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ABSTRACT

The term “window” in architecture usually
stands for an opening in a wall or roof for pen-
etration of natural light, sunrays and fresh air
in premises. Recently, the requirement of contact
with environment is added to this condition. It is
especially relevant for residential buildings where
rooms are considered residential if they have win-
dows. The energy consumption of a building de-
pends on sizes, form and location of windows.
In winter, windows cause huge heat losses, in sum-
mer, on the other hand, large heat enters a building
via the windows and is required to be removed by
means of air conditioning. Moreover, windows are
used for penetration of natural light in premises,
which assists in saving of large amounts of power
for artificial illumination. This article discusses
partial solving the problem of the energy efficiency
of residential buildings by determining the most ef-
ficient area of windows in terms of energy spend-
ing for compensation of heat losses via windows
in winter, elimination of heat penetration through
them in summer and energy losses for artificial
lighting throughout the year. The analysis of the re-
sults of calculation of power consumption for res-
idential premises in conditions of monsoon cli-
mate of the Russian Far East and Northern areas of
China (PRC) is provided.

Keywords: window area, energy efficiency, nat-
ural and artificial illumination, heat losses, heat
gain, critical illuminance, power consumption
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1. INTRODUCTION

The area of windows of residential premises is
set by means of standardised values of daylight fac-
tor (DLF). However, DLF characterises only phys-
ical conditions of natural illumination of premises.
In Russia, it is considered that the premises is per-
ceived as saturated with natural light with DLF of
0.5 % on the floor at a distance of 1 m from the wall
opposite to the windows, but the standards in other
countries may be different. For instance, in Ger-
many it is considered that saturation of the premises
with natural light is reached at DLF = 0.5 % in the
middle of the premises on the level of working sur-
face (i.e. 0.8 m above the floor) at distance of 1 m
from the side wall of the premises [1]. In this article,
the Russian standards are used [2].

Windows are the weakest point of the thermal
envelope of a building. In winter, the largest heat
losses are caused through them. For instance, the
standards [3] require to reach the value of heat trans-
mission resistance of about 3 (m?2.°C)/W in Moscow
whereas ordinary windows do not even provide 1
(m2.°C)/W. It means that three times as much heat
1s lost via windows as via blank walls in winter,
which causes additional losses for heating. On the
other hand, a lot of solar heat is gained through the
windows in summer, which causes overheating of
premises and increased losses of power for its cool-
ing by means of air conditioning.

NIISF RAASN developed the method of en-
ergy evaluation of the system of natural illumi-
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Table 1. Average Monthly Temperatures, Taken Temperatures and Some Data for Winter Period
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nation of buildings with consideration of power
consumption for electrical illumination, compensa-
tion of winter heat losses via the windows and en-
ergy losses for air conditioning in summer [4]. The
authors of the article updated this method a little
with consideration of the new types of air condi-
tioners (split systems) by simplifying the calcula-
tion of air conditioner operational period and took
the new provisions of energy efficiency of natu-
ral illumination according to SR (Set of Rules) [5]
into account.

2. MONSOON CLIMATE CONDITIONS
OF THE RUSSIAN FAR EAST AND
NORTH-EASTERN AREAS OF PRC

Khabarovsk (Russia) and Harbin (PRC) are
characteristic and similar cities of the Far East of
Russia and the Northeastern part of PRC in terms
of climate. Their climate is characterised by a large
amount of clear and half-clear days with high so-
lar radiation both in winter and in summer. For
instance, in Khabarovsk, the diffuse and total il-
luminance are 13.8 klx and 28.6 klx at noon in Jan-
uary and 29.3 klx and 56.5 kIx in July, whereas
in Moscow the same values are 7.0 klx and 9.2 klx
in January and 28.3 klx and 47.8 kIx in July. Pro-
portions of these values at noon in Khabarovsk:
1:2.07 in January and 1:1.92 in July and in Moscow:
1:1.31 in January and 1:1.69 in July. This means that
there are twice as many sunny and half-clear days
as dismal days in Khabarovsk and there are signif-
icantly less clear and half-clear days in Moscow,
especially in winter. The number of clear and
half-clear (with open Sun) days in Harbin is ap-
proximately the same as in Khabarovsk. The ther-
mal cycle in both cities is approximately the same
too (Table 1). Table 2 shows that both cities may be
considered identical for summer period when arti-
ficial cooling of air by means of air conditioning is
rather rarely but still required too.

