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Economic evaluation of daylighting systems and high-performance windows

aiming for energy savings of office buildings
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Abstract

The research investigated a building featured with daylighting and lighting control systems.

The purposes of the study were to examine the potential of energy saving by daylighting, and to assess

the daylighting and lighting control system from an economic aspect. The effects of high-performance

windows, such as the double glazing with low-E glass, tinted glass, or reflective glass, were also evaluated.

The results showed that the reduction of the annual electricity consumption of the building was by about

19% due to the daylighting and lighting control. In contrast, the reduction was by about 2% due to the

high-performance windows. The economic evaluation revealed that the double glazing with reflective glass

and no lighting control achieved the highest internal rate of return. While, the single glazing with clear

glass achieved the highest internal rate of return when the lighting control system was installed. It was

also shown that the combination of the double glazing with reflective glass for the west-facing windows

and the single glazing with clear glass for the other windows improved the internal rate of return in the

case of lighting control.
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Fig. 1 A plane figure of the standard floor.
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Table 1 The properties of the glazings

Glazing type SC U-value Tuis
[W/(m®K)]
Single, clear 0.94 5.82 0.89
Double, clear 0.81 3.11 0.79
Double, low-E 0.60 2.44 0.73
Double, tinted 0.53 3.11 0.40
Double, reflective  0.26 3.12 0.23
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Fig. 2 The reference points for illuminance calculation
of an office zone.
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Table 2 The costs of the systems
Price  Unit

Glazings
Single, clear 1,580 yen/m?
Double, clear 7,360  yen/m?
Double, low-E 36,100 yen/m?
Double, tinted 8,000 yen/m?
Double, reflective 14,100 yen/m?
Lighting control
Illuminance sensors 20,000 yen/piece
Controllable lights +10,000 yen/set
Air-conditioner
Package air conditioner 45908 yen/kW

Table 3 The prices of electricity
Season Price  Unit

Demand charge 1,560 yen/kW
Energy charge Summer 11.08 yen/kWh
Other 10.07  yen/kWh
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Fig. 3 The annual electricity consumption of the air con-
ditioner.
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Fig. 4 The reduction of annual total electricity consump-
tion of the building; Compared with single glazing with
clear glass and no lighting control.
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Table 4 The net present values at the discount rate of
5%

Glazing type Lighting control ~ NPV [yen]
Double, clear no -2,344,920
Double, low-E no -21,317,523
Double, tinted no 836,409
Double, reflective no 3,333,643
Single, clear yes 6,661,066
Double, clear yes 3,947,978
Double, low-E yes -15,887,170
Double, tinted yes 5,028,738
Double, reflective yes 2,893,591
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Table 5 The internal rate of returns

Glazing type Lighting control IRR [%]
Double, tinted no 11.3
Double, reflective no 20.4
Single, clear yes 16.4
Double, clear yes 10.3
Double, tinted yes 12.2
Double, reflective yes 8.9
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Fig. 5 The net present value at the discount rate of 5% as
a function of the cost of double glazing with low-E glass.
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Fig. 6 The internal rate of return as a function of the
cost of double glazing with low-E glass.
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Table 6 The effect of the combination of single, clear
glass and double, reflective glass on the energy savings

and the internal rate of return
Window orientation

Energy IRR

North South East West Saving (%] [%)
SC SC sC SC 19.3 16.4
DR SC SC SC 194 12.7
SC DR SC SC 19.1 13.0
SC sSC DR SC 194 16.9
SC SC SC DR 19.2 19.1
sC SC DR DR 19.5 17.9
SC DR DR DR 18.0 13.6
DR DR DR DR 16.6 8.9

SC = Single, clear glass
DR = Double, reflective glass
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