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Abstract

Building energy consumption accounts for a large proportion tgtal energy and carbon
emissionsover the world In order to reduce building energy consuption and achieve
sustainable development of buildings, ndgrzero energy building (NZEB), as a future
building energy target, has received extensive attention.

In January 2019, the Ministry of Housing and UrbaRural Development, PRC issued
GB/T51350-201 9 o0 Techni cal st ammanr gy B wirl dwhiely d yo ziem o
based on the five climate zags in China: severe cold, cold, hot summer cold winter, hot

summer warm winter and temperate.

The 2022 winter Olympic Games will be held in Beijingye working within a multisector
team to complete a variety of tasks associated with energy retrofit argh hperformance
building consulting inMountain press center

This project combines natural conditions to optimize the building design, and takes the
enelgy consumption level 0fGB50189-2015 ¢ Design standards for energy efficiency of
public building® as the baseline.By optimizing the efficiency of lighting and equipment,
optimizing the performance of the envelope, higgfficiency air conditioner and heat
recoverysystem The comprehensive value of building energy consumption of the baseline
is 171.23kWh/m a, the comprehensive value of building energy consumption of the design
case excluding renewable energg 79.55 kWh/m a, the average annual photovodic
power generation is expected to be 336,290 kWhand the annual design case of
comprehensive energy consumption is 60.36Vh/m a. The building body energy saving

rate is 53.54%, the building comprehensiveenergy saving rates 64.75%. The building
renewable energy efficiency is 24.12%.

This projectis a demonstration to promote thepplication of lowcarbon technologies,
effectively control greenhouse gas emissions, and make the Beijing winter Olympic Games
an important platform for China to show its p#cipation in the construction of global
ecological civilization. And we hope thd the above research and study can provide
references for the further development of NZEB in cold region in China.

Key words:Nearly zero energy buildingChina, Climatic design, Winter Olympic games
Large office building.
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1 Introduction

1.1 The relevance of theesearch

1.1.1 Problemidentification

The buildingsand buildingsconstructionsectorscombinedare responsiblefor 36% of globall
final energy consumption and nearly 40% of total direct and indirect CO2 emissions
(IEA2017). In China, the building sector consumed approximately20% of the primary
energyand approximately23% of the electricityconsumedin 2015 (China building energy
consumptionreport2017)

Manydevelopedcountrieshave proposedgoals and policesfor zeroenergybuildings(ZEB,
also China is going to constructZEBnowadays.Thereis no doubt that the developmentof
ZEBwill restructurethe energymixin the building sector.(Yanget al.2019)

1.1.2 Preliminarytopic
Theprospectiveof low-/zero-carbon building in China.

1.1.3 Preliminarylibrary searchand analysis
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Figure0.1.Searchon web of science

In order to have a more comprehensiveunderstamling of zero-carbon buildings and to
analyzethefeasibilityof zero-carbon buildingsand evennegative carbon buildingsin China,

we conducteda searchon the web of science.Thekeywordsare 6 | @akbonb ui | di ngs 6,
0z ecarbonb ui | danch@rse g adrbdorvieu i | d The e §pan of the papers
publishedsetto ten years(2009-2019).




Basedon the relevanceof the topics, we identified more than 3,000 papersand analyzed
them via Bibliometrix.
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Figure0.2.Annual ScientificProductions
(Sourcefrom: Bibliometrix)

Becausethe statisticsfor 2018 and 2019 are not yet complete, we only summarizethe
Annual ScientificProductionshetween2009 and 2017. Accordingto thefigure 1.2, we can
seethatin the past8 years,the numberof publicationsof relatedtopicshasincreasedyear
by year.
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Figure0.3.Most ProductiveCountry
(Sourcefrom: Bibliometrix)

Figure 1.3 showsthe countrieswith most publications. Chinese have the mostresearchon

zero-carbon buildings. As a developing country, China constructsa large number of new
buildingseachyearand setthe goal of reducing40845% carbon emissionin 10 years(Wu
etal.2017). Atthe sametime, thereis a lot of research on zero-carbon building in the UK,

becausethe UK governmenthas set ambitious targetsto achieve® z ecr aor bformeéw
homesfrom 2016 and for non-domesticnew buildingsfrom 2019(Panet al.2014).
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Figure0.4 Threefield plots
(Sourcefrom: Bibliometrix)
ThreeField plotswasthe relationshipamong authors,topicsand publications.Fromthisfigure, we could know the popular topicsfor authorsared e ner gy
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Figure0.5 Keywordco-occurrence
(sourcefrom: Bibliometrix)

Figure5 showsthe frequencyof occurrenceof keywordsand the connectionsbetweenthem. Throughthisfigure, we have an understanding of the general
contentand topicsof these3,000 articles,Performancedesign,life cycleassessmenand energyare the mostfrequentlymentionedkeywords.
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Figure0.6 Categoriesof papers

1.1.4 Our primary classification

We imported nearly 3000 papersinto Mendeley(a referencemanagementsoftware),after
reading the title of all the articles,we found only 1905 papersare meaningfultopicsfor us.
And we sortedtheminto 8 categoriesaccordingto differentdisciplines.
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131 94 38 50 28 59 52

317 119 45 54 227 217 66
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s 116 32 135 88 16 121 36
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Figure0.7 Relationshipbetweencategories

Becauseeach article may be involvedinto differentcategories,we analyzethe relationship
among the eight categoriesas Figurel. 7shows.

1.1.5 Our Secondaryclassification

In orderto understancthe contentof the papersin eachcategoryin more detail, we analyzed
the keywordsof each categorythrough Bibliometrix,and selectedthe top 20 mostfrequently
appearing keywords,usingword cloud to showthe frequencyof each keyword.The higher
frequencyof each keywordhas larger sizeas it displaysin the word cloud, and thenwe sort
out the category again via selectingthe top 6-9 keywordswith the highest frequency
keywordsunder each category
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We firstanalyzefrom the most macroscopicperspectiv@ environment. The most frequent
keywordsare 0 e ne amglpy @ ar édmins s iThe enerdy.aspect mainly refersto the

impact of energy consumptionon the environment.We are most concerned about the

impact of carbon emissionson the environment.By reading the literature, we understand
the currentstateof carbon emissionsat domesticand abroad, the goalsand main strategies
for reducingthe carbon emissions.
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Right:Table1.2 Thefrequencyof word

