([ ' N TERNATIONAL
N1 B|LDING

||"'— SIMULATION
11—
“ul-_ASSOC|AT|ON

[l ENGLAND

Proceedings of BSO 2018:

4th Building Simulation and Optimization Conference, Cambridge, UK: 11-12 September 2018

Impact of Model Simplification at Geometric Modelling Stage
on Energy for Office Building

Jiangshan Zhao'?, Yue Wu'?, Xing Shi!?*, Xing Jin', Xin Zhou'?
1. Key Laboratory of Urban and Architectural Heritage Conservation, Ministry of Education,
Nanjing, China, 210096
2. School of Architecture, Southeast University, Nanjing, China, 210096
*Corresponding author: shixing seu@163.com

Abstract

Geometric modelling is a key step in the process of
building energy simulation. However, the geometric
modelling process is relatively complex and there is a
significant difference between the real model and the
building energy model. Therefore, it is usually necessary
to simplify the energy model in the geometric modelling
stage.

The objective of this paper is to investigate what is the
appropriate level of simplification in geometric
modelling. Three common types of simplifications in
geometric modelling were identified. Specifically,
simplifications of thermal zone, fenestration and typical
floor have been considered.

Introduction

Building energy simulation is an important supporting
tool for green building design and commissioning.
However, the input and operation of parameters involved
in building energy consumption simulation are quite
complex, including the process of simulation software
selection, geometric modelling of buildings, division of
thermal zones and selection of meteorological data. As
the first step in simulation, geometric modelling often
takes up about half the time of the simulation. As a result,
it is often simplified to improve the simulation process.
At present, the Ashraec 90.1 (American Society of
Heating Refrigerating and Airconditioning Engineers,
2013) in the United States and relevant European
standards both regulate the calculation and assessment of
energy consumption simulation. However, these
regulations involve fewer geometric modeling stages.

Several studies have been carried out to investigate the
effects of different modeling methods in the geometric
modeling phase. Korolija and Zhang (2013) compared
annual energy use intensities (EUIs) predicted by
detailed simulation models (i.e., modelling every room
as a zone) with those predicted by simplified simulation
models (i.e., modelling each floor as a single zone) for
domestic buildings. They found that the simplifications
in thermal zoning reduced the simulation time by 30%
on average and resulted in the mean absolute relative
error of 10.6% for predicting annual heating demands.

Heo (2016) analyzed the effect of simplifications made
in thermal zoning and internal loads scheduling through
a case study of a UK domestic building. They found that
when the number of thermal zones was more reduced to
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one thermal zone per floor and one single zone for the
entire house, the annual heating demand would be under-
estimated by 17% and 26% respectively. The above
studies show that the difference in the thermal zone
division will produce huge differences in building energy
simulation results.

Dipasquale (2013) estimated the effects of number of
floors, number of zones and the definition of thermal
capacitance on the energy building assessment. They
found that the larger impact on the building loads was
observed on the reduction of the number of zones,
decreasing to only one thermal zone on the whole floor.
This simplification can affect the assessment of the
heating demand by 12.5% and the cooling demand by
almost 22%.

Three common types of simplifications in geometric
modelling were identified as follows:

(1) Modelling the typical floor and taking the calculated
load for one floor and multiplying it according to the
number of floors.

(2) Simplifying the modelling of fenestration (usually
combining windows in one surface of a space) .

(3) Reducing the number of thermal zones and building
internal thermal mass.

In addition, to investigate the influence of the definition
of the building sizes on the energy gains and losses,
comparisons between models that were defined
according to internal, external edge or center line sizes
have been carried out. Meanwhile, the simulation results
were compared to measured data after model verification.
To investigate the influence of the modelling definition
on the energy building assessment, the geometry of the
building has been developed in Google SketchUp 8
(2018) and simulations have been run in Energyplus 8.8
(2018).

Irrelevance like schedule was set in accordance with the
relevant norms, which was the same just as in the
simulation. The simulation results including load and
energy consumption were compared with each other.

