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Abstract

China consumes approximately 20 % of primary energy in its
building sector. It is estimated that energy use in buildings will
continue to increase in the future due to the fast urbanization
process. Codes and standards are widely believed as one of the
most effective ways to improve efficiency and reduce energy use
and CO, emission in building sector. China started to develop
its own prescriptive building energy codes and standards in
the late 1980s. Using the 1980s buildings characteristics as the
baseline, the national prescriptive building codes in China have
achieved 50 % and 65 % energy efficiency improvement. How-
ever, buildings meet the prescriptive codes requirements may
not yield actual operation energy performance. Many buildings
have demonstrated good energy performance in design stage,
but not performed well in their operation stage. In order to
fill in the performance gap between prescriptive standard and
actual performance, China has developed an outcome-based
building energy standard trying to regulate actual building en-
ergy use in buildings.

This paper reviews international best practice on outcome-
based building codes. Based on previous study of prescriptive
building codes in China, this paper presents the gaps between
Chinas prescriptive code performance and the proposed
outcome-based code requirements. To fill the gaps, the paper
discusses certain operation measures that influence building
energy use in the operation stage, and possible solutions to
help buildings complied with prescriptive code performance

to meet the proposed outcome based code requirement as well.
Finally, this paper discusses about current barriers and feasible
policies to solve the issues of compliance and enforcement of
the proposed outcome based code.

Introduction

Buildings use a significant amount of energy in China and it is
expected that energy use will continue to increase in Chinese
building sector because of fast urbanization and increasing
levels of people’s living quality (Zhou et.al 2015). To control
the fast increase of energy consumption in the building sector,
the Chinese government has established comprehensive poli-
cies in its 11", and 12 Five Year Plan (FYP)'. Building energy
codes and standards have been found to be one of the most
effective policies to reduce energy in buildings (Levine et. al
2010, R). China started to develop its own building energy ef-
ficiency standards in the 1990s. China issued its own standards
for commercial (public) building (GB50189) in 1993, with an
initial emphasis to reduce energy consumption in hotels. The
update in 2005 mandated that buildings were required to be
designed and built with 50 % energy reduction compared to
a 1980s baseline where buildings were built without energy
standard requirements. The update version of the commercial
building standard in 2015 mandates that buildings will be 65 %
efficient than the 1980s’ baseline?, but actually achieve approxi-
mate 62 % energy savings (Feng et. al 2014, MOHURD 2015).

1. 11" FYP, 2006~2010; 12" FYP: 2011~2015.

2. The baseline is developed using buildings’ characteristics in the 1980s. In the
1980s, there was no energy standard. Buildings in China exhibited high energy
use, especially in heating.
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However, new issues are observed that buildings, designed
efficiently, sometimes exhibited high operational energy use
intensity compared to their original design performance. This
is mainly caused by the unregulated operating conditions and
occupant behaviours which the prescriptive standards do no
mandate. Given that the prescriptive standards alone are not
enough to regulate actual energy use, this brings new chal-
lenges for Chinese government to control building energy con-
sumption. During the 12 FYP, the Chinese Ministry of Hous-
ing and Urban Rural Development (MOHURD) has initiated a
new commercial building energy consumption standard (also
called as “energy quota standard” or “outcome based standard”)
to regulate actual energy use in buildings. The standard was
finalized in 2016 and became effective in October 2016 (MO-
HURD 2016). The energy quota standard no longer prescribes
individual building technologies and components perfor-
mance, but provides a set of energy use intensity levels (EUTs)
for different building types in different climate zones. This gives
birth to a new stage of Chinese building energy standard his-
tory which have been predominantly prescriptive-based in the
past 20 years, turning into an outcome targets based standard.

The purpose of this paper is to

e Review international best practice of developing outcome
based energy codes and standards, and provide recommen-
dations for the new Chinese outcome-based energy standard.

e Evaluate the technical performance of the Chinese out-
come-based standard target settings by comparing with the
prescriptive energy standard.

The evaluation is also to quantify the impact of unregulated
operating measures and behaviours in order to achieve the
outcome based targets. This will help building operators better
comply with new outcome based standard.

