overall planning requirements of a scheme and does not, therefore, 
allow estimates of the capital costs of a project to be grossly exceeded 
by the acceptance of excessively high tenders. Restrictive practices 
have been known to produce tenders for even a moderately sized 
installation which were many tens of thousands of pounds in excess of 
current market values, and it was only by adopting special remedial 
measures that such prices were brought down to a commensurate level 
that was about half the amount of the original tenders. It is clear that 
if the economics of a scheme are not to be jeopardised in this way, the 
awarding of contracts needs careful and informed consideration. The 
re-introduction of bills of quantities might be one way of abolishing
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‘price fixing’, much of which has arisen to obviate the high costs 
entailed in competitive tendering, due to the large amount of im- 
productive work undertaken by contractors. The contract work 
would need to be covered by a full set of working drawings for the 
preparation of accurate bills of quantities for realistic pricing by a 
quantity surveyor, the rates used being supported by a schedule of 
basic prices. Selective tendering may also prove to be one form of 
precautionary measure, and a negotiated price another, the latter, 
perhaps, being subject to the ‘target cost’ system of payment. The 
alternatives of fixed and variable price contracts should also be con­
sidered to procure the best results.

Another function of a heating authority would be to develop the 
greater use of district heating by extending the service in several 
different ways, and thus improve the economics of a scheme. The 
greater diversity in heat demand resulting, for example, from roadway 
heating for over- and under-passes, which require the greater heat 
supply overnight to prevent ice formation, and for snow clearance, 
improves the load factor and, incidentally, effects considerable economy 
compared to present methods. The heating of terraced pedestrian ways 
and shopping arcades and precincts in new town centres, bus shelters, 
swimming pools, sports stadiums and horticultural and poultry houses 
are other examples of how a district heating service could be profitably 
extended. Agriculture could also benefit from district heat by improved 
crop growth and its drying.

Investigations into new ways of providing and installing the heat 
transmission mains from the central station to consumers could result 
in a reduction in this part of the cost of providing the heat supply. In 
theory it would appear economic for all underground services to share 
a common conduit, but in practice there are several objections to this 
arrangement, and supply undertakers are consequently reluctant to 
co-operate on this basis. Because of the critical importance of heat 
transmission costs, a new concept of integrated design is required to 
facilitate the construction, siting and erection of the mains with a 
proper regard to economic and aesthetic needs. We have become 
accustomed to the sight of electricity pylons and overhead transmission 
lines throughout the countryside, which suggests that the appearance 
of district heating transmission mains on roadway verges or railway 
embankments and elsewhere would soon become accepted as part of the
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landscape. Mains in built-up areas which are normally run underground 
would be less costly to provide if they were erected alongside walls; 
on roof flats or in roof spaces, passing from one building to another at 
high level, and with suitable architectural treatment to harmonise with 
the surroundings.

It has been suggested that new towns of the near future, provided 
with a monorail service, offer a good opportunity for transmission 
mains to be accommodated conveniently as part of the monorail 
supporting structure. In this way the mains could be used to heat rail 
points to prevent freezing, and also the stations en route.

The increasing output of factory-produced building units to speed 
the erection of houses and other buildings, offers still further scope for 
connecting them to centralised heat suppHes. In the process of pre­
fabrication, the wall and floor components could quite cheaply include 
pipes for the circulation of hot water, or ducts for the circulation of 
warm air, instead of these being embodied sometimes on the site, so 
that these components might themselves serve as heaters. They could 
also be made of materials, including multiple glazing or metal coated 
heat reflecting glass, for improving standards of heat insulation gener­
ally. It has been estimated that at little extra cost the thermal insulation 
could be improved sufiiciently to reduce heat requirements by some 
20%, which represents an appreciable reduction in the heat load of a 
central station.

A further question is whether the heat load of the future can be met 
in other ways than by energy derived from fossil fuels, residual oil 
or nuclear power. At one time it appeared feasible that an alternative 
source might be the underground gasification of coal, but extensive 
field trials of this method have proved it to be impractical. Natural 
gas also appears to be non-existent in this country. Nevertheless, there 
are underground heat sources in the form of hot water and steam that 
have been used for some time to provide a heat supply for towns. 
One example is at Reykjavik, the capital of Iceland, where the supply 
is piped for some miles from geothermal springs. Power generation 
from geothermal heat has been provided on a substantial scale for 
some time in Italy and also at Wairakei in New Zealand. In Britain 
an apparently everlasting supply of hot water exists at the Spa of Bath, 
where the yield of volume and temperature is constant at 500,000 gal. 
every 24 hoiurs at a maximum temperature of I2O°F. It has been
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calculated that by the use of a heat pump this hot water would be able 
to supply space heating for about 5,000,000 ft® of office or living 
accommodation.

Oil and natural gas prospecting now is progress in the North Sea, 
and using the latest techniques of seismic geophysics, may reveal an 
abundance of these fuels and also steam or hot water. The latter may 
eventually be found offshore or inland, and thus provide a convenient 
source for district heating.

Terrestrial heat is the only other known natural source of supply, 
and although solar radiation has been used in a small way for heating 
water, it cannot yet be regarded as a practical method for large heat 
supplies, because the rate of heat collection would be inadequate. The 
temperature cfimate of this country, lying so far north of the equator, 
would not provide sufficient heat to justify capital outlay for the solar 
energy absorber equipment required.

Whatever new sources of heat may emerge in the future, there is 
much that can be done at present to ensure that better use will be made 
of those now available, especially as is possible with combined heat and 
power generation.

In this latter connection it has been pertinently remarked that an 
engineer may well question a system that involves the loss at the power 
station in flue gases and cooling water of two-thirds of the heat in the 
fuel. This lack of efficiency in conventional electricity generating plant 
is still little realised by the public nor its significance appreciated by the 
ordinary householder. It does, however, emphasise the importance of 
achieving a greater conservation of fuel especially of an indigenous 
nature, and of the benefits that would ensue both for the nation and the 
individual.

To absorb most of the heat that could be made available by the 
future generation of electricity as a by-product would be a very 
gradual process indeed, and could extend over the better part of a 
century. During this time it is envisaged that the greater part of most 
towns would be rebuilt, and if this were done from the start in con­
formity with a co-ordinated plan for the economic provision of 
public utility services, district heating could be fully utilised as part of 
the electricity generation. Much earher results in a smaller way would 
be obtained in connection with the many new towns to be built within 
the next decade or two to accommodate the steady rise in population.
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The planning of new towns is known to provide the means for the 
economic use of district heat, and some progress is already being made 
for this reason, but a great deal more would result from a fuller 
realisation of the relative merits of the various forms of heat supply.

The sources of heat at present available have enabled the exploitation 
of district heating to meet the needs of consumers whose chief concern 
is to have a heat supply that provides the maximum of comfort and 
convenience at an economic cost. For comfort the level of space 
temperature must be adequate even in the coldest weather and at the 
same time the supply must also be reliable and continuous and, there­
fore, not subject to interruption of any kind. Convenience means the 
service must possess entirely automatic features for its operation 
so that there is no need to manipulate switches, valves or air dampers, 
handle fuel, clean and adjust combustion appliances, or call the fire 
brigade! An economic cost implies that all the above requisites are 
obtained with the least expenditure, not only by the individual 
consumer, but also by the general public who are indirectly affected by 
the use of a particular supply method. Examples of some of these 
indirect expenses are atmospheric pollution, renovations caused by 
dampness in insufficiently heated buildings, and loss of time by traffic 
congestion in the dehvery and unloading of fuel to buildings.

As the advantages of district heating become better known, it is 
more widely used, and for other than economic reasons. A method of 
heat supply, for instance, that is intrinsically safe in use, removing the 
hazards associated with other methods, such as electrocution, 
asphyxia, poisoning, fire and even hypothermia. Although many of 
the deaths from hypothermia have been accidental and resulting from 
the inadequate scale of clinical thermometers, it is not a little surprising 
that they should occur at all in an affluent society, from exposure to 
cold that is not outside but inside of buildings due to a shortage 
ofheat.

If consumers are to have all the heat they want, it must be provided 
and used under the right conditions, otherwise its cost becomes 
prohibitive. To ensure that a given method of supply is economic as 
well as able to provide the full quantity required, the ultimate cost of its 
utilisation by the consumer must be competitive with other methods for 
the same heat demand. The heat demand in this context is the usefully 
consumed amount, and not the quantity supplied, which depends upon
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the thermal efficiency of the method used. The cost per therm of 
useful heat may also differ because of the expense of the consumer’s 
installation and its maintenance, and for these three reasons the final 
cost per therm for one method may be found to be two and three 
times as much, or more, than for another. Much of this cost differen­
tial is due to variation in the purchase price per unit of heat of the 
different fuels. This makes the supply less costly with coal and oil than 
with gas and electricity at present prices. Each of these forms of heat 
supply will be found to have certain advantages in particular circum­
stances, and upon these will depend which method provides the most 
advantages at the least cost.

Because there are so many variable factors involved in the purchase 
of heat, it is prudent to make a careful appraisal of each supply method 
to ascertain how much of the heat supplied may be effectively used by 
the consumer, and at what price. There are many methods of heat 
supply in use today that fail to measure up to the standard required by 
consumers, either because they are obliged to use a method not of their 
own choice, or because they have chosen one with insufficient know­
ledge of its limitations.

Decisions as to the form in which heat is to be supplied and used are 
affected by factors which may be political, social or economic. This 
has resulted in recent years in a variety of methods being adopted 
throughout the country according to the relative importance attached 
to each of these factors. What is considered a suitable method for one 
locahty may be regarded as inappropriate for another of apparently 
similar circumstances, and the reasons for this are often obscure. One 
explanation may be that those responsible for selecting the method to 
be used have experienced difficulty in obtaining rehable and complete 
information on the other systems and apphances available. These are 
becoming increasingly complex.

Even today, in the construction of many large buildings, we 
persist in using space heating methods that we know should be 
prohibited by law in the interests of national economy because they 
are grossly extravagant in the use of fuel and thus inflate the price of 
heat.

The relatively slow development of district heating in this country 
has been attributed to various causes, but on a close examination of these 
there appears to emerge only one of any validity. This is the failure
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to fully exploit the best means available today to satisfy the rapidly 
increasing demand for heat.

In the past, the demands upon our fuel resources have been moderated 
by the working and Uving standards accepted by people generally. 
Today these standards are much improved by statutory regulations and 
individual demands, necessitating a considerable increase in heat 
supphes. These have been met in various ways without much regard 
to their effect upon the national economy or the individual, who is 
thus often deprived of a fuU measure of heat for the money he pays. 
Because of these circumstances the proper organisation of heat supphes 
is now acquiring increasing significance, and also because the rapidly 
developing progress in technology is changing the somewhat rigid 
attitudes previously held towards the implementation of new 
proposals.

