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The wide variety of buildings that  constitutes the Central Government es ta te  
pose many differ ing venti lat ion problems. Mbst buildings are  natural ly 
ventilated and the ra tes  achieved i n  practice a re  unknown but i n  many 
instances are thought t o  be excessive and as such responsible f o r  
considerable energy waste. 

The paper s e t s  out recent PSA experience and findings i n  an attempt t o  
obtain a be t te r  appreciation sf the interact ing problems associated with 
natural  ventilation. 

Escalating fue l  costs over the l a s t  decade, a trend l ike ly  t o  continue in to  the foreseeable future, 
has .focussed at tent ion on the use of energy, p a r t i c u l a r l ~  tha t  'used for  heating buildings. For new 
bdildings t h i s  has resul ted i n  improved thermal insulation standards and greater  at tent ion t o  
energy requirements during the conceptual design stage. While, fo r  existing buildings, it has 
resulted i n  improved plant operation and maintenance and the upgrading of building services and the 
thermal envelope. More recently at tent ion is being directed towards natural  venti lat ion i n  both 
new and existing buildings because of its increasing significance on energy requirements. 

The Property Services Agency (=A) forms part of the Department of the Environment (DOE) and 
provides, maintains and operates a wide range of accommodation and fixed ins ta l la t ions  for  UK . 
Government Departments. This wide range of accommodation poses many differ ing venti lat ion 
probleins but it is  not intended i n  t h i s  paper t o  examine these i n  de t a i l  but t o  r e l a t e  recent PSA 
experience and findings t o  the endeavour of a bet ter  appreciation of the inter,acting problems 
associated with natural ventilation. 

ENERGY USE 

 he energy conservation programme undertaken by PSA over the past seven years has primarily 
concentrated on existing buildings. This has resulted, through the select ive application of 
highly cost effective measures such as the upgrading of heating controls, improved plant 
management and additional thermal insulation, i n  an annual energy saving fo r  heating fuels  i n  
excess of 35% t o  date. However, while a significant reduction i n  overall consumption has been 
achieved and the mean consumption per unit  f loor  area fo r  heating reduced, it was of concern t o  
find that  the variation i n  consumption per unit f loor  area has remained re la t ive ly  constant a t  
about 4 t o  1. Table 1 shows the resul t s  for  the period 1972 t o  1979 of a sample of buildings 
located i n  the Midlands. 

TABLE 1 - hlergy Consumption (w)  per m2 (ne t t  Floor Area) For Heating and ~omes t i c  Hot Water 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

YEAR MEAN 9% POKJLATION CONFIDENCE LIMITS RATIO 
VALUE LOWER UPPER OF LIMITS 
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Figure A shows the typical  frequency distr ibut ion of the energy consumption per square metre of 
f loor  area fo r  a representative year. It i s  evident that  there is a bias i n  the sample which 
indicates that  there ex is t s  some lower l i m i t ,  below which few existing buildings can operate and 
maintain comfort, while there appears t o  be less  constraint on the maximum amount of energy 
consumed. I n ~ ~ a c t i c e  the i s t a l l ed  capacity of the heating plant, which has been found t o  vary '2 between 115 W m and 375 ~ / m  , w i l l  l i m i t  energy consumption. Generally buildings with a high 
energy use per unit f loor  area were found t o  have a high ins ta l led  plant capacity per unit  f loor  
area. 

Plotting the annual energy consumption for  each building over a period of f ive  years confirmed, 
as expected, that some buildings remained consistently ei ther  above or below the average for  a l l  
buildings. The average consumption l i ne  for  a l l  buildings w a s  determined as the best f i t  l i ne  
through the points for  each year. Not a l l  the points have been plotted i n  the interest  of 
c l a r i t y  but most buildings whether greater  or less than the average had a reducing consumption. 
It seems not t o  have been possible t o  make extra large savings i n  most of the original relat ively 
heavy energy users. 

Clearly there was a need t o  survey the buildings, but as the high and low. energy users were of 
prime in teres t ,  it w a s  decided t o  survey those above or close t o  the upper 95% confidence l i m i t  
and similar ly those below or close t o  the lower 95% confidence l i m i t .  