There is data of temperature frequency for the
cities of Russia [6] including Khabarovsk krai,
where frequency of temperatures higher than
28 °C is just 16 hours per year (i.e. air condition-
ing (cooling) of premises oriented to the North is
required for 16 hours per year). It is negligible and
the power consumption for cooling of premises ori-
ented to the South, West and East may be calcu-
lated only based on the conditions of overheating
by solar radiation.
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Table 2. Climatic Data for Summer Period in Khabarovsk and Harbin
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3. METHOD OF CALCULATION
OF POWER CONSUMPTION
FOR NATURAL ILLUMINATION

The systems of natural illumination may be as-
sessed using two methods: 1) evaluation on the ba-
sis of reduced costs for installation of natural and
artificial illumination and its operations (in roubles
per m? of the area of premises per year); 2) evalu-
ation of power consumption of illumination, com-
pensation of heat losses via the lighting openings
and elimination of heat gains through them (in kg of
reference fuel per 1 m? of the area of premises per
year). The first method is well suited for economi-
cal evaluation of a specific project in the course of
cost calculation with consideration of correspond-
ing current prices and tariffs but it is not well suited
for common evaluation since it is almost impossi-
ble to account for future price changes. For this pur-
pose, the second method suits better as it provides
assessment of the system in terms of power con-
sumption, more objective and long-term one.

Annual specific heat energy consumption for
heating Wror (GJ/m?/year) is determined as follows:

- 1 1
Wy or =10 6.1'1.3'6'1'3'(R_W_R_0)X

X (1, 1. )-8760- Zyy -b-—Tx__
365- 4,

where 1070 is J to GJ transfer ratio; 1.1 is the ratio
considering useless heat losses of heating systems;
3.6 is the unit recalculation ratio, kG/Wxh; 1.3 is
the ratio considering heat losses for heating of ex-
ternal air by ventilation of the premises; R and R,
are heat transmission resistance values of the win-
dow and the wall respectively, (m2.°C)/W; 8760 is
the number of hours per year; ¢, and Zyr are aver-
age temperature, °C and duration of heating season,
days; ¢, is the temperature of inner air of the build-
ing; b is the ratio of window area to the area of the
translucent structure of the wall; A, and 4, is the
area of the windows and the floor respectively, m?;
365 is the number of days per year [4].

Power consumption for compensation of heat
losses via windows with R, of 0.7 (m? - °C)/W and
R, of 2.12 (m? - °C)/W will be equal to 0.026 GJ/
m?/year. Calculated as 1 kg of reference fuel, it will
be equal to 1.07 kg/m?/year (41.2 kg/GJ<0.026 GJ/
m?/year).
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Fig. 1. The graphs of natural illuminance in Khabarovsk

Annual specific (per 1 m? of area) power con-
sumption for artificial illumination of the premises
Wpe (kWh/m?/year) is calculated in accordance

with [4]:

W =10"-E"™"-Z-a-F-(1+ B) X

xT,/[(u, MF)®,], (D
where E™ is the standardised artificial illumi-
nance in residential rooms, equal to 150 Ix; MF is
the operating factor for artificial illumination lumi-
naires [2] taken equal to 0.71; Z is the ratio consid-
ering irregularity of illuminance (rather high for res-
idential premises, approximately equal to 1.3 [2]);
a is the ratio considering power losses of control
gear, which may be taken equal to 1.2 for FL and
LED lamps; g is the ratio considering power losses
in the grid (equal to 0.03 if IL, FL or LED lamps are
used); P; and @) are total power and luminous flux
of the lamps, W and Im; u,, is the operation factor
of the luminaire equal to 44 with the premises index
i=0.8[7]; T, is the period of using the artificial il-
lumination determined on the basis of critical illu-
minance £, and the graphs of natural illuminance
in Khabarovsk (Fig.1).

With the above-mentioned parameters of the
premises and the window opening, the calculated
value of DLF e is 0.84 % at distance of 1 m from the
back wall, therefore

_E™™.100
e

E

cr

=17,65 [klx].

