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With environmental issues in mind, building design- 
ers are increasingly being encouraged to consider 
natural ventilation as a primary design option. Natu- 
rally ventilated office buildings can typically consume 
less than half the delivered energy consumed in air- 
conditioned buildings, representing cost-effective en- 
ergy savings of the order of 20-30%. Furthermore, a 
survey (Harris Research Centre for Richard Ellis Part- 
nership) of major occupiers indicated that about 90% 
of directors and senior management preferred build- 
ings without air-conditioning. Making the best use of 
natural ventilation headed the list of occupiers' most 
important design features. 

However, in urban areas, the ingress of external con- 
taminants from urban pollution sources, in particular 
from vehicle emissions, building ventilation exhausts 
and boiler flues, is perceived to be a major barrier to 
the use of natural ventilation. This perception, how- 
ever, is mainly due to a current lack of information 
and understanding of the complex external flow re- 
gimes and pollutant sources, and the interaction of 
these with ventilation processes and indoor air quality 
in buildings located in 'polluted' urban conurbations. 
There is thus little recommended design guidance on 

how to effectively ventilate these buildings using low- 
energy technology while at the same time minimising 
infiltration of external pollution levels. Mechanical ven- 
tilation and air-conditioning systems are therefore be- 
ing installed to clean the incoming air even though 
there is evidence that such systems do not always 
provide clean fresh air (1,2). It has thus become nec- 
essary to study and understand the complex interac- 
tions of the external environment with the indoor 
environment, to enable the development of low en- 
ergy ventilation solutions for buildings in urban loca- 
tions with regard to indoor ai uality and thermal 
comfort. 

In this article, a brief account of some of the parame- 
ters that are important in understanding these interac- 
tions are given together with the work chat is being 
carried out at the Building Research Establishment 
Ltd (BRE) in the UK to address them. 

Contamination of buildings from external pollution 
sources is strongly dependent on both wind flow 
(speed and direction) and dispersion processes 
around the buildings. These processes are complex 
and affected by the surrounding structures, as well 
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as by the size, shape and the orientation of the build- 
ing itself, and finally by the type, position and dis- 
tance of the contaminant sources. The arrangement 
of the urban area and the distribution of contaminant 
sources within it are therefore important factors in the 
contamination process. 

For naturally-ventilated buildings, it is the combina- 
tion of pressure forces and contaminant levels 
around the building that is important in generating the 
internal contamination level. This level depends not 
only on any internal contamination sources but also 
on the levels of external contamination, the building's 
ventilation processes, and the attenuation provided 
by the building envelope. 

In general, there are two types of external airborne 
pollutant which cause building contamination prob- 
lems: 

those capable of generating adverse health 
effects, and 
those causing nuisance. 

Both are important to the building internal environ- 
ment. The most common external pollutants affecting 
health are acid gases (such as SOz), NOx, ozone 
and small particles. Carbon monoxide is frequently 
mentioned in this respect; however, it is a major pol- 
lutant only when produced in large quantities as a re- 
sult of imperfect combustion. Similarly, carbon 
dioxide is mainly important as an indicator of ventila- 
tion performance and internal air quality. The most 
common sources of 'nuisance' pollutants likely to en- 
ter a building are odour and windborne dust. 

In recent years a much broader-based spectrum of 
contaminants and contaminant sources have been 
recognised as being of concern in ventilation prob- 
lems. These range from the conventional polluting 
discharges (such as those from combustion and sta- 
tionary generating plants) to: 

vehicle emissions (currently considered to be a 
major source of urban pollution), 
process discharges (including for example, 
fume cupboard discharges), 
nuisance discharges (especially odours) and 

cross-contamination problems 

In addition contaminants may be of gaseous or parti- 
cle form and there is a growing interest in the relation- 
ship between indoor and outdoor sources of these 
and in particular, very small particles (below 10pm). 

The relationship between various pollution sources 
from different distances, is an important factor in the 
type of pollutant exposure experienced by buildings. 
For example, the nearer a pollutant source, the 
greater is the variation in concentration over time and 
distance that will be experienced. At a particular site 
therefore, pollution sources from different distances 
combine to form the overall levels experienced, so 
that the overlapping of different sources is critical to 
the type of exposure. 

A recent review by BRE discusses these issues in 
some detail (3). This considers the relationship be- 
tween 'local' sources and overall 'background' levels 
of pollutants, their total contributions to the local pollu- 
tion levels and the vertical and lateral gradient of pol- 
lution. The discussion is illustrated by examples from 
measurements of dis~ersina ~lumes and of urban ~ o l -  
lution levels experienced during a specific investig& 
tion in a large urban area in the UK. Sample data 
from four sites were studied and results showed sig- 
nificant levels of temporal and spatial variation of pol- 
lutant concentration over relatively short distances. 
Correlations of this somewhat limited data, gave neg- 
ligible agreement both over short distances and rela- 
tively long averaging times. Information and 
understanding on these small scale variations and 
their effect on buildings is currently limited; work at 
BRE is being continued to ad 

Results fro tudies at B 

BRE has carried out a short term pilot study over a 
one week period (4) to investigate the following: 

e internal and external pollution levels of a 
naturally ventilated and a mechanically 
ventilated building in close proximity to one 
another, 
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their relative attenuation of 
external pollution levels, and 
a comparison of the levels 
recorded indoors with currently 
available air quality guidelines. 

The buildings studied were located 
adjacent to each other and overlook- 
ing a major road in the centre of Bir- 
mingham, a large UK urban city. 
Both buildings were used normally 
as offices with expected variable oc- 
cupancy and normal office activities. 
Both offices had a no-smoking policy 
and there were no gas appliances or 
any other significant internal sources 
of the measured pollutants. Measure- 
ments of carbon monoxide (CO), ox- 
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Figure I :  Nitrogen dioxide concentration, ppb (Birmingham, UK: 13-20 

ides of nitrogen (NOx), sulphur dioxide (S02), carbon 
dioxide (C02), building air change rates and traffic 
density were made in parallel in both buildings. 

