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Institute 
News 
NO Increase in Annual 
Subscription 
Despite the current inflationary pres- 
sures. Council of the Institute has 
determined to hold the present 
annual subscriptions for a further 12 
months, so that there will be no in- 
crease in the current rates for 1981. 

Chartered Engineers 
We are pleased to record that through 
its  Affiliate Membership of the 
Council of Engineering Institutions. 
the Institute has been able to suc- 
cessfully sponsor the below named 
members for registration a s  
Chartered Engineers. 
Derek Clayton 
Peter Jackson Field 
Douglas E. R. Fox 

Northern Regional 
Health Authority 
Apprentice Awards 
The annual presentation of certifi- 
cates to apprentices who had success- 

fully completed their course of 
training under the NRHA Training 
Scheme took place on 9th October 
1980. when Mr. G. Chetwynd. 
Chairman of the NRHA presented 
certificates to eight apprentices. 

I t  was also the first occasion of the 
presentation of the 'Jack Fletcher 
Awards' to two apprentices. 

The late Jack Fletcher, as memhers 
will recall, frequently submitted 
articles to this magazine specifically 
designed to assist student engineers 
in the development of their careers. 

Following his untimely death, and 
in recognition of the significant con- 
tribution he made to the training of 
Health Service Engineers throughout 
his career, the RHA decided to 
donate an Annual Award to the value 
of E25 to the best all-round apprentice 
selected from those in the Second and 
Third Year of their training. 

In addition, the Works Staff from 
the whole of the Region, decided to  
donate an Annual Award to the value 
of E15 to  the best apprentice on com- 
pletion of his First Year of training. 
The awards to he known a s  the 'Jack 
Fletcher Awards'. 

This year the recipients of these 
awards were: 

Mr. Craig Baxter - Apprentice 
Electrician of the South West 
Durham District Health Authority. 
in his Third Year of training, and 

Mr. Donald Newton - Apprentice 
Electrician, a t  the South Tees 
District Health Authority, on 
completion of his First Year of 
training. 

Mr. Donald Newton 

Both apprentices selected a prize of 
technical hooks and tools and these 
were presented by Mr. Chetwynd. 
Chairman of NRHA. 

Natural Ventilation by 
Design 
Chartered Institute of 
Building Services 
The second CIBS Symposium of the 
1980181 season will he held a t  the 
Building Research Establishment. 
Garston. Watford on 2nd Decemher 
1980. The papers include: 
A review of ventilation requirements; 
Natural ventilation principles; Ven- 
tilation measurement in housing; 
Problems in commercial and indust- 
rial ventilation; Natural ventilation 
in the PSA estate; and Natural ven- 
tilation in the modem hospital. The 
cost i s  $35, hut to  memhers of 
CIBS and students i t  is only E30. 
The fee includes preprints of all six 
papers, coach transfer to and from 
Watford Junction, morning coffee. 
lunch with wine, afternoon tea and 
tour of the wind tunnels and venti- 
lation equipment a t  BRE. 

Assessment of Energy 
Resources 
This is the subject for the Watt 
Committee on Energy Ninth Con- 
sultative Council meeting a t  The 
Institution of Electrical Engineers. 
Savoy Place. London WC2 on 
Tuesday. 2nd Decemher 1980. 

The subject will he presented in an 
Mr. Craig Baxter appropria&ly informative style to he 
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valuable to architects, engineers. 
designers and others. I t  will give an 
appreciation of geological fuels, how 
and where they occur, the estimation 
of quantities in-place and what may 
he recoverable a t  any time. There will 
he dicussion on the accuracy and 
limitations of energy reserve 
estimates. 

After an opening paper on the 
geological constraints of reserves, the 
speakers will discuss the definition of 
energy resources, the techniques 

used in their measurement and the 
extent of the resources thus evalu- 
ated. These subjects will be covered 
under the following headings: 

Geological and other constraints on 
resources - Prof A. J. Smith 

World Oil and Gas - D. C. Ion 
UK oil and Gas - 

Dr. C. Fothergill 
World Coal - J.  E. B. Holtom 
UK Coal - Sir Derek Ezra 
World a n d  UK Nuclear Fuels - 

Dr S. Bowie 

This Open Session of Consultative 
Council is from 10.30 a m .  to 4.30 
pm. ,  and morning coffee is served 
from 10 a m .  The presentations are 
primarily designed for the nominated 
representatives of member institu- 
tions. However, additional institute 
members are admitted a t  the Secre- 
tary's discretion, and anyone 
interested should contact the Watt 
Committee on 01-245 9238 (price 
including full lunch and VAT E24.90 
per person). 

Book Reviews 
International Hospital Vade Mecum 
and English, French and Spanish Glossary 
by Paul Aurousseau 
Publisher: SEDIP/GALULA 49. rue Seruient 690a7LYON - FRANCE 
Tel: (78)71.00.55 
Price: US $55, postage paid, 

The International Hospital Vade 
Mecum is the first work of its kind in 
which the hospital, and hospital life 
are considered, not from a national 
point of view, hut a s  world-wide insti- 
tutions. 

Every country is well acquainted 
with i ts  own hospital organization. 
hut is often baffled a s  soon a s  i t  is a 
question of working outside its from 
tiers. There are, for instance such 
things as requests for information. 
hospital planning and construction. 
study travel, purchasing and selling 
equipment. The object of this direc- 
tory, compiled by a specialist well 
known in the international sphere, is 
essentially to  be of practical daily use 
in these matters. 

There follows the Vade Mecurn - 
a list of the address, telephone and 
telex number of international insti- 
tutions, health ministries, hospital 
federations and associations, hospital 
administration schwls, and hospital 
research institutes, hospital and 
medical journals, hospital directories 
and registers of doctors, research de- 
partments, architectural practices, 
engineers, and other specialists. 

The directory includes lists, nation 
by nation, of the main manufacturers 
of specialised equipment. I t  gives 
import and export organizations and 
the main exhibitions of medical, sur- 
gical and general hospital equipment. 

I t  is intended to revise the volume 
everv three vears. to enable existine 

The work ntarts with three exten. material to be brought up todate. a n i  
sive 1196 pagel vocabularies in the toadd furtherinformstion 
English. French and Spanish 
languages. These three tongues are 
the official languages of the Inter- 
national Hospital Federation and are Energy Education 
used, or understood, in the greater 
part of the world. The expressions Requirements and 
selected are those which are most Availability 
often employed in the everyday voca- 
hlary of the doctor, nurse, admin. This 130 page report presents I the re- 
istrator, planner, architect and engin- sults of surveys carried out by The 
eer. They do not, of course, include all Watt Committee for the Department 
the terms employed in these profes- of Energy, on the reqirements of In- 
sions, but a comprehensive, indeed dustry and Commerce for training in 
splendid, foundation has been laid for energy subjects, and on the teaching 
future editions. of energy topics in higher education. 

The report provides the results of a 
very full survey of what is available 
in higher education. Schools and 
their careers masters will find it help- 
ful in advising pupils. University 
graduates will find it of assistance in 
their selection of postgraduate and 
postexperience courses and i t  will 
also be most helpful to industry and 
commerce. I t  is clear from the com- 
parison of the surveys that large 
sections of industry and commerce 
are not aware of the facilities offered 
by institutions of higher education. 

Postexperience and midsareer 
courses are seen as offering a flexible 
response to  immediate energy 
problems. There is a recognition of 
the problems involved i n  making 
these attractive to industry, and of 
means by which this might be done, 
hut i t  is also felt that these should he 
of financial benefit to the educational 
institutions themselves. 

In general a combination of sound 
engineering or scientific education 
and experience, with strong 
management capability, are consid- 
ered sufficient to implement rational 
energy utilisation policies. I t  was also 
stressed that energy is one of many 
matters with which industry has to 
deal and may he integrally hound up 
with, for example, overall process 
design. 

As a result, the emphasis tends to 
he on the specific and practical, a s  
opposed to the theoretical or general. 
aspects of energy education. 

The report is available price $22.50 
including postage within the British 
Isles, from The Watt Committee on 
Energy Ltd. 75 Knightshridge. 
London SWlX 7RB. 
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Basil Hermon is Regional Works Officer, South West Thames Regional 
Health Authority. Atpresent he is the chairman of the Education Committee. 
His interest in international matters stems from his membership of the Inter- 
national Affairs Committee 1975-79 and a s  a member of Council of the 
I F H E  1971-74. 

Why IFHE? B. A. HERMON CBE CEng 

The International Federation of 
Hospital Engineering is now ten 
years. of age and i t  has recently 
held its very successful 6th Congress 
in Washington but there are members 
of the IHospE who ask, what is i t  
trying to  achieve? Why does the In- 
stitute devote time and energy to it? 
Why do we devote four issues of 
Hospital Engineering to it every 
year? 

At the first International Congress 
of Hospital Engineering held in Rome 
in 1970 i t  soon tiecame apparent that 
FENATO, the Italian equivalent of 
the IHospE, were wanting to demon- 
strate t o  their Ministers the need for 
an active hospital construction pro- 
gramme with good planning decis- 
ions and the importance of hospital ' '  

engineering in these processes. It' 
also became cleai that hospital 
,engineers in other countries felt the 
need to  project the hospital engineer- 
ing dimension, to coin the Finniston 
term, and that this could best be 
achieved by joining hospital engin- 
eering organisations together across 
the world to  exchange information, 
and help those in need through frs- 
quent contact and congresses to  be 
held every two years. 

The Federation's obiectives are: 

tution of Hospital Engineers in the 
1940s. The UK was some nine years 
into the most ambitious hospital con- 
struction programme of any country 
a t  that time. The IHospE had a very 
successful journal, the DHSS had 
some of the best guidancematerial in 
the world and the only hospital 
engineering training centre in the 
world is a t  Falfield. 

Other countries quickly joined the 
original six and the total number 
now represented in the Federation is 
31. This means that experience can 
be drawn from a much wider net 
than before and it can no longer be 
taken for granted that we in the UK 
have more to  offer than other coun- 
tries who have been constructing hos- 
pitals over the last 10 or 20 years. 
We need to keep abreast with exper- 
ience in other countries. 

The comment is frequently'made 
that good ideas are often born in the 
UK but we lose the initiative and 
allow ourselves to be overtaken. 
This has happened in manufacturing 
and many other examples can be 
found. This must not happen to hos- 
pital engineering in the UK. 

Hospital engineering should be 
seen a s  an industry which not only 
serves the British public but also 

makes a valuable contribution to the 
economy through exports of plant, 
equipment and design and construc- 
tion expertise. I t  is difficult to assess 
just how much the IHospE contri- 
butes to  this effort through its mem- 
bership of IFHE but i t  is often 
approached by visitors from abroad 
for assistance in making contact. 

Hospital Engineering has made a 
major contribution to the world- 
wide projection of the British image. 
1250 copies are sent out to 25 coun- 
tries each year and since the Wash- 
ington Congress there have been en- 
quiries which may lead to the num- 
her of copies being more than douh- 
led. Whilst it is open for any firm to 
advertise in the Journal practically 
all the advertisements are placed by 
British firms although i t  is quest- 
ionable whether they make the best 
of this opportunity to reach the 
foreign markets. There is no other 
journal through which hospital engin- 
eers in the UK can learn about 
engineering practice abroad and 
avoid becoming too inward-looking. 

I hope the Institute Council and 
members will see the advantage of 
continuing i ts  major contribution to 
the development of IFHE as it enters 
its second decade. 

nology; 
b) to  compare international exper- 

ience; 
c) to promote, the principle of inte- 

grated design by improved col- 
laboration between the profes- 
sions: 

d)  to promote more efficient manage- 
ment of operation, maintenance 
and safety of hospitals, their 
engineering installations, equip- 
ment and buildings; 

e) to offer collaboration with other 
international organisations. 

In the initial years i t  was per- 
haps natural for the other countries 
to  look to the IHospE for a lead. 
The Institute had built up a lot of 
experience and a good reputation 
since i t  was first formed a s  the Insti- 

The Institute of Hospital Engineering 

Code and Rules of Conduct 
and Disciplinary Regulations 

CODE OF CONDUCT 
Every Member shall a t  all times so health and otherwise. H e  shall 
order his conduct as to uphold the exercise his professional skill and 
dignity and reputation of his pro- judgment to the best of his ability 
fession and to safeguard the public and discharge his professional 
interest in matters of safety and responsibilities withintegrity. 
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RULES OF CONDUCT 
The Council shall from time to time 
promulgate Rules of Conduct and 
shall have power to require all Mem- 
bers to conform to such rules. The 
Rules of Conduct may be amended, 
varied or rescinded as the Council may 
think fitprouided that they shall not 
be inconsistent with the principles of 
the Code. 

