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ABSTRACT 

S u s t a i n e d  e f f o r t s  t o  conserve e n e r g y  d u r i n g  t he  
l a s t  1 5  y e a r s  h a v e  t a k e n  p l a c e  a t  t he  e x p e n s e  o f  
t he  i n d o o r  e n v i r o n m e n t a l  q u a l i t y .  V e n t i l a t i o n  a i r  
v o l u m e  h a s  b e e n  r e d u c e d  t o  a  m i n i m u m .  T h e  use  o f  
n e w  m a t e r i a l s ,  s u b s t a n c e s  a n d  e q u i p m e n t  w h i c h  
e m i t  g a s e s ,  v a p o u r s ,  f i b r e s  a n d  o t h e r  p o l l u t a n t s  
i n t o  i n d o o r  a i r  a r e  a n  a d d i t i o n a l  r e a s o n  f o r  t h e  
i n c r e a s i n g  f r e q u e n c y  o f  c o m p l a i n t s  a b o u t  t he  
i n d o o r  e n v i r o n m e n t .  

I f  a i r  q u a l i t y  i s  i m p r o v e d  b y  i n c r e a s i n g  a i r  
v o l u m e ,  t h e  e n e r g y  d e m a n d  w i l l  i n c r e a s e  - a n d  
e x t e n d e d  i n i t i a l  c o s t s  w i l l  r i s e .  

A d v e r s e  e f f e c t s  o n  h e a l t h ,  c a u s e d  b y  p o o r  a i r  
q u a l i t y ,  h a v e  b e e n  r e c o r d e d .  T h e s e  i n c l u d e  
i r r i t a t i o n  o f  t h e  s k i n  a n d  m u c u o u s  m e m b r a n e s ,  
f a t i g u e  a n d  h e a d a c h e s .  S u c h  c o n d i t i o n s  a r e  a l s o  
o f  s i g n i f i c a n c e  f o r  i l l - h e a l t h  w h i c h  i s  r e l a t e d  
t o  a l l e r g y  a n d  r e s p i r a t o r y  d i s o r d e r s .  E v i d e n c e  
a v a i l a b l e  f r o m  r e s e a r c h  a n d  o f f i c i a l  s t a t i s t i c s  
i n d i c a t e  t h a t  c o m p l a i n t s  a b o u t  the  i n d o o r  c l i m a t e  
a r e  c l e a r l y  r e l a t e d  t o  w e l l - b e i n g  a n d  p r o d u c -  
t i v i t y  i n  o u r  p l a c e s  o f  w o r k  ( 1 ) .  

1 .  I n t r o d u c t i o n .  

F o r  m o r e  t h a n  2 5  y e a r s  a i r  c o n s u l t a n c y  h a s  b e e n  
f o c u s e d  on l o w  i n v e s t m e n t  c o s t  i n  a d d i t i o n  t o  t h e  
q u e s t i o n  o f  e n e r g y  c o n s u m p t i o n .  A f t e r  t h e  o i l  
e m b a r g o  i n  t h e  m i d  1 9 7 0 ' ~ ~  s e v e r a l  e n e r g y  
c o n s e r v a t i o n  e f f o r t s  h a v e  h a d  a  n e g a t i v e  i m p a c t  
o n  t h e  i n d o o r  a i r  q u a l i t y  ( I A Q ) .  T h i s  very  
u n f o r t u n a t e  s i t u a t i o n  i s  a b o u t  t o  b e  c h a n g e d .  

M a j o r  c o m p a n i e s  t a k e  a  d i f f e r e n t  a t t i t u d e  
r e g a r d i n g  e m p l o y e e s ,  a n d  h a v e  b e c o m e  m o r e  
c o n c e r n e d  a b o u t  t h e i r  c o m f o r t ,  p r o d u c t i v i t y  a n d  
h e a l t h .  T h e s e  c o m p a n i e s  a s k  w h a t  w e  - a s  p l a n n e r s  
- c a n  d o  t o  p r o v i d e  a  n e w  b u i l d i n g ,  w i t h  a  secure  
i n d o o r  e n v i r o n m e n t ,  a  m i n i m u m  o f  c o n t a m i n a n t s ,  
a n d  s u f f i c i e n t  a m o u n t  o f  w e l l  f i l t e r e d  o u t d o o r  
a i r .  

