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Study into Optimization of the Consumption of Electricity in
the Vienna International Centre (VIC).

UNITED NATION INDUSTRIAL DEVELOPMENT ORGANIZATION

Purchase and Contract Services (™AC)

1220 Vienna

Carry out a study into research the possible energy-saving

by an optimum consumption of energy in the VIC.

This report is made of seven major chapters, that is:

1. Energy Consumption in the VIC

2. UNIDOs Requirements Versus Actual Design Standards

3. Electrical Equipments

4. Heating, Cooling, Air-Conditioning and Sanitary Equipment
5. Building Automation System

6. Operative Organization

7. Recommendations

The major chapters one and two concern the actual consumption
of energy, the standards for heating, ventilation, air-condi-
tioning and lighting equipment, as also the fixing of an aim
and the necessity of the energy conservation.

The major chapter three through five deal with the technical
equipment, wherein all possibilities of conservation are
explained as well as the potential of the energy conservation,
Every major chapter is concluded by a subchapter "Costs and
Feagibility",

Major chapter six deals with changements and adaptions to the
operative organization,

The sevent and last major chapter concludes recommendations
and measures as well as the potential on saving money.
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The cowments on the report, issued by the UNIDO Buildings
Management Section,General Services/Division of Administration,
and by the joint UNIDO/IAEA Working Group on Energy Conserva-
tion, are summarized and listed in Appendix 1.

The replies of the writers of the report are given in Appendix 2.

The data collection and inquiry of the present situation has
taken place between May 5th through 20th 1980 in Vienna.
Additional informations have been given upon request. The
technical calculations include also the data of last June,
whereby the results of calculation became a higher accuracy.

In addition to the main project team many specialist of diffe-
rent departments of the EKONO-group have been consulted in

order to guarantee a high level of this report, which is an
important aid for the final decision by UNIDO.

The proposed energy-saving measures and electric peak power
limitation are classified in three priorities:
1. Measures without investments

Potential on money-saving appr. 5.600.00QF S/a
Potential on energy-saving appr. 10.300 Mwh/a

2. Measures requiring investments

Potential on money-saving appr. 7.800.000,- S/a
Potential on energy-saving appr. 13.700 Mwh/a

3. Measures requiring investments and
further studies in details .

Potential on money-saving appr. 2.000.000,~ S/a
Potential on electric peak power
limitation appr. 2 MW

The majority of the proposed measures aims at intensifying the
exploitation of the building automation system, at checking

the running times and the requirement standards, at arranging
for heat recovery and at changes in the operational areas of

the equinment. Thereto belongs alsc measures, which influence
the structures and the field of activity of the operative orga-
nization. Further the measures allow energy conservation without
negative impact on health or comfort.

The profitableness of the measures requiring investments can
be seen favourable at a return of payment less than one to
five years,
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The economic calculations do generally not include increase
of energy prices. All results are based on today's price
level inc. VAT.

Finally should be pointed out, the sooner the implementation
of the proposed measures is started, the sooner more substan-
tial savings will result.

Vienna, 26 January 1981

k7

Heikki Ranki
Project team leader
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1. Energy Conservation in the VIC
1.1 knergy Consumption

Monthly energy consumption in different buildings since
september 1979 is presented in mouthly and quartely reports
published by IAKW. The rates are measuring results obtained
manudally from the main and submetres of the building complex.
The reading interval has been one calendar month with a few
days' accuracy. Remote display or reporting of energy consump-
tion is not connected to the buildings automation system.