REGULATIONS 
Preamble 
A code of conduct designed to em- 
body broad ethical principles is neces- 
sarily drawn up in general terms. 
Rules set out in the following regu- 
lations indicate the manner in which 
Members are required to conduct 
themselves in most situations. For 
situations not specifically encom- 
passed by the Rules, the principle to 
be followed is that, in any conflict 
between a Member's personal inter- 
ests and those of the community, the 
latter should take precedence. 

Rules of Conduct 
1. When discharging his professional 
duties, a Member: 
(a) Should satisfy himself a s  to their 

scope, obtaining in advance any 
necessary clarification or confirma- 
tion and shall not accept profes- 
sional obligations which he believes 
he has not sufficient competence or 
authority to perform. 

(b) Shall accept responsibility for all 
work carried out by him, or under 
his supervision or direction, and 
shall take all reasonable steps to en- 
sure that persons working under 
his authority are competent to 
carry out the tasks assigned to 
them and that they accept res- 
ponsibility for work done under the 
authority delegated to them. 

(c) Shall. when asked for professional 
advice, give an opinion that is ob- 
jective and reliable to the best of 
his ability. 

Id) Shall, if his professional advice is 
not accepted, take all reasonable 
steps to  ensure that the person who 
over-rules or disregards his advice 
is aware of the possible conse. 
quences. 

2. Except when legally authorised in 
the national or public interest, a 
Member shall not do anything, or 
permit anything under his authority 
to be done, of which the probable and 
involuntary consequences would, in 
his professional judgment, endanger 

human life or safety, expose valuable 
property to  the risk of destruction or 
serious damage, or needlessly pollute 
the environment. 

3. In his work, a Member shall res- 
pect all relevent laws and statutory 
regulations. 

4. In respect of his professional rela- 
tionship with employers, colleagues 
or clients, a Member: 
(a) Shall not maliciously or reck- 

lessly injure or attempt to injure. 
whether directly or indirectly, the 
professional reputation of another. 

(b) Shall disclose to his client or 
employer any benefits or interests 
that he may have in any matter in 
which he is engaged on their be- 
half. 

(c) Shall neither communicate to any 
person, nor publish any informa- 
tion or matter, not previously 
known by him or published in the 
public domain, which has been com- 
municated to him in confidence by 
a client or employer without the ex- 
press authority of that client or 
employer. 

5. A Member shall not solicit work 
improperly a s  an independent ad- 
viser or consultant, either directly 
or by an agent, nor shall he improp- 
erly pay any person, by commission 
or otherwise, for.the introduction of 
such work. 

6. A Member shall not be the medium 
of payments made on his employer's 
behalf unless so requested by his 
employer, nor shall he, in connection 
with work on which he is employed. 
place contracts or orders except with 
the authority of and on behalf of his 
employer. 

7. A Member working overseas shall 
observe these rules so far a s  they are 
applicable: but where there are recog- 
nised standards of professional con- 
duct in the country in which he is 
employed, he may adhere to them. 
8. A Member shall be guilty of im- 
proper conduct if he is convicted by a 
competent tribunal of a criminal or 
civil offence which, in the opinion of 
the Council of the Institute, renders 
him unfit to be a Member. 
9. If, in the opinion of the Disci- 
plinary Body, a Member is precluded 
from performing his professional 
duties in a manner consistent with 
the standards of his profession, a s  a 
result of having been adjudicated 
bankrupt or making a composition 
with his creditors, he may be deemed 
guilty of improper conduct. 

DISCIPLINE 
In the following the expression 'pro- 
fessional misconduct' means: 
(a) any breach of the provisions of 

the Articles of Association or any 
regulations. or rules made there- 
under: and 

(b) any other conduct which shall in- 
dictate unfitness to be a member 
or shall otherwise be unbefitting to 
a member as such. 

Subject to the regulations made here- 
under, the Disciplinary Body consti- 
tuted under those regulations may: 
(a) expel from the Institute: or 
(b) require the resignation immedi- 

ately, or a t  the end of the current 
year, of; or 

(cl reprimand 
any Member who shall be found, in 
accordance with these regulations to 
be guilty of professional misconduct 
and upon such expulsion or resigna-. 
tion taking effect the Board shall 
cause his name to he removed from 
the list of members and he shall 
thereupon cease t o  be a Member of 
the Institute. 
1. The Council shall make and may 
alter, add to or revoke regulations for 
the purpose of: 
(a) appointing or setting up (either 

temporarily or for a period or ad 
hoc) a body or bodies (hereinafter 
referred to a s  'the Investigating 
Panel') to investigate any com- 
plaint of professional misconduct 
on the part of a Member; 

(b) constituting a Disciplinary Body 
(hereinafter referred to a s  'the Dis- 
ciplinary Body') to adjudicate upon 
any such complaint. 

2. Such regulations may make pro- 
vision for: 
(a) the notification by the Council to 

a Member of the receipt of a com- 
plaint of such professional mis- 
conduct; 

Ib) enabling the Investigating Panel 
to require the Member to give an 
undertaking to refrain from contin- 
uing or repeating the conduct if 
after such investigation they find 
a prima facie case of professional 
misconduct; 

(c) enabling the Disciplinary Body to 
award costs in connection with the 
investigation of and adjudication 
on any such complaint; 

(d) the publication of decisions of the 
Disciplinary Body; 
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(e) determining the constitution and 
membership of the lnvestigating 
Panel and the Disciplinary Body; 
and 

(f )  dealing with any other matter 
which may be relevant to the ful- 
filment by the Investigating Panel 
or the Disciplinary Body of its 
functions under Regulations. 

3. Such regulations shall be design- 
ed to secure that: 
(a) any complaint of professional mis- 

conduct shall be properly investi- 
gated by the Investigating Panel 
and (if sufficiently serious) properly 
adjudicated upon by the Disciplin- 
ary Body consisting of Members of 
the Council; 

(b) before being called on to deal 
with any complaint of professional 
misconduct a Member shall know 
what is the complaint: and 

(c) before being found guilty of pro- 
fessional misconduct such member 
shall he given a full and fair oppor- 
tunity of being heard; and 

Id) in all other respects the investi- 
gation shall be made and the pro- 
ceedings conducted and the dec- 
ision reached in accordance with 
natural justice, and that there is no 
duplication of proceedings with any 
other Institution, being a Corpor- 
ation Member or Affiliate of the 
Council of Engineering Institutions 
to whom the complaint has been 
referred. 

Investigating Panel and of the 
Disciplinary Body a t  the same 
time or to hear a charge of pro- 
fessional Misconduct arising 
out of an investigation made 
when he was a member of the 
Investigating Panel. 

2. The Investigating Panel shall 
make enquiries. by correspondence or 
otherwise, a s  i t  may think fit, into 
the complaint or question. 

3. At the conclusion of its enquiries. 
the Investigating Panel shall decide: 

(a) to refer the matter to the Dis- 
ciplinary Body, or 
(b) to require the Member to 
give an undertaking to  refrain 
from continuing or repeating 
the conduct, or 
(c) that no prima facie case of 
professional misconduct has 
been established. 
The decision of the Investigat- 
ing Panel shall be communicated 
to the Member in writing by the 
Chief Official forthwith. 

4. If the Investigating Panel refers a 
matter to the Disciplinary Body, i t  
shall make a specific charge or speci- 
fic charges of professional miscon- 
duct in writing against the Member 
whose professional conduct is in 
question,together with a report of the 
enquiry made by the Investigating 
Panel and the relevant correspon- 
dence and documents (if any). A copy 
of the reference shall be supplied to 

7. If the Disciplinary Body deter- 
mines that a charge has been proved. 
it may: 

(1) expel the Member, or 
(2) require t h e  resignation of 
the Menber immediately or a t  
the end of the current year, or 
(3) reprimand the Member. 

8. The decision of the Disciplinary 
Body shall be communicated to the 
Member in writing by the Chief 
Official forthwith. 
9.(1) The Member shall have the 

right to appeal against the deci- 
sion of the Disciplinary Body 
but only on the ground that 
the proceedings have been im- 
properly conducted. 

(2) Any appeal shall be made in 
writing to the Secretary a t  the 
office of the Institute within 
twenty-one days of the posting 
of the notification of the deci- 
sion to  the Individual Member. 

10. Appeals shall be considered by 
an appeal body comprised of three 
persons, none of whom has been con- 
cerned with the case a t  an earlier 
stage and whose findings shall be 
final. This appeal body shall include 
the President of the Institute. 
11: If a Member is to be expelled or 
required to  resign, but wishes to  
appeal against the decision, no noti- 
fication shall be sent to any Corpor- 
ation Member or Affiliate of the 
Council of Engineering Institutions 
until after the appeal has been heard. 

REGULATIONS 
Disciplinary Procedure 
1.(1) When a complaint of profes- 

sional misconduct against a 
Member has been received. the 
Chief Official shall so inform the 
Member. 

121 The Council shall then a ~ ~ o i n t :  
(a) An Investigating panel con- 
sisting of not less than three 
Chartered Engineers to investi- 
gate'whether a breach of the 
Code and Rules of Conduct has 
occurred. 
(h a Disciplinary Body consist- 
ing of not less than five mem- 
bers, to hear and adjudicate any 
charge of professional mis- 
conduct arising from the Invest- 
gating Panel's inquiries. 
The Chairman of the Investigat- 
ing Panel and of the Disciplinary 
Body respectively shall be 
Chartered Engineers of stand- 
ing. 

(3) No member shall be eligible to 
serve both a s  a member of the 

the Member a t  the same time.. 
5. A member charged before the 
Disciplinary Body shall be given 
reasonable notice of the charge and 
shall be entitled to be present and 
represented a t  the hearing, to chal- 
lenge any evidence of misconduct on 
his part, to produce such evidence 
as he may think fit, and to be 
heard either in person or through 
the representative acting in his de- 
fence. 

6.(1) The Disciplinary Body shall 
hear and adjudicate any charge 
of professional misconduct 
against a Member and shall 
report i ts  findings to the Coun- 
cil. 

(2) Copies of the report of the find- 
ings of the Disciplinary Body 
shall also be given to the Coun- 
cil of Engineering Institutions 
and all Corporation Members or 
Affiliates thereof of which the 
Member is a corporate member, 
subject, however, to the provi- 
sions of paragraphs 9.12) and 11 
below in the case of an appeal. 

Costs . 
12.(1) If the Disciplinary Body 

decides that a complaint has 
been substantiated. it shall 
have power to order the mem- 
ber concerned to  pay a speci- 
fied sum towards the costs 
both direct and incidental, of 
inquiries of the Investigating 
Panel and the hearing of the 
Investigating Panel and the 
hearing of the Disciplinary 
Body. 

(2) I f  the case is Dismissed, the 
Disciplinary Body shall be em- 
powered to  order that the 
whole or part of such costs 
shall be paid from the funds of 
the Institute and where appro- 
priate, to seek to recover the 
whole or part of the expendi- 
ture from the complainant. 

13) In either event, the Disciplinary 
Body shall have complete dis- 

cretion whether and in what 
manner it should exercise the 
powers conferred by the Regu- 
lations. 
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This paper was given a t  the Institute's Annual Conference a t  Seaton 
Burn in May this year. The authors are both with AAF Limited. 

Air Filtration 
' G .  Watt 

P. Benson 
Airborne contaminant is identified as 
having two basic sources, that which 
is naturally produced and that which 
is man made. Man is responsible for 
huge quantities of fumes, oxides. 
smokes, mists and the dust burden 
which is generated by city centre 
activities such as  building. 
demolition and construction. Add to 
this the deposits from worn tyres. 
vehicle, brake linings and vehicle 
exhausts. Inside buildings, con- 
taminant is generated by the pre- 
sence and movement of people, where 
lint and skin scales are constantly 
being shed, just as machines are 
generating contaminant, and fib- 
rous particulate is being introduced 
to the atmosphere from carpeting and 
fabric decorations, etc. 

