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ABSTRACT

Study on urban heating-supply model assessmeat theory,method and its

apphcation

Az city infrastructure, heating system covers all aspects of society. Its level of
development speed and good or bad quality will have a significant impact on the people's
livelihood, social stability, energy conservation and other issues. Recently , every country
has become increasingly concerned about the issue of city heating and the research of it.
The attentions alsa include the appraisal of city heating systems. However, there are many
problems in rezearching the appraisal of city heating syslem. Particularly, the theories and
methods aboul sppraisal of el heating systems needs to develop and improve. One of the
most important problems is how can we appraise the city heating from all aspeets of
ccomomics, soclal, coviromments, tesources and he further in-depth tesearch imom
theoretical approaches. The main reasona are ag follows;

The obvious contradiction between energy supply and demand in China has become
the bottleneck of sustainable development. Recently, energy and environmental issues
become the major social problem which faced the sorld. Energy is material basis of the
moedemn society and life. With the rapid growth of populatton and coomomic the
consumption of energy has also incressed dramaticaliy. Coupled with (he limited
availability of encrgy, the growing imbalance between supply and demand, which
significanily limits the suzisinable development of economic and soeial,

The proportion of building energy consumption is too large and the conservation of
enery must be implemented immediately. The current situations of China is not only the
large total building energy consumption but also the low energy efficiency of construction.
Implementing the concept of scientific developmen! and rhe stmatesy of sustainable
development and holding on the policy of "¢quall resouree development and saving,
taking savinas in the first place, raising the urilization rate of resources” ,which achieves
to make the implementation of building encrgy-saving having a leap-forward development.
All above have became urgent tasks.

A wide mange of cheiccs are Jacing the heaiing mode, As the prossure of
envirommental protection that the ety faced is getting mwore and more tremendous, the
structure of city energy is being adjusting. The reform of economic system needs
reforming the old heating system urgently. At the same time, the rapid development of
city heating lechnology and the emerging of varocus heating modes make we face the
diflicull of chowces,

Feonomic appraisal of city heating is an impaortant component of the city heating’s
develapment and energy-saving of construction. low to wppraise cily heating from the
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perspective of economic and social, particular the appraisai and seleclion of heating modes
wlich Concerns miany issues like decision-making of government and the developers, the
choices of consumer and so on. That is also related to monzy-saving, energy-saving,
meeting customer need and promoling development of ¢ily in harnony and sustainable,

Currently, there are many methods of  appraising city heating from cconomic and
social point of vicw. The purposes ol appraisa] are different. There are simple method or
complex method. No only exist single-abjective methods bul also mulii-objective methods.
There are single-factor methods or multi-factor methods. So. there 18 4 need to analysis
and define the methnds in theory. We must make our thinking clear and provide hasis of
theories and practices for the decision-making.

It needs to improve the theory and method of cily heating appraisal urgently. Fhe
ideas of appraisal have beer applicated in the appraisal of city heating system. But it needs
adapl (o the rapid development of heating techoology and socio-sconomic. We must

examine current theories and methods of appraisal from 4 new perspective.

We raise the idea of this fext haging on the theoretical and practical background
above, This paper takes the theones and methods of ¢ity heating appraisal as its theme. It
not only reveals the nature and characteristics of city heating appraisal but also discovers
general fows. All above are through the composing of cily healing appraisal system, the
factors affecting the methods of appraisal | the establishment of appraisal index system. as
well as researching on the developinent trends of city heating modes. It proposes
development mechanism of city heating modes and provides guidance with theoretical and
practical sipnificance for puiding the practice of city heating appraisal, puiding the the
direetion of developing about ity healing technology, [urther reforming of heating system
and promoting healing sustanable developing. According to the purposes and ideas of this
paper’s, ils rescarch conients eighl chaplers, the mam conienls 1o cach chapter arc as
[ollows:

In the Grst chapter, it raises the issucs we study Trom such point of views of the
supply and demand of encrey, energy consumpiion and saving of buildings, development
of the city heating technology and present situations of the city heating systom. This
chapter aims to analyze the purposes, contents, methods and the technical route of the
rescarch.