The short period of monitoring in this study allowed 
only a limited scope for investigation of the perform- 
ance of the buildings with regard to the indoor and 
outdoor air quality. However, a number of interesting 
observations were made about the attenuating capa- 
bility of the buildings and the comparison of the inter- 
nal measured pollutant concentrations with existing 
air quality guidelines. 

1. In both the naturally and mechanically ventilated 
buildings the indoor air quality followed the trend 
of that of the external air to which they were 
exposed. However, the concentrations of the 
external pollutants were attenuated by the 
building and the transient peak concentrations 
measured externally were approximately halved in 
value. 

occupied period did not exceed any of the main 
health standards (Table1 ). However, most of the 
NO2 guideline values were exceeded over the 
weekend when combustion products were 
possibly drawn into the mechanically ventilated 
building (Figure 1). This illustrates the possible 
danger of cross-contamination between 
ventilation exhausts and inlets at roof level. 

3. In the two buildings studied, there appeared to be 
no clear distinction between the two ventilation 
strategies in providing adequate indoor air quality 
with respect to externally generated gaseous air 
pollutants other than when combustion products 
were entrained into the mechanically ventilated 
building. 

This study has highlighted a real need to address is- 
sues related to external air pollution and its sources 
and the way they affect the i rnal environment of 
buildings in urban areas whatever strategy is used in 

ventilating a building. 

Currently, research at BRE is ad- 
dressing how the fundamental pa- 
rameters detailed above affect the 
indoor air quality in naturally venti- 
lated buildings located in urban ar- 
eas. We are studying the complex 
behaviour of external pollutant 

Table I. Measured mean concentrations inside the buildings for the sources and flows, dispersion of 
working week compared with existing air quality guidelines. these and their interactions with the 

cities' infrastructure and their sub- 
* Department of Environment - very good air sequent effect on the internal envi- 

quality ronment of buildings. 
Expert Panel on Air Quality Standards 
World Health Organisation 

UK's Environment Agency short-term exposure 
limit 
European Community guidelines 
8-hour mean 
I-hour mean 
15-min mean 

- 

This is being done both through full scale monitoring 
studies to investigate the pollution levels inside and 
outside buildings in polluted urban areas and through 
small scale experimental studies. The latter concen- 
trates on wind tunnel simulations of the dispersion of 
local pollutants around buildings and the wind pres- 
sures that generate infiltration. The data obtained will 
be coupled with assessments of the effects of vari- 

2. The daily mean concentrations of the gases ous pollution sources at different distances to the to- 

measured in both buildings over the main tal exposure experienced by buildings. 
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where external air pollution may be a problem.Fur- " ther details of work being carried out at BRE in this 
important area may be obtained from Dr Vina 
Kukadia on 01923 664878, 
email: kukadiav@bre.co.uk. 
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The 'ISH' International Trade Fair is held in Frankfurt, 
Germany every two years and is one of Europe's larg- 
est exhibitions of HVAC equipment. During the event, 
over 230,000 visitors from 130 Countries attended. 
Many exhibitors used this opportunity to demonstrate 
new items aimed at improving energy efficiency and 
addressing indoor environmental problems. Items in- 
cluded: 

Demonstration of Ventilation 
Systems 

A substantial range of ventilation options is now avail- 
able with the result that it is often difficult to perceive 
the advantages and disadvantages of each. To over- 
come this, Krantz has developed a portable ventila- 
tion demonstration chamber in which alternative 
ventilation strategies can be configured and com- 
pared. It incorporates a wide combination of air inlet 
and outlet locations combined with the choice of mix- 
ing and displacement ventilation approaches. The in- 
ternal space can be configured either as an office or 
an industrial space with localised heat sources. 
Smoke is used to demonstrate the various flow pat- 
terns. Apart from demonstrating flow behaviour, risks 
such as short-circuiting between inlets and outlets 
can be assessed. 

Ventilation Demonstration Chamber by Krantz 

Demand Controlled Ventilation 

In the past, demand controlled ventilation systems 
have concentrated on monitoring the build up of pol- 
lutant concentration (e.g. by using carbon dioxide or 
'mixed' gas sensors). Several manufacturers demon- 
strated the use of Passive infra red detectors ('PIR' 
systems) to control ventilation. These trigger a venti- 
lation system or fan in the presence of people, usu- 
ally followed by a 'run on time', after the location has 
been vacated, of 20-40 minutes. This approach of- 
fers the advantage of being immediately responsive 
to the presence (and absence) of people as opposed 
to conventional systems that operate after pollutant 
concentration has reached a threshold level. One 

such example 'Clivent', is built directly into an extrac- 
tor fan, while Xpelair offer a 'remote' PIR system. 

PIR Controlled Ventilation: 
(a) Clivent Extractor Fan 
(b) Xpelair Remote Sensor 

ing Automation and 
'Domotics' 

Building automation through the integrated computer 
control of all technical functions in a building is con- 
tinuing to expand. An area of particular growth is 'do- 
motics' i.e. the use of automated systems in 
dwellings. Within Europe, various companies have in- 
stalled an trialed such systems covering the control 
not just of ventilation and heating but also, security, 
lighting and domestic appliances. Further develop- 
ments in this field are reviewed in a European market- 
ing report produced by lstitut Cerda of Spain (1 ), 
while a demonstration case study involving the use of 
domotics is described in reference (2). 

User Interface for Domestic Energy Management 
System (Merlin Gerin) 

ecovery - Adva 
"egenerative' eat Recovery 

Systems 

'Regenerative' or 'recuperative' heat recovery sys- 
tems alternately switch the exhaust and fresh air 
streams through chambers of high thermal mass. In 
the first half of the cycle, the exhaust chamber is 
heated by the outgoing air. In the second half, this 
heated section becomes the supply chamber and re- 
leases its heat to the supply air. Efficiencies in ex- 
cess of 90% have been achieved. Such a system, 
produced commercially by Menerga energy systems, 
was demonstrated at the ISH Trade Fair. 
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Regenerative Air to Air Heat Recovery System by 
Menerga 

table' Constant Flow 

TROX demonstrated its relatively inexpensive adjust- 
able constant volume air flow duct. This is produced 
in several sizes, each of which comes with a cali- 
brated adjuster (see illustration). Near uniform air 
flow is maintained over a wide range of pressure 
drop. This has important applications in many ventila- 
tion installations because it can ensure the accurate 
delivery of air in complex systems. 

