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O
n first glance, the build-
ing lacks the drama 
of better-known green 
buildings, such as the 

nearby Vanke Headquarters, a much-
publicized LEED Platinum building 
designed by architect Steven Holl.1 
But on closer inspection, it reveals 
carefully designed features including:
•  More than 40 sustainable tech-
nologies that were incorporated 
into a low-cost, low-energy build-
ing through the use of integrated 
design principles;

•  Daylighting and natural ventila-
tion, which greatly reduced the 

energy loads for air conditioning 
and lighting, typically the highest 
drivers of energy consumption in 
an office building; 

•  Work spaces that are built to 
emphasize communication and 
a people-friendly environment, 
which have resulted in high levels 
of occupant satisfaction; and 

•  An integration of nature with 
the workplace, which provides 
an environment that is stimulat-
ing and restorative. Innovations 
include landscaped areas, such 
as the “sky gardens” (see sidebar 
“Garden in the Sky”) and eleva-
tions that are designed to capture 
the benefits of wind and sun. 

Cost and Energy Savings
The construction cost of the build-
ing, at $689/m2 ($66/ft2), is lower 
than the average new commercial 
structures in Shenzhen. Elements 
that contributed to construction sav-
ings included the integrated design 
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B U I L D I N G  AT  A  G L A N C E

Name Shenzhen Institute of Building 
Research (IBR) Headquarters Building

Location Shenzhen, China  
(on the southeast coast of China just 
north of Hong Kong)

Owner Shenzhen Institute of Building 
Research

Principal Use  
Research and design services 
  Includes Office space, research labs, 

servers for energy data, auditorium

Employees/Occupants 419, including 
staff, contract labor and student interns

Expected (Design) Occupancy 400 
 Percent Occupied 100%

Gross Square Footage 195,576 ft2 
 Conditioned Space 190,355 ft2

Distinctions/Awards First Grade (high-
est score) of the 2010 National Green 
Building Award (China); First place in 
the National Demonstration Project of 
Renewable Energy Application (China), 
2010; First place in the National Top-
100 Green Building Demonstration 
Projects (China), 2010

Total Cost $12.9 million

Cost per Square Foot $66  

Substantial Completion/Occupancy 2009

As China’s construction boom continues and air pollution from coal-fired 
power plants grows worse, investment in energy-efficient buildings is on 
the rise. The Shenzhen Institute of Building Research (IBR) Headquarters 
Building was constructed as a living laboratory and has proven to be a model 
building for sustainable design, not just for China but throughout the world.  
It uses modest and simple architecture and incorporates dozens of sustainable 
strategies, resulting in a building that uses less energy than its Shenzhen peers 
and comparable U.S. buildings. It also creates a pleasant working environment 
for occupants and costs less than conventional new construction.

B Y  R I C K  D I A M O N D ,  P H . D . ; 

W E I  F E N G ,  P H . D . ,  M E M B E R  A S H R A E ; 

A N D  Y E  Q I N G

Above The building’s indented perimeter, 
which creates an outdoor atrium, is designed 
to provide optimal daylighting and natural 
ventilation to the office spaces. Rooftop 
photovoltaic panels cover the atrium, provid-
ing renewable energy to the building.

Opposite The Shenzhen Institute of Building 
Research Headquarters Building uses a 
large range of sustainable technologies, and 
has achieved low energy use and high user 
satisfaction with no cost premium.

Model
FOR 

China’s 
Future

S H E N Z H E N  I N S T I T U T E  O F  B U I L D I N G  R E S E A R C H  H E A D Q U A R T E R SC A S E  S T U D Y 
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Land: A vertical landscape distrib-
uted throughout the building dou-
bles the area available for greenery 
compared to the building’s original 
footprint. The roof garden, “sky 
garden,” and patio garden all help 
restore the ecological balance of the 
building site; and 

Water: A 43% savings in water con-
sumption, compared to that of simi-
larly sized conventional buildings 
in Shenzhen, is achieved through 
use of storm water collection and 
reclaimed water.

The building’s structural design 
also helped reduce construction 
costs. Most commercial buildings 
in Shenzhen use pile foundations, a 
design decision based on familiarity 
and safety. The building uses instead 
a raft foundation, which greatly 
reduced construction cost and time 
by eliminating the need to drill for 
pillars, while meeting all of the 
inspections and testing for safety.

