
Abstract

Deteriorated indoor climate is commonly related to increases in sick building syndrome sym-

ptoms, respiratory illnesses, sick leave, reduced comfort and losses in productivity. The cost

of deteriorated indoor climate for the society is high. Some calculations show that the cost

is higher than the heating energy costs of the buildings. Also building-level calculations have

shown that many measures taken to improve indoor air quality and climate are cost-effective

when the potential monetary savings resulting from an improved indoor climate are included

as benefits gained. As a step towards systemizing these building level calculations a proce-

dure has been developed to estimate the cost-effectiveness of various measures. The model

shows the links between the improvements in the indoor environment and the following

potential financial benefits: reduced medical care cost, reduced sick leave, better performan-

ce of work, lower turn over of employees, and lower cost of building maintenance due to

fewer complaints about indoor air quality and climate. The pathways to these potential bene-

fits from changes in building technology and practices go via several human responses to the

indoor environment such as infectious diseases, allergies and asthma, sick building syndrome

symptoms, perceived air quality, and thermal environment. The procedure also includes the

annual cost of investments, operation costs, and cost savings of improved indoor climate. The

model illustrates how various factors are linked to each other. 

The paper presents the conceptual model between indoor environment and human respon-

ses, summarizes the existing information on the links, and demonstrates the use of those links

in the engineering work.

Introduction

The evidence that indoor environmental quality (IEQ) substantially influences health and pro-

ductivity is becoming strong. Some calculations show that the cost of deteriorated indoor envi-

ronments is higher than building heating costs [Seppänen 1999]. Macro-economic estimates

indicate that large economic benefits are possible from improved IEQ [Fisk 2000, Mendell et

al. 2002]. Building professionals should quantify the costs and benefits of measures that impro-

ve IEQ; however, as suitable models are not available, only initial costs and energy and main-

tenance costs are typically considered in economic calculations. However, a few sample cal-

culations have shown that measures to improve IEQ are very cost-effective when the financi-

al value of health and productivity benefits are considered [Djukanovic et al. 2002, Hansen

1997, von Kempski 2003, Seppänen et al. 2000, Smolander et al. 2003, Tuomainen et al.

2003, Wargocki et al. 2003]. Thus, there is an obvious need for tools and models that ena-

ble economic outcomes of health and productivity to be integrated with initial, energy and

maintenance costs in cost benefit calculations. 

The conceptual model on indoor environment and productivity

A conceptual model [Seppänen and Fisk 2003] for estimating the cost-effectiveness of chan-

ges in building design or operation that affect IEQ is illustrated in Figure 1. It shows the mul-

tiple pathways between measures that improve IEQ and the financial gains resulting from bet-

ter health and productivity. In the model, a design or retrofit measure leads to an improve-

ment in one or more IEQ conditions (e.g. pollutant concentration), which in turn influences

one or more human responses (Boxes #3-9), such as a health condition or complaint fre-

quency. Human responses are linked to benefit categories (Boxes #10-14) such as the health

care cost or sick leave days. Finally, changes in the outcomes in boxes #10-14, lead to eco-
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nomic gains (boxes #15-19). The arrows between boxes represent quantitative mathematical

functions that link conditions or outcomes in the two boxes. 

Human responses 
Human responses to IEQ are denoted in boxes 3 -9. The evidence that IEQ affects these human

responses is discussed briefly in the next paragraphs.

Some transmission of infectious respiratory diseases (#3), including some common colds

and influenza, is known to be by aerosols containing virus or bacteria. In the United States,

four common respiratory illnesses cause 176 million days lost from work and additional 121

million working days of substantially restricted activity [Fisk 2000].

Although the primary causes of asthma and allergy (#4) are not always related to IEQ, the

symptoms are commonly caused by indoor allergen exposures [IOM 2000]. The annual cost

of asthma and respiratory allergies in the US is estimated to be 15 billion $ [Fisk 2000].

Prevalences of sick building syndrome (SBS) symptoms (#6) are the commonly used out-

comes in building-related health studies. Representative data from US office buildings found

that 23% of workers (15 million workers) reported two or more frequent SBS symptoms that

improved when they were away from the work place [Fisk 2000]. 

The thermal environment (#7) is not ideal in many buildings. While the criteria for thermal

comfort are well established, the thermal environment may also directly affect productivity or

affect SBS symptoms, which in turn may affect productivity.