Then we analyzedthe keywordsof 6 u r b wetalnd that the mostfrequentkeywordsare
0Oenerogpyodl ,idpoclsadd 9 6 | i mh & 8 gvbich,shows that urban carbon
emissionsare closelyrelatedto governmentpoliticsand decisionmaking, it is differert from
building projects.Becausethe direction of our thesisis zerocarbon building, so we will not
pay too much attentionto this classification.
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Whenit comesto building, theresearchersare mostconcernedaboutits performance.High
performancecan reducethe energyof the building during operationphaseand it hasa very
important impact on reducing operational emission.lIt is should be noticed that, with the
increaseof high-performancebuildings, the operational emissionsare gradually reduced,
and the embodied emissionare more and more worthy of attention. Therefore,a lot of
literaturestend to discusscarbon emissiondrom the perspective of the whole life cycle.We
haveread a lot of literaturesabout life cycleassessmentand comparevariousmethodsand
tools, decidedto designour zero-carbon buildingsfrom this perspective.
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Themostimportantpart of reducingcarbon emissionds the useof building materials.A lot
of literaturescompare the timber structureand concrete structurebuildings and find that
wood-framed buildings have significantadvantages.Many buildings achieve the goal of
zero-carbon constructionthrough prefabricatedwood and biomass.
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Transportdion also accountsfor a large proportion of carbon emissions.Evenin the life

cycleassessmentf buildings, the carbon emissiondrom the transportationof raw materials
cannotbe ignored. Themostfrequentkeywordsare transportation climate change, building

environmentand systemsMost of the related articlesmentionedissuessuch as increased
carbon emissionsair pollution, and climate change causedby traffic problems.
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Fig1.13 Word cloudofo ¢ o n s t rsoueccéfror: Bibbliometrix)
Right:Table1.6 Thefrequencyof word

From the perspectiveof the entire life cycle of building carbon emissionsit is divided into

several stages of production, transportation, construction, operation, demolition and

recycling. The carbon emissioncalculation in the past mostlyonly countsthe two stages

productionand operation. The constructionphaseis difficult to count, but thereare a large

number of papersindicating that there are many carbon emissionsduring the construction
phase, so we will read the literature in this classificationand find waysto calculate carbon

emissionsduring the constructionphase. The keywordswith the highestfrequencyof this
classificationare0 bui | @eé mgandydonsumpti onod.
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Lowcarbon or zerocarbon are often related with energyconsumptionbecausethe energy
consumptionduring the operational phaseis the main part of the carbon footprint of the

building'slife cycle.Low-carbon buildingsare basedon energyefficientbuildings, so energy
performanceis veryimportant. It can be seenfrom the Word cloud, the highestfrequency
keywordsof energyrelatediso p e r f o ranta re » eayognys u m,mamndithe frequercy
ofdo p e r f o rhaseeachedadarge part, whichshowsthatwhenauthorsmentionbuilding

energy,performanceis the mostimportantpart and has beenreceivedattentions.
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In the articlesrelatedto low-carbon buildingsor zero-carbon buildings, somementioned

economy,and the keywordsrelatedto the economyareo c | i anad reg @ 6 J anct y 0
0 e n e rTlgeympact of climate change hasraisedconcernsabout carbon emissions A
lot of countrieshave begunto reduceenergyconsumptionsand carbon emissionghrough
variouspoliciesand economicmeans.Building carbon emissionsare a veryimportant part
of this, and we can usethis classificationof papersto understandthe policiesof each

countryabout low-carbon economy
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1.2 Theaim of study

After completing the classification literature, we found that thember of publications on
relevant topics in zero/low @rbon building in China was the first. We are also concerned
about what China has done in the past to develop leearbon buildings and what the
government will do in the future. Thus, we decided to gtanalysis China's relevant policies
first.

Then we faind that the NZEB investigation started earlier and emerged more rapidly in
developed countries. And also, since 2010, with the stimulation of advanced ZEB and
effective efforts to energy saving and &msion reductionNZEB has been concerned as an
effective approach to the building energy reduction in Chin&@n 24 January of 2019,the
Ministry of Housing and UrbarRural Development, PRC issue®&B/T51350-2019

0 dchnical standards for nearly zerenergybuildingsd i n whith based on the five
climate zores in China:severe cold, cold, hot summer cold winter, hot summer warm winter
and temperate.

The 2022 winter Olympic Games will be held in Beijing, whias in cold region, and itwill
use lowcarbon energy and build lowcarbon venues.During my internstp in China
architectural design and research institute, | was lucky to participate in the proje¥anf|ing
mountain press center of the winter Olympicsvorking within a multisector team to
complete a variety of tasks associated with energy retrofit dmgh performance building
consulting in this project.

This project combined with the natural conditions of the site to optimize the building design,
optimize thethermal performance of the project envelope struatuthrough the regional
cold and heat souice system, the use of higéfficiency air conditioning units, the setting of

a reasonable heat recovery devicand solar photovoltaic system, to achieve the goaf
nearly zero energy building.

Through the strategy of this project and the comparison of engy consumption on the
baseline and the design plan, we have achieved the goal of nigaero energy consumption.

It is a demonstration to promote the applicatioof low-carbon technologies, effectively
control greenhouse gas emissions, and make the Bwgjjiwinter Olympic Games an
important platform for China to show its participation in the construction of global ecological
civilization.

Finally, we hope that theabove research and study can provide references for the further
development of NZEB in coldegion in China.
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2 Buildingenergyefficiencypolicies

2.1 Global and C h i neaefiggconsumptionand comparison

Global primary energyconsumptiongrew rapidly in 2018 at a rate of 2.9% which almost
double its 10-year average of 1.5% per year, and the fagest since 2010 (BP Statistical
Reviend 2019 Global energymarketin 2018). Asreported,the global demandfor all fuels
increasedbut growth was particularly strongin the case of gas (168mtoe, accounting for
43% of the global increase)and renewables(71mtoe, 18% of the global increase) Coal
consumptiongrewby 1.4%, double its 10-yearaveragerate. Itssharein primaryenergyfell
to 27.2%, the lowestin 15 years.Non-fossilf u eshasedn primary energyin 2018 was
15.3%, the highestin recenthistory.

6000
5000

China World
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Figure2.1 The energyconsumptionof world and China in 2018*
(BPStatisticalRevienof World Energy2019)
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Figure2.2 The energyconsumptionof world and China from 2008 to 2018
(BPStatisticaReviewof World Energy2019)

! The graphs by author, data formBPStatisticalReviewof World Energy2019
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Asfor China, despiteslower economicgrowth, China remainedthew o r lladgéssenergy
consumer, accounting for 24% of global energy consumptionand contributing 34% of
global energydemand growth in 2018. China was still the largest contributor to global
growth for the 18th consecutive year. the primary energydemand rose by 4.3% in 2018,

the highestsince2012. Gas consumptionincreasedby 18% in 2018, accountingfor 22%
of global gas consumptionnet growth The shareof coal in C h i npairdasy energy mix
declinedto 58% in 2018 from 60% in 2017 and 72% just10 yearsago.

Renewable energy,
4%
Qil, 17.0% Hydro power, 8% Oil, 20%

Renewable energy, 0.3%
Hydro power, 6.5%

Nuclear

Natrual Gas, 3.2% ower, 2%

Figure2.3 the energycompositionof China in 2008 and 2018
(BPStatisticaReviend 2019 C h i neaefggmarketin 2018)

Fromthesetwo pie charts,among thesel10 yearsC h i neaeggmix continuedto evolve.
While coal remainedthe dominantfuel, its shareof total energyconsumptionin 2018 (58%)
hit a historicallow. Renewablesconsumptiongrew by 29% in 2018, accountingfor 45% of
global renewablesconsumptiongrowth. Among non-fossil fuels, solar consumptiongrew
the fastest(+51%), followed by wind (+24%) and biomass& geothermal (+14%). Hydro
grewby 3.2%, nearlyone third the 10 yeaisaveragegrowthof 9.2%.C h i nmacteapower
generationincreasedby 19%, abovethe 10-yearaveragegrowth of 15%. China accounted
for 74% of the global nuclearpowerincrement

2.2 Energyconsumptionin Chinesebuilding sector

Accordingto theintergovernmentaPanelon Climate ChangeFifthAssessmerRepori/IPCC,
2014) buildings accountedfor 32 % of total global final energy use, until 2017 buildings

and constructiontogether account for 36% of global final energy (G/obal statusreport
2017-World Green Building Counciy.