Adjustable constant flow device by TROX 

Photovoltaics 

As production costs fall, increasing use is being 
made of photovoltaics. Clivent demonstrated their re- 
cently introduced portable solar station for ventilation 
and cooling applications. Combined with battery 
charging facilities each unit is able to deliver a peak 
800W load and a continuous 300W. Add-on equip- 
ment includes air circulation fans, a small air cooler, 
a filtration system and humidifier. 

CLIVENT Solar Station 

eferences 

( I )  lnstitut Cerda, Pelai 16-5, E-08001, Barcelona. 
Tel: +3433179091, Fax: +3433025909 

(2) Energia Demo Technical Report 41, from lnstitut 
Catala d'Energie, Av. Diagonal 453 bis, atic, 08036 
Barcelona, Fax: 9341 97253 

For Further lnfor 

For further information on any of these products, 
please contact Martin Liddament at the AIVC. 

"Saving Energy with HVAC 
ystems in Commercial 

The IEA's Centre for the Analysis and Dissemination 
of Demonstration End Use Technologies has recently 
published a maxi brochure concerned with the use of 
energy efficient HVAC systems in commercial build- 
ings. It focuses on emphasising the need for imple- 
menting a proper methodology covering the design 
process for both new buildings and the renovation of 
existing buildings. This is aimed at giving a clear indi- 
cation of whether or not planned measures or de- 
signs really will be efficient or if they will adversely 
affect other parts of the energy system. Several dem- 
onstration projects are analysed. 

Further Information is availabl m CADDET, PO 
Box 17, 6130 AA Sittard, The Netherlands, +31 46 
4202224, http://www.caddet-ee.org 

Saving energy with 

Energy-Efficient HVAC Systems 
in Commercial Buildings 

Maxi Brochure 04 

.I CENTRE TOR THE ANALYSIS AND DISSEMINATION OF OEMONSTPATED f N E W  IECHNMOOlfS - 
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tion, and accelerating the use of natural ventilation 
(Air Infiltration Review, Vol 18, No 2, 1997). A total of 
19 non domestic buildings (offices and educational 
buildings) are described in this report. Monitoring is 

(Edited by David Ducarme, Division of Building Phys- taking place to evaluate the performance of existing 
ics and Indoor Climate, Belgian Building Research In- adhoc buildings which have been designed specifi- 
stitute.) cally to take advantage of natural ventilation. The in- 

tention is to identify any shortcomings and 
advantages of such strategies with particular empha- 
sis on determining the design and construction meas- 
ures needed to achieve successful natural 
ventilation. 

Copies of this report and descriptive brochures about 
the NatVent project are available directly from the 
AlVC library. 

FGK of Germany has produced a series of informa- 
tion bulletins covering various aspects of ventilation. 
These cover energy efficient ventilation solutions for 
all types of buildings. In addition they review the use 
of ventilation heat recoverv devices and deal with 

The European 'NatVent' natural ventilation project, problems associated with brban pollution. Further de- 
run under the 'JOULE* Programme, has recently pro- tails are available from Fachinstitut Geba~de-Klima, 
duced an overview of the naturally ventilated build- Danziger Strasse 20, D-74321 Bietigheim-Bissingen, 
ings being monitored as part of this study. The GERMANY 
purpose of this seven nation study is to reduce pri- 
mary energy consumption by providing solutions to 
barriers which prevent the uptake of natural ventila- 

New AlVC Publication - Available soon from AlVC Information Service 

by Mark Limb 

Aimed at researchers, designers and engineers 
seeking an overview of current developments into 
acoustic control within buildings and their impact on 
current ventilation practices, the document analy- 
ses over fifty of the most important publications in 
the area. 

The definition and control of noise have become im- 
portant issues in recent years. To be able to pro- 
vide an acceptable indoor environment, not only in 
terms of indoor air quality, but also acoustically, is 
now an important element of the overall design 
process. Far reaching legislation exists to restrict 
and control the noise output from HVAC systems 
and individual components, noise transmission be- 
tween rooms and to and from the building to out- 
doors. This analysis includes an examination of 
current design guidance and advances in acoustic 
measurement and calculation, as well as research 
into noise generation and control in building, with 
the emphasis on both noise transfer by the building 

itself (structural elements, design or occupants), as 
well as HVAC generated noise (including noise 
transfer from the plant room, ducts, terminal de- 
vices etc.). The report concludes with an examina- 
tion of the interaction of noise related problems with 
sick building syndrome and its impact on the quality 
of the indoor environment. 

Contents: 
e Design guidance 
e Noise transmission throughout a building 
e Buffer rooms and atria 

Theory into practice: opera house and 
auditoria case studies 

e HVAC system noise 
Acoustics and indoor air quality 
Acoustic measurement and calculation 
methods 
Novel uses for acoustics in buildings 
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by Malcolm Orme, Air Infiltration and Ventilation Centre 

The Inaugural Meeting for the CIB (Conseil Interna- 
tional du Batiment) Task Group 21, "Climatic Data for 
Building Services and SimulationJ', took place re- 
cently on the 7th and 8th April, 1997, and involved 
delegates from Europe, Japan, and the USA. The lo- 
cation for the event was the Department of Building 
Engineering, UMIST, situated in Manchester in the 
United Kingdom. 

After an introduction by Wim Bakens, Secretary-Gen- 
era1 of CIB, Geoff Levermore (UMIST, UK) outlined 
the general scope and priorities of the Task Group. In 
fact, by the concluding session of the meeting, Geoff 
Levermore had been able to deduce from participant 
responses that the likely specific areas of interest of 
the Group would be climatic data for building simula- 
tion, energy analyses and natural ventilation, as well 
as weather data quality. 