Fig. 1 shows that the standardised value of
150 Ix is complied with in the design point for at

least 105 h (3.5%30) in September, 186 h (6.0x31)
in March, 217.6 h in April, 232.5 h in May, 240.0 h
in June, 258.23 h in July and 217.0 h in August. An-
nual period of natural light use is equal to 1238.73
h. T}, is the difference between the total number of
hours per year excluding 8 h of sleep per day and the
period of natural light use: 4578.9 h [(16%x30.3-12 =
5817.6) — 1238.7]. According to formula (1), W, .
is equal to 8.586 kWh/m?/year. Calculated as con-
sumption of reference fuel, W]  is the equivalent
of 2.833 kg/m?/year (0.33x8.586). We take that con-
sumption of reference fuel in common use power
plants per 1 GJ of heat energy 4, is equal to 41.2
kg/GJ, and consumption of electric power 4, is
equal to 0.33 kg/kWh [4].

Therefore, consumption of reference fuel for
compensation of heat losses through windows and
for artificial illumination of the studied room W,
calculated as

Wy =Wior A +W,

s.p.c.

'Az,

is equal to 2.54 + 2.83 = 5.37 [kg/m?/year].

Consumption of reference fuel for compensa-
tion of heat losses through the window in winter is
directly proportional to the area of the window, i.e.
the value of Wy r of 2.54 kg/m? for windows with
other dimensions may be changed proportionally
to the area. Similar recalculation of consumption of
reference fuel for artificial illumination cannot be
done as it depends on T,

T, depends on £, and is determined on the basis
of Fig. 1. To determine E,,, e should be calculated
in design point of the premises with the above-men-
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Fig. 2. The graphs of consumption of reference fuel for
window operation (compensation of winter heat losses,
artificial illumination and summer cooling)
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Table 3. Consumption of reference fuel for operation of the windows per year

No. (cl“ZIi::ril(s)Xntl}s]iem Window area, m? W ors kg/m? Wi.p.c., kg/m? We = Z;T;:I; Wopes
1 1.5x1.8 2.7 2.18 13.29 15.47
2 1.5 x2.1 3.15 2.54 2.835 5.37
3 1.7%x2.5 4.25 3.43 1.626 5.056
4 1.7x3.5 5.95 4.8 1.22 6.02

tioned dimensions of the premises and other consid-
ered size of the window.

4. STUDY OF ENERGY EFFICIENCY
OF WINDOWS WITH DIFFERENT
SIZES IN THE MONSOON CLIMATE
OF THE SOUTHERN FAR EAST

OF RUSSIA AND NORTH-EASTERN
PART OF PRC

For this study, the residential premises with di-
mensions of (4x6) m and height between the floor
and the ceiling of 3 m on one of the middle floors of
a multi-floor building with no building located op-
posite to it were choosed. The type of glazing is de-
scribed above.

Four types of windows were studied: a standard
one with height of 1.5 m and width of 2.1 m; a large
one with height of 1.7 m and width of 2.5 m; a smal-
l-size window, 1.5x1.8 m; a window with height of
1.7 m and width almost equal to the width of the
room: 3.5 m.

The results of calculation are listed in Table 3
and shown in Fig. 2 which witnesses that the least
power consumption for compensation of heat
losses and for artificial illumination of the stud-
ied premises in kg of reference fuel occur with
window area ranging between 3 and 5.0-5.5 m2.
With less dimensions of the windows, power con-
sumption for electric illumination increases dra-
matically. In case of windows with area of 5.5 m?,
power consumption for compensation of heat losses
via the windows will prevail increasing total power
consumption.

It is worth noting that this conclusion is relevant
only for the premises oriented to the North, North-
North-West and North-North-East. For Southern
orientations, heating of the premises by means of
solar energy penetrating the windows should be
taken into account. In this case, the premises may
require air-cooling by means of air conditioners
with high power consumption.

31

Specific power consumption for cooling Wy, ...
should be determined in accordance with [4] using
the following formula

=L -N -T

s.p.c.c. o X X2 (2)
where N, is power consumption for cooling of air
by means of an air conditioner (kWh/m?3); T, is du-
ration of operation of the cooling system, h; L, is
performance of the conditioner ventilation system
(m3/h) per 1 m? of the floor area with considera-
tion of average heat retention of the premises calcu-
lated as follows
3,6-0,7-qn

c: p : (anAA - ZpAA)
where 3.6 is unit recalculation ratio, kJ/Wh; 0.7 is
consideration of air heating in pipelines; ¢ = 1 kJ/
kg/°C is air specific heat; p = 1.2 kg/m? is air den-
sity; t,pa — oA 18 the difference between summer
design input temperature of air and the temperature
of air in the premises taken equal to 3 or 5 °C de-
pending on heat load density of the premises [8];
q. 1s the largest value of radiant heat gain in the
premises, W/m?, determined by maximum value of
heat gain by total solar radiation reaching the sur-
face of the window during a day and calculated us-
ing the following formula

