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Abstract: The retrofitting of existing public buildings to save energy and reduce carbon emissions
is a priority for China’s building sector. Accordingly, the Chinese government requires all public
buildings to be energy retrofitted based on the Design Standard for Energy Efficiency of Public
Buildings GB50189-2015. However, few studies have been conducted to assess the energy efficiency
of this design standard in the hot summer and cold winter (HSCW) climate region of China. The aim
of this study was therefore to provide sensitivity analysis for the thermal properties of the envelope
of a typical public building energy retrofit in China’s HSCW climate region. The results show that the
thermal performance of the existing envelope of the sample building was very poor, with heating and
cooling energy consumption 18.94% higher than the GB90189-2015 baseline model. It was found that
better optimized parameters could reduce the heating and cooling energy load by 28.26% compared
with the parameters of the sample building. The findings from this study provide valuable references
for local governments and practitioners eager to improve the energy efficiency of existing public
buildings in China’s HSCW region.

Keywords: building energy retrofit; energy efficiency design standard; building envelope thermal
property; hot summer and cold winter; building energy simulation

1. Introduction

The energy consumption of the building sector accounts for around 40% of final energy
use and 25% of total carbon dioxide emissions globally [1,2]. With continuous economic
development and improving living standards, the energy demand of the building sector
in China has been steadily growing since the beginning of the 21st century [3]. Since the
end of 2015, all newly designed buildings in urban areas have been required to implement
the government’s building energy-saving standard. Public buildings have the highest
energy use intensity among all building types [4]. A huge number of existing public
buildings in China were designed before the end of 2015, most with very high energy
consumption [5]. Retrofitting existing buildings is recognized as the most feasible and
cost-effective way to achieve green buildings, and it has less environmental impact than
demolishing and reconstructing a new building [6]. Energy retrofitting existing public
buildings is a priority for energy saving, mitigating the environmental impact of the
building sector, and sustainably developing China [7].

Energy retrofitting existing buildings employs efficient energy-saving measures to
reduce energy consumption while meeting the thermal comfort needs of people [8]. Since [9]
China has a very large land area with distinct regional climates, bespoke measures are
needed in different climate regions to meet the thermal comfort and living habits of the
residents [9]. Building retrofit measures in China vary according to the five distinct climate
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regions defined by the “Thermal Design Standard for Civic Building (GB50176-2016)”,
which are: Warm Winter and Hot Summer climate region, Temperate climate region, Hot
Summer and Cold Winter (HSCW) climate region, Cold climate region, and Severe Cold
climate region [10]. This research focuses on the HSCW climate region.

China’s HSCW climate region consists of 14 provinces and two municipalities, involv-
ing an area of 1,800,000 km? with a population of more than 500 million [11]. The typical
climate in this area is that of a tropical monsoon, with hot, humid summers and mild
winters. The GDP of this area totals about 40% the GDP of the whole of China [12]. Because
of the developed economy, the area has a relatively high-income population, with higher
expectations of indoor thermal comfort. People rely on using heating, ventilation, and
air conditioning (HVAC) systems to fulfil the indoor thermal conditions of buildings [13].
HVAC systems account for the largest proportion of energy consumption of public buildings
in the HSCW climate region of China [14]. Measures that reduce the energy consumption of
existing public buildings in the HSCW climate region need to be investigated.

The heating and cooling demands of buildings are affected by heat transfer through
the building envelope. The building envelope separates the indoor environment from the
exterior environment and directly attenuates the impact of the natural climate. Enhancing the
thermal performance of the building envelope to mitigate the energy demand of a building
is recognized as one of the most sustainable methods of building energy retrofitting [15].
The main building thermal envelope includes the external walls, roof, and windows. In
earlier years, because of low comfort demand and low cost, buildings were constructed
without any insulation. When existing uninsulated buildings are conditioned with heating
and cooling systems, there is a huge waste of energy due to poor envelopes [16]. Insulation
is recognized as one of the most vital parameters of energy conservation in buildings. In
recognition of this importance, all energy regulations for buildings judge efficiency using the
Heat Transfer Coefficient (U-value) of a building envelope, including the external walls, roof,
and windows [17]. The main objective of the U-value is to measure heat transfer through
the envelope, where a smaller U-value indicates better insulation [18]. External windows
account for a substantial portion of the envelope and affect indoor space heating and cooling
demand. Besides U-value, the Solar Heat Gain Coefficient (SHGC) is a primary parameter
used to judge the energy performance of a window. SHGC is the fraction of the external
solar radiation transmitted through a window and absorbed in the glazing [19]. Due to
its importance, the SHGC value of windows is restricted in all the energy regulations for
buildings [20]. The lower the SHGC, the more solar radiation is blocked from the window.