In the background section, this paper firstly reviews the char-
acteristics of prescriptive energy standards and its drawbacks.
Then it introduces the definition of outcome based stand-
ards and their development in selected countries and regions
around the world, especially focusing on the Chinese outcome-
based energy standard requirements. In the modelling and re-
sults section, this paper compares energy performance targets
between the prescriptive commercial building standard and the
outcome-based energy standard. It uses simulation models to
quantify energy performance of the Chinese prescriptive stand-
ard, and use the simulated targets to compare with the outcome
based standards target settings. The study also provides a list of
operation measures for office buildings and study their impact
to achieve outcome based standard requirements. Finally, in
the conclusion section, recommendations are provided on the
technical aspects and policy aspects of the Chinese outcome
base energy standard.

Outcome based code

Building energy codes have been developed by many countries
and regions in the world. Many countries have established
their regulation using prescriptive measures to mandate build-
ing components and technologies performance (Rosenberg et.
al. 2015). Prescriptive codes and standards mandate building
envelopes, heating ventilation and air-conditioning (HVAC),
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lighting, plug load and other systems technical performance
to reach minimum level of performance often based on build-
ings located climate zones. In some countries, the prescriptive
energy standards also allow one building system’s performance,
if fails to achieve certain mandatory requirements, to trade-off
with another system’s performance. Such regulation is very use-
ful to manage the approval of new constructions and associate
measures performance with building permits. Moreover, to
evaluate whole building level performance, a performance base
compliance path is also established in some countries’ build-
ings codes. Such path pays more attention to a whole building
level performance rather than individual measures. And it al-
lows buildings modelled energy performance to compare with
a hypothetical baseline buildings performance, and quantify
energy savings and code compliance. The whole building per-
formance compliance path is well adopted by many countries’
code development, and is especially widely used in evaluating
energy savings potential of green buildings.

However, the prescriptive and performance based standards
also exhibit issues in following circumstance:

e Prescriptive and performance-based standards are often
applied to permit new construction, but not often used in
existing building.

e Prescriptive and performance based standards tend to focus
more on energy conservation measures and model energy
performance, than on the actual energy use.

o There are “unregulated measures™ which are difficult to
regulate through the prescriptive and performance based
standards.

In order to address the issues raised by using prescriptive stand-
ards, some countries and regions have developed outcome based
energy codes and standards. Outcome based codes and stand-
ards regulate one building’s performance in its operation stage.
It often requires buildings to continuously operate for at least
one year after its occupation, and use the measured performance
data obtained in that period to compare with targets set by the
outcome based standard in order to achieve compliance.

The city of Seattle is one of the leading cities around the
world developing the outcome based energy code (Pinch 2015,
Seattle 2015). Starting in 2008, the city of Seattle has begun the
outcome based energy code focused on compliance through
verified energy performance. The code development is also as-
sociated with selected pilot buildings and collect their actual
operation energy performance. A building, in order to comply
with the outcome based code, needs to be continuously oper-
ated for at least 12 months and to have 75 % or more its space
occupied during that operation period. Outcome based targets
setting is borrowed from the city level benchmarking and dis-
closure data. However, since very few buildings included in the
city’s benchmarking database are built using the city’s post 2009
code, the actual EUT settings are selected with much lower EUI
compared to the cities’ benchmarking results. Sub-metering
system is desired to acquire detailed building energy use infor-

3. Unregulated measures mean conditions that are not mandated or controlled in
the prescriptive standard. Such measures are often related to building operations,
comfort, and occupant behaviours. Later part of this has some detailed analysis of
unregulated measures impact on building performance.
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Table 1. The outcome based targets of energy code for the city of Seattle.

6-156-17 FENG ET AL

Building Type EUI target — kWh/m? (or kBtu/ft?)
B- occupancy office 126 (or 40)
B-occupancy medical office 157.5 (or 50)
R-2 occupancy multifamily 110 (or 35)
S-1 and S-2 occupancy warehouse 78.7 (or 25)
E-occupancy school 141.7 (or 45)
M-occupancy retail 189 (or 60)
1-2 occupancy hospital 472.5 (or 150)
Parking garages 31.5 (or 10) for enclosed garages; 18.9 (or 6) for open garages

mation. It also requires building to conduct energy modelling
first to demonstration saving opportunities before collecting
measured energy performance data. Sensitivity analysis is re-
quired to quantify the impacts of certain operation measures
on building energy performance. To promote the adoption of
the outcome based and demonstrate energy savings beyond
code requirement, incentive programs are created.