It is always unreliable to make conclusions on the consumption
during the first operational year. Generally the energy
consumption of a building reduces about 10 per cent during

the next years due to drying, getting used to operate the
biilding, tuning of the equipment, etc. However, it is neces-—
sary to check the amount of energy consumption of a new
building as early as since it has been taken into use. The
consumption rates of the first year are the starting point for
active energy conservation in future,

By means of the consumption data of the IAKW reports and the
weather data of Hohe Warte for the corresponding period,

energy consumption rates for the VIC have been calculated on
the ba- = of normal weather., Estimations on heat, electricity,
and water consumption, extrapolated on a normal year period,
are presented in Table 1/1. Heat consumption has been -=stimated
on the basis of the dependence of the measured consumption on

a degree-day value. This dependence is presented in Fig. 1/1.
Electricity and water consumption, which are less dependent on
the seasons, are monthly constants. On the basis of the
measured naterial until the end of juni electricity consumption
of the whole building complex seems to be 1750 MWh/month and
water consumption correspondingly 15 300 m™/month. Naturally
the values presented in Table 1/1 are only directional, and more
accurate results on the consumption will be obtained at the
beginning of November, when the tuilding has been in use for
the whole year.
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Table 1/1. Heat, electricity and water consumption during
a normal year in the VIC

Building Vglume Heat Electricity Wgter o

m MWh/a MWh/a ™ /a |
A 197.807 6580 3940 34430 §
B 80.700 2690 1610 14050 {
C 168.600 5619 3360 29350 |
D 160.500 5340 3200 27940 !
E 106.000 3530 2110 18450 |
F 236.300 7860 4700 41140
G 104.800 3490 2080 18240
vIC 1.054.700 35100 MWh 21000 MWh 183600 m’

) 3 3 3

Average 33.3 kWh/m”,19.9 kWh/m 9.17 m

3
m
129.9 kWh/m" 77.7 kWh/m 0.68 méhé

2

Annual energy costs

(august 1980)
- Heat

- Electricity
- Power peak
- Water

Total costs

Average

in the VIC with current energy fees

17.299.000 ATS
15.715.000 ATS

781.000 ATS
1.745.000 ATS

35.340.000 ATS

9
33.7 ATS/m° 131.6 ATS/m°

Figure 1/1. Dependence of the heat consumption of VIC on monthlvw
degree—day values. The measuring results have been
corrected for calendar month periods.

viC

100 200 300 400 500 600 700 800

DEGREE- DAYS / MONTH
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The monthly consumption rates presented in Fig. 1/1 are
fairly well located on the same line. This proves that the
building properly reacts to outside temperature varilations
which shows that the control equipment are functioning. Other
fa:tors, such as wind and solar radiation, seem to have no
greater effect on long term heat consumption.

Goals

For effective energy conserva*ion, energv * .. data must be
collected and quantified. This must de done continuously in
every building separately.

It is useful to determine the possibilities with the buildings
of the VIC, located, designed and constructed as they are, but
they chould be operated with loW energy consumption as a
primary goal. And this should be done without lowering the
existing level of the comfort.

Starting fiom “he present consumption rates presented in Table
1/1 there exist good possibilities in the VIC to save energy in
great amount. By proper use and maintenance activities as well
as with small investments it is possible to achieve savings of
25 Z in heat, 20 7 in electricity, and 15 7 in water consump-
tion. By purposeful work for energy economy these goals are
possible to achieve within some years. Most of the changes in
this category can be carried out immediately ana the savings
will be seen right after. Some of the measures, however,
require more time due to designing, construction and tuning of
equipment. These plans can be divided for the next few years,
and after they have been carried out the first goal will be
achieved. This goal 1is stated in Table 2/1.

Table 2/1. Short term energy goals of the VIC

Total consumtion Specific consumption
Heat 26 325 MWh/a 97.4 kWh/m2 a
Electri- 2
city 16 800 MWh/a 62.2 kWh/m” a
Water 156 000 m3/a 0.58 m3/m2 a
Total ?
ienergy 43 125  Mwh/a 159.6 kWh/m“ a
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Annual energy costs of the VIC when energy consumption

equal to short term energy coals, calculated with energy fees
of august 1980:

- Heat 12.962.000  ATS
- Electricity 12.572.000  ATS
- Peak power 735.000  ATS
- Water 1.483.000  ATS
Total costs 27.752.000 ATS
Average 26.3 ATS/m3 102.7 ATS/m2

In the next stage it is possible to set new lower goals,

than in the Table 2/1 for the energy consumption of the VIC.
However, implementation of these plans requires large invest-—
ments, whozh again depend on temporary financial situation and
production requirements of the investment.

