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2002 is an attempt to reduce energy consumption
by improving energy efficiency in buildings. Ac
cording to the directive, every building in the EU
has to be tested for its energy efficiency when it is
constructed, sold or rented out. The directive also
requires every government to apply a methodology
that calculates the energy performance of build
ings. For lighting, the methodology should include
the builtin lighting installation and the positive
influence of natural lighting should also be taken
into consideration [2].
Energyefficiency improvements mean a re
duction in the energy used for a given energy ser
vice while keeping the service the same or making
it even better. This reduction of energy use can be
achieved by the use of more efficient components
and technologies, as well as by more efficient ways
of using the energy. The new building of the De
partment of Electrical and Communications Engi
neering of Helsinki University of Technology is
equipped with energyefficient components and
efficient lighting technique that includes the appli
cation of daylight. The lighting energy use in the
building is calculated and the calculation is veri
fied by measurement. The results of the calcula
tion and measurement are presented in this paper,
together with the findings.

Abstract
Electric lighting is widely used all over the
world and lighting energy use has become one of
the major uses of energy in many countries. The
application of energyefficiency measures can re
duce energy consumption of this kind. The Euro
pean Commission’s directive for energy perfor
mance of buildings aims to promote the improve
ment of the energy efficiency of buildings by
imposing new energyperformance requirements.
These requirements include a calculation proce
dure and performance limits. This paper presents
the calculation of lighting energy use in a building,
«Valotalo», at Helsinki University of Technology,
together with the measurements of electricity use
for lighting. The purpose is to check the reliability
and accuracy of the calculation method by com
paring it with measured data and to discuss the dif
ferent parameters used for the calculation.
Introduction
The European Union (EU) is the world’s sec
ond largest energy consumer; the demand for en
ergy in the EU is increasing year by year. The
building sector accounts for about 40% of total en
ergy consumption of the European Union, and has
the largest energy saving potential, 22%, in the
short term (up to 2010) [1]. Under the Kyoto pro
tocol, the EU is committed to reducing emissions
of greenhouse gases by 8% of the 1990 level by
2012; buildings have a major role to play in
achieving this goal. The EU directive 2002/91/EC
for energy performance of buildings adopted in

Energy in Buildings
The building sector is responsible for the con
sumption of a large share of energy, while energy
demand in general is rapidly increasing. In the
EU, the building sector represents more than 40%
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Fig. 1. Energy consumption by end use in the EU domestic and commercial building sectors

of total energy demand [1]. Space heating is the
leading energy consumer in both domestic and
commercial building sectors, followed by water
heating in the domestic sector and lighting in the
commercial sector.
The share of heatingenergy use over total en
ergy is very high in residential buildings. EU resi
dential buildings use about 82% of their total en
ergy for heating (space heating 57%, water heating
25%) [1]. In commercial buildings, this share is re
duced a little by the heavy energy use of lighting
and the energy used by cooling and air condition
ing systems, and electrical appliances. Cooling and
air conditioning systems in Europe are mainly
used in commercial buildings, of which about 6%
of existing offices and commercial and industrial
buildings are cooled, while less than 1% of resi
dential buildings have cooling systems.
Lighting is one of the major energy consumers
in many buildings. Lighting accounts for 23% of
all electricity consumed in the United States. Of
United States national lighting energy use, resi
dential lighting is estimated to constitute about
20%, commercial lighting 60%, industrial 16% and
street lighting and other uses 4% [3].
In the European Union, electricity used for
lighting accounts for nearly 90 TWh/year (17% of
all residential electricity use) in the residential sec
tor and for more than 160 TWh/year in the tertiary
and industrial sectors [4]. In many buildings, light
ing is a substantial energy consumer and a major
component of service costs. Table 1 shows the per
centage of electricity used for lighting in European
buildings.