Perceived indoor air quality (PAQ) (#8), a commonly used as a metric of IEQ, can be eva-

luated with trained or untrained olfactory panels. Many ventilation standards are based on

the dilution of body odor by ventilation and resulting level of PAQ.

Complaints about IEQ (#9) to facility managers (FM) are very common. [Federspiel 2001]

has shown that temperature-related complaints lead to a significant maintenance cost.
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Figure 1: Conceptual economic model
to calculate the cost effectiveness of
indoor environmental improvements
in owner-occupied buildings [Seppä-
nen and Fisk 2003].



Linkages between building features, IEQ and human responses
To use the model, we normally require quantitative estimates of how a building design or

operational change influences IEQ conditions and, in turn, quantitative estimates (indicated by

functions d-n in Figure 1) of how these conditions

affect health, absence, performance, and other finan-

cial outcomes. It is obvious that better data are hig-

hly desirable for all functions (a-s) relating IEQ con-

ditions to human outcomes. However, it is not essen-

tial to quantify all functions because some data direct-

ly link building design (HVAC type) or operation (ven-

tilation rate) to a health or performance outcome

(Figure 2). This type of linkage is not shown in Figu-

re 1. In the following paragraphs the information

available on these links is summarized.

IEQ-respiratory diseases
The relation between the indoor environment and prevalences of respiratory diseases was

reviewed by [Fisk 2000] and is supported by a theoretical model of disease transmission. The

prevalence of respiratory diseases seems be affected by the ventilation rate [Seppänen et al.

1999] and by occupant density. [Milton 2000] found that higher ventilation rates were asso-

ciated with reduced short-term absence, much of which is caused by respiratory illnesses. 

IEQ-allergy and asthma
A recent summary [IOM 2000] shows that symptoms of asthma and allergy may be trigge-

red by indoor allergens, which have concentrations affected by building design or operation.

Allergy and asthma symptoms are also linked also to the dampness problems in buildings [Bor-

nehag et al. 2001]. Viral respiratory infections, which may be influenced by building factors,

also appear exacerbate asthma [IOM 2000].

IEQ-SBS symptoms
Increased SBS symptoms have been linked to higher temperatures, more dust on surfaces,

higher concentrations of certain volatile organic compounds, lower ventilation rates, and pre-

sence of air conditioning [e.g., Mendell 1993, Seppanen et al. 1999, Seppänen and Fisk 2002].

However, most studies express only statistically significant relationships, while mathematical

dose-response relations are needed for the cost-benefit calculations. Approximate quantitati-

ve relationships could be developed only between ventilation rates and SBS symptoms and

between temperatures and SBS symptoms. 

Thermal environment
The relation between building design and operation and thermal conditions is well establis-

hed and modeled with existing building simulation tools. Some models estimate human com-

fort ratings, but health and productivity are not modeled. 

Perceived air quality
Perceived air quality (PAQ) is affected mainly by pollution sources in the building, ventilation

rates, outdoor air quality, and air temperature and humidity. 

Benefits
The potential benefits of improved IEQ include reduced medical care cost, working days gai-

ned due to reduced sick leave, better performance in work, lower turnover of employees, and

lower cost of building maintenance due to fewer IEQ complaints. 

The financial benefits of reduced sick leave (#11) are obvious. Performance at work (#12) is

more complicated to quantify. Three distinct aspects of performance are: quantity (speed),

quality (e.g. number of mistakes), and group effect (e.g. how well group works together).

The quantity of work has been used as a metric in laboratory and field studies. The measu-
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Figure 2: Simplified linkage between
building, human responses and bene-
fit.



rement of work quantity and quality is much easier for repetitive work (e.g. processing of

forms). Poor IEQ conditions may also lead to complaints and to communications among employ-

ees which may change attitudes about the employer, and, in turn, affect work performance.

If IEQ problems are not dealt with properly, employee-management conflicts may develop and

complicate the problem solving process [Lahtinen et al. 2002] and reduce productivity; howe-

ver, the magnitude of this effect is unknown.

A reduced job turnover (#13) may significantly reduces costs to employers. [Goetzel et al.

2001] estimated that turnover costs per employee were $3700. 

Reduced responses of facility management to IEQ complaints (#14) are an economic benefit.

[Federspiel 2001] analyzed data from 575 buildings and reported that 18.4% of complaints

were IEQ complaints. 77% of IEQ complaints were about conditions perceived as too hot or

too cold. He showed that the rate of complaints depends on the average temperature and

its standard deviation and he estimated maintenance cost savings of $0.0035/ft2 per year. 

