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ABSTRACT

The development of HVAC & R industries and marketGhina is described. The current trends in HVAR&
products mainly focuses on energy saving, envirariaheprotection and comfortable healthy products. The
manufacturers in China produce mainly split roomcanditioners, refrigerators, VRF multi evaporaggstems for
commercial and residential users, air-source heatpptype water chiller, screw chillers, centrifugdiillers and
absorption chillers. The energy labeling systemHMAC & R has contributed to increased energy sg&im
China. The national standards and certificatiortesys have given impetus to the HVAC & R market ainstd
growth. With the increased awareness of the impogeaof R&D, the Chinese industry, the organizatiansl
universities have promoted the development and pushed the R & D of HVAC & R products. This is\slg
changing the perspective in the HVAC&R domain from !made in China" to !developed or iedoiraChina".
Various new research works are highlighted in plaiger.

1. INTRODUCTION

China is the largest developing country in the @@hd has a varied climate that can be dividedfim&climatic
zones. These zones include areas which are:
Severely cold e.g. Heilongjiang province, where heating is very important for the most part of the year;
Cold e.g. Beijing, where heating is necessary from Oct. to March, while cooling in summer is not a big
problem;
Hot in summer and cold in winter e.g. Shanghai mearby provinces, where cooling in summer and hgati
in winter are necessary;
Warm e.g. Guangdong and Fujian provinces, wherértes not necessary and cooling is needed in sgrmm
time;
Hot e.g. Hainan province, where cooling is needkthe year.
With the recent rapid development of the Chinesgnemy, heating and cooling has become more and more
important in real life. The statistics on energy consumption shows that buildings have contribigezb¥%ptotal
energy consumption in China. Out of this, 60% was used for heating and cooling, 9%ileorl residential hot
water (Jiang,2005).

The fast economic development and the increasing living standards of pe@blma have prompted a new
wave of building construction. Since the year 2006, billion nt area of buildings are built every year, and this i
projected to continue until the year 2020(Qiu,200Mis increase in buildings has a direct effecttloam national
energy consumption, and therefore the Chinese gowamt has taken energy management into serious
consideration. Two laws, Renewable Energy Law amer@y Saving Law, provide the main guidelines foilding
energy systems and HVAC & R industries. The Renévaimergy Law was enacted in 2005 and started to be
enforced in 2006, whereas the Energy Saving Law lvélissued in 2008. Energy saving for air conditig
systems and refrigerators has been in consideridiomany years. Energy saving labels has been fosedost of
residential electric appliances, especially fomnaair conditioners. It is a known fact that air ditioning consumes



more than 40% electricity in summer peak time imedig cities such as Shanghai. The recent coltewiras also
caused problems of electricity shortage in someciigs.

The China HVAC & R industry has developed rapidtythe last 20 years, and currently China is a big
manufacturer of HVAC & R products. Both the Chinesdional companies and the international compamies
contributed to the growth of the industry. Chinaaésv slowly changing focus from !Made in China"fdesigned
in China", and 'Researched & Developed in China". The government and other assobiati®teen encouraging
the industries to move a step further to lInnovate€hina". Many big and well known companies hageablished
research centers in China in the last five yeadstha Chinese HVAC & R products are not only avdéaon the
local market but also on the global market.

This paper shows the market development of HVAC &nRChina, the market shares of various types of
products, and also the intensified researches emelapments of building energy systems in China.

2. HVAC & R INDUSTRIES AND MARKETS IN CHINA

The HVAC & R industry has developed rapidly in teeent years and the market for HVAC & R produets been
expanding consistently. In 2007, the total productf HYAC & R products accounted for 90.8 billi&MB Yuan.
The total sales were 85.9 billion RMB Yuan and llemefits were 5.43 billion RMB Yuan. It is estinditdat the
rate of increase in the total production and s&ld\WAC & R products will be 10-20% in 2010, whichk 1.5 times
that of 2006. By the year 2020, the main indextgqeted to double in comparison with that of 2010.

The recent increase in building construction has prompted the market of air conditimtérgss Many urban
centers have come up in the countryside, whichHhedged to extend market for HYAC & R. The automebil
industry has also been growing at a high rate. tdt& production of automotives reached 7 milliarntsi in 2006
and 8.8 million in 2007, hence resulting in increased demand for automotsanditioning systems. Even though
currently the automobile industry supplies mairilg tocal market, it is expected that within thetrfexv years, it
will also supply the world market. The continuomerease in the number of supermarkets and shoppaits
provides impetus to the growth of the market fomotercial refrigeration and cold chain equipment§his
therefore makes certain the fact that the HVAC &a@&ustries in China will suffer many changes angdaasion in
the next 5-10 years.

2.1 Room air conditioners

China is the biggest supplier of room air condigian(RAC) in the world. The annual total production has reached
close to 30 million units. Fig.1 shows the changegroduction of room air conditioning units fron®97 to
2007(Aircon http//, 2008). In 2007, 28.4 millionits were sold, which accounted for 68 billion RMBan. Fig.2
shows the Unit price changes from 2001-2007(Airatip//, 2008).
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Fig.1: The production unit changes from 1997 to 2007.  Fig.2: The averagpdasnchanges from 2001-2007.

The main producers of room air conditioners cawlassified into three grades based on the productigput.
Grade 1(>2 million units per year) includes Greedid, and Haier, which are all Chinese manufactui@rade 2
(between 1 and 2 million units per year) includasedse, Panasonic, Kelong, Glaze, Aux, Chigao, evioaty
Panasonic is from outside China. Grade 3 (< 1 onillinits per year) includes Mitsubushi, Samsun@nghong,
Chunlan, TCL, Daikin, Hitachi, Sharp, Fujitsu GemleSanyoo, LG etc., in which only Changhong, @ao and
TCL are Chinese companies. It is worth mentionhrag Changhong and Chunlan were once the main manuéas



of room air conditioners, but they later diversifi® manufacture other products. Fig.3 shows tlamgés in RAC
market share (in units) in China market from 20032007 (Aircon, http://, 2008). Grade 1 manufaatsireave
consistently had an increase in the market sharadir products.
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Fig.3: The changes in RAC market share in Chiomf2003 to 2007.

If the market is classified by regions in ChiB3.9% of the market is in East China (mainlyttifengle Yangzhi
River, Shanghai and its environs), 18.64% in N@ttina (Beijing and its surrounding areas), 16.78%middle
China (Wuhan and the nearby areas) and 16.10%uth%hina (Guangdong, Fujian provinces etc.). Thaeket in
North East, North West and South West of China @t for less than 15% market.

