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ABSTRACT

Ventilation is essential for the maintenance of good indoor air quality, although there is
evidence to suggest that energy loss through uncontrolled or unnecessary air infiltration is
excessive. In this study, estimates are presented for air change (ventilation and infiltration)
energy use in non-industrial buildings for 13 countries. Various methods are used for the
estimates, but they are mainly based on calculating the total annual enthalpy change needed
for the conditioning of air. The potential for reduced energy use by improved ventilation
control is also briefly reviewed. In addition, estimated financial expenditures associated with
this energy use are indicated. These are derived from the air change energy estimates using
published International Energy Agency (IEA) energy pricing information. Considering the
non-industrial building stock of the 13 countries collectively, the total annual loss of heating
energy due to air change is estimated to amount to 48% of delivered space conditioning
energy (including heating equipment losses). The results emphasise that air change related
energy losses are as important as conduction and equipment losses (including ‘flue’ losses) in
dissipating delivered space conditioning energy from buildings.
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1. INTRODUCTION

Although ventilation is essential for the maintenance of good indoor air quality, there is
evidence to suggest that energy loss through uncontrolled or unnecessary air infiltration is
excessive. Therefore, it is important to quantify present energy use, so that possibilities for
energy conservation may be investigated. The objective of this paper is to present estimates of
annual air change energy use and the associated annual financial expenditures attributed to the
service and residential building sectors of 13 industrialised countries. The countries
considered are: Belgium (BE), Canada (CA), Denmark (DK), Finland (SF), France (FR),
Germany (D), The Netherlands (NL), New Zealand (NZ), Norway (NO), Sweden (SE),
Switzerland (CH), UK, and USA. (‘Air change’ refers to the combination of ventilation and
infiltration related air flows.) Estimates of what are ‘reasonable’ values for the normalised air
change energy use in each country are presented. In addition, the potential for reducing air
change related energy losses is briefly discussed. A more extensive description of this work
can be found in Orme (1998), of which this paper (excluding the financial aspects) forms a
summary.
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The service sector corisists of buildings. used for commercial.or public purposes, while the
residential sector consists of both single family dwellings and flats. Primary energy is defined
by Schipper and Meyers (1992) to be the sum of energy utilised directly by end-users (known
as delivered-or: final energy)-and ‘the energy lost in the production: and delivery of energy
products. The aggregated total annual primary energy use for the 13 countries is 114 EJ, with
approx1mate shares for each sector (based on IEA, 1996): mdustry - 18%; transport 42%;
agriculture - 1:3%; service and residential buildings - 39%. Non-industrial (i.e. service and
residential) buildings can be seen to be very significant users-of -primary-energy. Furthermore,
the residential sector uses almost double the primary energy compared to the service:sector.
The energy content of air is known as enthalpy. So, estimates of air change energy use can be
made from the absolute value: of the difference in specific enthalpy change [J-kg™ ') between
the supply air before and after condltronlng This is equivalent to evaluating the' required
sensible’ and latent heat changes to the air.' ' This energy use is then called the air enthalpy
change [J]. In addition, in order to convert an enthalpy change to delivered energy (and vice
versa), an average efficiency of conversion must be known.

2. END USE SHARES OF TOTAL DELIVERED ENERGY

It is assumed that dir charige related heating losses discussed here are accounted for solely by
delivered space heating energy and not from any other energy use. (Gains from other sources
are assumed to be taken into account by using a lower ‘heating degree-day base temperature’
than the actual indoor temperature — see Orme, 1998, for more details.) Therefore, space
condltronmg use (heating and coolmg) is a significant quantity that should be exarhined. The
estrmated tota]s of the space heatmg and cooling energies are presented in Figure 1, which
relies on hot wlater and space coolmg use, pubhshed in HPC (I994) Thé space heatmg data
were ertrer taken from publrshed sources, or estimates were made for each country using the
total delivered energy use as a guiding upper limit. The data for the remaining uses (i.e.
cookmg,hghtmg and applrances) were deduced frorn the drfference between the total use, and
the sum of space conditioning and hot Water use.
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3.DATA AND METHODS REQUIRED TO ESTIMATE AIR CHANGE ENERGY

Key data for a basic estimate of the air change energy use are the number of buildings and the
average conditioned (heated or cooled) volume, shown in Table 1. Also, it is essential to know
average air change rates and the required outdoor to indoor specific air enthalpy changes. The
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product of the internal volume with the air change rate will give the volume flow rate of air to
be conditioned. Conversion from area to volume for the service sector was achieved by
: multlplylng the area (column 4 of Table 1) bytaan assumed room height of 4 m.-

vl x T

Background data for the service and re51dent1a1 sectors in the 13 countrles
i ! 3 LA
Country Population Heating degree: ~ |Tétal service sector | Number. of Mean dwelling !
. |p0%) 1994y~ |days [Kd], ;- heated floor area | jyellings (106]  [volume [m3]
) ‘ (109 m?]