1.3 Energy Conservation Demands

The VIC is designed and built at tir-:s when conservation of
energy did not command the urcency it does today. Conditions
have dramatically changed, an” at present attempts must He done
for modifying this complex s« .at minimum amount of energy is
required by its operation.

As one of the most remarkable monuments nowadays the VIC will
be in use for a long time. To be able to serve we'l also in
the next centuries, the existing equipment must be utilized
with the maximum efficiency. Excess consumption will result in
extremely large costs during many decades. The truth is that a
building under start-up conditions may wait for decades until
any reconstructions. Now it is necessary to take the mechanical
and electrical devices of the building as well as the building
automation system into effective use. It may require some
investments, but they will be paid back as energy savings in a
few years.

People working in the VIC come from different climatic and
cultural conditions. Their possibilities tao save energy are
limited in a variable degree, and it is true, that they may not
be obliged to any energy conservation measures. They must be
given comfortable enough indoor climate conditions for carrying
out their work, but the possibilities to waste energy must be
eliminated. By eliminating unnecessary heating, cooling and
illumination reserves in individual rooms unnecessary consump-
tion can also be eliminated. This means adapting the temperatures
of primary air and of supply water of induction units to weather
conditions. As to illumination, it might also be possible to
reduce the amount or the effect of tubes in many places.

Energy conservation belongs to the maintenance organisation
of the building, and for carrying out this work it must have
enough expertise, means and will.
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2. UNIDOs Reguirements versus Actual Design Standards
2.1 ITndoor Climate
i © . xcupied Periods

The basic design parameters for the air-ccnditionings systems
of the VIC are very strict, Indoor conditions of 22 to 24

deg. centigrade and of 40 to 50 per cent rciative humidity

are only a small portion of the acceptable range in many
actual standards. This is shown in Figure 1/2 and verified by
new ASHRAE Standard 55-74 R "Thermal Environmental Conditicns
for Human Occupancy'. ASHRAE uses here operative temperatures
which are approximately the average of the air and mean radiant
temperatures and equal to the adjusted dry bulb temperature.
In practice, in office environmeg: like the VIC the operative
temperature differs roughly 0,5 C from the indoor air
temperature. Thus ASHRAE's operative temperature-humidity
ranges can be compared with Unido's requirements. ASHRAE
specifies conditions that are therwally acceptahle to 80 7 or
more of the occupants. Satisfaction with the thermal environ-
ment is a complicated subjective response to several inter-
acting variables, like clothing, activity, air velocity,
humidity. But ranges in Figure 1/2 can be applied and thus the
minimization of energy and sufficient therm2? comfort are
achieved.

Because of seasonal clothing habits of building cccupants, the
temperature range - or comfort in summer is higher than for
winter, The temperature ranges between which at least 80 7 cof
the VIC occupants should find the environment thermally acccp-
table are recommended in chapter 2.1.4. The rest 20 7 of the
occupants will find the environment slightly cool or slightly
warm,

It can be noticed that 100 7 thermal acceptability never can

be achieved. In laboratory circumstances with standard clothing
and standard activity up to 95 % satisfaction is reccrded. But
in a real buiiding here always exist nonsatisfactior and
compliances.