China’s first national standard of building energy efficiency for public buildings, “De-
sign Standard for Energy Efficiency of Public Buildings (GB50189-2005)", was implemented
in 2005 to guide the design of new construction projects [21]. Compared with public
buildings designed before 2005, the buildings that complied with the standard saved about
50% on energy consumption annually [22]. As building materials and technologies then
rapidly developed after China’s “11th Five Year Plan (2006-2010)”, old standards and
technical codes started to show limitations and lagged behind on design and technologi-
cal developments. Consequently, the new version of GB50189-2015 was launched at the
end of 2015 (MOHURD, 2015) [23]. The building envelope baseline thermal properties,
including the U-Values and SHGCs of the external walls, roof, and windows, are im-
proved in GB50189-2015 compared with GB50189-2005. A comparison of the parameters of
GB50189-2005 and GB50189-2015 for the HSCW climate region is shown in Table 1.
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Table 1. Comparison of baseline values of building envelope thermal properties of GB50189-2005
and GB50189-2015.

GB50189-2005 GB50189-2015
U-Value SHGC (East, South, U-Value SHGC (East, South,
[W/(m?-K)] West/North) [W/(m?-K)] West/North)
External wall <1.0 <0.80
Roof <0.70 <0.50
Floor <1.0 <0.70
SWWR < 0.20 <47 <35
0.20 < SWWR < 0.30 <35 <0.48 <3.0 <0.44/0.48
0.30 < SWWR < 0.40 <3.0 <0.44/0.52 <2.6 <0.40/0.44
Single fagade window
to wall ratio (including 0.40 < SWWR < 0.50 <28 <0.39/0.48 <24 <0.35/0.40
transparent curtain 0.50 < SWWR < 0.60 <25 <0.35/0.44 <22 <0.35/0.40
wall) (SWWR) 0.60 < SWWR < 0.70 <25 <0.35/0.4 <22 <030/0.35
0.70 < SWWR < 0.80 <2.0 <0.26/0.30
SWWR > 0.80 <1.8 <0.24/0.30

Previous studies have analyzed energy retrofit measures for building envelopes to
minimize the energy consumption of existing buildings in China’s HSCW climate region.
Peng et al. (2014) studied the energy performance of a building after adding an insulation
layer inside the external wall and replacing the windows with Low-E glassing [24]. Xu et al.
(2016) assessed different energy retrofit measures in three different climate zones of China
through simulation [25]. Ge et al. (2018) studied the energy performance of the building
envelope energy retrofitting of a university building in Hangzhou through simulation [26].
Li et al. (2019) simulated the partial horizontal and vertical green roof and wall of an
existing public building in a HSCW climate region of China [27]. Liu et al. (2021) simulated
the insulation of building envelopes based on the Passivhaus EnerPHit standard for a
suburban building in the HSCW region of China [28]. It is evident that previous studies
focused on energy reduction using different retrofitting measures on the building envelope
of existing buildings. Meanwhile, the Chinese government has required the energy thermal
performance of existing public building retrofitting to be improved based on the public
building energy efficiency standard GB50189-2015. However, few studies have investigated
the influence of GB50189-2015 on the thermal energy performance of retrofitted existing
public buildings [29].