[n the second chapter, it raises the theoretical literature review and synthesis. Aiming
at researching guestions, it not only explores the sonrces of city heating appraisal theories
and melhods but alse explains appraissl theories from differemt perspectives, Both are
through using secondary data analysis, comparative analysis, logical reasoning and other
methods. Through the reviewing and carding of related literatures. it further explains the
theoretical basis of appraisal abour ¢ity healing system. N analyzes the theories of
ceonomic appraisal and social appraisal about city heating systcms at home and abroad.
This chapler also analvzes the current situations and  progressing of city heating
appraisal theories and mcthods, and points cut the problems conceming the appraisal
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thearies and methods of city healing appraisal.{)The tendency of new and complex
appraisal methods is becoming more and more serions;@In practical applications, the
selecting of indicators is not scientific and lacks of theorelical guidance;3)There exists &
pap belween (heomelical rescarch and practical application; @I is Failac to estublish a
mote comprehensive and systemalic social appraisal system, the coverage of social
indicators is small, 8 The determining of weights lacks of scientific basis; ) The
qualitative analysis of appraisal is ignored.

In the third chapler, o analyzes the present situations of the ety healing at homae and
abroad. Il analyzes the siuation aboul heating sources of distrietl heating, cnersy
consumplion of heating, webnology of heating metening and charging and heating maetering
and chanang in typical ¢ities.

The main problems that city healing syslern exist in our country are as [ollows: The
energy consumption of heating is huge and the ellicient of heating is low; The quality of
healing is poor, sometime is hotl and sometime is ¢cold. There is a serious waste of energy;
The means of control iz lack and indoor thermal environment is poor; choosing heating
privgramns is lack of basis. The problems heating mechanisms exist are given out: The
welfare of heating has problems;The methods of draliing heating price are nol in
accordance with the rules of market ceonomy; The current hesting svslem 1 nol perlcel
The main problems that healing metering and charging axist are as [ollows: The heating
melenoy 13 carmed oul, bl the charging 1s oot The core issues of heating melenngg ste
unresaived; The siandards of heating metcting are imperfeet; The pricing is not uniform
and science; The users’ cognitive tevel of heating metering is low.

In the fourth chapter, it analyzes the city heating modes and how to choose one. Tt
makes a further smdy on city heating modes basing on analysis of constituent elements of
city heating modes. This chapter divides the heaiing miodes into three categorics: district
heating, dispersing heating, household-heating. it analvzes the characteristics of the three
heating modes. At the same time, it analyzes district heating and dispersing heating
gualitatively from point of vigws environmental benefits, cconomic benctits, social
benefits, heating quality, energy conswnpition, heat loss and so on.

The main factors which restrict the development of city multi-heat sources networks
in our eounlry have been analyzed which are though the methods of exploratory analyzing
of literatures, speculative summarizing and theory transplantation. It expounds the
necossity of networks-heating in city. The advantages and issues of mmiti-heat sources
networks are both poinled out.

Basing on the analyzing of the heating sources and nets in our country, the “Sources
Parted from Netwotrks™ heating mode bas been raised (or the Ol time. It delines the
meaning and prerequisite Tor the estabiishment of “Sources Parled from Networks”
heating mode. Tt elabarates the significance of “Sourges Parled from Networks™ heating
mode. This paper holds the idea that “Sowrces Parted from Netwnrks™ s an inevitable
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trend of district heating.“Soumces Parted [rom Networks™ 15 a complete set of heating
gygtern which is based on multi-heat sources networks. This system 13 companied by
heating source, heating net, heating Souarce Services and uscrs.”Sources Panled from
Networks”™ beating mode needs departing the heating sources from heating net. ‘The
purposes are as follows: ensuring the safety of heating system, mecting the needs of users,
ensuring  Lhe a hrgher relabilily of heating, breaking op mosnpolies and promoting Jair
competition in the industry, building the fonmationr mechanism of price which meels the
requiremants of competition in the market. The "Sources Parted from Networks™ heating
mode has been raised. [Lalso raises the heating system of “SBources Parted (rom Networks™,
It conceives the management mode of “Nources Parted from Networks™ from the
perspective of market ¢conomy. That is using "three-ticr market” model in the heating
market: heating exchanging market, heating supplying market, heating producls market.

In the fitth chapter, it investigates the theory and methods of city heating system
appraisul. The city heating appraisal sysiein is also constructed, I researches appraisal
theories and methods from the sspects such as technical, econommcal and social. A
appraisal systern is constructed from various perspeclives.

The content and (he composilion of appraisal index system about lechnology, society
and economic appraisal and the sorts of appraisal metheds have been analyzed
comprehensively. The opinions of this chapler sre as [ollows: The city heating sysiem
appreisal should be carricd owl [rom every perspecive; Hoating 15 a syslematic
engineering; Combining the characteristies of oty heating svsiems, we can divided city
heating appraisal sysiem inte echmeal appraizal system, economic appraisal systomm,
sogial approisal system and  environmental appraisal system; Thot is boilding a
comprehensive and theoretical apprassal sysiem of cily healing system though appraising
city healing system and its affects on external environment, which 13 using theorics and
methods of technical, cconomic, sovial appraisal.