The impact of these conditions has evoked a noteworthy response 
from discriminating developers. Being concerned with securing both 
the highest utility value from a completed project and capital invest­
ment with an assured adequate return, they have been responsible for 
providing district heating for a small minority in this country. Others 
now equally well informed in such matters have recently completed, 
or are proceeding with, district heating schemes, because of their 
abihty to meet the most exacting demands of consumers at a highly 
economic price, as is shown by the almost umversal demand for 
their use. A project under consideration is seen in Fig. 24.

The money spent on a well designed, installed and economic 
district heating scheme is a sound investment and one that we can 
no longer afford to ignore in the interests of national economy. For 
this reason it is an obUgation of those responsible for the provision of 
pubhc utUity services to assure themselves of the economics, con­
venience and reliabihty of the heat service contemplated for a given 
project so that it may be certain to provide the greatest benefits for the 
greatest number of people.

The few thousand residential consumers in this country who have 
lived for many years with efficient district heating are unanimous in 
their praise of the convenience and reliability of the service, and 
particularly of its economy, which they claim is much superior to any 
of the other methods that they had previously.
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BACKGROUND HEATING The main­
tenance of a continuous minimum 
temperature usually below that 
required for sedentary occupation. 

BOARD OF TRADE UNIT See ‘Unit’. 
BRITISH THERMAL UNIT (Btu) A heat 

unit representing the quantity of 
heat required to raise the tempera­
ture of one pound of water one 
degree Fahrenheit.

CALORinc VALUE A measure of the 
heat content of fuel expressed in 
Btu/lb.

CALORIFIER An appliance for the 
transfer of heat in steam or water 
to water without intermixing.

CO2 Chemical formula denoting 
carbon dioxide.

CONDUCTION The transfer of heat 
between two bodies in contact 
with each other.

CONVECTION The transfer of heat 
by the circulation of a liquid or a 
gas such as air.

CORRECTED EFFECTIVE TEMPERATURE 

The effective temperature with 
allowance for radiant heat.

DEGREE DAY (british) The product 
of one day (24 hours) and i°F 
difference of temperature between 
the base temperature and the 
average outside air temperature 
during the day when this is below 
the base temperature.

DRY BULB TEMPERATURE The tem­
perature of air indicated by an 
ordinary thermometer.

EFFECTIVE TEMPERATURE An index 
of the effect produced by a 

combination of temperature, 
humidity, and air movement.

EQUIVALENT TEMPERATURE 

An index of the effect produced 
by a combination of temperature, 
radiation, and air movement.

HEAT A form of energy associated 
with matter and characterised by 
temperature.

HUMIDITY An admixture of water 
vapour, and dry air.

KILOWATT-HOUR (kWh) =1,000 

Watt-hours= 3,415 British Ther­
mal Units.

LOAD FACTOR The ratio of the 
average load to the maximum 
load during a prescribed period of 
time, usually expressed as a 
percentage.

MEAN RADIANT TEMPERATURE The 
sum of the products of surface 
temperature and surface area 
surrounding a space divided by 
the surface area.

pH VALUE A number expressing 
the active acidity or alkalinity of 
an aqueous liquid.

PLENUM A space under pressure 
used as a chamber from whence 
air is distributed in ducts.

RADIATION (thermal) The transfer 
of heat through space by wave 
motion.

RELATIVE HUMIDITY The ratio of 
the actual vapour pressure in air 
to the vapour pressure of satu­
rated ait at the same temperature, 
expressed as a percentage.
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TEMPERATURE A measure of the 
degree of heat having no relation 
by itself to quantity.

TEMPERATURE GRADIENT Variation 
in the air temperature of a heated 
space on a vertical or horizontal 
line.

THERM (Th) A unit of heat measure­
ment equivalent to 100,000 Btu.

THERMAL CONDUCTIVITY (K) Quan­
tity of heat expressed in Btu 
which will pass through one 
square foot of material one inch 
in thickness in one hour for one 
degree Fahrenheit difference of 
surface temperature.

THERMAL TRANSMITTANCE (U) 

Quantity of heat expressed in 
Btu’s which will pass through one 
square foot of material in one 
hour for one degree Fahrenheit 
difference of air temperature.

THERMOSTAT A heat regulating 
instrument, actuated by tem­
perature changes, and used for 
automatic control purposes.

TOPPING-UP HEAT The extra heat 
required for a comfortable tem­
perature in a room when occupied.

WET BULB DEPRESSION The dif­
ference between dry and wet bulb 
temperatures.

WET BULB TEMPERATURE The tem­
perature indicated by a thermo­
meter having its bulb covered by 
a wet wick.

UNIT (board of trade) An elec­
trical unit of measurement equal 
to one kilowatt maintained for 
one hour. Equivalent in heat to 
3,415 Btu.

VENTILATION The supply or re­
moval of air to or from a space by 
natural or mechanical means.
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Appendix A
Pimlico District Heating Undertaking 

Schedule I—District heating operating results

Item Units Derivation

I Beginning of operating period 1st Oct.
2 Termination of operating period 30th Sept.
3 Maximum rate of heat supply Therms/Hour Meter readings 480
4 Quantity of heat sent out from supply point Therms Meter readings 1,489,146
5 Number of hours in period Hours — 8,784
6 Length of time heat was supplied Hours Log Sheets 5.298!
7 Heat lost between supply point and pump house during

running hours Therms (6)x 2-989* 15.837
8 Heat lost between supply point and pump house while shut

down Therms See Note 6 12,254
9 Total heat loss between supply point and pump house Therms (7)+(8) - - 28,091

IO Above heat loss as percent of heat supplied 0/ /o (9)X ioo4-(4) 1-886
II (a) Heat received at Churchill Gardens pump house Therms (4)-(9) 1,461,055

(b) Heat received at pump house, from meter reading Therms Meter Reading 1,474,154
12 Change in heat contents of accumulator Therms Log Sheets +400
13 Heat loss from heat accumulator Therms (5)X 1'73* 15.197
14 Heat loss from accumulator as percent of heat supplied /o (l3)Xioo-b(4) 1*021
IS Heat sent out from pump house Therms (iia)-(i2)-(i3) 1,445,458
l6 Heat sent out to Dolphin Square Therms (19)+ (17) 734.001

Heat lost by Dolphin Square transmission mains Therms (5)X 0-858* 7,535
I8 Heat lost by Dolphin Square mains as percent of heat supplied O/ /o (17) X 100-?(4) 0-506
19 Heat received at Dolphin Square Therms Meter Readings 726,466
20 (a) Heat sent out to Churchill Gardens Estate Therms (15)—(16) 711,457

(b) Heat sent out to Churchill Gardens Estate from meter Therms Meter Readings 651,245
21 Heat lost from Churchill Gardens distribution system Therms See Note 7 44,203
22 Heat lost from distribution as percent of heat supplied 0/ /o (21)X iooq-(4) 2-968
23 Heat received in Churchill Gardens Flats Therms (20a) —(21) 667,254
24 Total transmission and distribution losses as percent of heat

supphed % (io)+(i4)-4-(i8)+(22) 6-381



{These are mean monthly figures for September and include 12 shops ’Average heat loss from test results, 
which are considered to be the equivalent of 3 flats. {Applicable to heating season only.

Item Units Derivation

25
Dolphin Square

Total heat received from district-heating supply Therms Item (19) 726,466
26 Number of flats occupied Flats 1,220
27 District-heating supplied per flat Th/Flat (25)-i-(26) 595465
28 Average daily heat supply per flat Th/Flat/Day (27)4-Days 1-627
29 Average daily district-heat supply for hot water Th/Flat/Day See Note 8 0-902
30 Average daily district-heat supply for heating Th/Flat/Day (28)-(29) 1-246}
31 Average outside temperature at Pimlico °F Log Sheets 44-65}
32 Difference between indoor and outdoor temperatures °F 64°?-(31) 19-35}
33 Daily district-heat supply for heating per °F difference Th/Flat/Day/°F (30) 4-(32) 0-0644}

34
Churchill Gardens Estate

Total heat received from district-heating supply Therms Item (23) 667,254
35 Number of flats occupied (Average for month)} Flats — 1,045-1,184
36 District heating supplied per flat Th/Flat (34)4-(35) 622-721
37 Average daily heat supply pet flat Th/Flat/Day (36)-? Days 1-701
38 Average daily district heat supply for hot water Th/Flat/Day See Note 8 0-676
39 Average daily district heat supply for heating Th/Flat/Day (37)-(38) 1-762}
4° Average outside temperature at Churchill Gardens °F Log Sheets 44-65}
41 Average difference between indoor and outdoor temp. °F 66°F-(3i) 21-35}
42 Daily district heat supply for heating per °F difference Th/Flat/Day/°F (39)-e-(4i) 0-0825}

NOTE: The Heat Consumptions given in Item 36 and subsequent items See overleaf for Notes 6, 7, and 8 referred to under Derivation. 
are somewhat low due to heat metering errors.

The results were recorded over a period of five years but space permits the inclusion of those for the last year only.



Appendix A—continued

Notes on Schedule I

Referred to under Derivation

Note 6. Several cooling curves for the river crossing mains have been obtained and heat loss curves on this basis have been 
constructed, so that the total loss of heat for any length of time after shutting down can be read off from the curves. Dividing 
the total time out of commission by the ninnber of generating periods gives the average length of shut down; the heat loss 
appropriate to the average length of shut dovra is then read off from the curve and multiphed by the number of generating 
periods to give the heat loss while shut down.

Note 7. For the four years 1951 to 1955 the heat loss from the distribution mains at Pimlico was based as a rough estimate of 
3 ‘7 therms per hour. After the experiments on the electrically heated distribution mains this heat loss could be calculated more 
accurately and the figure for the schedule is based on this test data.

Note 8. During the summer months the district heating scheme supphes hot water service only, hence, if there is no 
seasonal variation in hot water consumption, the Summer figures can be assumed to apply to the Winter months.



