MoHURD Eco-City Implementation Guideline for
Green Building

Preamble. This Eco-City Implementation Guideline has been developed with the
assistance of the Europe-Chine Eco-Cities Link Project (EC Link), and been submitted by
the Chinese Society for Urban Studies (CSUS). It draws on the work done by the EC Link
project in the development of sectoral toolboxes! which present European and Chinese
best practices, urban development standards, indicators and methodologies for
verification. Further, the development of this Guideline is informed by project work of
MoHURD-affiliated pilot cities which are implementing eco-cities activities, and piloting
innovative practices. EC Link has provided as inputs toolboxes for the following 9 sectors:
compact urban development (CUD), clean energy (CE), green building (GB), green
transport (GT), water management (water supply, waste water treatment and flood
control) (WM), solid waste management (SWM), urban renewal and revitalization (URR),
municipal finance (MF), and green industries (Gl).

Objectives. The objectives of this Eco-City Implementation Guideline is to provide
guidance, and to ensure compliance. The document is meant for all Chinese cities which
are participating in the national MoHURD-supported eco-cities programme. Besides
guidance, the document will help to ensure compliance of cities with the normative part
proposed under this guideline.

Legal Basis. This Eco-City Implementation Guideline is complementary to the existing
urban planning legislation of the People’s Republic of China (PRC), and other guidelines
of the Ministry of Housing, and Urban-Rural Development (MoHURD), particularly those
pertaining to eco-city development. The relevant legal reference documents are:

e Urban Planning Law. 1984. In 2008 updated as “The Urban and Rural Planning Law of
People’s Republic of China”; latest revised in April 2015.

¢ Land Management Law. 1998.
And based on the law, the detailed Enforcement Regulation has been developed, and
undergone revisions for several times. The latest is the 2014 version.

e Environment Protection Law. 1990. Latest revised in 2014 and applied since 2015.

¢ MOoHURD. March. 2013. The 12th 5-Year Plan on the Green Building and Green
Ecological Districts.

e CCPCC and State Council. March, 2014. National New-type Urbanization Plan 2014-
2020.

e State Council. April, 2015, Suggestions on Enhancing Eco-civilization.

e CCPCC and State Council. 2016. Central Government Guideline on Urban Planning.

e CCPCC and State Council. 2016. The thirteenth Five-Year Plan (2016-2020)

More specific legal instruments for the Green Building sector are:

e Building Law. 1997. Latest revised in April 2011.

LEC Link Toolbox. 2016. Green Building. Beijing. Draft English version. www.eclink.org.
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¢ MoHURD & Ministry of Finance. 2012. Recommendations on the Implementation of
Promoting Green Building Development.

e MOoOHURD & NDRC. 2013. National Green Building Action Plan.

¢ MoHURD. 2015. Evaluation Standard for Green Office Building (GB/TS0378-2014)
(replacing 2006 version).

e MoHURD. 2015. Technical Guidelines for Passive House (Ultra low Energy
Consumption Green Buildings)

This Eco-City Implementation Guideline is mandatory for all Chinese cities which are
participating in the national MoHURD-supported eco-cities programme. Compliance with
its missions and technical targets will be monitored and reviewed by MoHURD.
Compliance will be rewarded through special allocation of funding and technical
implementation support.

Scope of this guideline. The geographical scope of this Eco-City Implementation
Guideline are urban areas as defined by the existing legislation. The application of this
Eco-City Implementation Guideline may be extended to Districts which are under the
jurisdiction of a city (urban area), as applicable.

Substance of this guideline. This Eco-City Implementation Guideline is dedicated to
Green Building (GB). The implementation of eco-city development approaches concept
makes it necessary to deal with green building. To implement a green building agenda it
will be necessary to have committed city and district governments so rules can be
enforced.

Surge in green buildings. There has been a big surge in energy-efficient engineering and
construction technologies, and governments have taken the lead in designing tax
incentives and stricter building codes for retrofitting and new construction. More so than
ever, the contribution of buildings to the co2 performance of cities is being recognized.
Buildings contribute about 50% of urban co2 emissions through the type of construction
materials used—and carbon consumption in manufacturing these—their construction
related cooling or heating requirements, their energy requirements for services like water
supply, waste water and solid waste disposal, and their general energy efficiency. Tackling
the energy demand of existing buildings is, therefore, a high priority on the path to green
cities. Their conversion to greener buildings should start with the building materials and
later extend to their internal infrastructure systems of water supply, cooling and heating
systems, and their processing of waste water and solid wastes. Passive design solutions,
as already proven by many innovative architectural projects, have helped to improve the
energy performance of buildings.

Reduction of green-house gas emissions. Based on its analysis of the buildings sector,
UNEP has observed that (i) the buildings sector of today has an oversized footprint and is
the single largest contributor to greenhouse gas emissions (GHG); (ii) constructing new
green buildings and retrofitting existing energy- and resource-intensive buildings stock can
achieve significant savings; (iii) greening buildings also can mean significant health and
productivity benefits; (iv) greening the buildings sector can result in an increase in work
opportunities; (v) developing countries have the opportunity to lay the foundation of



energy-efficient building stock for decades to come; and (vi) the role of the public policy
and leadership by example is vital in promoting the greening of the buildings sector. 2

Savings. Green buildings are estimated to save on average 30% of electricity, 30-35 %
water, and 50-90% waste discharge costs. More has been done in the developed
countries, but the developing world, particularly Asia, is fast catching up. Green design and
technology inspired by biological forms and resource-efficient construction are taking their
inspiration even from nature. “Buildings that adapt to changing conditions is the way we
have to develop if we are to mimic truly the low energy ways in biology works.

Evolution of building codes. Building codes, mandatory energy certification, financial
incentives, and support, which have had a significant and measurable impact on building
performance. Examples from many countries indicate that energy-efficient construction
standards have brought down average energy consumption in housing by 80%. 3
Obviously, the private sector has to lead this process, but the public sector can also set
important standards and examples by converting its own publicly—owned building stock
into exemplary cases of green and energy-efficient buildings.