Belgium 1= 10 i 2300 140 3.90 351

Canada 293 4300 soby’ 9.60 340

Deninark ns21 i 1 2000 89 2.00 259 i
s+ |Finland . L 509, (5000 s . 84 sl 230 . 234 -
. |Frange : 519y @asor |, 690 220 .. 231,.

Germany J 81.4 3600 - | . 1100 Loo3a0. | 225

Netherlands 15.4 2800 . 110 6.00 250

[New Zealand ‘ 3.53 1700 C s T 223°%°

Norway 434 (3800) - Y 5175 : 266

Sweden 8.78 3600 170 4.04 263

Switzerland 6.99 3000 120 3.16 234

UK 584, « (2500) ;520 24:1 210+

USA 261 (2700) 4700 96.6 337

(cooled 3500)

For the service sector in. BE, DK, FR, NL, UK and USA, the specific enthalpy change
calculatlons were based on Colliver (1995). Separate calculations were performed for heating
and cool ng in the USA, for which a population- weighted average of the specrflc enthalpy
changes was taken. Heating and cooling (including dehumidification) enthalpy changes were
also converted to delivered energy use separately For the other countries the basrs was heating
" degree- days (see Orme, 1998). Assumed resrdentlal $éctor dehvered energy conversion
efflcrencres were also applied to the servxce sector (shown in Column 5 of Table 2), The
average air change rate in service sector bulldmgs was assumed to equal 0.75 h'-A check v
in column 2 of Table 2 indicates that the heatmg'“degree—day method was uséd to estimate the
residential sector air change energy, for which appropriate data can be found in Tablés 1 and
2. In particular, Column 3 of Table 2 contams assumed (mainly estimated) values for the air

change rate. e

4. ESTIMATES OF AIR CHANGE ENERGY USE

Figure 2 summarises the ways in which délivered space conditioning energy is dissipated. The
arrows in Figure 2 indicate that ‘both of*the heatmg air change and conduction losses are
associated with a fraction. of. the heatmg equipment losses. Their sum together with the
equipment loss is then equal to the delivered energy supplred for heating. Delivered space
coohng energy. is malnly dissipated from burldmgs through the exhausts of air cooling
equipment. Consrdermg the building’ stock of the 13 countries colIeétlvely, the total annual
loss of delivered heating energy due to air change is estimated to amount to 9.3 EJ, which is
48% of .delivered , space. conditioning energy (including heatmg equlprnent losses)
Alternatrvely stated, it is"53% of delivered space heating 'energy( one. "

i) |
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oo TABLE 2
Methods used fg;' estmtatmg the residential sector air change energy

&

-v-u-...—-».=. v'% - . -1

Heating degréc Assumed zur ., Other Source Assumed mrdenual;m 1

days and a¥&lage| pange rate’ fﬁ ] sector average eqmpmﬁcm

air change rate efficiéficy 3
Belgium . v 0.75-~ - 7 | AIVC (1994) :0.60 <
Canada v 204" 73| Swinton (1995) 0.75 -
Denmark v s g | 075
Finland 3 | AIVC (1994) 8,694
France hy "o 05 | Lemaire (1995) -0 Py
Germany v © 05 AIVC (1994) el -,8 i
Netherlands v .05 ngc (1994) oo <, 70+ i |
New Zealand v ==0,5 . i 025 it
Norway ‘ AIVC (1994) 090 .
Sweden v 0.4 (a) AIVC (1994) . 090
Switzerland v .07 AIVC (1994) 0.75
UK . Shorrock et al (1992) 0.65
USA -Sherman and Matson (1996) (b) 0.80

Notes: (a) Average air change rate based on a measurement survey. (b) Estimate based on modelling
representa ive sample of different dwelling types.
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-, 33% | !
19EJ . - f

Figure 2: Dissipation of space conditioning energy, in the service andt,resijdenti‘al sectors