Asfor China, a researchreport from the building energyconservationcenterof Tsinghua
university, they reported since 2001, both total energy consumption and electricity
consumptionin C h i nbaildisg sectorincreasedsignificantly.ln 2016, the total building

2 China Building EnergyUse 2018

Natrual Gas, /%

13



commercialenergyconsumptionwas896 million tons of coal equivalent(Mtce)accounting
for about 20% of the total primary energyconsumption

2.2.1 Building energyconsumptionof China

In 2016, China'stotal energyconsumptionin constructiorwas896 million tonsof standard
coal, accounting for 20.62% of the country'stotal energyconsumption C h i nbaildlisg
enemy useis categorizedusingthreesub-sectorsbasedon theirown influencingfactorsand
characteristicsAs the data shows(Figure 2.4), public buildings consume346 million tons
of standardcoal, accountingfor 38.53% of the total building energyconsumption Urban
residentialbuildings consumed339 million tons of standardcoal, accountingfor 37.71%
Rural residential buildings consumed 214 million tons of standard coal, accounting for
23.76%.

Urban

residential

buildings,
Industry, Transport ;|7-;1'§;.s

and other
79 4%

Rural
residential
buildings,

23.8%

Figure2.4 Building energyconsumpton in China in 201 6°
(China building energyconsumptionreport 2018)
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Figure2.5 C h i ntaabbsiilding area in 2016
(China building energyconsumptionreport 2018)

8 Data from China building energy consumption report 2018, graphs by author
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In recentyears,China’'srapid urbanizationdevelopment,a large numberof people from the
countrysideinto the city. Rapid urbanization drives the continuous developmentof the
constructionindustry,and the scale of China's constructionindustrycontinuesto expand.
The key reasonsresponsiblefor huge distinctionsin energy intensitiescould be different
lifestylesand energyconsumingbehavior.

In 2016, China'stotal building area reached63.487 billion m? as Fig.2.5 illustrates the
public building area was 11.506 billion m?, accounting for 18.12 %. Urban residential
buildings area was 27.864 billion m?, accountingfor 43.89%; Ruralresidentialbuildings
were 24.117 billion square meters, accounting for 37.99% of the total. Among them,
residentialbuildingsaccountfor about 2/3 and public buildingsaccountfor 1/3.

The continuousgrowth of the scale of constructionmainly from two aspectsof drive the
energyconsumptiongrowth: on the one hand, the growing constructionarea for the future
brought a lot of building energy consumptiondemand, more buildings will need more
energyto satisfythe heating, ventilation,air conditioning, lighting, kitchen, living hot water,
and other servicesfunction. On the other hand, large-scale constructionactivitiescarried
out using a large number of building materials, building materialsproduction, leading to
the mainland the source consumption Therefore,the large-scale constructionof China's
buildings and infrastructureis an important reason for the continuousgrowth of China's
energyconsumption.The constructionindustryincludesthe constructionof civil buildings,
productive buildings and infrastructuresuch as roads, railways and dams. The energy
consumptionof the constructionindustrybrought by the constructionof new buildingsand
infrastructurecan be accountedand analyzedfrom the production and transportationof
building materialsto the whole constructionprocess.The energyconsumptionof building
materialsis the mostimportant componentof the constructionenergy consumptionof the
constructionindustry,among whichthe productionenergy consumptionof steeland cement
accountsfor more than 80% of the total constructionenergyconsumptionof the construction
industry.
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Figure2.6 China s net energyintensityin 201 6(Kgcem?)
(China building energyconsumptionreport 2018)

4 Kilogram standardcoal equivalentper squaremeters
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From 2001, the total energy consumptionincreasedlessthan 3 times and energy use
intensity(EUlabout one third. In termsof energyintensityper unit area, the energyintensity
of public buildingsis the highestamong the threetypesof building energy,which hasbeen
increasingin recentyears.In 2016, the energyconsumptionper unitareaof public buildings
was 30.11Kgcem?, 2.5 timesthat of urban residentialbuildings (12.17Kgcem?) and 3.4
timesthat of rural residentialbuildings (8.86Kgcem?). Theenergyintensityper unit area of
the threetypesof buildingshereis the coal consumptionmethod for power generation

The electricityconsumptionper unit area of public buildingswas62.74 kWh/m?, 3.8 times
that of urban residentialbuildings (16.40kWh/m?) and 3.9 timesthat of rural residential
buildings (15.97kWh/m?).
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Figure2.7 China s net energyintensityin 201 6(kWh/n¥)
(China building energyconsumptionreport 2018)

2.2.2 Building energyconsumptionvariation from 2000 to 2016
(1) Totalenergyconsumptianm

Thetotal energyconsumptionof buildingsshowsa continuousgrowthtrend, butthe average
annual growth rate sloweddown significantlyfrom 2006 to 2016.The consumptionof coal
from 288 million tonsin 2000 to 899 in 2016, thereis an increaseof about threetimes,
with an averageannual growth of 7.37%. Compared with 2000-2005, the growth rate of
building energyconsumptiondecreasedsignificantlyfrom 2006 to 2016.

The annual growth rate of building energy consumptionduring the tenth five-year plan
(2000-2005) period wasabout 12%, while the growth rate of another five-year plans was
around 5%, down by more than 50%. To someextent,thisreflectsChina'seffortsto promote
building energyconservationsincethe 2006.

2000 to 2016, public building energy consumption(includingheatingenergyconsumption)
accounted for 34% to 39% of the total building energy consumption, urban residential
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building energyconsumption(includingheatingenergyconsumption)nvas38%to 42%, and
rural building energyconsumpion wasstableat 23% to 24%.

(2) Publicbuilding energyuseintensity

Energy consumption per unit area of public buildings increased year by year, from
21.54Kgcdm?in 2001 to 27.91Kgcem? in 2005, withan averageannual growthof 6.7%.
From 2005 to 2010, energyconsumptionper unit area of public buildings was generally
stable.Sincethe 12th five-yearplan (2010-2015), the energyconsumptionper unit area of
public buildings has been decreasing year by year, from 31.30Kgcgm? in 2011 to
28.72Kgcedm? in 2015, and the energyconsumptionper square meter has decreasedby
2.58Kgce

Electricityconsumptionper unit area of public buildingshas maintainedan increasingtrend.
Intermsof energyintensityper unitarea, the energyintensityof public buildingsisthe highest
among the three typesof buildings. The electricityconsumptionintensityper unit area of
public buildingshasbeenincreasingwhichisthe main reasonfor theincreaseof total energy
consumptionintensity Electricityconsumptionper unit area of public buildings increased
2.4 timesfrom 26.42kWh/m? in 2000 to 62.74kWh/m? in 2016.