The building has recorded 
remarkably low energy use. As a 
comparative measure, the building’s 

approach, which involved finding 
the optimal combination of systems 
at the lowest cost, and the building’s 
management of the design, construc-
tion and operation phases of the 
project. Another factor is the use of 
simple interior design and finishes.

The integrated design approach 
worked with four elements:

Wind: Natural ventilation in all the 
office spaces allows for direct con-
tact with nature, and uses 30% less 
air conditioning; 

Light: Daylight for all the office 
spaces means no artificial lighting is 
needed during the day and provides 
views of the surrounding mountains 
from all of the workstations; 

energy use intensity (EUI) of 63 
kWh/m2 (21 kBtu/ft2) is 61% of the 
mean EUI value of similar buildings 
in the region. A second comparison 
group of green office buildings in 
the U.S. has a mean EUI of 208 
kWh/m2 (66 kBtu/ft2). 

The low EUI is due to the use of 
natural ventilation and daylight-
ing, which are not commonly found 
in other comparable Shenzhen 

technologies and a greater use of 
recyclable building material. 

Sustainable Strategies
The design team started with the 
natural ventilation and daylight-
ing principles suitable for their hot 
summer and warm winter climate. 
CFD modeling determined the 
best location, size, and tilt for the 

buildings, which rely on AC and elec-
tric lighting throughout. The build-
ing’s resulting annual electricity cost 
savings total approximately 700,000 
yuan ($105,000) compared to an aver-
age similar building in the region.

Design
The design team envisioned the proj-
ect as a “green experiment.” As the 
architect and the client for the proj-
ect, the team could expand its green 
agenda beyond what its counterparts 
were doing in China and elsewhere. 

The team reviewed over 100 sus-
tainable technologies and strate-
gies, and incorporated more than 
40 of them, including daylighting; 
natural ventilation; graywater recy-
cling; solar energy generation; and 
highly efficient HVAC systems. The 
12-story 18,000 m2 (193,750 ft2) 
building was designed during 2006 
and 2007. Construction was com-
pleted in March 2009.

The design team considered sev-
eral other green design features 
that did not make it into the final 
design because of cost. These 
included adjustable exterior shades 

E N E R G Y  AT  A  G L A N C E

Annual Energy Use Intensity (EUI) (Site)  
20.6 kBtu/ft2   
 Natural Gas 2.1 kBtu/ft2 
 Electricity (From Grid) 17.3 kBtu/ft2 
 Renewable Energy 1.2 kBtu/ft2

Annual Net Energy Use Intensity  
19.4 kBtu/ft2

Heating Degree Days (Base 65°F) 693

Cooling Degree Days (Base 65°F) 3,950

Annual Hours Occupied Year-round 
occupancy, 8 a.m. to 6 p.m. normal 
weekday schedule; some weekend use 
on Saturday, less on Sunday

Annual Water Use (2011)  
2,978,448 gallons per year; 40% is 
collected rainwater

W AT E R  AT  A  G L A N C E

Water Conservation Rainwater collec-
tion, water-saving appliances, recycled 
water used for toilet flushing and 
landscaping.

Materials Concrete with high-percent 
recycled material, wood products with 
10% recycled materials. Construction 
materials sorted and collected for recy-
cling. Use of local and native materials. 
Low-emission interior finishes.

Daylighting Lightshelves and light tubes 
for garage and basement.

Artificial Lighting Efficient (T5 and LED) 
lighting for the offices.

Individual Controls Light switches and 
operable windows near all workstations.

Carbon Reduction Strategies Energy-
efficient strategies throughout, on-site 
renewable energy sources (PV, solar 
thermal and wind). Natural ventilation 
and daylighting.

Transportation Mitigation Strategies  
Located near subway and other public 
transit stops. Extensive bike parking. 

Other Major Sustainable Features:

HVAC. Water-loop heat pump, water-
source heat pump, temperature and 
humidity are independently controlled, 
and high-efficiency and energy-saving 
air conditioning. 

Semi-centralized solar water heating 
system. 

Extensive landscaping, including a “sky 
garden” area with outdoor meeting and 
conference areas, and a roof garden 
(green roof).