TABLE 1
Percentage of total electricity
used for lighting in European buildings
Building types

%

Offices

50

Hospitals

20–30

Factories

15

Schools

10–15

Private Buildings

10

Description of the Building
The building selected for the purpose of calcu
lation and measurement is an extension of the De
partment of Electrical and Communication Engi
neering, Helsinki University of Technology. This
fourstorey building was built as a demonstration

Fig. 2. The south façade of the test building «Valotalo»
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building for lighting research. The latest technolo
gies for the integration of artificial and natural
lighting are applied in the building.
The calculation and measurement of lighting
energy use is performed in ten rooms used by the
Lighting Laboratory (G435 to G442, G432 and
G434) situated on the 3rd floor of the building.
Rooms G435G441 are used as office rooms.
Room G442 is a common area where there is a
coffee table, printers, fax and the small library for
the laboratory. Room G432 is a toilet and G434 is
the small kitchen of the office. All the office rooms
are occupied only during working days, usually be
tween 8:00 am and 4:00 pm. The lamps used in the
test rooms are T5 fluorescent and compact fluores
cent. Information about the test rooms is given in
Table 2.

Three rooms, G437, G438 and G442, have
southfacing windows with lasercut panels in the
upper half of their frame. These panels eliminate
the direct glare from windows and redirect sunlight
to the back end of the rooms. They also have Ve
netian blinds in the lower half of the window
frame. Rooms G435 and G436 have westfacing
windows, whereas rooms G439, G440 and G441
have eastfacing windows. Different kinds of light
ing control systems are installed in the test rooms.
Room G435 has a pure LONcontrol system,
rooms G436 and G437 have a Mimo LON system
and rooms G438G442 have a Digidim lightcon
trolling system. Rooms G432 and G434 do not
have any control system. The pure LON system
has only manual up/down light control. The
Mimo LON system has a constant light control

TABLE 2
Information about lighting systems and windows of the test rooms
Room Size m2 Personnel

Luminaries

Control

Window and size

Shading

G435

26.30

3

4 luminaries with 3
manual up/down light
(T5 28W) lamps in each control

West 5.76 m2

shades

G436

14.50

1

2 luminaries with 3
presence, daylight, man
West 3.76 m2
(T5 35W) lamps in each ual dimming and switch

shades

G437

22.40

2

4 luminaries with 3
presence, daylight, man
South 7.63 m2
(T5 28W) lamps in each ual dimming and switch

lasercut panels*,
shades

G438

22.90

1

4 luminaries with 3
presence, daylight, man South 7.7 m2
(T5 28W) lamps in each ual dimming and switch East 1.88 m2

lasercut panels,
shades

G439

14.30

1

2 luminaries with 3
presence, daylight, man
East 3.73 m2
(T5 35W) lamps in each ual dimming and switch

shades

G440

14.20

1

1 luminaire with 3
presence, daylight, man
(T5 35W) lamps & 1
East 3.69 m2
ual dimming and switch
with 2 (T5 35W) lamps

shades

3

2 luminaries with 3
(T5 28W) lamps each & presence, daylight, man
East 2.64 m2
2 luminaries with 2
ual dimming and switch
(T5 35W) lamps each

shades

lasercut panels,
shades

G441

19.00

G442

45.10

11 Compact fluorescent
(18 W) lamps, 1 lumi manual up/down light
nary with 3 (T5 35W)
control
lamps

G432

3.10

2 Compact fluorescent
(18 W) lamps, one fluo
rescent lamp (18 W)

—

—

—

G434

3.90

One compact fluores
cent (18 W) lamp

—

—

—

* lasercut panels on the upper half of the window, slides on the lower part.
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with a photosensor, rotary control switch and oc
cupancy sensor. Digidim is a digital light control
ling system based on the DALI protocol. The
DALI systems consist of a wallmounted panel
with four preprogrammed lighting scenes, occu
pancy and constant light control with multisensor
and IRremote control.

in the way in which daylight is taken into account
in the calculation procedure. Although all four
methods include daylight, the Dutch method in
cludes only a crude ‘daylight zone’ allowance. The
French calculation is similar but includes an extra
factor, ‘climate zone’. The Belgian method is
more detailed as it includes a ‘daylight zone’ pro
cedure and also an option of a detailed daylight
calculation. The Greek procedure is the most de
tailed of all, with a full calculation of the daylight
factor.