(3) Urban residentialbuilding energyuse intensity

From 2000 to 2016, the energyconsumptionper unit area of urban residentialbuildings
wasstable,and the decline trendwasobviousafter 2007. In 2016, the energyconsumption
per unit area of urban residentialbuildingswas 12.17kgce/m2, 0.87kgce/m2 higherthan
that of 2000. With the developmentof urbanizationand the improvementof people'sliving
standards,the electricityconsumptionper unit area of urban residentialbuildings showsa
trend of increasingyear by year, from 9.31kWh/m? in 2000 to 16.4kWh/m? in 2016, with
an increase of about 1.76 times. The proportion of electricityin household energy is
increasing.

(4) Ruralresidentialbuilding energyuse intensity

The energyconsumptionper unit area of rural residentialbuildings has risen steadily,and
the electricityconsumptionper unit area hasrisenrapidly. From 2000 to 2016, the energy
intensityof rural residentialbuildings increasedyear by year. Energyconsumptionper unit
area increasedfrom 3.51Kgceém? in 2000 to 8.86Kgcem? in 2016, with an increaseof
2.5 timesand an average annual growth of 5.96%. The electricityconsumptionper unit
area increasedrapidly, from 2.62kWh/m? in 2000 to 15.97 kWh/m? in 2016, with an
increaseof 6.1 timesand an average annual growth of 12.0%. Electricityhas gradually
becomethe main useof rural households.
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2.2.3 Buildingenergyconsumptionof provinces

Fromthe perspectiveof differentprovinces,the total energyconsumptionof urban buildings

varies greatly in 2015. The top three in total energy consumption are Shandong,

Guangdong and Jangsu, while the bottom three are Hainan, Qinghai and Ningxia
respectiely. Among them, urban population, total GDP and climate zone are the three

factorsthat havethe largestimpact on the total energyconsumptionof urban buildings.
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Figure2.8 Total energyconsumptionof urban civil buildings by province (excludingrural areas)in

2015 (China building energyconsumptionreport 201 7)

Energy
Total Energy .| consumption o -
. . . .~ Population Urbanization] GDP (trillion
Ranking; Province i Climate zone {consumption - per
(million) rate CNY)
(mtce) person(Kgce/
person)
Topl : Shangdong Cold 61.82 61.46 1005.86 61.18% 9.73
Top2 |Guangdong HCLSUMMEN | oo 4q 80.22 694.71 70.70% 7.65
warm winter
: H ,
Top3 | Jiangsu | LOLSUMMEr. | .18 55.24 781.68 68.80% 9.26
cold winter
Bottom3: Ningxia Cold 4.3 3.95 1088.61 57.98% 0.45
Bottom2: Qinghai Severe cold 4.02 3.18 1264.15 53.07% 0.26
Bottomi| Hainan | CLSUMMEn| 4o 5.37 607.08 58.04% | 0.35
warm winter

From the above table, it can be concluded that the biggest factor affecting the energy
consumptionof per persan of all provincesin China should dependon the climate zone of
thisprovince EvenQinghaiasthe provincewiththe secondlowesttotal energyconsumption,
it still has high energy consumptionof per person, the main reasonis in the severecold

zone.

Table2.9 Energyconsumptioncomparisonof the top threeand the bottom three
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2.3 Carbon dioxide emissionin Chinsesbuilding sector

Accordingto the BPStatisticalReviewof World Energy2019, globa/ CO2 emissionsincreased
by 2.0%in 2018, their highestrate for sevenyearsand double its 10-yearaveragegrowth.
C h i nCD& esmissons from energyuseincreasedby 2.2% in 2018, a significantrebound
from the 0.5% p.a. growth of previousfive years.

Global statusreport 2017 publishedthereis 39% of energyrelated carbon dioxide (CO>)
emissionswhen upstreampower generation In 2016, China'sbuilding carbon emissions
accountedfor 19.4% of the country'senergyemissions

50000
45000
40000
35000
30000
25000
20000
15000
10000
5000
0

China = World

Million tonnes of carbon dioxide

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure2.10 carbon dioxide emissionf world and China from 2008 to 2018
(BPStatisticalRevienof World Energy2019)

2.3.1 Building carbon dioxide emissionof China

In 2016, China'stotal carbon emissionsfrom buildings were 1.96 billion tons of CO-,
including 743 million tonsfrom public buildings, accountingfor 37.9% of the total carbon
emissionsfrom buildings. The carbon emissionfrom urban residentialbuildings was 809
million tons of CO,, accounting for 41.3%. The carbon emission of rural residential
buildingswas408 million tonsof CO2, accountingfor 20.8%.

Figure2.11 Building carbon dioxide emissionin China in 2016
(China building energyconsumptionreport 2018)




In termsof the carbon emissionper unit area, the carbon emissionintensityper unit area of
public buildingsis the highestamong the three typesof building, and it has been growing
in recentyears.

In 2016, the carbon emission intensity per unit area of public buildings was 64.61
KgCO./m2, 2.2 timesthat of urban residentialbuildings (29.04KgCO./m?) and 3.8 times
that of rural residentialbuildings (16.92KgCO,/m?).

From the carbon emission coefficient of unit energy consumption, the carbon emission
coefficient of unit energy consumptionof urban residential buildings in 2016 was 2.39
kgCO./Kgce, higher than public buildings (2.15KgCO./Kgce) and rural residential
buildings (1.91kgCO,/ Kgce).

Total building CO2 emission
(Unit: Million tons)
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- 20-42 million tons
- 42-60 million tons
R <0-50 miliion tons
- =90 million tons

Mote: Data does not include Tibet,
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Figure2.12 Total carbon emissionof urban civil buildings by provincein 2016 (excludingrural
areas)
(China building energyconsumptionreport2018)

In 2016, thetop threeprovincesand citiesin termsof urban building emissionavere127.99

million tons of CO, in Shandong, 11.05 million tons of CO; in Guangdong, and 90.76

million tonsof CO2 in Hebei. The nextthree provincesand citieswere 7.93 million tons of

CO; in Hainan, 10.28 million tons of CO; in Qinghai, and 10.48 million tonsof CO in

Ningxia. Population,economyand climate are the main factorsthat lead to the differences
of relatedindexesof building carbon emissionin differentprovinces.Forevery10,000 yuan
increasein per capita GDP, the per capita CO, emissionof urban areaswill increaseby
about 90kg. For every1000 yuanincreasein output per unit area of public buildings, its
electricity carbon emissionswill increase by about 11.5kgCO.. The carbon emission
intensityof residentialbuildingsin northerncitiesand towns(52.4 kgCO,/m2) is four times
that of non-heating areas (13.37 kgCO./m2), and the carbon emission of residential
buildingsper capitais 2.66 tons, twicethat of non-heatingareas(1.32 tons).
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In order to betterunderstandthe flow of building energyto carbon emissionsthe following
Sankeydiagram briefly analyzesthe energyflow of China 6bsildingsin 2016. Electricityis
the main sourceof building carbon emissionsaccountingfor 46%. Carbon emissiongrom
northernheating accountedfor 25%. Fossilfuelssuchas coal and natural gas accountfor
28% of emissims.
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Figure2.13 C h i nbaild@isg energyflow in 2016