The goals of this study are: the creation of a baseline model for the public building
energy efficiency standard GB50189-2015 to assess the energy performance of existing build-
ings; the application of sensitivity analysis to assess the parameters of the thermal standard
of the envelope for a typical public building prototype based on the GB50189-2015 standard;
and the adoption of optimized parameters to assess energy performance. The findings of
this study could provide a valuable reference to local governments and practitioners eager
to improve the energy efficient retrofitting of existing public buildings.

2. Methodology

The sample building, which is representative of existing public building stock in
China’s HSCW climate region, was selected for the case study. The sample building
model and a corresponding standard GB50189-2015 baseline model were created using the
simulation tool DesignBuilder [30]. The thermal and energy performance of the envelopes
of sample buildings were assessed with the standard GB50189-2015 baseline model. Based
on the baseline model, the study applied sensitivity analysis for the building envelope,
including the U-value of the external wall, U-value of the roof, and U-value and SHGC
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value of external windows, to further optimize the parameters and identify its impact
on the energy consumption of the building. Finally, an optimized building model was
created, and simulations were performed to analyze the effectiveness of the optimized
energy retrofitting measures.

2.1. Sample Building Selection

The sample public building was a typical medium-rise university building located
in Suzhou, which is in a HSCW climate region of China. Compared with the existing
building, the sample building had adopted retrofitting measures that significantly reduced
the heating and cooling energy load. The building was constructed in 2005 with eight
floors and underground parking. The building’s area was 31,960 m?, including a 3730 m?
underground building area. The building consisted of classrooms, offices, meeting rooms,
hall/lecture theatres, laboratories, corridors, toilets, stairways, and lifts. The main functional
zones of the building were classrooms and staff offices. The building typology was the
most commonly used for university buildings, which could make the results applicable
to a number of existing public buildings that were designed before GB50189-2015 was
implemented in the HSCW climate region [31]. From a field investigation, it was determined
that the indoor thermal environment was controlled by a multi-split air-conditioning system,
which is the most wildly used by mid-rise university and office buildings in the HSCW
climate region because of its ability to flexibly maintain individual zone control in each room
with a high degree of efficiency [32]. There was a mechanical ventilation system installed in
the building. Natural ventilation was obtained through window openings and infiltration.

2.2. Sample Building Model

DesignBuilder simulation software was used in this project to create the building
geometry model [30]. DesignBuilder is a user-friendly integrated simulation software using
the EnergyPlus simulation engine, which was developed by US DOE, and it is widely
accepted as a reliable simulation tool, the accuracy of which has been validated by the
American HVAC Engineering Association [33].

The simplified sample building model was created based on original CAD drawings
and design data. The building facade’s decorative structure, internal architectural details,
and any outdoor stairs and terraces were ignored in the model because they had little
influence on the indoor thermal environment. The sample building photo and 3D model in
DesignBuilder are shown in Figures 1 and 2, respectively.

Figure 1. Sample building photo (author original).
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Figure 2. 3D model of sample building created in DesignBuilder.

The layout of each floor was drawn according to the original CAD drawings and field
investigation. As a university building, the primary functional zones of the building were
classrooms, lecture theatres, offices, meeting rooms, computer labs, corridors, stairways,
and toilets. The first-floor layout created in DesignBuilder is illustrated in Figure 3.
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Figure 3. Sample building first-floor layout in DesignBuilder.

This research focuses on the energy retrofitting of existing building envelopes. The
main composition of a building envelope was derived from the original CAD design
drawings and descriptions. After setting up the composition of the external wall, roof,
and external windows in DesignBuilder, the thermal properties of these envelopes were
calculated with the use of the software. The detailed composition of the external walls, roof,
and windows with calculated thermal properties are listed in Table 2.
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Table 2. Composition of main building envelope and thermal properties.
Envelope Material Thickness [mm] U [W/(m?K)] SHGC

outermost layer: cement plaster 20

External wall middle layer: hollow brick 240 1.98
innermost layer: cement plaster 20
concrete protection layer 40
waterproof layer: EPDM 12
thermal insulation layer: XPS extruded polystyrene 35