2.1.2 Unoccupied Periods

The accebtable thermal conditions are naturally requested only
at working hours f.ex. 8 tu 16, Energy used for heating of
buildings to get conditions comfortable when they are unoccupied
is wasted. By setting back the temperature level at nights,
during weekends and other unoccupied periods saves energy, The
amount varies with the length of time and number of degrees

that temperatures are set back.
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Figure 1/2. Acceptable ranges of operative temperature and
humidity for persons clothed in typical summer
and winter clothing, at light, mainly sedentary,
activity
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Because of heavyweight construction in the VIC complex, the
night set-back in practice cannot be more than 5 °C. Elsewhere
the warm—up will take too much time. This temperature set-back
causes no harm to the users of the building, because the
temperature decreases very slowly after working hours. Thus the
cleaning and overtime work can be done in fairly good thermal
conditions. In addition, the indoor temperature at the end of
working hours is often higher than the minimum accebtable
value, that is a wanted room temperature. Thus the energy
obtained from internal loads and from the sun helps us to keep
the indoor temperature in accebtable range after the air condi-
tioning has been switched off.

2.0 7 dumidity

Designed indoor relative humidity at the VIC is 40 to 50 7.
These very strict limits can be extended to 30...60 7 r.h.
without significa.t discomfort. Energy saving will be remar-
kable.

Energy is wasted when humidity is added to a building, since
the latent heat of evaporation must be offset. Therefore, no
special humidification control should be provided in winter
except to maintain a minimum of 30 7.

For areas requiring special humidity control for a process

or special material, these standards should be modified, but
only for the particular area of the building requiring selected
control.

2.1.5 Recommended Indoor Conditions for the VIC
Considering the latest thermal comfort studies and energy
savings potential, indoor condition ranges shown in Table 1/2

can be recommended for the VIC.

Table 1/2. Indoor condition ranges recommended tfor the VIC

Season Temperature Humidity
range range

Winter 21...24 °C 30...70 %

Summe r 23...26 °C 30...60 %

Principally the thermostat set points should be kept in heating
season near the lower temperature limit (21 ©C) and in cooling
season near the higher temperature limit (25 ©C). In the practice
in the VIC these things can best be done by controlling the
heating and cooling supply water temperatures and primary air

temperatures to the induction units by means of a building
automation system.
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2.1.5 Yentilation Standard

Typically, the amount of primary supply air is chosen to

meet the ventilation requirement, and air conditioning is
achieved by induction coils. Only moisture content of primary
air is controlled according to the indoor humidity require-
ments, but cooling or heating by primary air has a minor role.

At the VIC the primary air rate (outdoor air) is 30 mj/h
respestively with supplementary ventilation in certain rooms
120 m”/h per induction ugit. Thus the minimm fresh air per
person is 12,5 1/s (45 m /h) when 2 persons occupy the 3 module
room. These numbers are fairly high because minimum ventilation
requirements per person according to the ASHRAE ventilation
standard 62-73 are

- non smokers 2,5 1/s ( 9 mg/h)
- heavy smokers 10 1/s ( 36 m™/h)

Because of a mixed number of smokers and non-smokers the

ayerage minimum ventilation requirement could be 5 1/s (18

m~/h) per person in the VIC. However, the cooling and heating
capacity of an induction unit reduces with decreasing of primary
air, and thus the primagy air quantity probably can not _be
reduced lower than 20 m”/h per unit, i.e. 8.4 1/s (30 m /h)

per person.

Generally the VIC is much less occupied than is mentioned
before, and thus outdoor air flows considerably exceeds the
ASHRAE recommendations for heavy imokers although the primary
air flow would be reduced to 20 m /h per a module.

2.2 Illumination

2.2.1 Lighting Standard

Lighting standard for VIC has been the following:

Office rooms in office towers 600-650 1x
Corridoors and entrance halls 150-200 1x
Other officerooms-outer zone 450-550 1x
Conference halls 450-500 1x
Kitchen 400-500 1x
Restaurant 100-150 1x
Other room- 150-700 1x

Technical rooms 80-120 1x
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Standards followed nowadays indicate that needed illumination
levels are the following (Philips, Lighting Manual, 1975).

