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Motivation

Innovations in Energy saving of Buildings and Green Buildings
Innovations of Indoor Climate and the Climate Concepts
Innovations of HYAC System

Innovation in structure design

Priorities

Quality and Durability of the Building
Quality Control

Economical Optimisation

Ecological Optimisation

according to Chinese AND German Standards
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climate concepts i 7 &

HVAC concepts &% 5%
building physics of the building envelope % 4% FE| 47 45 4 (X)) B 22 A 5%
green buildings IR
solar architecture X PH g & 4T
certification of building 2 SHHINIIE
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software tools for energy efficiency and
certification of the building envelope

Company for Engineering

in

Structural Design

Building Physics
Redevelopment-Techniques

Institute for Research and Materials Testing
in
Applied Building Physics and Building Materials

The BBS is anxious to realize the current state-of-the-art in practice and consequently to give

. commands to the implementation.

The BBS INSTITUT supports the BBS INGENIEURBURO with laboratory tests while working on
projects.

The characteristics of the building materials and their dependence on the accompanying situation
are checked to develop an optimal concept regarding an economical point of view.

Complementary, we give advice to the development of new structures and materials. These new
structures and materials will be optimized on the basis of preliminary studies which are based on
scientific and practice-orientated research; also, we attend to them until launch.

We work on publicly promoted themes of research as well as concrete kind of questions of the
industry and economy.
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HAIPO Architects was founded in 1993 by Paul L. Chen AIA and Haiging Wu AIA following their ten
years of experience in the States. Initially beginning with ten people, HPA has since grown to over
100 people with offices in Shanghai and Beijing. This international team includes architects,
planners, engineers and interior designers all committed to providing distinctive architecture which
adds value to the local environment.

HPA consistently provides value by emphasizing design excellence in the firm's diversified portfolio
including urban planning, office, commercial and residential buildings, educational, institutional and
recreational facilities, and interior design. The collection of projects has brought acknowledgement

to HPA through professional awards as well as publications.

With the firm's headquarters located in Shanghai, HPA has licensed architects from Germany,
United States, and China. HPA has also acquired a Shanghai local design firm, Shanghai ZhongFu
Architectural Design Company, which has local Grade A firm license for both architectural and
engineering design practice.

HPA can provide the whole range of architectural services from schematic design to construction
documentation. HPA can also act as the architect of the record.

HPA employs professionals on the fields of architecture, urban planning, interior, structure,
mechanics and electrics.

Especially our M&E department has gathered vast experience on innovative energy saving design
solution in the recent years. In cooperation with well acclaimed European companies the firm acted
as a pioneer in implementing heat pump systems, cooled ceiling systems and more complex HVAC

in its recent projects.

CG Group
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Company for Engineering HAVC

Kruse Ingenieurgesellschaft mbH & Co. KG supervises new building projects as well as modifications
and extensions of buildings both at home and abroad. Due to their expertise the supervision of the
building projects can be realized in all planning phases. The focus of the planning services is on the
building services and ranges from the basic evaluation to the construction supervision. The following
areas are counted among the building service:

- gas technology, water technology, sewage technology, extinguish fire technology
- fire protection equipment

- heat supply equipment and domestic water heating equipment

- ventilation and air conditioning

- medical engineering and laboratory techniques

- electrical engineering and building automation

- rail engineering

So far, foreign projects have been realized and supervised in Russia, in Iran and Bolivia. In addition
to the classical planning projects the company is able to advise the client in all phases of the project
management and the project development. The planning is based on the newest technology and
technologies of the optimized building by applying renewable energies to reduce the cost.

With the knowledge of the complexity of the contemporary building projects the company goes
consistently for new cooperation's with architects and professional planners and realizes these
cooperation's.
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International projects
BBS INTERNATIONAL CHINA Co. Ltd.

Establishment of an innovation pavilions Lower Saxony Germany Anhui China,
within the scope of the EXPO 2010 in Shanghai - China
FEE T e ARM-rh [ 2 BUE 72010 Lt 2 HOF 2 b @ )T - [

LBS headquarters in Hanover — Germany
LBS 0 U - 1 [H

Swimming Competition Arena Ritzhao - China
H Rk e -

Mexico Pavilion - Library HBK Braunschwei— Germany
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—_— o Metro Plaza, Shanghai — China
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International projects
BBS INTERNATIONAL CHINA Co. Ltd.

Metro Plaza, Shanghai - China Hanna Tower, Villnius Gemini Tower, Dubai University, Deggendorf High School, Brunswick - Germany
MR - 4K ZhHanna K JE It FEGemini’5 F % AR IE IR A 2 = — 1 [

Nucleic Acid Sciences, Kunshan - China B 1L BH% [E - Architecture Site, Changning K: 7




PAVILION of INNOVATIONS
German Centre Shanghai

88 Keyuan Lu, Pudong
Shanghai 201203 China

Tel: +86 (0) 21 2898 6465
Fax: +86 (0) 21 5308 1130
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General information
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General information

Only a few weeks to go, and then the EXPO 2010 in Shanghai is finally opening up. The exposition, which
for the first time was held in London’s Hyde Park in the year 1851, is a global event, a meeting of nations
and cultures like no other.

Of course, Germany will also be represented at the EXPO 2010 with its own pavilion. But there is another
German project right next door to the EXPO, which is also worth visiting in any case. In the city part called
Pudong, there is the Pavilion of Innovations. This area is packed with everything modern research has to
offer in techniques, construction, quality of living and environmental awareness.
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General information

Like no other comparable project, the Pavilion of Innovations stands for the close collaboration between
Germany and China when developing and examinating new construction materials and energy-efficient
parts. Prof. Dr. Hans-Peter Leimer, who teaches construction physics at the University of Applied Sciences
and Arts in Hildesheim and at the Hefei University in Anhui, China, is head of the project team which
consists of many well-known companies and construction consullting offices.

Other participants of the project are Dipl.-Ing. Peter Bachschuster, an Architect and Urban planner, Prof. Dr.
Eberhard Grossert, a Civil Engineer, and Dipl.-Ing. Ronald Kruse, a HVAC Engineer. Everybody has
contributed to the draft, the planning and the formation of the Pavilion in their own areas of expertise.
Together, they have built the China-German-Group. Main objective of the China-German-Group is an
integral planning by the magisterial planners in an early state of construction projects. The results are using
the resources in a cost-effective way and also creating energy-

efficient buildings.