Roof cement plaster 20 07
levelling layer: concrete 20
structure layer: reinforced concrete 120

External windows tempered glass 2 5.6 0.758

aluminum frame

According to the Implementation Guide for Green Building Assessment Standard for
Existing Building Retrofitting [34], all other impact elements, including the light power
density, electrical device density, cooling setpoint, heating setpoint, fresh air value, personal
occupancy density, and operational schedule of the model, are taken from the standard
values for an educational building in the HSCW climate region of GB50189-2015 and the
Standard for Green Performance Calculation of Civil Buildings (JGJ /T 449-2018) by MO-
HURD [35]. This method of using the parameters of the latest standard have been proven
effective by researchers for building energy simulations [36,37]. The major parameters of

conditioned areas are listed in Table 3.

Table 3. Main functional zone design parameters of conditioned areas.

Classroom Office Lecture Theatre = Computer Lab. Meeting Room

Light power density (W/m?) 9 9 9 9 9
Electrical device density (W/m?) 5 15 5 15 15
Cooling setpoint (°C) 26 26 26 26 26
Heating setpoint (°C) 18 18 18 18 18
Personal occupancy density (m2/ person) 1.39 8 25 4 2.5
Fresh air (m3/h person) 24 30 14 20 14

Operational schedule (workday) 7:00-19:00 7:00-19:00 7:00-19:00 7:00-19:00 7:00-19:00

Note: The parameters are adapted from GB50189-2015 and JGJ /T 449-2018.

The location of the sample building was in Suzhou, and the hourly weather data was

obtained from Meteonorm 7 [38]. Figure 4 illustrates the Suzhou weather data of a typical
meteorological year. As illustrated, the coldest dry bulb temperature is about —5 °C, and
the hottest dry bulb temperature is about 37 °C.
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3. Building Energy Performance Assessment
3.1. Building Heating and Cooling Load

The energy simulation was performed, and the annual simulation results of the cool-
ing and heating load is illustrated in Figure 5. The heating and cooling load refers to
the instantaneous heating and cooling capacity (kW) necessary for maintaining indoor
set-point temperatures, while the heating and cooling demand and consumption is the
energy consumed over a period (kWh). As illustrated, the cooling load is much higher
than the heating load for this sample public building based on the Suzhou weather data
of a typical meteorological year. As can be seen, the heating load is mainly distributed
in December, January, February, and March, while the cooling load is mainly distributed
from May to September. The higher cooling load is reasonable, since as a public build-
ing, activities occur during the daytime. In summer, the outdoor temperature can reach
37 °C during the daytime, while in winter the outdoor temperature can reach 10 °C during
daytime. This result is in line with Ge et al. (2018) and Liu et al. (2022), who found that
the hot and long summer demanding more cooling is a typical phenomenon in the HSCW
climate region of China [26,39].

500,000

500,000
400,000
300,000
200,000
100,000 I I
o I - - | — I

1 2 3 4 5 6 7 8 9 10 11 12
Month

Load (kWh)

B Cooling Load M Heating Load

Figure 5. Monthly heating and cooling load of sample building.
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3.2. Energy Performance of the Sample Building and GB50189-2015 Baseline Model

For assessing the thermal and energy performance of the existing building enve-
lope, a GB50189-2015 baseline model was created based on the sample building model
using the baseline parameters of the external walls, roof, and windows indicated in
GB50189-2015. The U-values of the external walls, roof, and external windows, and the
SHGC of external windows of the sample building and baseline parameter are listed in
Table 4. The sample building envelope has a poor thermal property compared with the
baseline thermal properties indicated in GB50189-2015.

Table 4. Thermal properties of the sample building and GB50189-2015 model.

Sample Building Model GB50189-2015 Model
Envelope
U [W/(m?-K)] SHGC U [W/(m?-K)] SHGC
External wall 1.98 0.80
Roof 0.70 0.50
External window 5.6 0.758 24 0.35

The annual energy performance of the GB50189-2015 model was simulated, keeping
other input parameters unchanged. The annual simulation results of the sample building
model and the GB50189-2015 model are listed in Table 5.