Green buildings as resilient buildings. Intrinsically linked to green cities are resilient
buildings, particularly those located along coastlines and floodplains. Resilient buildings
are part of the overall package of development that cities need to consider in order to be
prepared and be able to respond to particular events. The relationship of buildings to the
infrastructure system and services as a whole and its ability to cope with particular events
is often referred to as urban resilience. Individually and combined, the principal
considerations relate to siting and potential exposure and risk.

Justification.

China embracing green building. Chinese buildings consume about 31% if the
country’s energy, and are responsible for about 8,500,000 tons of co2 emissions per day.*
There are several reasons why the construction sector in China will go green: China's
government-mandated need to reduce pollution and energy consumption, the country's
slowly rising environmental awareness, its thriving spirit of entrepreneurship, and size of
China's construction market, which builds nearly half the world's total new buildings every
year, and by 2020 will account for 40 percent of the country's total energy consumption.

2 UNEP. 2011. Towards a Green Economy: Pathways to Sustainable Development and Poverty
Eradication, pp. 334-371. http://www.unep.org/greeneconmy
3 E. Von Weizsécker, K. Hargroves, M. H. Smith, C. Desha and P. Stasinopoulos. 2009. Factor Five.

Earthscan. London et al.
4 www.house-energy.com
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Residential Construction in China |

Multi-family new building construction in China

Base case

Green development

Difference savings (or costs)

Growth in energy use 2005-2050 ~ 530 billion kWh/yr

~ 305 billion kWh/yr

~ 225 billion kWh/yr

Incremental cost per year NA ~ US$12 billion (~ US$12 billion)
Space heat energy savings NA 76 per cent 76 per cent
Value of energy savings per year NA About equal to costs on annual basis ~ US$12 billion

In China, the demand for multi-family dwellings
will continue to grow rapidly owing to rural-urban
migration and rising incomes. Between 2010 and
2050, the World Business Council on Sustainable
Development (WBCSD) estimates electricity demand
in multi-family buildings will increase by 200 per
cent for lighting and 325 per cent for appliances.
Current building practices are characterised by
poorly designed and insulated building envelopes
and inefficient heating systems, while energy for
heating is priced at a fixed rate irrespective of
consumption. Analysis by WBCSD (2009) looks at
the impact of improving the efficiency of typical
blocks of multi-family buildings in China (a six-story
building containing 36 apartments) over a 45-year
period spanning 2005-2050.

The table shows the impact of a 76 per cen
improvement in building energy-efficiency througkt
a series of design and management interventions
including a better-designed and insulated building
envelope, apartment-level temperature control:
and electricity sub-metering. If replicated at ¢
national level across China, these steps could leac
to a total saving of about 225 billion kWh per year
or US$12 billion per year at current electricity
prices. However, although substantial buildinc
energy-savings are achieved, the growth in nationa
building stock in China will outpace the efficiency
improvements, resulting in a net increase of 30!
billion kWh per year in energy demand over the¢
given time period.

Source: WBCSD (2009)

Source: UNEP. 2011. Towards a Green Economy: Pathways to Sustainable Development and Poverty
Eradication, p. 348. http://www.unep.org/greeneconmy

China needs a Zero Energy Building program. That’s urgent. It's a critical area to tackle for
climate change mitigation and to minimize environmental problems. It's important for China
and the world. ®* Though the emissions coming from the energy consumed by the Chinese
buildings falls short from those of the industry, without an ambitious policy the situation
may reverse in the near future. We can'’t forget that buildings consume more energy than
the transportation sector or the industry in many parts of the world (North America,
Europe...). And if the cities that are being developed in China keep on using
traditional standards, with such building stock it will be impossible to reduce
energy consumption and to stop climate change. China needs to follow the Zero Energy
Buildings policy that is being planned in the European Union and California: making all new
buildings low carbon from 2020 onwards. Fortunately, China has started to implement a
green building program. From 69,5 million sgm in 2012, it wants to expand the amount of
3-star rated green buildings to 1 billion sgm by end of 2015. All new public buildings are

5 http://iwww.house-energy.com/NZEB/China-ZNEB.html
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supposed to fulfil the 3-star rated green buildings certification. China is ready to create
green architecture with Chinese characteristics.®

China’s new Green Building Evaluation Standard. In January 2015, China introduced
its new “"Green Building Evaluation Standard (GB/T 50378-2014), replacing an earlier
Green Building Evaluation Standard (GB 50378-2006) of 2006 (GBES). The rating system
allows for three categories (one star, two stars, three stars). By end of 2013, some 1,500
buildings (or 160 million sgkm) complied with this standard. In 2012 only 2% of all new
buildings were three star-rated, till year 2020 the share of three star-rated building shall
reach 50%. The most prominent changes in the new standard are the broadened scope of
application, extended to a wider range of building types, and the methodology of rating.
The 2006 standard rated only certain types of public buildings (offices, department stores,
and hotels) and residential buildings, while the new 2015 standard includes all sorts of civil
buildings such as residential and public buildings (e.g. according to GB 50352-2005%), and
it applies more complex rating criteria. Particularly the construction management itself is
gaining an important place in the rating formula. Scoring techniques will be applied more
strictly, and system evaluates the expected green performance prior to the construction.
Firms will have to undertake more efforts to achieve a three star-rating. °® China's new
green building standard is meant to complement better known rating systems like
BREEAM (UK) and LEED (USA) which are currently only used in office buildings for
multinationals or upscale apartments. Alongside basic energy efficiency rules meant to
pressure developers from the top down, the new Chinese label offers a market-based
incentive that can promote green building from the top down. The labeling, which
addresses land-use, energy, water, construction materials, and indoor air quality and uses
a 3 star-system, could be effective considering the growing need for developers to
differentiate their buildings in an increasingly competitive market. The mandatory nature of
the green building standards are expected to have a strong impact on the building industry
as a whole.

World Green Building Council. Since 2008, China has been announcing it would join the
World Green Building Council, as Hong Kong already has done. The Green Building
Council (as a sort of public-private partnership) could help administering the country's new
indigenous green building labeling system. The group would also be responsible for
helping to police buildings, and for drumming up public awareness.