Sweden is one of early adoption countries on outcome based
code. Sweden developed its own out-come based code (BBR)
since 2006 for residential and non-residential buildings for the
country’s different climate zones (Wahlstrom 2010, Boverket
2012, Boverket 2016). As heating consumes a majority of build-
ings’ total energy use in Sweden, the outcome based code speci-
fies building energy performance in terms of electrically heated
buildings and non-electrically heated building. The code uses
“specific energy use” definition, which is an EUI requirements
including heating, ventilation and hot water energy use, but not
including energy use from plug load, lighting and other op-
erational use. The code requires buildings to verify its perfor-
mance within 24 months its completion with continuous moni-
toring data for 12 months. The code differentiate target EUI
settings into small houses, small houses with conditioned floor
space less than 50 m?, apartment buildings, apartment building
blocks with conditioned space larger than 50 m?, ordinary non-
residential buildings and small non-residential buildings with
conditioned floor space less than 50 m?. Table 2 below provides
non-residential building outcome based targets in Swedish out-
come based code. Besides setting up outcome based targets, the
Swedish code allows buildings to calculate their relative perfor-
mance based on outdoor air different ventilation rates. Similar
with Seattle’s outcome based code, the Swedish code also use
site energy for building energy use targets. The code provides
a set of policies for buildings’ compliance, in terms of commis-
sioning, permitting, fines to fail to compliance and so on.

China started to develop its outcome based energy standard in
2013, and the standard is approved in by MOHURD in late 2016
and become effective. The standard, which is officially called as
Civil Building Energy Consumption Standard, defines build-
ing energy performance targets based on existing buildings’
energy performance data and subsequently local level energy
benchmarking (also called “energy quota” in China). It setup
EUT targets into two values for each building type, category and
climate zone: 1) required value, and 2) recommended value. The
required value is an annual measured EUI target mandatory to
achieve for one building. The recommended value is an annual

measured EUI target voluntary to achieve but the government
promotes that direction or have buildings to demonstrate that
level of performance. The required value is obtained based on a
50 % benchmarked performance of existing building stock (the
target EUI is set to the value lower than 50 % of the surveyed
building stock), and the recommended value is obtained based
on a75 % benchmarked performance (the target EUT is set to be
lower than 75 % of surveyed buildings).

The Chinese standard develops very comprehensive require-
ments and distinctions. First of all, the Chinese standard sepa-
rates heating use in the Northern China (which includes Cold
and Severe Cold climate zones, based on Chinese climate zone
shown in Figure 1) from non-heating energy use*. Since heat-
ing energy use in the Northern China takes approximately a
quarter of the countries total energy comsumption, regulating
Northern China heating is a very important topic. The EUI
for northern China heating energy is mandated with the unit
of kilogram of coal equivalent per square meter, or kgce/m2.
However, for buildings in Transition (or called as Hot Summer
Cold Winter), South (or Hot Summer Warm Winter) and Tem-
perate climate zone, heating energy is incorporated into build-
ings total energy use and expressed in final energy style. The
heating EUI targets in the northern part of China are separated
into two categories, based on the fuel type of heating system:
1) heating using coal, and 2) heating using natural gas. Then,
the EUI targets are further specified based on three different
scales of heating system: 1) city level district heating, 2) com-
munity or small campus based heating, 3) individual building
scale heating, and eventually given for 16 provinces of the Cold
and Severe Cold climate zones. The standard also provides tar-
gets for building heating demand intensity in required values
and recommended values for provinces in the Cold and Severe
Cold climate zones. Based on heating EUTI targets and heating
demand targets, the standard further provides target for heat-
ing system pipeline loss and district heating pumps energy use.
The advantage of this distinction is that it gives very detailed
heating energy requirements based on climate and system
types, and its regulate not only building itself, but also district
heating system efficiency, which Seattle and Swedish codes do
not regulate. However, this also impose complexity to imple-

4. The rationale for this distinction is that heating in the Cold and Severe Cold
climate zones is primarily supplied by different types of district and campus scale
system. And there is very few district heating system in Transition and Southern
part of China.
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ment the standard as the energy use boundary changes from
buildings to district heating system.