Thecarbon emissionintensityof public buildingsis much higherthan the national and other
residentialbuilding intensitylevels,whichis about 2.09 timesof the national intensitylevel.
In 2016, China'scomprehensivecarbon emissionfactoris 2.18 kgCO./kgce, thatis, every
1kg of standardcoal consumedreleases?.18kg of carbon dioxide on average

2.3.2 BuildingCO2 emissionvariation from 2000 to 2016

(1) The characteristicof periodical change of carbon emissionper unit area of public
buildingsis obvious From2000 to 2005, carbon emissionper unitarea of public buildings
increasedrapidlyyearby year,from 49.46kgCO »/m? in 2000 to 62.47 kgCO,/m? in 2005,
withan annualgrowthrate of 4.8%. From 2006 to 2010, the growthrate of carbonemission
per unit area of public buildings slowed down, from 65.19kgCO./m? in 2006 to
69.1kgCO2/m? in 2010, with an annual growth rate of 1.46%. From 2011 to 2016, the
carbon emissionper unit area of public buildings showeda declining trend year by year,
from 74.06 kgCO,/m?in 2012 to 62.40 kgCO./m? in 2015, and the carbon emissionper
squaremeterdecreasedoy 11.66 kgCO,/m?.

(2) The carbon emissionper unit area of urban residentialbuildingsremainsstable overall.
In 2016, the carbon emission per unit area of urban residential buildings is 29.04
kgCO,/m?, 1.66 kgCO2/m? higher than that in 2000. After 2012, the decline trend is
obvious.

(3) From 2000 to 2016, the carbon emissionintensityper unit area of rural residential
buildings increased year by year. Carbon emission per unit area increasedfrom 7.61
kgCO2/m? in 2000 to 16.92 kgCO2/m? in 2016, with an annual growth rate of 5.12%.
Thechangeof carbon emissionintensityper unit area of rural residentialbuildingsis mainly
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affectedby the following factors: 1) substantiaimprovementof rural living conditionsleads
to rapid growth of energydemand per unit area; 2) the proportion of rural non-commaodity
energy consumption decreases; 3) rural building energy conservation and emission
reductionwork lags behind, and thereis no clear path to emissionreduction.
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Figure2.14 Chinab building carbon emissioncomprehensivdactor (carbon emissionper unit
building energyconsumption,KgCO./ Kgce)
(China building energyconsumptionreport 2018)

From 2000 to 2012, the comprehensivecarbon emissionfactor of buildingsin China was
relatively stable. China's comprehensivecarbon emissionfactor for buildings showed a
significantdownward trend after the turning point in 2012. In 2016, the overall carbon
emissionfactor decreasedby 9.5% comparedwith 2012.

Remarkableachievementshave been made in building energy conservationsince 2012.
241 million tons of CO, emissionreduction has been achieveddue to the reduction of

building carbonemissionfactorand energyintensity (Chinabuilding energyconsumptionreport
2018)
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2.4 Overviewthe building energyefficiencypoliciesin China
2.4.1 Threestagesfrom 1980 to 2010: 30%-50%-65%

China from last century80s, begin to establishcorrespondingbuilding energyconservation
standardfor civil building, can divide roughly.

Thereare three stages

(1) Stagel: In 1982, with supportfrom the Ministryof Construction(MoC), the first study
relatedto building energyefficieng/ in China, 6 S t anenergyconservationof heating for

residentialbuildingsin North C h i mwagapnched.Asa result,in August1986, the MoC

officially issuedthe standard EnergyConservationDesign Standardfor Heating Residential
BuildingsJGJ°26886. Througha thorough studymonitoring building energyconsumption
and building components,the goal of the standardwasa 30% decreasein heatingenergy
consumptioncomparedto the baselinebuildingsbuilt in the eary 1980s. It becameknown

as the firststep of energyefficiencygoal, whichwas 30 percent.

(2) Stage2: On December7, 1995, the ministryof constructionapproved and issuedthe
"civil building energy conservationdesign standard (heating residentialbuildings)"JGJ26-
95, requiring the heating energyconsumptionto be reduced by 50% on the basis of the
local general designof residentialbuildingsin 1980 and 1981. It wasthe secondstepfor
energysaving(50% energysaving).

Subsequentlygonsideringthat eachclimate zonewould affectenergy efficiency,GB50178-
93 Code for thermaldesignof civil buildingswasintroducedin 1993

Then, the technical specificationfor energysaving renovation of residentialbuildings with
existingheating systen)GJ129-2000 wasissuedsuccessively.

Design stardards for energyconservationof residentialbuildings in hot summerand cold
winterareasJGJ134-2001

Designstanaardsfor energyconservationof residentialbuildingsin hot summerand warm
winterareasJGJ752003

Finally, the firstnational standardfor public buildingsGB50189-2 0 0 Bdsignstandardof
energyefficiencyof publicb u i | daspulglighedin 2005 whichrequestthe public building
also shouldtake 50% energysavingas the goal.

(3) Stage3: Save more 30 percentof the energyin the second stage, on top of the 50
percentsavingin the secondstage,whichisthe goal of 65 percentenergysaving.Atpresent,
many regionsin China have been promoting the goal of 65% energysavingin the third
stage of building energysaving. The industrystandad “Energysaving design standardfor
residentialbuildingsin severecold and cold areas'(JGJ26 2010) wasannouncedon March

5 JGJ isabbreviationsof technicalstandardfor building construction
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18, 2010 and implementedon Augustl, 2010, stipulating that residentialbuildings in
severecold and cold areasshould achieve65% energysaving

2.4.2 Nextstageto 2030: Nearly zeroenergybuilding

In 2016, GB50189-2016 0 D e s stagdard of energy efficiencyof public b u i | &asn g o

update with the goal of further reducing building energy consumptionby 30% based on
GB50189-2005, whichmeansthe samegoal of 65%. Afterthreedecadesof development,
China has accomplishedits three-stepd 3 05466 5 %lan for building energyefficiency
proposedin the early 1980s.

Establishedn 2009, the US-.China Clean EnergyResearciCenterBuildng EnergyEfficiency
Consortiumaims to promote nearlyZEBsand ZEBs(Zero energybuilding). Through pilot

studiesfrom 2011 to 2014, scientistand researcher$rom both China and the United States
jointly designedand built the firstdemonstrationof a nearlyZEBin China, specificallythe

nearlyZEBChina Academyof BuildingResearc{CABRNZEB).Adheringto the principle of

0 p a s lildwng proactive optimization, economic and p r a g mamhitioud annual

energy consumptiongoals were set for the CABR NZEBduring the design stage: provide

heating in winterwith zerofossilfuel use, reduce summe cooling energyby 50%, reduce
lighting energyby 75% and reduce total energyconsumptionby more than 80% from the

averagelevel.(Yanget al.2019)

With the stimulation of advancedZero energybuilding (ZEB)and effectiveeffortsto energy
savingand emissionreduction, nearlyZEBhas beenconcernedas an effectiveapproachto
the building energyreductionin China (Xuet al., 2016). Driven by the national policies
explicitlylaunched by the central governmentand the promising demonstrationeffectsof
pilot projects, local governmentshave also initiated NZEB design standardsor technical
guidelinesaswell as a seriesof incentives.