Qf fice rooms 500 1x
Corridoors and entrance halls 150 1x
Conference halls 300 1x
Kitchen 300 - 500 1x
Restaurant 200 1x

No big differencies can be seen. Office rooms could however

have a little lower illuminition level.
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3. Electrical btauipuent

“ific Electricity Power

According to latest recommendations gnd standards the office
room specific electricity power (W/m™) of Vienna International
Centre seems to be relatively high. Normally lighting takes 50
7 of the electrical energy consumption in office buildings and
this means that lowering of specific electricity power can
bring great saviangs. Lt is possible to kecp illumination at
working places the same as now.

Typical,office room for one person (D 20 69) has floor avca
14,13 m° and has nine 40 W light units. Electrical power
necged fer lighting is then 9 ¥ 48 W = 432 W. That mecans 30,6
W/m~ . Lights can be controlled so that 1/3, 2/3 ¢r 3/7 is
switched on.

in most modern offige brildings there is the speciiic «lectri=
city power 19,3 W/m™ ir two perzons' vooms and 14,7 W/m™ in

single rooms (Drhin-Mindcll-fioor Associates).

Total office reow floor area ie 1623 500 m2 for 4 500 versers
i.izhting power In office rooms 15 2 x 40 W per 14,13 o7 =
modules. That means thar total oriice room lighting power is
2640 kKW, Accovding to Wicner Staodwerke electrical encrg Loits
are in wiaver 0,894 S/kis and i cummer 0.559 S/kbh,

Trocan beoestimated that the 1oobte are normally on PO i ors
avanalty of which 660 honrs v wintertarift and 0 Fesis
during soagertariff. Thas anneel o fice room lightine conts are
Winter  1.08 x 0,894 w sl o 204005 = 1 529 400

Summer .08 % 0,559 « 20fvox 2L 8 = 717 200 A

cotally ine. VAT 20246 000 AT

©ogood ordoers and contre Lot swiiching off the Tight  ovionings
ad when loaving the roos make it :ossible to reduce o on-
Pae of lients 1 h/welriea day a the number of work
L8 257 vear,  the sovorn.s would B T49 900 5 annually

davs

1

Tighiiry power can ool stant!iy o as 2/3 instead of 2/3 it

G osave 7430900 ATS/e o alsuming oot the lights ave oo 1 050
!
[

40 W tahe s could also o wally > changed to 36 W tui 2s, which
cousnme lons encrgy ard cive beto o illumination, The:. are
wory e (2-2,5 tivos) than normal tubes. They cre

manud et U by Osram, Philips, Afram etc.,
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3.1.2 Lighting Control

2/

173

Lighting control after first reducing the maximal lighring
power could be made by building automation system so that
light groups can automatically be switched to half of maximum
or totally off. This can be used in office rooms and also at
outer zone lighting groups, when lights are unnecessarily on.

The building automation system should be provided with outside
illumination level sensor.

A few sensors (1-4) will maybe be needed to take into account
differences between facades.

By using limits for outside illumination level a function can
be applied by which inside lighting will automatically be
switched off when lighting from outside is enough for good
working conditions.

Figure 2/3,1 Principle of lighting control based on
outside 1llumination level sensor

l Qutside illumination
| x

Time
-
Allowed
fighting power
T:re
)
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Outside normal working time the lights should by off-command
once/hour be automatically switched off by the b.a. system.
Local working lamps will be recommended.

Smaller lighting control groups for building automation
system would be needed.

Corridor lighting excluded emergency lights should automati-
cally be switched off between 19.00...07.00 and during weekends
and holidays. The same concerns technical rooms and WC-groups.

3.1.3 Light Groups

Light groups which now can be switched on and off by building
automation system cover a great floor area, in office towers
for ihstance four office room floors form one grou>. This means
that it is very difficult to apply methods by which light
groups can be switched off automatically by building automation
system. Somebody can always be working in some room of the four
floors.

Principally the light control groups are office group, corri-
door group, WC~group, technical room group and emergency light
group. Each of these group covers four floors.