The magnitude of many financial benefits depends on the change in work time (e.g., days at

work), or speed, or quality. As a first approximation, financial benefits can be based on employ-

ee compensation. Ideally, changes in group performance should be assessed.

Linkage between human responses and potential benefits
Some of the links between human responses and financial benefits are obvious (e.g. illnesses

cause health care costs and sick leave). [Berger et al. 2001] concludes that employee health

also affects work performance. The link between prevalences of SBS symptoms and produc-

tivity has been summarized by [Fisk 2000] and [Mendell et al. 2002]. The number of SBS sym-

ptoms has been linked to self-estimated productivity and the prevalence of symptoms has

been linked to self-reported sick leave. However, a mathematical relationship of SBS symptoms

to absence and work performance could not be determined. Thermal conditions outside the

thermal comfort zone have been linked to deteriorated work performance in call centers [Feder-

spiel 2001; Niemela et al. 2002] and in laboratory experiments e.g. [Wyon 1996]. Finally, in

laboratory tests with variable ventilation and pollution loads [Wargocki et al. 2000], PAQ was

correlated with work performance.

Investment and operational cost
The model includes the cost of investments and building operation and maintenance. The esti-

mation of those costs is a well-developed practice, and not discussed here.

Perspective
The cost effectiveness of measures that improve IEQ conditions varies with the perspective

taken (e.g., building owner, employer, broader society). Different benefits would be conside-

red for a rented building from the perspectives of lessor and lessee. Benefits from IEQ impro-

vements may be transferred to a building owner (lessor) via increased rent (Fig 3); however,

minimal information is available about how IEQ

affects rent. The market value of a building and

the ability to renew leases or attract new lessees

may also be increased by a reputation of high

IEQ. [Hanssen 1997] refers to a study which con-

cluded that a tenant does not renew the lease

agreement (e.g., due to frequent IEQ complaints)

the costs of lost rental income, remodeling, etc.

to the owner will be equivalent to one and half

years rent. The owner (lessor) may also benefit

from reduced maintenance costs resulting from

fewer IEQ complaints. An employer (lessee) recei-

ves the benefits of improved productivity. Lessees

will generally not directly experience the costs of

building design or operational changes. Lessees

might benefit from lease terms that require IEQ

Figure 3: Benefits of improved IEQ
are transferred to building owner via
rent and long term value of the buil-
ding.
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maintenance measures. In general, neither the owner (lessor) nor the employer (lessee) bene-

fit from reduced medical care costs which are usually covered nationally or by insurance. 

Linkage between productivity and high temperatures

Temperature could influence productivity indirectly through its impact on prevalences of SBS

symptoms or satisfaction with air quality; however, for cost-benefit calculations it is most fea-

sible to use the available data directly linking temperature, or thermal state, to productivity.

Some research e.g. [Griffiths and McIntyre 1975; Gonzales 1975] indicates that the most com-

fortable temperature yields optimal work performance, while others research provides evidence

of better performance outside the comfort zone due to arousal effect of the environment

[Wyon et al. 1979]. Based on the review [Seppänen et al. 2003], available data do not pro-

vide compelling or consistent evidence

that temperature variations within the

comfort zone significantly affect wor-

ker performance. However, performan-

ce decrements are more clearly esta-

blished for temperatures outside of the

comfort zone. Decrements are most

clearly documented for high tempera-

tures.

These findings of the review are sum-

marized in Figure 4. It shows the decre-

ment in work performance as a func-

tion of temperature from all of the expe-

riments. All data were normalized using

the best value of the productivity in each

experiment as a reference.

After plotting these findings it is obvious that productivity is unaffected by temperature in

the 21 to 25 °C range. While the case for productivity decrements at elevated temperatu-

res seems relatively strong. A line, shown in Figure 4 and labeled "Our Model” in the legend,

with a linear productivity decrease of 2% per degree centigrade as the temperature increa-

sed above 25 oC, yields the following relationship between decrement in productivity P in %

and temperature:

P (%) = 2 x (Temp, °C) – 50   

Linkage between ventilation rates,
health and productivity

Ventilation and health effects
The review of ventilation rates and human

responses [Seppänen et al. 1999] summari-

ses the results of four studies available at

that time on the health effects of ventilati-

on rates. These were performed in a jail, bar-

racks, a home for the elderly and offices. All

of them reported significant association bet-

ween low ventilation rates and increase in

health problems: pneumonia, upper respira-

tory illnesses, influenza and short term sick

leave respectively. Even though the ventila-

tion rates were estimated and not measu-
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Figure 4: Summary of the studies on
the decrement of performance and
productivity [Seppänen et al 2003]