Policiesshould be formulated in a coordinated way to combine energy efficiency with
renewableenergyuseto achievezeronetenergydevelopmentn China (Fengetal., 2016).

China adopts a top-down developmentstrategyto promote ZEB.On February6, 2016,

SeveralOpinions on Furthe StrengthenindJrban Planningand ConstructionManagement
is the first time that China has clearly developed ZEBin national documents.A national
research project to support building energy efficiency towards a higher level (NZEB
TechnologySystenmand Key TechnologyDevelopment)s implementedin September2017,

whosefocusis mainly on theoryand indicator systemkeytechnologyproducts,designand
constructionevaluationand integrationand demonstration.

At present,it is difficult for China to directly move from the currentbuilding code to the ZEB
level.Nearly ZEBis a realizablewayto addressthe currentenergyand environmentaissues.
Nearly ZEBare going to be the nextenergyefficientdirectionin China'sreal estatemarket.
The marketof nearly ZEBis currentlysmall, but it is booming as the technologyroadmap
becomesclear. China stillhasa large ZEBmarketto be explored.
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Figure2.9 Roadmapof nearlyzeroenergybuilding standardin China

Thefirstnational standardnearlyZero EnergyBuildings TechnologyStandardGB/T 51350-
2019 could lead the developmentof energysavingin China in the next10815 years.The
entire processof building design, construction,and operation managementwill be fully
clarified. Thestandardhasreleasedand implementedin 2019. Itis China'sfirstofficial ZEB
national standard.Anothernational standard(Detectionand EvaluationStandardfor Nearly
Zero EnergyBuilding)is releasedto evaluatethe performanceof nearly ZEBin China. All
the nearlyZEBshould be testedon the performanceafter a full yearoperation.

Researcherin China hasproposeda roadmap for 2016-2030 building codesupgrading:
30% of new buildings reach nearly zero energy by 2030, 30% of existingbuildings are
convertedto nearly zeroenemgy by 2030, and 30% of energyconsumptionin the building
sectorare from renewableenergysourcesby 2030 (Liu et al. 2019). Roadmapof Chinese
building energyefficiencystandardto ZEBis shownin Figure2.9

2.5 Nearly Zero EnergyBuilding

2.5.1 Definition
Sincethe energyconsumptionof building causemore and more attention, for now, NZEB
is startingat a rapid developingstagein the world.

Theterm "zeroenergybuilding" is not a recentphenomenon,dating back to 1976, when
TorbenV of the technicd universityof Denmark Esbenseret al. conductedtheoreticaland
experimentalresearchon using solar Energyto heat buildingsin winterin Denmark, and
proposed the term "Zero Energy House" for the first time. (Torben V.Esbensenl977,
Dimensioningof the solar heating systemn the zeroenergyhousein Denmark)

In the recast Energy Performanceof Buildings Directive (EPBD,2010/31/EU), the term
Nearly Zero-EnergyBuilding (commonlyabbreviatedas NZEB)wasintroducedand defined
asa onearlyzero-energybuilding meansa building that hasa veryhigh energyperformance

Thenearlyzeroor verylow amountof energyrequiredshouldbe coveredto a verysignificant
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exent by energy from renewable sources, including energy from renewable sources
producedon-site or nearbyo (Art. 2).

An importantdefinition around zero energybuildings (ZEBs)s that of the US Department
of Energy(DOE). A ZEBbuilding is: An energyefficient building where,on a source

energybasis,the actual annual deliveredenergyis lessthan or equal to the on-site
renewableexportedenergy (USDepartmentof Energy,A Common Definition for Zero Energy
Buildings,2015)

Asfor China, Chinsesuse (Jin) (Ling (Neng) (Hao) (Jian) (Zhu)standfornearly

zeroenergybuilding, the definitionfrom Technicalstandardfor nearlyzeroenerqgybuildings
GB/T 51350-2019 /s ®8uildingscan adapt to climate characteristicand site conditions,
and through passivebuilding design to maximizethe reduction of building heating, air
conditioning, lighting demand, and through active technical measuresto maximizethe
efficiencyof energy equipmentand system,make full use of renewableenergy, with the
minimum energyconsumptionto provide a comfortableindoor environment 6

It can be seenthat the definition of NZEBis differentfor each country/region.In thischapter,
we will discussthe policies adopted by different countries (mainly asia-pacific regions)
regarding NZEB.In the following chapter,wewill learn and analyzethe NZEBdemonstration
projectsof each country. The purposeis to find and compare The efficiencystrategiesand

demonstrateThefeasibilityof NZEBin differenceclimate zonein China.

In order to promote the developmentof near zero carbon building in China and improve
the near zerocarbon building code, somereferenceinformationis provided.

2.5.2 Thepoliciesand program in PacificRimarea’

Through the comparison of climate, we find that the representativecities of China's five
climate zonescan all find correspondingcitieswith similar climate in developedcountries.
We are happyto compareand learnthe designstrategiesand developmenfpoliciesof NZEB
projectin thesecities, which will benefitboth the China'snew building constructwork and
existingbuilding retrofitwork in both developedand developingeconomies.

(1) Canada

Thenational targetfor C a n a doabficsacilitiesis to reduce greenhousegas emissionsoy
17 percentfrom the 2005 levelsby 2020. Among the proposalsfor the 2016-2019 cycle
is a proposal for public facilitiesto reduce greenhousegas emissionsby 30 percentfrom
2005 levelsby 2030. TheFederalBuildingslinitiative(FBl)is a voluntaryprogram that helps
facilitate

(2) China

In 2017, China State Council issuedthe 0 1 3 Eivie Year ComprehensiveWork Plan for
EnergyConservationand EmissiorR e d u ¢ {the doWodP k a fordhg 2016-2020 period

8 ThePacificRimrefersto the geographicarea surroundingthe PacificOcean. ThePacificRimcovers
the westernshoresof North Americaand SouthAmeri@, and the shoresof Australia, easternAsia
and the islandsof the Pacific (From WIKIPEDIA)
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which sets forth implementation guidelines for energy conservaibon and emissions
reductions, 30% of new buildings reach nearly zero energy by 2030, 30% of existing
buildingsare convertedto nearlyzeroenergyby 2030, and 30% of energyconsumptionin
the building sectorare from renewableenergysourcesby 2030.

(3) Korea

On July17 2014, Ministryof Land, Infrastructureand TransportissuedThe ActivationPlan

of ZEBCorrespondingto Climate Change on the 11th General Meeting of the Presidential
AdvisoryCouncil on Scienceand Technology(PACSTWwhich clearly analyzed the barriers
and obstaclesof ZEBpromaotion settingup the future roadmap step by step. The plan also

showedthe correspondingfinancial policy and subsidyfor pilot projects, work distribution
and calculation of the expectedsocial, environmentand economy effect.

(4) Japan

Theprogramo6 C o mmion Reaizatiorand Generalizationof Z E Bvasorganizedin 2009
in order to examinethe roadmap to realizationand generalizationof Zero EnergyBuilding
(ZEB).By introducing energy saving measuresfor buildings, this committee proposed to
realizeZEBas the standardfor new buildingsby 2030.

(5) United State America

Thetimeline and meansfor achievingthe statedgoal of zero net energygrinding building
can be summarizedas follows: All plansfor new Federd buildingsshouldachieveZero Net
EnergyBy2030.

