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ABSTRACT

Good indoor air quality can be ensured most economicaly with an gpartment based supply and
exhaust air ventilation system with heet recovery. This paper describes an in-9itu comparison study of
four different buildings and HVAC systems. The main tasks were to study the energy consumption,
indoor environment and operation of the mechanicd systems. The ar qudity was good in dl buildings
with mechanica supply and exhaugt air ventilation syssems. Most complaints of inadequiate ventilation
aswell as the highest CO, concentration and rdative humidity were measured in the building with a
centralized exhaust air ventilation system. The measured didtrict heating energy consumption of three
of the buildings was 47 - 49 kWh/mg, while the consumption of the building with gpartment based
mechanica supply and exhaust air ventilation system with heat recovery was only 36 kWh/m? (30 %
lower). The dectricity consumption of the fans was twice as high in centraized ventilation unitsasin
gpartment based units.

KEYWORDS:. ar changerate, codts, energy, heeting, ventilation system, residentiad, heet
recovery

INTRODUCTION

The objective of this study was to compare four different buildings and HVAC systemsiin practice
and to determine the best solutions for the City of Helsinki to utilize when designing new gpartment
buildings. The main tasks were to study the energy consumption and indoor environment. [1]

METHODS

Four mullti- storey apartment buildings (Abraham Wetter Street, Herttoniemi Harbour, Castle Builder's
Corner and Ship Bay Arc) built by the Housing Production Bureau of Helsinki were studied for a
period of two yearsin 1995 - 1997. The study focused on the functioning of HVAC-systems, the
energy consumption of the buildings, the indoor climate of the apartments, the need of maintenance
aswell asthe opinions of the occupants.

The buildings were located in the Herttoniemi areatin Helsinki and hed didtrict heating. Three of the
buildings used traditiona water based radiators for heeting and one building used ventilation heating.
The oldest building was built in 1989 and had a mechanica exhaugt air ventilation system with
common ducts. One of the more recently built buildings (1995) had apartment based supply and
exhaud ar ventilation units with hest recovery. The two other newer buildings had centrdized supply
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and exhaudt ar ventilation units with heet recovery. The building with ventilation heeting had a run-
around water-glycol heet exchanger for heet recovery. It dso had energy efficient windows to keep
the energy consumption low. Figure 1 shows the principle of the heeting and ventilation sysemsin
each building.
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Y 1. Abraham Wetter Street: water based Y 2. Herttoniemi Harbour: water based radiators
radiators and a mechanica exhaust air and gpartment based supply and exhaust air
vertilation system with common ducts. vertilation units with heet recovery.

3. Cadtle Builder's Corner: water based 4. Ship Bay Arc: ventilation heeting sysem and
radiators and centralized supply and exhaust centralized supply and exhaudt ar ventilation units

(3 ar ventilaion units with heat recovery. 3 with heat recovery.
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Figure 1. Schematic of the heating and ventilation system in different buildings.
The consumption of heating energy and eectricity was monitored monthly during the two year sudly.
The indoor climate was monitored in four randomly selected apartmentsin each building for atwo
week intensve period. During the same period, the operation of the heeting and ventilation systems
were monitored. Average exhaust air flows of the ventilation systems were measured once in 1995.
A questionnaire study for opinions of the inhabitants was carried out once in 1997. Maintenance
costs were monitored by a service company.

RESULTS

A summary of the results of the buildings is presented in Table 1.