The building sector in China. The building sector is growing at amazing rates in China.
China is building about 1.8 billion m2 per year. 1° In other words: China alone is building
more than 1/3 of all the buildings in the world. That is several million buildings entering
the real estate market every year. And these buildings are requiring bigger and bigger
amounts of natural gas and electricity, which will be unsustainable without a big shift in
China's energy standards for buildings. Chinese has well-known environmental problems:

6 Yang Weiju (ed.). 2012. Green Architecture. Contemporary Architecture in China. Inkj (www.Inkj.com.cn).
Beijing.

7 Assessment standard for green building 2014 (GB/T-50378-2014), published by MoHURD.

8 GB 50352-2005, 2.0.2 Residential building: Building for the use of short-term or long-term living of single or
multi-person household; 2.0.3 Public building: Building for public activities.

9 Bundesministerium fur Umweltschutz, Naturschutz, Bau und Reaktorsicherheit/EcoNet China/German
Chamber Network (Eds). August 2014. Econet Monitor: Green Markets & Climate Change, German Chamber
Network (DE). Beijing. www.econet-china.com

10 http://www.house-energy.com/NZEB/China-ZNEB.html
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severe droughts, devastating floods, poor-air quality in cities. Many rural villages and
mega-cities such as Guangdong, Shanghai, Tianjin, and Hong Kong are at high risk in
case of a significant increase in sea levels. That's why is so important to control and
reverse the trends involving the consumption of energy by its buildings. But it is not just the
provinces and cities mentioned in the latest 5-Year program that are using green building
practices. There are many other cities with high energy-efficiency standards. Many cities
have their own plans for green buildings, eco-cities and sustainable construction, in
accordance with the framework adopted at a central level.

Growing share of green buildings. Although still limited in their total numbers, Chinese
green building is rising at steady rates, following the goal of the latest 5-Year plan: building
1 billion m2? of low-energy buildings by 2015 — nearly 20% of the total floor space
constructed during that period. The growth is particularly high (60% annual growth rate) in
public buildings, and is significant in the eastern coastal cities.

MoHURD and performance monitoring. MoHURD would like to monitor the actual
performance of buildings through electronic devices, and upload the data to the internet.
Users of apps shall be able to control the indoor air quality of their homes, and through
remote control (via internet) they shall be able to control usage of water, electricity, heating
or cooling energy, and contribute to the conservation and saving of these resources.
Consumers will become more energy conscious, and will make use of the great potentials
for savings. The internet can be part of the management of the green buildings concept. It
is suggested that software for the management of building-related services (water,
electricity, heating or cooling energy) be made available for free (open source software).
Such software, however, which could integrate all dimensions of management of homes
through the “internet of things™, is yet to be developed. In addition to the management of
water, electricity, heating or cooling energy, smart technologies will allow to control
temperature, humidity, light, and noise levels in buildings, and these dimensions can be
monitored and managed from outside via the internet. Such automated management can
improve the quality of residential environments and their services. The expected
advancement of the photovoltaic revolution into the green homes, will stimulate a clean
energy revolution.!* This will call for a reform to the electricity management, allowing to
absorb surplus energy. It is expected that the State Council of PRC will soon open up the
opportunity for green energy from buildings, and that this can greatly contribute to energy
safety and overall savings in energy expenses through the use of this non-polluting
renewable energy.

Smarter building materials. It is being realized that insulation materials for building
enclosures (walls, roofs and windows) could be more smart and energy efficient. Window
glasses could regulate sunlight, i.e. permit or shield off sun light depending on climatic
conditions. Such smart materials may also be controlled through the smart internet
applications. While such technology has reached the car industry (Mercedes uses REFR
products in some of its cars), it is yet to enter the buildings sector. More types of control
devices for water, electricity, heating or cooling energy may be developed.

11 Alliance for Building Energy Efficiency (geea). 2014. A powerful platform supporting the energy transition in
the building sector. Geea annual report 2014. German Energy Agency. www.geea.info
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Technologies. The emerging consensus is that China will aim for utilization of high quality
construction technologies. Green buildings shall make full use of high building standards,
and shall apply smart technologies for performance management and monitoring. Green
building benchmarking data needs to be compiled not only for monitoring purposes, but
also for the purpose of allocation of financial subsidies to building owners.

Industrialization. Directions in the industrialization of the building sector. Industrialization
can reduced the required on-site construction time. In terms of environmental quality it can
ensure the usage of cleaner and healthier building materials.

Zero Energy Building. As mentioned earlier the Chinese authorities have not yet adopted
a real Zero Energy Building (ZEB) program. But the green building programs that are
being implemented do not differ much from ZEB programs. And China has the resources
and means to implement them. ZEB buildings do not involve major technological
breakthroughs. Lack of know-how is not a limitation. The Chinese construction sector is
dominated by Chinese state-owned enterprises able to train the industry’s workforce and
professionals. They can use the same technical tools for designers and builders that are
being using European Union and in in California, in ZEB projects.

Availability of resources. China has resources and conditions to develop the green
building sector: a huge new construction market (hence the enormous economies of scale
and the much lower prices), abundance of funding, huge supply chains able to provide
high-performance windows, cheap solar thermal and photovoltaic panels (including
organic PV cells for exterior walls). The main difficulties hampering ZEB projects are
organizational, logistical and financial.

Urban resilience: The current phenomena of climate change make it imperative to
introduce aspects of climate change adaptation into many sectors. This also is true for the
building sector. Buildings need to be able to resist extreme weather events, and provide
safe shelter and services in such difficult moments. Such measures could cover typhoon
and storm protection, besides any obligatory anti-seismic conditions.

Smart management of buildings. In these times of rapid modernization many urban
service sectors are also improving and modernizing their management techniques through
advances in information technology (internet communication; online services; surveillance
cameras etc.), which helps to make services more efficient, more accessible and more
affordable. For the green building sector this would go mean that smart management of
buildings, can control and safe unnecessary electricity consumption, can be connected to
safety measures, and can help to initiate heating or cooling measures through remote
control or internet-based controls.

