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ABSTRACT
New energy performance requirements laid
down in Dutch building legislation took effect in
December 1995. Compliance with these requirements is
necessary to get a building permit. In the past, only
requirements for thermal insulation of the building enve-
lope were applicable. Now, requirements have also been
imposed on the energy efficiency of hvac systems and
lighting. The energy efficiency coefficient (EPC) is a per-
formance standard that expresses the overall energy effi-
ciency of a building as a whole. Lighting systems have a
substantial impact on the EPC. The new regulations give
designers leeway to combine measures to achieve the
required EPC.

GENERAL BACKGROUND
Until December 1995, the energy sections of the Building
Decree contained provisions for the minimum heat resis-
tance of the building envelope, the glazing and the air den-
sity. The Building Decree imposed no requirements on sys-
tems for climate control, lighting and transport. On the
one hand, this decision has the advantage of simple imple-
mentation and control, whereas on the other, this limited
approach provides no stimulation to optimise the energy
management of a building with all its installations as a
whole. Furthermore, the limits for building more econom-
ically in terms of energy consumption are quickly attained
if legislation restricts itself to only a few aspects of a build-
ing.

This is why the Dutch government preferred to impose
performance requirements on the energy efficiency of
buildings as a whole, including the installations these
buildings comprise. This not only includes climate control,

ventilation and the hot tap water supply, but also the light-
ing systems. A new method, the energy performance stan-
dard, has been developed to determine the energy effi-
ciency of a building. This method can be used to express
the energy efficiency of a building in a single figure; the
energy performance coefficient (EPC). The Building
Decree lays down threshold values for the maximum per-
missible EPC. The introduction of this new standard
means that the various aspects of a building are no longer
assessed individually when applying for a building permit.
This gives architects and consultants ample leeway when
designing a new building. They are free to opt for design
solutions, provided the overall design meets the energy
performance requirements.

The energy performance requirement as of December
1995 has been set in such a way that energy consumption
has been reduced by 10 to 20% compared to the previous
requirements. The government intends to make these
requirements gradually more stringent. The requirements
will be tightened by approximately 15% in 1998.

DETERMINATION METHOD
The Dutch standard defines energy performance as the
measure of the energetic properties of a building. In other
words, it indicates how energy-efficient a building is. To
determine the energy performance, the characteristic ener-
gy consumption and the permissible characteristic energy
consumption of a building are calculated. The EPC is the
quotient of the characteristic and permissible characteristic
energy consumption. The required energy performance
depends on the building’s function (office building, health
care building, building for the hotel and catering industry,
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sports building, shop building, etc.). The requirements for
each building are determined by means of cost-effect stud-
ies based on a package of measures that is more or less
cost-neutral in relation to the operating costs. This estab-
lishes the required EPC at such a level that the measures
imposed by the legislation are still viable.

DUTCH STANDARDS
Building Decree (Woningwet)

NEN 5128 “Energy performance of dwellings and resi-
dential buildings. Determination method”

NPR 5129 “Energy performance of dwellings and resi-
dential buildings” (practical guidelines)

NEN 2916 “Energy performance of non-residential
buildings; Determination method”

NPR 2917 “Energy performance of non-residential
buildings” (practical guidelines)

ITEMS ON THE ENERGY BALANCE SHEET

The determination method is limited to the items on the

energy balance sheet that are building-related. The energy

consumption for office equipment, catering, etc. is not

included. User behaviour is standardised. The following

items are included:

* heating: transmission, ventilation, heat gain (sun, inside
heat), efficiency

» cooling: cooling requirements, heat gain (sun, inside
heat), heat loss, efficiency

 ventilators

* pumps

 lighting

* hot water supply

The energy performance coefficient can be calculated with
the following formula:

EPC: (Qperformance;totaI/Qpen‘ormance;permissible) h EPC requirement

Qperformance:total numerical value of the characteristic
energy performance in MJ primary
energy. Quertormance:toral CaN be calculated
as the sum of fossil fuel consumption for
heating, ventilators, lighting, pumps,
cooling, humidificationand hot water
supply.

Qperformance:permissible  NUMerical value of the permissible char
acteristic energy performance in MJ.
Qperformance:permissible can be calculated on
the basis of an empirical formula. For a
building with only one building function,

Qperformance:permissible iS equal to 330 h Agv
where A is the surface area in use.

The rest of this paper will only discuss the primary energy
consumption for lighting as part of Qperformance;total.

PRIMARY ENERGY CONSUMPTION FOR LIGHTING
The energy consumption for lighting must be determined
on the basis of the capacity of the installed light fittings,
the hours the lights are on and the control equipment. To
make the calculation, an area is divided into a daylight sec-
tor and an artificial light sector. Provided the lighting sys-
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tem in the daylight sector is switched separately, certain
lighting control systems can be assigned a higher value
than in the artificial light sector. The calculation rules laid
down for determining the values for the daylight and arti-
ficial light sectors depend on the position and dimensions
of the daylight apertures and the translucence factor (LTA)
of the glazing.