KEY SUSTAINABLE FEATURES The sixth floor “Garden in the Sky” is used 
frequently for formal and informal meet-
ings and events. GARDEN IN THE SKY

The “Garden in the Sky,” located on the 
sixth floor, is an open green space with 
an artificial wetland and lush vegetation 
planted throughout the space, provid-
ing areas for outdoor meetings when 
the weather permits. It’s just one of the 
areas where vegetation is featured, a 
result of the designer’s belief that coex-
istence with nature is one of the impor-
tant features of green buildings. 

Left Windows are designed for natural 
ventilation, with horizontally pivoted win-
dows to direct the airflow above the work 
surfaces. Unlike in other areas of China, 
Shenzhen’s coastal location provides rela-
tively good air quality, allowing for natural 
ventilation much of the year.

Top left Overhangs shade the south-facing 
glass, and deeper walkways and vegetation 
provide shade on the east elevation.

Above The building elevations are designed 
to capture the predominant winds from the 
east and be shaded on the west.

The project was an owner-builder design 
and construction project.

Building Owner/Representative  
Shenzhen Institute for Building Research

Chief Designer/Architect  
Ye Qing, Director, Shenzhen Institute  
for Building Research 

BUILDING TEAM
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windows to ensure optimal natural 
ventilation that directs airflow above 
the work surfaces. 

Unlike in other areas of China, 
Shenzhen’s coastal location provides 
relatively good air quality, allowing 
for natural ventilation much of the 
year. Offices with operable windows 
are located on the upper floors above 
street-level air and noise pollution. 

COMFORT CONDITIONS AND OCCUPANT SATISFACTION

Maintaining comfort conditions is an 
important consideration for any work envi-
ronment. This building is unusual in that 
it allows for natural ventilation for much of 
the year. Workers also augment the natural 
ventilation with desk fans and floor fans 
located near the perimeter window wall.  

The Chinese indoor standard for comfort 
for summer air conditioning is 22°C to 
28°C (72°F to 82°F) and 40% to 80% rela-
tive humidity. For winter, the standard tem-
perature is 16°C to 24°C (61°F to 75°F). 

The building exceeded these tempera-
ture ranges in 9% of total work hours, and 
exceeded the relative humidity ranges in 3% 
of total work hours. While workers find that 
the temperatures can be uncomfortable at 
times, worker thermal comfort is quite high.

Occupant Surveys
The IBR has conducted its own surveys, and 
used independent surveys to evaluate the 
building’s performance and occupants’ sat-
isfaction. Comprehensive surveys were con-
ducted to understand participant feedback 
on the building’s indoor air quality, acous-
tics, brightness, thermal comfort, humidity 
level and overall satisfaction. The occupants 
of the building were surveyed once a month, 
from April 2010 through May 2011. 

The majority of occupants reported sat-
isfaction with the environment, with 94% 
expressing “satisfied” or “acceptable” 
overall. More than three-quarters (78%) 
of the occupants are satisfied with the 
temperature, with nearly equal numbers of 
those dissatisfied reporting being either 
too hot (13%) or too cold (9%) over the 
course of the year. 

To further analyze thermal comfort, 
especially focusing on natural ventilation 
performance, data from the tenth floor’s 
indoor temperature was compared with 
the outdoor air temperature. During 2011, 
the building’s indoor thermal conditions 
met ASHRAE Standard 55-2010 comfort 
conditions. The majority of conditions are 
within 90% acceptability range, and only a 
few conditions lie between 80% and 90% 
acceptability limits. 

Like most open-plan office buildings, the 
highest dissatisfaction is with the acoustic 
environment. While two-thirds (67%) of the 
staff are satisfied with the noise level in 
their work space, 15% find it too noisy, and 
a surprising 18% find it too quiet. 

The lighting environment has high accept-
ability (79%), with 15% of the staff finding 
it too dark, and 6% finding it too bright. 
The staff survey responses are not con-
nected to the staff members’ location in 
the building, so it is not possible to cor-
relate their perceptions and their location 
relative to the window wall.