One  o f  these  c o m p a n i e s  i s  N o r s k  H y d r o  w h o  d e c i d e d  
t o  b u i l d  a  2 2 0 0 0  s q .  m e t e r  b u i l d i n g  i n  B e r g e n  f o r  
t h e  a d m i n i s t r a t i o n  o f  t h e  O s e b e r g  o i l f i e l d  i n  the  
N o r t h  s e a .  T h e y  s t a r t e d  i n  1 9 8 5  w i t h  a n  e v a l u a -  
t i o n  o f  a r c h i t e c t s  a n d  e n d e d  u p  w i t h  a  p a i d  



competition between five very qualified architec- 
tural companies in Norway. 

As HVAC-consultants for Hydro, our company was 
responsible primarily for capital costs and 
minimizing energy consumption. We made the 
complete specifications for technical install- 
ations (HVAC) and supervised detail engineering 
done by the winning contractor based on the 
winning architect9s sketches. This approach was 
completely new in Norway, and the result as far 
as indoor environment was very good. 

Even during the construction of the Norsk Hydro 
Administration Building in the mid-eighties, new 
technology in the field of indoor environment was 
widely expanded. This new technology will enable 
the next two buildings that Norsk Hydro has 
scheduled for construction to be built in an even 
more cost effective manner regarding total costs 
over the lifetime of the building than the first 
building. This will result in substantial savings 
when one considers that personnel costs represent 
close to 90 percent of the total costs. 

2. Indoor Climate 

The consequences of energy technology for indoor 
climate have not received much attention. New 
developments in energy technology and the use of 
new materials in buildings have, to a greater 
extent than previously, created buildings with 
indoor climate problems (SBS) *. Simultaneously, 
health, comfort and productivity have become 
factors to which greater attention is attached 
during debates about developments in society. 
When calculating the annual costs of a building 
it is therefore not only economy that counts, but 
also the value of health, comfort, and produc- 
tivity of employees. 

The problems around indoor climate can now be 
documented by means of questionnaires in which 
people give their opinion about their situation. 
Common complaints are: 

- Draughts. 
- Dust or dry air. 
- Humming and noise from ventilators, etc. 

* SBS - Sick Building Syndrome 



- H e a v y  a i r ,  h e a d a c h e s ,  n a u s e a ,  d r y  t h r o a t s ,  
f a t i g u e  a n d  s m a r t i n g  e yes .  

- T o o  c o l d  o r  t o o  w a r m .  

M a n y  i n d i v i d u a l  c a s e s  a l s o  p o i n t  t o w a r d s  c o n d i -  
t i o n s  b e i n g  w o r s e  i n  b u i l d i n g s  h a v i n g  l o w e r  
v e n t i l a t i o n  r a t e s  t h a n  i n  o t h e r s .  T h e  m i n i m u m  
r e q u i r e m e n t s  o f  t h e  B u i l d i n g  C o d e s  t o d a y  d o  no t  
c o n t a i n  a d e q u a t e  c o n s i d e r a t i o n  o f :  

- P r o c e s s e s  i n  t h e  b u i l d i n g  ( t h e  w o r k  f u n c t i o n  
i t s e l f ) .  

- C l e a n i n g  ( i n c l u d i n g  c l e a n i n g  a g e n t s ) .  
- C o p y i n g  e q u i p m e n t .  
- C o m p u t e r s ,  t e r m i n a l s  a n d  p r i n t e r s .  
- D e g a s s i n g  f r o m  f u r n i t u r e  a n d  f i t t i n g s .  
- T e x t i l e  f i b r e s .  
- F l o o r  a d h e s i v e s .  
- O t h e r  " h a i r y "  s u r f a c e s .  
- R o c k - w o o l  f i b r e s  (MMMF). 
- F a l l - o u t  f r o m  p a n e l l e d  c e i l i n g s  (MMMF) & d u s t .  
- T e x t i l e  f i b r e s  f r o m  c l o t h i n g .  
- D u s t  i n  t h e  d u c t  n e t w o r k .  
- E t c .  