Table 1. Comparison of results of the different buildings.
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Building

1 2 3 4
Feature Abraham Herttoniemi  |Castle Builder's|Ship Bay

Wetter Street |Harbour Corner Arc
Building volume, m® 17 290 25 563 17 110 26 050
Apartment area, m? 4174 5262 3782 5678
Congtruction year 1989 1995 1995 1995
(construction cost, €/m?) (n.a) (989) (1146) (1147)
Heating system Water based |Water based |Water based |Ventilation

radiators radiators radiators hesting
Ventilation system Mechanical [Apartment |Centralised Centralised

exhaust based supply |supply and supply and

and exhaust |exhaust exhaust

T eratire efficiency of the heat 0] 35 -45 40 - 45

Avel3. Castle Builder's Corner: water based radiators
Accdand centralised supply and exhaugt air ventilation

24. Ship Bay Arc: vertilation heating sysem and
centralised supply and exhaust air ventilation

answunits with heet recovery. Junits with heeat recovery.
Ventilation coefficient, 1/h 0.59 .70 0.90 0.95
Exhaust air flow, dm3/s/person 105 12.0 16.7 18.6
Generd ventilation insufficient,

% of the answers 15 12 12 9
Ventilation insufficient while cooking, Occupant

% of the answers 61 control 47 36
Window opening used, % of the answers (86 81 69 80
Average carbon dioxide level, ppm 909 545 521 5H
Relative humidity in winter, % 39.6 26.0 25.7 22.8
Absolute humidity difference

(indoor-outdoor), g/kg 4.5 14 18 17
District heating energy, kWh/m?d/year 49 36 48 47
Electricity of fans, kWh/apartment/year 260 630 1090 1360
Specific eectricity of fans, kW/(md/s) *) (1.0 2.2 2.8 3.7
Energy cost, €/m?/month 0.86 0.90 1.10 0.98
Usage and maintenance, €/m#month 0.048 0.083 0.075 0.053
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Codt of changing air filtersin ventilation
units, €/apartment/change None 10

7 10
*) Specific electricity of fans is the total electricity effect divided by the tota exhaust air volume flow.
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Indoor climate and air quality

The average indoor air temperatures in the buildings were 22.6 - 23.1 °C even though the design
temperature was 21 °C. The opinions of the occupants did not vary significantly between the four
buildings. Mogt of the occupants were happy with the indoor temperature, but amost half of them
indicated draught from time to time. More than 60 % were satisfied with the indoor air humidity in
three of the buildings. Only 47 % were satisfied with the indoor air humidity in the building with
ventilation heeting (Ship Bay Arc).

The buildings with mechanica exhaud ar ventilation (Abraham Wetter Street) and the gpartment
based ventilation (Herttoniemi Harbour) had the largest number of complaints (46 %) of poor indoor
ar qudity. The fewest complaints came from the building with ventilation heating (Ship Bay Arc),
which had the highest ventilation rate. The buildings with mechanicd exhaust ar ventilation and
gpartment based ventilation had the largest number of occupants detecting odors. The building with
ventilation heating had the lowest odor detection, where up to 71 % said that there were no odors at
dl. In dl buildings, regardiess of the HV AC-system, window opening was frequently used.

The building with mechanica exhaud ar ventilation (Abraham Wetter Street), which represents the
current building practice showed the weakest results in ventilation and indoor air qudity. Here, the
indoor ar humidity compared to the outdoor air humidity was gpproximately three times higher than
in the other buildings. At night, the bedrooms had a maximum carbon dioxide concentration of 1400
ppm, which is about twice as high as the concentration in the other buildings. High carbon dioxide
concentrations indicates that the concentration of other harmful contaminants may be high as well.
High humidity may cause mould problems.

In the building with mechanicd exhaudt ar ventilation the exhaust air flows were typicaly only haf of
the recommended vaues as stated in the Finnish building code, whereas in the buildings with
centralized supply and exhaudt ar ventilation systems the air flows corresponded to the default values
in the code. Apartment based supply and exhaugt air ventilation showed exhaust air flow rates that
were about 20 % |lower than the recommended va ues because the occupants were able to adjust
the gpartment based ventilation according to their demands. The quality of theindoor air was till as
good as that with centralized ventilation systems.