Included in the opening session were accounts of re- 
cent work from both the USA and Japan. Don Col- 
liver (University of Kentucky, USA) discussed 
research projects that ASHRAE (American Society of 
Heating, Refrigerating and Air-conditioning Engi- 
neers) has undertaken relating to design weather 
data. Furthermore, he explained how missing data 
encountered in data series had been treated, in par- 
ticular concluding that linear interpolation between ad- 
jacent measurements was the most appropriate 
method for temperature measurements. Hiroshi 
Akasaka (Kagoshima University, Japan) outlined the 
availability of Japanese climatic data and gave exam- 
ples of where they had been applied in building simu- 
lations. In a later session, Hans, Lund (Technical 
University of Denmark) indicated for which locations 
across Europe and certain parts of the Middle East 
design reference years (DRY) and test reference 
years (TRY) can be obtained. 

Several presentations were made with regard to avail- 
ability and quality of meteorological data sets. Exam- 
ples of large-scale data sets (CD-ROM based) 
identified at the meeting were SAMSON, containing 
data series for 239 locations across the USA, 
CWEEDS containing data series for 143 Canadian 
sites, and AMeDAS which includes data for 845 Japa- 
nese meteorological stations. On the subject of data 
quality, the issue was raised of whether hourly 
weather data actually express an average taken for 

each whole hour, or just an average for some shorter 
time period. 

Alan Jones (EDSL, UK), from among a number of 
presentations considering thermal aspects of build- 
ings, highlighted that the 'admittance procedure' as- 
sumes heat saturation of a building. This procedure 
is often used to calculate building internal tempera- 
tures during the cooling season. In practice, he 
stressed, a period of perhaps over three weeks may 
be needed before saturation is completed, during 
which time a large thermal mass may be beneficial 
for cooling a building. On a related topic, Chris Sand- 
ers (BRE, UK) drew attention to the activities of 
CENlTC89 ("Thermal Performance of Buildings and 
Building Components") Working Group 9 "Climatic 
Data". They are devising standard procedures for cal- 
culations ranging from the evaluation of monthly aver- 
ages of single meteorological elements to selecting 
climate data for cooling system assessment. In addi- 
tion, he announced that the European Solar Radia- 
tion Atlas will soon be published..~lso at the meeting, 
Geoff Levermore explained the ways in which the 
CIBSE (Chartered Institute of Building Services Engi- 
neers) 1997 Handbook Volume J (formerly Section 
A2 in the 1982 CIBSE Manual s been updated. 

For further information about CIB Task Group 21, 
please contact: Dr. Geoff Levermore, Senior Lec- 
turer, Department of Building Engineering, UMIST, 
P.O. Box 88, Manchester M60 IQD, United Kingdom 

Tel: +44 (O)l6l 200 4257 Fax: +44 (O)l6l 200 4252 
Email: geoff.levermore@umist.ac.uk 

1 Air Conditioning: The Future 

A forward look at future developments in air 
conditioning 

I Edited by A F C Sherratf 

Contains papers presented to the Mid Career 
College 10th Anniversary Conference "Air Condi- 
tioning Ten Years On", held in January 1997 

I Available from AlVC 
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New Publication 

by Leon E Alevantis, M. S., P. E. 

Indoor Air Quality Section, Environmental Health Laboratory Branch, Division of 
Environmental and Occupational Disease Control, California Department of Health Services 

June 1996 

Resulting from concern about increasing complaints 
of sick building syndrome (SBS), the California De- 
partment of Health Services has undertaken to de- 
velop nonbinding guidelines for the reduction of 
exposure to volatile organic compounds (VOCs) from 
construction materials in newly constructed or remod- 
eled office buildings. Researchers have reported that 
VOCs play a role in many SBS complaints, particu- 
larly in new or newly renovated office buildings, 
which often have substantial amounts of building and 
furnishing materials that emit VOCs. 

The guidelines consider building construction materi- 
als to include not only construction materials and 
products but also major furnishings, such as office 
workstations, installed as part of a building's overall 
architectural and interior design. In addition, the 
guidelines address those cleaning and maintenance 
materials and products, the use of which is directly 
associated with the building construction materials 
and products selected. 

The guidelines provide the best currently available in- 
formation on minimizing occupant exposures to 
VOCs from office building construction materials. 
They have been written primarily for application to of- 
fice buildings of any size that use mechanical heat- 
ing, ventilating, and air conditioning (HVAC) systems. 
However, they can be applied to most building types 
such as mixed-use buildings (e.g. libraries and court- 
houses). In addition, elements of the guidelines can 
be applied to naturally ventilated buildings. 

A five-step approach to reducing exposure to VOCs 
from building materials and products is recom- 
mended. These five steps are:- 

ate and select lo 
g materials an 

This is the most critical step in minimizing human ex- 
posure to VOCs emitted from building materials and 
products. In order to assess the impact of emissions 
from building materials, the guidelines define a low- 
VOC-impact building material or product as one that 
when installed in a building results in minimal or re- 

duced exposure of occupants to VOCs that are emit- 
ted from the material or product. 

Task I - Identification of target materials and prod- 
ucts based on estimated installed quantities, proxim- 
ity of installed materials and products to occupied 
zones, adsorption characteristics of some materials, 
and identification of materials and products with 
known high VOC emission rates. 

Task 2 - Collection of more detailed VOC related 
product information on candidate materials and prod- 
ucts using manufacturers' lists of Material Safety 
Data Sheets (MSDSs), product specifications listing 
chemical contents, results of emissions testing data, 
and other sources such as lists of carcinogenic con- 
tents. 

Task 3 - Evaluation of building products and materi- 
als based on MSDSs, reactiv YOC contents, calcu- 
lated chemical emissions using vapour pressures 
and mass transfer coefficients, results of emissions 
testing, and estimated indoor concentrations. 