Development Objectives

Green Building Action Plan: In 2012, Ministry of Finance and MoHURD co-issued the
policy document Accelerate the Promotion of Green Building Development in China. As
the guiding policy at national level, this document set out the tasks in building sector
including development of technical codes, technologies, industries, evaluation system,



management mechanisms etc. in the period of the 13" Five Year Plan (FYP).*? In order to
set out specifically feasible approaches, the State Council issued Green Building Action
Plan in 2013 as the first official document in the year. This Plan, as the first national action
plan about green building, were initiated and compiled by the National Development and
Reform Commission together with Ministry of Housing Urban and Rural Development.
Soon after this, provinces issued their own green building action plans according to local
conditions. The main purpose of the Plan is to support building sector to contribute to the
energy and emission reduction target set in 13" FYP. In the Plan, ten tasks have been put
forward to highlight the potentials, which include energy saving building, retrofitting of the
existing buildings, retrofitting of heating system, up-scaling the utilization of new energy in
building sector, energy management in public buildings, research and development of new
building technologies, promotion of the green building material, industrialization of building,
management of the demolishment process, and recycling of construction waste.*®

Policy Direction from the 13" Five Year Plan. The Government’s pronouncement of the
Five Year Plan objectives has stated three key objectives:

- Increased efficiency of energy resources development and utilization; effective control
total aggregate of energy and water consumption, construction land, and carbon emissions.
The total emissions of major pollutants shall be reduced significantly.

- City development shall be in accordance with the carrying capacity of resources and
the cultural context. Green planning, design and construction standards shall be applied.

- Support reduced emission standards, and implement demonstration projects of
“near-zero” carbon emission.

- Within 10 years, increase the rate of prefabricated buildings to 30%,

New Urbanization Policy 2016. Following the Central Urban Work Conference (20-21
December 2015) - the second such meeting on the issue 37 years after the first meeting in
1978 - on 6 February 2016, the Communist Party of China Central Committee and the
State Council issued a roadmap for city development. Its key points are as follows *

- Strengthen the city planning. Within about 5 years, assess and deal with all illegal
constructions; introduce absolute restrictions on new illegal constructions.

- City form and features. Within about 5 years, identify historic cultural blocks &
historic building in all cities.

- Improve the urban building. Within 10 years, increase the rate of prefabricated
buildings to 30%.

- Promote the development of energy conservation in the city. Promote the
district combined heat and power (CHP), green lighting, energy conservation in
government departments; improve heat production efficiency; newly built residential
buildings must be equipped with individual measurement of household heating
consumption, while that shall be gradually provided for existing residential buildings.

- Complete urban public service. The development of public transport enjoys
priority. Until 2020, the share of super- and ultra-large public transport will reach
40%.Newly built communities would get open rail systems (instead of closed ones). *

12 Zhang Mingshun 2014. Handbook Green Building Development. Chemical Industry Publisher. Pp. 150-152
13 Green Building Action Plan

14 Extracted and translated from: http://www.gov.cn/zhengce/2016-02/21/content_5044367.htm)

15 See debate about this issue in China Daily http://www.chinadaily.com.cn/china/2016-

02/22/content 23593906.htm).
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- Build comfortable and livable environment. Within 5 years, set up the system of
collection and reutilization of kitchen and building waste. Until 2020, in all cities above
prefecture level, waste water shall be 100% collected and treated; for water deficient cities,
the reclaimed water rate shall reach 20%.

China Development Bank Capital (CDBC) Policy for Green Urban Development. The
CDBC’s policy document for Green Urban Development states several principles for the
green building sector:

- Green Building: At least 70% of buildings should be MoHURD One-Star, 20-40% of
buildings should be MOHURD Two-Star, and 5-15% of buildings should be MoHURD
Three-Star within any development. 16

- Smart Technologies: Smart lighting Systems, and smart grid technologies which
support higher energy performance targets:

Relationship between Smart and Green Guidelines

Relevant Green Relevant Smart
Smart Guideli Relationshi
mart Guideiine Guidelines clationship Technologies

Smart Energy Renewable and | Smart energy management technologies help to improve decision-making and | Smart Lighting Systems;
Management | Distributed Energy | even automates many decisions, which improves energy efficiency. Smart grid | Smart Grid Technologies

technologies help integrate a diverse mix of renewable and distributed energy

sources to the grid and gives grid operators the flexibility to use the most

efficient sources as conditions change throughout the day.

Green Buildings | Even if a building is equipped with all the right energy efficient fixtures, Building Management

building management systems can ensure that buildings actually capture these | Systems

efficiencies. Otherwise, many green buildings end up operating at a much

lower efficiency due to lack of robust management.

Source: China Development Bank Capital (CBDC). 2015. 6 Smart Guidelines. CDBC’s Green and Smart
Urban Development Guidelines. Beijing (draft). http://energyinnovation.org/wp-content/uploads/2015/11/Six-
Smart-Guidelines.pdf

Current energy use. According to the National Reform and Development Commission
(NDRC), the average Chinese family uses 87 kilowatt hours (kwh) of electricity a month.
But there are wild variations across regions and between households. One recent survey
indicated that most urban families use between 110 and 140 kWh a month, while the rural
average is 60. Other reports show there is huge potential for domestic energy saving. If an
average family adopted energy-saving appliances, for example, it could save 1,000 kWh of
electricity use per year, as well as 42.6 tonnes of water. Most energy is used in the
bathroom and the kitchen, and air-conditioning, refrigerators, washing machines and
televisions are all big power-users...%’

China spends billions in housing renovation. Efforts like the above have triggered
substantial government support for the retrofitting of buildings. The central government has
allocated 185.9 billion yuan (30.5 billion U.S. dollars) to the renovation of run-down areas
and dilapidated rural houses” in 2015, according to MoHURD. The government is

16 China Development Bank Capital (CBDC). 2015. 12 Green Guidelines. CDBC’s Green and Smart Urban
Development Guidelines. Beijing (draft). http://energyinnovation.org/wp-content/uploads/2015/12/12-
Green-Guidelines.pdf

17 Zhou Wei, 2011. A greener city, house by house. http://cn.bing.com/search?g=A-greener-city-house-by-
house+China+Dialogue&gs=n&form=QBRE&pg=a-greener-city-house-by-house+china+dialogue&sc=0-
29&sp=-1&sk=&cvid=071chb3d4c63e49f4b9b571ef5e2199c6
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encouraging to improve housing conditions amid rapid urbanization. *® Part of this
programme, though has been inspired by the German International Cooperation Agency
(G1Z) supported projects.