Appendix B
Pimlico District Heating Undertaking 

Schedule II—Weather and adventttious heat gains

Itan Units Derivaticn

1 Beginning of Operating Period 1st Oct.
a Termination of Operating Period 30th Sept.

Weather
3a Average outside temperature at Churchill Gardens •■F Log Sheets 44«5*
3b Mean dry bulb temperature at Kew °F Kew Observatory 43-48*
4 Mean depression of wet bulb at Kew °F Kew Observatory 2-7*
3 Mean relative humidity at Kew 0/ Kew Observatory 79-20*
6 Solar radiation at Kew cal/cm’/day Kew Observatory 131-76*

Adventitious Heat Gains
Dolphin Square

7 District-Heating received per flat for hot water Th/Flat (29) (Sched. I) X Days 330-138
8 District-Heating received per flat for space heating Th/Flat (30) (Sched. l)xDays 365-327
9 Adventitious heat gain due to occupancy per flat Th/Flat See Note 9 30000I

xo Adventitious heat gain due to solar radiation per flat Th/Flat See Note 10 8oooof
II Tenants* gas supply Therms See Note 11 11-196!
12 Landlord’s gas supply Therms See Note ii 12,998!
13 Tenants* electricity supply kWh See Note 12 2,134,458
14 Landlord’s electricity supply kWh See Note 12 1,706,882
15 Adventitious heat gain due to tenants* gas supply Therms 70% of(ll) 7,838!
16 Adventitious heat gain due to landlord’s gas supply Therms 35% of (13) 3,350!
17 Adventitious heat gain due to tenants* electricity supply Therms 90% of (13) 43,313!
18 Adventitious heat gain due to landlord’s electricity supply Therms 25% of (14) 9,202!
19 Total adventitious heat gain from gas and electricity Therms (i5)+(i6)+(i7)+(i8) 63,503!
20 Number of flats occupied Flats See Sched. I 1,220
21 Adventitious heat gain from gas and electricity per flat Th/Flat (i9)-F(20) 52-051!
22 Total useful heat input per flat for heating Th/Flat (8) + (9)+(io)-F(2I) 427-378!
33 Mean temperature difference between indoors and outdoors °F 64°F-(3a) 19-35*
34 Heat pet flat per day per “F temperature difference Th/Fl/dy/F (22)4-[(23)x Days] o*iO37*



•Weighted Averages for Heating Seasons only i.e. Oct.—April inclusive.
See overleaf for Notes 9 to 12 referred to under Derivation.

Item Units Derivation

^5
Churchill Gardens Estate

District heating received per flat for hot water Th/Flat (38) (Sched. I) X Days 247'461
26 District heating received per flat for space heating Th/Flat (39) (Sched, I) X Days 375-260
27 Adventitious heat gain due to occupancy per flat Th/Flat See Note 9 30'000t
28 Adventitious heat gain due to solar radiation per flat Th/Flat See Note 10 So'ooof
29 Tenants’ gas supply Therms See Note ii 41.398!
30 Tenants’ electricity supply kWh See Note 12 909,506
31 Landlord’s electricity supply kWh See Note 12 330, 253
32 Electricity supply to district heating pump house kWh L.h.B. 147,741
33 Adventitious heat gain due to tenants’ gas supply Therms 70% of (29) 28,979t
34 Adventitious heat gain due to tenants’ electricity supply Therms 90% of (30) 18,130!
35 Adventitious heat gain due to landlord’s electricity supply Therms 10% of (31) 690!
36 Total adventitious heat gain from gas and electricity Therms (33) + (34) + (35) 47,799!
37 Number of flats occupied Flats See Sched. I 1,045 to 1,183
38 Adventitious heat gain from gas and electricity per flat Th/Flat (3<S)-5-(37) 45-129!
39 Total useful heat input per flat for heating Th/Flat (26) + (27) + (28) + (38) 530-389!
40 Mean temperature difference between indoors and outdoors °F 66F°—(3a) 21-35*
41 Heat per flat per day pet °F temperature difference Th/Fl/dy/°F (39)-b[(40)xDays)] 0-1166*

I Applicable to Heating Season only.
NOTE: The Heat Consumption for Items 25 and 26 and subsequent 

items are somewhat low due to heat metering errors.



Appendix B—continued

Notes on Schedule II

Referred to under Derivation

Note 9. According to Dr. Weston’s estimate the body heat due to a family of two adults and two children for a house of 
900 ft* floor area is 30 therms during the heating season. This has been divided between the 7 months of the heating season, 
in proportion to the number of days in each month.

Note 10. Dr. Weston’s estimate of the heat gain due to solar radiation was 80 therms during the heating season. This has 
been sub-divided between the 7 months of the heating season in proportion to the solar radiation figures recorded at Kew, 
and the number of days in each month.

Note II. These figures were supplied by the North Thames Gas Board who obtained them from quarterly meter readings 
and then sub-divided them into monthly gas consumptions.

Note 12. The units of electricity used during each month both by the landlord and tenants were calculated by the London 
Electricity Board from quarterly meter readings. The sub-division into monthly electricity consumption was done in 
proportion to the electrical demands on the transformer chambers supplying Dolphin Square and Churchill Gardens 
respectively.



Appendix C

PiMuco District Heating Undertaking 
Results op heat loss tests carried out on district heating main at Churchill Gardens, Pimlico

General Formula for obtaining the Thermal Conductivity of Cork Insulation.
(For Units see third column in table below.) 9.1oge[(/,/</i]

fe=-------------------  Btu/h/ft’/‘’F/ft

6 in Nominal Bore Flow and Return Mains laid side by side in Concrete Duct of 97 ft o in. Length Extending East from Block No. 21.

Item
Symbol 

in 
Formula

Units

Period from isth November 
to 1st June

Flow Main Return Main

I. Duration of Test - Hours 4.728 4,72s

2. Length of Test Pipes - Feet 97 97

3- Outside Diameter of Pipe <11 Inches 6-424 6-424

4- Outside Diameter over Lagging <11 Inches 9424 9-424

S- Ratio of Outside to Inside Diameter of Lagging dilii - 1-467 2-46ri

6. Hyperbolic Logarithm of Item 5 Log. [</,/</,] - 0-3834 0-3834

7- Total Electrical Input - k5Vh 7.642 5.531

8. Average Hourly Electrical Input - kW I-616 I‘170

9- Hourly Heat Equivalent of Electrical Input - Btu/h 5.515 3.993

10. Heat Input per foot run 4 BtalhlA 56-86 41-17



NOTE: The appearance of four significant figures in the above quantities is merely computational, it does not imply a corresponding degree of accuracy. 
It is considered that Item 17 is reliable to two significant figures only.

Item
Symbol 

in 
Formula

Units

Period from 15 th November 
to 1st June

Flow Main Return Main

II. Average Temperature of Inner Lagging Surface h op 166'7 142'9

12. Average Temperature of Outer Lagging Surface t. op 77'9 76-8

13, Temperature Gradient Across Lagging °F 88-8 66-1

14. Numerator in General Equation 9.1oge [dj/di] - 2I-8o 15-78

IJ. Denominator in General Equation 2ir (ti—t,) - 558-0 415-4

16. Thermal Conductivity per Foot Thickness k Btu/h/ft«/°F/ft 0-03907 0-03799

17. Thermal Conductivity per Inch Thickness - Btu/h/ft’/°F/in 0-4688 0-4559



Appendix D

I. Capital costs
SUMMABY OF COSTS D USING DEVELOPMENT AND ON COMPLETION

Item

Year i 
Pre- 

Commis- 
sioning

Phase I phase 2 Phase 3 Phase 4

year 2 Year 3 Year 4 Year s Year 6 year 1 year 8 Year g year 10 year ii

£ x: £ £ £ x: £ £ £ £ £
A Boiler House & Chimney 114,268 — 48.972 — — — — — —
B Boiler Plant 72,292 64,130 — 64.130 — — 32,648 * —
C Transmission Mains 70,800 66,600 84,900 55.150 48.350 30,600 36,110 28,390 21,710
D Total Capital Costs 267,360 66,600 149,030 55.150 161,452 72,100 30,600 68,758 28,390 21,710 —
E Cumulative Total

Capital Costs 267,360 333.960 482,990 538.140 699.592 771,692 802,292 871,050 899.440 921,150

2. Annual loan repayments

Item

Year i
Pre- 

Comtnis- 
stoning

Phase 1 Phase 2 Phase 3 Phase 4

Year 2 year 3 year 4 year 5 Year 6 year 7 year 8 year 9 year 10 year li

F Boiler House & Chimney
£

7,600
£

’j,6oo
£ 

^,600
£

7,600
£ 

10,850
£ 

10,850
£ 

10,850
£

10,850
£

10,850
£

10,850
£ 

10,850
G Boiler Plant 6,500 6,500 12,300 12,300 18,100 18,100 18,100 21,030 21,030 21,030 21,030
H Transmission Mains 4,700 9,120 14,750 18,410 21,630 26,410 28,440 30,840 32,730 34.170 34.170
1 Total Annual Repayments 18,800 23,220 34.650 38,310 50,580 55.360 57.390 62,720 64,610 66,050 66,050
K Cumulative Total Annual 

Repayments 18,800 42,020 76,670 114,980 165,560 220,920 278,310 341.030 405,640 471,690 537.740

(Based on money being borrowed at 6i% interest.)



.Appendix D—continueJ
3. CuMIJlAnVB TOTAL ANNUAL COSTS

Item

Year i 
Pre- 

Comtnis- 
sioning

P/iase I Phase 2 Phase 3 Phase 4

Tear 2 year 3 Tear 4 Year s Year 6 Year q year 8 Year 9 year 10 ye ar I

L Annual Repayments
£ 

18,800
x

23,220
£ 

34,650
£

38,310
£

50,580
£

55,360
£ 

57,390
£ £ 

64,610
£ 

66,050
£ 

66,050
M Annual Operating Costs* 

Boiler Plant 16,434 33,910 53,070 65,930 83,420 96,310 117,120 124,930 132,770
N Annual Operating Costs* 

Transmission Mains 2,044 3,724 6,233 7,964 9,654 11,486 13,070 13,987 14,908 15,7870 Total Annual Costs 18,800 41,698 72,284 97,613 124,474 748,434 165,186 185,010 195,717 205,888 214,607