2.2 Centralized air conditioners

The centralized air conditioning systems had a total marke26 dfillion RMB Yuan in 2007, however the market
share for these products has dropped down to thestopoint since 2003. This is perhaps relatedhéocontrolled
construction of public buildings in China. Howevthis is likely to change in the next few years tlu¢he market
needs for Beijing Olympics in August 2008 and Shemgvorld EXPO in 2010, in addition to several athég
projects. There are mainly 8 dominating brandsesftralized air conditioners, which can be clasdifas !5+3".
The 5" consists of Daikin, York, Carrier, McQuairane, whereas the !3" consists of national braviddia, Haier
and Gree. The market increase rate for the !5" tsda 16.58%, while for the !3" brands is 27%.
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Fig.4: The market shares (sale values) of variopesyf HVAC products.

The overall market share for air conditioning ey (based on sale values) are shown in Fig.4 qAjrttp://,
2008). The centrifugal chiller, screw chiller, LiBrater absorption chiller, VRF heat pump, and aivipnd source
heat pump occupy 8%,14.7%,7%,19.6% and 2.8% of the market respedfiiledyeas, room air conditioners
(others) comprise close to half the AC market.

Centrifugal chiller: The Centrifugal chiller market is dominated byifcAmerican brands (York, Carrier,
Trane and McQuay), which command 95.8% market sbar@6.6% of total sales. Chinese companies such as



Media, Haier and Gree have paid attention to thislpct, and are making efforts to have a significdrare in the
market in future. It should be noted that since@®dcQuay has become a subsidiary of JapaneserDadnpany.

Screw chiller: Screw chiller has a total market sales of 14.ifwhich water cooled screw chiller accounts for
72%, whereas the air cooled screw chiller accofmts28%. The major market share belongs to intéwnat
brands, however Chinese products are increasingbriag the market and the situation may be differe 5-10
years as Chinese companies already have a good cahuhthe technology.

LiBr-water absorption chiller : It was estimated to have a market share (saleeyadf 10-15%, but the
shortage and the increase in cost of natural gaslbaved down the market share of this product%o This has
made many small Chinese companies to stop produetiabsorption chillers. At the moment, the maikethainly
dominated by Shuangliang, Broad, Sanyoo, Ebarajefaand LG. Shuangliang, Broad, and Sanyoo lwanere
the main dominants 5 years ago, but currently, Ebara#s share has reached a market share of about 20%. The main
market of LiBr-water absorption chillers is in rfegtn China due to the relatively low price of natugas, and
because it has a high heating efficiency. The future designs of absorption chillers is expected to factor in waste heat
utilization as energy saving is increasingly beecmmnone of the main concerns in China. The demandihgle
effect absorption chiller and absorption heat pungy therefore increase in the future, besides tiheiatly double
effect products.

VRF heat pump: Also referred to as VRV, MDV, HRV by different companies. The market for this product
has increased rapidly, and is mostly suitable & Hast china market for cooling and heating purposad
especially for small to medium office buildings.erf@BD high rise buildings also use such systemesrdow to the
demand of different floors or companies. Daikinratéas dominated the market with a share of 43v@%éreas the
shares for the other brands are: Hisense Hitacli%d 3Haier 5.7%, Mitsubishi Heavy Haier 5.0%, Medid@%,
Gree 1.1%. Other various small brands comprise%22The multi-evaporator inverter systems are dotathdy
Japanese brands with 84% of the market share. Bhlkeetrshare for Samsung, Gree and Media is lileeipdrease
rapidly in the next 3-5 years because the manufagticompanies have cooperated with Emerson todigital
scroll compressor. Currently Gree, Media, SamsMuaf)uay are also focusing on VRF heat pump prodasthey
think that such products have advantages when aségat pump at ambient temperature lower thafiG1There
are potential market needs in the northern pa@hiha for such products.

Ground source heat pump a kind of water source heat pump which extraets firom the ground through a
water-soil heat exchanger. The market for this product has been increasing for the lastehgaanstly is in the
north of China. The winter heating and summer caplior residential buildings can be nearly balancaeh
systems are quite suitable for use in Beijing, jimerShandong provinces and its environs. The iagfibn in
Yangzhi river triangle region (Shanghai and itsesunding areas) and Zhujiang triangle region (Gahng and its
environs) have also started. However there arelgmbin the near future due to the unbalance of methe
ground. Ground source heat pumps have been usedalsmmercial buildings, although they may berieted in
downtown areas of cities. Currently there are ramdards which have been issued for these prodSatsll
companies have started to compete against big, international companies.

2.3 Refrigerators

The number of refrigerators produced in China haseiased a lot from 1991 (4.7 million units) u20lO6, at
an annual rate of 11%, which is somehow is highan the GDP increase rate (Ma,2007). In 2005tata number
of refrigerators produced was 24.76 million unitsth 10.71 million units sold within China. This @unted for
23.8 billion RMB Yuan, the average unit price wadyo2,220 RMB Yuan in China. In 2006, the total rhen of
refrigerator produced increased to 30.79 millioftsifwhich is already 30% total worldwide produciipin which
14.27 million units were sold in China.

The statistical data in 2006 showed that the majoducers of the refrigerators were Haier, Xinfdgiling,
Media, Rongsheng, Little Swan, Hisense, TCL, Roigshwhich are all Chinese brands. Their produad h
accounted for 90% of Chinese market, for refrigmsatvith capacity less than 210 liters. The fordigsed brands
Siemens, Bosch, Electrolux, Panasonic, Sharp, la@s8ng dominated for high capacity refrigerators.

3 ENERGY LABELS AND HVAC & R PRODUCTS

Energy saving for HYAC&R products came into foculyZars ago. However, the real national wide moveme
was initiated in 2005.