Green Building Evaluation Standard. In January 2015, China introduced its new "Green
Building Evaluation Standard”, replacing an earlier Green Building Evaluation Standard
(GB 50378-2006) of 2006 (GBES). The current green building rating system uses a three
star system which has some similarities with the LEED system of the US.!® MoHURD's
green building evaluation standard is China’s first attempt to create a local green building
standard. So far it lack hard criteria for assessment. This has stimulated other
methodologies for the assessment of building physics buildings. The purpose is to create a
voluntary rating system that will encourage green construction. The purpose of introducing
this green building concept is to regulate evaluation of green buildings. The system
introduced in 2006 is credit-based and allows developers to choose which credits they
want to pursue. The evaluation system has two different standards one for residential
buildings and one for public buildings (i.e. large commercial complexes. The rating system
will particularly rate those buildings or building complexes which consume much energy
and resources.

The evaluation standard rates buildings with a variety or prerequisites (‘control items™) and
credits (‘general items”), covering six categories: (i) land savings and outdoor
environment; (i) energy savings; (iii) water savings (iv) materials savings, (v) indoor
environmental quality; and (vi) operations and management. The seventh category,
“preferred items” contains strategies that are both cutting edge and harder to implement,
such as brownfield redevelopment, more than 10% on-site renewable power generation,
etc. 2

18 http://news.xinhuanet.com/english/2015-06/19/c_134341916.htm

19 www.newwayswiki.org

20 All of these seem still in their early stage as some of this conceptual work shows. Fu Qingpeng, Guo Li; Zhu
Zhigang. 2011. Study on the evaluation of green building design based on the comprehensive fuzzy evaluation
principles, in: Electric Technology and Civil Engineering (ICETCE), 2011 International Conference. Lushan. 22-

24 April 2011.
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http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Zhu%20Zhigang.QT.&searchWithin=p_Author_Ids:38061030000&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5765754
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5765754

China’s Star Rating System for Green Buildings — Residential Buildings

General Items (Total: 40 ltems)

Land Saving & [Energy Saving & Water Saving & [Material Saving Indoor Operating Preference
Outdoor Energy Water & Material Environment | Management Items
Grade Environment Utilization Resource Resource Quality (Total: (Total:
(Total: (Total: Utilization Utilization (Total: 7 Items) 9 Items)
8 items) 6 items) (Total: (Total: 6 Items)
7 ltems) 7 ltems)
> 2 3 3 2 4 -
* % 5 3 4 4 3 5 3
* % % 6 4 5 5 4 6 5
Source: China’s green building evaluation standard and comparison to the LEED rating system, in:
http://www.neec.no/uploads/Article,%20China%green%20building%20standard.pdf
China’s Star Rating System for Green Buildings — Public Buildings
General Items (Total: 43 Items)
Land Saving & [Energy Saving &|Water Saving & [Material Saving Indoor Operating Preference
Outdoor Energy Water & Material Environment | Management Items
Grade Environment Utilization Resource Resource Quality (Total: (Total:
(Total: (Total: Utilization Utilization (Total: 7 Items) 14 Items)
8 items) 10 items) (Total: (Total: 6 Items)
6 Items) 8 Items)
> 3 4 3 5 3 4 -
* % 4 6 4 6 4 5 6
* & & 5 8 5 7 5 6 10

Source: China’s green building evaluation standard and comparison to the LEED rating system, in:
http://www.neec.no/uploads/Article,%20China%green%20building%?20standard. pdf

MOHURD Green Building Indicators

Energy consumption indicators

0 000006500000

door comfort parameters
Indoor temperature: 20~26
Relative humidity: 40~60%
Frequency of temperature excess: <10%
CO:2 content: <1000ppm
Indoor surface temperature difference: <3
Noise: < 30dB
No condensation or mould.

Source: www.passivehouse.org.cn

Heating requirement: <15kWh/ (m?a)
Cooling requirement: <15kWh/ (m?2a)
Total requirement of primary energy: <120 kWh/ (m2a)
Heating load: <10 W/m?
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Area of Activity

Basic Package
Minimum
requirements

One-Star Buildings

Advanced Package
Standard approaches
Two-Star Buildings

Deluxe Package Premium

low carbon approaches
Three-Star Buildings

1. New
Buildings

Compact land use
Energy efficency

(buildings with basic
solar water heating
facilities)

Water recycling
Materials savings
Good indoor
comfort

Smart operational
management
Use of energy-
efficient building

e Compact land use

e Energy efficency

(buildings with basic solar

water heating facilities)

e Water recycling

e Materials savings

e Good indoor comfort

e Smart operational
management

¢ Use of Passive House
technologies:
Northern China:
Utilization of German

Passive House designs
Energy-neutral
("energy-plus”)
buildings

Highly efficient
geothermal heat pump
or ground source heat
pump (GSHP) in
northern China
Passive cooling
methods and
geothermal heat pump
or ground source heat

materials DGBN or Passivhaus pump (GSHP) for
e Use of recycled standards; southern China’s
materials in Southern China: tropical and subtropical
construction Utilization of German climates
materials DGBN or Passivhaus Adaptation of smart
standards to be energy-saving home
adjusted to tropical/ technologies and
sub-tropical conditions. appliances
e Adaptation of smart
energy-saving home
technologies and
appliances
2. Retrofit of ¢ Buildings with e Adaptation to Passive Passive House designs

Existing
Buildings

basic solar water
heating facilities.
Use of energy-
efficient building
materials

Use of recycled
materials in
construction
materials

House technologies:
Northern China:
Utilization of German
DGBN or Passivhaus
standards;
Southern China:
Utilization of German
DGBN or Passivhaus
standards to be
adjusted to tropical/
sub-tropical conditions.
e Use of smart energy-
saving home
technologies and
appliances

Energy-neutral
("energy-plus”)
buildings

Highly efficient
geothermal heat pump
or ground source heat
pump (GSHP) in
northern China
Passive cooling
methods and
geothermal heat pump
or ground source heat
pump (GSHP) for
southern China’s
tropical and subtropical
climates

Use of smart energy-
saving home
technologies and
appliances

12




3. Performance | ® No Performance
Monitoring measurement yet

Energy Performance .

assessment prior to and
after construction.