In the sixth chapter, it amalyzes the appraisab of city heating modes. It makes
quantitative analysis of the ety beating modes with ihe appraisal methods of ALLP,
crossed-DEA, and DEA / AHP. It compares tvpical appraisal methods from theory: the
comparison is in accordance with the 1dea of individual to general. It summarizes the
egacnce of the appraizal methods with the purpose of finding out general rule.

Taking the principle of estiblishing appraisal index system as guidance, it divides the
Factors impacting on heating modes e four main categories: economic benefits, social
benefits, ceological benefits, environmental and humamiies benefits. There are 14
indicalors, for example, imiial investment ¢osls, operating costs, the ¢missions of harm{ul
pases and dust, consumption of cnergy per unit area, the rate of dispuies aboul charging,
exergy efficrency, safety, health and comfort, regulaiing of temperalure and time 1L builds
up an index system of heating mode appraisal. The acquisition of dates is though the
methods of statistics, caleulation of sample enterprise and experts points. The results of

heating modes appraisal are different. However, considening the trends of development in
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Luture and the interyal, the resulls arc nearly identical. Electricity combination, small-scale
rag-fired domestic waler heaters, electrical ground-source heat pump heating modes are
nearly top three and have a good development trend no matter which methods is used.
That is meeting the actual situation, So, the appraizal methods of AHP, crossed-DLA, and
DA ! ATIP are accurate and sclentific, they all switable for heating modes appraisal.

Though the analvais of three methods and the resulls of the healing modes appraisal,
we can get the following conclusions: (IJThere is no perfect appraisal method. The
credibility of the results can be greally improved it we usc a variety of methods to appraise;
iZ)lt use DEA/ALIP which is an innovation of cambining DEA with AHP to appraise
heating modes. Although the appraisal results have been satisfactory, but we can not say
that such a combination method is the best way 1o 2ppraise heating modes; (ZiThe results
of appraisal do not have the accuracy like mathernatics. T, s very tmportant that although
ihe apprarsal method 15 a quantilalive study, but the combination of gualitative analyvsis
can not be ignored: @The more complex method iz not the better one. The hest is the
suitable one.

In the seventh chapter, it not only apprises the heating in Shenyang but also chooses
the modes. The chapter analyzes the present situation of heating and the heating problems
exit in Shenyang. It appraises six main heating modes in Shenyang city with DEA / AHP,
At the same time, 1t apprises ground-soarce heat pump heating mode in Shenyang, which
is including the comparison of coal-saving, the comparison between ground-source heat
pump heating mode and others, [ spprises ground-source heat pump heating mode from
the aspects of investment-estimating, cconomic benefits, social henetis and environmettal
benetits.

The ideas this paper holds are as follows: & should he given priority to develop
heating and clectricity combination and pround-source heat pump heating mode in
Shenyang, which is should be in accordance with the resubis” guiding. At the same time,
we can apply other heating modes according to the objective conditions. It puls forward
teducing heating energy, faking district heating as the lender, vsing a varicly hearing
modes according to the conditions, putting houschold heat-meteting into offect and
mwo-fold heating price for per household, implementing the *Spuarces Parted from
Networks” maode when the conditions is appropriate to the circumstances. Il can be
implemented m some new city arcas {itst and then promoted.

In the cighth chapicr, it gives out the conclugion of the study and the outlook It
summarizes and analyzes the conclozions above. It points out the gaps and future
directtons of our researching. The new ideas and innovative researching resufts of this
paper have been arranped:

17 Tdentifving how o select district heating mode or dispersing heating mode;

2) Putling [urward the concept of “Sources Parted form Networks” heating mode,
FElahorating the idea that “Sources Parled form Networks™ is an inevitable trend of distriet
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healing, which based on developing digtrict heating. Setting its heating system framewark.
Conceiving the managemenl mode of “Sources Parted from Nelworks” healing mode
which uses "Three-tier market” maode in the heating market;

37 Constructing a comprehensive appraisal system of city heating which inciudes
technical, economic, social and environmental appraisal systems;

4] The DEA crossed- appraisal method and the DEA / AHP method have been
applied to appraisal the heating mode for the first time; Considening the-two methods are
appropriate for heating mode appraisal;

53 Fxpounding some new methods to appraise city heating and making conclusions;

5 Giving out the new perspectives and insights about the mmpelling of ground-source
heal pump healing in Shenyang;

Therelore, the rescarch of this paper las important theoretical significances and

practically reak values.
keéy words:

city heating . theoretical approaches, apprzise, sources parted from networks, the
mcthod of DEA, the methaod of DEACATIEF
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