T h e s e  f a c t o r s  r e p r e s e n t  p o l l u t i o n  i n  e x c e s s  o f  
t h a t  w h i c h  p e o p l e  t h e m s e l v e s  p r o d u c e .  I m p o r t a n c e  
m u s t  b e  a t t a c h e d  t o  t h e  s u m  o f  t h e  p o l l u t i o n  w h e n  
t h e  v e n t i l a t i o n  v o l u m e  a n d  t h e  p r i n c i p l e s  
c o n c e r n i n g  v e n t i l a t i o n  a r e  b e i n g  d e t e r m i n e d .  

3. E n e r g y  r e q u i r e m e n t s  i n  o f f i c e  b u i l d i n g s .  

T h e  e n e r g y  r e q u i r e d  f o r  h e a t i n g  m o d e r n  o f f i c e  
b u i l d i n g s  h a s  b e e n  r e d u c e d  i n  recen t  y e a r s .  T h i s  
i s  b e c a u s e  t h e  n e e d  f o r  e n e r g y  c o n s e r v a t i o n  h a s  
r e s u l t e d  i n  b u i l d i n g s  w i t h  i m p r o v e d  i n s u l a t i o n ,  
t r i p l e  g l a z i n g ,  i m p r o v e d  a i r  i n f i l t r a t i o n ,  a n d  
r e d u c e d  v e n t i l a t i o n  v o l u m e s .  A n e w  o f f i c e  
b u i l d i n g  f o r  S t a t o i l  i n  S t a v a n g e r  ( 3 3 0 . 0 0 0  
s q . f e e t )  h a s  o n l y  u s e d  e n e r g y  f o r  NOK 1 0 0 . 0 0 0 , -  
d u r i n g  t h e  f i r s t  y e a r  o f  o p e r a t i o n .  

D e s p i t e  t h i s ,  w e  o f t e n  see  t h a t  m o d e r n  o f f i c e  
b u i l d i n g s  h a v e  l a r g e  t o t a l  e n e r g y  r e q u i r e m e n t s ,  
p e r h a p s  j u s t  a s  l a r g e  a s  p r e v i o u s l y .  W e  a l s o  see 
t h a t  e n e r g y  r e q u i r e m e n t s ,  t o  a  g r e a t e r  e x t e n t  
t h a n  p r e v i o u s l y ,  m u s t  b e  m e t  b y  e l e c t r i c i t y .  T h e  
e x p l a n a t i o n  f o r  t h i s  i s  t h a t  b u i l d i n g s  a r e  n o w  
f i l l e d  w i t h  e q u i p m e n t  n e e d i n g  t o  b e  p o w e r e d  b y  
e l e c t r i c i t y ,  s u c h  a s  c o m p u t e r  e q u i p m e n t ,  p r i n t i n g  
a n d  c o p y i n g ,  a n d  g e n e r a l  o f f i c e  e q u i p m e n t .  L a r g e  



data processing centres and communication centres 
are also common. All these produce excess heat 
which needs cooling through the air conditioning 
system - which also requires electricity. 
It seems that the reduced energy requirement per 
device is insufficient to outweigh the great 
increase in the number of devices being installed 
in our buildings. Additionally, improvement in 
the efficiency of light fixtures seems to be 
proceeding much more slowly than expected. 

Low energy consumption in modern office buildings 
is therefore only possible if the air condition- 
ing system is designed in such a way that 
transferred heat can be exploited to cover heat 
losses (2). Figure 1 shows the energy flow in a 
modern building. Heat loss, ventilation loss and 
domestic hot water requirements determine the 
thermal energy requirement. At the same time, we 
have, as just mentioned, a great need for 
electric power to run equipment - including fans 
and pumps. 

Fig. 

Heat 
loss 

Vent. 

Dome 
hot water 

Fig: Power flow of energy in 
an office building 

If the excess heat from operating equipment, the 
sun, and human beings can be recovered and used 
to meet the thermal energy requirements, then the 
necessary input of thermal energy will be merely 
a balancing item. This superfluity of thermal 
energy in our office buildin s offers us possi- Ig 
bilities for upgrading the indoor climate without 



specially significant consequences for energy 
consumption (1). 