•For individual items see those numbered 1 to 12 under Sections 6 and 7,

4. Cost of hkat supply

item

year I 
Pre- 

Commis- 
sioning

Phase I Phase 2 Phase 3 Phase 4

year 2 year 3 year 4 year 5 Year 6 year q year 8 Year g year lo year ii

P
Q 
R

Total Annual Costs 
Heat Sold Therms/An. 
Cost of Heat Pence/Therm

18,800 41,698 
280,000 

35-7

72,284 
865,000 

20-2

97,613 
1,470,000 

i6*o

124,474 
1,885,000 

15-8

148,434 
2,320,000 

15-3

165,186 
2,750,000 

14-4

185,010 
3,190,000 

13-9
3,430,000 

13-7

205,888 
3,680,000 

13-4

214,607 
3,940,000 

131

From Table 4 the Average Cost of Heat Supply during Development=l4-8143d/Therm



Appendix D—continued

5. Loan repayments to cover development and pee-operational losses

Item

Year i 
Pre- 

Commis- 
sioning

Phase I Phase 2 Phase 3 Phase 4

Year 2 Year 3 Year 4 Year 3 Year 6 Year Year 8 Year 9 Year 10 Year 11

S Heat Demand Th. Sold 280,000 865,000 1,470,000 1,885,000 2,^20.000 2,750.000 3,190,000 3,430,000 3,680,000 3,940,000
T Expenditure £, t8,8oo 41.698 72,284 97,613 124,474 148.434 165,186 185,010 195.717 205,888 214,607
U Income @ i4-8ld/Therm^ — 17,283 53,392 90,737 116,353 143,204 169,746 196,905 211,720 227,151 243,200
V Loss 18,800 24.415 18,892 6,876 8,121 5.230 — — — — —
W Gain £, — •> — — 4.560 11.895 16,023 21,263 28,593
X Cumulative Loss X 43.215 62,iori 68,983 82,334 — — — —
Y Cumulative Gain — — — a. 4.560 16,455 32,478 53.741 82,334
Z Loan Repayments 2,440 3.400 2,840 1,125 1,480 1,080 — — — —
AA Total Annual Repayments* 

Less Gains 2,440 5.840 8,680 9.805 11.285 12,365 7.805 470 —
BB Cumulative Total Annual

Repayments* less
Gains £ 2,440 8,280 16,960 26,765 38.050 50,415 58,220 58,690 55.032 46,134 29,906

♦The actual amounts to be repaid annually after Expenditure over Entire Development
year 6 are those shown plus the deductions Period Item T Xl 460 7II
made for gains. Total Development Expenditure

Total Heat Supply over (including Item BB for Year 11) /;i.499>6l7
Development Period 23,810,000 Therms

Cost per Therm over
Development Period I5'I pence



Appendix D—continued

Detars of annual operating costs 
(excluding capital charges)

6. Borer plant annual operating costs

Item

Phase I Phase 2 Phase 3 Phase 4

year i year 2 Years year 4 Year 5 year 6 year 7 year 8 year 9
year 10 
& Sub. 
sequent 
Years

I Heat Demand Per Annum
Gross Therms Generated 305,000 939,000 1,586,000 2,054,000 2,529,000 2,994,000 3,460,000 3,734.000 4,005,000 i,2j8,000

2 Fuel z; z: £ £ £ £ £
Grade: Northumberland Washed

Singles
Calorific Value :12,9OO Btu/lb. 7.550 23,200 39,300 50,800 62,500 74.000 85,500 92,000 99,000 106,000

3

Purchase Price: iios. 9d. per Ton
Boiler Efficiency: 8o%
Electricity
North Eastern Electricity Board 640 1,950 3,300 4,270 5.270 6,240 7,220 7,800 8,340 8,930

4
Tariff M 
Water 50 10 40 20 40 30 30 40 40 40

5 Wages and Wages Charges 3,900 3,900 3,900 3.900 5,500 5,500 5,500 5,500 5.500 5,500
6 Maintenance 1,044 1,550 2,080 2,440 3,620 4,000 4.380 4.580 4,800 5,000
1 Rates 2,400 2,400 3,225 3,225 4,680 4,680 4,680 5,100 5,100 5.100
8 Insurance 800 800 1,075 1,075 1,560 1.560 1,560 1,700 1,700 1,700
9 Administration 50 100 150 200 250 300 350 400 450 500

Total Aimual Operating 
Costs 16,434 33,910 53,070 65,930 83,420 96,310 109,220 117,120 124,930 132,770



*00

7. Transmission mains annual operating costs

Appendix D—continued

Item
No.

Phase 1 Phase 2 Phase 3 Phase 4

Year i Tear 2 Year 3 Year 4 Year s Year 6 Tear q Year 8 Year 9
Year lo 
& Sub­
sequent 
Years

10 
II 
12

Maintenance
Insurance
Administration

£ 
870 
354 
820

937
687

2,100

£ 
1,022 
I,III 
4,100

£ 
1,077 
^,3^7 
5.500

£
1.125
1.629
6,900

£ 
l,t97 
1.989 
8.300

£
1,228
2,142
9,700

£
1.264
2.323

10,400

z
1.293 
2,465 

11,150

£
1,314
2.573

11,900

Total Annual Operating 
Costs 2.044 3.724 6.233 7.964 9.654 11,486 13.070 13,987 14,908 15.787

NOTE: The costs for Adminstration include the Heat Metering Service.



Appendix £
Schedule op estimated electrical loading and duties for a district heating boiler 

PLANT, FINAL STAGE

Item
No. Equipment

i-Phase 
Circuits 
Amps/ 
Phase

1-Phase Circuits 
Amps/Phase Hours/ 

Day
Daysl 
Year

Hours/ 
Year

Red Yellow Blue

I 
2 
3 
4 
5 
6 
7 
8

9
JO 
II 
12 
13 
14 
15 
16 
JI

Winter Pump No. i
Winter Pump No. 2
Summer Pump
Summer Boiler
Winter Boiler No. i
Winter Boiler No. 2
Winter Boiler No. 3
Oil Pump No. I
Oil Pump No. 2
Oil Line Heater
Oil Tank No. i Heater
Oil Tank No. 2 Heater
Instruments
Lighting
Sockets
Pipe Tracing
Spare

39
39
7
3
7
7
7
3
3

60

1 
1 

1 
J? 

1 r 
1 

1 
t 

1 
1 

?? 
1 

1 
1

J2-S

12-5

25

15

22

17
. 17

17
17
17
17
17
17 

Stand 
by

I
I
I

17
17
17
17

2J0 
2J0 
I5S 
15s 
210 
210 
210 
365

365 
365 
36s 
365 
365 
365 
365

3.570
3,570
2,635
2,635
3,570
3,570
3,570
6,205

365
365
365

6,205
6,205
6,205
6,205

TOTAL 175 16 85 87

Less item Nos. 3 and 4 
(Summer Duty only) 
and item No. 9 (stand­
by duty only) 13 12-5 —

162 72-5 87

Max Amps/Phase 162+87=249

Stage I Stage II Stage III Final Stage

Item 3 Item I Item I Item I Item 12
„ 4 .. 3 .. 3 2 „ 13
„ 8 ,. 4 .. 4 .. 3 .. 14
»» .. 5 .. 5 ., 4 .. 15
»» II 6 ., 8 .. 5 ,. 16
» 12 .. 10 .. 10 .. 6
„ 13 .. 11 „ II .. 7
.. 14 »» 12 12 ., 8

15 ., 13 ,. 13 ,. 9
16 .. 14 .. 14 „ 10

15 ,. 15 ., II
„ 16 .. 16
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Appendix F

Summary of items of incidental builders work

(Some items are alternatives to others)

bricklayers: Substations, calorifier and tank chambers, fuel bunkers, 
horizontal and vertical boiler flues and chimneys, supports for fuel and water 
tanks and calorifiers. Ducts and chases for pipework. Ducting for ventilation.

CONcreter: Substations, calorifier and tank chambers, fuel bunkers, hori­
zontal and vertical boiler flues and chimneys, bases for boilers, pumps, fans, 
tanks and calorifiers. Underground pipe conduits, valve and expansion 
chambers. Ducts and chases for pipework. Ducting for ventilation.

painter: Painting of boilers, fans, pumps, fuel and water tanks. Thermal 
insulation. Radiator and other heaters. Pipes and fittings. Air ducts. Clips, 
stays, hangers, brackets and other engineers’ metalwork normally finished 
with paintwork.

plumber: Cold water supply to feed and expansion tanks, storage calorifiers, 
air washers. Connections to sanitary fittings from hot water supply systems.

GAS fitter: Gas supply for ignition of oil burners when required.
plasterer: Finish over embedded warming panels in ceiling, walls and other 

structures with plaster to specified requirements.
TILER, MARBLER AND FLOORER: Finish over interposed warming panels with 

tiling, marble, terrazzo or wood blocks to specified requirements.
carpenter: Provision of casings for pipes, deflector shelves for radiators. 

Insulating casings for feed and expansion tanks in exposed positions. Boxes 
and access covers to concealed regulating valves. Hardwood frames for 
propeller fans, ventilating grilles, louvres and registers.

insulator: Insulation of feed and expansion tanks in exposed positions, flat 
roofs above ceiling warming panels, inside face of external wall surfaces 
behind warming panels, and pitched roofs and walls when necessary.

electrician: (Other than for main plant.) Wiring up of switchgrear and 
motors for circulating pumps and fans. Forced draught convectors. Tem­
perature compensators. Motorised valves, hour meters, heat meters, 
thermostats and time switches. Remote temperature indicators. Telephones.

general : Formation, or cutting away and making good, of openings in walls, 
floors and roof for passage of pipes and air ducts. Cutting away for and 
building in supports, stays and brackets for heaters, radiant panels, piping, 
ducting, and other sundry items of equipment. Provision and fitting of 
rebated frames and cover plates for trenches, sumps and manholes for 
underground chambers. Sweeping and soot doors and dampers in flues. 
Air intake and discharge louvres. Water, heat and electricity for testing.
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Appendix G

Pakticulaks of welder’s qualefication tests as covered by insurance 
company’s report

Location of Site: New Town Centre. Blankshire.

Description of Plant: District heating underground transmission mains. 
Phase I.

Contractor: Universal Tube Erectors Co. Ltd.

Welder’s Name and
Identification Mark: L. 0. Fusewell, Mark K.

Description of Material: Mild steel pipe to BSS So6 C, i2| in and 6| in o/d 
and J in wall thickness. Two pipe lengths of each 
size were prepared on ends with correct angle 
and root face, and tacked together with correct 
welding gap.

Welding commenced with each specimen fixed at 
an angle of 45°.

The 6| in o/d specimen was completed, then the 
I2|ino/d.

No preheating applied.
Electrodes used—Multiweld, in and in dia

with current of 94 and 120 amp de.
Description of 
examination and test: On completion of each specimen, the welding was 

examined and found visually satisfactory. No 
heat treatment was applied after welding.

Four strips were then cut down the 6j in specimen, 
fin width, and crossing the weld. Also four 
strips were cut down the i2| in specimen, J in 
width, and crossing the weld.

AU eight strips were rounded lightly on edges, and 
the weld on surface smoothed off.

All eight strips were then bent fully round a former 
1 in dia, in each case with the weld against the 
former, inner surface in tension.