As the construction works move on quickly, the Pavilion of Innovations is scheduled to open on May 1st the
day of the grand opening of the EXPO 2010 in Shanghai.

The Pavilion is being built on the ground of the German Centre, the first-to-go spot for business contacts
between China and Germany, right in the middle of Shanghai. Within its spacious area, the German Centre
wants to present a modern concept of a technologic city with the slogan ,experience the quality of life".
Along with lots of Chinese and international visitors, a lot of well-known politicians and other high standing
persons are also expected to visit the area, always keeping in mind that topics such as quality of living,
longevity, health, energy awareness and future awareness have never been as important as they are
nowadays.

That is where the Pavilion of Innovations ties in, focusing on clean, regenerative energy suppliers such as
air, sun and earth. The Pavilion is heated by a newly developed system consisting of earth tubes, which pull
the warmth out of the ground and transmit it to a water-filled pipe system inside the walls. By using modem
technology, the wastewater from inside the building is being purified and efficiently used.
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General information

Inside the Pavilion of Innovations, high-tech window panes will immediately create a ,feel good*-
atmosphere. Three different companies will present their most recent developments in this research field. A
self-heating glass with an almost invisible included metallic layer and interior sun-blinds, another glass panel
with built-in LED lights and last but not least, a window that can be clouded without losing any lucency will
be expecting the visitors. Of course, there cannot be a Pavilion of Innovations without solar technology,
which has become a more and more popular source of energy in Germany over the past couple of years. In
the Pavilion, the sun energy will also be used in order to warm up the water.

The concept of the ,smart house® as seen on TV and in magazines many times, will also be presented

in Shanghai. The user is supposed to interact with the building, navigating the most important functions all
from one spot. Within this so called ,room management system*, developed by a Chinese partner company,
the central navigation is provided by a device which works like a mixture of a cell phone and a touch pad.
Energy technology, otherwise difficult to integrate creatively, has been architecturally realised in an
extravagant way in the Pavilion of Innovations.

The aim was to design a building which appears lightweight, but still fulfils the concept of a Pavilion and also
encourages the visitors to experience innovative energy technologies live.
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Energy Standard of the Building

EFEIENE

Energy Standard Winter
ERICIR

Energy Standard Summer

>

TELH

Project Pavilion of Innovations  Lower Saxony Germany — Anhui China
TEIHE 88 Keyuan Lu, Pudong

Location ‘Shanghai 201203 China

¥

Owner German Centre for Industry and Trade Shanghai Co. Ltd.
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Architect/Engineer
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8BS INTERNATIONAL Ltd. Shanghai
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Certificate No. 20100501
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LEC (Low Energie Certificate)
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Computer Program for Energy Efficiency and Certification of the Building Surface (Envelope)

The evaluation program LEC

LEC (Low energy Certificate) is a planning tool to evaluate the energetics of buildings. The program was
developed by the BBS INSTITUTE led by Prof. Dr. -Ing. Hans-Peter Leimer in cooperation with the Hefei
University (Anhui/China) and the University of Applied Sciences and Arts, HAWK, (Hildesheim/Germany). The
development was completed by the support of and cooperation with econet (China) and PKPM (China).

Due to the evaluation program it is possible to evaluate nearly all building types and parts of a building with
regard to their energetic quality separately after the heating period and after the cooling period.

The examination of the buildings with regard to the regional climate conditions is based on pure physics. In this
context it is important to mention that the calculations are exclusively based on results of heat techniques
differential equations.

The basis for the evaluation of the heating period is a comparison with similar buildings (so-called reference
buildings) that were in accordance with the method of building according to the standard of the 80ies paying
attention to each climatic region.

As far as the cooling periods are concerned, the evaluation is based on compari-sons with an optimal front
defined as neutral to cooling energy.

The evaluation of the energy for cooling and heating requirements are re-evaluated, classified and shown with
regard to certain criteria. The result of the energetic verification is presented with a simple star system. An
increase of stars clearly shows the energetic quality of the building, which means that the user can immediately
recognize the energetic quality of the building using a simple illustration.
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Technical equipment of the building

Part of the equipment of the Pavilion of innovations is a novel technical device for energy supply. It mainly
uses regenerative energy sources and is being visualised for the visitors of the German Centre within the
Pavilion.

Within the one-storey technical building, the entire building services installations for air conditioning is
located and presented. Using the DDC (Direct Digital Control) device, the installations are regulated,
controlled and monitored in a usage-optimized and userfriendly way.

Free-of-charge energy sources such as sunlight, air warmth and earth warmth are being used in this project.
Another part of the technical equipment of the building is the guarantee of a effective and optimized
watering and dewatering systems. Therefore, the possibility of rainwater use and wastewater use is being
taken at the Pavilion. Nowadays, the interior and exterior surface of office buildings is mainly made out of
glass components. Therefore, the project will introduce “active windows” using built-in LED lights, modern
clouding devices and heating glass.

The presentation is being topped off by an intelligent high-comfort building management system, which
should be especially interesting for hotel guests.
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Geothermic energy for cooling and heating @I)‘HX%
Technical equipment of the building
SR FH H R YRR AT SR A A B T AR A R AR o g R TR AR IR A E A Cooling and heating of buildings using geothermic energy is a pretty recent technology that is being
A 75 BN — & AR, introduced at the Pavilion. The technology uses a heat pump in order to either warm up the walls of cool
ARTH R T B E R RS, SRR AR T A AR TR SE, FEFEC AR down the rooms.
RELFAL AR, R N BTN WA T IR AL B Sensors-featured earth-sensors which don't need any additional welding once put into the ground will be

used. The heat carriers circulate within these earthsensors.

buried between 1.2m and
1.5m (frost-free level)

w

to pipe in grit on PE 100 (not
required on PE-Xa)

flow

return flow
loop either PE-Xa or PE 100

filling material

Probe foot of the earth probe

borehole
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Brine-water heat pump IS
Technical equipment of the building
ARV ENRIRFE—EEHA S ERIGBX RS AN )58 AR A3 . The full air conditioning of the building requires an air conditioning system which can be adjusted to the
X B2l AN S S AR actual user's needs. The air conditioning of supply air is being provided by warmth pump which uses the
S XGRS B A AT AN B . BRIE R AR S E A B EL S FIHT A energy of the outside air. Special earth heat exchangers draw in the air.
e —EIBEX ARG . After being cooled down, the air is ejected back outside. The inside distribution of the air through the
R TGRSR, FRE S IR, TAESERAERI3 L. building is provided by a ventilation system.