To put this into a more tangible form, we have 
looked at a building planned for Statoil in 
Trondheim, Norway. This building has a gross 
floor space of approximately 25000 sq. meter and 
will meet the needs of approximately 750 people. 
We will assume that the building has a present 
day standard regarding choice of materials, and 
that smoking is permitted. A separate EDP depart- 
ment requires 300 kW of energy to operate the 
data processing equipment. 

The building will be equipped with combined 
cooling units which cools EDP machines, cools 
ceilings in the offices, and ventilation air in 
the summer. The excess heat is transferred to a 
water based heating system. This energy can 
thereby be exploited to meet a substantial 
portion of the thermal requirements. 

Figure 2 shows the energy requirements per square 
meter of this building, with the three different 
demands on air quality (3). 

Fig: Energy demand 

building located in 
Trondheim, Norway, 

ventilation volumes 

Air quality Ils per olf 
We see that the need for electric power for 
lighting, operating equipment, etc., is greater 
than the need for thermal energy for air condi- 
tioning. Furthermore, exploiting possibi2ities 



for recovering heat from electrical equipment, 
the sun, etc,, will significantly reduce the 
actual demand for thermal energy. 

If we want to improve the air quality in this 
building by increasing the air flow from approxi- 
mately 7.2 up to 15.6 cubic meters per square 
meter per hour, we see that it results in only 
marginal increases in total energy consumption. 
To reduce the expected number of complaints from 
35% to 20% requires an increase from 226 to 244 
kilowatt hours per square meter per year, or 
about 8%. (Professor P.O. Fanger) (3). 

This calculation confirms that there is excess 
energy present in modern office buildings. When 
we have an increase in energy consumption with an 
increase in air flow, this is largely related to 
increased energy for operating fans. 

An 8% increase in energy consumption means in 
this case that operating costs will increase by 
approximately 315 Norwegian kroner (48 US$) per 
year for each employee - which is negligible. 

4. Performance and Well-being. 

As regards environmental questions, pollution of 
the external environment is the theme that 
politicans and the media are preoccupied with. 
The fact that people are mostly indoors is rarely 
pointed out. The reason seems to be that we have 
not considered it a health hazard to be indoors 
in homes and places of work, except for a few 
industrial work-places (4). 

At present time there seems to be a change in 
attitude towards this in Scandinavia, More and 
more people make the point that the indoor 
environment is also important for public health. 
Professional building owners have long since 
realized that investment in a good indoor climate 
is an investment in the well-being of employees 
and in increased productivity (5). In October 
this year FIABCI* Common Market Committee will 
arrange their study days in Stavanger, and the 
main topics are energy consumption and indoor air 
quality and their inpact on the value of real 
estate. 

* FIABCI - FEDERATION INTERNATIONALE DES PROFES- 
SIONS IMMOBILIERS 



O u r  S t a t o i l  p r o j e c t  d o e s  n o t  a t t e m p t  t o  c a r r y  o u t  
a  b r o a d  i n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i p  b e t w e e n  
a i r  q u a l i t y  a n d  p r o d u c t i v i t y .  S u c h  a  s t u d y  w o u l d  
d e m a n d  t o o  m a n y  r e s o u r c e s .  We n e v e r t h e l e s s  
b e l i e v e  t h a t  t h e  i n f o r m a t i o n  a v a i l a b l e  f r o m  
o f f i c i a l  s t a t i s t i c s  a n d  r e l a t e d  r e s e a r c h  p r o j e c t s  
c a n  p r o v e  s u c h  a  c o n n e c t i o n  ( 6 ) .  

5 .  W h a t  a r e  t o t a l  c o s t s ?  