Figure 5: Predicted trends in illness
of sick leave versus ventilation rate
[Fisk et al. 2003]



red, the consistent findings are a strong indication of the association of ventilation rates with

health effects. The estimated effect of ventilation on the prevalence of infectious disease based

on several studies and theoretical Wells-Riley equation [Nardell et al. 1991] on airborne trans-

mission of infectious respiratory diseases is presented in figure 5. The strongest evidence is

provided by the most recent study of these [Milton et al. 2000]. The association with sick lea-

ve was analysed for 3720 employees in 40 buildings using 115 independently ventilated ven-

tilation areas. Among office workers, the relative risk for short term sick-leave was 1.53 (1.22

– 1.92 c.i.) with the estimated ventilation of 12 L/s per person compared with a ventilation

rate of 24 L/s per person.

Ventilation rates and SBS-symptoms
Two reviews by [Seppänen et al. 1999] and [Wargocki et al. 2002] on the association of ven-

tilation rates and human responses show that ventilation rates below 10 L/s per person are

associated with a significantly inferior prevalence or value of one or more health or percei-

ved air quality outcomes. Most studies indicated a significant association with ventilation rate.

Available studies further show that increases in ventilation rates above 10 L/s per person, up

to approximately 20 – 25 L/s per person, are associated with a significant decrease in the pre-

valence of SBS symptoms, or with improvements in perceived air quality. The less consistent

findings for relationships in the range above 10 L/s per person are compatible with the pre-

diction that benefits per unit increase in ventilation would be likely to diminish at higher ven-

tilation rates and, thus, be more difficult to detect epidemiologically. 

Ventilation and productivity
The effect of ventilation on productivity was demonstrated by [Wargocki et al. 2000] in a

simulated office environment. They exposed five groups of six female subjects to three ven-

tilation rates (3, 10, and 30 L/s per person), one group and one ventilation rate at a time.

The performance of four simulated office tasks improved monotonically with increasing ven-

tilation rates, and the effect reached significance in the case of text typing. For each twofold

increase in ventilation rate, performance improved on average by 1.7%. The study indicates

the benefits of ventilation at rates well above the minimum levels prescribed in existing stan-

dards and guidelines.

Example 1

Cost-benefit analysis of air conditioning and operation time

High indoor air temperature is often a problem in office buildings. Not all buildings are air

conditioned or protected with other means against high temperatures either due to the solar

radiation or high outdoor temperatures. The following example focuses on cost effectiveness

of alternative remedial measures for existing buildings to reduce high summer time indoor

temperatures. The cost items, which are included in the analysis, are: capital cost of the reme-

dial measure, cost of the used energy (heat and electricity), and the cost of deteriorated pro-

ductivity due to high temperatures.

A typical Finnish office building was selected for the analysis [Seppänen and Vuolle 2003]. It

is a concrete structure with narrow bays and private offices located in the exterior zone of

building (no open plan offices). A small office was selected in the detailed analysis. The main

features of the room are descri-

bed in the table 1.

The basic case used as a reference

had solar protection of windows,

and heavy construction to decrea-

se the daily high temperatures

with the thermal capacity. Thus

the other means to reduce high

temperatures are limited to tho-
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Table 1. Main features of the office
room used in the analysis.



se related to ventilation. The options to reduce high room temperature are: increase the out-

door air low rate (usually the outdoor air temperature is lower than indoor air temperature

in Finnish climate), increase the operation time of ventilation (typically the ventilation is run-

ning only during the office hours plus a couple of hours), and mechanical cooling. The base

case A, and the remedial measures of the cases (B-F) are summarized in the table 2.

The investment costs of the remedial measures are given in the 3. The investment cost are

based on a large Finnish database on refurbishment costs. The first costs have been calcu-

lated assuming 50 similar rooms to be repaired under the same contract. The total cost has

been divided by 50 to get the cost per room. The first cost has been converted to annual

cost using the annuity factor of 0.1098 which corresponds the life cycle of 15 years and inte-

rest rate of 7 %.

The effect of the remedial measures on room temperature, productivity and energy con-

sumption was calculated with a modular computer program IDA Indoor Climate and Ener-

gy [Vuolle and Salin 2000]. The energy consumption was calculated using Helsinki reference

year weather data.