Shanghai with it's subtropical maritime monsoonclimate is especially suitable as place of construction
for the air brine-water heat pumps, providing annual labor numbers of at least 3.

—r -
e cooling

—— heating

Warm pump with work-sided Buffer memory
built-in passive chill module
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Technical equipment of the building

TR R GRS W R T S SRR AT )4 The energy won by the innovative devices is being used for both heating and cooling of the buildings

RIERAHBTH 58 THI SR % DA S 72 i 5 o TO0RE A T2 00 H o B T 7R AR T g AR DL o components.

HOTH R BE AR ST M2 4h, B B RIS R A0 e RGN, TR At Surface systems of the floors, ceilings and walls will be used. Among with systems which are already

SUVBE AR AT It common on the German market, such as floor tempering and ceiling tempering, new developments such as
wall tempering will be used. They still need to be tested from construction physics point of view under the
climate circumstances of Shanghai.
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Glass systems for clouding, illumination
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Technical equipment of the building

In order to use the surface systems as effectively as possible, glass systems will also be included into the
Pavilion.

These systems either provide a built-in sun blind or nano-particles color the glass and reduces the
transmission of sunlight within the composite glass plate. The user can choose between five steps of light
filtering.

Along with it's longevity, this integrated sun protection is expected not to cause any major operating or
cleaning expenses.

This kind of clouding device is especially suitable for buildings which are exposed to strong wind or have to
fulfil high hygienic standards, not offering an installation of both interior and exterior clouding device.

Glass walls often affect the room comfort in a negative way due to their cold radiance. Within the scope of
the exhibition, a self-heating glass without wires will be presented. The flow of heat within this glass is
provided by a thin metal layer placed between two glass layers. This glass can also be combined with a
clouding system.

Another result of the ,High-Tech-Generation® is a glass with included LED lights. The user can choose

the illumination or the play of color using a special program.
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Water management @Iﬂﬂﬁ%’
Technical equipment of the building
T AR 7K [ WA PR T R Bl T R R PSR B2 B 0G0, R R EE — 2 AT ARZ 1Y Rain water and waste water technologies are gaining more and more ecological impact, especially in
E ALY countries with high population rates.
LR, AR REEZTH PR 2R BR. FHKEMAS (/KR A . This interaction of gaining, using and reusing is presented by using different technological devices. The
HKRGD) MR REERITHUKEIIMT . water management systems such as rain water use and water processing are shown both inside and

outside the Pavilion by using different technical systems.

Drain mgu in
L i UAATEroUnd paking

grey water Use

arangemehpt
D ranagw in
| undargramd paking
—
Infien
< O mun in RW manag amant
— o




Il PAVILION OF INNOVATIONS

BRI RS )
Iﬁtelligent bljﬁding control @ﬁ&%

Technical equipment of the building

B T I AR & 38— A AN A 19 _E il R Gt AT A A i . The entire technical devices of the Pavilion are monitored and adjusted by a user-friendly superior system.
G (145 B4l it W 245 4 AR E (AT F T,  DME ST R SRR S AT 92 P4 In doing so the adjustment systems of the particular devices will be optimized and matched to the climate
TN B 4T R G H M = N SR BRI T A TR requirements.

FPaARE R E, maEEE “HBREHARS” MATA Rk B iR, By using a “‘room management system”, the user is given the possibility to navigate the most important

functions and adjust settings all from one spot.
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LBS headquarters in Hannover— Germany

LBSH .0 Vit B, - 2 [

More and more often office buildings are in demand that guarantee defined climate conditions.
However, unlike ordinary office buildings they are based on technologically different concepts.
Apart from being representative these buildings face the challenge to reduce the complete energy
needs and the CO2-emission in comparison with buildings that are completely air-conditioned.
Furthermore it is intended to offer to the user a feeling of a natural ventilation and to feel very
comfortable in these rooms.

The reconstruction of the LBS in Hanover, Germany, includes a four-storey administration unit built
as cubes that are separated in their rows by conservatories. These cubes share an atrium, around
which you can find the open offices. The completely used areas as well as the atria and the
conservatories are covered by a steel-glass-construction. The temperature reactions in the court-
yards, the atria and the offices, the streaming simulation calculations in the court-yards, the daylight
simulation calculations of the offices, the humidity reaction of the building parts with regard to the
combined warmth- and damp transportation, the sound-proofing of the offices, the room acoustics
of the halls and of the court-yards were determined with the help of an integral building planning.
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BBS INTERNATIONAL
PSP Braunschweig — Germany

LBS headquarters in Hanover — Germany
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Mexico Pavilion - Bibliotheca HBK Braunschweig — Germany

55 7Y R — HBK A A8 Fi ve B 451 - 18

After having used the cube of Mexico designed by the Mexican architect Ricardo Legoretto as an
exhibition pavilion, it was supposed to serve as the library of the HBK Braunschweig. Because of
these requirements the town Braunschweig decided to use this pavilion for the planned extension of
the art library in Braunschweig. As it was temporarily used in summer during the Expo, it became
necessary to make extensive structural physical verifications of the room climate and of the sound-

proofing of the building shell.

THEH BBS INTERNATIONAL
WA KSP Germany — Beijing

= State construction management + Nileg - Germany
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Annexe of the Herzogin Anna Amalia library in Weimar - Germany

#133 Herzogin Anna Amalia B P31 s @50 - fEE

Of all the books of the Herzogin Anna Amalia Library (approx. 900.000 volumes) only a small part
(approx. 100.000) could be stored in the building of this historic library. The main part had to be
stored in different storerooms in and around Weimar.

In order to keep the main building as the centre of the library, an extension had to be built as close
as possible to the historic library.

When the town council was centralized, the trust “Weimarer Klassik und Kunstsammlung” was
given the possibility to acquire the historic buildings next door and the right to build in the subsoil for
the space between these buildings

BBS INTERNATIONAL
Prof. Karl-Heinz Schmitz, Prof. Hilde Barz-Malfatti —- Germany
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Swimming Competition Arena Ritzhao — China

HIgwkeE - E

Five internationally active architecture offices were invited to this competition. The Bachschuster
Architecture Office was the only architecture office from Germany.

A swimming competition arena had to be planned and developed to international standards. The
integration of different areas which are open to the public (wellness, fitness, outside swimming
areas etc.) and the integration of nature had to be included alongside this.