For commercial buildings, the Chinese standard devel-
oped two categories of energy use targets. Category A defines
buildings with operable windows, which can conduct natural
ventilation when outdoor conditions are satisfied, and usually
equipped with split HVAC system. Category B defines build-
ings without operable windows and are mainly served with
mechanical ventilation and equipped with centralized HVAC
system. Furthermore, the Chinese outcome based energy
standard divides the EUI targets based on different building
types (Table 3). The standard also specifies required values and
recommended values in different climate zones. These targets
exclude parking garages in commercial buildings. Parking ga-
rage EUI targets are provided separately for office buildings,
hotels, and retail buildings regardless of their climate zones and
categories. Data center, cooking and other special energy use is
not counted into EUT targets. Local generated renewable ener-
gy is also not counted into these EUI targets.

Another feature of the Chinese outcome based energy stand-
ard is that it allows buildings to normalize their EUT perfor-
mance, and use normalized EUT to compare with EUT targets.
For office buildings, the EUT performance can be normalized
based on occupancy intensity (standard value: 10 m*/person),
and operating hours (standard value: 2,500 hr); hotels, nor-
malized based on guest room occupancy rate (standard value:

6. BUILDINGS POLICIES, DIRECTIVES AND PROGRAMMES

50 %), and guest room vs. total floor space ratio (standard
value: 70 %); retail buildings, normalized based on operating
hours (standard value: 5,500 hr for supermarkets, 4,570 hr for
shopping centers/malls, and 5,000 hr for other shops and res-
taurants). A specific performance year’s outdoor air tempera-
ture is used to normalize heating energy use for buildings in
the Northern China.

For residential buildings, i.e. high-rise apartment buildings,
the energy targets are given per household instead of per square
meter. The targets exclude heating in the Northern China heat-
ing are provided in Table 4 for a standard energy use of a house-
hold with the 3 people. The Chinese standard allows house-
holds to normalize their energy performance if there are more
than 3 occupants in one household.

Modelling

The outcome based building codes in the city of Seattle and
Sweden define performance EUI target together with prescrip-
tive measures requirements. However, the Chinese outcome
based energy standard exists in parallel with traditional resi-
dential and commercial building prescriptive standards. As
the Chinese outcome based energy standard will be applied to
both new and existing buildings, it is necessary to discuss the
relationship between the performance of Chinese prescriptive
energy standard and the outcome based standard.

Table 2. Swedish outcome based code performance target for non-residential buildings.

Climate Zone EUI target for non-electric heating — | EUI target for non-electric heating —

kWh/m? kWh/m?
Climate zone 1 105 85
Climate zone 2 90 65
Climate zone 3 70 50
Climate zone 4 65 45

E
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Figure 1. Chinese climate zone map.
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Table 3. EUl targets of Chinese outcome based building standard for commercial buildings in Hot Summer Cold Winter climate zone.

Building Category Type and scale EUl in Hot Summer Cold Winter Climate zone
(Shanghai) — kWh/m?
Required value Recommended Value

Cat. A Government office 70 50
Office Commercial office 85 70
Cat. B Government office 90 65
Commercial office 110 80
3-star or lower 110 90
Cat. A 4-star 135 115
Hotel 5-star 160 135
3-star or lower 160 120
Cat. B 4-star 200 150
5-star 240 180
General store 130 110
Shopping center 130 110
Cat. A General supermarket 150 120
Retail Restaurant 90 70
General shop 90 70
Large store 200 245
Cat.B Large shopping mall 260 300
Large supermarket 225 290

Table 4. Chinese building outcome based standard energy targets for residential building.

Climate Zone Required Electricity Use target | Required Natural Gas Use
— kWh/household Target — m®household
Severe Cold 2,200 150
Cold 2,700 140
Hot Summer Cold Winter 3,100 240
Hot Summer Warm Winter 2,800 160
Temperate 2,200 150

In order to understand the performance relationships be-
tween Chinese prescriptive energy standard and the outcome
based energy standard, we modelled a few energy conserva-
tion measures, such as occupant based lighting control, natural
ventilation, economizer control, supply air temperature reset,
etc. These measures are not regulated in current Chinese com-
mercial building prescriptive standard. The energy conserva-
tion measures are simulated individually first and then all the
energy conservation measures are simulated all together to il-
lustrate the total energy savings potential. Then the simulation
results are compared with the baseline models to illustrate the
energy savings potential.