Lighting Energy Calculation
Calculation Methods

The purpose of developing an energy calcula
tion method for lighting in the buildings of a coun
try is to calculate the energy consumption in rela
tion to energy requirements of the National Build
ing Regulations of that country. These building
regulations should have a calculation procedure
and target performance limits. This enables en
ergyefficient lighting to be used to help meet an
overall building energy standard. Most of the
countries in the European Union did not have
measures to encourage efficient lighting in their
building energy regulations in 2003 [5]. Only four
countries — Greece, France, Netherlands and the
Flemish region of Belgium — had a detailed calcu
lation procedure for lighting in their building en
ergy regulations [5]. In these countries, energy
consumed by lighting in a building can be esti
mated and included in the overall building energy
consumption estimation profile. Each of the calcu
lation procedures estimates an overall average en
ergy or power consumption for the lighting in the
building.
The Netherlands developed the calculation
procedure for lighting first; this was broadly repli
cated then copied with some modifications by
FlandersBelgium and France [5]. These calcula
tion procedures have a number of similarities. All
the procedures carry out the calculation by divid
ing the building into daylight and artificial light
zones and taking into account the different reduc
tion factors for the controls. The calculation in
each zone is performed by multiplying the installed
load by area of zone, the burning hours and the
different factors dependent on the control system.
But there are also some differences between the
methods. The Belgian method includes the con
sumption of sensors used for lighting control,
which other methods do not include in their cal
culation methods. Another important difference is

Calculation for ‘Valotalo’

Calculation and measurement of the energy
used by lighting is performed for the Laboratory
rooms on the third floor of the building. The cal
culation is made by dividing the areas into ‘day
light’ and ‘artificial light’ areas. All the calcula
tions were performed on the basis of the Belgian
calculation method [6]. The annual electricity
consumption for lighting (Wlgt_r) presented in
Table 3 is calculated by summing up the total elec
tricity consumption for the daylight area, artificial
light area and the possible electricity consumption
of all the control equipment. The annual electric
ity consumption of the daylight area of a room is
calculated as:
W _ dl = Plg t _ r

A f, r _ d lg t
A f, r

f sw ( f m_ dl T d + f m_ ar Tn ),

where, W_dl annual electricity consumption in the
daylight area of room r, in kWh; Plgt_r calculation
value for power for lighting in the entire room in
kW; Af,r_dlgt floor area of the daylight sector in
room r in m2; Af,r floor area of room r in m2; fsw
factor for the switching control system; fm_dl factor
for the modulation control system in the daylight
area; fm_ar factor for the modulation control
system in the artificial light area; Td number of
daytime operating hours per year; Tn number of
night time operating hours per year.
Similarly, the annual electricity consumption of
the artificial light area of a room is calculated as:
W _ ar = Plg t _ r

A f, r _ art
A f, r

f sw f m_ ar (T d +Tn ),

where, W_ar annual electricity consumption in the
artificial light area of room r, in kWh; Af,r_art floor
area of the artificial light area in room r in m2.
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And the annual electricity consumption for the
control equipment in each room is calculated as:

the lighting intensity of the light source is adjust
able, the calculation value for the power for light
ing (Plg t _ r ) is calculated by taking into
consideration the nominal power, variables for the
lighting level of the room and the reduction factor.
If the lighting intensity is not adjustable, then
Plg t _ r is just the nominal power. The burning
hours Td and Tn are taken according to the use of
the rooms. The total of burning hours for office
rooms is taken to be 9 hours a day, 5 days a week,
50 weeks a year. The factor for switching the con
trol system is taken from the Belgian regulations.
Its value is 1 for those rooms where there are man
ual switches and no occupancy sensing system. It
is taken to be 0.8 for those rooms that have occu
pancy sensors as well as automatic switches. Fac
tors for modulating control systems are taken to
be 1 for the areas where there is no dimming. For
the areas where dimming is possible, the factors
are calculated as:
f m_ dl = max [0.6; min (1.0; 0.6 +0.4* (Am -8)/
22)]
f m_ ar = max [0.8; min (1.0; 0.8 +0.2* (Am -8)/
22)],
where Am is the largest controlled surface area that
is dimmed by one sensor in the room, in m2.
The annual lighting energy consumption per
square metre of a room (W lg t -r / m2 ) is calculated
by dividing the annual energy consumption of the
room by the area of the room. By dividing the
nominal power of all lamps in the room by its
area, we get the installed power per square meter
of room (W/m2). Table 3 shows the results of the
calculations.

W _ ctr = [(Pctr _ on f sw (T d +Tn )) +
+ Pctr _ out (8760 - f sw (T d +Tn ))],
where, W_ctr annual electricity consumption of the
control and sensors that is not yet included in the
consumption, in kWh; Pctr_on power of control
equipment during the operating hours, default
value for any control, ballast, sensor, etc.: 5 W;
Pctr_out power of control equipment outside the
operating hours, default value for any control,
ballast, sensor, etc.: 5 W.
The floor area of the daylight sector is calcu
lated by summing up the surface contribution of
the vertical projection of daylight opening with the
floor area of the contribution of the (equivalent)
vertical openings. Since none of the rooms [of] in
our test have any horizontal or inwardly inclined
daylight openings (windows), the calculation of
daylight area involves only the calculation of the
contribution of vertical daylight openings. The
contribution of a vertical opening is the sum of the
surface areas obtained by multiplication of the
length and the depth of the daylight opening.

Measurements
Measuring Instruments

Power & Current Transducer «SINEAX M
563» was used for the measurement of the electric
ity consumption by lighting in the test rooms. This
transducer is programmable and can measure any
three variables (voltage, current and power) of an
electrical power system simultaneously generating
three analogue output signals. Each pair of rooms,
G438 & G439, G440 & G441 and G432 & G434,
has common supply conductors at the point of
measurement. Hence, only seven power supply
channels had to be measured for the measurement
of power in all ten rooms. As each transducer can

Fig. 3. Daylight area due to contribution of horizontal and
vertical projection

The floor area of the artificial light area is the
remaining surface of the room, which can be cal
culated by subtracting the floor area of the daylight
sector from the total area of the room.
Pnom is the nominal power of all lamps in the
room, which is calculated by summing up the
power of all the light fittings. In the rooms where
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44

3.90

186

G434

Total

4.00

3.69

3.73

9.58

7.63

3.76

3.90

3.10

45.10

15.00

10.51

10.57

13.32

14.77

10.74

26.30

A f, r _ d lg t , A f, r _ art ,
m2
m2

2.548

0.019

0.058

0.343

0.342

0.195

0.234

0.372

0.379

0.234

0.372

Pnom,
kW

2.017

0.019

0.058

0.343

0.257

0.146

0.176

0.279

0.284

0.176

0.372

Plg t _ r ,
kW

750

750

2250

2250

2250

2250

2250

2250

2250

2250

Td + n ,
hour

1.00

1.00

0.80

0.80

0.80

0.80

0.80

0.80

0.80

1.00

fsw

1.00

1.00

1.00

0.80

0.71

0.71

0.87

0.86

0.72

1.00

fm_ dl

Factors

Wlgtr/m2 annual lighting energy consumption per square meter of room r, in kWh/m2.