T h e  a n n u a l  c o s t s  o f  a  b u i l d i n g  c o n s i s t  o f  
d e p r e c i a t i o n  o n  i n v e s t e d  c a p i t a l  c o s t s  p l u s  
o p e r a t i o n a l  c o s t s  ( F i g .  3 ) .  When a  n e w  b u i l d i n g  
i s  b e i n g  p l a n n e d ,  i t  h a s  b e c o m e  m o r e  a n d  m o r e  
c o m m o n  t o  u s e  a n n u a l  c o s t s  a s  a  d e c i s i o n  m a k i n g  
t o o l .  T h e  r e a s o n  f o r  t h i s  i s  t h a t  t he  c o s t s  
d u r i n g  t h e  o p e r a t i n g  p h a s e  i n c r e a s e  r e l a t i v e l y ;  
p a r t i c u l a r l y  l a b o u r  a n d  p o w e r  c o s t s .  

T h e  a n n u a l  c o s t s  a r e  o f t e n  e v a l u a t e d  p e r  s q u a r e  
m e t e r  f l o o r  s p a c e .  O b v i o u s l y  the  c o s t s  s h o u l d  be  
k e p t  a s  l o w  a s  p o s s i b l e .  

A n n u a l  c o s t s  a r e  t h e n  r e l a t e d  t o  t he  b u i l d i n g  
i n s t e a d  o f  t o  t he  e m p l o y e e s  w o r k i n g  i n  t h e  b u i l d -  
i n g .  

C o s t s  l i k e  t h e s e  a r e  r e l a t e d  t o  t he  b u i l d i n g  
i t s e l f  a n d  r u n n i n g  t h e  b u i l d i n g .  B u t  w h y  d o  w e  
p u t  u p  a n  o f f i c e  b u i l d i n g  i n  t he  f i r s t  p l a c e ?  O f  
c o u r s e  i t  i s  b e c a u s e  w e  h a v e  w o r k  t o  b e  d o n e ,  a n d  
t h i s  c a n  b e  d o n e  i n  a  l e s s  e x p e n s i v e  w a y  i f  t h e  
t e m p e r a t u r e  f e e l s  c o m f o r t a b l e  a n d  t he  p r o d u c -  
t i v i t y  i s  h i g h .  A  g o o d  i n d o o r  e n v i r o n m e n t  i s  o n e  
o f  t h e  m o s t  i m p o r t a n t  f a c t o r s  t o  i m p r o v e  t he  
e f f i c i e n c y  o f  a n y  s t a f f .  T h i s  i s  e l e m e n t a r y  - b u t  
d o  w e  a c t  l i k e  t h i s  i n  o u r  b u i l d i n g  i n d u s t r y ?  Do 
t h e  b u i l d i n g  o w n e r s  a c t  l i k e  t h i s ?  I am a f r a i d  
n o t ,  a n d  t h e r e f o r e  I h a v e  s t a r t e d  t o  b r i n g  u p  a n  
e x t e n d e d  e x p r e s s i o n  f o r  t o t a l  c o s t .  T o t a l  cos t  
m u s t  b e  r e l a t e d  t o  t h e  s u m  o f  w a g e - r e l a t e d  a n d  
b u i l d i n g  c o s t s .  T h i s  i s  s h o w n  i n  t he  O s e b e r g  
c o m p l e x  i n  B e r g e n  ( N o r s k  H y d r o )  w h e r e  p e r s o n n e l  
r e l a t e d  c o s t s  p e r  s q u a r e  m e t e r  i s  NOK 1 4 . 8 8 2 , -  i n  
t h e  l e f t  c o l u m n s  ( F i g .  3 ) ,  

T h e  t o t a l  c o s t s  f o r  w h a t  I c a l l  I n d o o r  A i r  
Q u a l i t y  S t a n d a r d  ( I A Q  S t d )  7 . 5  c u b i c  m e t e r s  p e r  
s q u a r e  m e t e r  p e r  h o u r ,  i s  NOK 1 6 . 5 5 5 , - .  I f  w e  
r a i s e  the  s t a n d a r d  t o  15 c u b i c  m e t e r  p e r  s q u a r e  
m e t e r  p e r  h o u r  a n d  t a k e  p r e c a u t i o n s  w i t h  s e l ec -  



t i o n  o f  m a t e r i a l s ,  b u i l d i n g  p r o c e d u r e s ,  c l e a n i n g  
p r o c e d u r e s  e t c . ,  the  c o s t s  w i l l  r i s e  t o  NOK 
1 6 . 6 6 7 , -  a n d  t he  d i f f e r e n c e  i s  m a i n l y  i n  i nves t -  
m e n t  c o s t s :  9.4 - 8.8 = 6%. T h e  p e r s o n n e l  r e l a t e d  
c o s t s  d o m i n a t e  t o t a l l y .  

