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INTRODUCTION 
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This paper concerns energy savings measures in the EKONO­
building's second phase. The headquarters of EKONO Con­
sulting Engineers is located 9 km west from Helsinki, the 
capital of Finland. (Weather data in Appendix 1.) 

The EKONO office complex at Otaniemi was built in two 
phases. The first phase was completed in 1973, while the 
second was occupied at the end of 1979. Though the first 
phase was realized before the energy crisis, a major 
design consideration was energy efficiency of construction 
and operation. The measured energy Zonsumption of the 
first phase for heating is 124 kWh~m ·a and the annual 
electrical consumption is 70 kWh/m • 

The operation of the first phase, including the perfor­
mance of the Extract Air Window System, was monitored 
during the first two years. About 600 000 measurements 
were registered each year. This performance data was 
used as a basis for the design of the second phase 
building. 

Because of the energy saving measures implemented the 
calculated heat consumption of the second phase building 
is 70 H/m2.a, which is 30 % of the average energy con­
sumption of office buildings in Finland for heating. 

The total volume of 5he EKONO-building is 345 000 m
3 

(phase one 30 002 m , phase two 15 200 m ) and the floor 2 
area i~ 12 800 m (phase one 8100 m and phase two 4700 m ) 
4700 m ). 

ENERGY CONSERVATION MEASURES 

Hollow slabs as intermediate floors 
The goal of the design of phase two was to achieve the 
most effective use of space as possible without sacri­
ficing human comfort. On this basis it was concluded to 
use hollow slabs in the construction of the intermediate 
floors. 

By using the holes of the slabs as air ducts and routing 
for electric cables, no suspended ceilings were needed. 
So it was possible to realize a room height of 2,7 m even 
though the total floor to floor height is only 3,0 m. 
This reduces the area of the building envelope for a 
given total floor area, which will reduce the conductive 
heat losses and initial building costs. 



Fig. 2. Cross-section of a typical room. Using holes 
in the hollow slabs as air ducts, the room height was 
maintained though the floor to floor height is small. 
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The supporting structures of the building are the exte­
rior walls and elevator and stair shafts, which are col­
lected to the middle of the building as a stiffening core. 
Due to this solution it is possible to change the inter­
mediate walls arbitrarily. The width of the building, 
11.6 m, was chosen on the basis of the longest available 
hollow slab. 

Tight structures; good insulation 
When the conductive heat losses decrease, the relative 
amount of air leakage increases. Therefore special at­
tention was paid to the tightness of the structure and 
to the quality of the thermal insulation. 

The weakest point is often the gap between the window 
frame and the wall. This gap was observed thoroughly 
in the testing of several methods of window construction 
and the tightest selected for use. 
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High heat capacity of structures 
In the construction of the phase two building the massive 
concrete is placed to the inside of the insulation and 
the surfaces of the hollow slabs are directly in tOtJch with 
room air, while the supply air is conducted through the 
slab.s. This arrangement allows a larger effective heat 
capacity of the building even though the mass of the 
structures is not increased. 

Extract Air Window System 
The ventilation in both phases is handled by an Extract 
Air Window System. In this system the exhaust air is ex­
tracted through the gap between the two inner window panes. 
The windo~s in phase one are three-paned and in phase two, 
four-paned. 

Extract Air Windows can be used also as solar collectors. 
The collection efficiency of a window which is equipped 
with black venetian blinds can be as high as 60 %. On 
the sunny facade, warmed air can be transferred to the 
shady facade by using recirculation air. 

Exhaust air from sanitary rooms however is not used as 
recirculation air but is blowed stright out. The heat 
from the exhaust air is recovered by a glycol coil re­
covery s.ystem. This heat is used to warm the fresh in­
coming air. (See reference 1 and 2.) 

Low electrical load of illumination 
During design the lighting was examined in a model room. 
Several luminares with different illumination geometries 
were tested. The wall surface materials were also varied 
to get the best illumination efficiency. An illumination 
level of 900 lux was achieved by an electricity load 
of 17 W/m2 • 

Since in a typical office building the lights are normally 
on during the entire work-day (even though the influence 
of natural lighting can be significant) research to de­
termine the positive effects of natural lighting is being 
undertaken. In the EKONO-building two automatic lighting 
control systems have been installed to regulate artificial 
illumination in response to daylight. 

One is an on/off system which turns the lamps beside the 
windows slowly off when daylight is sufficient. 

The other is a continuous control system which dims the 
lamps to maintain a consistant illumination level 1n 
response to the amount daylighting available. 
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Free cooling 
The inner heat generation of the building is slight due 
to the shading factor of the Extract Air Window (20 %) 
and a reduction in power for lighting. This low heat 
generation rate along with an outdoor temperature that 
rarely exceeds 2aoC for a very short cooling season, 
allows the EKONO building to be without mechanical 
cooling equipment. 

However, free cooling 
be vented through the 
for the next hot day. 
examined. 

will be examined. Night a~r will 
hollow slabs to cool the structure 
Evaporative cooling will also be 

Computer control and floating room temperature 
The heating and air-conditioning system of the EKONO­
building is under on-line control of a microcomputer. 
The algorithms of all the control-loops have been pro­
grammed to take into account the total behaviour of the 
building. 