Room air conditioners (RAC), as the main consuréelectricity, had an EER between 2.2 to 3.3 i62h
China. Most of the products (made from Chinese @mgs) of split room air conditioners had EER dineen 2.2-
2.5, which was far below that of international stams. In 2004 the new standards for room air conditioners and
unit air conditioners were issued (GB12021.3-2@BB19576-2004). The implementation of these starxdhedjun
in 2005. Table 1 and 2 shows the energy efficidaggl of RAC and unit air conditioners, respectyailassified
into 5 grades. When the energy efficiency gradell®f RAC was issued in 2004, there were 30% RAG wi
efficiency level lower than grade 5, thus the redbecement of the standard was postponed to 200520127). In
2007, most of market products were labeled as dgsaated 4, and few products have grade 1 or 2 lablelsever,
new upgraded standard will be executed in 2009Hith the original grades 5, 4 and 3 will not blieakd in the
market. These new upgraded standard is currentigruiscussion and it will possibly set the oridgigiiade 3 as the
new start point in place of grade 5. Besides,efae several companies such as Hisense who havenpae
attention to inverter RAC production, which havewhkd a high EER, and also high SEER. The inverflEfhave
been influenced by Japanese technologies and pgsydund are increasingly getting into the market.

In table 2, the air conditioning system is usuallycentralized system with refrigeration power lartfean
7000W and the multi evaporator VRF heat pump isinciuded. The standard for VRF energy efficiencgdg
level will be issued in China in 2008. For the ab@wnergy label standards, heating is not yet cereild The energy
efficiency grade level standards for inverter tgireconditioner and multi evaporator VRF heat puang yet to be
issued. These standards will indicate the replaoemieEER by SEER for the above fixed frequencytays. The
IPLV method will be used to evaluate the multi emapor VRF products into 5 grade levels.

Table 1 the energy efficiency grade level of roantanditioners
Type Rated Energy efficiency grade (EER)
refrigeration 5 4 3 2 1
power (CC,W)

Packed - 2.3 2.5 2.7 2.9 3.1
Split CC 4500 2.6 2.8 3.0 3.2 3.4
4500<CC7100 | 25 2.7 2.9 3.1 3.3
7100<CC14000| 2.4 2.6 2.8 3.0 3.2

Table 2 The energy efficiency grade level of unittanditioners(CC7000W)

Type Energy efficiency grade (EER)
5 4 3 2 1
Air cooled | Fan caoil 2.4 2.6 2.8 3.0 3.2
Wind tunnel | 2.1 2.3 2.5 2.7 2.9
Water Fan coill 2.8 3.0 3.2 3.4 3.6
cooled Wind tunnel | 2.5 2.7 2.9 3.1 3.3
Table 3. The energy efficiency grade level of watdlers (GB19577-2004)
Type Rated Energy efficiency grade (EER)
refrigeration 1 2 3 4 5
power (CC,kW)
Air cooled or| CC 50 3.2 3.0 2.8 2.6 2.4
evaporative | 50<CC 3.4 3.2 3.0 2.8 2.6
cooling
Water CC 528 5.0 4.7 4.4 4.1 3.8
cooled 528<CC 1163 5.5 5.1 4.7 4.3 4.0
1163<CC 6.1 5.6 5.1 4.6 4.2

Table 3 has shown the energy efficiency gradellof water chillers, which had been enforced in 2005 together
with the public building energy saving standardB8%3189$2005).
For the refrigeration products, the energy labeh\gi grades was issued in 2003 (GB12021.2-2003hagic
limit load E,axWas fixed for Grades 1, 2, 3, 4, 5 to repres@&b5, 0.56-0.65, 0.66-0.80, 0.81-0.90, 0.91-1 af ti

Emax, respectively. Currently most of the refrigeratare in the grade 2 and 3 levels. More and morefa§erators
in the market have reached grade 1 level (Ma, 2007)



There are no energy efficiency grade levehdaads currently available for LiBr-water absorptiohillers.
However, the national standard Bureau requested manufacturers to ensure that all the edwt€OP of at
least 1.1. Most producers claim that their prodinztge a COP of about 1.3, and some even more tHarTlie
municipal government of Shanghai has started argnogo promote the use of high efficiency gas fiabdorption
chillers. The local energy efficiency standardsexpected to be issued in 2008 in which it requihas absorption
chillers have a COP of at least 1.2. The municiized company is expected to issue different pritemtural gas
according to the COP of the integrated systemsauiltdings. This regulation may bring manufacturergstomers
and designers together to share the responsibili@ae of the main difficulties in preparing theergy efficiency
grade standards is lack of standard criteria ofsmétag COP because the real running conditionsuatelly
different from the fixed rated conditions. A retessearch done by SJTU and Shanghai Gas Compamedhhat
most of the LiBr-water absorption chillers currgrith use have a system COP of between 0.8-1.3(HL,2007).
The producers therefore need to work harder to angthe efficiency, especially by proper controlgas burner
(from on/off control to multi-stage or no stagefldhe good match between the burner and the stove.

4 REFRIGERANTS

Refrigerants fluids play an indispensable role MA€ & R products. Because of the global environraéigsues,
China phased out the use of R12 in 2007 and now ofabe refrigerators use mainly R134a and R6@0s0,
some HVAC & R equipments use R22, although intéonat regulations require that China should phasetioe
use of this refrigerant by the year 2040. Chinesapanies mainly use R22 for RAC (for China markbti), they
also produce R407c RAC for EU market. The Chinaselyrers of RAC also have considered the posgilulit
using R410A, but they face the problems of IP sgBiome of the RAC producers from Japan use R4hoave
also penetrated the Chinese market. Research dgeraht blends has been going on and refrigersmth as
Tsinghua 3 refrigerants (THRO3) have been devel@retare believed to be potential substitutes 22(Bhi et
al.,2000).

Most of the automotive air conditioning systems Bie84a refrigerant, however there are some research
CGO, systems going on, but currently are at the prowtyevelopment stage(Wang et al.,2007).

R134a and R123 are accepted in China as the nefntge for Centrifugal chillers. There are strong
competitions from the producers regarding enviramaleand energy saving problems.

5 RESEARCHES AND DEVELOPMENTS OF HVAC & R IN CHINA
5.1. Research & development organizations

Company based research centers have played antampoole in the development of HVAC & R products in
China. Before the year 2000, Chinese refrigeratimmpanies were very weak in terms of R & D as tlvegee no
PhDs and masters graduates who were interestedrking in these companies, especially the graduabes the
several outstanding universities such as Shangaai Tong University (SJTU) and Xi#an Jiao Tong @rsity
(XJTU). After 2000, there were many changes as n@gogd companies developed interest to have Enserpri
Technology Centers and to host a post doctor pnagiupported by the state government. Typical elesrtpbese
companies are Media, Haier, Xinfei, Gree and Shiimmg Many PhD graduates joined these companiesidin
the enterprise and universities jointly supportestmloctoral programs.