ENERGY SIMULATION MODELS

The large and small office building models are developed as
an example to quantify the performance of Chinese prescrip-
tive commercial building standard and the building outcome
based energy standard. Previous studies (Feng et. al 2014) have
investigated the current Chinese commercial building energy

efficiency prescriptive standard by developing large office refer-
ence buildings in China. We continue to use that model from
previous studies, without repeating modelling details here,
and adopt the energy performance results obtained through
simulating the large office building model. We also developed
a small office building model for this analysis. Different from
the large office building model developed in previous study,
the small office building is equipped with distributed HVAC
system. The model follow the Chinese commercial building
standards requirements on prescriptive measures.

Both the small and large commercial building models
are simulated for three representative cities, Beijing (Cold),
Shanghai (Hot Summer Cold Winter) and Guangzhou (Hot
Summer Warm Winter) in EnergyPlus®. We use the current the

5. EnergyPlus is a U.S. Department of Energy developed whole building energy
simulation program that engineers, architects, and researchers use to model both
energy consumption—for heating, cooling, ventilation, lighting, and plug and pro-
cess loads—and water use in buildings.
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2015 Chinese commercial building energy standard’s models for
baseline performance analysis in this paper (MOHURD 2015).
Energy conservation measures are modelled upon the 2015
baseline models. The next section introduces the details of se-
lected energy conservation measures. The general information
about the construction and energy systems are as follow. The
small office building is a one-story building with total floor area
of 8,176,56 m? The large office building is 18-story building
with the total floor area as 26,142,48 m?. Table 5° summarizes
the key information of the simulated buildings. All these simula-
tions use Chinese Standard Weather Data (CSWD) weather files
for the three representative cities in this study.

ENERGY CONSERVATION MEASURES

Considering the availability and applicability, we selected six
energy conservation measures for small building, which are
heating and cooling setpoint adjusting, occupant based light-
ing and equipment operation, natural ventilation, as well as
window shading control. Besides the measures applied in the
small building, we also modelled more energy conservation
measures for the large buildings, which are outdoor air econo-
mizer control and supply air temperature setpoint reset. The
details about the implementation of each energy conservation
measure are presented as follows.

Occupant based lighting and equipment control is simulated
by energy saving discount upon the baseline models, which
complies with the current building operation codes. The energy
saving discount rate is 20 %, provided by a previous study (Sun
et.al. 2016). As a result, the lighting and equipment turning on
ratio is reduced by 20 % in the new simulation models.

Another energy saving achieved by temperature adjustment
is modeled by increasing the cooling temperature setpoint to
28 °C during and by decreasing the heating temperature setpoint
to 16 °C during the occupied hours from 8 am to 6 pm. The
temperature setpoints at the unoccupied hours remain the same.

Natural ventilation is modeled by simply modifying the
infiltration rate when the outside weather condition is appro-
priate for natural ventilation during the shoulder seasons. The
infiltration rate is determined to achieve the same air exchange
rate (ACH) as the natural ventilation provided in a previous
study (Tong 2016).

Window shading is also an effective energy conservation
measure when the outsider solar radiation is high. We im-
plemented a roll shade for each window of the building in the
model. It has transmittance as 0.075, solar reflectance as 0.7,
conductivity as 0.1 (W/m-k), visible transmittance as 0.032,
visible reflectance as 0.5. A shading controller determines
the shading on/off control. In the cooling season, the window
shading system will be turned on to reduce the heat gains, when
the outside solar radiation is high.

All of these three large commercial buildings in this study use
the variable air volume (VAV) systems. Therefore, besides the
measures discussed above, we also investigate the energy saving
potentials of outdoor air economizer. The outdoor air economiz-
er uses fixed dry bulb temperature control type. The maximum
and minimum limit dry bulb temperature is 23 °C and 13.5 °C.

6. AHU: Air Handling Unit; VAV, Variable Air Volume.
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This study also investigates the energy saving potentials of
the outdoor air temperature based supply air temperature
setpoint reset for the large buildings. The temperature set-
point reset logic is when outdoor air temperature is lower than
0 °C, the supply air temperature setpoint is 16.7 °C, and when
outdoor air temperature is higher than 32 °C, the supply air
temperature setpoint is 12.8 °C.