Computer control has enabled effective use of heating 
and air-conditioning strategies to decrease the total 
energy consumption. This means extended use of heat­
exchanging, night time set-backs and optimal start of 
re-heating. 

To utilize the thermal mass of the building in short­
time heat storage, detailed work was done to study the 
thermal behaviour of the building. An analogue model 
(Appendix 2) was developed and simulation runs done with 
typical internal loads (people, lighting, equipment). 
The model described the behaviour of the rooms as well as 
the effects of the hollow-slabs, which are integrated to 
the air-conditioning; 

The most economic way of storing internal "free" heat is 
to use the mass of the building. This suggests that 
strict room temperature settings can be relaxed (thermal 
comfort studies show that high thermal acceptability can 
be maintained with moderate variations, say 2l ••. 240 C). 

Keeping this in mind, two simulation runs were done. 
In the first run the room temperature was allowed to in­
crease freely due to internal loads. In the second run 
the room temperature was kept constant. 

In both cases the outside temperature 
which is typical in Finland in spring 
The room temperature behaviour can be 

b OOC was set to e , 
and late autumn. 
seen in Fig. 3. 
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ROOM TEMPERATURE 
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Fig. 3. Room temperature behaviour with floating and 
constant settings (simulation). 

t1 = preheating time with floating temperatures 
t2 = preheating time with constant office hour 

temperature 

The dramatic reduction of preheating time is clearly seen. 
Estimations (degree-day weighting) suggest 20 % annual 
heating-energy savings. 

The encouraging results led to actual control modifica­
tions in the EKONO-building. The floating temperature 
range was set between 21 °c and 23 °c by a dead-band in 
control, which allows the temperature to vary freely 
between the two limits. To avoid excessive room tempera­
tures a special algorithm was programmed into the micro­
processor. It continuously monitors the highest measured 
room temperature and if the upper margin (23 °C) is reached, 
it takes over the temperature control. To 
store most of the internal heat available, the temperature 

o 
is still allowed to rise but is controlled to reach 24 C 
at the end of the office hours. 
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The control actions are described in fig. 4. The com-
puter notices the time tL when 23 °c is reached and cal­
culates a room temperature set-point line heading for 
24 °c at the end of the office hours. Any tendency to 
exceed this line predicts too high room temperatures and 
more cool outdoor air will be used. Accordingly, if the 
room temperature cannot reach the calculated set-point line, 
then maximum recirculation will be used. 

ROOM TEMPERATURE MORE COOL 
- TOO HIGH>"" /' OUTDOOR AIR 

AREA OF DISCOMFORT . ~ CALCULATED 

24 I=======:~~~~~~~~~~SET-PO'NT LINE --- MORE R;CIRCULATION 
23 

22 

21 

TOO LOW 

AREA OF DISCOMFORT 

8 9 10 I1 12 13 14 15 16 HOUR 

,Fig. 4. Control of room temperature, if 23 °c is exceeded 

The advantages of this special control are evident if com­
pared to the case that only two exact limits, 21 °c and 
24 °c were used. Because the cooling effect of outdoor air 
(at about 15 °C) is limited, maximum use of outdoor air, 
when the upper control limit is 24 °c, would not be suf­
ficient to keep 'the temperature from reaching the discomfort 
area. With the additional 23 °c ... 24 °c control area 
excessive temperatures can be predicted beforehand, and 
more time is available for cooling. This is essential if 
cooling power is limited. 

Ventilation control by air quality 
The need of ventilation in office buildings is based mainly 
on odors and contaminants released from building materials 
and people. Because the required outdoor air rate during 
the heating period was designed for maximum occupancy, 
the ventilation rates during typical office hours are 
generally too high. 
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Smoke, odors and other air contaminant constituents can 
be correlated to the C02-content of the return air. In 
the second phase of the EKONO-building a C02-analyzer will 
be connected to the computer and the sampling air tube 
will be placed in the main return duct. 

EXHAUST~~~ ____ ~-r ____________________________ -, 

AIR --

/ / 

SAM PLI NG 
AIR TUBE 

RETURN 
--AIR 

OUT 000 R ,.L.~J......T.-.---r------I 
AIR --- / 

MOTOR 

COMPUTER 

.....----, 

SUPPLY 
--AIR 

Fig. 5. The analyzer gives a message of the C02-content 
to the computer. The computer will adjust the recircula­
tion air proportion in response to C02-concentration to 
maintain a level of 800 ppm to 1100 ppm. 

The C02-based ventilation is estimated to give energy­
savings up to 50 % compared to unregulated system, 
depending on whether the rate of tobacco smoke is signi­
ficant or not. 
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Solar heat storage 

EXPERIENCES 

In Finland solar radiation is most prevalent in the 
summer months (Appendix 1). To store heat from summer to 
winter, the EKONO-building will research a method of 
bedrock heat storage. 

Solar panels (approximately 60 m2) are used to heat water 
that is pumped through 10 m deep holes in bedrock under 
the building. During the cold season the heat from the 
bedrock storage is used to preheat the outdoor supply air. 