The centre of London, for instance. 
will produce around 80 tons of air- 
borne contaminant naturally, per 
square mile per annum (a figure avail- 
able through the Warren Springs 
Laboratory, Department of Trade 
and Industry). 

Industrial processes are res. 
ponsible for the generation of fly 
ash, soot, and hydrocarbonous 
contaminant resulting from the com- 
bustion emission of both liquid and 
solid fuels. Much of this is considered 
noxious and worthy of the attention 
of the alkali inspectorate. This hydro- 
carbonous contaminant, sometimes 
termed carbon black, has been identi- 
fied by the filtration industry as the 
most staining element of airborne 
contaminant. 

Natural phenomena such as fog. 
smog and combined carbon (the 
result of decaying animal and vege- 
table waste), wind and dust, all con- 
tribute to the levels of airborne con- 
taminant which have to be controlled 
by the application of air filters. 

The micron is the unit of measure- 
ment used to quantify the sizes of air- 
borne contammant, and in order to 
assess the problem, it  is helpful to be 

aware of the comparative smallness 
of a micron. This can be seen by the 
fact that the full stop a t  the end of 
this sentence is around 100 microns 
in size. 

Much of the contaminant which is 
controlled within the Hospital 
environment is extremely small, i.e. 
viruses and bacteria are, to a large 
degree, sub-micronic, and much of the 
airborne dirt circulating around the 
Hospital interior is also sub-micronic 
in nature and, if uncontrolled, is res- 
ponsible for expensive staining and 
discolouration. This demands the 
costly attention of the maintenance 
department to undertake, washdom 
and redecoration programmes in both 
wards and general hospital areas. 

Of the dirt types previously 
mentioned, fly ash is largely sub- 
micronic and therefore penetrating 
and difficult to contain. Other 
examples of sub-micronic particles 
are such materials as  cigarette 
smoke, which freely circulates 
building interiors, causing staining. 
discolouring and becoming an 
unwelcome ingress into sensitive or 
critical areas. People moving within 
the hospital complex generate con- 
tinuous amounts of contaminate 
which in the interests of 'good house- 
keeping' requires the effective 
application of air filters. 

The effect of wind is a significant 
contributory factor in assessing the 
levels of particulate matter in our at- 
mosphere. A light breeze will carry 
airborne dirt for vast distances. Agri- 
cultural operations in rural areas will 
contribute dirt to city centre hospi- 
tal filter intakes, just as prevailing 
winds will distribute city dirt to rural 
areas. 

The first step in recognising the 
problem is to analyse the general 
family group of contaminants with 
which air filters will have to contend. 
Airborne particulate matter is largely 
made up of the contaminant types 
shown in Figure I. 

Carbon Virus 
Pollen Paint 
Lint Limestone 
Fly ash 1 Insects 
Plastics Cement 
Glass 

The next step in being able to deal 
positively with the problem is to 
recognise the make-up of those con- 
taminants by quantity and by size. 
Figure 2 indicates the breakdown of 
the previously mentioned contamin- 
ants and categorises them by size and 
scale. By using 5 microns as a datum 
line, we can recognise that type of 
contaminant which is larger than 5 
microns, and that which is smaller 
than 5 microns. This is important 
since the collection principle used by 
air filters is fundamentally different 
for those particles larger than 5 
microns than for those below this 
line. 

To quantify the problem, it  is likely 
that any sample of only one cubic foot 
of air taken within the United 
Kingdom, will contain around 10 
million dirt particles of the types pre- 
viously mentioned. 

Figure 3 indicates that of the 20 
million dirt particles likely to be 
found in a sample of 2 cubic feet. 
analysis by particle deposition, by 
size and weight, will clearly indicate 
the characteristics of airborne con- 
taminant and therefore the necessary 
type of filtration which is likely to be 
effective in its containment. As can 
be seen from Figure3, that dirt which 
is 5 microns and above in size, consti- 
tutes around 98% of all the weight of 
airborne contaminant. This dirt is 
best looked after, because of its 
weight and size characteristics, by a 
primary (or roughing) filter. However. 
and conversely, the contaminant 
which is below 3 microns in size. 
although representing very little of 
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the weight characteristics, does in 
fact constitute 98% of the number of 
dirt particles in any given air sample. 
With the problem of minute, light- 
weight dust being responsible for the 
greatest quantities of contaminant, 
+S' clearlj, indicates the need for 
a different method- of contaminent. 
Because of the weightless nature of 
the dirt and its microscopic size, a 
more efficient method of filtration is 
required and this means the applica- 
tion of an extended surface filter to 
provide medium to  high efficiency fil- 
tration, on this particularly penetmt- 
ing and staining dirt size. 

For that dirt which is sub-micronic 
in size, then the HEPA (High Effi- 
ciency Particulate Air Filter principle 
of filter operation is required if effect- 
ive containment to  specified levels of 
air cleanliness is to be achieved 

The physics of air dictate that only 
three basic principles of dirt col- 
lection exist. They are namely. 
Impingement (for the, collection of 
weighty dirt of over 5 microns in 
size). Diffusion (for the collection of 
smaller dirt from below 5 microns in 
size down to  sub-micronic particles) 

Figure 2. 

and Electrostatic Precipitation, 
(which is effective in the collection of 
airborne particulate over the whole 
size range.) 

Viscous Impingement 
Viscous impingement derives the 
name from the fact that the impinge- 
ment principle is applied in 
conjunction with an oil wetting 
process to retain that dirt which has 
impinged upon the target fibres 
within the filter matrix. The types 
of filters utilising this principle are 
what have become commonly known 
as primary filters. These are all either 
the washable type, the permanent 
metal rechargeable type, the 
replaceable throwaway type, or the 
automatic roll filter. 

A matrix of target fibres is 
produced into a mat, usually varying 
in depth between 1 inch and 2 inches, 
and this collection principle is most 
effective when utilised with velocities 
of air through the media of between 
300 and 600 feet per minute. 
Normally the filter face area will 

dictate that this velocity is main- 
tained. At  this velocity the 
particulate matter which is over 5 
microns in size and has appreciable 
weight, has sufficient mass and 
momentum to break through the r& 
sistance fields on offer around the 
target fibres and impinge onto one of 
the target fibres. An adhesive coating 
around the fibre will mean that the 
dirt particle will then stick to the 
fibre and will not merely bounce from 
one target fibre to  another, and exit 
through the clean air side of the filter. 
To be in accord with good practice 
this coating should be a thixotropic 
material, which would therefore 
eliminate the migration of oil. By 
using a thixotropic gel instead of an 
oil the problem of oil carry-over from 
the filter is overcome. 

For best results a filter fibre matrix 
which utilises a spun media with a 
fibre diameter of a single filament 
type reducing in a continuous fila- 
ment from 50 microns in diameter 
down to  around 15 microns in 
diameter, allows for the make up of 
the matrix to he produced in a pro- 
gressive density form. Progressivk 

AIRBORNE CONTAMINATION 

PARTICLE SIZE IN MICRONS 
50 10 5 1 1 (XI 

I I / , ,  Lint I I I 
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111 Dust A 

U/ Pollen I 
ORGANIC 
PLANT MATTER Funaus Spores 

Bacteria 

FOG AND U/ I n  
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VISIBLE WITH UNAIDED EYE 
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density of the matrix will permit an 
open weave a t  the air entry side of the 
media and a closer fibre pattern a t  
the air leaving side, where the fibres 
will be a t  their thinnest diameter. In 
this way large dirt particles will col- 
lect towards the air entry side of 
the filter, while the smaller contamin- 
ants  will he allowed to penetrate into 
the media, hence the full depth of 
media will be utilised for the 
collection of dirt while providing a 
low resistance curve to air flow, ulti- 
mately meaning a long lasting filter. 
and one effective in the collection of 
the contaminant type 5 microns and 
above. 

As the dirt particles impinge upon 
the target fibre the particles 
themselves become encapsulated by 
the gel and will therefore present 
laraer tareet  areas for the next batch 
of dirt coking through. This wicking 
action is res~onsiblc for the efficiencv 
of the filter increasing throughout i ts  
life. A t  a time when the air filter has 
reached i ts  recommended final 
resistance, it will in fact be 
performing a t  around its peak 
efficiency. 

Diffusion 
Diffusion is the collection principle 
which is most effective in containing 
contaminant below 5 microns down 
to suh-micronic sizes. This dirt. being 
so numerous and effectively weight- 
less, has to be contained by a dif- 
ferent principle. The diffusion prin- 
ciple requires an  approach velocity 
still around 500 feet per minute to the  
same filter face area as  was appli- 
cable to the primary filter (viscous 

; impingement) type. In this case. 
however, the filter media has a largely 
extended surface behind the face 

I area, made up of filter target fibres 
S within the diameter range of between 

threequarters of a micron in diameter 
to about 2 1 2  microns in diameter. 
These extremely fine fibres are very 
densely packed together, and the 
extended surface filter media area 
should be sufficient to produce a velo- 
city through the media of between 21 
to 35 feet per minute. 

A t  this velocity through the media 
these virtually weightless particles 
being carried into the densely 
packed dry media have the character- 
istic of being laid onto the fibre and 
retained there a t  that velocity. Inter- i molecular attraction is sufficient to 

1~ hold the dirt particles on the target 
fibres and not have them blown out of 

? 

SIZE DISIRIBUTION OF A 
TYPICAL ATMOSPHERIC MKT SAMPLE 

the clean air side of the media. Velo- 
city higher than 35 feet per minute 
would have the effect of 'bouncing' 
these weightless dirt particles from 
one fibre area to another and out of 
the clean air side. Velocities up to 35 
feet per minute are sufficient to allow 
the dirt particle t o  be held onto the 
fibre. 

Assisting in this collection process 
is Brownian Motion. This is the effect 
of the constant bombardment of gas  
molecules on the almost weightless 
particles, causing them to take many 
random courses of direction as  they 
travel through the media, and there- 
fore presenting many opportunities 
for them to collide with one of the 
target fibres on offer. 

Filters adopting this principle are 
termed medium to high efficiency 
extended surface filters and can 
generally be classified as  what the 
industry has come to regard as  
secondary filters. Bag filters is 
another description generally applied 
to these units. 

By utilising a microfine glass paper 
matrix, and pleating the material to 
provide maximum filter surface ex- 
tension, thereby reducing velocity to 
about 6 FPM. HEPA filters achieve 

excellent results for sterile and clean 
areas of Hospitals. Efficiencies of 
99.9%+ on the DOP Test Method are 
achieved by this means. 

In analysing the two physical 
principles it is clear, a s  can be seen in 
Figure 4, that  a basic natural law is 
operating. That  is, as  velocity in- 
creases, a filter's effectiveness in the 
collection of larger particles 
increases. (Line E 1). As the velocity 
decreases, the filter's effectiveness in 
the collection of smaller particles 
increases (Line ED). If an attempt to 
mix the two principles is made within 
the construction of one integrated 
filter unit, a mean efficiency (Line 
A) is the best tha t  can be achieved. 
because the filter design will be oper- 
ating with air speeds which will be 
too high to be effective in the col- 
lection of larger dirt particles. The 
too slow to be effective in the col- 
lection of larger dirt paricles. The 
emergent ruling is that ,  although a 
primary and secondary filter can be 
installed in line, they should always 
be separate constructions. To 
attempt to mix the two principles 
into one integrated filter will yield an 
efficiency level which is unacceptable 
in effectiveness. 
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Particle size or velocity- 
LEGEND 
Ed - Diffusion Efficiency 
El - Impaction Efficiency 
Et - Total Efficiency 
A - Point of Minimum Efficiency 

Figure 4. 

Electrostatic 
Precipitation 
Air cleaning devices using the elect- 
rostatic precipitation principle are 
constructed by placing an ionizing 
wire (Figure 5) into an air stream 
which is still around 500 feet per 
minute. Behind the ionizing wire are a 
series of collection plates. These col- 
lection plates have an equal number 
ground  positive!^ and an equal num- 
ber ground negatively. As the air- 
borne contaminant passes through 
the corona field produced by the ioniz- 
ing wires, the airborne contaminant is 
charged electrically making the par- 
ticles ions. The ions are therefore 
attracted to  and attach themselves to 
the collection plates. Negative ions 

attach themselves to positively 
ground plates and positive ions 
attach themselves to negative mound - - 
plates. 