Our design shows an area of approx. 26.000m?,

which is divided into three areas: the entrance with the impressive aqua dome, the main building
and the nature trail in the nearby water area. You can reach the aqua dome via a futuristic
footbridges, which is both a restaurant and a lookout. It is supposed to become the new symbol of
the swimming competition arena

Ritzhao, that is also visible by night as a significant construction from a far distance because of its
special illumination. The diving pool is built within three storeys and completely made of glass and
the VIP area floating freely under the dome are an extraordinary highlight of this indoor pool. An
illuminated waterfall separates the generous and open competition area from the leisure area,
whose outdoor pool creates a fluid transition to nature.
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BBS INTERNATIONAL
Bachschuster ARCHITECTS

Shandong planning institute
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Swimming Competition Arena Ritzhao — China

HIgwkeE - E

From the aqua dome you reach a swung footbridge that surrounds the building and creates a
connection of these three areas. The footbridges symbolize dynamics and energy.

They stand for the whole and the connection between water, human beings and nature.

They begin at the starting point human being in space, lead via the element water to the indoor pool
and finally to the nature area in the lotus bloom pavilions, which are starting points for the nature
trail. The building is symbolically integrated into nature.

The special part of this design can be found in an artificial lake around the arena, which was
designed as a so-called nature trail. This means that experiencing the building from the outside is
not only possible for the competition spectators.

The lotus blooms serve as information centres and viewpoints and integrate the nearby natural
landscape. The transition from human being and water to nature takes place here. Both pavilions
are connected by an underwater tunnel completely made of glass. So the circle of the nature trail
closes and the energy flow is not interrupted.

Furthermore the tunnel offers a fascinating insight into the underwater world of the natural
landscape. The educational trail is supposed to bring nature closer to the visitor and to give an
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BBS INTERNATIONAL
Bachschuster ARCHITECTS

Shandong planning institute
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SHANGHAI SILVER CITY CYBER TOWER
AR A K

Shanghai Cyber Tower is located in the Downtown Huangpu District, on a bustling commercial
avenue. The building consists of a 35 storey high tech office building, with a five storey base for
business use. The main volume is a square shape, with a dynamically curved curtain wall
wrapping the upper part of the building. The combination of the modern dynamic cladding, and
the high tech design have made Cyber Tower a landmark on the Shanghai skyline.

Address: 75 Guangdong Rd., Shanghai
Gross Area: 64,680m2
Design/Completion: 1999/2002
Associate Architect: LAD

CG Group
B ERE - RIS
local partner HPA — HAIPO ARCHITECTS

Shanghai
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SHANGHAI MAXDO CENTRE
AT

The Maxdo Tower consists of 55 floors of leasable office space and a four-storey base
building. The tower reaches to 212 meters in height and has over 120,000sm of building area.
At the base of the tower it is shaped as a square in plan, by the time it reaches its apex it has
transformed to a hexagon in plan. The building responds to the Zunyi Road axis, and is placed
atan angle. The building’s silhouette can be seen while passing by on the Yan’an Highway,
and acts as a visual marker on Shanghai’s skyline for the district.

Address: Shanghai Honggiao Development Zone
Gross Area: 120,000m2

Design/Completion: 1995/2001

Structure, M&E: ECADI

CG Group
REKEE - ERER BT H ST
local partner HPA — HAIPO ARCHITECTS

Shanghai

JIHR R W55 S R L E A4 RV D AL, 212K, SRR 120,
000m2. FREUATT AN FAR, ERFHRONATY . S5 SCHAZ AR, R
BRSE % % 18 R IR R R .

bk FHFITAR T & X

T A 120, 000m2

iR T 1995/2001

SER B AT SRR FRA TR A




NO.2 DEPARTMENT STORE NOVEL BUILDING, SHANGHAI
R AR E

This project is located on the Huaihai-Maoming Road in the center of Shanghai. The building
maintains harmony with the surrounding multi-directional environment through a carefully
planned change in the building’s height and the special care given to the facade details. The
defining formal symbol of the building is a curved corner topped by an elegant brow. This
symbol works in conjunction with the two-storey high entrance hall set back from the road
offering a buffer zone for crowds. The project won the 1996 “Baiyulan Award” of Shanghai City.

Address: Huaihai Road (Central), Shanghai
Gross Area:  31,000m2
Design/Completion: 1993/1996

Structure, M&E: ECADI

CG Group
RERE - BIRRR 55
local partner HPA — HAIPO ARCHITECTS

Shanghai
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SHANGHAI ROYAL GARDEN
iy RATE PR AE

This project is located in the town of Qibao in the Minhang District. The combination of building
types within the community include high-rise, mid-rise , multi-layer buildings and joint-villas. In the
general planning, based on the “human being centered” design principles, a large-scale garden is

placed at the project’s center to be the traffic hinge where the two main axes of the community

cross. The buildings are arranged around the central garden and increase in height from the center
outwards.

Address: Gudai Road, Shanghai
Gross Area: 430,100m2
Design/Completion: 1998/2002

CG Group
B ERE - RIS
local partner HPA — HAIPO ARCHITECTS

Shanghai
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New embassy in Bolivia, La Paz

(PN A DA S 1A

The new office building will realized on a federally owned residence premises in a height of about
3.300 meters.

The building is orthogonal in northeast and northwest side. Its lateral length is round about 29 *
8 meters. In the southeast side the building is going to have a curved facade. The maximum
extension is around 32 meters, the maximum width about 10 meters. The 4 storey construction
(basement, ground floor, 2 upper floors) has a height of 13.30 meters. Due to the surroundings
the building extends to different depths in the ground.

The massive construction building has supporting walls with reinforced concrete components
and has not supporting walls with dry construction.

The office has planed the service types (heating, sanitary, electro and ventilation) according to
the newest technologies and has aligned it to the climatic conditions. Right from the planning
stage the seismic load of the units has been applied to the technical equipment.

Over a central building automation the regulation and monitoring occurred.

W kruse international engineers
WA bow Braunschweig
w Bundesrepublik Deutschland
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depot Metallostroj Saint Petersburg - Russia
A 15 tEMetallostroj K ZEf -~ k5 H

The maintenance hall ,Metallostroj, was totally reconstructed and renovated in Saint Petersburg for
the russian state railrode.