The energy costs used in the calculations reflect the average energy cost in Finland, for hea-

ting 0.03 Euro/kWh was used and 0.1 Euro/kWh for electricity. The calculated electrical ener-

gy in the table 5 includes all electricity used per room: lighting, office equipment, fans, and

mechanical cooling (COP=3). Heating energy includes only the energy used for heating of the

outdoor air. Heat recovery from ventilation air with temperature efficiency of 50% is used in

calculations.

The estimated loss of productivity is based on equation presented earlier in the paper. The

value of annual production of each employee was assumed to Euro 50.000. The operative

temperature of assumed working location in the room was calculated for each hour and the

loss of productivity summarized over the whole year.

In the total cost calculations the case A in the Table 4 was been taken as a reference case

and the other cases compared with it. Three cost items ware included: investment cost, ope-

ration cost (mainly energy), and the changes in productivity. Investment cost is the total invest-
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Table 3: First cost of some remedi-
al measure to control high room tem-
peratures



ment of the remedial measure per room. In the final analysis the changes in productivity is

calculated using as the reference the base case A. In all other cases the losses in productivi-

ty are smaller then in the base case, and the difference is a positive gain. The cost of this

gain is investment, and penalty in the increased use of energy. The increase in energy con-

sumption has been calculated using the case A as a reference.

Results
The results of the calculations are shown in table 4. The total consumption of electricity and

heat are presented for all 50 rooms. The costs of heat and electricity are in all cases of same

order of magnitude. The cost of heat increases considerably with the increase of outdoor air

flow rate and operation time which can be expected. It is interesting to notice that the increa-

se in electricity consumption is higher if the outdoor air flow rate is doubled (case D vs C)

than if the mechanical cooling is used with lower flow rate (case E vs. C).

The maximum room temperature in the base case is 32.7 °C, and corresponding degree hours

above 25 °C are 330 °Ch. The maximum temperature can be lowered to 29.8 °C and degree

days to 164 °Ch by increasing the operation time and air flow rate of ventilation, but to 

27.1 °C and 17 °Ch with mechanical cooling. The investment cost and energy costs are con-

siderably higher in the case of increased ventilation than with mechanical cooling.

In respect of over all economy the both alternatives with mechanical cooling are best e.g.

give the highest annual savings. 
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of the calculations with different
remedial measures. The case A is
used as a reference when incre-
mental costs and savings are calcu-
lated.



The share of the first cost is small compared to other costs in all cases. The annual cost of

the energy and savings in increased productivity are in order of same magnitude. The effect

of mechanical cooling and increased supply air flow are approximate equal in first cost but

mechanical cooling is more effective in controlling the room temperatures. The results pre-

sented in table 6 are illustrated in the figure 4.

The results show clearly how important it is to control the room temperature in summertime

in office buildings for good over all economy. Of course, the investment cost depends on the

specific case, and may vary depending on the difficulties in actual installation considerably.

This is specifically true if the increase of ventilation requires also new duct work. The mecha-

nical cooling is usually easier to install in the existing system. In this case also the existing air

handling unit may set some restrictions as well. However, even the doubling of the first cost

will not change the annual savings negative. The interest rate of 7 % may be high at the

moment but has only a minor effect on the annual, cost of the investment. The expected life

cycle of the air handling system and air conditioning is 15 years. This can be considered typi-

cal and is taken from a reliable source.

The unit costs of energy used in calculations represent average Finnish energy prices which

may a little low in respect of electricity for the Middle Europe and a little high in compari-

son to the area where for example natural gas is available. The first cost of the remedial mea-

sures as well as the value of work may vary considerably by case to case, however, the mar-

ginal in the results is so large that a similar result can be expected in other climates and con-

ditions as well.

Example 2

Cost-benefit analysis of night-time ventilative cooling

Natural and mechanical night-time ventilative cooling is a cooling strategy that has been used

throughout the centuries especially in climate regions with hot summers. Recently, there is a

renewed interest in night-time ventilative cooling in both hot and moderate climates due to

its potential benefits in indoor temperature control with low energy use and, hence, with low
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Figure 6: The effect of mechanical
cooling (20 W/m2) and increased
operation time of ventilation (from
10 to 24 h) on the cost items rela-
ted to room temperature control in
a typical Finnish office building
(Euros per person).



environmental impact. Its principle is based on the daily temperature swings during hot peri-

ods. A typical daily temperature swing is around 12 °C; however, it can be considerably smal-

ler (e.g., on cloudy days) or higher with clear skies and a continental climate. The cool night-

time air can be used to cool the building during night. This cools the structure and furni-

shings, which become a heat sink during the day, thus, reduce the day-time temperatures. 