The space conditioning energy shown in Fig re 3(a) includes delivered heating and cooling
energy for D, UK and USA, whijle for Figure 3(b) the value for USA includes heatmg and
cooling also. For all other countries in these Frgurcs, it indicates heatmg alone For the service
,sector, the space conditioning values. presented are only rough estimates for BE, CA, DK, NL,
NZ, and NO, while the same also applres for the residential sector in BE, D, NL; NZ, and CH.
*:Nor alised. service, sector energy use 1s shown for each country, in Flgure 3(a) The ‘air
.enthalpy changes 1llustrated in.this Frgure are, purely cllmate ‘dependent, becauée the same air
.change rate (0.75 h™") was assumed for all countnes For BE CA NL NZ, and CH both the

. service, sector,space condltlonmg energy use and, the total sector volume were ‘estimated, so

+ their.normalised, condltlomng,energy \ralues are 0nly very. approxxmate ‘Tt is apparent from

= -Figure: 3(b),-which shows residential energy. use. per umt volume that w1fh the eﬁtceptlon of
INZ, there are, few. s:rmlantte& between the residential sector and the servree sector of any
coyntry, The normalised. air. enthalpy, changes are observed to be ‘very sumlar for ‘most
-:eountries, except for. NO, D and the USA Wwhich are close together at a hrg er value If ‘the
outdoor air supply rate per occupant were to be umversally reduced to a rmnmlum level,
taking into account metabolic needs and pollutant loads, then it is concervable that the heating
air change energy loss could be reduced to approximately a hird of the curfent level. Thls is
indicated in Figure 4.
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5. FINANCIAL EXPENDITURE DUE TO AIR CHANGE ENERGYUSE

Figure 5(a) shows the normalised (by conditioned building volume) estimated financial
expenditure by the service sector for each country, whilst similarly, Figure 5(b) shows the
residential sector. The calculation of the annual cost of delivered air chiange energy relies on
the furthen assumptlon that the proportion of each energy source (0il, gas, electricity, etc) used
for. space conditioning is identical to that for the aggregate of all end uses. Energy source data
are 1994 values from IEA ( 1996) Residential energy prlces were obtained directly from IEA
;(1997), generally for 1996 or 1997, except for electricity prlces in' CA, which ‘were from 1994.
. Also, gas prices for SE are missing for the residential sector. Most service sector prices were
from, 1992, except for electncnty prices, which were estimated’ by taking the ‘average of
mdustnal and residential prlccs (IEA 1997) for each country Certain other service sector
pnces werc also found by takmg the average of 'industrial and residential pricés from TEA
‘(1997) The dxscrepancy between the sum of oil, gas, ‘eléctricity; and district heat-with' total
energy | use (because coal and renewable sources are not considered in the'financial study) is
less than 5% for service sector énergy use and less than '15% for the residential sector; except
FR for which it is 35%. This i$ because data are missing for residential prices for renewable
sources in France, which contribute a significant amount of energy. The residential price for
‘district heat’ is assumed to equal the price for oil plus' 10% for all countries and the
residential oil price for NZ is assumed to equal the industrial price plus 50%.
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Figure 5: Annual energy expenditure per unit building volume

In summary, for all 13 countries, the totals for the service sector are: air enthalpy change
32 billion US$; delivered air change energy 42 billion USS$; delivered space conditioning
energy 85 billion USS$; total delivered energy 150 billion USS$. For the residential sector they
are: air enthalpy change 56 billion USS$; delivered air change energy 82 billion US$; delivered
space conditioning energy 170 billion USS$; total delivered energy 260 billion USS$.

6. CONCLUSIONS

In this paper, estimates have been presented quantifying the energy impact of air change on
total energy use in service and residential sector buildings for 13 industrialised countries. This
involved a basic analysis of currently available data sources, together with the estimation of
essential ‘missing’ data. Delivered air change heating energy losses were then found to total
9.3 EJ, for these countries collectively, which represents 53% of current estimated delivered
space heating energy. Potentially this may be substantially reduced, by providing adequate
fresh air on the basis of metabolic needs and pollutant loads. Although many data still remain
to be satisfactorily identified, it is evident that the results highlight that air change related
energy losses are as important as conduction and equipment losses in dissipating delivered
space conditioning energy from buildings. In fact, as national standards, regulations or codes
of practice improve the thermal integrity of buildings and increase equipment efficiencyi, it is
expected that ventilation and air movement will become the dominant loss mechanism.
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