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ABSTRACT
With rapid population growth and urbanization in China,
building energy consumption increases. A large part of
this energy is attributed to lighting energy consumption.
With the development of modern office buildings in
China, office workers desire a high-quality environment.
In response to the requirement of ecological and humane
working environment, daylighting conscious design is
taken into consideration. This paper describes the use of
DIVA to assess the relative impact of the key design
variables on daylighting performance, and formulate
prediction model for lighting energy consumption based
on each typical model summarized from field work. In
addition, to develop recommendations for office building
design in the northeast part of China,which is has as a
severe cold region climate

INTRODUCTION
A survey of 100 office building space assignments is
conducted in Harbin, which is the representative city for
the northeast severe cold region of China. The samples
accounted for 43.5% of the total amount built from 2003
to 2013. Of the 100 office buildings studied, 71 are shown
in two representative types with a conducted detailed
survey that includes space arrangements, function
distributions, and basic design features. Thus enabling
detailed building performance simulation to be used for
stock modeling and parametric studies. The typical model
is an abstract one that generalizes the characteristics of
Harbin office building, and represents majority of Harbin
office buildings. The results are related to detailed energy
consumption with a focus on lighting are explained in this
paper. The approach was applied to the Harbin office
buildings. The next two sections discuss the “parameters”
needed to be considered for daylighting performance

simulation and their typical values and ranges derived
from fieldwork. The suggested values reflect the typical
Harbin office building design.

TYPICAL MODELS OF OFFICE BUILDING
STOCK IN HARBIN
The typical model of office buildings in Harbin is based
on space arrangements, building geometries and the built
form, which can have a significant impact on a building’s
energy demand. Therefore attention is paid to a
classification of space layouts when analyzing energy
consumption. A detailed study of the Harbin office
building space layouts results in the identification of
twelve basic built forms; since rooms range in size
depending on their functionality. Three main functions of
space are categorized: office space, auxiliary space, and
common space. The classification of office buildings in
Harbin is made according to three basic criteria: the form
and position of common space in both plan and section
(Fig. 2); The organization of office space, and auxiliary
space (Fig. 3); whether or not the office space is
open-plan or individual.

The model established has three groups based on different
detailed levels in design. All models are with the same
parameter settings. The first group of typical models are
built without mullions, columns, or interior walls, with
one zone, and one floor. The second group of typical
models have mullions, columns, and floors but still one
zone. The third group of models are divided into three
zones: office space, auxiliary space, common space, with
mullions, and columns. Fig. 4 describes different depth of
the models. The average Daylighting Autonomy (DA)
value from simulation of the typical model shows a large
variation between groups(Tab. 2), revealing that the third
model (Fig. 5) which is the most detailed, is closer to the
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reality. The space layouts for the Harbin office building
simulation typical models are developed to represent the
majority of office building in terms of space arrangements.
These two types are summarized with further detailed
classification: The first office building type banding
common space with individual office space and “L” shape
auxiliary space assignment (BIL). The second building
type comprises of a central common space with an
open-plan office space and “U” shape auxiliary space
assignment (COU). These selected layouts correspond to
71% of the total office building samples in Harbin, with
the most representative general information (Tab. 3).

DAYLIT FACTORS CLASSIFICATION

En=Cd×(Ʈ×Ʈc×Ʈw×Ʈj)×kρ×kw×kc×kf×Ew (1)
Eq. (1) shows the average illumination of a sidelit,
according to basic daylit factors.

The reflectance-weighted average of each interior surface
can be calculated via Eq. (2). <Standard for daylighting
design of buildings GB/T 50033-2001>

From Eqs. (1)(2), it can be inferred that there is a total of
19 objective factors that have an impact on annual
lighting energy for buildings. According to previous
studies, these factors are classified into 3 ranks: high
impact, medium impact, and low impact.

1) Factors with high impact are latitude, orientation,
window position, glazing transmittance, building height,
building depth and window area. Table 3 gives some
general values for the factors. Building height and depth
determine the Height and depth ratio correction factor and
the window-width correction factor. These parameters
have wide ranges, due to the differences in space
assignments. Glazing transmittance can range from 0.3 to
0.7, and has a great impact on daylit illumination. In this
paper, Harbin is selected as a representative city of
northeast severe cold region of China, the survey is
conducted in the latitude of 45.22 °N. Window position
and building height show a great concentrated distribution
from the field work. This study focuses on these factors in
order to examine their influence on lighting energy
consumption and daylighting performance.