A macro-etch was prepared on side of one strip 
from each specimen, at weld.
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Remarks: The weld of each strip from both specimens proved 
satisfactory on bending, no undue defect 
appearing.

The macro-etch of the weld of the two strips, 
showed the welds to be soimd with good fusion.

The welding of above two specimens is satisfactory 
and it is in order for this welder to proceed on 
this class of work.

Date of examination: 7/6/65.

Inspector: R. A. Stickler,

Countersigned: F. L. Wright.
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Appendix H
Testing of welded pipe joints and flanges

Selected welders only with long and proved experience in pipe welding shall be 
employed and each welder shall, before commencing work on site, satisfy the 
engineer as to his abihty to weld to the required standard. The welder will be 
required to weld together two short lengths of pipe of at least three represen­
tative diameters, and fixed in such a manner as to simulate the average and the 
worst conditions under which the welder will have to work.

From these specimens three samples shall be cut, the width being approxi­
mately equal to the thickness of the pipe wall, and cut from the top, bottom and 
side of the specimen weld. The samples should have the internal and external 
surfaces ground flush with the internal and external surfaces of the pipe; 
comers to be radiused to in. The samples shall then be bent to an angle of 
90° with the inner pipe surface in tension (i.e. a reverse bend test) round a former 
whose diameter is equal to three times the wall thickness of the pipe. Each of 
the samples are to bend to 90° without signs of cracks or failure. Slight pre­
mature cracks or failure at the edges of the sample are not necessarily to be 
considered as a cause for rejection.

If the reverse bend acceptance test does not reach the required standard, two 
further weld specimens shall be prepared by the same welder. If neither of these 
welds reach the required standard, the welder will be unacceptable and the Con­
tractor shall immediately supply another welder for the acceptance tests.

Check tests by representative sample on 2% of all pipe welds shall be carried 
out generally as above, but welds may be called for to be cut out of the pipe 
line at the Engineer’s discretion. In doubtful cases, where good results are not 
obtained from any one sample test piece, reverse bend tests should be made on 
samples from the same weld adjacent to the doubtful sample.

If the reverse bend test does not reach the required standard, two further 
welds made by the same welder shall be prepared or cut out and treated in the 
same way. If either of these two welds does not also reach the required standard 
the cutting out of all welds made by the same welder may be required subject 
to the Engineer’s decision, and the welder shall be taken off the work.

A welder who has failed either acceptance or check test may be re-submitted 
for testing after suitable training, on the Contractor’s assurance that he stands 
a reasonable chance of passing the test.
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Appendix I
The Pimlico district heating undertaking

The Undertaking, which is owned and operated by the Westminster City 
Council, was originally planned to serve Churchill Gardens, an Estate of 33 
acres on the north bank of the Thames. As the scheme developed other buildings 
were supplied including Russell House, a 9-storey block of 74 flats which had 
been in existence for some years; Dolphin Square, which is reputed to be the 
largest single block of flats in the world, and Abbots Manor, a new housing 
estate near Victoria Station. The connection of Dolphin Square to the 
system was a valuable acquisition for the undertaking at a time when con­
sumers were few during the early stages of development. The scheme, when 
completed, wfll supply over 3,000 dwellings and other buildings serving about 
10,000 people.

As this was to be the first thermal-electric district heating scheme in the 
country to serve residential estates, it was decided to provide a standard of 
space heating and hot water supply that would be sure to satisfy all the reason­
able needs of the majority of consumers. Where necessary, equipment has been 
duplicated to ensure continuity of operation. Operational records of the past 
15 years have confirmed that the service more than fulfils aU the normal 
demands of the consumers, and the Council is to be highly commended for 
their foresight in providing a heat service that today is still unequalled elsewhere 
in the country.

In each dwelling a temperature of 65°F is provided in the living rooms and 
6o°F in the bedrooms, and these temperatures can be maintained when the 
outside temperature is at or below freezing point. Some dwellings are also 
provided with radiators in the dining-kitchens and entrance halls. The heat 
supply is turned on at 6 a.m. and shut off at about ii p.m. During the night 
the air temperature in the dwellings falls only a few degrees because of the 
good standard of insulation provided for the building structure.

A continuous and unlimited supply of hot water is provided for the kitchens 
and bathrooms, the latter being fitted with a heated towel rad. The linen 
cupboards are also heated. Hot water is also supphed to the common laundries 
in the basement of some of the larger blocks of flats. The consumption of hot 
water at I3O°F averages out at 15-20 gallons for each person every day. For 
the total heat and hot water service the tenant pays a weekly charge ranging 
from 7s. od. to 20s. 6d. according to the size of the dwelling occupied.

To provide the heat required at PinJico for the services given, exhaust 
steam from two small turbines in Battersea Power Station is used. Heat in the 
steam is transferred to water and this is circulated between the Power Station 
and a Substation, on the other side of the Thames, and from there to the
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DISTRICT HEATING

consumers. The output of the two turbines represents an inhnitesimal pro­
portion of the total generating capacity of the Power Station.

The system has been in successful operation without any interruption for 
15 years and during this period consistent results have been obtained showing 
that the designed quantities of heat and electricity have been obtained with an 
overall thermal efficiency of more than 80%. It has been estabhshed that the 
heat sent out in the form of electricity is almost exactly 17% of the heat 
dehvered for heating purposes. The transmission and distribution efficiency is 
over 95%.

To conduct the hot water to the north side of the Thames a tunnel, that has 
existed for many years under the bed of the river and which belongs to the 
Metropolitan Water Board, is used for the transmission mains. Before these 
were installed the tunnel was a damp and dreary place with its array of stalactites 
stretching from end to end. The only sound audible was the occasional drone 
of ships’ propellers overhead. Today the tunnel is dry, warm, well ventilated 
and lit, and served by telephone.

It is possible to walk beside the hot water transmission mains all the way 
from Battersea on the south to the Substation at PinJico on the north side of 
the river. From the north end of the old tunnel under the river a new one 
continues below Grosvenor Road and through the old Belgrave Dock to the 
Substation. Here the operators control the quantities and temperatures of the 
outgoing water to the consumers, and regulate the space heating in each 
building separately by remotely controlled valves, when the heat is not 
required in fuU. Numerous instruments, signal hghts, and visual and audible 
alarms are provided to assist the operators in their duties, and to give warning 
of emergency conditions should they occur in the under-river tunnel; the 
Substation, or in the accumulator. The instruments include recorders to show 
the temperature at any time of day or night in a number of hving rooms in the 
dwellings. By this means the operators are able to control the heat supply to 
the dwellings according to the air temperatures prevailing generally throughout 
the buildings.

The glass encased heat accumulator at the Substation near AU Saints Church 
in Grosvenor Road (also suppUed with heat from the system) is a vessel 29 ft 
dia and 128 ft high, holding nearly 500,000 gaUons. It is insulated with cork 
3 in thick. The use of the heat accumulator is essential to the economy of a 
combined heat-electric system, as it serves the important function of enabling 
the heat that is generated according to the demand for electricity to be con­
sumed according to the demand for heat. The accumulator is charged auto- 
maticaUy when the supply of heat from the Power Station exceeds the demand; 
it is discharged automatically when the supply is insufficient for the demand 
and the balance has to be taken from the storage.
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Engineering a district heating project of the kind at Pimlico is not without 
its difficulties, both administrative and technical, as is only to be expected with 
a prototype scheme. To carry it into effect it was necessary to obtain special 
statutory powers, which were granted by ParUament in the London County 
Council {General Powers) Act, 194.7. The scheme provoked opposition from 
suppliers of heat as well as criticism from Government Departments, and to 
meet these the powers granted to the Westminster City Council were sub­
jected to certain restrictions. Negotiations were also necessary with more than 
a dozen Ministries, Public Utility Boards, and other Authorities, including the 
Port of London Authority, in order to smooth the way for this new venture.

It was not always easy to find space for routing the underground mains with­
out first removing a certain amount of impedimenta such as large blocks of 
concrete, old service mains, disused petrol storage tanks and the footings of 
brick walls. Evasive action was also necessary for water and gas mains, sewers, 
electrical transmission mains and telephone lines. Occasionally it was necessary 
for the hot water mains to pass through existing basements, and when these 
were occupied this necessitated securing way leaves. Sometimes streets had to be 
closed and traffic diverted by arrangement with the Commissioner of PoUce.

On the 20th February, 1951 the heat supply was turned on to the 104 
dweUings comprising Chaucer House, the first block to be completed of over 
40 eventually built. The opening ceremony took place in July, 1951, when the 
estate was officially named ‘Churchill Gardens’ in honour of and as a tribute to 
the (then) Prime Minister. In September, 1951 Dolphin Square was connected 
up, and a year later Russell House also.

Associated as it is with the illustrious name of Sir Winston Churchill it is 
apposite that the district heating system has itself proved to be of outstanding 
service to the community in its own way: it has reduced atmospheric pollution, 
saved fuel and labour, provided a cheap supply of heat and safer and better 
living conditions generally. Because of these and other features the scheme has 
aroused world-wide interest, and has been examined by many visitors from 
abroad including delegates from the Soviet Union, a country that has for many 
years been a user of district heating.

♦ ♦ ♦

The author was one of the engineers responsible for the design and installing 
of the Pimlico System during its development over the past 20 years.
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Summary of principal planning requirements

The information given below serves to indicate the more important matters 
to be considered under the different headings applicable to the planning of 

a project.
DESIGN. To formulate a comprehensive design necessitates consideration of 
the following items to ensure satisfactory operation of the scheme.

1 General
(a) Extent of service desired, i.e. supplies to residential, commercial 

and industrial buildings.
(b) Method of heat production.
(c) Balancing of supply and demand.
(d) Siting and arrangement of central and sub-station plant.
(e) Routing, accommodation and insulation of transmission mains.
(f) Method of measuring heat supply.
(g) Compliance with Regulations and Acts.

2 Thermal Capacity
(a) Space heating and hot tap water temperatures required.
(b) Process heat required.
(c) Maximum hourly heat demand with diversity allowance.
(d) Annual heat demand with adventitious heat allowance.
(e) Heat storage.
(f) Fuel storage.

3 Operational
(a) Class of fuel.
(b) Steam or water pressure and temperature conditions.
(c) Circulating pressure loss in transmission network.
(d) Pressurisation method.
(e) Chimney area and height.
(f) Automatic controls, signals and alarms.
(g) Indicating and recording instruments.

4 Reliability
(a) Compliance with British and other Standards.
(b) Duplicate plant including heat exchangers and pumps.
(c) Accessibility for inspection and maintenance.
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(d) Spare parts stock.
(e) Water treatment.
(f) Leak detection.
(g) Servicing agreements.