The indoor air quality and indoor humidity 
were also viewed as acceptable. Only 4% 
perceived the indoor air quality as “pol-
luted,” which presumably meant having a 
detectable odor. Most of the occupants 
(75%) found the indoor humidity to be 
comfortable, with 10% finding it too humid 
and 15% finding it too dry. These find-
ings supported the earlier surveys that 
reported similar levels of satisfaction, both 
overall and for these specific areas. 

On a daily basis, approximately 400 
people work in the building. The average 
age of the staff is 32 years old.

Roof
Type Roof garden (green roof) shaded 
with a PV canopy

Walls
Type Insulated concrete panel with 
aluminum cladding
Glazing Percentage Varies by orienta-
tion from 30% to 70%

Windows 
Effective U-factor for Assembly  
0.35 Btu/h·ft2·°F 
Solar Heat Gain Coefficient (SHGC) 0.4
Visual Transmittance 0.45
Acoustic Isolation Performance 60 dbA

Location
Latitude 22.5° north
Orientation The building is roughly on a 
north-south axis, with PV film and veg-
etation on the west elevation. It takes 
advantage of the prevailing winds from 
the east for natural ventilation.

B U I L D I N G  E N V E L O P E

The building has several dedicated moni-
toring stations for local weather data. The 
IBR Headquarters Building collects energy 
data for several office buildings in down-
town Shenzhen.

Advertisement formerly in this space.



H I G H  P E R F O R M I N G  B U I L D I N G S  Summe r  2014  Summe r  2014  H I G H  P E R F O R M I N G  B U I L D I N G S2 4 2 5

these technologies throughout mul-
tiple systems, using building infor-
mation modeling (BIM). The result 
is a building layout based on sys-
tems analyses of structural design 
and functional zoning.  

Orientation, Massing,  
and Organization
The building is roughly on a north-
south axis to take advantage of the 
prevailing winds from the east for 
natural ventilation. PV film and veg-
etation to provide shade are located 
on the west elevation.

and aluminum exterior finishing 
on cast concrete, which makes the 
building envelope easy to clean and 
maintains good thermal integrity. 

The west side of the building 
façade is integrated with thin film 
PV panels. This PV-integrated 
façade has a visible transmittance 
of 0.2, which maintains acceptable 
visibility while harvesting renew-
able energy for building operations.
Renewable Energy  The build-
ing includes a variety of PV sys-
tems, small wind turbines and 
a solar thermal system. Various 

Testing labs are on the lower floors, 
as they require less interaction with 
the exterior environment.

Similarly, the team designed light-
shelves and a building footprint that 
ensured sufficient daylight for all of 
the office work spaces. When arti-
ficial light is needed, it is provided 
by T5 lighting, LEDs and some 
CFL bulbs. 

Next, the team emphasized the 
integration of technologies, choosing 
the best designs and coordinating 

Different window-to-wall ratios 
(WWR) are used for different areas 
of the building. The lower areas of 
the building are designed primar-
ily for labs and conference rooms, 
where a WWR value of 0.3 was used 
for the south, east and north eleva-
tions — to minimize daylight impact 
on lab testing and conference space. 
For the upper office, a WWR value 
of 0.7 was chosen to make use of 
daylight and reduce energy con-
sumption from artificial lighting.

Shading is important for build-
ings located in China’s hot summer/
warm winter climate region, and the 
IBR Headquarters Building adopted 
different shading strategies for dif-
ferent elevations. Overhangs with 
interior window shades are used 
for offices.

Vegetation is grown on the 13th 
floor nursery, and is used through-
out the building’s interior and exte-
rior, providing shade for parts of the 
building’s west-facing façade. The 
opaque part of the building enve-
lope applies insulation materials 

By organizing portions of the 
building (such as lab areas and 
office areas) into various blocks and 
stacking them, the architects were 
able to create a 12-story outdoor 
atrium on the east side that captures 
southeasterly breezes and brings 
daylight deep inside. Photovoltaic 
panels covering the atrium provide 
clean energy — part of China’s first 
state-level renewable energy dem-
onstration project. 

The first floor is the open lobby. 
The second and third floors are green 
technology exhibition halls. The 
fourth floor has testing labs for green 
materials. The fifth floor is the confer-
ence center, and the sixth floor is an 
open green floor — the “sky garden.”  