In Feb. 2004, Trane founded its R & D center inrijiei. All the R & D engineers and scientist usuall
worked in Shanghai downtown area, but they wereasiooally requested to work in the Trane factorarne
Shanghai. Trane has now more than 200 employeesk fgunded its Asia pacific R & D center in NovO@ in
Wuxi near Shanghai. The R & D center is locatedtiogr with the York factory. Currently, York has husiness
center with about 100 research engineers in Shangha newly built Carrier R & D center startedftmction in
2006. The center was created jointly with Carrierivgrsity and the Research Center of UTC in Shandgh&s
located in Jingiao of Shanghai Pudong developisg,avery close to Shanghai PVG airport. Carrigdifferent
from other companies in that it has several manufacs in Shanghai. Thus the R & D could be relaty closely
to its manufacturers. The Research Center hasntiyrE50 employees. The competition between theral®oUSA
based companies is very strong, especially fohthrean resources. This is likely to makes the mddkeR & D of
HVAC & R to grow quickly.

A big competitor of Carrier and other companie®akin. The Japanese company has reformed a Ithtein
last 3 years into a big international company.36& Daikin took over McQuey which allowed it to emwnearly all
HVAC & R products. The annual sale of Daikin is thiggest in China HVAC & R market according to the



estimation of market share in 2007. Daikin is arobi& to be No.1 HVAC & R Company in the world by120
Currently Daikin has several manufacturers in Chind the R & D center is still in Japan. In 2008&ilkn started
the program to collaborate with Chinese Universiiad Research Institutions. One sub R & D centex faunded
in Beijing in cooperation with Tsinghua Universityhich distributes various R & D projects to sedectiniversities
and research institutes. The other program is dhe jesearch work with Shanghai Jiao Tong Uniwgraihich

covers HVAC, Noise, Vibration, Materials sciencel @mgineering (welding, deforming etc.).

5.2 Universities

Universities are thought to be the R & D partndrsampanies in China. Most of the Chinese univiesitan not
only to teach and do research, but also to devetogucts. Professors and laboratories are very closely related to
industries. This was mainly caused by the lack & R resources in Chinese companies. There are thare120
universities involved in teaching and researchingassibly developing HVAC & R technologies. Theosgest
universities are Shanghai Jiao Tong University (HJTXi#an Jiao Tong University (XJTU) and Tsinghua
University (THU). SJTU and XJTU were one univeydiefore 1958, originally called Jiao Tong UniverguTU)
which was located in Shanghai. The Refrigeratiaisttin was founded in 1956 in JTU. Both SJTU and X.Are
strong in refrigeration and HVAC equipments.

SJTU has now 28 faculty members (14 full profegsarsl about 200 graduate students. The main afeas o
research and development include simulation ofgefation and air conditioning systems, sorptiofigeration
and desiccant cooling, CCHP, LNG and cryogenicrietdgies, indoor air, solar systems, automotive 8CTU has
made the following products commercially availathieat pump water heater, adsorption chillers, dasiccooling
system, and simulation software for refrigeratipatems. In addition green building energy systerasamong the
new contributions. Currently most of graduates T3 joined the R & D center and business units afri€r,
Trane, York and also Daikin.

XJTU is good in compressor systems and has helpeera industries to design and develop compressor
products. Typical products include screw compressand scroll compressors. XJTU is also good iogepics,
especially for large cryogenic liquid systems asdspace environment simulation. XJTU has prodackd of high
quality graduates to the Chinese based R & AC coilmpa

THU is good in building energy saving and indoar @urrently the developed liquid desiccant coolaygtem
has been commercialized. The THU based Tshinghagféing stock holder company is a national stromgpamy
especially on heat pumps. THU has been involved in various building energy saving pragcardmg building
energy label for Green Olympics in Beijing 2008.JHas a demonstration building on energy savingréanpte
new HVAC technologies.

5.3 Standards and Approval Organizations

The Chinese standards for HYAC & R products arentyalominated by the Chinese Association of Refatjen
(CAR, similar to ASHRAE), the Chinese Refrigeratiand Air Conditioning Industry Association (CRAAslar
to ARI) and the following three testing and applowganizations.

1. Hefei General Machinery Research Institute (HFRBMHGMRI http://,2008): is a multidisciplinary dra
comprehensive national class A scientific reseamstitute. HFGMRI mainly engages in the design,edlepment,
manufacture and inspection of general machinery. It also plays a big role in coriegpargineering contracting,
engineering supervision and equipment integratibias National Standards Committee of R & AC Equamt/
compressors /valves /boilers /pressure vesselsppuetc. Most of such products can be tested aspkoted by
this institute. The institute can also send techlrstaff to provide onsite services to manufacsimrbig or bulky
refrigeration systems. They also provide servicasavel products for which no national standardsauailable.

2. Guangzhou Electric Apparatus Institute (GEARBEARI,http://,2008): is a national level reseanahtitute
integrated with R&D, testing and certification sems for industries. GEARI host§uangzhou Testing &
Inspection Institute for Household Electrical Agpices which is anational level quality supervision, testing,
inspection and certification accredited by the @b National Accreditation Board for Laboratory @&N. Its
services are based on a variety of standards,a&B, IEC, EN, UL and ISO etc. GEARI also hdstsangzhou
Electrical Apparatus Research Institute Weatheriregting Center, in whichtd testing and environmental
adaptability evaluation work is recognized worldeiid

3. China Academy of Building Research (CABR) (CAB®p://,2008): which has a national center of gyali
supervision and inspection and testing for air doving equipment (NCSA). This agency is one oé tlirst



national quality supervision centers established985 by State Standard Administration of China CQGANCSA

has developed the specification and supervisioalmbst all national product standards in HVAC raiggfrom
conventional air conditioner to solar heating systeThey have also came up with design, engineering,
commissioning and auditing procedures for assabtedonditioning components ranging from vent, aoli, duct,
humidifier to various construction energy savingetia. Currently, NCSA carries out a wide scope of functions
including product certification for national stamds, quality issue arbitration, high quality teclogy/product
promotion and distribution and national-wide pradaspection.