6 .  A r e  t h e  b u i l d i n g s  f o r  t h e  o w n e r  o r  f o r  t h e  
t e n a n t s ?  

When w e  r ece i ve  a  c o m m i s s i o n  a s  c o n s u l t i n g  e n g i -  
neer s ,  the  m a i n  t a s k  n o r m a l l y  i s  t o  p r o v i d e  
b u i l d i n g s  w i t h  l o w  t o t a l  c o s t s  f o r  p l a n n i n g ,  
c o n s t r u c t i o n  a n d  m a i n t e n a n c e  o f  the  b u i l d i n g ,  
w h i c h  a r e  p r i m a r i e l y :  

- I n v e s t m e n t  cos t s .  
- E n e r g y  c o s t s .  
- M a i n t e n a n c e  o f  b u i l d i n g s  (MOB).  
- C l e a n i n g .  

T h e  a b o v e  c o s t s  a r e  j u s t  a b o y t  1 0 %  o f  t he  t o t a l  
p i c t u r e  b e c a u s e  w a g e - r e l a t e d  c o s t s  d o m i n a t e  a f t e r  
t he  b u i l d i n g  i s  o c c u p i e d .  T o t a l  c o s t  i s  d e p r e c i a -  
t i o n  on i n v e s t e d  c a p i t a l  p l u s  o p e r a t i o n a l  c o s t s .  
I n s t e a d  o f  t a l k i n g  a b o u t  the  b u i l d i n g  i t s e l f ,  w e  
s h o u l d  c o n c e n t r a t e  on t h e  t e n a n t s  w h i c h  s h o u l d  
h a v e  a s  c l o s e  t o  a n  o p t i m a l  i n d o o r  e n v i r o n m e n t  a s  
p o s s i b l e .  T h i s  e n v i r o n m e n t  i s  a  m u l t i p l e  o f  t h e  



following factors ("Seven Sisters") which overlap 
each other: 

- Thermal environment (humens heat balance). 
- Atmospheric environment (contaminants and 

VOC's). 
- Acoustic environment (hearing, sound, noise). 
- Actinic environment (lightning, radon and 

electromagnetic radiation). 
- Mechanical environment (feeling, pain, 

accidents etc.). 
- Psychosocial environment (relationships 

between people). 
- Aesthetics (what9s good for our senses- 

eyes, smell, ears, taste, feeling and 
balance). 

In "buildings of the year1' - three office 
buildings under construction - we have made 
specifications and drawings especially for the 
tenants - and the owners have accepted all new 
information we have provided for the combination 
of the "Seven Sisters" above: 

- Choice of materials with low emissions in 
any part of the buildings. 

- Air condition systems of the very best 
design. 

- Specifications for full temperature control 
year around (20 - 24oC) 

- 15 m3 filtered air per square meter per 
hour in offices. 

- Displacement ventilation in some offices 
and dilution in others - max. air velocity 
12 cm per second. 

- The best filtration (EU7 or 8) of outside air. 
- High quality cleaning. 

- After the building is tightened. 
- Before laying carpets. 
- Before closing suspended ceilings. 
- Before moving into the buildings. 
- Good cleaning procedures during the 

buildings lifetime. 
- High quality carpets, curtains and 

furniture. 
- Central vacuum cleaning systems. 

Qualified personnel are contracted to overlook 
building procedures under the construction 
period, and in addition to be consultants for 
HVAC installations, have a special responsibility 
for the total indoor environment. 



7 .  C o n c l u s i o n s .  

- A l l  s u b s t a n c e s ,  m a t e r i a l s ,  f i x t u r e s  a n d  
e q u i p m e n t  m u s t ,  i n  a d d i t i o n  t o  t he  i n d i v i d -  
u a l ,  be l o o k e d  u p o n  a s  sources  o f  p o l l u -  
t i o n .  