Table 5. Comparison of the simulation results of the sample building model with the GB50189-2015 model.

Sample Building GB50189-2015
Model Model

Annual heating load 255,218.48 160,956.88 kWh

Annual cooling load 2,025,823.74 1,687,943.93 kWh

Total annual heating and cooling load 2,281,042.22 1,848,900.81 kWh

Peak load of heating 2410.738 1594.73 kW

Peak load of cooling 3253.009 2634.2 kW
Electricity intensity for heating 8.98 5.69 kWh/m?
Electricity intensity for cooling 71.26 59.64 kWh/m?
Electricity intensity for heating and cooling 80.24 65.33 kWh/m?

From the table, it can be seen that the sample building had a very high energy
consumption; the total annual energy consumption for heating and cooling was 18.94%
greater than the GB50189-2015 model. The annual heating load is 36.93% lower for the
GB50189-2015 building model, and the annual cooling load of the GB50189-2015 building
model is 16.68% lower than the sample building model. The peak load of heating and
cooling for the model are both lower for the GB50189-2015 building model compared with
the sample building. Therefore, using baseline parameters of energy efficiency standards
for public building as a first step for energy retrofitting could effectively assess the energy
performance of existing buildings.

4. Sensitivity Analysis of Parameters of Envelope for Energy Retrofitting
4.1. Sensitivity Analysis of External Wall

For the energy retrofitting of an existing building’s external walls, adding an insulation
layer is widely accepted as a practical measure. For the sample building, there was no
insulation layer in the existing external walls. The U-value for the main composite of
the existing walls was 1.98 W/(m?:K). The thermal performance of an external wall is
highly affected by the U-value. The baseline parameter of external walls in GB90185-2015 is
0.80 W/ (m?2-K) for the HSCW climate region. To identify the most suitable U-value of the
external walls of the sample building, seven different U-values under the baseline value of
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GB90185-2015 were simulated for energy performance. When the U-value of the external
walls was altered in the simulation program based on the GB50185-2015 model, all other
parameters were kept unchanged.

The results shown in Table 6 and Figure 6 indicate that the GB50189-2015 baseline
value could effectively reduce the heating and cooling demand of the sample building.
When using lower U-values for external wall energy retrofitting, the total heating and
cooling load is slightly lower than the GB50189-2015 baseline. Although energy demand
for heating decreases, certain cooling demands increase. This is mainly because the lower
U-value of the external walls keeps the heat gain inside the building from releasing to
the outside through the external walls. To reach the set point of the air conditioner for
keeping indoor thermal comfort, more cooling is needed when the inside air temperature
is high. The lower U-value for external wall energy retrofitting therefore has an opposite
impact on cooling. Considering the climate condition in China’s HSCW region and the
global warming effect, the air temperature is increasing year by year [40]. Using a lower
U-value for external wall energy retrofitting will not effectively help to reduce the energy
demand for cooling in summer and transition seasons in the HSCW region. This issue
could be remediated by using active energy retrofitting measures by installing efficient air
conditioning and ventilation systems [41].

Table 6. Energy simulation results of using different U-values for external wall energy retrofitting.

U [W/m2-1)] Electricity Intensity for Electricity Intensity for Electricity Intensity for
m Heating (kWh/m?) Cooling (kWh/m?) Heating and Cooling (kWh/m?)
Existing external wall 1.98 8.98 71.26 80.24
GB90185-2015 baseline 0.80 5.69 59.64 65.33
U 0.7 541 59.78 65.19
Uuwo 0.6 5.13 59.93 65.06
Uuws 0.5 4.86 60.09 64.95
Uwa 0.4 4.58 60.22 64.8
Uys 0.3 431 60.4 64.71
Uuws 0.2 4.03 60.6 64.63
74 8
72 ] I Elcctricity intensity for heating r
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Figure 6. Electricity intensity for heating and cooling using different U-values for external wall
energy retrofitting.
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4.2. Sensitivity Analysis of Roof

The U-value of the main composites of the roof of the sample building was
0.7 W/ (m?2-K), which is higher than the baseline roof value of 0.5 W/ (m2 -K) provided by
GB90185-2015 for the HSCW climate region, as shown in Table 3. To identify the most
suitable U-value for the roof for the sample building model, six different U-values under
the baseline parameter of GB90185-2015 were simulated for energy performance.