2) Factors with general high impact are reflectance of
glazing, wall, ceiling and floor; building length, light
attenuation of window structure and light attenuation
factor of indoor structure. The first four factors are strictly
defined in the <Standard for daylighting design of
buildings GB/T 50033-2001> and can be found in table 3.
Double-glazing is the most common window type in
Harbin office building stock, and the light attenuation
parameters of the window structure are specified in the
standard. Reinforced concrete is the typical structure for
office buildings, according to the Chinese standard there
is little difference in light attenuation factor.

3) Factors with little impact on the lighting energy
calculation are light reduction factor of outdoor
obstructions, light reduction factor of wind deflector
block, cleanliness of window, and the surface area of wall,
ceiling and floor. Time of day, and light reduction factor
of outdoor obstructions. Since this study concentrates on
dynamic calculation of design phase, these factors will
not be considered.

METHODOLOGY
The research consists of three steps: space assignment and
data of building parameters collection from field work,
simulations of typical models, and the prediction and
evaluation of the lighting energy consumption and
daylighting performance.

Fieldwork Method

The fieldwork is fulfilled by observation, building visits,
online search engines for images, blueprint verification of
the buildings, and other related authorities. An
investigation of the space arrangements, function
organization, general information of the buildings is
conducted. By excluding invalid samples, 71 buildings
are within typical types, which accounts for 51% of the
amount built from 2003-2013 in Harbin. The typical
models are summarized.

Simulation Method

After developing the typical models from fieldwork data,
the models are created in Rhino and the renderings of
different groups are produced in DIVA2.1.1.1 and
Energyplus7.2.0 (Jakubiec & Reinhart, 2011).
DIVA-for-Rhino is built on Radiance (Ward &
Shakespeare, 1997) (radiance-online.org, 2012); a
powerful lighting analysis software with high reputation
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based on a number of independent validation researches
(Mardeljevic, 1995) (Grynberg, 1998) (Mardaljevic,
1997). DIVA provides both static and dynamic
calculations, especially climate based metrics. It is
considered the standard for daylighting performance and
lighting energy consumption. Daylight Autonomy (DA)
and continuous Daylight Autonomy (DAcon) are
calculated for each orientation separately; they are two
different methods to calculate Daylighting Autonomy,
applied to two artificial light control modes: on/off
control, and lighting dimming control. The rendering is
under CIE sky model and the working schedule is
weekdays 9 to 5. The artificial lighting is on when the
illuminance of the working plan is under 300lx or there is
glare according to the dynamic calculation. The lighting
power density of different zones can be found in Tab.5.
The rendering is created with two typical models, two
control modes, four orientations, and two metrics.

According to the <Standard for daylighting design of
buildings GB/T 50033-2001> the lighting level was set at
a minimum of 300 lx for office space and 150 lx for
common space; Illumination was calculated at a height of
0.85 m. And according to the model, the illumination
calculation grid was 1 m×1 m.

RESULTS

Correlation of DA , DAconand the Variables

The renderings are produced according to the probability
parameters determined in the survey, the most frequent
numbers are chosen as typical values (Tab. 4). In COU
models, the variables are glazing transmittance and the
ratio between building height and depth. In BIL models
there is another variable: window to wall ratio. In both
models the DA are calculated according to four
orientations separately and two artificial control modes
are considered.

Based on the results, DA increases with the change of
glazing transmittance value, and the ratio of building
height and depth in both types, and the level it shows
depends on the control mode. The correlation between
DA, DAcon and the variables can be seen in Fig. 6 and Fig.
7.

Simplified Formula for Energy Consumption

To enable architects to quickly predict lighting energy

consumption and daylighting performance during the
preliminary design phase, binary linear regression was
used to derive a simplified formula for lighting energy
consumption. The formula uses location, building type
and control mode as evaluation constraints. For BIL type,
glazing transmittance, building height and depth are the
independent variables. For COU type, glazing
transmittance, building depth and window width are the
independent variables. Simulations are conducted with the
typical model. Therefore, the linear regression formula
applies only to the typical BIL and COU types of office
buildings. The formula is as follows:

DAi=β1+β2×（h/r）+β3×Ʈ+β4×（h/r）2+β5×Ʈ2 (3)
Elight=Σ（1-DAi）×ρi×Fi (4)
R2 of the formula is 0.96, so it can be applied to the
prediction of DA. The coefficients β are obtained by
fitting. And each orientation has a series of β value.
Table 6 shows the β value of COU typical buildings. By
substituting the DA value into Eq. (4), the building
lighting energy consumption can be calculated. A survey
of lighting power density of different space and
orientation is also conducted (Tab. 5). For the BIL type of
buildings, coefficients β are obtained by linear
interpolation when the window to wall ratio is given. For
example, the window to wall ratio is 0.32, the coefficients
β are calculated as follows: (Tab. 7 shows the β values.)