Floors seven through 10 are office 
space. Floor 11 has rooms for visit-
ing guests. Floor 12 is dining space 
and floor 13 is the roof garden. 

Envelope
The thermal envelope is differentiated 
on each elevation. The building enve-
lope has low-e double-paned windows 
with frames made from an aluminum 
alloy, providing good daylight, ther-
mal and acoustic performance. 

technologies were chosen to dem-
onstrate different applications of 
building-integrated solar. 

The photovoltaic system consists 
of rooftop PV panels, PV modules on 
overhangs and the thin film PV sys-
tem on the building’s west façade. 
Most of the PV arrays are composed 
of monocrystalline silicon PV mod-
ules, while translucent amorphous 
modules are used on the building 
façade to allow daylighting as well 
as shading. The building also has a 
standard solar hot water array. 

These PV systems generate 
roughly 70,000 kWh of electricity 
per year. A solar thermal system 
collects and stores heat for all of 
the hot water used for the building’s 
kitchen and guest hotel rooms.

Heating and Cooling Systems
The IBR Headquarters Building 
uses a high-efficiency HVAC sys-
tem. Because the building is located 
in a hot and humid subtropical area, 

THE INSTITUTE OF BUILDING 
RESEARCH VISION

The Shenzhen Institute of Building 
Research was founded in 1982 as a 
comprehensive science and technology 
research institute focused on the built 
environment. IBR today provides ser-
vices for the whole life cycle of buildings 
and low carbon urban development. Its 
responsibilities include research and 
consultation; urban and rural planning; 
design; project quality inspection; materi-
als and indoor environment testing; proj-
ect management; and the dissemination 
of information about building research.

Vegetation provides a wall of hanging 
plants and shades the east- and west-
facing walkways. 

Top left Denimil ipidunt ex ent vellaborem 
volestio volorum d nis quost, vit ium es sus 
quas aspis aut q quas aspis aut q quas aspis 
aut qui olupturis quas aspis aut qui olupturis 
ilitium eatet nis verum labo. 

Below Denimil ipidunt ex ent vellaborem 
volestio volorum dolupturis velique non 
parum, ut ime nihi quas aspis aut qui olup-
quost, vit ium es volorum dolupturis sus q 
uas verum labo.

Above The rooftop nursery is used to provide 
plantings throughout the building, including 
exterior courtyards and interior work spaces. 

Below The IBR was designed with occupants 
in mind. Staff are encouraged to take recre-
ation breaks, and there are opportunities for 
a variety of activities. Work spaces are built 
to emphasize communication and a people-
friendly environment, resulting in high levels 
of occupant satisfaction. 
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first floor use a water source heat 
pump (WSHP). The heat pump is 
located near the landscaped water 
pool, so the closed-loop condenser 
water exchanges heat directly with 
the landscaped water pool, which 
further reduces condenser water 
temperature while increasing WSHP 
system efficiency. 

The designers included an experi-
mental radiant cooling system for 
one section of the building, but 
disconnected it after they had 
trouble controlling condensation 

moisture control is important for 
indoor thermal comfort. The build-
ing uses a temperature- and humid-
ity-independent control system to 
treat outdoor air. 

A dedicated outdoor air system 
is used to dehumidify outdoor air. 
This system also allows the terminal 
equipment to just provide the sen-
sible cooling load of the building. 

Different HVAC systems accom-
modate different cooling needs. 
For example, the basement and 

on the tubing. Building operators 
have learned that the building 
needs to be very airtight during the 
air-conditioning season to avoid 
condensation. 

The rest of the floors use high 
performance water-supply chillers 
(18°C [63°F]) CHW supply tem-
perature), with solution-based dehu-
midification air-handling units and 
fan-coil units. Since the CHW tem-
perature is high, the fan-coil units 
just manage the building’s sensible 
heat load, a design that avoids con-
densing moisture and saves energy 
used for latent heat.

Examining Building 
Performance
Whole Building Energy 
Consumption. The building’s high-
est energy consumption is during 
summer, due to the air conditioning, 
and the base load consumption is 
also high, due to the larger servers 
that store energy data for commercial 
buildings in Shenzhen. The total 
energy use for the building in 2011 
was 1,151,033 kWh, 84% of which 
came from the city grid. Roughly 
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Above Fountains provide heat exchange for 
the water-source heat pump cooling system, 
further reducing the condenser water tem-
perature and increasing the system efficiency. 