Case analyses and results

Case building introduction

The case building is a seven story, 4,956 square-meter
office building. The facility includes offices, printing
rooms, meeting rooms and power distribution rooms.
The building is surrounded by other buildings to the west,
north and south. The measured energy of this building is
90.2 kWh/ m2/year, the data covered June, 2014 to June,



2015. To bridging the performance gap, the author
investigated operational data of this building and
calibrated related parameters (Coakley, 2014. Gunay,
2013. Azar and Menassa, 2012) during the modeling
prase. Table 1 below shows a summary for the major
inputs and parameters entered into energyplus. The
following figure shows the site map and model of the
building, the red circle in Figure 1 represents the case
building.
Table 1: Input summary table

Input Summary Design Model Characteristics

General

Location Kunshan, Jiangsu, China
Simulation Typical-Meteorological-Year weather file
Weather File | based on the nearest city shanghai
Modeling Energyplus

Software

Building 4,956 square-meter

Area

Hours of Monday to Friday: 9:00 AM to 20:00 PM
Operation Saturday and Sunday: Closed
Envelope Performace

Overall Roof | 1.209 W/m2-K

U-value

Overall 0.711 W/m2-K

Extwall U-

value

Overall Floor | 0.510 W/m2-K

U-value

Overall Glass | 2.685 W/m2-K

U-value

Internal Loads

Occupancy According to the actual Parameters
Lighting According to the actual Parameters
Power

Density

Plug-Loads According to the actual Parameters
HVAC

System Heating and Cooling sources in this
Description building is an air source heat pump
Thermostat | Heating: 20C, cooling: 27C
Setpoint

Fig.1 general layout
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Fig.2 the model:ofc:ase building

Thermal zoning

Thermal zone refers to the division of the building
for the convenience of calculation in building energy
simulation. The thermal parameters and properties in the
same thermal zone are relatively consistent. Obviously,
when the energy simulation is performed, the more
thermal zones within the building are divided, the more
accurate the calculation results will be, and at the same
time the more time will be spent on the process of
modeling and software calculation.

With regard to the division of thermal zone of
buildings, many countries have introduced relevant
regulations. For example, BRE National Calculation
Methodology modelling guide(Building Research
Establishment Ltd, 2010) stipulates that a thermal zone
is an area that: 1, has the same heating and cooling set
points; 2, has the same ventilation provisions; 3, has the
same plant operating times; 4, has the same set-back
conditions; 5, is served by the same type of terminal
device; 6, is served by the same primary plant; and 7,
where the output of each type of terminal device is
controlled in a similar manner. Ashrac 90.1 stipulates
that in the following conditions, multiple space can be
viewed as one thermal zone: 1, The uses of the space are
of the same type; 2, The orientation of the exterior walls
of the spaces is the same or their orientation difference
is less than 45 degrees.; 3, The heating and air
conditioning systems of each space are the same. The
Canadian standardization method EE4 (Natural
Resources Canada's Office, 2008) specifies that a
thermal zone must have the following characteristics: 1,
the same heating and air conditioning system, similar
operations and functions, and similar cooling and
heating loads. 2, The space surrounding the building and
the internal space should be divided into different
thermal zones. 3, Laundry rooms, corridors, equipment
rooms, power distribution rooms, stairs, and cloakrooms
cannot be defined as a single partition.

As can be shown by the summarized energy
simulation standards in various countries, the national
energy simulation standards on thermal zone division
are similar, and they differ only in their representation.
However, in the actual modeling process, these
provisions often fail to give clear guidance so that the



energy simulators rely more on personal experience.
Therefore, in order to be more operable, this paper puts
forward the method of division of thermal zone based on
the above-mentioned national standardization methods.
A thermal zone needs to have the following
characteristics: 1. Spaces in a thermal zone must be on
the same level in the building; 2. The orientation of the
exterior walls of the spaces in a thermal zone is the same
or their orientation difference is less than 45 degrees; 3.
The surrounding space( walls in this space are exposed
to the air) and internal space should be divided into
different thermal zones; 4. The heating ventilation
systems and temperature setpoints of these spaces
should be the same.

In this paper, thermal zones of the typical floor of the
case building are divided according to three different
methods: 1. Each building space is divided into a
thermal zone; 2. According to the above division
method; 3. Each floor is divided into a thermal zone.
The figure below shows the thermal zone division of the
typical floor according to the second method. Different
lines in each space represent different thermal zones.
The result of dividing according to three different
methods is as follows. Energy simulation results are
shown in the table.

distibu f g %
N85
Fig.3 Thermal zoning according to second method

Table 2: Energy simulation results for different thermal
zoning methods

Measured | Zoning | Zoning Zoning
data 1 2 3
Energy 90.2 104.85 107.06 138.26
(kW/m’)
Running N/A 159 146 108
time
(O)

It can be found that as the number of thermal zones
decreases, so does the running time and the
computational accuracy. Compared with the first method,
the energy consumption by the second method is over-
estimated by 2.1%, and the energy consumption by the
third method is over-estimated by 31.8%. Compared
with measured data, the energy consumption by the third
method is even over-estimated by 53.3%. This over-
estimation is expected as modelling rooms in one
thermal zone assume identical heat demands across the
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rooms while in reality they may have uneven heat
transfer conditions.