5 Costs
(a) Capital expenditure for buildings and plant.
(b) Phasing of capital expenditure according to development rate 

of project.
(c) Repayment of loans according to term and interest rate.
(d) Fuel, electricity, gas and water purchase prices and bringing in 

supply.
(e) Attendance on plant and maintenance.
(f) Rates and insurance.
(g) Administration.
(h) Charges for heat supply during development and on completion.

SPECIFICATION. This should state clearly what is required and be in accordance 
with the best practice and the most economic standards available. It should 
ensure comphance with these two requirements without possibility of evasion.

1 Conditions of Contract
(a) Direct or sub-contract.
(b) Form of general conditions to be used.
(c) Inclusion of Forms of Agreement and Guarantee.
(d) Variations necessary to general conditions.

2 General Clauses
(a) General particulars of work.
(b) Work excluded from contract.
(c) Miscellaneous.
(d) Prices and payments.
(e) Labour.
(f) Manufacture and design.
(g) Work on site.

3 Plant Clauses
(a) Main plant including boilers and firing equipment with controls, 

fuel storage tanks and hoppers with conveyors. Turbo-alter­
nators, condensers, heat exchangers, drain coolers, feed heaters. 
Heat accumulators, pumps, water treatment plant and all 
necessary switchgear and cabling.
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(b) Instrument panel with instruments and signal lamps and all 
associated piping and wiring.

(c) Tube and fittings including expansion bellows, anchorages, 
isolating, air and drain valves.

(d) Insulation of boilers, heat exchangers, accumulators and trans­
mission mains.

(e) Automatic controls.
(f) Electrical installation for items (a), (b) and (e).

4 Appendices
(a) Quantitative particulars of plant.
(b) Dates of readiness for delivery and completion of contract work.
(c) Names of manufacturers of plant to be supplied and alternative 

makes proposed by tenderer.
(d) General particulars and guarantees to be given by tenderer.
(e) Drawings accompanying specification.
(f) Inspection and tests.
(g) Summary of prices, prices for measured work at schedule rates 

and schedule of basic rates.

DRAWINGS. These form part of the contract documents to supplement the 
specified requirements.
1 Schematic plans and diagrams

(a) Site plan showing position of central plant, sub-stations and route 
of transmission network indicating phases of development.

(b) Schematic diagram of automatic controls.
(c) Wiring diagram of electrical installation.

2 General arrangement drawings
(a) Layout of central and sub-station plant.
(b) Layout of fuel storage.
(c) Layout of instrument panel.

3 Detail drawings
(a) Dimensional drawing of transmission network.
(b) Dimensional drawing of transmission mains, underground 

showing conduit or other method of accommodation.
(c) Typical pipe supports and anchors.

TENDERS. It is necessary for each of these to comply with the specification and 
drawings to ensure that prices are comparable. Alternative proposals by the 
tenderers may be considered.
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I Conditions of tendering
(a) Open or selected tenders.
(b) Negotiated price contract.
(c) Fixed or variable price contract.
(d) Bills of quantities.

3 Deviations (alternative proposals by tenderers)
(a) Schematic arrangement. *
(b) Manufacturers of plant.
(c) Compliance with other standards.

3 Consideration of tenders
(a) Comparison of prices and scheduled particulars.
(b) Prices relationship to current market values.
(c) Examination of any alternative proposals and difference in prices.
(d) Time required for start and completion of work.
(e) Any qualifying statements or reservations accompanying tenders.

ERECTION close supervision of all work is necessary for the following: 
adherence to programme schedules: quality of materials and workmanship 
used; verification of the specified make and sizes of plant and auxiliaries 
installed; compliance with contract drawings; variations to contract; testing 
and commissioning.

I Inspection
(a) General inspection of materials and workmanship at works.
(b) General inspection of materials and workmanship at site.
(c) Special inspection by insurance company of manufacture at works 

and welding on site.

2 Installing
(a) Co-ordination of mechanical, electrical and civil engineering 

work to comply with space allocation and time schedules.
(b) Compliance with specified makes and sizes of plant and auxiliaries.
(c) Compliance with general and detailed particulars shown on 

drawings.
(d) Variations to contract (additions and omissions) and sanction of 

overtime if required.
(e) Certification of interim payments.
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3 Testing
(a) Material tests for compliance with British and other standards.
(b) Hydraulic tests above working pressures.
(c) Heat tests at circulating temperatures.
(d) Circulating pressure control tests.
(e) High voltage tests at twice normal voltage plus i,ooo V.
(f) General performance tests of main plant and auxiharies.

•
4 Commissioning and acceptance of plant

(a) Witnessing acceptance tests.
(b) Trials attendance period of contractor’s and sub-contractor’s 

engineers.
(c) Agreement to taking-over date.
(d) Servicing agreements.
(e) Expiry of maintenance period.
(f) Provision of record drawings of plant as installed.
(g) Provision of operating and maintenance instructions.
(h) Agreement to interim final or final payment.
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Appendix K
CoNVEESioN Tables

Metric equivalents of British Units
The following Tables are reproduced from A GuiJe to Current Practice by permission of the Institution of Heating and Ventilating Engineers.

Degrees Fahrenheit to Degrees Centigrade

Figures in parenthesis represent negative values on the Centigrade Scale

F 0° 1° 3° 4° 5° 6° 7° 8° 9°

°C °C °C °C °C °C °C °C °C °C
0° (17-2) (16-7) (15-6) (u-o) (i4*4) (13*9) (13*3) (12*8)

10° (II-7) (ii-i) ^0-6) (100) (9*4) (8*9) (8*3) (7*8) (7*2)
ao’ {6-7) (l5-l) {5-6} (5-o) (4-4) (3*9) (3*3) (2*8) (2*2) (l*7)
30’ (P-6-) — — — — — — — —

30° — — 0 0*6 I*I 1*7 2-2 2'8 '3-3 3*9
40° 4-4 5-0 5<S 6-1 6-7 7*2 7*8 8'3 8*9 9*4
50° lo-o 10-6 II-I II-7 12*2 12'8 13*3 13*9 14*4 15'0

«o° 15-6 i6-i i6'7 17-2. 17-8 18'3 i8'9 19*4 20*0 20'6
70° 2I-I 21-7 22*2 22-8 233 23*9 24*4 25*0 25'6 26'1
80° 26-7 27-8 28-3 289 29*4 30*0 30'6 311 31*7
90° 32’2 32-8 33-3 33-9 34*4 35*0 35*6 361 36*7 37*2

100° 37-8 38-3 389 39-4 40*0 40'6 41*1 41*7 42*2 42'8

110° 43-3 43-9 44-4 45-0 45*<S 46-1 46-7 47*2 47*8 48'3
120° 48-9 49-4 50*0 50-6 511 51*7 52-2 52'8 53*3 53*9
130’ 54-4 55-0 55-6 56-1 36*7 57*2 58*7 58*3 589 59*4
140° 6o-o 6o-6 6i*i 61-7 62-2 62'8 64*3 63'9 644 65-0
150° 65-6 66-1 66•^ 67-2, 6Ti 68'3 68'9 69-4 70*0 70'6

160° 7I-I 71-7 72-8 7i-i 73*9 74*4 75*0 75*6 76-1
170® 76-7 77-2 77-'& 78-3 78*9 79*4 80'0 80'6 8l'I 81'7
180° 82-2 82-8 83'3 83-9 84*4 85-0 85-6 86'1 86'7 87-2
190° 87-8 88-3 88-9 89-4 90*0 90'6 91'1 91'7 92*2 92'8
200° 93-3 93’9 94-4 95-0 95*6 96'1 96'7 97*2 97*8 98-3



F 0° 1° 2° 3° 4’ 5° 6° 7° 8° 9°

210° 98-9 99-4 100-0 100-6 lOI-I IOI-7 102*2 102'8 103-3 103-9
220° 104-4 105*0 105-6 106-1 106-7 107*2 107-8 io8'3 108-9 109-4
230® IIO’O 110-6 III-I lli*7 112*2 112-8 113-3 113-9 114-4 115*0
240° 115-6 II6-I 116-7 117*2 117-8 118-3 118'9 119-4 120*0 120-6
250° I2I‘I 121*7 122-2 122-8 123-3 123-9 124-4 125*0 125-6 126-1

260° 126-7 127*2 127-8 128-3 128-9 129-4 130*0 130-6 131-1 131-7
270° 132-2 132-8 133-3 133-9 134-4 135-0 135-6 136-1 136-7 137-2
280° 137-8 138-3 138-9 139-4 140-0 140-6 141*1 141-7 142*2 142-8

290° 143-3 143-9 144-5 145-0 145-6 146-1 146-7 147-2 147-8 148-3
300° 148-9 149-4 150-0 150-6 151-1 151-7 152*2 152-8 153-3 153-9

310° 154-4 155-0 155-6 156-1 156-7 157-2 157-8 158-3 158-9 159-4
320° 160-0 160-6 16I-I 161-7 162-2 162-8 163-3 163-9 164-4 165-0

330'’ 165-6 I66-I 166-7 167-2 167-8 168-3 168'9 169-4 170*0 170-6

340® 171-1 I7I-7 172-2 172-8 173-2 173-9 174-4 175-0 175-6 176-1

350° 176-7 177-2 177-8 178-3 178-9 179-4 180-0 i80'6 181-1 181-7

360° 182-2 182-8 183-3 183-9 184-4 185-0 185-6 186-1 186'7 187-2

370® 187-8 i88-3 188-9 189-4 190-0 190-6 191*1 191-7 192*2 192-8
380° 193-3 193-9 194-4 195-0 195-6 196-1 196-7 197-2 197-8 198-3
390® 198-9 199-4 200-0 200-6 201*1 201*7 202*2 202-8 203-3 203-9
400° 204*4 205*0 205-6 206-1 206-7 207-2 207-8 208-3 208'9 209*4

410° 210*0 210-6 2II*I 211*7 212*2 212-8 213-3 213-9 214-4 215*0
420° 215-6 216-1 216-7 217-2 217-8 218-3 218'9 219'4 220*0 220-6
430° 221*1 221*7 222*2 222-8 223-3 223-9 224*4 225*0 225-6 226-1
440® 226-7 227-2 227-8 228-3 228-9 229-4 230-0 230-6 231*1 231-7
450° 232-2 232-8 233-3 233-9 234-4 235-0 23 5-IS 236-1 236-7 237-2

460° 237-8 238-3 238-9 239-4 240*0 240-6 ^1-1 241-7 242*2 242-8
470° 243-3 243-9 244-4 245-0 245-5 246-1 246-7 247-2 247-8 248-3
480° 248-9 249-4 250*0 250-6 251*1 251-7 252*2 252-8 253-3 253-9
490° 254-4 255-0 255-6 256-1 256-7 257-2 257-8 258-3 258-9 259-4

F=(Cxl-8)+32



Feet and Inches to Metres

In.