As an alternative measure, a green roof was selected as a retrofit measure in this
study. The climate in the HSCW region is suitable for growing vegetation, and green roofs
are widely recognized nowadays as providing many benefits for the environment [42,43].
The potential for energy saving using a green roof as the retrofit measure was examined
through a thermal building simulation performed by the EnergyPlus engine in Design-
Builder using the “Ecoroof” module. This module defines “Green roof” using various
parameters, including thickness, thermal conductivity, height of plants, leaf area index, and
leaf reflectivity. In this study, Sedum was used as the green roof plant, and parameters were
designed in DesignBuilder according to the “Shanghai Technical Specification for Green
Roof (DB31/T493-2017)” [44]. The parameters of the green roof are listed in Table 7.

Table 7. Green roof parameters.

Properties Value
Height of plants 0.3
Leaf area index (LAI) 3
Leaf reflectivity 0.19
Leaf emissivity 0.97
Minimum stomatal resistance (s/m) 120
Max volumetric moisture content at saturation 0.5
Min residual volumetric moisture content 0.01
Initial volumetric moisture content 0.15
Thermal conductivity of thermal bulk (W/m-K) 0.4

The results of the green roof simulation are shown in Table 8 and Figure 7. Using a
lower U-value as a retrofit measure for the roof barely improved energy efficiency. The
energy consumption for heating was slightly decreased by a lower U-value; however,
energy use for cooling was slightly increased. There was a slight decrease in total heating
and cooling demand but using a lower-U-value material for a roof as a retrofit measure
was not an effective method.

Table 8. Energy simulation results of using different U-values and green roof energy retrofitting.

U-Value Electricity Intensity Electricity Intensity Electricity Intensity for

[W/(m?-k)] for Heating (kWh/m?)  for Cooling (kWh/m?)  Heating and Cooling (kWh/m?)
Existing Roof 0.7 8.98 71.26 80.24
GB90185-2015 baseline 0.5 5.69 59.64 65.33
Un 0.4 5.55 59.64 65.19
U 0.3 5.42 59.65 65.07
Uy 0.2 5.28 59.69 64.97
Uy 0.1 5.15 59.71 64.86
Green roof / 5.5 59 64.5
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Figure 7. Electricity intensity for heating and cooling using different U-values for roof energy
retrofitting.

Green roofs cause a higher reduction in the heating and cooling load for an ex-
isting roof, while slightly reducing the heating and cooling load compared with the
GB50189-2015 baseline. He et al. (2020) revealed that a green roof not only reduces the
heat flux but also reduces incident solar radiation and cooling through latent heat loss [43].
In addition, a green roof also provides thermal mass as insulation material, especially
in winter, to stabilize the indoor temperature. In the hot season, roof insulation causes
heat to continuously enter the building during the night, whereas a green roof effectively
minimizes this phenomenon. Therefore, the energy performance of a building using a
green roof as a retrofit measure is superior to using a thicker insulation layer. A green roof
reduces both heating and cooling energy consumption as well as the heating and cooling
peak load; it effectively reduces the heat gain in summer and heat loss in winter. As it
also benefits the surrounding environment of a building. It is a good option as a retrofit
measure for a roof in the HSCW climate region of China.

4.3. Sensitivity Analysis of External Windows

The existing external windows were 12 mm tempered single-layer glass, the U-value of
which was 5.6 W/ (m?K), as shown in Table 1. The insulation of the existing windows was
higher than the baseline parameter of GB90185-2015, which is a U-value of 2.4 W/ (m?K). To
identify the most suitable U-value of a window for the sample building, five different U-values
under the baseline parameters of GB90185-2015 were simulated for energy performance.