Heat consumption 
Even though all the energy saving programs were not in 
use during the first half of the year 1980, the measured 
heat consumption in February was the same as the calculated 
value (16,1 Wh/m2 per degree-day). 

In March and April the heat consumption was only about 
9 Wh/m2 per degree-day. 

Comparison between the heat consumption in February and 
April supports the efficiency of the Extract Air Windows 
as solar collectors. Even though the energy consumption 
for heating will increase conditionally during the mid­
winter days, when solar radiation is low in Finland, the 
.calculated consumption (70 k~{h/m2.a) should be achieved. 

Infiltration rate 
The air leakage rate was measured to determine the per­
formance of the tightening measures. 

This research was done by a .tracer-gas technique. 
A N20-gas was used and gas concentrations were monitored 
by a 12-channel automatic infared ana1yzer (Wilks Miran 11 
Multi-Point). The concentration levels used were about 
100 ppm. 

The measurements were carried out using 100 % recirculation 
a1r. Tracer-gas was released in the mixing box before 
the supply fan. Gas concentration was measured in the 
following locations: supply air, return air from separate 
facades, room air from separate floors, and outdoor air. 
With this method the infiltration rate could be measured 
in separate parts of the building. Air infiltration 
was also measured on the floors when the fans were not 
operating. 
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Fig. 6. Test arrangements for infiltration rate 
measurements. 



Two different infiltration rate measurement methods 
were used: 

1) Constant tracer-gas flow method 
- gas was released during the measurements 
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- the infilt~ation rate was calculated from the formula 

n = q (1 -nt)+ Co -nt -- -e n - e 
VCt Ct 

n = ventilation rate llh 
V = volume of the building m3 
q = tracer-gas flow m3/h 
t = time h 
Co = tracer-gas concentration when t=O 
Ct = tracer-gas concentration when time is t 

2) The method of decreasing concentration 
- gas flow was shut down before the measurements 
- the infiltration rate was determined from the formula 

n = 1 
t 

Co 
In -

Ct 

The mean outdoor temperature during the measurements was 
-9.0oC and the average wind velocity was 0.7 m/s. The 
test situation corresponds to a normal winter weather in 
Helsinki. 

Results: 

The mean infiltration rate for the whole building, as 
given by both test methods, was 0.15 llh when the fans 
were on., No significant differences between the separate 
floors and facades were observed. 

When the fans were switched off, the infiltration 
decreaced. The mean value was 0.10 l/h. The infiltra­
tion rate was 0.14 llh on the first floor, 0.09 llh 
on the second and 0.07 llh on the third. 

Conclusions: 
In spite of cold winter weather the infiltration rate 
was low. The differences between the infiltration rates 
on different floors, when the fans are not operating, are 
due to thermal forces inside the building. However, the 
influence of thermal forces is not remarkable, because 
the infiltration rate at the third floor, when the fans 
are off, is smaller than that when the fans are on. 

Altogether the tightening measures were considered success­
ful. 
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The operation of the building will be monitored inten­
sively during several years. Because of continuous 
development of the control algorithms, the energy con­
sumption of the EKONO-building should be reduced from 
the. present figures. 

Note: Because of the value of these studies in energy 
economics, the Ministry of Trade and Industry in Finland 
is supporting this research. 
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APPENDIX 2 

1 (3) 

SIMULATING MODEL FOR FLOATING ROOM TEMPERATURE 

The simulation model is based on the assumption that the 
behaviour of a building can approximately be described 
with an electrical analogue model. This means that thermal 
masses are described with capacitances and heat transfer 
coeff~cient5 are described with resistances. 

In the simulating program (IBM Continuous System Modeling 
Program) components are described with basic blocks. Using 
the basic blocks, complicated systems can be constructed. 
Thermal masses (capacitances) are functioned by integrators; 
e.g. block 80. 

The output of the integrator represents the room-air 
temperature TH. 

The heat transfer coefficients Cresistances) are repre­
sented by mUltiplying factor, e.g. between blocks 25 and 43: 

Heat transfer coefficient, 
room-air and walls: 

The mUltiplying factor, I/RS' represents the "heat transfer 
coefficient. 

The model has been divided into four parts: 

1. Room module 
2. Extract air window 
3. Hollow slab 
4. Controller 
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1. Room module TH is room air temperature 

TS is wall temperature 

TU is outside temperature 

TK is internal load equivalent temperature 

2. Extract air window TIP is exhaust air temperature after the window 

3. Hollow slab 

_ 4. Controller 

1S supply air temperature from the central 
air conditioning machine room 

THT 1S supply air temperature when leaving the 
hollow slab core (to enter the room) 

TpT is hollow slab temperature (supply side) 

TLP is exhaust air temperature when leaving the 
hollow slab core (to return ducts) 

Tpp is hollow slab temperature (exhaust side) 

TH (MAX.) is maximum of the room temperatures 
(seven zones) 

The controller is basicly a P-controller with 
gain G (block 124), but it functions only 
in the area over 23 °c (room temperature). 

On the next page the complete model is drawn. 
necting lines between the four parts describe 
of the supplied and exhaust air. 

The con­
the path 
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