It was not possible t o  measure the venti lat ion ra tes  for  the buildings but a common feature of 
buildings with a high energy consumption was that they were generally cold and draughty which 
suggests that  venti lat ion ra tes  were higher than need be. Similarly fo r  the same group of 
buildings, the standard of plant operation and maintenance was not always what it  should have 
been. The reasons f o r  t h i s  m e  perhaps many, but it is suspected that  often maintenance s t a f f  
are driven t o  despair, through numerous complaints from the building occupants about low 
temperatures and draughts, consequently heating controls are overriden or incorrectly adjusted i n  
an attempt t o  s a t i s fy  c l ien t  requirements. 

The re la t ive  significance of these problem areas could not be determined from the resul t s  of the 
surveys. The surveys did however suggest that  buildings of an appaxent high energy design did not 
necessarily demand excessive consumption i n  practice. 

PKF;DICTED VARIATION . 

. . . . . .  . . . .  
A couirion feature of the PSA energy conservation programme of work has been t o  compare empirical 
findings with theoret ical  predictions. This has generally led t o  a be t te r  understanding of 
problems. 

In vi'ew of the large variation i n  oonsumption per unit f loor  area found i n  existing buildings and 
the limited findings of the suwveys, a simple assessment of the theoret ical ly predicted spread i n  
consumpt ion was undert aken. There were problems however . 
In order t o  undertake the assessment it was f i r s t  necessary t o  decide over what range natural  
venti lat ion ra tes  occur i n  existing buildings. It was generally f e l t  that  the average minimum 
ra t e  was unlikely t o  be less  than 0.5 a i r  changes per hour but the maximum was more d i f f i cu l t  t o  
assess. One or two assessmenis of draughty buildings have indicated that  the natural venti lat ion 
r a t e  was about 3 a i r  changes per hour. Another pointer t o  the l ike ly  maximum i s  that  it  is  not 
uncommon practice fo r  many Building Services Engineers t o  assume 2 a i r  changes per hour i n  design 
calculations, as a resu l t  of adverse experience with lower values Final ly it was decided that  
3 a i r  changes per hour is  l ike ly  t o  be representative of the maximum average value of natural  
venti lat ion found i n  existing buildings. 

Using the a i r  change values outlined a simple computer aided analysis was undertaken t o  establ ish 
the l ike ly  variation i n  annual energy demand for  existing office buildings. The resul t s  are 
summarised i n  Figure C which indicates that  the annual energy demand varies with a r a t i o  of about 
4 t o  1. This corrslates  with that  found i n  practice. 

It i s  not possible t o  draw firm conclusions from the analysis but i ts  correlation with empirical 
findings suggests there may be considerable energy savings through reducing excessive natural  
ventilation rates  i n  existing buildings. 

PERFORlvlCLNCE INDICATORS 

. . . . . . . . . . . . . . . . . . . . .  
To aid s t a f f  i n  the f i e l d ,  a simple method of assessing the energy performance of individual 
buildings has been developed which wi l l  enable bad performers t o  be quickly and easi ly identified. 
The method is based on a series  of performance indicators deduced from the actual energy' 
consumption characteristics of a random sample of existing office buildings, similar t o  those 
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shown i n  the histogram i n  Figure A. It is not intended here t o  discuss the basis  of the 
indicabrs , suf f ice  t o  say that  they are  derived from established s t a t i s t i c a l  techniques. The 
indicators are intended t o  be an approximate gauge against which t o  compare the energy performance 
of existing buildings. So f a r ,  indicators fo r  naturally venti lated office buildings have been 
produced but it is intended t o  extend them t o  other types of Government buildings. The indicators 
for  office buildings are shown i n  Table 2. 

TABLE 2 - Performance Indicators fo r  E x i s t i w  Single Shi f t ,  Intermittently Operated, Naturally 
Ventilated Off i ce  Accommodation 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The large variation i n  energy consumption per unit f loor  area f o r  heating and domestic hot water 
services would seem t o  be inherent i n  the existing building stock due largely t o  variation i n  
ventilation ra tes ,  though other factors  do have an influence. This being so it follows tha t  for  
buildings which compare poorly with performance indicators it is l ike ly  that  t he i r  venti lat ion 
rates  are excessive, subject t o  t h e i r  heating systems being operated correctly. However more 
data and experience is required t o  f u l l y  validate t h i s  hypothesis but i f  it is verif ied the use 
of performance indicators wi l l  provide a valuable a id  t o  the identif icat ion of buildings with 
excessive natural venti lat ion ra tes  . 
PRACTICAL CASE 

i r 
. . . . . .  

RATING 

,... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR 
POOR 
VERY POOR 

C 

. . . . . . . . . . . . . .  
To obtain an indication of the achievable savings through reducing the r a t e  of natural  venti lat ion 
i n  existing buildings, a f i e l d  trial was recently undertaken on a London Office building. 