2.6 Summary

In China, NZEBis an emerging innovative building type that plays an important role in
building energyefficiencyand hasthe potentialto alleviatethe country'senergypressure.

China will fully begin the constructionof NZEBfrom 1% of September2019, Planis 30% of
thenewbuildingsreachnearlyzeroenergyby 2030, 30% of existingbuildingsare converted
to nearlyzeroenergyby 2030, And 30% of energyconsumptionin the building sectorare
from renewableenergysourcesby 2030.

However,NZEBis no longer a new topic for other developed countries.Our goal is to
provide more referencesand informationfor China'sfuture NZEBby comparing the mature
NZEBarchitecturaldesignstrategiesof China and developedcountries.

Although China'sexistingstandardnearlyZero EnergyBuildingsTechnologystandardGB/T
51350-2019 providessomereferenceindexesfor construction,it is stillan urgentproblem
to learn and solve how to establishkey techrmologies suitable for local climate conditions
due to China'svastterritory.

Thefollowing chapterwill introducethe principlesof architecturalclimate zoningin China.
According to the climate zoning, we will find cities in developed countrieswith simiar
climatesto learn the designstrategiesof NZEBin developedcountries.
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3 Climate regionalizationin China

3.1 Main climatetypesin China

China has a vastterritor and has the third largestland area in the world, the parts of the
continent spanning up to 35 latitudes, most of which are located in subtropical and
temperateregions.China is located on the Eurasiancontinent,and near the PacificOcean.
It is greatlyinfluencedby the distributionof land and sea. Due to the differert geographical
latitude, topographyand other conditions,the climate variesgreatly, the northwestregionis
a dry continentalclimate, while the southeastregion is a monsoonarea influencedby the
seaand land interactions,forminga varietyof climatein China.

Thereare differenttypesof climate zonesaccording to the differentobjects, climate zones
can be divided into agriculture climate zoning, building climate zoning, aviation climate
zoning; It can be dividedinto global climateregionalization,national climateregionalization
and regional climate regionalization.

China's climate zoning has been carried out for nearly a century,during which there are
threestages:

The 1930s to the 1940s wasthe beginning of China'sclimate zoning. The methodsused
here draw on the climate classificationmethod of Europe and the United Statesand
combinedthe natural typesto define the regional typesof climate.

From the 1940s, on the basis of the most representativeregionalizationcompiled by the
Chinese academy of sciencesand the Chinese meteorological bureau, the principle of
climateregionalizationaccordingto the threelevel systenof temperaturezone,dry and wet
zoneand climatezonewasformulated, whichrevealedthe characteristic®f China'sclimate
regionsat that time.

Thirdstagesincethe early1980s, climaticregionalizationpaysmore attentionto the climate
and the natural landscape and other natural geographical feature match instead of
agricultural production, and the divisionmethodis identifiedas the national standard.

Accordingto the classificatiorrulesof global climatetypes,the main climatetypesin China
are:

(1) Tropical monsoonclimate, including southernTaiwanprovince, Leizhoupeninsulaand
Hainanisland. AnnualaccumulatedtemperatureO 8 0 @CQ the averagetemperatureof the
coldest month O1 €, the average temperature of the annual extreme minimum
temperature for many years O 5C, the average temperature of the extreme minimum
temperaturegenerallyO 0T, no frostall the year.

(2) Subtropicalmonsoon zone, northern China and southernChina belong to this type of
climate. Annual accumulated temperature between4500C and 8000TC, the average
temperatureof the coldest month between-8C and 0T, which is the transition zone
betweenthe tropical zore and the temperatezone. The temperaturesn summerare quite
high (atleast30 days,the averagetemperatureO 2 € ), and the temperaturesn winterare
quite low.
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(3) Temperatemonsoonzone, Inner Mongolia, northern Xinjiangand other placesbelong
to thistypeof climate. Annualaccumulatedtemperature<1600 T to 3400T, the average

temperaturein the coldest month between-28 and 8 T, the average temperaturein
summerisstilO 2 £, but 0 2 & isveryrare.

(4) Temperatecontinental zone includes temperate desert climate, temperate grassland
climate and sub-cold coniferousclimate.

(5) Alpine-cold zone, Qinghai-Tibet plateau and some high mountainsbelong to thistype
of climate. Annual accumulatedtemperature<2000 T, the daily averagetemperatureis
below 10T, and the hottesttemperature<5 T, even<0 T. Thedaily temperaturerange
is large and the annual temperaturerange is small, but the solar radiation is strong and
sunlightis sufficient.(Sourcefrom: Lvet al,2018 [in Chinses])

[ Alpine-cold Zone
- Temperate Continental Zone
[] Temperature Monsoon Zone

[ subtropical Monsoon Zone @

m Tropical Monsoon Zone

Figure3.1 China weathermap
(https..//www.chinadiscovery.com/weather.htyn/

3.2 Koppen climate regionalizationin China

Koppen climate classificationis one of the most widely used and influential climate
classificationgn the world. It takestemperature,precipitationand seasonalchangesas the
basis of classification, takes monthly average temperature and precipitation as the
classificationindex, and refersto vegetationdistributionto determinethe boundary index
value betweenclimate types,and dividesthe world into 5 basicclimate zonesand 12 major
climate typeswith climate sub-type.

Koppen climate classificationhas the advantagesof strictstandards,clear boundariesand
convenient application. It can determine the climate type according to the simple
temperatureand precipitationindex, and is basicallysuitablefor tundra, forest, grassland,
desertand otherlandscapezones soitiswidelyusedby scholarsaround the world. However,
Koppenclimate classificatbn hasits drawbacks.Thisis mainly reflectedin the unreasonable
division of dry zonesand the neglectof vertcal changesin temperatureand precipitation
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and zonal differencesn horizontallatitude.

Basedon the Képpen climate classification,the 4 main climate zonesin china are Dry
zone(B),Warm zone(C), Cold temperate zone(D)and Polar zone dominated by upland
climate(E).Themain 6 climatic typesare Grasslandclimate (Bs),Desertclimate (Bw),Dry
winter warm climate (Cw), Warm humid climate (Cf), Winter dry, cold and warm climate
(Dw), Tundraclimate (ET).

Mainland China can be divided into the following major climatic zones:

(1) The southernwarm region: southto the Qinling mountainsand Huaihe river, and east
to the Qinghai-Tibetplateau, the main climate sub-typesare Cfa, Cwa and Cwb

(2) Thenortherncold and warm region: north to the Qinling mountainsand Huaihe river,
eastto the northerninner Mongolian plateau, eastto the southernAihui -- Tengchongline
northerncold and warm area, the main climate subtypesare Dwa, Dwb, Dwc.

(3) Thenorthwestarid region: north to the Qinghai-Tibetplateau, westto the northerninner
Mongolia plateau (inclusive)and westto the southern AihinTengchongline, the main
climate subtypesare Bskand Bwk.