The high-speed trains ,Velearo Rus, will be totally maintained and overhauled at this place in the
coming years. Besides the constructional retrofitting of the hall complex a total redevelopment

of the technical equipment was necessary. This covered the areas of wastewater, water, heat,
ventilation and electrical engineering. A characteristic, which results from the drive engineering

of the trains, were the different voltage levels that had to be supplied in the hall complexes. The
voltage levels are 25 kV ~; 3kW =and 400 ~V.

Due to the different voltage a complete new earthing concept has been developed, that completely
allows for the aforementioned facts. Furthermore, a great focal point of this project laid in the
renewal of the safety engineering as a complex monitoring system. In addition to the
implementation and the application of the newest German technologies the compliance with the
Russian standards and regulations had to be integrated. By the use of a constant on-site
construction

management the installation of the components could take place under high quality standards.
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kruse international engineers
Siemens AG

Russische Staatsbahn
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New Raja Depot Teheran - Iran
(o D BT

The new RAJA Depot Tehran will be an industrial complex for maintenance, overhaul and repair of
DMU Train Sets as well as different kinds of Passenger Coaches and Double

Decker Coaches. Further the necessary service like interior cleaning, catering, utilisation of
toilets and refuelling of drinking water will be executed in the area of the New RAJA Depot.
Further the property line of the depot area has been subject to change. As a result the area
available for the execution of the depot project has been reduced. Due to the new shape and
size of the area and the general track layout the new planning had to redesign the entire
layout of the buildings and facilities and to modify the size, shape and position of the
buildings.

The RND incorporates the following workshops and facilities:

- Light Maintenance Hall for DMU (LD)

- Light Maintenance Hall for Passenger Coaches (LP)

- Heavy Maintenance Hall for DMU and Double Decker Passenger Coaches (HH)

- Underflow wheel lathe (UWL)

- Service Hall for interior Cleaning and Catering

- Fuelling Station and (FUEL) Sand Feeding Plant

- Washing Plant

The planning of the halls mentioned above were realized by Iranian offices and were checked in
our enterprises with regard to German standards. The development of the buildings and the
integration of the planning of the halls are completely carried out by our company.

This includes the following services:

- sewage
- industrial sewage

- potable water

- industrial water

- rain drainage

- fire fighting devices
- electronics

-gas
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kruse international engineers
Consortium IOEC/Neuero
Raja,Passenger Train Co.
Consortium IOEC/Neuero
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New building nursing station; otorhinolaryngologist/ ophthalmic clinic university hospita
in Bonn-Venusberg — German

e BT KA 5 2 I HE B IR BURT B i - (8

In the course of restructuring the building complex in the university hospital of Bonn extensive new
buildings has been realized on this area.

A big phase of construction is the new constituted disinfection section with 50 beds. The
disinfection section has a 14 mill euro total investment, the biggest in Germany.

The staffs and the inpatients have an attractive building with bountiful floor plan. Every inpatient
room has its own plumbing unit.

The building services have particularly high requirements in safety engineering, the fire
protection requirements and the sound insulation.

To facilitate an ideal climate a concrete core cooling system has been implemented in order to
impair the heating up of the building installed. Of particular value is the equipment regarding
the medical engineering and the comfort and communication of the inpatients rooms. Every
bed has a new “Cockpitsystem” with a telephone, a radio, a television, a bell and internet
option.

The planning of our office incorporates the following subsections:

heating, sanitary, cooling, ventilation, heavy current engineering, communlcatlon englneermg
) ¥ anainaarina
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kruse international engineers
Schneider und Sendelbach Architekten

Universitatsklinikum Bonn
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climate concepts S fi% 77 %
HVAC concepts % %5 J5 %
building physics of the building envelope 5 Fil 4 45 #4) i) W) B 2410 5T
green buildings % {0 # 5
solar architecture & [ A £ 57
certification of building 2 FL A IE
software tools for energy efficiency and 7 38 Bl 7 45 4 BEAE L AL K A E B A

certification of the building envelope

Company for Engineering

in

Structural Design

Building Physics
Redevelopment-Techniques

Institute for Research and Materials Testing
in
Applied Building Physics and Building Materials

The BBS is anxious to realize the current state-of-the-art in practice and consequently to give

. commands to the implementation.

The BBS INSTITUT supports the BBS INGENIEURBURO with laboratory tests while working on
projects.

The characteristics of the building materials and their dependence on the accompanying situation
are checked to develop an optimal concept regarding an economical point of view.

Complementary, we give advice to the development of new structures and materials. These new
structures and materials will be optimized on the basis of preliminary studies which are based on
scientific and practice-orientated research; also, we attend to them until launch.

We work on publicly promoted themes of research as well as concrete kind of questions of the
industry and economy.

BBS INTERNATIONAL

BBS Engineers
BBS INSTITUT

Germany . China
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BBS INTERNATIONAL

services to develog a bwldlrlgconcept

ST BRI TAE N

Optimization of the building shell
optimization of the energy needs
separated according to the heating period and the cooling period
optimization of the building components with regard to the investment- and running
costs, the user suitability, the durability and the building maintenance

Certification of the building (without the plant technology)
calculation according to physical balance
evaluation according to a stars rating system LEC

Development of an innovative climate concept

basis optimization with regard to the plant systems, the comfort,
the investment costs, the running costs, the durability

heating system, cooling system, ventilation,

HVAC-plant systems and the generation of energy

Further services
design planning for the construction physics

heat protection, damp protection, fire protection, sound-proofing, acoustics
design planning for the house technology concept
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BBS INTERNATIONAL

%idelines for the planning and carrying-out from the point of view of the construction physics
T R SR ) R VA AR AR

User-specific requirements
room climate
temperature of the air
surface temperature of the building components
relative atmospheric humidity
airspeed
acoustics
sound damage on the building from the traffic
sound-proofing within the building
Room acoustics, reverberation of the rooms - dampness
optics
daylight
artificial light
requirements to the building components
wintry heat protection/summary heat protection
energetic economy in winter/in summer
damp protection indoors/outdoors
sound-proofing of the building component
sound absorption of the surfaces of the building component
Fire protection technological requirements
Further requirements

efficiency of the building component cooling system/ cooling ceiling

B RFIREDR

EASENA

B
i

P

S
RS
AR

P
TR IE

A2 I MR 7 R SR R
FEIHA R P BT 4
HENFEE

B2
NI

[RIEEEARAIERIOE SN

B K ER
Hoph 2R

AZRRIR | R
K| HEiRE
PR | A8 BT
SR SR 75 [ 97
ekiin Al E LIS

FEFURPEH 7 | AR T TAR AR



BINNENWELT

|
|
L HNF - MODUL

== | .
= : (BURO)
S— ]
——) |
] |
= i
—! VF - MODUL
O ‘_‘{—‘ NNF - MODUL
A e e S S (NASSZELLE)
A
—| HNF - MODUL (SONDERNUTZUNGEN) AUFZUG
UMSCHLIESSENDE GEBAUDEHULLE
Tt fe el e ey
Ll e — R — 3
T _1( r(% L 2% ! HNF - MODUL
o tEx | oo
L -—
3 " I v 2000 N