Energy consumption

The building with gpartment based ventilation (Herttoniemi Harbour) used the smallest amount of
digtrict hesting energy. The didtrict hegting energy consumption in the building with apartment based
ventilation building was 36 kWh/mg, whereas the annua consumption in the other buildings was 47 -
49 kWh/ms, If the exhaudt ar flowsin the building with mechanica exhaudt ar ventilation would
continuoudy have been as required by the building code, the digtrict heating energy consumption
would have been about 59 kWh/ms, which is 10 kWh/m2 more than the measured consumption. The
gpartment based ventilation saved digtrict heating energy because the ventilation could be demand
controlled, and aso because the heat recovery was efficient. The dectricity consumption of fans was
the amdlest in the buildings with mechanical exhaust ar ventilation (Abraham Wetter Street) and
gpartment based ventilation (Herttoniemi Harbour).

Energy and maintenance costs



680 Design and operation of HVAC systems

The building with apartment based ventilation (Herttoniemi Harbour) had the best combination of
good indoor climate and low energy cogts. Even though the lowest energy bill was reported in the
building with mechanica exhaus ar vertilation (Abraham Wetter Street) the energy savings were a
result of aventilation rate well below the design vaue, and thus the indoor ar quality was quite poor.

The energy bill was 5 % higher in the building with apartment based ventilation and 10 - 30 % higher
in the buildings with centrdized supply and exhaust air ventilation. The difference between the lowest
and highest energy bill was 0.24 €/m?/month (20 000 € per year).

The total maintenance costs were lowest with exhaust air ventilation (0.048 €/m&/month), whereas
with centralized ventilation the costs were 0.053 - 0.075 €/m?/month and with apartment based
ventilation the cost were 0.083 €/m#month.

CONCLUSIONS

The research shows that the inherent problems with mechanica exhaust air ventilation systems have
not been solved. The main problem isthat the flow of outdoor air into building cannot be controlled
in the rooms due to the uncontrollable pressure difference between indoor and outdoor air, which is
caused by differencesin indoor and outdoor air temperature, the stack effect (especidly in multi-
storey buildings), wind, externa and interna air leaks due to poor construction and open windows.
Other problems are draught, dirty outdoor air entering the building and poor sound insulation.

Multi- storey apartment buildings should have awel planned mechanica supply and exhaust air
ventilation system with heet recovery in order to guarantee energy efficiency and a good and
controllable indoor climate and ar qudlity.

The ventilation systems were left with many faults aready during planning and implementation. Most
of the faults were due to the mafunctioning of complicated regulators and control devices. The faults
were not detected during delivery due to incomplete tests. Smpler systems, fewer mechanical
components, avoiding to build pardle systems and cost reduction are central ams in functiona
housing engineering aswell asin achieving agood and controllable indoor climate. The hest recovery
from the exhaust air should be more efficient and the energy consumption of fansistoo high and
needs to be lowered. Without specid training and detailed indructions, the maintenance staff is not
able to control and maintain modern HV A C-systems and the proper functioning of the system cannot
be guaranteed.

According to the research results, ventilation heating is suitable in amodern well thermdly insulated
multi-torey building. The heat demand per gpartment is o low that it is unnecessary to build a
separae heat digtribution system insde each apartment. Ventilation, however, is dwaysinevitable.
The building with ventilation heating was hested with heating coilsin the supply air ductsin each
gpartment. Here, the supply air flows can normally be dimensioned according to the ventilation need
because the heet demand is so low.

ACKNOWLEDGEMENTS



Proceedings of Healthy Buildings 2000, Vol. 2 681

The comparison study was conducted in co-operation with the Housing Production Bureau of
Helsnki, Roihuvuoren Kiinteistét Oy (the service company), consulting engineers, manufacturers of
heating and ventilation equipment and the Technicad Research Centre of Finland. The study was
funded by the Housing Production Bureau of Helsinki, the Technical Research Centre of Finland and
the Technology Development Centre of Finland (TEKES).

REFERENCE

1. Laine, J, Kajaanen, S. & Saari, M. A comparative HVAC-study of multi- storey apartment
buildings by the Housing Production Bureau of Helsinki City (in Finnish), 1998. 60 p. + app. 75

p.