As expressed in Table 9 and Figure 8, using better insulation with a lower U-value
for the energy retrofitting of external windows increases the heating and cooling demand,
and in particular, the energy consumption for cooling. The energy demand for heating is
reduced because of better insulation in the cold season. However, the lower U-values for
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windows has the added effect of increasing cooling demand in the cooling season. The
lower U-value prevents the heat gain inside the building from being released to the outside
through the windows. Intense solar radiation and hot temperatures in the cooling season
causes overheating, since better window insulation keeps the heat inside. Hence, in this
case, it is not suggested that excessively insulating materials with lower U-values be used

as energy retrofitting measures for the windows.

Table 9. Simulation results of different U-values for window energy retrofitting.

U-Value Electricity Intensity for Electricity Intensity for Electricity Intensity for Heating
[W/(m? k)] Heating (kWh/m?) Cooling (kWh/m?) and Cooling (kWh/m?)
Existing external windows 5.6 8.98 71.26 80.24
GB90185-2015 baseline 24 5.69 59.64 65.33
Uit 2 5.05 60.31 65.36
Uwi 1.5 4.01 62.36 66.37
Uuwis 1 3.05 64.31 67.36
Uwia 0.5 221 65.77 67.98
Uuwis 0.1 1.57 67.13 68.7
a0
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Figure 8. Electricity intensity for heating and cooling using different U-values for window energy retrofitting.
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Besides the U-value, the SHGC is a primary parameter for window energy perfor-
mance. The lower the SHGC, the more solar radiation is blocked from the window. The
SHGC of the existing external windows was 0.758, as shown in Table 1. To identify the
most suitable SHGC value for the window energy retrofitting of the sample building, five
different SHGC values under the baseline value of GB90185-2015 were simulated for energy
performance when the SHGC of the windows was altered in the simulation program based
on the GB50185-2015 baseline model (all other parameters remain unchanged).

As illustrated in Table 10 and Figure 9, the lower SHGC values reduce the total heating
and cooling energy load. In particular, lower SHGC values effectively reduce the cooling
demand in the hot season. A lower SHGC value for a window system indicates better
shading performance. This reveals that in China’s HSCW climate region, shading is an
effective window retrofit measure.

Table 10. Energy simulation results of using different SHGC values for window energy retrofitting.

SHGC Electricity Intensity Electricity Intensity Electricity Intensity for
for Heating (kWh/m?)  for Cooling (kWh/m?)  Heating and Cooling (kWh/m?)
Existing external windows 0.758 8.98 71.26 80.24
GB90185-2015 baseline 0.35 5.69 59.64 65.33
SHGC, 0.3 6.16 57.58 63.74
SHGC, 0.25 6.28 57.12 63.4
SHGC3 0.2 6.8 54.99 61.79
SHGCy4 0.15 7.36 52.81 60.17
SHGCs 0.1 7.99 50.59 58.58
%0
80
70
E 60
=
2
‘2.‘: 50
F
;-]
Ea
z
= 30
20
10
0
Case building ~ GB50189-2015 0.3 0.25 0.2 0.15 0.1
SHGC
= Electricity intensity for heating s Electricity intensity for cooling Electricity imensity for heating and cooling

Figure 9. Electricity intensity for heating and cooling using different SHGC values for window
energy retrofitting.
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5. Results of the Optimized Building Model

The heating and cooling intensity of U-values for the external wall and the roof, and
the U-value and SHGC values for the windows are given in Tables 6 and 8-10, and are
illustratively compared in Figure 10. From these results, it can be concluded that using
lower SHGC values for the windows has the most influential impact for reducing total
yearly heating and cooling demand in the HSCW region, compared to other measures,
whereas using a lower U-value for the windows increases the total heating and cooling
demand. The results also indicate that better insulation of the external walls and roof have
little influence on total energy consumption.

85

80

75

70

65 - e i S

Heating and cooling intensity(kWh/m?2)

60

55
1 2 3 ) 5 6 7 8

External wall  ==fe=Roof Window U value  e=@==\Nindow SHGC

Figure 10. Comparison of the impact of U-value of external walls, U-value of roof, U-value of
windows, and SHGC value of windows.