The primary energy consumption for lighting can be
calculated with the following formula (since this paper is
only intended to illustrate the essence of the determination
method, the formulas have been simplified):

Qprimaw;lighting = 109 ® (Elighting;daylighl sector + Elighling;arlificial lighting sector [M‘]

Qprimaryighting 15 the primary energy consumption for lighting [M

Eiighting is the electrical energy consumption for lighting ir
the daylight or artificial light sector [kWh]
10.9 conversion factor from kWh,, to MJ primary energy

The electrical energy consumption for the daylight sector
during the day period can be calculated as follows:

Ejighting:dayiight sector =

PIlghtlng ® fcontrol;dayllght ® (Adayllght sector / Asurface areain use) © tday

Piighting total installed load for lighting, including
ballast [kW]

fontrol:daylight factor for the control/switching system
(see table)

Adayiight sector surface area of the daylight sector [m?]

Agrace areainuse  SUrface area in use in the building [m?2]

tgay number of burning hours per year in the day
period

The electrical energy consumption for the artificial light
sector during the day period can be calculated as follows:

Elighting:daylight sector —

- (A /A

I:’Iighting ® fcontrol;artificial light artificial light sector surface area in use) ® tday

Piighting total installed load for lighting, including

ballast [kW]

factor for the control/switching system

(see table)

A iticial ight sector SUTface area of the artificial light sector [m?]

Agraceareainuse  SUface area in use in the building [m?2]

oy number of burning hours per year in the
day period

f

control;artificial light

The electrical energy consumption during the evening
period can be calculated as follows:

f t

Elighting;evening = PIighting © lighting evening © evening

Piighting total installed load for lighting, including
ballast [kW]

fraction of the maximum energy
consumption for lighting in the evening/
night period (0.5 to 0.8)

number of burning hours per year in the
evening period

f

control;evening

t

evening



Table 1 fcontrol;artificial light and fcontrol;daylight

Definition of control system
central control

room switching (switch per room)
lighting sweep system

daylight switching (outside sensor)
sweep and daylight switching
dimming control

Table 2: Relative effect of the lighting system on the energy

Definition of control

central control

room switching (switch per room)
lighting sweep system

daylight switching (outside sensor)
sweep and daylight switching
dimming control

f<:ontrol:da\ylight
1.0

0.7
0.7
0.4
0.2
0.2

Conventional Ballast
100%

94%

89%

90%

83%

fcon’(roI:a\rtificial light

1.0
0.9
0.7
0.9
0.7
0.6

performance

coefficient

Semiconductor Ballast

94%
88%
85%
85%
79%
78%

If the glazing used has a sun-reflecting coating, the effect of daylight switching and dimming control

is less than indicated in the table.

Relative effect of lighting system on the energy performance coefficient

e LT [
sweep and daylight -
switching
daylight switching —
sweep system —
room switching
central control —
Z Z Z Z Z Z Z Z /
1 1 1 1 1 1 1 1 1
0 10 20 30 50 60 70 80 90 100
Percent B Semiconductor ballast

O Conv. ballast
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SAMPLE CALCULATION
For an office building of 3600 m2, the following calcula-
tions for otherwise standardised preconditions are intend-
ed to illustrate the valuation of energy-efficient lighting
systems.

Agoor 3600 m2

Glazing: double glass.

Daylight sector:38% for the offices; 36% for the canteen;
46% for the hall and 100% for the stairs (when sun-reflect-
ing glass is used, the daylight sector no longer applies and
the reduction by sophisticated control equipment is no
longer valid as a result).

Lighting capacity:12.5 W/m?2 for conventional ballast and 10
W/m2 for HF lighting.

Table 2 shows the effect on the energy performance coef-
ficient of the choice between fluorescent lighting with con-
ventional (electromagnetic) ballast and high-frequency
semiconductor ballast, and of various types of control
equipment.

This sample calculation shows that the lighting system
has a substantial influence on the energy performance of a
building. We may therefore assume that, given the period-
ical tightening of the energy performance requirements,
the innovation of the standardisation contributes to the use
of sophisticated, energy-efficient lighting systems.

This will also be facilitated by related stimulation mea-
sures. Until the end of 1996, energy companies gave a sub-
sidy on fluorescent lighting with semiconductor ballast. At
the moment, this subsidy is limited to daylight-dependent
dimming control. A lighting system with semiconductor
ballast and daylight dimming control is eligible for a tax
subsidy (EIA; approximately 15%).

Furthermore, Novem stimulates the use of energy-effi-
cient lighting systems by means of public information and
the transfer of knowledge. In September 1997, a large-scale
promotion campaign for daylight dimming was started.
This campaign is being run in association with suppliers,
who act as ambassadors for daylight dimming when pro-
moting their products. This is expected to cause the use of
daylight dimming to become as popular in a few years as
fluorescent lighting with semiconductor ballast. e
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