Energy Performance
assessment prior to and
after construction.
Certification ("energy
passport’)

4. Provision of ¢ Information

Incentives to campaigns
home owners | ¢ Financial
and builders incentives through

tax reduction

Information campaigns .
Cooperation with real .

estate companies, and
public housing
companies

Financial incentives .

through tax reduction
based on energy
performance

Information campaigns
Cooperation with real
estate companies, and
public housing
companies

Financial incentives
through tax reduction
based on energy
performance
certification, based on
"energy passport’

Source: EC Link

Proposed Green Building KPfs

Green Buildings

Percentage of green buildings [1]

Renewable energy percentage (R) [2]

existing buildings>15% [1]
newly-built = 100% [1] 2

R hotwater =30-80% [2]
R cooling/heating =20-80% [2]
R electricity.=1' 4% [2]

Immediate [3]
By 2020 [4]

2 Public buildings with green standards [5]

100% [5]

Passive house standard: Annual primary

lighting [6]
Fresh air [6]

energy consumption for heating, cooling,

<60 kWh/m?Z.a
(or 7.4 kgce/m?.a) [6]

>30 m3/h.p [6]

New buildings - Annual heating
4 consumption: Severe Cold Climate
Zone

<18 kWh/mZ2.a [6]

New buildings - Annual heating
5 consumption: Cold Climate
Zone

<15 kWh/m?2.a [6]

New buildings - Annual heating
consumption: Hot Summer And Cold

<5 kWh/m?.a [6]
-heating in winter < 20°C [7]

21 These key performance indicators were prepared and compiled by the EC-Link Project. See: EC-Link. 2016. Sino-EU Key
Performance Indicators for Eco-Cities. Beijing (unpublished draft)

22 Other indicators related to % of star-rated green buildings not considered relevant: 70% One-Star category; 20-40%

Two-Star category; 15% Three-Star category [11].
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Winter Climate Zone / Hot Summer And - cooling in summer > 26°C [7]
Warm Winter Climate Zone / Mild Climate
Zone

(National Standard GB 50189)

<3.5+2*WDH20+2.2*DDH28

Where WDH20

= z . _ —
2 O(when the hourly wet-bulb outside

7 Annual cooling demand kWh/m2.a temperature higher than 20°C)

DDH28

= z . o _
2 8(when the hourly wDry-bulb outside
temperature higher than 28°C)

8 Air tightness — Air change rate < 0.6 at 50 Pa pressure difference
9 Existing buildings — retrofit [5] >10% of building stock [5]
Annual heat demand Existing buildings: <50 kWh/m2/year
Elimination of harmful building materials 0 % of harmful materials [8]
10 | [8] <30% of all buildings [9]
Use of prefabrication [9] By 2025
11 | Central heating coverage [10] >65% [10]
Indoor air quality: radon density [8] <50Bg/m3 [8]
More relevant for the building would be
(meet national standard GB/T 18883-2002: GB/T18883-2002:
12 : Sg:tilation rates i Fresh air >30m*/(h.p)
—  TvOC - C02<0.1% (1000ppm)
—  HCHO - TVOC<0.6mg/m?3
—  Formaldehyde - HCHO<0.1mg/m?
- Radon<400Bqg/m?3

Sources:

[1] Qiu Baoxing. 2012. Combine idealism and pragmatism — a primary exploration of setting up and
implementing low carbon eco city indicator system in China [in Chinese], China Construction Industry
Publisher. Beijing

[2] MOoHURD. 2014. Green Building Appraising Standard (GB/T50378-2014). [EC Link unofficial translation].

[3] World Bank. 2009. Sino-Singapore Tianjin Eco-City: A Case Study of an Emerging Eco-City in China.
Technical Assistance Report. Beijing. WWW-
wds.worldbank.org/.../PDF/590120WP0P114811REPORTOFINAL1EN1IWEB.pdf

[4] The Energy Foundation - China Sustainable Cities Program (ed.). 2011. Design Manual for Low Carbon
Development. p .46. http://www.chinastc.org/en/research/34

[5] CSUS. 2015. Zhuhai Indicator System for Livability. Beijing. [unpublished report].

[6] MoHURD. October 2015. Technical Guideline for Ultra-low Energy Consumption in Green Building.
http://www.mohurd.gov.cn/wjfb/201511/t20151113 225589.html

[17] State Council. 2016. China’s New Urbanization Policy. Beijing. http://www.gov.cn/zhengce/2016-
02/21/content 5044367.htm

[7]1 MOHURD. 2015 and 2016 versions. Appraisal Standards for Green Eco-City/District Planning (draft). Beijing
[Unofficial Translation].

[8] SWECO. No date. Caofeidian - Detailed ecological indicators system [unpublished document].

[9] State Council, Government of People’s Republic of China. 2016. 13" Five Year Plan. Beijing.

[10] Ministry of Environmental Protection (MEP). 2008. Indices for Eco-County, Eco-City and Eco-Province. In:
World Bank. 2009. Sino-Singapore Tianjin Eco-City: A Case Study of an Emerging Eco-City in China.
Technical Assistance Report. Beijing. WWW-
wds.worldbank.org/.../PDF/590120WP0P114811REPORTOFINAL1ENIWEB.pdf.