. . 
P E ~ R M A N C E  INDICATOR 

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rie"iT ' 6.Bljomef;t.id .w&t.6r.. 

(GJ/m (Gross Area)/annum) 

u*.t.d.d;i i.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.72 - 0.84 
0.84 - 1.16 
Over 1.16 

4 

The building chosen was located i n  an exposed position adjacent t o  the r iver  Thames. It was 
erected post-war,& is constructed of 14" thick so l id  brick outside walls with metal windows on 
three sides, a f l a t  roof, concrete ground f loor,  demountable internal  part i t ions,  and suspended 
ceilings. The metal frame casement windows give a glazing r a t i o  on 3 faces of the building of 
about 50 percent, of which only half of the glazed area is openable. The building has 5 f loors  
and a t o t a l  gross f loor  area of 2230 square metres. 

Over the years, the window frames have become twisted and no longer produce an effective seal ,  
assuming they did i n  the f i r s t  instance. A si l icon rubber sealing mastic was applied t o  the  
frames so as t o  mate with the openable windows* This is a standard method of t reat ing such 
windows and is  widely employed. The cost of the work was about L2300 at 1980 prices and took about 
two months t o  complete. The i n i t i a l  reaction from the building occupants was favourable and 
comfort conditions were considered t o  be more acceptable. 

Before proceeding further  it is perhaps important t o  outline other reasons why th i s  part icular  
building was chosen fo r  the t r i a l .  F i rs t ly ,  as a resu l t  of previous t r i a l s  fo r  other purposes 
the fuel  consumption end performance data fo r  the building was well documented, secondly and 
perhaps more import ant,  thermostatic radiator valves were f i t t e d  additional t o  the existing 
weather compensator control. The significance of these valves may not be obvious but without some 
form of internal ly sensed space temperature control, improvements t o  the envelope of a building i n  
the form of be t te r  insulation or draught proofing, w i l l  r a re ly  real ize fue l  savings without the 
readjustment of the controls which can be d i f f icu l t  and often is  not carr ied out. 

The preliminary resul t s  of the t r i a l  are summarised i n  Figure D which shows the performance of the 
heating system before and af te r  sealing the windows. The annual fue l  saving is  estimated t o  be 
about 22 percent. The cost effectiveness of the measure based on the above fue l  saving is as 
follows : - 
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The remedial work was obviously cost effective and produced worthwhile savings. In  addition a 
noticeable improvement i n  comfort was reported by the building occupants, though parts of the 
building are s t i l l  draughty due t o  poor f i t t i n g  window frames. 

While it is  possible t o  infer  by calculation the ventilation r a t e  prior t o  and a f t e r  sealing the 
building, the inherent inaccuracies of such a calculation render the resu l t s  unreliable. A simple 
method of measuring the  venti lat ion r a t e  would be a considerable a id  t o  validating improvements. 

10 years 

2.47 

2.4 Years 

2.0 

2.7 Years 

Discount FACTOR 5 Years 

mmRNAL TEMPERATURE CONTROLS 

4% TDR 

7% TDR 

. . .  , 

~ o s t  office buildings 'are controlled by means of a weather compensator; a device that  senses 
external a i r  temperature only and infers  internal  temperature conditions. The main disadvantages 
of such devices a re  that  they do not take account of the dynamic condition that  occurs within 
buildings due t o  occupancy, lighting, other beneficial gains, and variations i n  natural ventilation 
r a t e s  . 
The d is t inc t  advantage that  internal  temperature controls offer  over the more t rad i t ional  weather 
compensated control i n  minimising the energy losses associated with natural  venti lat ion is not 
widely recognised. 

IOP * 
PAYBACK PERIOD 

IOP * 
PAYBACK PERIOD 

Work rindertaken during theoret ical  verif icat ion of energy savings associated with the ins ta l la t ion  
of Internal  Temperature Controls over and ab w e  weather coinpensat or control, revealed that  
considerable energy savings are possible when natural venti lat ion ra tes  are high. Figure E shows 
computer predicted percentage energy saving for  rectangular b u i l d i ~ ~ s .  Buildings of other shapes 
also produced s i m i l a r  savings but they cannot be represented i n  a graphical f orme No extensive 
attempt has been made t o  t e s t  these theoret ical  findings i n  practice, but one closely monitored 
t r i a l  revealed savings of about 1% for  a building with a glazing r a t i o  of about 40 percent . The 
average seasonal natural  venti lat ion r a t e  was not known, however the building is  that  referred t o  
ea r l i e r  which is believed t o  have a re la t ive ly  low natural  venti lat ion r a t e  of about 1-l* a i r  
changes per hour. 