W/m2 installed power for lighting per square meter of room r, in kW/m2;

Wlgt_r annual electricity consumption for lighting of room r, in kWh;

Pnom nominal power of all lamps in room r in kW;

3.10

14.20

G440

G432

14.30

G439

45.10

22.90

G438

G442

22.40

G437

19.00

14.50

G436

G441

26.30

m2

A f, r ,

G435

Rooms

1.00

1.00

1.00

0.90

0.86

0.86

0.94

0.93

0.86

1.00

fm_ ar

14

44

617

328

167

200

273

314

201

837

kWh

W _ ar ,

77

48

58

180

147

58

kWh

W _ dl ,

44

109

109

109

169

44

44

kWh

W _ ctr ,

Calculated value of Energy consumption by lighting in Laboratory rooms of Valotalo

TABLE 3

4191

14

44

661

514

324

367

622

505

303

837

kWh

W lg t _ r ,

Average 14

4.9

18.7

7.6

18.0

13.7

16.4

16.2

16.9

16.1

14.1

W / m2 ,
W/m2

Average 23

4

14

15

27

23

26

27

23

21

32

kWh/m2

W lg t _ r / m2 ,
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measure three channels, three transducers were
used for measurement. Table 4 shows the arrange
ment of power measurement for different rooms
with different transducers.

(B)

(A)
TABLE 4

Fig. 4 (A) Power and current transducer and (B) Data Ac
quisition Unit

Arrangement of measurement for different rooms
Channel 1

Channel 2

Transducer 1 G432&G434 G435
Transducer 2 G437

Channel 3

Data Analysis

G436

The measurement was performed for seven
consecutive days from 9th October to 15th Octo
ber. The measurement days were taken as five
working days and two nonworking days. During
the measurement period, there was very little sun
light as the sky was cloudy every day. The annual
energy consumption was calculated from the
power recorded for those seven days. The result of
the measurement and the calculation for the an
nual energy consumption according to the seven
day measurement period is presented in Table 5.
An example of the power consumption curve of
different rooms recorded during office hours is
shown in Fig. 5. There are different control sys

G438&G439 G440&G441

Transducer 3 G442

—

—

Data Acquisition Unit (MX 100) from
Yokogawa was used to convert the output signals
from the transducer to digital form for reading by
the computer. The acquisition unit was connected
to a PC via a hub and a straight Ethernet cable.
The MX 100 standard software was used to capture
and read the power data by computer. The acqui
sition unit read the power data from the transduc
ers and recorded them in the computer every sec
ond.

TABLE 5
Measured values of energy consumed by different rooms
Rooms

A
m2

Pday
W

Poffday
W

Wday
Wh

Woffday
Wh

Wtotal
kWh/a

W/A
kWh/m2

G438&439

37.2

101

46

2431

1106

867

23

G440&441

33.2

153

28

3680

669

1298

39

G442

45.1

130

16

3115

395

1096

24

G432&434

7.0

7

1

168

15

59

8

G435

26,3

112

0

2686

0

940

36

G436

14.5

51

4

1229

94

432

30

G437

22.4

66

4

1597

106

560

25

Total

186

621

99

14906

2387

5252

Average 28

A area of the room in m2;
Pday average power on working days in W;
Poffday average power on holidays (Saturday, Sunday and holidays) in W;
Wday energy consumption per working day in Wh;
Woffday energy consumption per nonworking day\ weekend, in Wh;
Wtotal annual energy consumption in kWh calculated from the seven days measurement period;
W/A energy consumption per square meter of the room in kWh/m2.
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Fig. 5. Electric power consumption by different rooms of the building throughout a day

Fig. 6. Electricity consumption of all the rooms on the floor during the 7 measurement days

Comparing the measured data with the calcu
lated values, it was found that the measured values
are higher than those of calculated values. This
difference is quite high in some rooms. The reason
is that the measurement was made for a very short
period of time; calculating the annual energy use
by reference to the data from seven days did not
seem practicable. Another reason is that there was
a very small amount of daylight available during
the measurement period, allowing all the lamps to
operate in fullpower mode most of the time. Sim
ilarly, in the season of the year when the measure
ments were taken, the days are shorter and nights

tems in different rooms, so the nature of the curves
looks different for different rooms. For example,
the curve of room G435 looks completely flat be
cause this room has a pure LON system that offers
only manual up/down light control. On the other
hand, the power curve of room G437 changes over
short intervals. The small variation in the curve is
due to the daylight availability and dimming of the
lamps, where as the large variations are due to the
response of occupancy sensors when nobody is in
the room. Fig. 6 shows the power curve of the total
electricity consumption in all the rooms during the
seven days measurement.
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all seasons of the year to make a realistic evalua
tion of the calculation method. At the same time,
the availability of daylight will also be measured.