The space between the plates is. 
gradually occupied by these dirt par- 
ticles which agglomerate. As the 
space between the plates reduces, an 
inertia field develous and the velocitv 
of 500 feet per minute is sufficient <o 
blow the then aeelomerated   articles 
out of the cleanliir side of h e  elect. 
rostatic air cleaner. Behind the 
electrostatic air cleaner, the placing 
of a medium to high efficiency ex- 
tended surface filter or a primary 
filter will, to a very efficient level, col- 
lect and contain these agglomerated 
particles. Because the electrostatic 
precipitator has converted airborne 
contaminants throughout the whole 

s u e  range into agglomerates, they 
are processed into very collectable 
units and the effectiveness of electro- 
static precipitation is thus a t  a very 
high level. 

Eurovent 415 Industry 
Accepted Test Method 
Independent testing houses are avail- 
able to the industry and will give 
unbiased reported valuations of the 
performance of assessed air filters. 
This information is used to obtain 
knowledge of '  the performance 
characteristics of the filters before 
selection or design into a system. 
Previously the industry relied on a 
number of BS tests to provide this 
evaluation criteria but through the 
development of air filter technology 
and testing technology, a more 
standardised world wide means of 
evaluation has become available via 
the EUROVENT 415 Test. The 
EUROVENT 415 test is based on the 
ASHRAE air filter test and provides 
very useful criteria to the selector. 

EUROVENT 415 evidences two 
readings of how thoroughly an air 
filter will clean the air. One is called 
efficiency, the other is called 
arrestance. The correct terminology 
for efficiency is atmospheric dust 
spot efficiency. This is simply be- 
cause the filter under test will have 
passing through i t  only atmospheric 
air to  determine i ts  effectiveness in 
the collection of all airborne contami- 
nants within our atmosphere. This 
measurement is particularly useful in 
gauging how effective the proposed 
filter will be in providing a reduction 
. . m staining. Efficiency is therefore 
commonly used to determine the 
effectiveness of a high efficiency 
extended surface filter in containing 
the contaminant which is staining in 
nature, weightless, and below 3 
microns in size. 

Arrestance is a weight test utilising 
a synthetic test dust which is made 
up a s  closely a s  possible to represent 
the type of contaminant which is in- 
herent in building systems. 
Arrestance indicates by percentage 
the weight of airborne contaminant a 
filter is capable of removing from the 
air stream a s  i t  passes through the 
filter. Because we know that the 
weight content of airborne contami- 
nant refers to that particulate which 
is around 5 microns and above in sue. 
arrestance is used by the industry to  
determine the effectiveness of a pri- 
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Roll Filter or Bag Filter 
Figure 5 

mary filter in containing that type of 
airborne particulate. The correct 
terminology for arrestance in this 
context is Synthetic Dust Weight 
Arres tance. 

Because i t  is recognised that con- 
taminate of 5 microns and above in 
size is of the type which will cause 
problems in plant room areas, i.e. 
clogged fans, coils and motors, the 
industry can use arrestance to 
evaluate the likely performance of a 
primary filter which would be 
installed in the system to prevent 
this type of dirt problem. 

To illustrate the drastic different 
between arrestance and efficiency, a 
primary filter will probably have an 
arrestance value of 75 or even 80 per- 
cent, but is unlikely to have anything 
better than a 20 percent reading on 
atmospheric dust spot efficiency. 
Therefore the primary filter type will 
be shown to be effective in the col- 
lection of the heavier dirt particles. 
which will clog fans, coils and motors. 
but will have little or no significant 
effect in reducing throughput of 
staining contaminant into condi- 
tioned spaces. 

Conversely, a high efficiency ex- 
tended surface filter will combine a 
very high arrestance value, in some 
cases even loo%, with a very high at- 
mospheric dust spot efficiency read- 
ing, say 95% indicating that this 
filter will virtually prevent all 'clog 
ging' dirt from entering the plant 
room and will prevent staining from 
occurring in conditioned spaces over 
months or years of operation. 

The EUROVENT 415 test cannot 
be conducted on site but requires a 
finely calibrated testing available 
only in laboratory conditions. The 
test is accurately controlled and mon- 
itored throughout and five character- 
istics will be reported. They are: 
Initial resistance to air flow: 

Initial atmospheric dust spot 
efficiency; 

Average atmospheric dust spot 
efficiency: 

Average synthetic dust weight 
arrestance: 

Dust Holding capacity. 
The dust holding capacity figure 

tells us the total weight of synthetic 
test dust the filter is capable of hold- 
ing before reaching its ;ecommended 
final resistance. I n  this wav one filter 
can be measured against another, on 
the basis that the higher the dust 
holding capacity on the EUROVENT 
415 test the longer i t  will last in the 
system after installation in the build- 
ing. 

The step-by.step procedure of the 
EUROVENT 415 test is a s  follows: 

a. The filter to be tested is placed 
into the rig: 

b. From an incline manometer the 
filter's initial resistance (or clean 
resistance) to air flow is read and 
reported: 

c. Initial atmospheric dust spot 
efficiency is then deduced. This is a 
very important reading a s  the filter is 

a t  its least capable air cleaning state 
when first installed in the system. 
When i t  starts to load with dirt, i t  is 
more efficient than when it is clean. 
In certain areas it may not be 
advisable to drop below a recognised 
level of air cleaning efficiency. While 
the filter under test may have an 
average atmospheric dust spot 
efficiency which is acceptable, i t  will 
be .necessary to know if its initial 
atmospheric dust spot efficiency is 
compatible with the design para- 
meters set  for it. Therefore, with the 
filter under test installed into the rig. 
the fan turned on to a previously 
determined rate of air flow; and 
having read the initial resistance air 
flow, the first initial atmospheric 
dust spot efficiency reading is taken. 

This is done by means of installing 
into the rig a translucent paper target 
upstream of the test filter and an. 
other downstream of the test filter. 

The factor being determined is the 
time i t  takes the filtered air to stain 
the downstream target to  the same 
degree as the unfiltered air stained 
the upstream target. 

If the air approaching the test filter 
dirtied the upstream target to X. 

degree in 6 minutes, and the filtered 
air took 60 minutes to stain the 
downstream target to  the same 
degree, then the efficiency calculation 
formula would indicate that a t  that  
point in the test the filter was 90% 
efficient. - 

d. Having taken the atmospheric 
dust spot efficiency a measured 
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amount of synthetic test dust is then ' The test requires that a minimum While this measurement does not pro- 
fed to the filter under test, in order to of 5 synthetic dust weight increments vide months or fan hours of oper- 
simulate and accelerate the life will be fed to the filter before i t  ation, i t  does allow the selectord the 
conditions the filter will experience reaches its final resistance. followine benefit: 
after installation in an ACHV 
system. 

The synthetic test dust is made up 
of 5% cotton linters. 23% carbon 
black, and 72% standardised air 
cleaner test dust. A measured 
amount is accurately weighed and fed 
to the filter under test. If 100 
grammes weight of test dust were 
fed, and the filter gained 90 grammes 
weight, the synthetic dust weight 
arrestance a t  that point in the test 
would be recorded as being 90%. 

Having fed a measured amount of 
the synthetic test dust the test will 
then take account of how much the 
filter's resistance to air flow has in- 
creased, in the knowledge that its 
resistance to  air flow will increase a s  
it collects dirt. Secondly, because 
some dirt is now within the filter i t  is 
a known fact that the filter's effi- 

e. The average of the synthetic 
dust weight arrestance readings and 
the atmospheric dust spot efficiency 
readings, will then be reported as an 
average dust weight arrestance and 
an average atmospheric dust spot 
efficiency. These figures will allow 
the test report to highlight how thor- 
oughly the filter will clean the air 
throughout i ts  life, of both the large 
'plant-clogging' dirt and the fine. 
penetrating. 'stainsausing' dirt. 

Because the arrestance percentage 
tells us the weight of the dirt the 
filter is capable of removing from the 
air stream a s  i t  passes through, it 
also helps in the calculation of the 
dust holding capacity of the filter. 
The dust holding capacity allows the 
calculation of the anticipated filter 
life, once installed in a system. 

If a filter currently being used has a 
reported EUROVENT 415 Dust 
Holding Capacity of 100 grammes, it 
could be compared to  another filter 
on offer which has a EUROVENT 415 
Dust Holding Capacity of 200 
grammes. If the first filter with the 
100 grammes dust holding capacity 
lasts 6 months in any given system, 
the filter with the 200 gramme dust 
holding capacity can clearly he ex- 
pected to last 12 months in the same 
system. In this way the filter can be 
evaluated on how thoroughly it will 
clean the air and how long i t  will last, 
and if thes two factors are considered 
in conjunction with the unit cost of 
the filter, then a proper costlvalue 
analysis can be conducted to ensure 
the hest possible and most cost- 
effective filter selection. 

ciency will have increased. I t  will 
therefore be necessary to take a fur- 
ther reading of resistance to air flow 
and a further reading of atmospheric 
dust spot efficiency. This series of 
feeding increments of synthetic dust 
to the filter will continue until the 
filter has reached its final 
recommended operating resistance. 

Each time an increment of syn- 
thetic dust has been fed, a further 
atmospheric dust spot efficiency 
reading will be taken, a s  the filter will 
have gained in efficiency capability. 
and in resistance to air flow. 

f; Dust holding capacity is 
measured by taking the total weight 
of synthetic test dust fed to  the filter 
throughout the test, i.e. from initial 
to final resistance, and multiplying i t  
by the average synthetic test dust 
weight arrestance percentage. For in- 
stance, if a filter received, from begin- 
ning to end of the test. 328 grammes 
of synthetic test dust, and its average 
dust weight arrestance percentage 
was reported a s  being 99%. that 
calculation would yield a dust holding 
capacity of 325 grammes. 
328 X 99% = 324.72 grammes. 

Figure 6. 

TYPICAL PARTICLE COUNTS 

WEATHER 
CONDITION 

S W - W E T  

SUNNY 

GENERAL NOTES 

In summarising the foregoing, it 
should he borne in mind that weather 
plays a very important part in the job 
that any selected air filter will do 
once it is installed in the system 
Figure 6 indicates the effect that 
weather has on airborne contami- 
nants. On the left of the panel are 
shown typical weather conditions ex- 
peienced throughout the year in the 
United Kingdom. Because our 
weather changes frequently i t  is very 
important to look a t  the effect of 
weather changes on the size of par- 
ticles which will be in the atmosphere. 
This chart is based on the number of 
airborne particles in two cubic feet of 
air and we can see, just to pick one ex- 
ample, the effect of weather on half 
micron particles is dramatic. In a 
snowy-wet condition we can see 1.3 
million half micron dirt particles. If 
the weather then changes to a dry 
foggy condition, i t  can be seen that 
the ,number of these particles 
increases to  around 13 million. 
Clearly, therefore, i t  is necessary to 
recognise this effect when selecting a 
filter to protect a conditioned space. 
The conditioned space may be well 

4.157,000 134.350 3,400 650 served by one filteitype provided the 
weather remains constant. As the 
weather is constantly changing, i t  

4.854.500 96.000 4,000 1.000 will be necessary to consider space, 
I I I irrespective of the weather. . 

DRY. FOG 131)81,800 M)4.803 8.100 1.960 At all times the conditioned space 
will determine which type of filter 
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should be selected. Naturally critical 
areas in Hospitals, such as operating 
theatres, fever wards, intensive care 
units, premature baby wards require 
the application of very carefully 
selected filters on the basis of the 
efficiency they will provide. In the 
manufacturing of medicines within 
the pharmaceutical industry. 
stringently clean air conditions must 
exist if the medicines are to be usable. 
On a more general level, the 
manufacturing operations of micro- 
chips and computers demand air 
cleanliness to be a t  levels appropriate 
for the end product. 

With regard to the maintenance of 
decoration standards within 
buildings, especially hospitals where 
the volume of traffic by people is con- 
siderable, then it is necessary to 
recognise that proper air filter 
selection will extend the period bet- 
ween washdown and redecoration. 
and therefore provide cost economies 
in the general running of the hospital 
environment. 

