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Forewords
C40C40

Created and led by Mayors, C40 is a network of over 
90 of the world’s greatest cities, committed to work 
together in tackling climate change. Representing 
25% of global GDP, more than 700 million citizens, 
and with 12 Chinese member cities, Chinese Mayors 
are at the heart of C40’s coordinated international 
eff orts to ensure cities are playing their part in 
converting the Paris Climate Agreement from 
aspiration to reality.

C40’s own research has shown the critical importance 
of cities in meeting the challenges posed by climate 
change. Detailed analysis undertaken and published 
following the Paris Agreement – “Deadline 2020: 
How cities will get the job done” – has outlined the 
emission reduction pathway required in order for 
C40 cities to play their part in keeping global average 
temperature rise within “safe” limits (below 1.5°C). 
Th is analysis further demonstrated that if such a 
pathway were to be adopted by cities globally, action 
within urban areas would deliver around 40% of the 
savings needed to achieve the ambition of the Paris 
Agreement.

In response to the urgent call outlined in Deadline 
2020, we now see an increasing number of C40 
cities raise their ambitions and update their climate 
plans to align with the goals of the Paris Agreement. 
Much like China’s Alliance of Pioneer Peaking 
Cities (APPC), Mayoral teams around the world 
are assessing their emissions pathway and putting 
in place fi rm roadmaps to deliver on the ambitions 
of Paris Agreement. Indeed, 64 C40 cities and 9 
non-C40 cities have now agreed to develop Paris 
Agreement compatible climate action plans – 
numbers likely to have grown by the time you are 
reading this.

Buildings defi ne our cities. Th ey shape iconic skylines 
and are where citizens live, work, study, and play. 
On average, they also account for over half of total 
city emissions, and act as signifi cant sources of air 
pollution. Ambitious building policies are therefore a 
vital component of city level climate action. Th e C40 
China Buildings Programme (C40 CBP) 

will not only help accelerate and strengthen such 
policies in Beijing, Fuzhou, Qingdao, and Shanghai 
(Changning District), but feed into a wider network 
of cities around the world looking to adopt similarly 
ambitious approaches.

Indeed, the C40 CBP is one of two country level 
initiatives integrated within C40’s global Building 
Energy 2020 Programme (BE2020); the other being 
in South Africa, where C40’s work is focused on 
promoting zero carbon building requirements. Made 
possible by funding from the Children’s Investment 
Fund Foundation, BE2020 is supporting more than 
50 cities to take action and develop policies that 
urgently reduce emissions from existing buildings, 
avoid carbon lock-in from low performing new 
buildings, and help cities utilise buildings as sources 
of low carbon energy.

Emphasising the importance of buildings, C40 is 
now promoting the ‘Net Zero Carbon Buildings 
Declaration,’ developed in partnership with the 
World Green Building Council (WGBC), Th e 
Climate Group, and other stakeholders. Th is 
commitment challenges companies, cities, states, and 
regions to deliver on a bold vision: to require net zero 
carbon new buildings by 2030, and play their part in 
securing a global building sector that operates at net 
zero carbon emissions by 2050. Cities are also being 
asked to demonstrate accelerated leadership on the 
buildings they own, lease, and manage.

A number of cities, states, regions and businesses 
across the world are now signing up to this bold 
leadership vision. In the coming years I look 
forwards to the partnerships put in place through 
the C40 China Buildings Programme extending the 
leadership of Chinese cities and strengthening a 
growing global movement that will, quite literally, 
construct the future the world needs to see. 

Mark Watts
Executive Director, C40 Cities
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Lawrence Berkeley National Lawrence Berkeley National 
LaboratoryLaboratory

For the past 30 years, Lawrence Berkeley National 
Laboratory’s China Energy Group has provided 
technical assistance to support adoption of energy 
effi  ciency and clean energy technologies and 
measures in China’s buildings. By focusing on 
China’s cities where there is continued buildings 
construction as well as signifi cant potential for 
building energy savings, the C40 China Buildings 
Programme provides essential support to Chinese 
researchers, technicians, and policymakers who 
are striving to improve China’s urban buildings 
to save energy, reduce associated emissions, and 
improve the quality of life in Chinese cities across the 
country. Th e challenges and proposed solutions for 
constructing low-carbon cities by scaling ambitious 
energy-effi  ciency solutions in Chinese buildings that 
are highlighted in this report provide an essential 
roadmap for ambitious yet achievable actions.