See also 2013 version. http://www.mep.gov.cn/gkml/hbb/bwj/201306/t20130603 253114.htm
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Green Building Evaluation Standard. Complementary to the new Green Building
Evaluation Standard (GB/T 50378-2014), MoHURD has also compiled three detailed
regulations, which are the “Technical Detailed Regulation of Green Building Evaluation
Standard, Management Regulation of Green Building Classification”, and “Implementation
Regulation of Green Building Classification”. At local level, provinces such as Jiangsu and
Hunan issued Green Building Evaluation Standard in their autonomy. Besides, more than
twenty standards and regulation at central and local level in various technical fields related
to green building, such as energy saving design and assessment, is currently in use.?

Energy commissioning is recommended at the design, or pre-construction phase as it can
ensure more energy efficiency and lower operation and maintenance costs. It should be
able to provide guidance on performance requirements over the lifespan of a project, and
results in design specifications. Criteria need to be developed for at least 5 aspects: (i)
lighting; (ii) air conditioning; (i) water heating; (iv) appliances; and (v) controls. 24

Lessons Learnt from pilot projects. The impact of the first generation of green building
project in China is starting to be felt. The government has renewed in 2015 its Green
Building Evaluation Standards (GBES), and the private sector is eager to explore and
expands its role in green building. While implementing new projects with new technologies,
it is being discovered that for some applications, like in the case of the Passive House that
there is shortage of high quality insulation materials, double (or triple) glazing windows for
air-tight enclosures, which are required for a true application of the Passive House
concept, as they exist in Europe. This can trigger two responses to overcome the
shortcoming: to develop indigenous technology solutions, or to seek foreign collaborations.

"Making all of China's buildings energy-efficient through weatherization is a colossal task,
but also one that must be done and will go a long way to reducing China's energy intensity.
Currently, the government has requirements that all new buildings must meet energy
efficiency standards, and a recent report found that 20 percent of buildings in Beijing and
Shanghai were energy efficient. The same report found that more than 90 percent of new
buildings met those standards, but what about old buildings? It seems these regulations
are focused on getting new buildings up to par, but there needs to be more money
invested in retrofitting and weatherizing old buildings, which make up the vast majority.
This can be done through a system of tax incentives, subsidies and punitive measures
much in the same way the government is attempting to phase out aging industrial
infrastructure. Also, this type of project is very labor-intensive, which is ideal for a
developing economy.” 2°

“Spreading knowledge about sustainable architecture in China presents another challenge:
how to improve collaboration between architects, engineers, developers, and clients,
sometimes across cultural and language barriers. “Old-time architects don’t often think
much of consultants,” says Frederick Wong, a consultant at Arup in Beijing. “When you do
green architecture you have to have more consultants involved. And then the cost of that
makes the question [of whether or not to construct a green building] even more

23 Zhang Mingshun et al. 2014. Handbook Green Building Development. Chemical Industry Publisher. Beijing.
p. 6-12

24 World Bank. 2009. Sino-Singapore Tianjin Eco-City: A Case Study of an Emerging Eco-City in China.
Technical Assistance Report. Beijing, p. 34.

25 Ward, J. 2010. Growing a green economy in China. http://en.people.cn/90001/90780/91344/6949181.html,
Beijing. April 13, 2010
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complicated for the developer and the client.” The familiar counter-argument is that the
higher costs of “greening” a building — considered to be 2-5% higher than original building
costs — are outweighed by savings that come with energy efficiency. ... “[D]evelopers can
sell their properties at a higher price, even without passing savings on to the end users.” 26

“China is ready to harness the amount of energy consumed by its building sector, a new
report finds, but homes, offices and factories will need to become much more energy
efficient. Energy consumed to supply heat and electricity to China’s vast building sector—
energy that is mainly derived from coal—could start to peak by the end of the decade,
says a new report from the Ministry of Housing and Urban-Rural Development, in line with
the broader government target to cap use of the fossil fuel. Published in partnership with
an academic panel, the report predicts that a cap on coal consumption of 4.3 million
tonnes annually by 2020 would help China’s buildings sector peak in energy use at an
annual 245 million tonnes of coal equivalent (tce) by the end of the decade. Energy
consumption in buildings comprises 30% of China’s primary energy consumption,
according to research from Tsinghua University and Germany’s Ministry of Industry and
Commerce... A twofold effect is needed to deliver a peak in energy consumption from the
building sector and then drive down consumption of heat and power up to 2030 and
beyond... Firstly, the rate of energy efficiency in Chinese buildings needs to rise sharply
from current levels. ... [E]nergy-saving projects could reduce energy use by a total of 130
million tce, or 300 billion kilowatt hours. But achieving that scenario will require major
investment—an estimated 3.6 trillion yuan (US$580 billion) between 2016 and 2030 if all
potential energy savings are to be made. Efforts to develop green buildings in China have
been thwarted by overlapping levels of government bureaucracy and the high costs of
equipping, installing and monitoring energy efficient technologies such as insulation, smart
metres and appliances, as well as small-scale renewable energy systems. China has
already earmarked greener growth in cities as a major pillar of its 13th five-year plan
(2016-2020) but may require tougher enforcement and stronger incentives to help deliver
the results expected of the buildings sector.” %’

Many Chinese companies have travelled to Germany to see passive houses, and have
asked for cooperation. Chinese companies seem quick in developing new products, and
construction products are no difference. When China will provide high-quality [passive]
building products to the world market, costs will probably decrease to a reasonable level.?®

Likewise, investors from overseas and China itself will become more and more interested
in the Green Building segment of the construction business as witnessed in the EcoNet
China event of 2014.2° German and other European construction firms are vying how to
contribute industrialized green building materials for China’s fastly expanding construction
sector. The Econet grouping has assessed a need for know-how and new technologies
which German companies can supply. EcoNet has noted that China has an urgent need

26 Pasternack, A 2006. Beijing’s eco-friendly architecture. 21. 12. 2006
https://www.chinadialogue.net/article/show/single/en/635-Beijing-s-eco-friendly-architecture

27 Shi Jian, Energy use from China's buildings ‘o peak in 2020 study, 05.06.2015
http://www.chinadialogue.asia/blog/7956-Energy-use-from-China-s-buildings-to-peak-in-2-2-study/en

28 http://www.eenews.net/stories/1060012314

29 Bundesministerium fiir Umweltschutz, Naturschutz, Bau und Reaktorsicherheit/EcoNet China/German
Chamber Network (Eds). August 2014. Econet Monitor: Green Markets & Climate Change, German Chamber
Network (DE). Beijing. www.econet-china.com
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for external thermal insulation Composite Systems (ETICS) which can be utilized in
building facades and windows, in particular. The Chinese President Xi Jinping has
expressed his wish that Chinese standards should raise continuously in the next years,
and possibly exceed the LEED standards.®® Hence, Econet and the other German entities,
like the German Energy Agency (DENA) see great potential in China for Passivhaus
solutions, and this can cover both existing building stocks and all new buildings. Further,
there will be a massive potential for photo-voltaic technology applied to generate energy in
buildings. In this regard, the German construction industries have observed with interest
that MOHURD has introduced in early 2015 new green building standards.