The parameters which had better overall energy performance were used to create
an optimized building model: a baseline U-value of 0.8 W/(m?-K) was used for external
wall retrofitting; the green roof was used for roof retrofitting; and a baseline U-value of
2.4 W/(m?K) and a lowest SHGC value of 0.1 were used for window retrofitting. The
simulation results for the optimized building model are provided in Table 11.
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Table 11. Annual energy performance of the sample building model, the GB50189-2015 model, and
the optimized model.

Sample Building GB50189-2015 Optimized
Model Model Model
Annual heating load kWh 255,218.48 160,956.88 224,525.29
Annual cooling load kWh 2,025,823.74 1,687,943.93 1,412,004.06
Total annual heating and cooling load kWh 2,281,042.22 1,848,900.81 1,636,529.35
Peak load of heating kW 2410.738 1594.73 1591.06
Peak load of cooling kW 3253.009 2634.2 2378.51
Electricity intensity for heating kWh/m? 8.98 5.69 7.93
Electricity intensity for cooling kWh/m? 71.26 59.64 48.79
Electricity intensity for heating and cooling ~ kWh/m? 80.24 65.33 56.72

As shown by the simulation results in Table 11, the annual heating load and the
electricity intensity for heating of the optimized model are higher, while the cooling load
and electricity intensity for cooling are lower than the GB50189-2015 model. The annual
heating and cooling load of the optimized model was 11.49% lower than the GB50189-2015
baseline model, and 28.26% lower than the sample building. The peak load for both heating
and cooling were lower in the optimized model.

6. Conclusions

This research provides energy retrofit optimization strategies for existing public build-
ings in China’s HSCW climate region through a case study. The public building used as
a case study was in Suzhou, which is a typical city in China’s HSCW climate region. The
sample building model and a corresponding standard GB50189-2015 baseline model were
created using the simulation tool DesignBuilder. The thermal and energy performance
of the envelope of the sample building was assessed using the standard GB50189-2015
baseline model. Based on this baseline model, the study adopted sensitivity analyses for
the building envelope, including the U-value of external walls, the U-value of the roof,
and U-value and SHGC value of external windows, to further assess the parameters and
identify their significance in affecting the energy consumption for indoor space heating and
cooling. In comparison with the sample building, the total energy use of the GB50189-2015
baseline model was 18.94% lower. The optimized parameters could reduce the heating
and cooling load by 11.49% compared with the GB50189-2015 baseline model, and by
28.26% compared with the existing sample building. The following conclusions are drawn
from this research.

For existing public buildings constructed before the implementation of the energy
efficiency standard GB50189-2015, thermal properties and energy performance could ef-
fectively be assessed by using the baseline model of the energy efficiency standard. If an
existing public building already meets the baseline value of the latest energy efficiency
standard, further improvement of the insulation of external walls and the roof cause little
energy reduction for heating and cooling. Hence, it is not recommended to consider in-
stalling insulation with a lower U-value as a retrofit measure for external walls and roofs.
Instead of insulation, green roofs prove a better solution for energy retrofitting for a roof,
as they reduce heat gain in summer and heat loss in winter. Using a lower SHGC value for
windows could greatly reduce the energy consumption compared with other parameters
of an envelope. Improved shading and lower SHGC values are the most effective measures
for public building envelope energy retrofitting in China’s HSCW climate region.

The findings of this study could provide a valuable reference for local government
and practitioners to improve energy efficiency when retrofitting existing public buildings
in China’s HSCW climate region. The methodology of this research could also be adopted
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to investigate existing building energy retrofitting for other climate regions in China and
around the world. Since lack of funds and high cost is one of the barriers for energy
retrofit projects, the cost-effectiveness of retrofitting measures and the return rates could be
analyzed in future studies. The embodied emissions caused by energy retrofitting could
also be assessed to investigate the tradeoff between operational energy and embodied
energy of a public building retrofit project.
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