The following example shows the cost effectiveness of night time ventilative cooling when

applied in the measured data by [Kolokotroni et al. 2001] who have provided measured room

air and slab temperature for an office room with and without night-time ventilation. These

data was used in conjunction with the simple productivity decrement model and an estima-

te of the cost of fan energy to perform a cost-benefit analysis of providing night-time venti-

lative cooling in an non air conditioned office building.

Table 5 provides temperatures based on the data of [Kolokotroni et al. 2001]. The operative

temperature was estimated as average of air and slab temperatures for the room with and

without night-time ventilation, and degree hours above 25 °C was calculated for both cases.

Without the night-time ventilation there were 21 °C-hours above 25 °C. With the night-time

ventilative cooling, there were only 1.5 °C-hours above 25 °C . The difference of 19.5 °C-

hours per day is the benefit of night-time ventilation.

Using the linear relation between loss of productivity and temperature, with a 2% produc-

tivity loss per degree when the temperature is above 25 °C, the productivity increase with

night-time ventilative cooling is equivalent to 0.39 hours of work per day (19,5 °C-hours per

day x 0.02 per °C = 0.39 h/day). If we assume that the average value of an hour of work is

Euro 30 hourly, the productivity benefit is Euro 11,7 per day per person. Of course, this bene-

fit can be only realized during periods of hot outdoor daytime temperatures, and the magni-

tude of the benefit will depend on both the daytime temperatures and the daily temperatu-

re swing. 

It was assumed that the air handling system was used for night ventilation with a running

time of 8 hours a night. The use of fans requires some energy. The fan power in calculati-

26 Kongress „Gesunde Raumluft“
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out (above) and with night-time ven-
tilation and hourly temperature dif-
ferences above limit temperature of
25 °C

Table 6: Cost of electricity and value
of improved productivity due to night
ventilation. All values per occupant
per day.



ons was based on the Finnish building code value (D2 2002) for total energy consumption of

return, exhaust and supply fans of 2.5 kW per m3/s of air flow. For the basic night ventilati-

on rate a 4 air change per hour flow rate was assumed, typical of the capacity of many HVAC

systems, and a room volume of 83 m3 per occupant. The resulting costs of fan energy with

electricity prices from Euro 0,05 to Euro 0,20 per kWh are shown in Table 6. The table also

shows the corresponding benefit-to-cost ratios which range from 32 to 120. 

Discussion

For cost-benefit analyses, the relationships between IEQ conditions (or IEQ improvement mea-

sures) and financial outcomes related to health and productivity must be quantifiable. Thus

mathematical functions are needed for arrows between the boxes in Figure 1. To date, we

have some quantitative functions as demonstrated above but more are needed.

The quantitative relationship between indoor environmental factors and productivity may vary

depending on other building features, and on the characteristics of building occupants and

their type of work. Remedial measures will generally also be more cost effective in buildings

that have poorer initial IEQ or more existing adverse health effects.

A few remarks have to be made regarding the application of the procedure in practice. First,

it is important to note that the benefits of IEQ improvement measures will depend on the

initial condition in the building; for example, increased ventilation will be more helpful in a

building with strong indoor pollution sources. However, at present we have, at best, infor-

mation about how a measure affects health or productivity in the average building. Hence,

uncertainty about the magnitude of benefits in specific buildings will remain an obstacle, even

when average benefits can be estimated. IEQ improvement measures should be most cost

effective when targeted at buildings poorer IEQ or more IEQ complaints. Second, the sus-

ceptibility of occupants to different levels of IEQ may vary among and within buildings. Gene-

rally, the population affected by poor IEQ is primarily the most susceptible sub-population.

Theoretically, it would be more cost effective to target remedial actions for those who suffer

most from poor IEQ. Such targeting will often be impractical, but there are exceptions, e.g.,

provision of individual temperature control with local heaters. Third, we note that one can-

not always add the benefits of separate IEQ improvement measures as the effects of diffe-

rent measures may be linked or overlapping. Finally, we note that a small company may not

be able to fully benefit from modest increases in performance. For example, reducing sick lea-

ve per person by a few days per year will not enable a ten-person company to reduce the

number of staff. 

High level of uncertainties is associated with incorporating health and productivity within cost

benefit analyses related to building design and operation. However evaluating cost and bene-

fits based on the best available information is preferable to current practice, which is to igno-

re health and productivity.
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