Sensitivity Analysis

Figure 5 shows the illuminance distribution of two typical
models with the same variables: h/r=0.36, and τ=0.6, and
the COU models performance are much better than the
BIL models.

The sensitivity co-efficiency has a relationship with the
artificial light control mode and building type. Table10
gives sensitivity co-efficiency of each variable and DA
under both two typical models and two control modes.
Glazing transmittance has the most influence on the
change of DA value in both types. Fig. 8 shows the
lighting energy consumption decrease with the increase of
glazing transmittance, but there is a point, after that the
consumption stays almost even. The point varies from the
typical model type, and also the control mode. For
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example, it will have enhanced daylighting performance
by increasing the depth at lighting dimming mode, (but
with decreasing of depth at on/off mode.)

CONCLUSION
The architectural schematic design phase is critical in
decision-making to optimize building performance. With
design development, the potential for energy saving
becomes smaller, while the costs increases. This paper
presents parameterized typical simulation models for
office building types in Harbin. This approach enables
comprehensive analysis of the impact of the key
parameters on integrated energy consumption of office
buildings.

1) Factors with high impact are latitude, window position,
glazing transmittance, building height, building depth and
window area. DAcon have a direct relationship with
daylighting performance, DA has a direct relationship
with artificial lighting consumption. Therefore they are
considered standards for other daylit factors, and
sensitivity analysis is conducted according to their
influence on DA and DAcon.

2) The simplified formula allows architects to quickly
calculate lighting energy consumption during the
schematic design phase of office building design. The
scope of application of Eqs. (3) and (4). When model type
and design variable parameters are within the range
explored in this paper, architects may select the
approximate value or apply a linear calculation, so they
can predict their daylighting performance and lighting
energy consumption.

NOMENCLATURE
DA = Daylight Autonomy

UDI= Useful Daylight Illuminance
BIL= Banding common space with individual office
space and “L” shape auxiliary space assignment
COU=central common space with an open-plan office
space and “U” shape auxiliary space assignment

ρj= reflectance-weighted average of each interior surface

ρp= reflectance of ceiling surface

ρq= reflectance of wall surface

ρd= reflectance of floor surface

ρc= reflectance of glazing surface

Ap = surface area of ceiling

Aq = surface area of wall

Ad = surface area of floor

Ac = surface area of glazing

En = under overcast sky, the illumination of a point on the
given interior plane, at the same time and location of Ew,
lx

Ew = under overcast sky, outdoor horizontal plane
illumination generated by sky diffuse light, lx

Ʈ= glazing transmittance

Ʈc = light attenuation of window structure

Ʈw = cleanliness of window

Ʈj= light attenuation factor of indoor structure

Cd = daylit factor of side-window. This variable is related
to window height, distance from the calculation point to
the window and building length

K ρ = indoor reflective incremental coefficient of
side-window, based on the weighted average of indoor
surface reflectance and side-window form

Kw = light reduction factor of outdoor obstructions

Kc = window-width correction factor. The ratio of
window total width on one wall to the building length
Kf = orientation coefficient. The orientation of the office
model in this study is north-south, so the value is 1
DAi= average Daylight Autonomy of each interior area
Fi= area of the interior space

ρi= reflectance-weighted average of the interior surfaces
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Table 1 Number of office buildings within typical type
from fieldwork

TYPE AMOUNT PERCENTAGE

BIL 22 22%

COU 49 49%

TOTAL OF

FIELDWORK

100 100%

Table 2 Simulation results with the same settings
but different depth of the model

NO.

OF

GROU

P

MODE

LWIT

H

COLU

MNS/

MULL

IONS

NO.

OF

ZONE

S

NO.

OF

FLOO

RS

AVER

AGE

DA

VALU

E

PERC

E

NTAG

E

1 NO 1 1 84.2% 160%

2 YES 1 9 74.5% 140%

3 YES 3 9 52.5% 100%

Figure 1: Distribution of 51 typical office buildings

Figure 2 Common space mode of typical models

Figure 3: The function organization of typical models
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Table 3 General information of typical
buildings in HarbinWorking plan
height

0.85 m

Working plan illumination for office

space

≥300 lx

Working plan illumination for office

space

≥150 lx

Wall

reflection

coefficient

Floor: 20%

External wall: 35%

Interior wall: 50%

Ceiling: 80%

Door: 20%

Calculation grid 1m * 1m

Number of floor 9 (CO)

5 (BC)