Fi ter  applications of an even more 
general level bring about the need for 
care to be taken in the selection of the 
filter for such installations as food 
processing, art galleries and 
commercial buildings. Wash down 
and redecoration is an extremely high 
oronortion of anv maintenance 

L 

Figure 7. 

24.000 c.f m. INSTALLATION 
OPERATING 24 HourwDay- 

7 Days/ Week -52 Weeks/Year 

Consider- 
FILTER k' HAVING DUST SPOT EFFICIENCY-30% 
FILTER 'B' HAVING DUST SPOT EFFICIENCY-9V 

l42 Pounds 

17.5 Pounds 

budget, and it can be controlled 
economically and effectively by the 
application of properly selected air 
filters. Grilles in conditioned spaces 
can become dirty through eddying 
effects on the contaminant which is 
brought into the space by people, and 
is there because of the fabrication 
within that space. However, an ex- 
tremely high contributory factor to 
the dirt which surrounds inlet grills is 
that dirt within ductwork, plant 
rooms and from the air which is cir- 
culated to the space which will cause 
staining to he visible on grilles. This 
can be prevented by the proper appli- 
cation of air filters. 

Plant Room Equipment 
There are known cases of heating and 
cooling coils being rendered non- 
effective in as short a space of time as 
nine months, simply through the 
improper selection of primary filters 
to protect the coils from the heavy 
dirt which clogs between the fins of 
the units. 

An evaluation of a 24,000 CFM in- 
stallation in central London (Figure 
7) shows that by applying in this 

plant two filter types, one with a capacity, and the operating resist- 
97% atmospheric dust spot efficiency ances for the filter, it provides all the 
and one with a 30% atmospheric dust information required to make proper 
spot efficiency, the conditioned space selection. 
suffered to largely varying degrees. I t  is impossible by looking at a 
Those areas served by the high filter media to determine which filter 
efficiency filters allowed into the con- is designed well enough to provide 
ditioned space some two ounces of long lasting performance, and which 
dirt in 12 months. Those areas served filter is not. By looking a t  media, 
by the lower efficiency filters allowed either of a primary or a secondary 
into the conditioned space some filter, it is very difficult to know 
17'12 pounds of dirt in 12 months. In whether one media is more effective 
recognising that the contaminant than another. The results from the 
type from which the 17'12 pounds of EUROVENT 415 test will clearly 
dirt came was made up of the very indicate which is the most cost effect- 
small size (dirt 2 microns and below) ive filter on offer, in terms of how 
we also recognise this is the most long it will last and how thoroughly it 
staining contaminant. In a twelve will clean the air. Clearly it would not 
month period 17'12 pounds of this be practical to consider test results 
type of dirt is sufficient to require from manufacturers' own test rigs. 
immediate redecoration. The problem These test rigs are useful for manu- 
would have been more serious if the facturers' own quality control 
conditioned space had contained a operations, for product development 
sensitive manufacturing operation or operation, and for research. For 
was in any way in a health building. results of an unbiased nature it is 

The EUROVENT 415 test result if always necessary to consider reports 
used properly, will clearly indicate which come from independent testing 
which filter ought to be selected for houses, and most reputable manu- 
which installation. Because the facturers will recognise the need for 
report will outline the arrestance, the this and make them available to 
efficiency, and the dust holding interestedselectors. 
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This paper was presented a t  the Institute's first symposium on Energy 
Conseruation in March this year. It was first presented to an  Institution of 
Municipal Engineers'seminar in November 1979. 

The author was until recently Assistant Director, Directorate of Mechanical 
and Electrical Engineering Seruices, Property Services Agency, Department 
of the Environment. 

The Energy Programme of the 
Property Services Agency 
H. DIXON BScEng CEng FIMechE ACGI HonFIMechTE 

Following a PSA Finance and Audit Directorates of Home Regional Start  Control and the placing and 
observation in 1971, observing the Services and Engineering Services supervision of a national contract for 
escalation of the annual costs of fuel Development (now Mechanical and installation of the system in selected 
and electricity, the Property Services Electrical Engineering Services). , Crown buildings. At  the same time. 
Agency set up a Fuel Economy Unit, Early work was concentrated on the part-time Fuel Economy Officers 
manned by headquarters staff  of the further development of Optimum were appointed in the Regional Head- 

1. Cost of energy consumed by PSA in Civil 
Estate Buildings in the past 7 years, at constant 
prices (f m.). Weather and Estate Size corrected. 

(includes solidlliquid fuel and electricity consumed by prisons) 

2. Percentage saving in gasloil consumed by a 
random sample of 53 Civil Estate Buildings, 
compared with 197213 and taken without 
knowledge of occupants or engineering staff. 

197314 197415 197516 197617 197718 197819 
9.0% 18.70% 24.0% 33.8% 28.10% 35.0% 

FIG. 1 
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BOILER HOUSE PRACTICE 

REFRIGERATION AND AIR CONDITIONING 
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HEATING AND AIR CONDITIONING SYSTEMS CONTROLS 

GENERAL CONTROL AND SUPERVISORY SYSTEMS 
MID CAREER TRAINING IN ELECTRICAL ENGINEERING 

AIR CONDITIONING DESIGN 

CONVERSlON held at Royal School of Military Engineering, 
ELECTRICAL TO MECHANICAL CONVERSION Chatham. Kent. 

APPLICATIONS FOR COURSES Residential Training & Conference Centre 
AND CURRENT BROCHURE T0:- RAF Cardington. 

Bedfordshire MK42 OTF 
Tel: 0234-58651 FIG. : 

quarter Offices in the UK to assist in 
supervision of the OSC contract and 
to undertake the general promotion 
of Fuel Efficiency and Economy. 

Following the OPEC crisis in late 
1973, the impetus and direction of the 
work was altered to increase the bias 
towards the improvement of monitor- 
ing and control of existing installa- 
tions. A training programme for 
technicians and Craftsmen was 
instituted. At  the same time, a target 
for fuel savings was set a t  30% of the 
1972173 consumption t o  be achieved 
by mid 1979. 

In spite of the apparent severity of 
the target, records indicate that  it 
was achieved for the Civil Estate in 
1975176 and that. in the following 
year, a peak of 33% was achieved 
(Figure I ) .  The accounting system is 
imperfect and these must be regarded 
a s  best estimates. The equivalent 
peak savings on part of the Defence 
Estate for which we are responsible 
were 25.2% Army and 29.5% RAF. 
based on MOD information. The 
target has been raised to 35%. 

Not all of the original hopes and 
intentions have been fulfilled. The 

following review indicates where 
action has been effective and, so that  
others may avoid the pursuit of 
unprofitable activities, where solu- 
tions have still to be found. I t  has 
been a steady principle to avoid any 
project which does not appear to be 
costeffective, to concentrate on those 
which appear to be most costeffective 
and to make the hest possible use of 
scarce, trained personnel. All projects 
are type-tested to obtain conservative 
estimates of possible benefits. 

There are over 6.000 properties in 
the Civil Estate. Defence barracks. 
airfields etc occupy about 89.000 
hectares of land, possibly a further 
20.000 buildings. The greatest 
shortage is in trained personnel. We 
have never been able to deploy more 
than the equivalent of about 58 full- 
time professional and technical staff 
to the work. The controlling staff 
consists of technicians, originally 
part-time in the territorial organi- 
sation headquarters but now on a 
full-time basis. Training courses for 
technicians in Boiler House Practice. 
Controls etc are provided a t  the 
Mechanical and Electrical Training 

School a t  Cardington (Figure 21. 
Further training results from the 
continuous dialogue and exchange of 
information with the headquarters 
unit a s  well a s  the staff in the depots 
whose work they control. Most of 
them have the basic academic train- 
ing on which to build the requisite 
control theory and practice from the 
HQ unit's publications and manu- 
facturer's data. Extra topics for 
study and application are introduced 
a t  annual seminars which they 
attend; strategies and policies are 
formulated and agreed and 'the dele- 
gates return to their posts with the 
basis of an extra programme of work. 
These seminars have provided a moti- 
vating force for real progress, a great 
deal of initiative in the field and a 
competitive spirit. Every technician 
requires the  support of skilled crafts- 
men to undertake the maintenance 
and adjustment of the installations 
under his control. Although the 
adjustment of burners and system 
controls can be given to manufac- 
turers' service staff  or maintenance 
contractors, in practice this has not 
led to economy in fuel. This is partly 
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due to  lack of well trained contrac- 
tor's staff and partly to the difficulty 
of specifying performance. There are 
also commercial constraints on con- 
tractors which reflect badly on system 
performance. 

Heating, ventilating and air condi. 
tioning control systems require a 
combination of mechanical and elec- 
trical skills which are not usually 
taught to engineering craftsmen. In 
order to generate the necessary skills. 
a grade of Engineering Plant Operator 
(EPO) was adopted and suitable 
candidates are given a four weeks' 
training course a t  Cardington. 
supplemented by on-the-job instruc- 
tion on controls and control systems. 
The EPO's undertake regular inspec- 
tions of boilers and control systems. 
adjust them to produce a high level 
of operating efficiency.' undertake 
first-line maintenance and report 
serious faults for makers' or 
workshop repair. 

The foregoing refers mainly to gas 
and oil-fired installations, most of 
which are automatically controlled. 
However, there still remains an 
element of coal-burning in the 
Government Estate, justified by 
competitive prices for large users 

near to existing coalfields. Most of 
these installations, although they 
employ automatic stokers, have to be 
attended and are, therefore, manually 
controlled. In fact, most large 
installations will often operate more 
efficiently and economically if manu- 
ally rather than automatically con- 
trolled, since a well-trained stoker 
can predict as well a s  adjust and can 
adapt his strategy to changing condi- 
tions in the plant he controls. If plant 
is sufficiently large, the extra cost 
of attendance is justified by increased 
efficiency. 

Many of PSA's stokers have been 
trained for and passed the Boiler 
Operator's Certificate IBOC) of the 
City and Guilds of London Institute. 
Over the past 25 years, the more 
general adoption of automatic gas 
and oil fired plant resulted in a 
reduced demand for stoker training 
and some redundancy among stoking 
staff. The BOC curriculum changed 
in emphasis towards power station 
employees. The training staff from 
Cardington have been engaged with 
City and Guilds in preparing training 
courses and examinations more 
suited to our types of installation. 
The C & G Boiler Operators Course 

No. 650 was issued in 1978; training 
has been resumed and successful 
candidates are entitled ton bonus. 

Reference has already been made 
to  the s h o r t a ~ e  of mannower trained 
in Fuel ~ c o n o k y .  ~ o s t e n ~ i n e e r s  and 
technicians are trained for desim and 
production. Maintenance and opera- 
tional techniques tend to be relatively 
neglected. In order to employ limited 
manpower resources to  the greatest 
possible effect i t  is necessary to 
measure the performance of indi- 
vidual systems, to detect abnormal- 
ities and direct attention to them. 
Since we expect to find serious opera- 
ting faults, the system of measure- 
ment can be relatively coarse. Many 
of our installations are relatively 
small and few compare in size with 
industrial process installations. I t  
was therefore decided to concentrate 
on medium and large plant where the 
annual fuel consumption would justify 
the cost of performance measurement 
and the costs of extra visits to under- 
take corrective action. The importance 
of concentrating on the most cost- 
effective activities cannot be over- 
stressed. 

A specification for a measuring 
system requires that measurements 

6 1 P.S.A. MIDLAND REGION 
ASSESUENT-OF FUEL CONWMED I IN 51 BUILDINGS 

i FROM 1972-73 TO 1976-77 YEAR 

1972 - 73 (1  ) 

6 - 

5 - 

I 
L - 

3 - Individual building convlmption 
f a  5 -. 

2 - 

1 - 

1 2 3 4 5 
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should be relatively simple and that 
initial interpretation should be 
possible without having to visit the 
site. The system should be capable 
of indicating serious faults within a 
short time of their occurrence. There 
has been considerable debate on the 
best system to apply. The classical 
method of measuring heating demand 
is by the use of 'Degree days'. For a 
given period of time, the multiple of 
time and temperature below a given 
base temperature is calculated and 
summated. The base temperature is 
that  a t  which no heating would be 
required. Theory suggests that  fuel 
used for heating should be propor- 
tional to the number of degree days. 
In practice, the relationship is not 
proportional because most instal- 
lations provide domestic h& water. 
for which the demand is not propor- 
tional to temperature. In addition. 
unless the boilers are actually turned 
off when the base temperature is 
reached, there is a standing loss of 
heat required to maintain the system 
a t  readiness. Degree days are pub- 
lished monthly. In  order to obtain a 
reliable relationship between fuel 
used and degree days, i t  would be 
necessary to operate for ten months 
a t  least. Moreover in any year, there 
are less than nine months of heating 
season. Thus it would take over a 
year to establish a relationship and 
it would be a month or more before 
a fault was detected. 