Task 4 - Selection of building products based on 
MSDSs andlor emissions testing results. Selection of 
products based on MSDSs alone is complicated by 
the lack of indstry standardisation of the reported in- 
formation, and the fact that MSDSs are sometimes in- 
complete or inaccurate failing to list all potentially 
hazardous substances. 

re-condition certain materials to 
inimize VOC emissions after 

installation 

This step includes conditioning of materials at the 
manufacturing or assembly facility, at a "bonded 
warehouse with appropriate ventilation, or in a dry, 
well-ventilated area other than the one where the ma- 
terials will be installed, until emissions have been re- 
duced. Examples of these materials include office 
furniture and carpeting. Note that storage of certain 
materials after manufacturing is unavoidable espe- 
cially in cases of special production orders or large 
quantities. For example, in the case of carpeting for a 
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large-size building, there may be a time lag of several 
months between production and delivery of the prod- 
uct. In such cases storage is unavoidable and speci- 
fying a dry, well-ventilated space may not add a 
considerable cost to a project. There are no field data 
demonstrating the minimum length of time needed to 
effectively precondition various building products. 

Step 3 
Install building materials and products 
based on their VOC emission decay rates 

This step involves the phased installation of building 
materials and products based on their emission and 
adsorption characteristics. Typically wet products 
such as paints, adhesives, and taping and deck level- 
ing compounds should be installed first. Wet prod- 
ucts are typically characterised by very high initial 
emissions followed by much lower emission. This is 
because most solvents and other chemicals in wet 
products are emitted for a few hours or days after in- 
stallation. Porous materials, such as carpets and fab- 
ric-covered office dividers, should be installed last. 
This technique minimises adsorption by porous mate- 
rials of the VOCs initially emitted by wet products and 
subsequent re-emission at a later time (a process 
known as the sink effect) 

Step 4 
Ventilate a building during and after 
installation of new materials and 
products 

The maximum amount of outside air should be pro- 
vided during and after installation of VOC emitting 
materials for the maximum amount of time feasible 
(this process is known as a building flush-out). There 
are no data on the recommended duration for build- 
ing flush-outs, but a conservative approach is to flush- 
out as long as economically feasible, but not less 
than continuously (i.e., 24 hr) for seven days. It 
should be noted that the maximum amount of ventila- 
tion provided by an HVAC system may be limited not 
only by the system's capacity but also by the tem- 
perature and humidity of the outdoor air. Special pro- 
cedures during partial building renovationlremodeling 
(i.e., completely isolating the air between occupied ar- 
eas and areas under construction) should be fol- 
lowed and are discussed. The guidelines summarise 
and encourage compliance with ASHRAE's recom- 
mendation on HVAC commissioning (i.e., a process 
that ensures that the performance of an HVAC sys- 
tem meets design parameters) in order not only to 
minimise exposure to VOCs but also to improve in- 
door air quality during the life of a building. 

Step 5 
Delay occupancy until VOC 
concentrations have been reduced 
adequately 

Because VOC concentrations are highest during and 
immediately after construction, it is important to allow 
sufficient "flush-out'' time before occupants move in. 
Air samples can be taken to verify that indoor VOC 
concentrations have been reduced sufficiently prior 
to occupancy. It should be noted that: a) guidelines 
exist for only a few VOCs; b) there are no standard 
testing methods for TVOCs; and c) existing guide- 
lines for TVOCs are not widely accepted. However, 
TVOC concentrations can be used to compare a 
buildings's indoor air with measurements taken in 
other non-problem buildings. 

A detailed economic analysis of all the costs associ- 
ated with the above five steps is beyond the scope of 
the guidelines. However, some of these costs are dis- 
cussed. Unfortunately there is very limited published 
information on this subject. Based on this limited infor- 
mation, it appears that the highest cost of reducing 
occupant exposure to VOCs is associated with emis- 
sions testing of building materials, especially when 
many products must be tested. The cost of testing in- 
dividual products based on the Headspace sampling 
technique ranges between $1,000 and $2,000, 
whereas the cost of testing large-size products, such 
as complete office workstations, in envrionmental 
chambers exceeds $5,000 depending on many fac- 
tors such as test duration, number of test air change 
rates, number of samples tested, etc. Other costs, 
such as design fees, cost of building materials, cost 
of increased ventilation, and cost of delayed occu- 
pancy, also need to be considered. Limited data indi- 
cate that design fees are low, accounting for less 
than one percent of the ArchitecturalIEngineering 
fees of a project. Although the cost of building materi- 
als account for a major portion of the construction 
cost (typically between 30 and 60 percent), their cost 
is usually independent of their 
teristics (i.e. lower VOC emitting materials are likely 
to be reduced or eliminated as demand for these 
products increases. Finally, other costs such as 
those resulting from increased ventilation and de- 
layed occupancy are project-specific. It is important 
for building owners and employers to realise that if 
poor indoor quality increases the absenteeism rate 
by only 2.5 percent (OSHA estimated this rate to be 
3 percent) then the increased annual costs associ- 
ated with this increased absenteeism rate is compara- 
ble to the cost of utilities or maintenance and 
operation of a building. Other economic impacts of im- 
proved indoor air quality also must be considered. 
These include reduced liability exposure, improved 
building marketability, reduced health care costs, 
lower operating costs, and increased occupant com- 
fort and productivity. 

Availability 

Copies of the guidelines are available from Leon Ale- 
vantis, Air Pollution Research Specialist, State of 
California, Dept of Health Services, Indoor Air Quality 
Section, 21 51 Berkeley Way, Berkeley, CA 94704- 
101 1, USA, Or from the AlVC Library. 
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JOURNALS 
*Air Infdtration Review. Quarterly 
newsletter containing topical and 
informative articles on air infiltration 
research and application. Annual 
subscription £25 .OO 
"Recent Additions to AIRBASE. 
Quarterly bulletin of abstracts added 
to AIRBASE, AIVC's bibliographic 
database. 