By using smaller groups and using the working rooms so that
always one homogenous working group is behind one light control
group as far as possible it would be possible to prevent the
lights from being on outside working time.

Now it 1s possible to switch-off the lights completely so that
just emergency lights in corridoors are on. Office rooms can be
limited to one third of maximal light power or completely
switched off.

Building automation system is provided with a sensor which

gives a contact signal when outside light level is over pre-
settled limit (750 1x). By the reaction programs of the building
automation system the lights can then be switched off.

Time programs of the building automation system are used so
that between 19 6 clock in the evening and seven & clock in the
morning just emergency lights can be kept on.

For evenings the light control could be arranged so that just
one third of the lights can manually be switched on and off-
switching command will be sent once per hour or two hours from
21 to 24 & clock.
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In restaurant the outer light rows should be built as a
separate group which can be switched off manually or auto-
matically when outside illumination level is high enough. The
same has already been done in printing halls.

Parking hcouse should be provided with separate light groups for
runways and traffic signs and other spaces. Concrete ceilings
could be painted white to give better natural lighting if this
is practically possible.

Light groups which are not now controlled by building auto-

N mation system, could be provided with local clock switches by
which they can automatically be switched off outside normal
working time. It is however, preferrable to connect them to
the building automation system if some of the substations of
the building automation system is near the right final distri-
bution board.

3.1.4 Costs and Feasibility

The savings consist of lower maximal light effect can be get.
1f office rooms can manage with just 2/3 of the maximal zffect
used now the savings can be up to 750 000 ATS annually.

Reconstruction of light control groups can prevent lights from

being on unnecessarily. This can bring savings in cafeteria and
other deep room spaces, Off-command to these outer light zones

can come from the building automation system.

In part or the staircases the lighting level can be reduced to
about 1/2 of the level now. Because these lights are always on
savings can be great,

Reduction of lspecific electricity power in office rooms
can be made very easily by simple wiring changes and it can
bring great savings.

Dividing of light control groups to smaller parts means cha:ges
to final distribution boards and new outputs to building auto-
mation system and some new wiring. Costs of the changes in
final distribution boards are difficult to estimate. New output
to the building automation system costs about 3000 ATS,

Light power reduction in staircases does not bring any costs
but just savings depending the number of tubes that can be
removed. At least part of the staircases seem to have double so
much light as is needed. Every second 40 W tube can be removed.
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3.2 Rotating Machines
3.2.1 Shortening of Running Time

At this phase the only really feasible way to save energy is to
make the running time of fans, pumps and chillers as short as
possible.

One way to do it is to use the time programs of the building
automation system to stop the machines aiways when it is
possible.

Second way is to check the local interlockings between fans and
pumps or chillers and pumps to be sure that too big machine
groups are not running simultaneously.

Third way is to use the reaction programs of the building
automation system to stop heating water circulation pumps if
heating is not needed or cooling water circulation pumps if
cooling is not needed.

The effect of time programs can be made better by adding to
them the so called start/stop optimizing function by which the
needed starting time of heating or cooling in the morning or
allowed stopping time of heating or cooling in the evening can
be calculated.

By using brraks in the normal run of air conditioning units so
that they would be stopped for five minutes once per hour the
saved running time of ACunits would be 1 hour/working day. This
means in buildings A-G about 2 580 %Wh per day. This could save
in winter about 2 491 S/1 day and in summer 1558 S$/1 day.
Practically it is not possible to use this kind of method for
all machines, but it can be seen from following table how much
electrical energy a break of all machines for one hour can save
electrical energy in each building obiect in winter and in
summer.
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Building Power of Price of Price of

object machines one hour one hour
kW winterday summerday/
S S
A 468.60 453 283
B 234.70 227 141
C 501.70 485 302
D 237.70 230 144
E 235.40 227 143
F 689.30 667 416
G 213.20 205 12