Another suggested method of 
measurement is to use an index of 
annual fuel consumption per unit of 
building volume or floor area. This is 
the target concept and depends on 

comparisons between different build- 
ings of similar type. such as  offices 
or schools. This is a useful concept 
for some aspects of energy conser- 
vation. However, it also suffers from 
the disadvantage of requiring 12 
months' measurement before com- 
parisons are possible and, whilst it 
will pinpoint the more extravagant 
users of energy, it is not diagnostic. 
If extravagant use is due to the type 
of building and i ts  form and shape. 
remedies may be quite impracticable. 
Another disadvantage is that if a 
building is continuously occupied and 
heated, it will obviously use a lot 
more heat than one which is only 
occupied intermittently. Thus. any 
target measurement has to be 
adjusted for occupancy and, unfortu- 
nately, the effect of heating-up times 
is not simple to judge. This system 
has been applied to a group of 5 1  
buildings in one UK region over a 
period of five years. Figure 3 shows 
the best fit lines relating fuel con- 
sumption to floor area for the five 
years. I t  has demonstrated an overall 
reduction in fuel consumption by the 
group over the period in gradual 
and decreasing stages. As expected. 
it seems not to have been possible 
to make extra large savings in the 
original relatively heavy users. 

Past experience suggested that for 
a well operated installation, the 
sophistication of the degree day 
system is not necessary. A relation- 
ship between fuel consumption and 
average outside air temperature 
might be a suitable alternative. This 
would have the advantage that ,  for 
the sizes of installation to be moni- 

tored, measurements could be made 
a t  least weekly and, for large instal- 
lations, even daily. The average out- 
side air temperature could be obtained 
from the local meterological station 
or by daily readings of a max-min 
thermometer a t  the actual site. (The 
latter has proved necessary in some 
cases). Fuel consumption could be 
obtained from meters, if fitted, or 
from stock and delivery records. 
None of this would require more than 
simple clerical skills. The data could 
be analysed over 12-week periods 
and, if the relationship were linear. 
could he processed on a simple desk 
computer. such a s  were available in 
our Regional Offices. A graph could 
be produced (Figures 4 and 5) showing 
the best-fit correlation between air 
temperature and fuel consumption. 
In addition. if required, the computer 
could provide a control band, above 
and below the best fit, within which 
normal performance might be expec- 
ted (Figure 6). The diagram indicates 
the proportion of points which may 
be expected to be within the houn- 
daries of one, two and three Standard 
Errors of Estimate. A change from 
these proportions indicates a change 
in performance. 

F i ~ u r e  4 gives the results of field 
trials which showed that  this would 
succeed for most. well-operated 
installations. There are exceptions. 
however. If the occupancy of the 
buildings were variable. the system 
would not work. This applies to, say. 
Army barracks, where troops may be 
absent for substantial periods on 
schemes, exercises and operations. 
The problem appears to be marginal 

FUEL MONITORING 

0 10 IS  20 

AVERAGE OUTSIDE AIR TENPLRATUPE ('C1 

FIG. 4 

and can be overcome by omitting 
periods of abnormal occupancy. 
Unfortunately, during the first 12 
weeks of operation of the system. 
the average weekly temperature was 
almost constant and provided 
nothing useful. Fortunately, the 
next period started with a cold snap 
and continued with a spell of pro- 
gressively milder weather. 

At  the last Fuel Economy seminar, 
i t  was decided to test reaction to the 
suggestion that  the system be aban- 
doned. There was an immediate and 
st iong response when i t  was forcibly 
pointed out that  this was the only 
system available to detect when 
things were going wrong, indicated 
by a consumption significantly above 
average. 

Up to now, the monitoring system 
has been mainly used to detect instal- 
lations in which system controls were 
not operating correctly, so that  con- 
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sumption was not related to weather. 
In some cases controls were missing. 
probably due to changes from manual 
to automatic firing, where the 
systems had not been completely 
modified to  take account of the differ- 
ent firing system, usually oil or gas 
instead of coal or coke. Design 
instructions have been issued to  
assist technicians to  select appro- 
priate combinations of controllers to 
suit every possible type of system. 

In most cases, however, the 
remedial action is by control adjust- 
ment by EPO's or other trained 
staff. Small portable temperature 
recorders have been issued to  them so 
that, by measuring typical room tem- 
peratures, they can judge the amount 
of control adjustment required. The 
intercept on the horizontal axis is 
adjusted under mild weather condi- 
tions by alteration to  programme 
controllers. At  the other end of the 
line, the intercept on the vertical axis 
is altered in cold weather. The recorder 
is also used to detect the need for 
adjustment of Optimum Start  Con- 
trollers, if room temperatures are 
attained too early or too late in 
relation to the start  of work. 

There are some further aspects of 
the application of the monitoring sys- 
tem which are still being explored. 
The intercept on the vertical axis 
measures the weekly fuel consumption 
a t  O%C outside. Under these condi- 
tions a burner operating a t  constant 
output should be operating ahout 
80% of the time that the building is 
occupied plus. say. about 25 hours 
per week for pre-heating ie ahout 
65 hours per week for an office 
building. If the indicated fuel burnt 
per week is less than the burner 
would use in 65 hours, the impli- 
cation is that i t  is stopping and start- 
ing unnecessarily. A reduction in the 
burner size may then he possible, 
resulting in an increase in boiler 
efficiency. There is probably a limit of 
about 8% saving on consumption if 
this is done. However, there are risks 
of boiler corrosion to be avoided. 
There is also the possibility that if 
there is excessive variation in the 
measured results (scatter) a reduction 
of burner size based on use of the 
mean would result in undercapacity. 
Current investigations are aimed a t  
deciding the amount to allow for 
scatter. 

Scatter is due to a combination 
of normal errors of measurement, 
the effects of solar gain and varia- 
tions in wind speed and direction. I t  
has been suggested that a wide scatter 

is an indication of a draughty build- 
ing. There is also a hint that i t c a n  
be caused by differences in level in 
fuel storage tanks. 

Optimum start  control. has been 
applied throughout the Civil Estate 
and work continues for  MOD. I t  is 
applied only to buildings which are 
normally occupied for less than 14 
hours per day. For economic appraisal 
of conversions. OSC saves about 10% 
of consumption compared with Fixed 
Time Start Control and about 25% 
versus Night Depression Systems. A 
second-generation of these controllers 
is now available, using solid-state 
electronic circuitry, which are easier 
to adjust for changes in occupancy 
and simpler to maintain. There also 
appears to  be a prospect of lower 
prices for them which will increase 
the scope for their use. 

In the Defence Estate, systems are 
being reviewed for the application of 
OSC and other system controls.In 
some cases, savings of as much as 
50% are expected. This work is pro- 
ceeding relatively slowly because 
each system has to be surveyed 
thoroughly to define the scope for 
modification. Much of the work has 
to he done in the summer. 

Investigations and field trials have 
shown that if individual rooms or 
zones in office buildings can be 
thermostatically controlled, savings 
of a t  least 15% can be expected. 
The work is likely to be relatively 
costly. I t  involves thorough analysis 
of the hydraulic characteristics of 
existing heating circuits to avoid 
failures. I t  will probably be limited 

in scope because of the cost-benefit 
implications and progress will be 
relatively slow. Figure 7indicates the 
expected savings derived by computer 
analysis and confirmed by field trials. 

There are many single and multi- 
boiler heating installations in which 
the application of improved control 
techniques would improve the ways 
in which the boiler output is matched 
to system demand. Field trials have 
been mounted in which these methods 
have been applied. The prospects 
seem to  be that about 8% of fuel 
consumption can be saved. Up to now 
i t  has been difficult to  establish this 
potential accurately, partly due to the 
difficulties of finding identical pairs 
of buildings with identical occupancy 
patterns. Another problem is that 
contractors engaged in the work of 
modification are familiar with 
conventional control systems and are 
not easily converted to the new prin- 
ciples being introduced. 

In the electrical field, some of our 
earlier hopes of introducing 
centralised and automatic control of 
lighting have not yet been realised. 
In general, the costeffectiveness of 
altering existing wiring circuits is 
insufficiently attractive. Such 
improvements, a s  well as the use of 
task-lighting, will have to wait until 
major rewiring has to  be undertaken 
or the opportunity can be taken to 
introduce systems in new buildings. 

Monitoring of electrical consump- 
tion has been improved by arranging 
for local management to be provided 
with computer analyses of their 
buildings, showing consumption 
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trends over three years and drawing 
attention to cases where there is a 
prima facie case for changing to more 
advantageous tariffs. 

Particularly in the Defence field. 
work is proceeding with the replace- 
ment of existing, relatively inefficient 
lamps with high and low pressure 
sodiums. We would like manufac- 
turers to develop plug-in replacements 
but, in practice, usually have to 
replace or provide special controllers. 
These replacements are particularly 
effective for flood-lighting and 
hangar and workshop systems. There 
are some applications in street- 
lighting as well. 

We have completed a national con- 
tract for power factor correction and 
are extending the application of maxi- 
mum demand control, using existing 
voice-alarm systems. 

In catering equipment, the experi- 
mental work on the application of 
timing and thermostatic controls and 
electronic ignition is being incor- 
porated into new contracts. The sav- 
ings in this field have been up to 
60% in electricity and gas consump- 
tion. 

For existing buildings, quite a lot 
of work has been done on improve- 

ment by such measures a s  loft insu- 
lation and cavity filling, which are 
relatively cost-effective. The avail- 
ability of extra funds ought to enable 
us to do more of this work, parti- 
cularly in Service Married Quarters. 
for which executive instructions have 
been issued. In some hangar and 
workshop buildings i t  has proved 
very cost-effective to  add thermal 
insulation to  walls. 

Our architectural group has issued 
a design guide for Energy Conserva- 
tion in New Buildings and we hope 
to reduce the energy requirements of 
new projects compared with the past. 
Work is proceeding on the setting of 
design targets for new buildings. 
both in PSA and in the Chartered 
Institution of Building Services. 
There are some difficult problems 
posed by the restrictions of sites and 
locations which may prevent us from 
achieving ideals. Moreover, it would 
be a dull world if every building was 
designed exclusively to conserve 
energy. The Royal Institution of 
British Architects is showing a 
welcome enthusiasm about energy 
conservation in new design. 

One of the greatest sources of heat 
loss from buildings is due to leaks. 

I t  is virtually impossible to produce a 
building in which cracks are not 
present or will not develop due to 
expansion and contraction of the 
structure due to changes in tempera- 
ture. Simple draught-stripping by 
many of the flexible materials avail- 
able is easy and cost-effective. More 
serious problems arise in hangars 
and workshops where we are applying 
flexible curtains to doorways and 
brush strips which close up the large 
gaps between doors. 

In many buildings, external sealing 
of the cladding may he a relatively 
expensive business and we have no 
rapid method of measuring the 
results. A project has been mounted 
by the Buildings Research Establish. 
ment to see if we can devise a 
method of measuring air changes in 
buildings which can be easily used. 
does not require sophisticated equip- 
ment and will give rapid results. 
Since the results depend on the varia- 
tion of wind speeds and direction. 
high levels of accuracy cannot he 
expected. Confidence in the cost- 
effectiveness of remedies should. 
however, be possible for a large 
number of buildings. 

Like many other organisations, we 
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have buildings scattered over wide 
areas of cities, towns and country. 
To maintain operational control of all 
of them is a difficult and expensive 
task. We are currently exploring the 
application of mini andlor micro com- 
puter systems to monitor plant per- 
formance, detect faults and enable a 
central controller to adjust and set 
controls to current conditions. Part 
of the benefit, assuming that the 
systems can be cost-effective, will 
result from energy savings. 

PSA publications on Energy Con- 
servation can be obtained from The 
Chief Librarian. Property Services 
Agency. Room C201, Whitgift Centre. 
Wellesley Road. Croydon CR9 3LY. 
Tel01-686 8710. E x t  4499. 