0 e 906 

2.4 Years 

0 .75 

2.7 Years 

Perhaps the  most s ignif icant  conclusion t o  be drawn from the theoret ical  analysis was that  i f  the 
energy requirements f o r  buildings are t o  be minimised,heating controls mt be of a type that  
respond t o  beneficial heat gains and the dynamic changes that  occur within a building, 
part icularly i n  re la t ion  t o  a natural  ventilation. 

In addition it can be concluded tha t  fo r  existing buildings with a high natural ventilation ra te ,  
internal  temperature controls are essential  where it is not pract ical  or economical t o  reduce the 
venti lat ion ra tes  t o  more acceptable levels, i f  energy consumption i s  t o  be minimised. 

CONTROL STRATEa, 
. . . . . . . . . . . . . . . .  

The interact ion of the many energy related variables is perhaps one of the most undervalued z e a s  
associated with building design. Much is assumed during the design process but more often not 
real ised i n  practice. 

For existing buildings, the s i tua t ion  is  worse i n  that  generally l i t t l e  attention has been 
afforded t o  obtaining a be t te r  understanding about t he i r  dynamic perf onnance. Where there has, 
the tendency has been t o  t r ea t  part icular  problems i n  i so la t ion  with l i t t l e  regard t o  other 
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interconnected variables and influences. As a consew&ce, optirnum solutions are not necessarily 
evolved. 

Reference has already been made t o  the close association of natural  venti lat ion ra tes  and internal  
temperature controls. The cornput e r  based analysis previously mentioned also revealed tha t  as 
natural venti lat ion ra tes  are reduced, t he  necessary running hours of heating plant is also 
reduced. The resul t s  are shown i n  Figure F. I n  practice, heating plant is generally running f o r  
well over 2000 hours f o r  intermittently occupied buildings whereas theorect ical  predictions 
suggest that  considerably less  is required. To f u l l y  r ea l i s e  t h i s  additional benefit  however 
requires a more comprehensive heating system control s trategy than i s  generally applied t o  most 
buildings . 

. . . . . . . . . . . . . .  
~ i t t l e  work has been done t o  date by FSA t o  reduce excessive natural venti lat ion ra tes  i n  
buildings. This is not because it has been considered unimportant but because the limited effort  
available has been directed towards low r i s k  proven measures. Work which has been undertaken 
however, generally f a l l s  into one of two categories; improvements t o  metal framed casement windows 
through the application of s i l icon  rubber mastics, or al ternat ively,  minimising the gaps around 
large sl iding doors of hangars and workshops through the f i t t i n g  of nylon brush seals. 

Some of the f i r s t  applications of s i l i con  rubber mastics were undertaken four t o  f ive  years ago, 
and have generally proven re l iab le  i n  use, with the painter perhaps being its worst enemy. Most 
s i l icon  rubber mastics are resis tant  t o  common gloss paints and w i l l  i n  f ac t  repel them but it is 
not unknown for  the painter t o  remove the  mastic. For most pract ical  purposes the l i f e  of the 
ins ta l la t ion  can be expected t o  be above f ive  t o  ten  years, which some suppliers w i l l  guuantee. 

It has been a problem t o  maintain an acceptable working environment i n  buildings with large doors 
such as hangars and workshops and i n  one part icular  type of hengar2it was f ound that  i n f i l t r a t i on  
gaps around the doors amounted t o  an equivalent area of about 158m (170 sq f t ) ,  enough t o  drive 
a doubledecker bus through. Nylon brush seals  have proved t o  be an effect ive solution. Another 
but not disassociated problem was that  the doors were often l e f t  open. To combat t h i s  problem, 
proximity switches were f i t t e d  t o  the hangar doors so as t o  turn  off the heating system when t h w  
were opened. These adaptations were i n i t i a l l y  carried out on twelve such hangars and the effect 
on fue l  consumption was as f 01lows:- 

Year C ondit i on 

1977/i8 No Modification 
1978/79 Modification f i t t e d  * 
1979/80 Modification f i t t e d  * 

Actual 
Consumption 

( l i t r e s  ) 

C onsumpt ion 
Degree dqy Corrected 
t o  a base year 77/78 

Whe modification involved the f i t t i n g  of nylon brush seals  t o  the hangar doors and proximity 
switches. 