Li156 0123456789 10 II

mmmmmmniinmmmni
0 — 0-0254 0-0508 0-0762 0-I0I6 0-1270 0-1524 0-1778^1 0-2032 0-2286 0-2540 0-2794

I 0-3048 0-3302 0-3556 0-3810 0-4064 0-4318 0-4572 0-4826 0-5080 0-5334 0-5588 0-5842
2 0-6096 0-6350 0-6604 0-6858 0-7112 0-7366 0-7620 0-7874 0-8128 0-8382 0-8636 0-8890
3 0-9144 0-9398 0-9652 0-9906 1-0160 1-0414 1-0668 1-0922 1-1176 1-1430 1-1684 1-1938
4 1-2192 1-2446 1-2700 1-2954 1-3208 1-3462 1-3716 1-3970 1-4224 1-4478 1-4732 1-4986
5 1-5240 1-5494 1’5748 1-6002 1-6256 1-6510 1-6764 1-7018 1-7272 1-7526 1-7780 1-8034

6 1-8288 1-8542 1-8796 1-9050 1-9304 1-9558 1-9812 2-0066 2-0320 2-0574 2-0828 2-1082
7 2-1336 2-1590 2-1844 2-2098 2-2352 2-2606 2-2860 2-3114 2-3368 2-3622 2-3876 2-4130
8 2-4384 2-4638 2-4992 2-5146 2-5400 2-5654 2-5908 2-6162 2-6416 2-6670 2-6924 2-7178
9 2-7432 2-7686 2-7940 2-8194 2-8448 2-8702 2-8956 2-9210 2-9464 2-9718 2-9972 3-0226

10 3-0480 3-0734 3-0988 3-1242 3-1496 3-1750 3’2004 32258 3’2512 3’2766 3-3020 3’3274

II 3’3528 3’3782 3’4036 3’4290 3’4544 3’4798 3’5052 3’53o6 3'5560 3’58i4 3’6o68 3’6322
12 3-6576 3-6830 3-7084 3’7338 3’7592 3-7846 3’8ioo 3’8354 3’86o8 3-8862 3-9116 3-9370
13 3-9624 3-9878 4-0132 4-0386 4-0640 4-0894 4-1148 4-1402 4-1646 4-1910 4-2164 4-2418
14 4-2672 4-2926 4-3180 4-3434 4-3688 4-3942 4-4196 4-4450 4-4704 4-4958 4-5212 4-5466
15 4-5720 4-5974 4-6228 4-6482 4-6736 4-6990 4-7244 4-7498 4’7752 4-8006 4-8260 4-8514

16 4-8768 4-9022 4-9276 4-9530 4-97S4 5-0038 5-0292 5-0546 5-0800 5-1054 5-1308 5’1562
17 5-1816 5-2070 5’2324 5’2578 5’2832 5’3o86 5’3340 5’3594 5’3848 5’4IO2 5’4356 5’46io
18 5-4864 5-5118 5-5372 5-5626 5-5880 5-6134 6-6388 5-6642 5-6896 5-7150 5-7404 5-7658
X9 5-7912 5-8166 5-8420 5-8674 5-8928 5-9182 5-9436 5-9690 5-9944 6-0198 6-0452 6-0706
20 6-0960 6-1214 6-1468 6-1722 6-1976 6-2230 6-2484 6-2738 6-2992 6-3246 6-3500 6-3754

30 9-1440 9-1694 9-1948 9-2202 9-2456 9-2710 9-2964 9-3218 9-3472 9-3726 9-3980 9-4234
40 12-1920 12-2174 12-2428 12-2628 12-2936 12-3190 12-3444 12-3698 12-3952 12-4206 12-4460 12-4714
50 15-2400 15-2654 15-2908 15-3162 15-3416 15-3670 15-3924 15-4178 15-4432 15-4686 15-4940 15-5194
60 18-2880 18-3134 18-3388 18-3642 18-3896 18-4150 18-4404 18-4658 18-4912 18-5166 18-5420 18-5674
70 21-3360 21-3614 21-3868 21-4122 21-4376 21-4630 21-4884 21-5138 21-5392 21-5646 21-5900 21-6154

80 24-3840 24-4094 24-4348 24-4602 24-4856 42-5110 24-5364 24-5618 24-5872 24-6126 24-6380 24-6634
90 27-4320 27-4574 27-4828 27-5082 27-5336 27-5590 27-5844 27-6098 27-6352 27-6606 27-6860 27-7114
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British Thermal Units to Kilocalories

Btu 0 100 200 300 400 500 600 700 800 900

kcal kcal kcal kcal kcal kcal kcal kcal kcal kcal
0 25-2 50-4 75-6 100-8 126-0 151-2 176-4 201-6 226-8

1,000 252 277-2 302-4 352-8 378-0 403-2 428-4 453-6 478'8
2,000 504 5292 554-4 604-8 630-0 655-2 680-4 705-6 730-8
3,000 756 781-2 806-4 831-6 856-8 882-0 907-2 932-5 957'6 982-8
4,000 1,008 1,032-2 1,058-4 1,083-7 1,108-8 1.134'0 1,159-2 1,184-4 1,209-6 1,234-8

5,000 1,260 1,285-2 1,301-4 1.335'6 1,360-8 1,386-0 1,411-2 1,436-4 1,461-6 1,486-8
6,000 1,512 1,537-2 1,562-4 1.587-6 1,612-8 1,638-0 1,663-2 1,688-4 1,713-6 1,738-8
7,000 1.764 1,789-2 1,814-4 1.839-6 1,864-8 1,890-0 1,915-2 1,940-4 1.965-6 1,990-8
8,000 2,016 2,041-2 2,066-4 2,091-6 2,116-8 2,142-0 2,167-2 2,192-4 2,217-6 2,242-8
9,000 2,268 2,293-8 2,318-4 2,343-6 2,368-8 2,394'0 2,419*2 2.444'4 2 469-8 2,494'8

Gallons to Litres

gal- 0 I 2 3 4 5 6 7 8 9

1 1 1 1 1 1 1 1 1 1
0 4-546 9-092 13-638 18-184 22*730 27-276 31-822 36-368 40-914

10 45-460 50-006 54'552 59-098 63-643 68-189 72-735 77-281 81-827 86-373
20 90-919 95-465 lOO-OII 104'557 IO9-IO3 113-649 118-195 I22-74I 127-287 131-833
30 136-379 140-925 145-471 150-017 154-563 159-109 163-655 168-201 172-747 177-293
40 181-839 186-384 190-930 195-476 200-022 204-568 209*114 213-660 218-206 222*752

50 227-298 231-844 236-390 240-936 245-482 250-028 254'574 259*120 263*666 268-212
60 272-758 277-304 281-850 286-396 290-942 295-488 300-034 304-580 309-125 313-671

70 318-217 322-763 327-309 331-855 336-401 340'947 345'493 350039 354-585 359-131
80 363-677 368-223 372-769 377-315 381-861 386-407 390'953 395'499 400-045 404-591
90 409-137 413-683 418-229 422-775 427-321 431-866 436-412 440-958 445'504 450-050



Pounds to Kilogrammes

oo lb 0 I 2 3 4 5 6 7 8 9

kg kg kg kg kg kg kg kg kg kg
0 — 0-4535 0-9071 1-3607 1-8143 2-2679 2-7215 3-1751 3-6287 4-0823

10 4-5359 4-9895 5-4431 5-8967 6-3503 6-8039 7-2574 7-7110 8-1646 8-6182
20 9-0718 9-5254 9-9790 10-4326 10-8862 11-3398 11-7934 12-2470 12-7006 13-1542
30 13-6078 14-0614 14-5150 14-9686 15-4222 15-8757 16-3293 16-7829 17-2365 17-6901
40 18-1437 18-5973 19-0509 19-5045 19-9581 20-4117 20-8653 21-3189 21-7725 22-2260

50 22-6796 23-1332 23-5868 24-0404 24-4940 24-9476 25-4012 25-8548 26-3084 26-7620
6o 27-2155 27-6691 28-1227 28-5763 29-0299 29-4835 29-9371 30-3907 30-8443 31-2978
70 31-7514 32’2O5I 32-6587 33’1122 33-5658 34-0194 34-4730 34-9266 35-3802 35-8338
8o 36-2874 36-7410 37-1946 37-6482 38-1018 38-5554 39-0090 39-4626 39-9162 40-3697
90 40-8233 41-2769 41-7305 42-1841 42-6377 43-0913 43-5449 43-9985 44-4521 44-9057

Pounds per Square Inch to Kilogrammes per Square Centimetre

Ib/in’ 0 1 2 3 4 5 6 7 8 9

kg/cm* kg/cm’ kg/cm’ kg/cm* kg/cm’ kg/cm* kg/cm’ kg/cm’ kg/cm* kg/cm*
0 0-07031 0-14061 0-21092 0-28123 0-35154 0-42184 0-49215 0-56246 0-63276

10 0-70307 0-77338 0-84369 0-91399 0-98430 1-05461 1-12491 I-I9522 1-26553 1-33583
20 1-40614 1-47645 1-54676 1-61706 1-68737 1-75768 1-82798 1-89829 1-96860 2-03891
30 2-10921 2-17952 2-24983 2-32013 2-39044 2-46075 2-53106 2-60136 2-67167 2-74198
40 2-81228 2-88259 2-95290 3-02320 3-09351 3-16382 3-23413 3-30443 3-37474 3-44505

50 3-51535 3-58566 3-65597 3-72628 3-79658 3-86689 3-93720 4-00750 4-07781 4-14812
60 4-21483 4-28873 4-35904 4-42935 4-49965 4-56996 4-64027 4-71058 4-78088 4-85119
70 4-92150 4-99180 5-06211 5-13242 5-20272 5-27303 5-34334 5-41365 5-48395 5-55426
80 5-62457 5-69487 5-76518 5-83549 5-90580 5-97610 6-04641 6-11672 6-18702 6-25733
90 6-32764 6-39795 6-46825 6-53856 6-60887 6-67917 6-74948 6-81979 6-89010 6-96040