(4) TheQinghai-Tibetplateauregion whichis dominatedby upland tundraclimate, with Bsk
and ETHas the main climate sub-types.(Zhu et al, 2015)
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Figure3.2 KéppernGeiger climate classificationmap for China(Sourcefrom. Presenand future
KdppenGeiger climate classificationmaps at 1-km resolution, Becket al, 2018)

3.3 Buildingdesignthermal zoningin China

The relationshipbetweenexternalclimate and building systemis getting closerand closer.
Theclimate of the building area affectsthe orientation, spacingand layout of buildings,the
design of envelope structure,indoor thermal comfort, application of passivetechnology,
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HVAC systemand equipmentselection,etc.

These five climate typesreflect the climate typesof China at the global scale, and have
guidance and referencefor China's own building climate zones,but the building climate
zonescannotbe completelycopied. Accordingto differentclimatic conditionsin China, the
energyconservatiordesignof buildingsin differentregionshasdifferentmethods.Therefore,
it is necessaryo carry out more specificclimatic zoning of buildings.

At present,there are only two standardsfor building zoning in China'sindustry: Building
climate zone from GB50178-93 "Building climate zoning standard" and Thermaldesign
zonefrom GB50176-16 "Civil constructionthermaldesigncode”.

Buildingclimate zonereflectsthe relationshipbetweenbuildingsand climate, mainlyreflects
the temporal and spatial distribution characteristicsof the basic meteorological elements
and their direct effectson buildings, showingthe close relationshipbetweenbuildings and
climate.

Thethermaldesignzonereflectsthe relationshipbetweenthermaldesignand climate, which
mainly reflectsthe influence of meteorological basic elementson the thermal insulation
designof buildingsand envelopestructuresBuildingthermal designzoning is to make civil
building thermal design and regional climate, to ensure the basic indoor thermal
environmentrequirements,n line with the national policy of energyconservation,improve
efficiency.

o Harbir
® Chan; ot

Beijin;

Chongqing ® Wuhan
.

o Guangzhou
Hot Summer

Warm Winter

Figure3.3 China climate regionsdefined by the Ministy of Construction
(Source:Huang et al.2007)

GB50176-16 "Civil constructionthermaldesigncodé' usesthe averagetemperatureof the
coldestmonth (January)and the hottestmonth (July)of the year as the main index of the
partition, the daysof annual average temperatureO 5C and O 2 & asthe auxiliaryindex,
Chinaisdividedinto severecold, cold, hot summerand cold winter,temperate,hot summer
and warmin winter,and putsforward the correspondingdesignrequirements.
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Table. 3.1 The zoningndex and design princi@ of building thermal design

Hot summer, Cold winter

Hot summer, Warm winter

=

Zoning name

Server Cold

Cold

Temperate

Building Thermal Zoning in China

Zoning Indicator

Main Indicator

toinmO - H0

104 @ tn O OF

0t WtypO1 0

25t Oty O3 ©

10t w tmin,m

25t Wiy ,O2 B

0ot w tmin,mC‘) 18

18t Wty 02 B

Auxiliary Indicator

1453 dys

90d dps 145

0 Ogsy 90

0 Odsy 110

100d dgs 200

0ddss 90

-tminm: Mean temperatureof coldestmonth;
-tnaxm: Mean temperatureof hottestmonth;
-dosc: Thenumberof dayswhenthe daily averagetemperatureis lessthan or

equalto 5C;

Design Principle

Must fully meet the requirements of
winter insulation, generally do not
consider the heat prevention in summe

Thermal insulation requirements shouls
be met in winter, and some areas shoul
take into account heat prevention in
summer

It must meet the requirements of heat
prevention in summer and take into
account heat prevention in winter

Must fully meet the requirements of het
prevetion in summer, generally do not
consider winter insulation

Must fully meet the requirements of he:
prevention in summer, generally no nee
to consider winter insulation

Some areas should consider winter
insulation, generally do not consider the
heat prevention in summer
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3.4 Summary

As the code reported above, the basic design principles are differentfor different zones.

Cold zonesneedto be designedto winterinsulationand keep warm as much as possible
while hot zonesneedto pay more attentionto excessivesolar radiation.

It can be known that although the standards can give desigrer some suggestionsand
coefficientindicators, China has a wide area spanning multiple climatic zones,and the
characteristicsof the five climate zones are quite different. Therefore,it is of practical
significanceto formulate the correspondingNZEB specificationsaccording to the climatic
zones,and to listthe detailed designstrategieghat can be adopted.

For example,if you wantto designa building in the severecold zone (i.e., Harbin) where
the temperatureis minus 25 degreesCelsius,you can referto a building in Quebec that
hasa Mediterraneanclimate and can only reach minus5 degreesCelsius.

In the following chapters,we selectedcitiesin five climate zonesin China, and found cities
with similar climatesin develged countries.We will startwith a simpleclimate analysisand
thencomparethe designstrategiesof the NZEBdemonstrationbuildingsin the city.

It is importantto note that we also tried to seekcan referenceNZEBbuildingsin Europe,
considering the NZEB European architecture developmentis already very mature, but
becauseof the influenceof the EuropeanMediterraneanclimate, mostcountriesdon'thave
very hot weatherin summer,but in China in addition to the Temperatezone, most of the
citywill be morethan 25 degreesCelsiusin the summer.So, in order to comparethe climate
of more familiar cities,we locked in the scopeof the Pacificregion.
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4 Methodology

China shows thedetermination to reduce carbon emissions and achieve nigarero energy
buildings recent yearsDue to the limitation of China'scurrent construction technology
nearly zero energyiot means the real energy consumption will beduced to zerg but to
adapt to the climate characteristics and site conditions, through the pasbiviiding design
greatly reduce building heating,cooling, lighting requirements, through active technical
measures greatly improve the efficiency of enegguipment and system, make full use of
renewable energy, with minimal energy consumption to providemfortable indoor
environment, and the indoor environment parameters meet the requirements of standards

In order to accurately calculate the energy comaption of this complex building, we used
AutoCAD, Rhino,Grasshopper,Ladybug, Honeybee and other tis.

Honeybee connects the visual programming environment of Grasshopper to four validated
simulation enginesAs it can be seen in Figure, Honeybee connedctrasshopper to widely
used simulation engines like EnergyPlus, OpenStudio, Radiance and Daysiwhich
evaluate building energy consumption, comfort, and daylightinghese plugins enable a
dynamiccoupling between the flexible, componeiitased, visual pogramming interface of
Grasshopper and validated environmental data sets and simulation engimkich and
creates a graphical, user friendly interface for simulations. EnergyPlus is the main simulation
engine used in this study linked to Grasshopper viaéybee.

We draw the line of threelayers plan through AutoCAD, then imported it into Rhino, and
extrudethe blocksthrough Grasshopper to form Honeybee zoaeAnd then we defined the
properties of the building materials, input the schedules of occupant, lighting and equipment.
Importing and analyze standard weather data of the selected location in Glagpper
through ladybug, and create the HVAC system, calcelanergy consumption for heating,
cooling, ventilation and lighting of the building through EnergyPlus.

Ladybug L3 AN | !

Psychrometric char *,  OpenStudio 3

Radiance *

epw “

Weathor Data " = ; % re '
B e O P S

% Daysim . 5 EnergyPlus *

Figuret.1 Ladybug and Honeybee work scheme
(Source:http://www.grasshopppe3d.com/group/ladybug
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Architecture Modelling
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