=8

1 NUTZBARE BINNENBEREICHE

BBS INTERNATIONAL

PIannlng for a climate- and energy concept sound-| prooﬂng room acoustics, daylight
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cladding - variations — example of a %Iass cladding
FhE - AP 5 - PO RN

DF - XUZHEE o A A dak ] ¥ A 20 o e 4%

DF - cladding with opacity in the space between the fronts
g eff. = gGlass outdoors x gOpacity x gGlass indoors
g eff. =0.65*(0.25...0.35) * 0.8
geff. =0.13...0.22 ..... Max. possible
g-value Glass: 0.25..0.28
k-value Glass: 1,2

SF - single-leaf cladding with a high-quality sun protection glazing and
opacity/glare shield indoors
g eff. = gGlass x gOpacity indoors
geff.= (0.25...0.35) * 0.8
geff.= 0.20...0.28
g-value Glass: 0.21..0.23
k-value Glass: 2,0

g B8 = gBEEEAINE x gIEPH x gBR 3 P9
g eff. =0.65*(0.25...0.35) * 0.8
geff.=0.13..0.22 ..... B KAl gl

g¥35: 0.25..0.28

KB 1,2

SF - BRI o INC A R RN A PE R S BB, R P TR A R e

g eff. = g3 3 x gV EERH
geff.=(0.25..0.35)* 0.8
g eff.=0.20...0.28
gF%34: 0.21.0.23

K3 E: 2,0
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g-value - optimized according LEC

ot - SARHELECHE AL

low energy certificate Standard

IRHERE DAL b v

JAQAQAQAQAe

North 4t 0,21
South ¥ 0,21
East 7% 0,19
West 0,19
North -t 0,21
South 7§ 0,21
East < 0,19
West 7l 0,19
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BBS INTERNATIONAL

k-value - optimized according LEC
kff - R AELECHAL

low energy certificate Standard
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k-value

kfE

Window %/

Basement 3 T %

Ceeling (18th Floor)
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Determination of the temperature- and damp reaction in buildings
multi-zone model

temporal changeable conditions

illustrations of future real events

Dynamic building simulation

climate data (reference year)

building model (geometry, building part, building material)

use of the building (occupancy, technical gadgets, illumination)
building technology (heating, ventilation, cooling system)

BBS INTERNATIONAL

building simulation calculations

numeric calculation for a determination of the temperature and energy reaction of the building
QIR ,
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000,88

000,18

000,08

000,88

000,88

000,58

Summer day, calm (7.00 am - 6.00 pm)
additional air via the opening wing on level 1
outgoing air via the opening wing on level 4

control Scourtyard >19°Cand Soutdoors < Scourtyard
summer night, calm (6.00 pm - 7.00 am)
additional air via the opening wing on level 2
outgoing air via the opening wing on level 4
outgoing air via the RWA above the atria
control Scourtyard> 19°C and Soutdoors < Scounyard

Task
no heating
max. use especially during the time in between the seasons
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climate concept for courtyards with plants
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Comfort of a person in a room
indoor temperature (temperature, relative dampness, airspeeds)
activity level, clothing, duration of stay
fresh air demand of the indoor areas 60m*h
limit of the heating temperature
during the day 22°C
at night 19°C
average limit temperature for the office
comfortable 27 °C
hot 29 °C

Variation 1 — without cooling system
natural ventilation via a window /courtyard with plants
with and without controlled outgoing air from the office

Variation 2- with a cooling via the cooling system of the building part/ceiling
limit of the cooling temperature during the day: 26°C

Variation 3 with a cooling via the cooling system of the building part/ceiling

coordination of the additional air
limit of the cooling temperature
during the day: 26°C

BBS INTERNATIONAL

climate concept for an office
INAE A URTT S
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Checking of the natural ventilation reaction
with / without controlled outgoing air
cooling of the office areas via cooling ceiling

Ventilation system during the day
blowing in of pre-conditioned air into the room
outgoing air via the courtyards with plants or outgoing air via the ventilation of the room

Ventilation system at night
window ventilation facing the courtyard with plants
outgoing air via the atrium
outgoing via the RWA

BBS INTERNATIONAL

ventilation concept for an office
NS IEWIRE S
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N

temperature development in the building

<21 SR IR A2 AL

[ YR —zan

g 31.2°C
18EC 38.6°C
31.3°C
24,9 "C 24.9*C 24.9C 49C
|_25.280m 5.0 MWh 7.7 M 252mwn |
24.0*C 24.2°C 28.8°C 243°C 240°C
[ 113 mam 3.9 MWh 4.4 MAR 1amwh |
237 °C 24.0°C 27.5°%C 24.1°¢ 7%
|__o.8 mwn 2.3 MWh 3,7 MWh asMVh |
= ‘
23.8C 23.8°C 25.5°C 28.0%C 23.84C S
4.2 MW 1.9 MWh 2.3 MWh 42 MW 0L 0 | | AN
. . Hof
Atrium  Kombizone Biro Nord Hof Bire Sid Komblzone  Atrium I —-—" BB sid
3.2c 5}
1m1c 31 =
1M3e E
=
[}
| 29.5°C 29.5°C A c mEC =
| 2
255°C M4 28.8°C 83°C 2554C
| J
24.2%C 265°C 27,5%C 274 24.2%
| | I
27 255°C 25.5C 25.8°C !
%1 100 o 8 72 9% ey
1.Tag 2.Tag 3.Tag 4.Tag 5.Tag

Atrium  Mambizone Bilro Nord Hof Bre S0d Komblzone  Atrhum BBS INGENIEURBURO WF | VDIH1 Stunden



U 4]
=
=
:
&
=
=
qp
|-
£
=

The blown-in cool air follows the movement of the sun going around the building

The blown-in air in the areas facing the sun is cooler than the blown-in air in the sidewalls of the
building turning away from the sun/in the shade

Guidelines:

Circulating air > 6 times

The fresh air depends on the number of people in each zone

Valves regulate the air volume stream of the fresh air

Valves regulate the mixing relation of the (hot) circulating air with the (dry and cold) fresh air

TR PR ) R X, S K R K BE 3 B 1 i
Additional air influenced by the movement of the sunlight, max. ventilation follows the
position of the sun

BBS INTERNATIONAL

regulation strategy ventilation systems
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plant/equipment concept

heating, ventilation, cooling system
g S

Kbg #R A

Task of the heating PRUS SN
keeping of the norm-indoor temperature according to DIN 4701 54 DIN 470151 7 1) = N IR
guarantee of the thermal comfort PRUE AT IE 1
chosen combination from heating ceiling Frik 2 &
KM 113 T
B (tw.)
Task of the ventilation AR
guarantee of the hygienically necessary outdoor volume stream PRUEFT & TLAE BRI 35 (38 KU
drawing off of the heating loads TH R A A
minimization of the energy consumption Reftim ML
chosen combination from ventilation with cooling system i F AR )48 RV A
heating ceiling PEE ST T

natural ventilation |

\ B AR X (17D )




Natural ventilation

To make sure the climate for plants in courtyards with plants
Limitation of the temperatures in courtyards with plants in summer
Heating of the offices at night
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HAIPO Architects was founded in 1993 by Paul L. Chen AIA and Haiging Wu AIA following their ten
years of experience in the States. Initially beginning with ten people, HPA has since grown to over
100 people with offices in Shanghai and Beijing. This international team includes architects,
planners, engineers and interior designers all committed to providing distinctive architecture which
adds value to the local environment.

HPA consistently provides value by emphasizing design excellence in the firm's diversified portfolio
including urban planning, office, commercial and residential buildings, educational, institutional and
recreational facilities, and interior design. The collection of projects has brought acknowledgement

to HPA through professional awards as well as publications.

With the firm's headquarters located in Shanghai, HPA has licensed architects from Germany,
United States, and China. HPA has also acquired a Shanghai local design firm, Shanghai ZhongFu
Architectural Design Company, which has local Grade A firm license for both architectural and
engineering design practice.

HPA can provide the whole range of architectural services from schematic design to construction
documentation. HPA can also act as the architect of the record.

HPA employs professionals on the fields of architecture, urban planning, interior, structure,
mechanics and electrics.

Especially our M&E department has gathered vast experience on innovative energy saving design
solution in the recent years. In cooperation with well acclaimed European companies the firm acted
as a pioneer in implementing heat pump systems, cooled ceiling systems and more complex HVAC

in its recent projects.

REKEE - ERER BT H ST
local partner HPA — HAIPO ARCHITECTS

Shanghai
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Lot 2-11 Bamboo Garden
P EIPIVNTS

The project is located in Parcel 2-11-2B of Zhu Yuan District, south of the Century Road. Itis a
high-rise Class-A intelligent office building, with a total 80.0m height, which has 17-storey building on
the ground, and a two storey basement. The total building area is 45,112 m’.

The Standard plan of the office building is a 51.9 m X 37.5 m rectangular. The first floor contains the
lobby for the office, in the second floor is the cafeteria , the standard office building floor starts from
the 31 floor and goes up to the 17" floor. The Basement is used for parking and equipment..

The building is composed by using modern and clear architectural language and the effect of
different materials. The fagade has unique characteristics but at the same time, matches the skyline
of Century Road.

The fagade language is composed by units that connect a stone surface framework and a glass
curtain wall . Each unit crossing two floors. Various shadows are produced through the day by the
depth of the stone framework, that also covers the interior space from the strong sunlight.

FREK A - BRI BT 55

local partner HPA — HAIPO ARCHITECTS

Shanghai
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Lot 2-11 Bamboo Garden
rE2-11F 0 A ¥

Energy saving of the project is especially prominent, contributing to the use of a ground heat pump
system.

Though the "underground pipe heat exchanger ", ground heat pumps pump the recycled water
which is used for cooling (or heating) central air-conditioning units to the inner ground. It can satisfy
the requirement of cooling in summer and warming in winter by using the constant temperature of
the inner ground.. (e.g. about 18 ° C Deep in 18 below the ground floor in Shanghai area) .

This technical system is totally different from that of the traditional central air-conditioning. It works
well without the boiler room in winter and cooling towers in summer, and also needs no coal, gas or
oil.

A Cool ceiling is used for the cooling and heating system using water as media. Compare to the
traditional system, it has 40% reduction in energy consumption.

.HKT002
7l

HKT007 JEm _///

LMD-E 200 Metal Ceiling Panel
Vernier hanger lower section
Vernier hanger upper section
Safety pins

Self-tapping screw

Hook-on profile

Connector for hook-on profile
to suspension channel
Suspension channel
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local partner HPA — HAIPO ARCHITECTS

Shanghai
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Lu Jai Zui Financial Centre

G A PN

The Project is located in Lujiazui, Pudong Distict, with a total construction area of about 69,800 m’.
Itis 90 meters high, consists out of 19 stories ( pus and 3 storey basement.) and has a 49.0mx
53.0m standard plan.

To adapt to the tenant flexible space requirement, 13.5m long steel beams are used as structure
components over the office space. The fagade is compose by “double skin” air circulation system
with great capable of saving energy. This project also uses a cooled ceiling for the cooling and
heating system.

Address: Shanghai Pudong Lujiazui Ring Road
Area: 72,800 m*
Design / completion: 2006/2009

B ERE - RIS
local partner HPA — HAIPO ARCHITECTS

Shanghai
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Gas technology, water technology, sewage

technology and fire fighting devices RIS AR, KA IR LA, T3 /KA FR AN

heat-supply equipment, refrigeration technology, i K e
domestic water heating equipment, MHERB R . IR FIAR . FHPUKE L
and ventilation and air-conditioning technology SR XURT 25 SR A
electrical engineering P LA
lift technology, conveyor technology and storage L TR

technology

kitchen technology, laundry technology and dry
cleaning technology

medical engineering and laboratory engineering

CER VSRS % NN (b 53 TR EXITES N
JE SRR BERBARM T AR
[ 2 AR RIS = T A%

Engineer's society for hvac and
electrical engineering

Technical building equipment

Our office looks after the client in a reliable way and success-oriented in all subsections of the TGA
(gas technology, water technology, sewage technology, heat-supply equipment, domestic water
heating equipment and ventilation and air-conditioning, electrical engineering, lift technology,
conveyor technology and storage technology, user-specific plants or the central building control
systems during all planning phases from the project idea via the finding-out about the basis to the
looking after of the object and to the documentation supporting the client after having finished the
construction to keep and to increase constantly the created additional value in future.