AIRBASE 
The AIVC's bibliographical database, 
containing over 10,000 records on air 
infiltration, ventilation and related 
areas, is available on CD or as a 
diskette package for your personal 
computer. AIRBASE £150.00 plus 
VAT where applicable 

WORLD WIDE WEB 
The AIVC's home page holds Air 
Infiltration Review, publications and 
conference details and a list of papers 
based on the current edition of Recent 
Additions. The address is 
http:llwww.aivc.orgl 

GUIDES 
Guide to Energy Efficient 
Ventilation, Liddament M W, 1996 
GV £50.00 
Air Infiltration Calculation 
Techniques: an Applications Guide. 
1986, CT £15.00 
Air infiltration control in housing: 

r Handbook, 1983 HNBK £15.00 

TECHNICAL NOTES 
Validation and comparison of 
mathematical models, 1983 
TN 11 £15.00 
Wind pressure data requirements, 
1984, TN 13 £15.00 
Wind Pressure Workshop 
Proceedings, 1984, TN 13.1 £15.00 
Leakage Distribution in Buildings, 
1985, TN 16 £15.00 
Ventilation Strategy - A Selected 
Bibliography, 1985, TN 17 £15.00 

Airborne moisture transfer: 
workshop proceedings, 1987, TN 20 
£15.00 
Review and bibliography of 
ventilation effectiveness, 1987, 
TN 21 £15.00 
Inhabitants' behaviour with regard 
to ventilation, 1988, TN 23 £15.00 
AIVC Measurement Techniques 
Workshop, 1988, TN 24 £15.00 
Minimum ventilation rates, IEA 
Annex IX 1989, TN 26 £15.00 
Infiltration and leakage paths in 
single family houses, 1990, 
TN 27 £15.00 
A guide to air change efficiency, 
1990, TN 28 £15.00 
A guide to contaminant removal 
effectiveness, 199 1, 

A Strategy for Future Ventilation 
Research and Applications, 
Liddament M W, 1992, TN 37 £15.00 
*A Review of Ventilation 
Efficiency, Liddament M W, 1993, 
TN 39 
*An Overview of Combined 
Modelling of Heat *Transport and 
Air Movement, Kendrick J F, .1993, 
TN 40 
*Infiltration Data from the Alberta 
Home Heating Research Facility, 
Wilson D and Walker I, 1993, TN 41 
*Current Ventilation and Air 
Conditioning Systems and 
Strategies, Limb M J, .1994, TN 42 
*Ventilation and Building 
Airtightness: an International 
Comparison of Standards, Codes of 

Practice and 
ReguIations, I 
M J, 1994, TN 
*An Analysis 

u ion 
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43 
and 

Energy Conservation in Buildings and Community 
Svstems Proeramme (ECBCS) 

16rFWCSpwr n. mrmLlmtd b g p C S  E& Sw~atpdwucbt vpdard7LNmmbcr 1996 

,-$.What is the ECBCS? 

.,$.What do they do? 

TN 28.2 
£15.00 
Reporting 

Data Summary of the AIVC's 
guidelines for airflows in buildings, 

Numerical Database, Onne M S, 
1991, TN 32 £15.00 

1994, TN 44 
A review of building air flow 

*Air-to-Air Heat Recovery in 
simulation, 1991, TN33 £15.00 

Ventilation, Irving S, 1994, TN45 
Air flow patterns: measurement 

*I994 Survey of Current Research, 
techniques.', 199 1, TN 34 £15.00 

LimbM J, 1995, TN46 
Advanced ventilation systems, 
1992, TN35 £15.00 

"Energy Requirements for 
Conditioning of Ventilation Air, 

Airgloss Air Infiltration Glossary, 
Colliver D, 1995, TN 47 

Limb M J, 1992, TN 36 £15.00 
*The Role of Ventilation in Cooling 
Non-Domestic Buildings, Irving S J, 
1997, TN 48 



ANNOTATED BIBLIOG- 
RAPH l ES 
(Participants only) 
Ventilation and infiltration 
characteristics of lift shafts and 
stair wells, 1993, BIB1 £ 15.00 
Garage Ventilation, 1994, 
BIB2 £15.00 
Natural ventilation, 1994, 
BIB3 £15.00 

Air intake positioning to avoid 
contamination of ventilation air, 
1995, BIB4 £15.00 
Heat pumps for ventilation exhaust 
air heat recovery, 1996, BIB5 
£15.00 
Ventilation in Schools, 1997, BIB 6 
£15.00 
Ventilation and Acoustics in 
Buildings, 1997, BIB 7 £15.00 
(available soon) 

IEA ENERGY 
CONSERVATION IN 
BUILDINGS BOOKSHOP 
IEA Energy Conservation News 
Twice yearly newsletter of the IEA 
Energy Conservation in Buildings 
Programme IEA NEWS Subscription 
free of charge 
Energy Conservation Bookshop 
Publications Catalogue A list of 
over 100 bookshop publications is 
available free of charge. 

AlVC CONFERENCE PRO- 
CEEDINGS 
Papers from earlier AlVC Confer- 

ence Proceedings are also avail- 

able. Contents pages can be 

forwarded on request. 

'Ventilation System Performance' 
Belgirate, Italy, 1990, CP 11 £35.00 
'Air Movement and Ventilation 
Control within Buildings', Ottawa, 
Canada, 1991,3 volumes, CP 12 
£50.00 
'Ventilation for Energy Efficiency 
and Optimum Indoor Air Quality', 
France, 1992, CP 13 £50.00 
'Energy Impact of Air Infiltration 
and Ventilation', Denmark, 1993, 
CP 14 £50.00 
'The Role of Ventilation', Bwcton, 
UK, 1994, CP 15 £50.00 
'Implementing the Results of 
Ventilation Research', Palm 
Springs, USA, 1995, CP 16 £50.00 
'Optimum Ventilation and Air 
Flow Control in Buildings', 
Gothenburg, Sweden, 1996, 
CP 17 £50.00 
'Ventilation and Cooling', Athens, 
Greece, 1997, 
CP 18 - Forward orders only 

LITERATURE LISTS 
("Participants only) 