Results

After including all the energy conservation measures, the
energy savings potential is evaluated and compared in Figure 2
and Figure 3 for small and large buildings with all the energy
conservation measures applied. We use final energy intensity
method to show building energy performance results. The final
energy intensity values are also equivalent to primary energy
intensity values by using the Chinese coal equivalent conver-
sion factors. We demonstrate the final energy results just for
better comparison with the targets set up the Chinese outcome
based standards in final energy format (in unit kWh/m?). These
two figures show that the energy conservation measures reduce
the energy consumption significantly. Table 6 summarizes the
energy savings potential breakdown and total energy savings
values. The total energy density of small buildings in all these
three cities are all around (or below) 55 kWh/m?, and that for
the large buildings are around (or below) 90 kWh/m? with
heating energy consumption included.

The savings potential for each energy conservation measure
is shown in Table 7. Plug load equipment and lighting control
are the two measures with the highest energy saving potentials.
The heating setpoint adjusting also achieves over 3 % energy
savings in all of these three locations. Cooling setpoint
adjusting achieves over 10 % and 14 % for large buildings in
Shanghai and Guangzhou, where cooling load is higher. Natu-
ral ventilation is able to reduce energy consumption by over
10 % for large office buildings in all of these three locations,
while the savings for small office buildings in Beijing and
Guangzhou are very small.

We extract the total savings potential from the small office
building (equivalent to Cat. A defined in the outcome based
energy standard), and the large office building (equivalent to
Cat. B defined in the outcome based energy standard) from Ta-
ble 3 and compare them with the target settings of the outcome
based energy standard. The comparison is shown in Table 8.
From the results above, natural ventilation, lighting and plug
load management are very effective in all buildings types to
achieve outcome based energy use targets.

For small office buildings with split HVAC system and natural
ventilation is allowable, the operating conditions sensitivity run’s
results obtained above show that the required targets set by the
outcome based energy standard is achievable by comparing with
“best practice” result with target values set by the outcome based
energy standard. For Cat. A buildings, the recommended targets
are slightly difficult to achieve especially for government office
buildings, but still somehow achievable if more aggressive saving
strategies is applied. For large office buildings with centralized
HVAC system and natural ventilation is difficult, the result in-
dicate that the required targets set by the outcome based energy
standard is achievable as the “best practice” value of 81.82 kWh/
m?is very close to the government office building target 90 kWh/
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Table 5. Building construction and HVAC system of Baseline models.
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Beijing Shanghai Guangzhou
Small Large Small Large Small Large
Cooling system Pa;kcage AHU VAV DX coil AHU VAV DX coil AHU VAV
- + Chiller + + Chiller + - + Chiller +
Heating system Radlgtor Boiler Electric Coil Boiler Electrllcal Boiler
+ Boiler Coil
Equipment density (W/m?) 15 15 15 15 15 15
Lighting density (W/m?) 9 11 9 11 9 1
Window U value (W/m?-K) 2.7 2.7 3 3 3.5 3.5
Window SHGC 0.59 0.59 0.42 0.42 0.336 0.336
Small Building With All Measures
90.00
80.00
E 70.00
=
Z 60.00 W pumps
g 50.00 m fans
§ m equipment
£ 4000
Y m lighting
% 30.00 M cooling
E 20.00 H heating
10.00
0.00
Beijing Beijing Best Shanghai  Shanghai Best Guangzhou  Guangzhou
Baseline Practice Baseline Practice Baseline Best Practice

Figure 2. Small office building energy savings potential.
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W cooling tower

W pumps

m fans

W equipment
m lighting

M cooling
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Shanghai
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Shanghai
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Guangzhou
Baseline

Figure 3. Large office building energy savings potential.

Guangzhou
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m? However, recommended values set by the outcome based en-
ergy standard for large size government office building is relative
low, and it is difficult to achieve the target EUI by only adjust-
ing energy conversation measures used in this study. This means
that Chinese government office buildings with recommended
EUI values may operate beyond the conditions set by the “best
practice” in the study or may have employ some other energy

Table 6. Energy consumption density breakdown (kWh/m2).

6. BUILDINGS POLICIES, DIRECTIVES AND PROGRAMMES

conservation measures not investigated here. Given all the de-
sign prescriptive measures are fixed here, it is necessary for the
Chinese outcome based energy standard to show what condi-
tions buildings with centralized HVAC system are operated for
government office building in order to achieve such low EUT tar-
gets, and the implication to those buildings comfort criteria and
productivity levels when operating under such low EUI values.