- A r c h i t e c t s  a n d  p l a n n e r s  m u s t  b e  m a d e  
consc ious  o f  t h e  n e e d  t o  m i n i m i z e  t h e  
p o l l u t i o n  l o a d  i n d o o r s .  

- A 1 1  o f f i c e s  a n d  EDP e q u i p m e n t  i n  our b u i l d -  
i n g s  p r o d u c e  a  h e a t  s u r p l u s  w h i c h  c a n  be 
e x p l o i t e d  f o r  h e a t i n g .  T h e  a i r  c o n d i t i o n i n g  
s y s t e m s  m u s t  b e  d e s i g n e d  i n  such a  w a y  t h a t  
h e a t  r ecovery  i s  p o s s i b l e .  T h i s ,  h o w e v e r ,  
l e a d s  t o  a  m o v e  t o w a r d s  u s i n g  m o r e  e l e c t r i -  
c i t y  a n d  l e s s  t h e r m a l  e n e r g y  f o r  m e e t i n g  
t h e  e n e r g y  r e q u i r e m e n t s  i n  such b u i l d i n g s .  

- T o  b e  a b l e  t o  u p g r a d e  t he  a i r  q u a l i t y  w e  
c a n  h a r d l y  a v o i d  i n c r e a s i n g  t h e  a i r  v o l u m e  
c o m p a r e d  w i t h  t h e  s m a l l  v o l u m e s  t h a t  h a v e  
b e e n  m a d e  d e s i r a b l e  d u e  t o  t h e  e n e r g y  
c o n s e r v a t i o n  d r i v e .  I A Q  t o p  m e a n s  a b o u t  15 
c u b i c  m e t e r  f i l t e r e d  a i r  p e r  sq. m e t e r  p e r  
hour .  

- A n  o p t i m a l  a i r  q u a l i t y  i s  b e l i e v e d  t o  b e  a  
f a c t o r  i n  i n c r e a s i n g  p r o d u c t i v i t y .  R e g a r d -  
i n g  t he  t h e r m a l  i n d o o r  c l i m a t e ,  a  5-10% 
r e d u c t i o n  i n  p r o d u c t i v i t y  h a s  b e e n  s h o w n  t o  
occur  w i t h  o n l y  s m a l l  v a r i a t i o n s  f r o m  t he  
o p t i m a l  c l i m a t e .  Moreover, w e  k n o w  t h a t  o f  
t h e  r e g i s t e r e d  c a s e s  o f  i l l n e s s ,  25% a r e  
r e l a t e d  t o  e y e s ,  nose a n d  t h e  r e s p i r a t o r y  
s y s t e m .  We b e l i e v e  t h a t  p r o d u c t i v i t y  c a n  b e  
r e a d i l y  i n c r e a s e d  b y  u p  t o  3% b y  i m p r o v i n g  
t h e  a i r  q u a l i t y .  

- E v e n  a  p r o d u c t i v i t y  i m p r o v e m e n t  o f  o n l y  1 %  
w o u l d  m o r e  t h a n  c o v e r  t h e  i n c r e a s e d  c o s t s  
i n c l u d i n g  e n e r g y  c o s t s  a n d  c a p i t a l  c o s t s .  

- I n c r e a s e d  e n e r g y  c o n s u m p t i o n  a s  a  r e s u l t  o f  
u p g r a d i n g  t he  a i r  q u a l i t y  m a y  be u p  t o  8 % .  
T h i s  h a s  l i t t l e  f i n a n c i a l  s i g n i f i c a n c e  f o r  
t he  i n d i v i d u a l  e m p l o y e r  o r  o w n e r l b u i l d e r .  



- Any increase in energy consumption is 
undesirable from the viewpoint of society 
in general. A marginal increase for 
upgrading the air quality must, neverthe- 
less, be looked upon from the viewpoint 
that demands for energy conservation have 
for a long time taken place at the expense 
of air quality 

- Total cost is dominated by wage-related 
costs, and investments and energy costs are 
negligible compared to that. 

- It is always cheaper in the long run to 
make the right decisions before making any 
drawing. 
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