Figure 4 different depth of typical models

Table 5 lighting power density of different space

LIGHTING

POWER

DENSITY

ORIENTATION COMMON

SPACE

OPEN-PLAN

OFFICE

INDIVIDUAL

OFFICE

MEETING

ROOM

NORTH 6.6W/m2 18W/m2 13W/m2 15W/m2

SOUTH 3.4W/m2 15W/m2 10W/m2 13W/m2

Type1:entral common space with an open-plan office space
and “U” shape auxiliary space assignment

(COU)

Type2:Banding common space with individual office space
and “L” shape auxiliary space assignment

(BIL)

Figure 5: The two typical models from fieldwork
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Table 4 values of each influence factor series number
BUILDING

SCALE

(LENGTH×

WIDTH)

HEIGHT

OF THE

ROOM

WINDOW

WIDTH

WINDOW

HEIGHT

( STILL,

HEAD)

TRANSM

ITTANCY

WINDOW

TO

WALL

RATIO

CONTROL

MODES

BIL L1(9mx 7m) 3.3m W1 1.6m H1(0.9m,2.7m) T1 0.3 0.3 ON

COU L2(9mx8m) 3.6m W2 1.8m H2(0m ,3.1m) T2 0.4 0.36 OFF

L3(9mx9m) W3 2m T3 0.5 0.42

L4(8mx8m) W4 2.5m T4 0.6 0.9

L5(10mx10m) W5 3.1m T5 0.7

W6 7m

W7 8m

W8 9m

Figure 5 Illuminace distribution of two typical models
with the same variables h/r=0.36, and τ=0.6

Figure 7 correlation between variables and DA under two control systems

Table 7 β value for COU office building

β1 β 2 β3 β4 β5
S DAcon -34.0 67.1 340.4 -48.1 -260.
N DAcon -114.4 105.9 551.9 -82.6 -417.
E DAcon -51.1 56.3 391.3 -37.5 -294.
WDAcon -87.3 76.9 499.3 -54.5 -382.
S DA -86.0 144.3 102.8 -83.9 53.7
N DA 17.0 100.9 -259.2 -64.9 327.
E DA -43.1 75.2 15.7 -33.5 107.
WDA -19.2 134.9 -167.4 -82.9 274.

Table 8 β ww0.30value for BIL office building

β1 β 2 β3 β4 β5
S DAcon 56.5 -9.2 97.2 10.9 -60.5
N DAcon -73.6 101.9 332.1 -77.6 -203.
E DAcon -28.5 80.3 261.4 -60.1 -167.
WDAcon -31.8 74.3 256.6 -57.2 -159.
S DA 24.0 43.8 -187.0 2.3 220.6
N DA 67.3 -9.0 -230.4 18.1 197.5
E DA -50.8 -7.5 68 44.2 33.1
WDA 69.0 -12.5 -250.0 33.2 228.1
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Figure 8 correlation between transmittance and lighting energy consumption

Table 9 β ww0.36value for BIL office buildings

β1 β 2 β3 β4 β5
S DAcon 42 50.7 91.2 -41.4 -55.1
N DAcon -19.2 86.8 218.7 -69.9 -136.2
E DAcon 22.2 54.4 135.1 -42.9 -82.4
WDAcon 21.2 65.2 133.3 -53.5 -81.7
S DA -91.8 514.5 90.4 -48.2 220.6
N DA 42.3 5.1 -203.5 18.3 209.2
E DA -65.2 81.8 56.1 -29.7 50.2
WDA 36.3 23.3 -213.2 16.2 223.1

Table 10 β ww0.42value for BIL office building

β1 β 2 β3 β4 β5
S DAcon 56.7 39.7 62.8 -33 -37.2
N DAcon 26.5 35.3 140.8 -26.8 -88
E DAcon 47.9 23.2 94.2 -16.8 -57.6
W DAcon 55.2 26.9 74.8 -20.8 -159.4
S DA -120.8 123.5 168.2 -51 -7
N DA 96.3 -171 -248.4 189. 258.5
E DA -45 -58.1 104.1 102. 22.8
W DA 63.8 -145 -184.5 183. 229.8

Table 10 sensitivity analysis of DA, DACONand the variables in two typical models

COU BIL

ORIENTATIONAND

C O N T R O L

MODE

TRANSMI

TTANCE

DEPTH TRANSMITTA

NCE

DEPTH WINDOWTO

WALL

RATIO

S DA CON 0.402 0.418 0.231 0.037 0.031
N DA CON 0.600 0.2 0.333 0.181 0.022
E DA CON 0.500 0.141 0.333 0.133 0.018
WDA CON 0598 0.222 0.312 0.121 0.016
S DA 0.828 0.564 0.75 0.305 0.398
W DA 0.628 0.261 0.535 0.205 0.375
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