6. CHINA REFRIGERATION EXPO

China Refrigeration Expo (CR, http://,2008) wadiated in the year of 1987 and has been servingnthestry for
21 years. It is generally recognized as one ofaghding HVAC&R exhibitions in the world. It is cditated by the
International Association of the Exhibition Indys(UFI) and the Foreign Commercial Service (FCS}hef U.S
Department of Commerce. With the 21-years of expee in serving the industry, China Refrigeratioqpd has
become a significant partner of the HVAC&R companilt features a wide range of exhibits, with th&et
advances in technologies reflecting the most sSicant developments and achievements in the industry

China Refrigeration Expo is usually organized every years alternatively in Beijing and Shanghdie Tast
growing market and industry have made it difficidtdo the exhibition in 2007 in Beijing due to laok a big
exhibition hall. Therefore the China Refrigerati@dd07 exhibition took place in Guangzhou. And ab©000
exhibitors from 30 countries and in different regioof the world displayed their products and tetdgies. The
total displaying area in Guangzhou was more thaB080nf and more than 380,000 visitors attended the show.

The China Refrigeration 2008 was hold in Shanghi %7,000 m exhibition area, most of the worldwide
brands had their exhibition on new HVAC & R produdh the exhibition. There were more than 50 tecdini
seminars in parallel with the exhibitions. Chinaffiyeration Expo has been now recognized as adugtlity trade
show and it has had a strong push to boost the HRFRA®dustry in China.

7. PERSPECTIVES OF CHINA HVAC & R

7.1 Energy efficiency equipments and their applications

Since the implementation of energy label in Chihare has been a lot of market competition forowgitypes of
products (split room air conditioner, water chill#RF multi connection air conditioning system).eT$election of a
suitable air conditioning system is critical forilding energy saving.

Room air conditioners are cheap and convenienség and are quite suitable for residential users and offices
with flexible working time such as universities.drder to achieve a high building energy saving,ubke of grade 1
and grade 2 room air conditioners, and also inveotem air conditioners is recommended.

For office buildings with divided air conditioningpnes, the multi evaporator VRF inverter air caoding
system is recommended. Its energy efficiency labekpected to be available in the year 2008. Heweahe multi
evaporator VRF inverter system may be limited sycipacity since the higher the capacity, the ééfssiency it
may have. The copper tubes used for refrigerant #we usually limited below 100 m. VRF should hare
optimized air conditioning area. For example, ibalding has an area of 2000°nVRF systems might not be
efficient, and a building with 50007air conditioning area might require a centralineter chiller.

Air cooled heat pumps are suitable for buildingshe Yangzhi triangle region near Shanghai. It migé
efficient for the buildings with 1000-5000°rand with the requirement of heating and coolitgymain advantage is
that it can be used for both cooling and heatitthpagh its system COP is low.

In order to achieve a high cooling efficiency thee wf water cooled air conditioning systems is neo@nded.
Large size screw type or centrifugal type watetlets are usually adopted for large commercial dods and
hotels, for such buildings, heating is usually dbgea gas boiler. Such HVAC water chiller usualfsta high COP
(5~6 or even higher). However, the HVAC system requires pumping and ventilation and 2@ might be
used by these additional components.

In south China, heating is not needed for the wiehe, thus water cooled air conditioning systerasiae best
choice. Water-Loop heat pump using water to cool the condenser has been thought as aegasdnabl Such
system could be used in room air conditioners Yiddial systems, but all condensers are cooled twatar loop
connected to a cooling water tower). Its COP camadbigh as 4 which is much better than the comwasit split
room air conditioners.



The CRAA and CAR should collaborate with some HVA@nufacturers like Carrier and Daikin to develop
some guidelines for HYAC & R equipments used inldings. Currently both Carrier and Daikin have proid
covering all air conditioning needs and their costos might provide good samples for such studies.

7.2 Refrigerants

Refrigerators: the use of R12 refrigerant was pitdndl in refrigerators in China in the year 200d avas replaced
by R134a and HCs refrigerants.

Room air conditioners: R22 can be still used inn@hintil 2040, although the products from joint tveas
from Japan (Daikin, Panasonic etc.) have changedRA10a. The compressor manufacturers in Chinasapply
products for R22, R410a and R407c. The THU-01/THUd&veloped in China are potential R22 substitutes.
Moreover, there are negotiations regarding IP sidbt the use of R410a and others. It would be possible that R22
would be prohibited to be used in 2020.

Water chillers: R134a and R123 were promoted byi€aand Trane respectively. This will not be cheahén
the coming years. China is weak in large chillesigie and manufacture, thereby with less consideratbout that.
However the !Green" Beijing Olympics have broughtinces for Carrier and York.

Natural refrigerants have been extensively studie@hina. Water is surely welcomed but now limited
absorption chillers with a current market sharediorconditioning of 7-8% in China. There has b&mk of R & D
for LiBr-water absorption chillers in the last 5ays, this has shrank the Chinese brand productanaHare to
about 20%. Currently there is a lot of researchngon local universities on GQautomotive air conditioning and
heat pump water heating. GB®eat pump water heater are widely available imdape market, but it seems to have
no chance in China as HCFCs heat pump water h&atauch cheaper, in addition, the Chinese peopdéepr
showers whereas Japanese people likes bath.nhgtht be widely applied for adsorption refrigeoatisystems.
Prototypes are available now and some industriee haen involved for R & D. It is expected that aomia
adsorption refrigerators might be used for indaktefrigeration applications with efficient usewséiste heat.

7.3 Heat pumps

Northern parts of China have cold and severely oeyions with air temperature less than %@5n winter. Heating
during winter is thus needed from October to March. Coal based centrad@gitighsystems used in cities or towns
have caused serious air pollutions resulting framturning of coal and hence the need for an altee Natural
gas heating seems to be expansive. In the lastyéaes the ground source heat pump has been walcoméhe
market for new residential houses and even businggtings in north China. A lot of newly estabkéghcompanies
are actively involved in this business. The usgrolund source heat pump technology has also spread rapidly from
north to south China. Although there has been tdansite test for several years regarding the grroge of ground
source heat pump, these products have performaaiténvwnorth China to solve winter heating problamd also to
get high efficiency cooling in summer. This is dese the heat release in summer and heat absorbédtér are
nearly in balance. But the ground source heat puan@sot suitable in east China and south Chinausecthe
heating need in winter is much smaller than hdatse in summer, and when the ground source hegipaperate
for several years, the summer cooling COP will beiausly reduced due to the increased temperatuiteei ground
soil in these areas. It is clear that air sour@ pamp is more reasonable for east and south @nézs.