Simplification of fenestration

Windows belong to the building envelope structure. The
input of the window in energy simulation is mainly
divided into two steps. The first step is adding windows
in the geometric model. The second step is entering the
thermal parameters of the window. This study focuses on
the first step.

For the simplification of windows in the geometric
modeling phase, the British standard specifies that in the
simulation of energy consumption, if it is not necessary
to simulate the detailed internal sunlight distribution, all
the windows in one wall of the same thermal zone can be
merged into one, and the merged window area should be
equal to the total area of all windows before merging.
There are also relevant operational suggestions in the
software usage tutorials such as energy plus. This paper
will study the impact of this simplified method on
building energy consumption simulation.

noioa Ll

Fig.4 Architectural elevation
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Fig.5 Architectural elevation after fenestration
simplifying




Table 3: Energy simulation results for fenestration

simplifying
Normal Simplified
method method
Energy 104.85 106.82
(kW/m')

It can be seen that when the outer windows on the facade
of the building are merged according to the above
method, the energy simulation results will be slightly
different from the previous ones, which may come from
a change in the solar heat gain of the corresponding
thermal zone after the changing of window positions.
This change will be more pronounced when there is an
obvious obstruction outside the building. However, as far
as the case study is concerned, this simplified method
has a relatively limited impact on the energy simulation
results.

Simplification of the number of floors

When building a geometric model, there are many
buildings with a typical floor, that is, the spatial structure
and thermal performance among certain floors are
exactly the same. For the certain floors, the energy
modeller often builds only one of them. The total load
and energy of these floors can be directly multiplied by
the total number of floors. This operation can be
implemented by some energy simulation software like
energyplus or eQuest.

At present, there are no clear requirements of this kind of
simplified method in the national energy simulation
standardization methods, and only some software
manuals explain and analyze the method.

This study simplifies the five layers of the case building
into three layers or one layer, and compares the effects of
this simplified method on energy simulation results. Fig.
6 shows an elevation view of the building when the five
floors were reduced to three floors and one floor,
respectively. When the number of floors is reduced to
five and three, the annual average energy will change by
3.1% and 4.9%. When compared with measured data, the
energy consumption by the first simplification method
and second method is over-estimated by 19.8% and
21.9%.
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Fig.6 Simplification of typical floor

Table 4: Energy simulation results for floor simplifying
Simplification 1 Simplification 2

Energy 108.07 109.98

(kW/mr)

Effects of building facade size

The energy consumption model of a building is a thermal
model, and only the heat transfer performance of the
building envelope needs to be considered. Therefore, the
general energy consumption simulation software does
not need to consider the thickness of the building
envelope when modeling. Among them, when
determining the exterior wall position of a building, the
energy modeller generally performs according to internal,
external edge or center line sizes. Obviously, modelling
according to the external edge can accurately simulate
outdoor solar radiation and heat gain, while according to
the internal edge of the wall, the building area and room
volume can be ensured. There are different requirements
in different specifications or books. For example, a
provision in AM11 (J W Hand, 1998) stipulates that
model geometry should be simplified but should be taken
care of conserving areas, volumes and orientation. An
American specification requires that the wall of the
geometric model should be built according to the
external edge.

Table 5: Energy simulation results for
different building size

Internal size

External size centerline
size

106.78

Energy 104.85 107.50

(kW/mr)

The author simulated building energy according to the
above three methods. It can be seen that, the energy
simulation results by using second and third method
changed by 2.5% and 1.8% respectively compared with
the result by using the first method. The difference
between the measured energy consumption and the
energy calculated by first method is the smallest among
the three methods.



Conclusion
Previous studies about simplification or standard
methodologies of building performance simulation

generally focused on parameter settings. However, as the
beginning of building energy simulation process, the
geometric modelling process is time-consuming and
worthy of research.

This paper analyzed the effects of three simplified
methods through case studies of an office building. The
simulation results showed that the impact of combining
windows on building and simplifying the floor was slight
to a certain extent. But it can lead to a greater impact if
simplifying the modelling of reducing the thermal zone
excessively. Moreover, through the comparison of
energy simulation results with measured data, it can be
found that modelling the exterior wall according to
internal edge may be more accurate. And follow-up
studies will consider more case building to increase the
credibility of research.

Through the comparison of energy simulation results
with measured data, it can be found that the results of
analysis will be useful for modellers to determine what is
the optimal level of model simplification in the project.
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