Beijing Shanghai Guangzhou
Baseline praBaitsi::e Baseline przitsitce Baseline prBa:tsitce
heating 18.05 5.09 8.28 2.78 0.94 0.15
cooling 7.31 6.43 7.50 5.94 7.36 6.78
lighting 20.71 16.57 21.74 17.39 21.74 17.39
Small Office | €quipment 34.51 27.61 34.51 27.61 34.51 27.61
Building fans 0.16 0.12 0.14 0.10 0.12 0.11
pumps 0.01 0.00 0.01 0.00 0.00 0.00
Total 80.76 55.81 72.19 53.82 64.68 52.05
Saving 30.88 % 25.44 % 19.52 %
heating 14.42 10.69 9.74 7.06 1.10 2.02
cooling 8.68 5.31 27.05 18.36 43.10 30.06
lighting 19.59 15.68 19.59 15.68 19.59 15.68
equipment 32.66 26.13 32.66 26.13 32.66 26.13
;ri?;r?;ﬁce fans 5.42 3.14 16.70 975 21.13 12.27
pumps 0.36 0.21 0.96 0.73 1.37 1.04
cooling tower 1.99 1.1 5.52 4.1 7.40 5.47
Total 83.11 62.27 112.22 81.82 126.36 92.66
Saving 25.07 % 27.09 % 26.67 %
Table 7. Energy saving for each energy saving measure.
Beijing Shanghai Guangzhou
Savings, | Savings | Savings, | Savings | Savings, | Savings
kWh/m? ratio kWh/m? ratio kWh/m? ratio
cooling setp 0.61 0.75 % 0.81 112 % 0.11 0.17 %
heating setp 2.8 3.47 % 2.98 413 % 0.59 0.92 %
grf';?clé lighting use 3.86 | 4.78% 412 | 570% 436 | 6.74%
Building equip use 6.27 7.76 % 6.35 8.80 % 6.9 10.67 %
natural ventilation 1.01 1.25% 7.68 | 10.64 % 1.18 1.82 %
shading 0.2 0.25 % 0.11 0.15 % 0.16 0.24 %
cooling setp 1.38 1.66 % 11.86 | 10.57 % 17.81 14.09 %
heating setp 3.17 3.81% 3.58 3.19 % 3.94 3.12%
lighting use 4.43 5.33 % 7.23 6.44 % 9.16 7.25%
'(-;;ii‘; equip use 717 8.63 % 10.85 9.67 % 13.01 | 10.29 %
Building Natural Ventilation 10.71 | 11.62% 1419 | 12.10 % 1487 | 10 %
shading 0.77 0.93 % 3.27 291 % 4.63 3.66 %
economizer 0.34 0.41 % 2.36 210 % 4.06 3.22%
SAreset 1.15 1.38 % 2.34 2.08 % 3.96 3.13%
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Discussions and conclusions

The simulation analysis results indicate that the Chinese prescrip-
tive and outcome based energy standards demonstrate consistent
performance targets, even though some cases performance gaps
between the two standards is also observed. The office building
simulation shows that despite it is difficult to explain the low EUT
recommended targets set for Cat. B buildings, the performance
gaps can be mitigated through optimize building operating con-
ditions investigated in this study. Thus, even though the prescrip-
tive energy standard and the outcome based energy standard are

6-156-17 FENG ET AL

two separate and independent standards in China, they can both
be potentially applied to the same buildings technically and get
potentially consistent energy performance, with a few exceptions.
‘We summarize the technical features of the outcome based codes
in China, Sweden and City of Seattle in Table 9.

In general, the Chinese outcome based energy standard has
most comprehensive definitions in terms of building type and
end use targets, but very sophisticate to use. The definitions
have different boundaries — buildings themselves and systems
such as district heating system which is outside of buildings.

Table 8 Comparison the commercial builidng prescriptive energy efficiency standard performance and the outcome based energy standard for office buildings in

Shanghai (kWh/m?).

Baseline Best practice Outcome based required Outcome based Recom-
target mended target
Government | Commercial | Government | Commercial
office office office office
Small office (Cat A) 72.19 53.82 70 85 50 70
Large office (Cat B) 112.22 81.82 90 110 65 80
Table 9. Technical summary of outcome based codes and standards in China, Sweden and City of Seattle.
China Sweden City of Seattle

Physical boundary of energy balance

Varies. Has both building scale
and e.g. heating in the North-
ern China outside of building
scale (district heating). Primary
energy for heating and site
energy for non-northern China
heating. Separate electricity
and natural gas energy use in
residential buildings

A building it self’s site
energy

A building it self’s site
energy

Targets EUI definition

EUI (kWh/m?) for commercial
buildings, and per household
energy density for residential
buildings; also include matrix
for district heating system.