longer in Finland. This is also one of the reasons
for the difference in values between the calculation
and measurements. To overcome these difficulties
and to obtain reliable data, the measurement will
be continued for a longer period. Also the mea
surement will be done for all seasons of the year
and it will be verified with the calculated data.
Although we cannot draw any conclusions yet
on the accuracy of the lighting energy calculation
method based on the oneweek measurement pe
riod, the values we got so far from both measure
ment and calculation are smaller compared to the
annual electricity use for similar types of buildings
in practice. The average calculated value of annual
energy use for the rooms of «Valotalo» is
23 kWh/m2 and the calculated value from the
measurement is 28 kWh/m2. These values are well
below the average annual energy use for lighting in
Finnish offices, which is 31 kWh/m2 [7].

References
1. Proposal for a Directive of the European Parliament
and of the Council on the Energy Performance of Buildings;
Commission of the European Communities, Brussels, COM
(2001) 226 final; 2001/0098 (COD).
2. Directive 2002/91/EC of the European Parliament and
of the Council on the Energy Performance of Buildings, Com
mission of the European Communities (Official Journal L 001
of 04.01.2003), Brussels.
3. Advanced Lighting Guidelines 2003, New Buildings In
stitute, Inc. Accessed from webpage http://www.newbuildings.
org/projects.htm on October 8 2004.
4. European Commission EnergyEfficient Lighting Ini
tiatives, Berrutto Vincent and Bertoldi Paolo, European Com
missionDG Joint Research Centre (2003).
5. Energy Performance of Buildings: Calculation proce
dures used in European countries, ENPERTEBUC, February
2003.
6. Lighting extracts from «The determination method of
the characteristic annual primary energy consumption of of
fices and schools», Belgian Building Research Institute 2004,
CEN draft standard CEN TC/169 WG9 (ADE) 04.
7. Kotitalouksien ja toimistotilojen laitesähkön käytön
tehostaminen (Electricity saving possibilities in household and
office appliances including lighting); Korhonen, Anne, Pihala
Hannu, Ranne Aulis, Ahponen Veikko, Sillanpää Liisa. 2002;
Työtehoseuran julkaisuja 384. 158 s.
8. Energy efficiency trends in the Household sector in the
European union (19902001); Report of SAVEODYSSEE
Project; ENERDATA May 2003 accessed from http://www.
odysseeindicators.org/Publication/PDF/bl0323_complet.pdf
on October 14 2004.
9. GREEN PAPER: Towards a European Strategy for
Energy Supply, Commission of the European Community,
Brussels, COM (2002) 321 final.
10. Innovative Office Building: Lighting, Productivity and
Energy, Gligor V., Lehtovaara J. & Halonen L, The 3rd Euro
pean Conference on Energy Performance and Indoor Climate
in Buildings, October 23–26, 2002, Lyon, France,
pp. 679–684.

Conclusion
The calculation method used here takes into
consideration the consumption of energy by the
lighting equipment, and by the sensors and the
control equipment. The default value of the power
of a sensor is 5 W. It also takes into consideration
the savings due to the dimming of lighting and the
occupancy sensing systems. Lighting can be
dimmed by daylight or by other control equip
ment, thus the calculation method takes into ac
count savings through both.
The calculated and measured values are well
below the average energy used by similar kinds of
buildings. This is due to the application of modern
lighting control systems integrated with occupancy
sensing systems. The effect of daylighting on the
electricity consumption could not be taken into
account during the measurement period due to the
small amount of daylight available. A sevenday
measurement period is not long enough to judge
the accuracy of the calculation method. Measure
ments will be continued for longer periods and for
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