The f i r s t  year, despite a very hard winter, produced fue l  savings of about 19 percent but fo r  
1979/80 the saving was about 50 percent. This large saving cccurred because during 1979/80 the 
doors were l e f t  open due t o  the mild weather but the proximity switches rendered the  heating 
system off. However during the severe winter of 1978/79 the hangar doors were kept closed as 
much a s  possible i n  order t o  maintain comfort conditions. This is  a simple but effect ive 
solution t o  many door problems, which demonstrates that  it may be more acceptable t o  to lera te  
high ra tes  of natural ventilation, a t  times, providing the heating i s  turned off. 

BUILDING FAULTS 

So f a r  reference has been made t o  the particular probaems associated with casement windows and 
large hangar doors, but there are other problem areas that  lead t o  excessive venti lat ion rates. 
These generally f a l l  i n to  three categories: 

those resul t ing from poor design 
those due t o  the poor f i t  of building components 
those at t r ibutable t o  poor construction 

Solutions t o  these particular problem areas are largely unexplored but i f  the wide disparity i n  
energy consumption per-unit f loor  area is t o  be reduced and energy savings achieved, a f u l l  range 
of remedial options must be developed, supported by sound evidence of t h e i r  cost effectiveness. 
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BUILDING DESIW 

~ e w  buil&@s 'are generally designed with ventilation rates as recommended by the CIBS Guide, 
however it i s  not uncommon practice for  higher rates t o  be assumed particularly when the 
recommendation i s  f o r  relat ively low rates. This practice has evolved as a direct result of 
higher than expected ventilation rates occurring i n  practice, which has led t o  underheat ing. 

Closer attention i s  being given t o  assessing the natural ventilation rates of design options. One 
approach being adopted is based on obtaining a f a i r  knowledge of the microclimate of the particular 
s i t e  together with a detailed knowledge of the window that  has been selected fo r  the proposed 
building. This data i s  subsequently processed by methods recommended by the BRFt end the CIBS t o  
derive a ventilation rate. This approach i s  thought t o  be a shade more exact than that of taking 
figures direct from the CIBS Guide, though as yet there' axe no measured results  t o  confirm this. 

The benefits of closer attention t o  natural ventilation rates i n  the design process wil l  not 
necessarily be realised unless the f i t  of building components and construction standards are 
improved. These fau l t s  alone are responsible for excessive ventilation rates i n  many existing 
buildings. 

CONCLUSIONS 

1. l%eo~;etical predictions suggest that  excessive ventilation rates are a major contributory 
cause t o  the large disparity i n  consumption per unit f loor area found i n  existing buildings. 

2. I n i t i a l  results  of t r i a l s  suggest that  significant energy savings are achievable through 
reducing natural ventilation rates t o  more accept able levels but further validation i s  required 
before extensive upgrading of existing buildings can be undertaken. 

3. A simple method of measuring natural ventilation rates and assessing average yeaxly values 
would enable potential savings t o  be quantified so that investment decisions can be soundly based. 

4. A greater understanding of natural ventilation within buildings needs t o  be develbped, 
together with i t s  interaction with other energy related vaxiables, i f  the energy demands of 
buildings are t o  be minimisea. 

5. A f u l l  range of cost effective optians for  reducing excessive natural ventilation i n  existing 
buildings needs t o  be developed. 

6. A sound heating system control strategy needs t o  be developed t o  take f u l l  account of the . 
dynamic changes that occur within buildings . 
7. A proven method of validating the natural ventilation rates of building design proposals mt 
be developed t o  aid designers. 

8. Building components f i t s  and construction standards must be improved i f  the benefits of better 
designs axe t o  be realised. 

. . . . . . . . . . . . . .  
The work described has been carried out as part of the energy conservation programme for 
Government buildings and the author wishes t o  thank the Property Services Agency fo r  permission 
t o  publish th i s  paper. 
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Figure A 

Energy Consumption in ~ ~ / r n 2  (Nett area) annurn 

Histogram of Heating and Domestic Hot Water Consumption 1975/76 
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Figure B Assessment of Fuel consumed i n  50 buildings 
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Figure C h a u l  Energy Demand i n  reiat ion t o  Glazing and . A i r  Change Rates 
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Figure D Heating System Performance 
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Ol0 GLAZING 

Figure E Potential Energy Savings due t o  internal Temperature Controls 
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