“By 2030, China will have 60 billion square metres of urban residential buildings, and 1
billion of its people will live in cities, ... approaching the 70% typical of a country with
China's current income level per person... In 2012, per-capita energy consumption from
residential buildings was only 0.5 tce—one-fifth of the figure for the US, one third of that for
the OECD nations, and even below even the global average of 0.6 tce.®* While in a big
country like China the total energy consumption for residential building is substantial, this
means still that the per-capita consumption of overall energy consumption through
buildings is relatively low.

In April 2015, there were 320 million square meters of green building space in the country,
certified by either the domestic Green Building Evaluation Standard or the Leadership in
Energy and Environmental Design standard of the United States Green Building Council.
The figure is 154 times higher than in 2008, when the GBES was launched.” 3> While the
current green building space accounts only for 1%, in 2020 it is expected to reach already
10% of the total.

Verification methodology. The above parameters and values will be used for verification
of the adoption of ecocities” urban planning and density approaches. A comparison of
SSTEC’s green building evaluation standard, with those of the country in general, and
neighboring Tianjin city, indicate that SSTEC aim higher for all indicators.

30 Greentech Report 2013: China at a Crossroads, in: Econet China. June 2013, pp.3-6. www.econet-
china.com

81 Shi Jian, Energy use from China’'s buildings ‘o peak in 2020 study, 05.06.2015
http://www.chinadialogue.asia/blog/7956-Energy-use-from-China-s-buildings-to-peak-in-2-2-study/en

82 Wu Yiyao. Green buildings blossom in cities, in: China Daily. 17 June 2015.
http://www.chinadaily.com.cn/business/2015-06/17/content 21026023.htm
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Comparison of SSTEC GBES and National GBES for Residential Buildings

Land conservation and outdoor enviromment

Per capita land occupation
Green coverage

Roof green coverage
Public transportation

Other items such as flood and

radiation protection. day lighting
and natural ventilation. and noise

limit.

Low rise: <43m?. mid to high rise:
<24mm”, high rise: <15m?

-=35%0,

==10%%

==2 1’ per capita

Less than 500 m walking distance

Refer to national standards

Energy conservation and utilization of energy resources

Building energy efficiency

Sunlight hours

Renewable energy

Lighting

Refer to Tianjin standard

Two hours during the “*Severe
Cold Day.”

1026 of the total building energy
consumption

Refers to national standard

Water conservation and utilization of water resources

Utilization rate of non
conventional water resources

Other 1items such as water systein

design. water conservation
equipment. use of non-
conventional water.

No lower than 20% by 2012.

Refer to national and Tianjin
standards and regulations

Materials conservation and utilization of materials resources

Wall materials

Limiration on toxic contents in
building materials

Indoor environment quality

Heat engineering

Temperature control

Other items such as day lighting,

indoor air quality. and building
accessibility.

Operation and management

Building mtellectual system

FNSR: No specific requirement

Use of clay cannot exceed 20%s.

Refers to national standards

Refers to national standards

Indoor temperature can be
controlled when heating or air
conditioning is used.

Refer to national standards

Includes security. telephone. cable
TV, internet, and operation and
management system. Refer to
national standards

¥ Current requirements in Tianjin need to be checked with Tianjin

NSR*

-=30%, 1-2 m” per capita
General elective item
Refer to national standards.

Standard on noise is a
general elective item.

Refer to national standard
and local standards.

same
General elective item: 5%
of the total building energy

consumption: Preferred
elective item: 10%o.

General elective item

General elective item: no
lower than 10%6.

Qualitative descriptions and
many are general elective
items

NSR

Refers to national standards

General elective item

General elective item

Refer to national standards

General elective item

Current Tianjin

Requ ments™**

NSR
NSR
NSR
NSR
National standards

Tianjin standard: 65%
heating energy savings

same

NSR

National standard

NSR

National and Tianjin
standards and
regulations

NSR

National standards

National standards
Same as in SSTEC
GBES

National standards

National standards

Source: World Bank. 2009. Sino-Singapore Tianjin Eco-City: A Case Study of an Emerging Eco-City in China.
Technical Assistance Report. Beijing, p. 33.

Expected impact. The application of the green building approaches and technologies are
expected to achieve a substantially higher, measurable impacts on energy-efficiency in the
building sector. It will trigger increased investment, reduce energy consumption and CO2
emissions, and augment the number of jobs in the sector.

Responsibilities for Implementation. The responsibility for use and application of this
Eco-City Implementation Guideline rests with the city administrations, provincial agencies,
and the local MOHURD offices. MOHURD and CSUS will provide technical support and
specific guidance where required. In its intention to pursue consistency of eco-city
development, MoHURD is committed to verify the achievement of targets and to ensure
improved performance on an annual basis.
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Monitoring and review. MoHURD will monitor and review periodically (i.e. annually) the
results of the application of this Eco-City Implementation Guideline. For monitoring and
periodic review it will utilize indicators as provided above. The city administrations (and
district administrations), supported by the local MoHURD offices, will make regular use of
these indicators as a means to measure performance.

Date issued: 201
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ANNEXES

Annex 1 — Technical Annex

(still to be added, once work in EC-Link cities completed)
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Annex 2
MoHURD. 2015. Appraisal Standards for Green Eco Districts. Beijing. (draft).
Excerpt

Criteria Detailed Criteria

Caigory
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