In efforts to find a substitute for centralized tieg or ground source heat pump, there are newleldped
products which can overcome the difficulties ofsmiurce heat pump operated at ambient temperatioe b15°C.
Media, Gree and Samsung companies have collaboratedEmerson to develop the novel products ofsaiirce
heat pump which uses Emerson digital scroll congmeand can be operated efficiently below °“Q%r even lower
than -25°C. Daikin has also introduced a new air source lpemhp product to use a two stage compressor
(Yamamura et al., 2008), which has better efficjetfttough somehow expansive. It seems that the ehdidk
heating in China has become a hot point for cortipeti

Heat recovery heat pump capable of producing chilfater and hot water simultaneously has beenabiail
on the Chinese market for many years. These predaret suitable for newly constructed economic kpt&hich
has given a market chance for some small local emiep. There are some examples of efficient heavegy heat
pump systems. One such system is in Haiku, Hansland which is in tropical hot zone and needs ae#ryair
conditioning. The heat recovery heat pump has &gbploth cooling and hot water for a hotel. Both tlmoling and
the heating requirements are in good balance.

Air source heat pump water heaters (ASHPWH) haen lie the market for the last five years, and tlaeket
for this product is expanding slowly. The firstérésted manufacturers for such technology were s@ter heater



producers, whereas the involvement of room air itammer manufacturers started only two years agoréported

by the International Copper Association Ltd. Chitiiee, annual market had reached 620 million RMB Yna2006,

the estimated data for 2007 has reached up to &0E6n RMB Yuan (nternational Copper Association Ltd. China,
2007) Optimistic estimates show that the total heat pumater heater sales will reach 500,000 units ih02ih
China. At the moment, there are no big RAC martufacs involved in mass production of the ASHPWH. A
residential 150 L heat pump water heater may c@§046,000 RMB Yuan. The national standard spetifins for

the ASHPWH products are currently being developed are expected to be out by the end of 2008. &hgji
Jinjiang and Jiangsu Huayang companies are the pragucers of ASHPWH for residential uses, while Jiangsu
Tianshu Company is the main producer of ASHPWH \atige capacity (1 fto 100 ni) which can be used in
hotels, etc. The economic ASHPWH uses a heat pumggrated or connected with a water tank in whioh t
condenser is a copper coil immersed in a thernzalléted water tank. The high standard ASHPWH which is more
reliable uses water cooled condenser in which watarstorage tank is circulated. Various meansilshioe used to
get high COP of heating in which the mass flow should be easily controlled with the inufreager temperature

in the tank and also with the change of ambienptrature. The compressor should not be over predsutong
time application. Fig.5 shows the products of aiirse heat pump water heater for both residentidlcmmmercial
uses.
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Fig.5: The air source heat pump water heater fideatial and commercial uses.

7.4 System innovation
There are big changes in building energy systemsdsidential uses. More and more residential inglsl and
apartments are now fully furnished by the develppiich means that the suppliers of air conditignsgstems, hot
water system, etc. will have to meet the requirement of the developer at first. Onlypphierstan provide all
energy needs for the building or apartment. Thekipshould be engineering based with the capggili doing
system integration. A good integration will be ghead reliable and with high energy efficiency.

There are some examples for R & D and demonstiatidgth innovated energy systems for buildings in China.

7.4.1 AHU with liquid desiccant dehumidification ard heat pump combined system
This system was patented by Tsinghua University, igs prototype had been used in Shanghai greddifgi
demonstration project, now it is commercialized Bgijing Huachuang Refine Co. i(Brefine http://,2007) This
concept uses a heat pump for cooling purposeslotieemperature side-evaporator can produce chilater
(about 17-20°C), while the high temperature side-condensing heat with temperature about’COs3Qised to
regenerate a liquid desiccant dehumidification eays{Liu et al., 2004). With a proper matching oé tiquid
desiccant stages with heat recovery, the overtll ©©OP can reach 5.5 and therefore this systenytes energy
saving potentials. Now a union has been establislgaish the market of the novel cooling and dehumidification
system. Fig.6 shows the outlook of the system.

The AHU has an air flow rate ranging from 2,000080, n/h, with cooling capacity of 39-980 kW, heating
capacity of 26-650 kW, dehumidification rate 40-QR@h, and humidification rate 13-320kg/h. There several
demonstration projects which used such system, even for green residentiagbuildin



i

Fig.6: AHU with liquid desiccant dehumidificatiom@ heat pump combined systeninfgefine http://,2007)

7.4.2 Combined system of electric driven vapor conmpssion system and desiccant dehumidification sysite

In such system one or two desiccant rotors are used for dehumidification which undertakes the latent heat of cooling,
while the vapor compression cooling system can fmraied with evaporation temperature of aboufQ%wvhich
undertakes sensible heat of cooling. Such systeynsanee electric consumption of about 20-30% (Jia et al., 2007).

If the condensing heat (about 45-%%) can be used to regenerate the desiccant rb®meriergy saving could be

much higher. This combined system has been useddronstrations, in which solar heating is usedtli@r
regeneration of desiccant rotor (Ge et al., 20B8).7 shows the newly developed hybrid system hith use of

solar energy. Research has shown that such a desicooling system (dehumidification + water evaporative
cooling) itself could reach a thermal COP overhk tesiccant material used is a combination ofssigiel and

LiCl..
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The newly developed desiccant evaporatioérgp
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7.4.3 Heat pump building energy center
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Fig.8: Heat pump energy center and a test nodm floor radiation heating and ceil cooling $3TU

Heat pumps can perform both cooling and heatings tthilled water and hot water can be obtained. el w
organized system can provide hot water, heatingcanting, and thereby can be used all the year.€Rgeuses may
be (1) hot water production (42-%T), floor radiation heating in winter (45 hot water) or ceil cooling by cold
plate (15-20°C chilled water), in such case passive dehumidificacould be used by pasting desiccant materials o
the wall; or (2) hot water tank to store hot wa#2-5C0C), fan coil unit for heating or cooling. The opti¢l) has
higher potential due to energy saving and commodity, though the initial invessneuwtrently still high. Fig.8
shows the test room in SJTU with floor radiatiomtireg/ceil cooling and fan coil heating/coolingeasl uses, while
the heating and cooling sources are provided bgla svater heating/solar adsorption chiller, oréyeat pump

building energy center.