Most of the savings achieved have 
been obtained with the active co- 
operation and, in many cases, even 
encouragement from building occu- 
pants. I t  is to be hoped that  these 
relationships will continue. 

To get the greatest savings a t  the 
least expense it is necessary to 
appreciate that  all engineering 
designers must allow for chance vari- 
ables in every system they produce. 

These are akin to the safety factors 
in structural design. In  energy con- 
suming systems, these factors can be 
trimmed out by skilled operators. 
This must be done with care but the 
rewards are immediate and the costs 
are negligible. All that is required is 
training, motivation and enthusiasm 
right down to the work face. 

Energy Conservation Measures in 
approximate order of 
Cost Effectiveness 

1 PLANT MANAGEMENT - im- 
proved operation techniques, per- 
formance monitoring and training 
maintenance and operation personnel. 

2 OPTIMUM START CONTROL 
- replacing night set-back control 
systems in heating installations over 
100 kW installed capacity, and where 
heating is required for less than 
14 hours per day. 

3 SIMPLE TIME CONTROLS - 
replacing night set-back control sys- 
tems in intermittent heating instal- 
lations below 45 kW installed 
capacity. 

4 OPTIMUM CHARGE CON- 
TROL - to regulate the charging 

rate of off-peak electrical storage 
heateriused in commercial buildings. 

5 HIGH PRESSURE SODIUM 
LUMINAIRES - replacing tungsten 
or combined mercury and tungsten 
luminaires for floodlighting, hangar 
and workshop areas, provided the . 
tasks to be illuminated are not critic- 
ally dependent on colour. 

6 INTERNAL SPACE TEM- 
PERATURE CONTROL - indi- 
vidual and zone controllers in build- 
ings otherwise using weather 
compensated control only. 

7 ROOF INSULATlON - in 
uninsulated roofs. 

8 CAVITY WALL FOAM FILL. 
9 INTERNAL INSULATION - 

roof spaces and walls in workshop1 
store areas. 

10 DRAUGHT STRIPPING - 
cost effectiveness is uncertain. 

11 BOILER CONTROL - match- 
ing output to demand. Studies in 
hand. Past  field trial results 
uncertain. 
NOTE: In particular cases the ranking 
order may be different. 
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The Author is the Area Works Officer ofBerkshire Area Health Authority and 
gave this paper a t  the 21st International Hospital Congress in Oslo in June 
1979. 

Access to Engineering Services for 
Maintenance 
P. J. TANKARD MIMechE AMBIM FIHospE 

There is a constant need to remind designers of hospital Intensity of engineering services required in the building 
buildings that there is a conflict hetween the medical Future flexibility of layout 
demands for clean surfaces in clinical areas in hospitals. Consequences of failure of engineering services 
and the need to  have engineering services accessible for Frequency of maintenance operations 
maintenance, testing and for alterations and extensions. Space required for engineering plant 

The designer, under pressure from doctors, is tempted The genera1 features desirable a maintenance 
to hurv the ninework and other services. or otherwise engineer's~Oint -. -. , ~ & ~ * ~  

case them in within the fabric of the building, with result- kcess to plant rooms without the need to enter clinical 
ing high cost penalties in terms of loss of service, high or other working areas. 
cost of repairs and, sometimes, unnecessary building ~l l 'p ipework and other services to be accessible either 
damage. on the surface (which is not usually possible) or contained 

I t  is important, therefore, to consider the maintenance in properly designated space within the building, with 
operational policy a t  an early stage in the design process means to work on i t  without dismantling the building 
to enable the design of proper access to engineering fabric. 
services to he provided. Ability to  monitor plant performance and environmental 
Factors determining the approach are: conditions without requiring entry into clinical areas. 
Figure 1. RoyalBerkshireHospital Maternity Unit. 
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A Maternity Unit which is  of deep plan design and 
therefore has a high level of internal ventilation of 
the central core. The designers recognised quite clearly 
the need to separate the dirty maintenance problems 
from the clinical areas by providing a 1.3m void over 
each floor area with access from a basement staircase a t  
three points up through the building. 

F i m r e  2 The maintenance staircase. 

Figure 3. The service uoid. 

Services drop within partitions to outlets a t  ward level 
and drainage drops to the void below - All isolation 
valves in pipework are also contained within the void. 
Anyone used to day to day situations which arise in hos- 
pitals can visualise crises where services need isolation in 
an emergency - flooding due to water joint failure - 
tops of taps becoming disconnected. The maintenance 
engineer when called to this situation in this building 
has to go to the basement, climb the stairs to the rele- 
vant floor, crawl through the void to find the isolation 
valve - probably needing to refer to a drawing to iden- 
tify the particular valve required - in order to isolate 
the service. Clearly, an unnecessarily complicated pro- 
cedure. 

This is a situation where access to services was con- 
sidered and provided a t  considerable expense, but the 
maintenance policy and procedure was not properly 
defined a t  the design stage. This is probably an extreme 
situation, but good design need cost no more if main- 
tenance is considered a t  an early stage. 

An example of a much simpler and considerably cheaper 
solution which haspmued to be useful for localisolation of 
pipework. (See figure 41 

Figure 4. Isolation Access. 

Operating theatres are a particular problem for the 
maintenance engineer in that not only are the services 
more vital in ensuring reliability, hut access is difficult 
due to pressures on operating time. There is also the 
requirement for staff to change clothing and any work 
carried out must be compatible with clean conditions. 

Figure 5. Control panel, front. On this operating theatre , 
control panel maintenance of the equipment can be 
corned out by access to the rear of the panel. 

Figure 6. Operating Theatrepanels rear access. 
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A similar problem arises in access t o  sterilizers serving 
sterile packing departments. 

Fixure 7. Eye Block Sterilizer doors. 

False ceilings with removable ceiling tiles are a good 
solution for the  maintenance engineer from an  access 
point o f  view,  without the  need t o  enter into t he  sterile 
department. 

- 

Figure 8. 

Selected tiles can be removed by  screw fixings at  changes 
in direction a f  services, isolation valves and dampers in 
ventilation ductwork. They  also give a readily demount- 
able surface for changes in the engineering services. 

T h e  application o f  new legislation in t he  United 
Kingdom in the form o f  the Health and Safe ty  at  Work  etc 

Figure 9 (see front cover). Intensive Care Unit. A section 
o f  ceiling tiles have been removed for the installation o f  
ventilation ductwork in an Intensive Care Unit. 

Figure 10. 

The installation of electrical wiring in the same area as  
Figure 9. Note here the access to electrical switch gear - a 
lockable cupboard off a main corridor - simple but very 
practical. 

L Act 1974 has imposed a responsibility on employers and pig,l re Chs-,solation, emplo.yees t o  provide safe working conditions and pro- 
cedures. This  has some legal implications on the  question This arrangement in now a standard approach for Isola- 
o f  access for maintenance work. For instance, access t o  ting medical gases in an emergency (break glass in the 
this  roof top  plant r w m ,  shown in  figure 12 ,  is over a roof case of fire) and a t  the same time enables properly author- 
which i s  in fairly close proximity t o  the  roof edge. ised isolation for maintenance by  means of key  access. . 



24 HOSPITAL ENGINEERING NOVEMBER 1980 
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.Figure 1% Roof. Guard rails should be provided here t o  Figure 15. Laundry Iloor. 
ensure access in such positions. 

A similar problem arises here in a hospital laundry 
which has a monorail system for the storage of dirty 
laundry. The monorail has a series of operating points 
for directing bays to different rails. These point require 
frequent adjustment and lubrication to ensure correct 
operation. -Access by ladder, the only means originally 
provided, was most hazardous and so this platform was 
prouided to allow this work to be done in safe working 
con 

Figure 16. Front cover of Hospital Technical Memoran- 
dum Number23. 

This document published by the Ilepartment of Health 
and Social Security identifies some of these problems and - gives some recommendations of good ~rinciples which 

Figure 14. The Platform. 

I mentioned in the list of the maintenance engineer's 
requirements the need for access for replacing large and 
heavy plants. 

I t  should not be necessary to cut a new door in the 
laundry-wall when the time comes to replace a washing 
machine, which was the case a t  Battle - see Figure 15. 

. . 
should be applied. 

Figures 17-19 (overleaf) are examples of recommended 
good practice which should be adopted to provide proper 
maintenance access contained in this document. 

In conclusion l would emphasis the need to consider 
these problems in the earliest stages of the design 
process - dealt with a t  this stage, the cost of good main- 
tenance access t o  engineering services will be seen as  an 
integral part of the facilities to be provided and the cost 
of its provision will be kept to a minimum. When this is 
done successfully, the building will not only be correct 
from a functional user's point of view, but will also en- 
able the engineer to give an efficient operational main- 
tenance service a t  minimum cost. 
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Figure 17 (top left). Recommended maintenance reach 
leuels. 
Figure 18 (left). Typical cross-section of vertical duct. C 
and D should be at least 1.lm. and 0.75m. respectiuely, 
and the access opening should have a minimal clearance 
height o f  1.8m. 
Figure 19(aboue). Cmss-section o f  typical subway. 

Electrosurgical Safety 
Electrosurgical safety is the subject 
o f  a new series o f  leaflets which 3M 
United Kingdom Limited plan to 
start publishing shortly. Distribution 
will he only to  those who specifi- 
cally request the series. 

Those requesting the leaflets will 
first receive a neat binaer to  
keep issues in as they become avail- 
able. Those who would like to  receive 
the series are asked to  send in their 
names and addresses so that print- 
ing quantities can be established. 
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Contact Mr. Ian Francis, Surgical 
Products Group, 3M United King- 
dom, 3MHouse. PO Box 1 Bracknell, 
Berkshire. RC12 IJU. Telephone 
Bracknell(0344) 58281. 

Combustion Pre-heaters 
A new range of combustion air pre- 
heaters specifically aimed a t  making 
fuel economies in the plant boiler and 
process furnace markets has been 
launched by the HOWDEN Glasgow 
based international engineering 
group. The air preheaters are design- 
ed to recover waste heat from the 
combustion gases and to  recycle i t  by 
supplying hot air either for combust- 
ion or process requirements such 
as drying, product preheating or 
space heating. 

James  ohd den & Company Limited, 
195Scotland Street, Glasgow G58PJ. 
Telephone: 041-4292131. . 

Sound Deadening 
To help overcome the exhausting 
effects of protracted high frequency 
noise Visurgis (Great Britain Limited 
are introducing a versatile new range 
of sound deadening materials. 

Optimit - available in a range of 
thicknesses from 0.5 mm to 3.0 mm 
- can be rapidly and economically 
tailormade to form noise controlling 
screens , with applications right 
through industry, commerce, schools. 
hospitals and public places. 

The material, which is a rubber 
compound, is unaffected by humidity 
and the effects of ozone ageing, and 
can have excellent resistance to acids. 
akalines, oils, solvents, ultra violet 
rays and heat. I t  can also be fired re- 
sistant. 

Optimit is auailable from Visurgis 
(Great Britain) Limited, Towerfield 
Close, Shoebuyness. Essex. Tel: 
(037081 5955. 

New Traps 
Hunter Plastic Industries Ltd. has 
introduced an improved and extended 
range of white polypropylene tubular 
and bottle traps for use with both 
ABS and PP  36 mm and 43 mm dia- 
meter waste systems. 

The traps all incorporate multi- 
socket outlets which allow simple 
jointing of plastic pipe to BSS 5254 
and 5255 or copper pipe to BS 2871 
by means of compression nut and 
olive. 
Illustrated free brochure auailable 
from: Hunter Plastic Industries Lfd, 
Nathan Way, London SE28 OAE. 
Tel: 01-855 9851. 

New cable clips 
Panduit, manufacturers of cable ties. 
wiring aids and connectors to DIN 
41612, have introduced a new 
adhesive backed J clip (AJC) for 
retaining wires, cords and tubing. 

These low profile J clips have a 
flexible lead-in edge which allows 
easy insertion and yet provides a high 
retention force. This design feature 
allows quick addition or removal of 

wires to facilitate revisions. The 
adhesive backing, which has a peel- 
off paper cover, eliminates the need 
to drill holes for screw fasteners. 
Typical applications for Panduit J 
clips include mounting of cords, wires 
and tubing to clean flat surfaces. 
CATV installations, electronic and 
electrical equipment and appliances. 
They can also be used to route 
pneumatic hoses. Five different sizes 
are available to mount bundle 
diameter up to .38" with a maximum 
support of 1 lb. J clips are made from 
PVC and they are supplied in light 
grey colour. 