Pressurisation - infiltration 
correlation: 1. Models, LL 1 
Pressurisation - infiltration 
correlation: 2. Measurements, LL 2 
Weatherstripping windows and 
doors, LL 3 
Caulks and sealants, LL 4 
Domestic air-to-air heat 
exchangers, LL 5 

' Air infiltration in industrial 
buildings, LL 6 
Air flow through building 
entrances, LL 7 
Air infiltration in commercial 
buildings, LL 8 
Air infiltration in public'buildings, 
LL 9 
Carbon dioxide controlled 
ventilation, LL 10 
Occupancy effects on air 
infiltration, LL 1 1 
Windbreaks and shelterbelts, 
LL 12 
Air infiltration measurement 
techniques, LL 13 

' Roofs and attics, LL 14 
Identification of air leakage paths, 
LL 15 
sick buildings, LL 16 
Flow through large openings, 
LL 17 

*These items are free of c- to enquirers in participating countries - 
Belgium, Canada, Denmark, Finland, France, Germany, Netherlands, 

New Zealand, Norway, Sweden, UK and USA 
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Third lnternational Thermal Energy & 
Environment Congress - ITEEC 97 

9-12 June 1997 
Marrakesh, Morocco 
Contact: 
Dr F Haghighat Centre for Building Studies, 
Concordia University, 1455 De Maisonneuve Blvd 
W, Montreal, Quebec, H3G 1 M8 Canada 
Fax: 514 848 7965 
For general information: 
Prof A Mir, Ecole Superieure de Technologic, BP 
331s Agadir, Morocco 
Fax: 212 822 78 24or212822 7260 

Second International Conference Buildings and 
the Environment - CIB TG8 

9-12 June 1997 
Paris, France 
Contact: Scientific Secretariat, Dr Sylviane Nibel, 
ENEA, Department CSTB 84, Avenue Jean 
Jaures, BP 02 77421, Marne la Vallee Cedex 2, 
France, Tel: +33 (1) 64 68 8301, Fax: +33 (1) 64 
68 83 50, email nibel@cstb.fr 

1997 ACEEE Summer Study on Energy Efficiency 
in lndustry 
"How Industry will produce energy efficiency 
services in the 21st century" 

July 8-1 1, 1997 
Sheraton Saratoga Springs, New York, USA 
Contact: Debbie Giallombardo, ACEEE 
Conference Office, 1001 Connecticut Ave NW, 
Suite 801, Washington DC 20036, USA 
Tel: 202 429 8873 
Fax: 202 429 2248 
email ace3-conf@amail.pnl.gov 
www http://crest.org/aceee 

Heat Pumps in Cold Climates 
1 1-1 2 August 1997 
Acadia University, Wolfville, Nova Scotia, Canada 
Contact: 
R L Douglas Cane, Caneta Research Inc, 7145 
West Credit Ave., Ste. 102, Bldg 2, Mississauga, 
Ontario, Canada L5N 6J7, 
Tel: 905 542 2890, Fax: 905 542 3160, 
email caneta@compuseri/e.com 

Clima 2000 '97 
August 30 - September 2,1997 
Brussels, Belgium 
Contact: 
Clima 2000 '97, c/o SRBII, Ravenstein, 3, B-1000 
Brussels, Belgium 
Tel: +32 2 51 17469 
Fax: +32 2 51 17597 

Indoor and Built Environment Problems in Asia- 
ISBE 

4-5 September 1997 
Kuala Lumpur, Malaysia 

Contact: Dr H H Lim, Medviron Consultants, Sdn 
Bhd 257-2, Jalan Tun Sambanthan 50470, Kuala 
Lumpur, Malaysia 

Fourth lnternational Conference on Carbon 
Dioxide Utilization - ICCDU IV 

7-1 1 September 1997 
Kyoto lnternational Conference Hall (KICH), 
Kyoto, Japan 
Contact: Secretariat of ICCDU IV, Department of 
Energy and Hydrocarbon Chemistry, Graduate 
School of Engineering, Kyoto University, 
Sakyo-ku, Kyoto 606-01, Japan 
Tel: +81 75 753 5682 
Fax: +81 75 771 7285 
email inui@sci.kyoto-u.ac.jp 

Building Simulation '97 
lnternational Building Performance Simulation 
Association Fifth lnternational Conference 

September 8-1 0 1997 
Prague, Czech Republic 
Contact: Secretariat Building Simulation '97 
Faculty of Mechanical Engineering, Dept of 
Environmental Engineering, Czech Technical 
University in Prague, Technicka 4 166 07, Prague 
6, Czech Republic 
TeVFax +42 2 2435 56 1 6 
email bs97@fsid.cvut.cz 

Air Conditioning in High Rise Buildings '97 
lnternational Conference 

9-1 2 September 1997 
Shanghai, China 
Contact: Prof W D  on^,@, 
Shanghai Society of Refrigeration, 
47 Nanchang Road, Shanghai 200020, 
P.R. China 
Tel: 86 21 63722229 
Fax: 86 21 632771 08 

Ventilation '97 
5th lnternational Symposium on Ventilation for 
Contaminant Control 

14-1 7 September 1997 
The Westlin Hotel, Ottawa, Ontario, Canada 
Contact: Ventilation '97, ACGIH, 1330 Kemper 
Meadow Dr., Cincinnati, Ohio 45240, USA 
Tel: (51 3) 742 2020 
Fax: (51 3) 742 3355 
email ACGIH-mem@pol.com 

Ventilation and Cooling 
International Energy Agency 
Air Infiltration and Ventilation Centre 18th Annual 
Conference 

23-26 September 1997 
Athens, Greece 
Contact: Mrs Rhona Vickers, Conference 
Organiser, Air Infiltration and Ventilation Centre, 
Coventry CV4 7EZ, Great Britain 

June 



Belgium 
*P. Wouters, Belgian Building Research 
lnstitute (WTCBICSTC), rue de la 
Violette,21-23, 1000 Brussels, Belgium. 
Tel: +32 2-653-8801 Fax: +32 2-653-0729 