7.4.4  Other building energy centers such as micro CCHP

As is shown in Fig.9 in which gas is used as the energy source, the micro CCsiplgrelectricity, heating and
cooling with high primary energy efficiency (70~8b%luangfu et al., 2007). SJITU has demonstrated systems
driven by natural gas for 4kW, 16kW and 260kW resipely, selection of the suitable chillers andoatke proper
energy management are the main problems (Wu e2@06). Cheaper prime movers (gas engine etc.)lcHm
provided, which may need the expertise from autoraahdustry.
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= The 150 m solar eollector is capable of floor radiation heating in winter
and air conditioning in summer for 460m? building area, with efficient
working time for more than 8 hrs daiy

+ In addition, it is ble of d natural ventilati for 3 times per
hour, and capahle of 15 ton hot water supply daily on demand.

* In Shanghai the solar integrated energy has a working fraction annually
for about BOY%.

= The electric cooling COP=10

Fig.10: Solar integrated energy system for a gleglding in Shanghai with multi functions.

The Solar integrated energy system could be anbtlikgting energy system as is shown in Fig.10, ¢fosuch
system is still expensive, it can provide eledyicheating and cooling simultaneously. If solar B\Vhot included,
the solar integrated building energy system capabheating, cooling, hot water supply and evenamckement of
natural ventilation in Shanghai could provide 5@46Building energy needs with 4-8 years pay baclogdZhai et

al., 2007).

7.5 Renewable Energy based HVAC & R

The use of renewable energy is encouraged now imaCfihe issued Renewable Energy Law has promoted a plan
aimed at achieving 15% total energy renewable msghina by 2020. There were 80 milliorf solar collectors in



use in China in 2005. The government has plannétttease this to 150 million“y 2010 and 300 million frby
2020. The new residential buildings and public ding)s will be required to have solar energy systeams is
expected to increase the solar heating, coolinghaidvater supply market. Solar systems have beecessfully
used in residential high rise buildings. One goxanaple is one residential area in Shanghai whe®® 2partments
(Fig.11a) were provided with solar water heatingtegn (3 m solar collector on the balcony for each apartment)
There are two other residential areas with indialaof air source heat pump water heater in high apartment
buildings. Fig.11 shows several examples to insalar water heating systems and air source heap puater
heater.

Fig.11: Examples to install solar water heatingesys and air source heat pump water heater. (epakolar
collector, (b)- rain shielding solar collector,{®@at pump water heater.

Ground source heat pump market is steadilywigig in China. A combination with solar energy dasa good
option to save electricity and to get a wider ramdeapplications in different climate zones whehermal
management is important.

Heat pump water heaters have been acceptatbby and more people after 5 years experienceseomarket.
The government has agreed to use heat pump wadéerha parallel with solar water heater. Someesitand
provinces have introduced peak and off peak etdtprice which helps to promote heat pump watestar and
storage water tank.

Solar air conditioning is now appreciated bgny peoples, the many demonstrations have attraotedtments
for the potential market. Solar and gas combinestesys used to drive LiBr-water absorption chilleese been
accepted for use in business buildings. Such systeonks on the double effect mode therefore haB@®R of more
than 1.2 which needs parabolic through solar cated-or the buildings integrated with solar enegygtems,
evacuated tube collector is the best choice. Timesadsorption chiller (silica gel-water) with @tmal COP of 0.4
* 0.5 may be feasible when driven by hot water &f®. Another solar cooling system uses a solar diector to
generate desiccant dehumidification evaporativdimgoand has a thermal COP is about 1. It is st matured for
the R & D of solar cooling, but the potential mdrissavailable.

An important aspect of solar systems with thermal storage is that no mptadetts are available on the
market. Thermal storage using hot water tank isufaop however, big size tanks may be needed ifsfrstem is
large. Thermal storage with PCM materials is ald@etive. The needed product could be PCM at phassition
temperature of about 5t (for hot water supply), PCM at phase transitiemperature of about 70-8C (for
sorption cooling), and those of about X@0(for single effect LiBr-water absorption cooling)d 156C(for double
effect LiBr-water absorption cooling) .

7.6 Free Cooling

The development of west China (where 1/2 total area with 20% population) needs a lotrofctions equipped
with air conditioning. In most regions of Westerhia, during summer, the temperature is high betrtiative
humidity is low (~20-30%), as is shown in Fig.18.this case evaporative cooling is reasonable asnsumes
water and very little electricity, which is therebjso called free cooling (Huang, 2007). In someces$, a water
cooling tower could be used to provide chilled wete cooling in buildings. There is more than 1&ays of
experience in free cooling in west China, but théA& industries seem not to be involved. Fig.13 skhawme
example in Xinjiang Shihezi city(Huang, 2007).

The engineers from both design institutes lAWAC industries are not well trained on free cogliand usually
prefer to use the conventional HVAC systems. Sithege is already a market for free cooling, we neeie
designers and manufacturers or even politiciapsdmote this solution.



Fig.12: The market need for direct and indire@pmrative coolers (free cooling) in China.

Fig.13: A free cooling demonstration system in ading in Xinjiang Shihezi city (Huang, 2007).
7.7 Waste heat recovery refrigeration

With the issuance of the Energy Saving Law in 2008, efficient use of waste heat is expected teivecmore
attention. Waste heat with temperature ranging f&nto 500°C can be obtained from industries (petroleum
industry, metallurgy industry and electric powedlustry) which could be used to drive sorption caplsystems for
air conditioning or refrigeration.

The market for LiBr-water absorption chillers hasemded to include waste heat recovery water ohilliThe
current 20-30% market of LiBr-water absorption kg are based on waste heat utilization, and rifag still
increase in the near future.

There are needs for industry refrigeration (-10-20 °C), in which ammonia-water absorption refrigerator
could be used. The other option for waste heatedrirefrigeration is chemical adsorption refrigematin which
CaCl-NH; can be used as the working pair. Such system lot@inca refrigeration thermal COP of about 0.341.4
-15°C (Wang et al., 2006). The studies have shownaltaérmal driven adsorption refrigeration systemlid¢@ven
have a COP over 1 by the use of double effect and two way adsorptigaregfon cycles (Li et al. 2007).