Futher information is auailable on 
reouest from Panduit Limited. 61-66 
Reuengk Road, Chatham, Kent, 
M E 5  8YT. Tel: (06341 660811 Telex 

Real Time 
Aerosol Monitor 
A new Real Time Aerosol Monitor is 
now available from Analysis Auto- 
mation Limited of Eynsham, Oxford. 
manufacturer and supplier of gas 
analysers and systems for on-line 
process control and environmental 
monitoring. 

The GCA Model RAM-1 operates 
on an advanced light scattering 
principle and allows continuous 
measurements of atmospheric dust 
and particulates concentration 
displaying the readings on a liquid 
crystal display. The Model RAM-1 
features three measurement ranges. 
0-210-2010-200, w i t h  sensitivity 
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down to 0.001 mglm3 on the lowest 
scale. I t  is a fully portable unit 
weighing less than 10 lbs, featuring 
built-in rechargeable batteries which 
will provide power for up to six hours 
continuous use. In addition, when 
plugged into mains power the unit 
will run continuously. The Model 
RAM-1 should find wide use for many 
industrial and research applications, 
including worker protection, indus- 
trial hygiene surveys, inhalation1 
animal exposure studies and efficiency 
determination of respirator and 
control systems. 

Contact:Analysis Automation Ltd, 
Eynsham, Oxford. 08658818&9. 

Gas Burner for Labs 
Flammatic operates economically on 
liatural or town gas, or bottled 
butane, propane, methane etc. with 
flame temperatures up to  1650°C. 
Electronic ignition control is via an 
optional foot pedal or any remote con- 
trol system, such a s  contact thermo- 
meter, timer, microswitch. relay, push 
button etc. 

Standard versions of Flammatic 
are available for operation on natural 
gas. Operation is from 2201240V 
50Hz supply: 

Information: Microflow Pathfinder 
L t d  Fleet Mill, Minley Road Fleet, 
Hants. 102514/28441. 

Loading Boards 
With the introduction of the DHSS 
bonus scheme for NHS maintenance 
staff. Woodcon Products have been 
supplying in various areas Loading 
Boards for the allocation of work 
to engineers and electricians, etc. for 
use in conjunction with Planned 
Maintenance programmes. 

The boards are constructed to  hold 
the JOBIBONUS cards, which are 
loaded and displayed in priority order 
against the names of the maintenance 
staff. 

The photograph is of,%a typical 
panel that has been supplied, but 
they can also be produced in other 
sizes and configurations a s  required. 

Woodcon Deepslot boards are 
supplied in 12 standard pocket 
depths from llir"to 10". and are 
designed wherever possible to use 
existing documentation for planning 
purposes, eliminating the need to  
transfer information onto another 
card or signal. 
Contact: Woodcon Products, Peter 
R d  Commerce WS7, Lansing, Sussex 
Tel: 09063 65946. 

Hepaire accept Baker 
agency for UK 
Hepaire Manufacturing Ltd. now 
market exclusively the Baker 
Company Inc. range of laminar flow 
and containment hoods throughout 
the UK. 

The addition of the Baker equip- 
ment increases Hepaire's range of 
laminar flow, clean air and fume 
extraction equipment for Hospitals, 
Laboratories and numerous indus- 
trial applications. 

The illustration shows Baker Class 
I1 BioGARD Safety Cabinets - 

bench top Model 315 and free- 
standing Models B40-112 and 
860-112 14' and 6' work surfaces 
respectively). 

In addition to the models illus- 
trated, the Baker Company also 
produce a wide range of laminar flow 
cabinets and offer specialist advice 
and assistance on Class 111 require- 
ments. 

Further information from: Dauid 
Gray, H e ~ a i r e  Manufacturinr Ltd.. 

Mira Mixing Valve 
A unique thermostatic mixing valve, 
claimed to be the world's most 
advanced, and incorporating an 
entirely new method of temperature 
control has just been launched by 
shower manufacturer Walker 
Crosweller & Co. Limited. of 
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Cheltenham. Called the Mira 15 
series, the new valves are said to be 
superior to traditional valve designs 
in that they give faster, more accurate 
control, over an extremely wide 
pressure range, ensure maximum 
user safety and require less mainte- 
nance. Furthermore the new valve is 
claimed to have a longer working life 
than any other comparable mixing 
valve because of its intrinsic design 
and the materials used. 

The temperature stability and 
response time means the valve is 
suitable for hospital process appli- 
cations as well as for ablutionary 
purposes. Typical of its potential 
application could he the processing 
of X-ray film. This and indeed any 
hospital process that relies on precise 
temperature control of water for its 
success is an ideal application. 

Contact: Walker and Cmsweller & 
Co. Ltd.. 6 St. Jarnes Square, Chelten- 
ham, Gloucestershire. 0242514418. 

Daylight loading 
system for X-Ray film 

Daylight Loading System from 3M 
United Kingdom Limited. The 3M 
Daylight Loading System brings to 
the London Hospital for the 1980's 
a totally integrated, automatic unit 
which offers the facility to load and 
unload cassettes and process film in 
daylight conditions in 105 seconds. 

-Economical and simple to use, the 
new system is situated in a three- 
room Barium area - the Link Block. 
I t  offers the radiographer more time 
with patients, the first priority, and 
less time handling cassettes. Compact 
in size and occupying just 1.5 sq. 
metres, the unit offers vital space 
saving features. 

Contact: 3M UK Ltd.. PO Box l, 
Bracknell, Berks. (a7441 26726. 

Heat Recovery Coils 
Run-Around Coil systems from F H. 
Biddle Limited provide the means 
for heat recovery in situations where 
space may be short, as  for example 
when adapting existing installations. 
For further details contact: F. H. 

Rooflight Insulation 
Northlite Insulation Services Ltd, in- 
troduced their I.V.40160 unit for ap- 
plication to north-facing rooflights, in 
January and have recently completed 
the first major project. The module, 
which is formed in PVC, is fitted by 
means of an aggressive adhesive to 
the exterior of the glass and reduces 
the 'U' value, in normal conditions. 
from 6.34 to 2.79 WIM'O~ and saves 
up to 60% of the heat previously lost 
through the rooflights. 

Northlite guarantee the installation 
for a period of five years. 

Recently installed in the Link Block Biddie L td  Newtown Road Nun- ~ o ~ t h l i t ~ ,  webner ~ ~ d ~ ~ t ~ ~ l  ~ ~ t ~ t ~ ,  
X-Ray Department of the tondon eaton. Warwickshire CV11 4HP. Tel: EttingshaN R O Q ~  woluerharnpton 
Hospital. Whitechapel, is the new Nuneaton (06821384233. WV2 2LD. Tel: Bilston (09021 49400. 

The Royal Free Hospital CORPORATION OF LONDON 

Sector Engineer Senior 
Salary scale ~8039-£9422 p.a. PIUS Mechanical Engineer 
bonus lPay Award Pending1 

Inclusive salary t o  approximately f 10.000 
For this modern Teaching Hospital with 873 beds. You 
should have sound knowledge and wide experience in An experienced mechanical engineer is required to  assist 
the operation and maintenance of all englneemg services the Principal Building Surveyor in a small but important 
and be able to control a large direct labour force. This is a 
highly challenging and demanding post and reqllirer a 

Planned Maintenance Team. The Corporation has res- 

man or woman with experience of modern air~cond~tioning ponsibilities for a particularly wide range o f  interesting 

and uenrilacion plant. and the associated electrical distri~ properties. including world renowned ones such as the 
bution systems. You must hold an HNC or equivalent Mansion House. Guildhall and the Central Criminal 
qualifi~ation. Co!lrts. 

Further information and an informal visit may be arranged 
through Mr. N. A.  Lybns. District Engineer. fel: 101 1 794 

The successful candidate should have substantial exper- 

0500exl .  4100or 3036. ience of most or all of the following building services: 
heating, ventilation, air conditioning, electrical and l i f t  

Application forms ito be returned by 16th December 19801 services. He or she should have sufficient maturity t o  be 
and job descriptions are available from the Personnel able t o  project needs into the twenty-first century. temper- 
Department. Royal Free Hospital. Pond Street. Hampstead. ing these wi th  real~stic means of achieving the greatesr 
London NW3. Te1:Oll 794 0500 ext. 4286. Quote ref: value for investment in  the maintenance of our heritage. 
1993. 
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THE ROYAL NATIONALTHROAT 
l 

I NOSE AND EAR HOSPITAL 1 
1 Gray's Inn Road, London WC1X 8DA 1 
I I 
I CHIEF CLERK of .WORKS I I - 

I f 6900 - f 8601 per annum I 
I + (London Weighting f 527.00 pa.) , m . 

Applications are invited from suitable appli- 
I cants for the above post of Chief Clerk of I 
I Works I, on a short term contract for the con- 

struction of a E 1.8m Audiology Unit, over a I 
I period of approximately 2 years. 1 
I The successful applicant will be employed I 

under the general terms and conditions of 
I PTE. 'B' of the Whitley Council and shall 1 
) hold either: 

The Ordinary National Certificate in building (or 
I 

I an alternative qualification) and have at least 1 I ten years experience as a Clerk of Works and1 I 
or General Foreman of Works. 

1 OR I 
. 

I Have at least fifteen years experience as a 
Clerk of Works andlor General Foreman of 

I 
Works. I 
The successful applicant should preferably be a I 

I corporate member of the I.C.W. 1 
I Further details, job description and application 1 

forms may be obtained from: 
1 Mr. P. J. Buxev, Group Works Officer /at above 1 
I address1 or b y  telephoning 01-837 8855 1 

Ext 33. 
L I I I I I I I - I I I I  J 

Trinidad (r Tobago 1 
Hospit a1 

The Minismy of Health requires rwo Hospital 
Engineers one Mechanical and one Electrical who 
will hold a degree or equivalent qualification and 
have professional and supervisory experience in 
design, installation, operation and maintenance 
of engineering and allied services. A knowledge of 
modem methods, practices and principles of 
eneineerine aoolicable to ooeration and maintenance 
is rkuiredas ;;some exoehence in ourchasine 

area supervising a large group of technical and 
unskilled workers. 
Salary which will be benveen E10,000 and 
EI2,000pa attracts a 25% graruiry on completion of 
the two year contract. Benefits include subsidised 
accommodarion, free passages, generous leave 
entitlement, car loan and free medical treatment. 
For full details and application fonn telephone 
GlenysSmith01-222 7730 Exm 3395 or write . 
quoting HPIOIIOMD. 

Crown Agents 

r 7 

The Crown Agents for Ovenea Governments and 
Administrations, Health Services Division (Staffing). 

L 4 Millbank, London SWlP3jD. 

HOSPITAL OF ST JOHN AND 
ST ELIZABETH 

60 Grove End Road. London, NW8 9NH 
/Under the cam of the Sisters ofMercvl 

SENIOR ENGINEER 
To be responsible for the building and engineering main- 
tenance and operations at this well known voluntary hos- 
pital, situated in a pleasant and easily accessible area of 
London. The successful applicant lmalelfemalel will be the 
sole engineering officer on site. 

Minimum qualification HNC in Mechanical or Electrical 
Engineer or an acceptable equivalent. 
Salary Scale E641 3 rising to  E7361 p.a. inclusive of 
London Weighting. Post vacant 2nd February. 1981. 

Application form and further paniculars available from the 
Hospital Secretary. Telephone 01 -286 51 26. 



5000 SERIES SYSTEM FORMAT 

ISOTHERMAL 
TERMlNlTlON 

NCLOSURES 

C 

I Short and long term hire available 
from: 
GEORGE COHEN MACHINERY LTD 
23/25 Sunbeam Road, London NW10 6JP 
Telephone: 01-965 6588 Telex: 922569 

BRANCHES THROUGHOUT THE COUNTRY 600 

Hoval  Farrar Limited ~ ~ ~ ~ ~ k ,  ~ o t t s  
Tel: (0636) 7271 1 .  Telex: 371 64 Hoval Newark 