Left Radiant cooling was explored for one 
work zone, but it was disconnected after 
problems developed with humidity control 
and condensation.

Advertisement formerly in this space.
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Chinese commercial design standard 
that assumes a fully air-conditioned 
building and does not account for the 
building’s natural ventilation system. 

Plug Loads and Lighting. The IBR 
Headquarters Building is designed 
to maximize use of daylighting, 
which includes the use of daylighting 
tubes in the basement. Occupants 
and staff turn off lights and plug 
loads on weekends and during peri-
ods of low occupancy. The subme-
tered data show that lights and plug 
loads are well controlled, with very 
low energy consumption on nights 
and weekends.

Maintenance and Operations
The building operators report that 
they enjoy working in the building, 
particularly the natural ventilation 
and extensive daylight. They have 
had to learn how to operate the 
building, as there is no manual for 
how to operate a “green” building. 

10% of the energy used in the build-
ing was supplied by city gas mains, 
and 6% from the building’s PV array.

End Use Breakdown. The distribu-
tion of energy use on an annual basis 
is shown in Figure 2. The largest end 
use (36%) is the electricity to run 
the servers and other IT equipment. 
The next largest is air conditioning 
(21%) followed by “other” (17%), a 
category that includes laboratories, 
apartments, showers, exhibition 
center and elevators. Lighting, plug 
loads, mechanical systems and the 
kitchen account for the remainder of 
the building’s energy use.

Air-Conditioning Use. The building 
was predicted to use 33 kWh/m2 (10 
kBtu/ft2) for air conditioning, but the 
actual AC energy use in 2011 was 14 
kWh/m2 (4 kBtu/ft2), less than half 
the predicted use. The likely reason 
for this difference is that the predicted 
AC energy is calculated based on the 

They rely on constant checking 
of equipment and systems, and are 
looking forward to the installation 
of a building management system, 
which will give them detailed infor-
mation on systems performance. 
They acknowledged that there is not 
a lot of familiarity with the heat pump 
systems and other innovative systems 
like the radiant cooling, and that they 
have had to “learn by doing.” 

Conclusion
In many ways, the Shenzhen IBR 
Headquarters Building is a model 
green building. It is designed to oper-
ate in harmony with nature, result-
ing in lower energy use, lower costs 
and high occupant satisfaction. The 
idea is not that a single building can 
be replicated, but that the process 
and spirit that guided the design, 
construction, and operation of one 
successful building can be studied, 
absorbed, and spread throughout the 
global architectural community. •
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L E S S O N S  L E A R N E D

Natural Ventilation Can Provide Significant 
Cooling Benefit Over Much of the Year. 
Even in China’s hot-humid southern region, 
a carefully designed system of properly 
sized windows, carefully located to capture 
southeastern breezes, allowed for signifi-
cantly reduced need for air conditioning. 
Unlike other parts of China, Shenzhen, due 
to its coastal location, has relatively good 
outdoor air quality, allowing for natural 
ventilation to be an acceptable strategy for 
much of the year.

Reducing Electric Lighting. Daylighting for all 
office workstations means that little energy 
is used for electric lighting. Also, occupants 
and building operators routinely shut off 
lights and plug loads at the end of the day. 
Workers can be fined a small amount if they 
leave lights and equipment on in their area, 
but this is rarely done, as routine habits 
ensure that they are turned off.

Green Design Does Not Mean More 
Expensive. The building was built with more 
than 40 new sustainable technologies, and 
still kept costs well within the range of new 
commercial office construction in Shenzhen. 
In addition, the significant energy savings 
meant that these measures have led to 
lower operating costs. And the staff has 
been able to continue to monitor energy 
use and find new opportunities for energy 
retrofits and operating procedures.

A Model for What’s Possible. Perhaps the 
most important lesson learned is that 
this innovative building demonstrates 
that a very low energy building is not only 
economically possible, but that it can 
provide a comfortable and inspiring place 
for people to work. If others can learn how 
this process was applied in this building, it 
will make possible many more sustainable 
design projects in China and elsewhere.
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