System integration

Modern, intelligently run complex buildings and plants require a subsection overlapping co-operation
that integrates the involved components into a flexible general concept and that allows to
communicate user-friendly with each other. We look after the client during the single steps like the
requirements analysis, the concept development, the intersection definition, the integration into the
general concept and the guarantee of a smoothly running of the building.

Facility Engineering und Management
Consulting, planning and engineer services as well as expert’s reports that optimize the ran property
regarding the secondary processes and the life cycle costs.

Technical Controlling

Guarantee of the project aim by presenting clearly the cost situation, the service situation and the
time scheduling as well as the analysis of the specifications (target/present situation comparison).
Evaluation of the economy during the completion of the project. In addition the increasing interest in
the sustainable development of property has become very important (e.g. the monitoring of energy
indexes.
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responsible partner kruse international engineers

Germany, Russia, China
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Energy Engineering/Strategic Energy Management

Thanks to an integrated attempt to a strategic energy management and facility
management the property is used more ecologically, economically, flexibly and even more
efficiently (e.g. because of energy optimization concepts). So the energy engineering
becomes more and more important. What is more, renewable energy requires also an
intensive energy management

Tk OB bR TREE 55 Py

responsible partner kruse international engineers

IR LS AL U LRR
hvac - and electrical engineering
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Tk OB bR TREE 55 Py

responsible partner kruse international engineers

SR KL RAKFNE BT HR

Planning and supervision of all systems and facilities for

Sanitary technology with treatment of water and reprocessing of sewage

Media technology, compressed air, vacuum cleaner facilities

Swimming pool technology

Fire-fighting systems (hydrant system, sprinkler system, foam extinguisher systems, gas
extinguisher systems, etc.)

gas technology, water technology, sewage technology and fire fighting devices
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Planning and supervision of all systems and facilities for

Heating and refrigerating

Hot water making system and thermal solar systems

Hot water pumps, BHKW

Air-conditioning equipments, aeration systems, ventilation systems, smoke extractor
Process air technological systems

Refrigerating systems and cooling technology, cooling ceiling

GFIKEE: BT E bR DA RS T
responsible partner kruse international engineers

(R . 178 O HOKAI A 2 SRR
hot-water supply, refrigerating, domestic water heating equipment and
indoor air technology
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responsible partner kruse international engineers

SRR - (5 R - 2 aEAR

Planning and supervision of all systems and facilities for

Heavy current systems (middle voltage and low voltage)

Self-produced current systems (emergency power)

Low voltage switchgear systems

Low voltage installations

Lightening protection equipment and earthing equipments

lllumination systems and light technological systems, emergency lighting

Telecommunication equipment and information technology systems (“low voltage®) including in
particular telecommunications and security technology

Photovoltaic systems

Telecommunications technology

Intercoms

Loudspeaker systems (ELA), announcement equipments
Aerials systems

Computer networks to connect the PCs to the telephone line
Radio systems for the building automation

Security technology

Alarm systems

Lightening protection systems

Protection against fire technology (unlike the structural fire protection)
House alarm systems

Access control

Building automation

heavy current plants - telecommunications — security technology
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Planning and supervision of all systems and facilities for

Passenger lifts and goods lifts
Escalators and moving pavement
Pneumatic dispatch systems

Crane equipments and hydraulic ramps

GFIKEE: BT E bR DA RS T
responsible partner kruse international engineers

HLBG . AZIER O EROR

lift-, conveyor- and storage technology
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Planning and supervision of all systems and facilities for

(canteen) kitchen technology

Laundry systems and dry cleaning systems

Medical equipment, laboratory equipment and swimming/bathing technology
Filling station equipments and car-washes

Rubbish dumping systems and paper dumping equipments
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responsible partner kruse international engineers
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kifchen-, aundry- and dry cleaning technology
medical engineering and laboratory technology
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concrete nucleus activation
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Beschrelbung
Zentraler BIS Server mit Access Engine und Video SW
Bedienplatze

Drucker

Zutrittskontrollzentrale

Leser

Thréffner

IP-Kamera

2.B. DiBos Bildspeicher
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responsible partner kruse international engineers
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building management/ building security
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http://www.lowenergycertificate.com

The evaluation programme LEC

LEC (Low energy Certificate) is a planning tool to evaluate the energetics of buildings. The
programme was developed by the BBS INSTITUTE led by Prof. Dr. -Ing. Hans-Peter Leimer in
cooperation with the Hefei University (Anhui/China) and the University of Applied Sciences and
Arts, HAWK; (Hildesheim/Germany). The development was completed by the support of and
cooperation with econet (China) and PKPM (China).

Thanks to the evaluation programme it is possible to evaluate nearly all building types and parts of
a building with regard to their energetic quality separately after the heating period and after the
cooling period.

The examination of the buildings with regard to the regional climate conditions is based on a pure
physical basis. In this context it is important to mention that the calculations are exclusively based
on results of (Ldsungen der) warmetech-nischen Bilanzgleichungen.

The basis for the evaluation of the heating period is a comparison with similar buildings
(Referenzgebauden) that were in accordance with the method of build-ing according to the
standard of the 80ies paying attention to each climatic region.

As far as the cooling periods are concerned, the evaluation is based on compari-sons with an
optimal front defined as “kiihlenergieneutral’.

The evaluation of the energy for cooling and heating (Warme- und Kiihlenergie-bedarf) are re-
evaluated, classified and shown with regard to certain criteria. The result of the energetic
verification is presented with a simple star system. An in-crease of stars clearly shows the energetic
quality of the building, which means that the user can immediately recognize the energetic quality of
the building thanks to a simple illustration.

KBRS TREE# (Rig) ARAF
BBS INTERNATIONAL CHINA Co. Ltd.
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Computer Program for Energy Efficiency and Certification of the Building

LEC (Low Energie Certificate)
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Energy Standard of the Building

EFRATE

Energy Standard Winter
HFRATE

Energy Standard Summer
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Project LBS Hannover - Germany
B 3000 Hannover - Germany
Location Street 1298

L%

Owner BBS INTERNATIONAL - Shanghai
RIHRE

Building Utilization (Office and commercial building
ERHTEN

___ BBSINTERNATIONAL - Shanghai
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