Drad = Qiirng + Qiitng ) X
XT,-T,-MF-f. -b-A, /A4,

A 3)

o

“
where Qg and O, ~ are the maximum val-
ues of the direct and diffuse heat gains by solar ra-
diation on the vertical surface of the window with
relevant orientation (W/m?) with clear sky de-
fined in accordance with SNiP [6] (for Khabarovsk
(N48°), with orientation to SE Oy} +057 . =
473 W/m?); 7, is the transmittance of translucent
filler of the opening for solar radiation equal to 0.57
[5]; 7, is the ratio considering light losses on win-
dow sashes [2] taken equal to 0.9; MF is the ra-
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Table 4. Consumption of Reference Fuel for Operation of Windows with Southern (SW)
and, by Comparison, Northern Orientation of the Premises

X - 2 2,
No. (d‘?lnllr::l(s);zltl);;),em X;I;,i(:n“; nﬂ%ﬁll(rgn/ Isl;d,e oo kg/Islildesollthern W p.c.c» kg/m?
1 1.5%x1.8 2.7 15.47 16.042 0.0572
2 1.5%x2.1 3.15 5.37 6.038 0.668
3 1.7x2.5 4.25 5.056 5.957 0.901
4 1.7%x3.5 5.95 6.02 7.281 1.261

tio considering glass fouling in the course of oper-
ation [2] taken equal to 0.71; S, = 74 = 1 (no solar
protection is available); b = 1.

In the formula (2):

— T, is determined in accordance with SNiP [6,
table External air temperature frequency in hours]
for external temperature of ¢, = 25 °C, taken with
a little reserve considering heat retention of the
structures of the premises. For Khabarovsk, 7,=66 h;

— For determination of N, (in accordance with
[9]), it is necessary to calculate excess heat of the
premises (Q) which comprises heat of the solar radi-
ation penetrating the windows (Q;), domestic appli-
ances heat (0,) and heat generated by people (QO3).
0, = V-q where V is the volume of the premises
(in our case, 76 m3, (4x6x3) m3); g is specific heat
gained by the premises via the South-West-oriented
windows taken equal to 30 W/m3; O, = 2160 W;
0, =500 W (TV set, PC); 05 = (100 W/person)x3
persons =300 W; O = 2960 W.

On the basis of these results, we are taking the
contemporary household air conditioner by Sam-
sung with refrigeration capacity of 3.2 kW. Its air
capacity is P = 900 m3/h. Then power consump-
tion for cooling of air using this air conditioner is
N,= Q/P=3.23 Wh/m3.

Then the multiplier L, in formula (2) is cal-
culated using formulas (3) and (4) and reference
data [6] for calculation of W ,, . .., and for its trans-
formation into kilograms of reference fuel per 1 m?,
this value should be multiplied by conversion factor
A,=0.33 kg/kWh.

The consumption of reference fuel for compen-
sation of fuel losses through the windows in winter,
for artificial illumination and for cooling in sum-
mer for the studied windows of the room with the
area of 4x6 m?2 oriented to the South-West (SW)
with a household conditioner used for summer cool-
ing is given in Table 4.

In Fig. 2, the graphs of changing of consump-
tion of reference fuel for operation of light openings
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with different area in the residential premises ori-
ented to the North and to the South are given pro-
vided that at ¢, > +25 °C the Samsung household air
conditioner is activated in the room oriented to the
South. Heat gains through the window in winter are
not considered.

It is worth noting once more that the least con-
sumption of reference fuel occurs with window
area ranging between 3 and 5.0-5.5 m? both with
orientation to the South and to the North (Fig. 2).

We would also like to note that the values of Oy,
0, and Q5 were taken in accordance with [9] and al-
though the specific power consumption for cooling
may change after changing these values, it does not
affect the results of this study.

CONCLUSIONS

The research for Khabarovsk climatic condi-
tions has shown that the areas of windows ranging
between 3 and 5.0-5.5 m?2 in residential rooms with
dimensions of 6 m are the most energy-efficient.
In Harbin, where the climatic conditions are simi-
lar, the windows of the same area are the most en-
ergy efficient. Of course, shadowing by surrounding
buildings should be considered in each specific case
but such recommendations may be considered com-
mon for typical development.
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