INDEX
Accumulators 63, 65, 66, 146
Acoustical treatment 104
Administration 77
Adventitious heat gains 128-29
Air conditioning of office building 52
Air diffusers 51
Air temperature 24, 25
Amortisation 76
Anchorages 42
Annual loan repayments 134
Artificial pressurisation 34
Automatic control See Control of heat 

supply

Back pressure turbines 67 
Background warmth 47, 53 
Bacterial contamination 109 
Bath Spa 114 See Frontispiece 
Battersea Power Station 4, 5 
Billingham New Town centre 5, 72 
Bills of quantities 112-13 
Block rate charges 100 
Block rate tariff loi 
Boiler design 70-71
Boiler house requirements 104 
Boiler plant 66, 70, 71—73, 104 
Building units 114 
By-product 58

Calorifier 89
Capital cost See Costs
Central station, layout of 73

location of 104-05
situation of 70

Charges 10
apportionment between residential and 

non-residential consumers 98
average 96
development 96
fixed 99
for heat supply 95-103
methods of 15, 16, 99-100
per therm 95
revision of scale of loi
standing 75, 93, 98, 103
to residential and non-residential con­

sumers 100
weekly 102-03

Chimneys 105-07
Circulating head 34-35
Circulating pumps 38, 39
Civil engineering work 104
Clean Air Act (1^56') 73, 109
Collection of payments 94, lOi
Commercial consumers 27, 28, 37-38
Concrete conduit 45
Condensation 53
Conduction 50, 51
Consumer’s installation 47-56
Contractural procedure 112
Controllers for pressure, volume and 

temperature 37-38
Convection 50
Conversion tables 154-58
Corrosion 109
Control of heat supply 9, 10, 14-21, 47

accuracy of 20, 21
arbitrary standards 15 
automatic 20, 21, 48, 83, I16 
automatic equipment 48 
by consumer 16, 19, 95 
by supplier 15, 29 
factors affecting 14 
individual 85
individual automatic 21
methods of 17, 19
programming 15, 21
starting and stopping 49

Costing 10, II, 83
Costs 74-84

annual 74, 83
annual operating 137-38
capital 10, 74, 77, 78, 96, 134

heat transmission 23
comparison of combined heat and 

electricity generation and direct heat 
generation 81

comparison with other methods 76 
factors affecting 7 
fixed 80, 98
fuel 77
heat 7
heat production and transmission 23 
heat supply 17, 76, I35
heat transmission 33, 46, 81, 113
heaters 76
items of 78
measuring devices 16

159
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Costs continued
metering 88
operating 77 <
per therm 74, 96, 99, 117
saving in 6
summary of 149
thermal 7
total annual 75, 78, 80, 96, 135 
unit 18
variable 80, 98
variation in annual 23

Creaking noises 54-55
Curtain-wall construction 53
Cwmbran New Town 40, 41, 66

Daily supply loads 65 
Design requirements 148 
Development charge 96 
Development periods 96 
Development rate 78 
Differential pressure controller 37 
Direct thermal generation 47 
District heating, advantage of 8, ii 

design and operation 5 
development programme 23 
diversity conditions 24 
economic use of 116 
failures in 5 
general considerations 8-13 
general requirements 8-13 
historical evolution 2 
planning requirements ii 
position and prospects iii—19 
promotion and operation iii 
slow development of 119

Diversity factor 24, 25 
Diverting valve 37, 49 
Domestic consumers 29 
Double glazing 25 
Drainage 43
Drawings, requirements for 150 
Ducted warm air 53

Economics of service ii
Efficiency of boiler plant 73 

of generation 60-61 
thermal 82

Elapsed-time counter 86
Electrical engineering work 108
Electrical loading 139
Electricity consumption 78
Electricity generating plant 115
Electricity generation 61
Environmental engineering 50

Equalised flow 37
Equivalent temperature 50
Erection requirements 151
Estimating 74
Evaporative meters 90
Expansion bellows 46
Expansion chamber 45-46
Expansion devices 42
Expenditure, estimated annual 79

Factories Acts no
Farsta 59
Fire risk 83
Fixed price 15
Flat rate 15, 16
Fluorescein dye 109
Fuel, oil 73

solid 71, 73, 104-05
terms of purchase 77

Fuel bunkers 105
Fuel cost 57, 77
Fuel storage 105
Fuel supplies 83
Fynsvaerket system 3

Gas analysis 73
Geothermal heat 114-15 See Frontispiece
Germany 2
Glossary 121
Government buildings in
G.P.O. lines 108

Hazards 116
Heat, purchase of 117
Heat consumption, calculation of 15 

excess 95 
measurement of 85-94

Heat demand 9, 116
analysis of 25
annual 27, 28, 29, 30, 78
assessment of 28
diversity in 26, 113
estimated annual 75
estimation of 27
factors affecting 28
fluctuating 39
increased 70
inequalities in 99 
maximum hourly 24-29 
metered analysis of 31 
sudden rises in 84 
summaries of 29, 30, 31

160
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Heat economy 6l
Heat exchangers 37
Heat gains, adventitious 128-30
Heat generation 57

combined with power generation 57
Heat insulation See Thermal insulation
Heat load 9, 10, 22-31

estimation of 22, 24
factors affecting 24
future requirements 114
increasing the 22

Heat loss 26, 32, 35, 36, 48. 5°. 53. 56. 99 
tests on 26, 132-33

Heat measurement 10 
inferential method of 20, 86

Heat meters 10, 88-94
British Coal Utilisation Research

Association 93
electrical 91
mechanical 91, 92
thermo-electric 93

Heat output 53
Heat production 57-73

control of 70
cost of 23
direct thermal generation 59
from thermal generating plant 58 
independently of electricity generation

58
method of operation 70 
thermal-electric 59

Heat rejected 59
Heat sources 114-15

selection of 11
underground 114

Heat storage 58, 65, 66
Heat supply, appraisal of methods 117-18 

control of See Control of heat supply 
cost of 135

Heat transmission 32-46
capital cost 23
cost of 23, 33, 46, 81, 113 
determination of best system for 32 
economics of 32
effect of heat load 32
equalised flow 37
factors affecting 33
fittings 33
installation standards 43
mains economy 3 5
mains routing and levels 39
mains size 35
mains testing 43
nature of network 9-10
operating pressures and temperatures 33

Heat transmission continued 
pressure loss 36 
sub-stations 32, 33 
transmission media 33 
underground mains 42, 45

Heaters, choice of type of 50
cost of 76
panel type 53
position of 53
skirting panel 51

Heating authority no, III
Hot tap water 17

rationing supply of 18 
requirements 25 
temperature 24, 25

Hot water, as transmitting medium 34 
control of supply 49 
flow meters 94 
system 48, 54-55 
temperatures 34

Hout meter 86-88
Hypothermia 116

Incidental builders work 108, 141
Income ii
Industrial consumers 28, 37-38
Inferential method of heat measurement

20, 86
Ingoing water temperature 19
Inspection 109, 150
Installation requirements 43, 151
Instruments 71, 73
Insulation 24, 25, 56, 114

materials 42, 56
of pipework 45

Insurance 75, 77, 109
Eolating valves 39

Killingworth system 118

Load factor 6, 78
estimation of 27

Loan repayments 136
Local authority iii
Lockport system 2
London County Council (General Powers)

Act(ip49) no, 147

Mains See Heat transmission
Maximum hourly heat demand 24-29
Mean radiant temperature 51
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Measuring devices i8
capital expenditure for i6
See also Heat meters

Meter reading 94, loi
Metering 39, 85

cost of 88
See also Heatmeters

Metering service 86, 93
Mixing device, thermostatically actuated

19
Mixing valve 38, 49
Multi-corrugated bellows 42
Multiple glazing 25

Natural gas 115
Negotiated price 113
Nuclear energy 58

Occupancy period 27
Off-peak periods 66-67
Office building, air conditioning of 52
Offices, Shops and Railway Premises Act

(196^) no
Oil fuel 73
Oil storage tanks 105-106
Outflow water temperature 19

Pass-out steam 66
pH indicator 109
Phasing period of development 22
Pimlico District Heating Undertaking 4, 7, 

II, 63, 64, 145-47
adventitious heat gains 128 

heat loss tests 132-33 
operating results 124-25

Pipe coils, embedded or interposed 51
Pipework 54

concealment of 55-56
corrosion of underground 45
defects in 43
expansion and contraction 54-55 
protection and insulation 45 
testing 43

of welded 144
underground 106
welding of 43

Planning requirements ii, 148-52
Plant commissioning and acceptance of 

requirements 152
Power generation 57
Pre-heating 50
Pre-payment meter 88, 102 
Pressure control 36-38

Pressure head 36,
Pressure loss 36
Price fixing 113
Profit-making 80, 82, 98

Radiant heating 51
Radiant panels 51
Radiation 50, 51
Rates 77
Refuse disposal ii
Restrictive practices 112
Revenue 80

deficit in 96, loi
estimated annual 79

Reykjavik 114
Roadway heating 113
Russia 2

St. Polten system 3
Sale price 80
Scale formation 109
Selective tendering 113
Service connections 37-38
Skirting panel heaters 51
Smoke discharge See Smoke emission
Smoke emission 73,109
Solid fuel 70, 73
Specification requirements 149
Standing charges 75, 93, 98, 103
Statutory powers no
Statutory regulations 119
Statutory requirements 109
Steam generators 33
Steam supplies, control of 48, 49
Steam systems 33—34, 54
Storage heaters for hot tap water 18
Straight thermal generation 58
Sub-stations 32, 33, 108

Tanks, oil storage 105,106
Tariffs 95, 98

block rate 100-01
two-part IO

Telephone lines 108
Temperature control devices 20, 37
Temperature conversion tables 154-55
Temperature gradients 50, 53
Temperature modulation 37-38 
Tenders, requirements for 150-51 
Terrestrial heat 115
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Testing 109
of welded pipe joints and flanges 144
requirements 152

Thermal efficiency 82
Thermal-electric scheme 7
Thermal insulation 24, 25, 56, 114
Thermal Insulation (Industrial Buildings}

Act (1957} no
Thermal power stations 59-61
Thermostatic control 18
Thermostatic control valves 20, 88-89
Thermostatically actuated mixing device

19-20
Time control 49
Time switch 21
Toronto 3
Transmission See Heat transmission
Two-part tariff 10
Two-stage turbines 67

Underground conduits 106, 108
Underground heat sources 114
Underground services 113
Unit cost 18
Unit prices 81

United States 2
Unmetered supply 85

Variable-speed pumps 39
Venting 43
VertictJ temperature gradients 53
Volume control 36-38

Wages 78
Wairakei 114
Warm air systems 51, 52
Water coloration 109
Water flow meter 88-90
Water temperature, ingoing 19

outflow 19
Water treatment 109
Wayleaves 42
Welded pipe joints and flanges, testing of

144
Welder’s qualification tests 142-43
Welding of pipework 43

Zone control 49
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