P. Nusgens, Universitb de Liege, 
Laboratoire de Physique du BBtiment, 
Avenue des Tilleuls 15-01, 8-4000 
LiBge,Belgium. Tel: +32 41 66 56 74 
Fax: +32 41 66 57 00 

Canada 
*M. Riley, Buildings Group, Energy 
Efficiency Division, Efficiency and 
Alternative Energy Branch, Energy, Mines 
and Resources Canada, Ottawa, Ontario, 
KIA 0E4 Canada Tel: + I  613-996-81 51 
Fax: + I  613-996-9416 

J. Shaw, Inst. for Research in 
Construction, National Research Council, 
Ottawa, Ontario, Canada KIA OR6 
Tel:+l 613-993-1421 Fax: +I 613 954 
3733 

Duncan Hill, Research Division, Canada 
Mortgage and Housing Corporation, 
Montreal Road, National Office, Ottawa, 
Ontario, Canada KIA 0P7 
Tel: + I  613-748-2309 Fax:+l 613 748 
2402 

Denmark 
*O. Jensen, Danish Building Research 
Institute, P.O. Box 119, DK 2970 
Hplrsholm, Denmark. Tel: +45-42-865533 
Fax: +45-42-867535, email: olj@sbi.dk 

P.F. Collet, Technological Institute, 
Byggeteknik, Post Box 141, 
Gregersensvej, DK 2639 Tastrup, 
Denmark. Tel: +45 4350 41 59 
Fax: +45-4350 4069 

Finland 
*J Sateri,Group Manager, VTT Building 
Technology, lndoor Climate, PO Box 
1804, FIN-02044 VTT (Espoo), Finland 
Tel: +358 9 4564710, Fax: +358 9 455 
2408, email: jorrna.sateri@vtt.fi 

FiSIAQ, Finnish Society of lndoor Air 
Quality and Climate, PO Box 87, 
FIN-02151 Espoo, Finland, Tel: +358 9 
451 3606, Fax: +358 9 451 361 1, email 
siy@hut.fi 

France 
"Marie-Claude Lemaire, ADEME - 
Departement Batiment et Collectivites, 500 
Route des Lucioles, Sophia Antipolis, F- 
06560 Valbonne, France Tel: +33 4 93 95' 
79 56 Fax: +33 4 93 65 31 96, email 
lemaire@ademe.fr 

Ph. Duchgne-Marullaz, CSTB, 84 Ave. 
Jean Jaures, BP 02 Champs sur Marne, 
77421 Marne la Vallbe, Cedex 2, France 
Tel: +33-1 64 68 83 13 
Fax: +33-164 68 83 50 

Germany 
"Prof. Dr.-lng. F. Steimle, Universilt 
Essen, Universiltsstr. 15, 45141 Essen, 
Germany, Tel: +49 201 183 2600, Fax: 
+49201 I83 2584 

J. Gehrmann, Projekttrager BE0 - 
Biologie, Energie, Okologie, KFA Julich, 
Postfach 19 13,52425 Julich, Germany 
Tel: +49 2461 614852, Fax: +49 2461 
613131 

G Mertz, Fachinstitut Gebaude Klima e.V., 
Danziger Strasse 20,74321 
Bietigheim-Bissingen, Germany Tel: +49 
714254498Fax:+49714261298 

Netherlands 
*W.F. de Gids, TNO Building and 
Construction Research, Dept of lndoor 
Environment, Building Physics and 
Systems, P.O. Box 29,2600 AA Delft, 
Netherlands, Tel: +31 15 260 8427 (Direct: 
+31 15 2608472 ) Fax: +31 15 260 8432. 
email: w.degids@bouw.tno.nl 

New Zealand 
*M. Bassett, Building Research 
Association of New Zealand Inc (BRANZ), 
Private Bag, Porirua, New Zealand. 
Tel: +64-4-2357600 Fax: +64 4 2356070 

Norway 

*J.T. Brunsell, Norwegian Building 
Research Institute, Forskningsveien 3b, 
PO Box 123, Blindern, N-0314 Oslo 3, 
Norway. Tel: +47 22-96-55-00 
Fax: +47-22-965725, e-mail 
jorn.brunsell@byggforsk.no 

H.M. Mathisen, SINTEF,Division of App 
Thermodynamics, N-7034 Trondheim, 
Norway. Tel: +47 73-593000 Telex: 
056-55620 

Sweden 
*J. Kronvall, J&W Consulting Engineers 
AB, Slagthuset, S-21120 Malmo, Sweden, 
Tel: +46 401 08200, Fax: +46 401 08201 

J Lagerstrom, Swedish Council for 
Building Research, Sankt Goransgatan 
66, S-112 33, Stockholm, Sweden 
Tel: +46 8-6177300 Fax: +46 8-537462 

UK 
*MDAES Perera, Environmental Systems 
Division, Building Research 
Establishment, Garston, Watford, WD2 
7JR , UK Tel:+44(0)1923 664486, Fax: 
+44(0)1923 664796, e-mail 
pererae@bre.w.uk 

M W Liddament (Operating Agent), Oscar 
Faber Group UK Ltd, Marlborough House, 
Upper Marlborough Road, St. Albans, 
Herts, ALI 3UT, Great Britain. Tel: 
+44(0)181-7845784, 
Fax: +44(0)181-7845700 

USA 
*M. Sherman, lndoor Air Quality Division, 
Building 90, Room 3074, Lawrence 
Berkeley Laboratory, Berkeley, California 
94720, USA. Tel: + I  5101486-4022 Telex: 
91 0-366-2037 Fax: + I  51 0 486 6658 
e-mail:MHSherman@lbl.gov 

A. Persily, Building Environment Division, 
Center for Building Technology, Building 
226, Room A313, National lnstitute for 
Standards and Technology, Gaithersburg 
MD 20899, USA. Tel: + I  3011975-6418 
Fax: + I  301 975 5433, 
email andrew.persily@.nist.gov 

J. Talbott, Department of Energy, 
Buildings Division, Mail Stop Ce-131, 
1000 Independence Avenue S.W., 
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