EUI (kWh/m?) for all
building types

EUI (kWh/m?) for all
building types

Target categories

Two EUI values: required value
and recommended value;
Distinguish buildings with
operable windows (Cat. A), and
non-operable window (Cat. B)

Distinguish electric
heating and non-elec-
tric heating

Single value

Building type

Commercial and Residential.
Commercial includes office,
retail, and hotel. And further
division of each building type.
Parking garage is separated.

Residential and All non-
residential buildings

Commercial build-
ings: office, medical
office, school, hospital,
warehouse, retail, and
parking garage

Data measurement period

One year data

One year data,
24 month after comple-
tion of construction

12 months continues
monitoring within

3 years of building’s
occupation

End Use Coverage

All end use

Only heating, ventila-
tion and hot water

All end use

Performance normalization or sensitiv-
ity analysis

Can be normalized by oc-
cupancy rate, operating hours,
hotel guest room floor space
ratio and residential number of
persons per household

Can be normalized by
outdoor air ventilation
rate

Sensitivity analysis
based on occupant
density, lighting power,
plug load, infiltration
rates and temperature
setpoints
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In has mixed of target units and separated end use target (e.g.
separate North China heating targets). Having many targets es-
pecially targets at different end use levels could require more ef-
forts and trainings when conducting compliance analysis. This
also impose challenges for building inspectors to evaluate the
performance outside of building boundaries (e.g. district heat-
ing performance), and outside of their jurisdiction.

The other challenges of the outcome based code in China, in-
stead of technical definitions on buildings energy performance,
mainly exist in its implementation stage for compliance, en-
forcement, incentives and so on. Table 10 summarizes key poli-
cies for implementing the outcome based standard and code in
China and the city of Seattle.

The first and foremost issue of the outcome based standard
in China needs to solve is that its relationship between the
current prescriptive energy standards, given that the Chinese
outcome based standard is used in both new construction and
existing buildings. The outcome based codes in Sweden and
City of Seattle are developed with prescriptive measures and
outcome based compliance path. Buildings need to achieve
prescriptive measures first, than to achieve outcome based
performance targets after 12 months of continuous energy
performance monitoring. Since current Chinese prescriptive
standard and outcome based standard are independent to each
other, significant amount of work is required to harmonize the
two standards and document the compliance procedures for
new buildings to achieve both prescriptive standard in design
stage and the outcome based standard in their operation stage
(Rosenberg 2015). Another question for the Chinese outcome
based standard is the compliance procedure when applying to
existing buildings. Existing buildings, different from new con-
struction, have been operated for a period of time and become
difficult to regulate their energy use. Simply setting up targets
without implementation procedure for compliance and sup-
porting policies would be very challenging to achieve compli-
ance in existing buildings.

As the Chinese outcome based energy standard is just re-
leased, incentive and disincentive policies are needed to pro-
mote the adoption of the standard. Comprehensive incentive
programs for buildings perform exceeding outcome based
standard’s requirements are needed. It is also useful to learn
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Seattle’s experience of setting up security fund from building
owner, and deduced from fund if buildings not achieve their
energy performance targets.

Chinese government has developed national level building
energy data monitoring program supported with government
funding for installing sub-metering system. This provide a
fundamental data support for commercial buildings to achieve
requirements set by the outcome based standard. However,
the current outcome based standard does not clarify how data
should be collected and reported, given complex data bounda-
ries and end use level requirements aforementioned, and how
buildings energy performance should be measured and veri-
fied. Once performance data are collected, how to better use the
national level performance data is also very critical. A national
level data disclosure and benchmarking program is necessary
to establish to help China better define energy performance tar-
gets and rules for sensitivity analysis and performance normali-
zation. This would in turn benefit China for its future outcome
based standard update.

This paper is limited to use office building in three differ-
ent climate zones to analyse building performance in order
to achieve the outcome based standards’ target settings. To
achieve more detailed conclusions, more building types and
climate zone analysis are needed. It would be necessary other
countries and regions” outcome based energy standards devel-
opment, in order to draw more comprehensive policy recom-
mendations for the Chinese standard.
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