In thermal-electric (or mechanical) power transimissmovers (internal combustion engine, gas turbine
stirling engine etc.), 60-70% of thermal energynfrexhausted gases or jacket water cooling is wa3ted could
be used to drive sorption cooling systems. Therpiaemarkets could be adsorption ice maker fdrifig boats and
sorption air conditioning systems for transportatiehicles. Research has shown that heat piped beufficiently
integrated in sorption systems and thus adsorpgéigeration could be closely related to solarrgpeand waste
heat utilization (Wang, 2008; Wang et al., 2006).

China is the main producer and developer for LiBtev absorption chillers, and now is one of thalilez
countries doing R & D on other sorption coolingteyss. Fig.14 shows the silica gel-water adsorptiutier (5-15
°C chilled water) which could be operated with 602@0hot water to obtain chilled water, and also ttisoaption
refrigerator (-10 to -28C with refrigeration capacity of 6-10 kW) using qoound adsorbent-ammonia powered by
150°C vapor.



Fig.14: Adsorption chiller and adsorption refrigeradeveloped by SJTU.

8.CONCLUSIONS

China refrigeration and HVAC industries have beewaloping rapidly in the last 10 years. China iwrbe biggest
manufacturer of room air conditioners and refrigens one of the main manufacturers of absorpttihecs, and a
growing-up manufacturer of centralized air conditng systems in the world. The high economic grovetie and
the increasing building construction have helped Hooming of HVAC & R applications. China has now
established its own standard and certificationesysto evaluate the HVAC & R products which can nraest of
the needs for world market.

R & D in HVAC & R has been changing a lot hetlast five years. The Chinese dominating comganive
established their own R & D centers and they aeoipéng experienced. Most of the world#s main HVAR&
companies have established their Asia-Pacific rehegenter or laboratories in China. The main ursities have
involved deeply in the research of new technologieBlVAC & R which will help Chinese government withe
aim of switching to 'researched and developed im@&hfrom the current !made in China".

REFERENCES

Aircon, 2008, _http://www.aircon.com.cn

CABR, 2008, http://www.cabr.ac.cn/engweb/

CR, 2008, http://www.cr-expo.com/en/Generalinfp.as

GEARI, 2008, http://www.geari.com/english/about.asp

Ge, T.S., Li, Y., Wang, R.Z.,, Dai, Y.J., 2008,pgeximental study on a two-stage desiccant coolygies. International
Journal of Refrigerationvol.31 (in review)

HGMRI,2008, http://www.hgmri.com/english/index.asp

Hu, J.Q., Wang, R.Z., Xia, Z.Z., Zhang Z., 20®eal operating performance and analysis of igad-fithium bromide
absorption chillers Acta Solaris Sinicavol.28 (in press)

Huang, X., 2007, Free Cooling, chapter 1Advances in Refrigeration and HVAEdited by R.Z. Wang, Chinese Association
of Refrigeration), China Science Press.

Huangfu, Y., Wu, J.Y., Wang, R.Z.,, Kong, X.Qand Wei, B.H., 2007, Evaluation and analysis ofehamicro-scale
combined cooling, heating and power (MCCHP) systenergy Conversion and Managemertl. 48, no.5: p.1703-1709

International Copper Association Ltd. China, 20@ppliance & Technologyin December 2007.

Jia, C.X., Dai, Y.J., Wu, J.Y., and Wang, R.2002, Use of compound desiccant to develop highopmidnce desiccant
cooling systeminternational Journal of Refrigeratigvol. 30, no.2:p345-353

Jiang, Y., 2005, Current building energy consumptioChina and effective energy efficiency measufds & AC (in Chinese)
vol.35, no.5:p. 30-40.

Li, T.X., Wang, R.Z., Oliveira, R.G., Wang, L.W2007, Performance analysis of an innovative matle, multisalt and
multieffect chemisorption refrigeration systefdChE Journal vol.53, no.12: p.3222-3230.

Liu, X.H., Jiang, Y., Li, Z., 2004, Liquid desiant total heat exchanger and heat pump combimsti fir handling unit$dV
& AC (in Chinese)vol.34, no.11: p.:98-102.

Ma, Y.T., 2007, Vapor compression refrigeratiosteyns and their energy efficiency. Chapter Rdvances in Refrigeration
and HVAC(edited by R.Z. Wang, Chinese Association of Refration), China Science Press, April 2007.

Qiu, B.X., 2007, Main barriers and basic policy fpromoting energy-saving construction in Chir@gnstruction and
Architecture (in Chinesgyo.12, no.1: p.14-17.




Shi, L.,, Han, L.Z., Zhu, M.S., Zhang, Q., and Xu2000, Experiment on THRO03: an alternative ®réfrigerant HCFC-22.
HV & AC (in Chinese)vol. 30, no.2: p.1-4.

SINOREFINE, 2008, http://www.sinorefine.com.cn

Wang, L.W., Wang, R.Z., Lu, Z.S., Xu, Y.X., aifu, J.Y., 2006, Split heat pipe type compoundagatfon ice making test
unit for fishing boatsinternational Journal of Refrigerationvol. 29, no.3: p. 456-468.

Wang, R.Z., 2008, Efficient adsorption refrigeratintegrated with heat pipefpplied Thermal Engineeringpl.28, no.4:
p.317-326

Wang, R.Z., Li, Y., 2007, Perspectives for natuvatking fluids in Chinalnternational Journal of Refrigeratigmvol. 30, no.4:
p. 568-581

Wang, R.Z., and Oliveira, R.G, 2006, Adsorptionrigefration-An efficient way to make good use of teakeat and solar
energy Progress in Energy and Combustion Scienod 32, no.4: p.424-458

Wu. D.W., Wang,R.Z., 2006, Combined cooling, hegatand power: A reviewRProgress in Energy and Combustion Science
vol.32, no.5-6: p.459-495

Yamamura, S., Zhong, M., 2008, Development ofttigh-efficiency heat pump --two-stage compressgstem for the cold
area,Cryogenics and Refrigeration-Proceedings of ICARE April 5-9,2008, Shanghai, Science Press, p.52-60.

Zhai,X.Q., Wang, R.Z., Dai, Y.J., Wu, J.Y., XuX., and Ma, Q., 2007, Solar integrated energsteay for a green building,
Energy and Buildingsvol. 39, no.8: p. 985-993

ACKNOWLEDGEMENT

This work was supported by Natural Science Foundaif China under the contract No. 50736004 anal als
National Key Technologies R&D Program under theti@mrt No. 2006BAA04B03. The author thanks Mr. J@ H
(Chinese Association of Refrigeration) for supptysome reference documents.