People spend a majority of their lifetime in buildings. 
Creation of a sustainable and low carbon building 
sector is critical for low carbon development in cities 
and also important for healthy and sustainable living 
environments to mitigate the impact of pollution 
on public health. We have observed China’s fast 
urbanization process, which will bring more and 
more people into cities in the future. Building energy 
use in cities is responsible for 80% of the entire 
building sector energy consumption in China, and 
this number will further increase due to the rapid 
urbanization process. Th us, there is an immediate 
need to improve building energy effi  ciency in both 
urban existing building stock and new construction.

Th rough the C40 China Buildings Programme, the 
experience of cities around the world can be shared 
with Chinese cities. Th ese policy best practices can 
greatly assist Chinese cities in refi ning their policy 
design and achieving the building energy effi  ciency 
targets set by the Chinese government’s 13th Five 
Year Plan. I believe Chinese cities and international 
cities can work together through this program to 
make all of our buildings greener, smarter, and 
healthier.

Mark Levine
Senior Staff  Scientist,
Lawrence Berkeley National Laboratory
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1. C40 China Buildings 

Programme
Introduction

Buildings shape our cities. Th ey are where we 
spend much of our lives. Th eir construction and 
maintenance is vitally important to our economies. 
And we know ensuring buildings are both energy 
effi  cient and supplied by clean energy is fundamental 
in securing a climate safe future.

Research has shown this to be the case. In 2016 
C40 and Arup launched ‘Deadline 2020: How cities 
will get the job done’ – an analysis of the emissions 
reductions required in order for C40 cities to play 
their part in keeping global average temperature rise 
below 1.5°C. Th is analysis not only showed that if 
such a pathway were to be adopted by cities globally, 
that action within urban areas would deliver around 
40% of the savings needed to achieve the ambitions 
of the Paris Agreement; but it also showed buildings 
to be the most important policy leaver in the urban 
environment in terms of emissions reduction 
potential.

With buildings energy use accounting for over 
50% of city emissions on average, oft en much 
higher, follow up research to Deadline 2020 has 
highlighted the specifi c policy actions that have 
the greatest potential to curb emissions and ensure 
a 1.5°C pathway through to 2030. In partnership 
with C40, the McKinsey Centre for Business and 
Environment, has published ‘Focused Acceleration: A 
strategic approach to climate action in cities to 2030.’ 
Th is report takes more than 450 emission reduction 
actions identifi ed in Deadline 2020 and prioritises 12 
of these opportunities, across four action areas, that 
lay the foundation for a zero carbon future: “focused 
acceleration.”

Half of these actions directly relate to buildings:

• Distributed renewables
• New build standards
• Building envelope retrofi ts
• HVAC and water heating
• Lighting upgrades
• Building automation and controls

Addressing these challenges quickly will require 
the rapid mobilisation of supply chains, fi nance, 
citizen engagement, reporting of building energy use 
data, and the enforcement of appropriate planning 
and building standards. Cities won’t be able to do 
it alone. Mayors will need the support of national 
governments in terms of the resources and powers 
that accelerate action. Yet with the building sector 
consuming almost 1/3 of primary energy across 
the world the case to be presented to national 
governments is clear (IEA, 2017).

Th at’s why in 2017 C40 launched the Building Energy 
2020 Programme (BE2020), so as to support more 
than 50 of the world’s largest cities to take action 
and develop policies that urgently reduce emissions 
from existing buildings, and avoid carbon lock-in 
from ineffi  cient new buildings. Th rough this global 
programme, the intention is to gather and share 
knowledge from across the world, build capacity, and 
demonstrate the momentum of cities as they lead 
the charge to play their role in turning the ambitions 
of the Paris Climate Agreement from ambition to 
reality.
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1.1 The Importance of Buildings in 1.1 The Importance of Buildings in 
China’s Emissions Reduction TargetsChina’s Emissions Reduction Targets

Th e C40 China Buildings Programme now 
forms a central component of the wider BE2020 
Programme. In recent decades, China’s building 
energy consumption1  has continuously increased 
alongside a well-documented and rapid expansion 
in construction activity (Figure 1.2) and by 2016, 
China’s building sector accounted for approximately 
20% of the country’s total primary energy 
consumption (Tsinghua University, 2018) and 25% of 
GHG emissions (LBNL et. al., 2016); whilst between 
2001 and 2016, energy consumption in China’s 
building sector more than tripled from 300 million 
tons of coal equivalent (Mtce) to 906 Mtce (Figure 
1.1).

Figure 1.1 Primary energy consumption in China’s building sector, 2001-2016 (Tsinghua University, 2018)

China’s Building SectorChina’s Building Sector

2020%
OF TOTAL ENERGY OF TOTAL ENERGY 
CONSUMPTIONCONSUMPTION

2525%
OF GREENHOUSE OF GREENHOUSE 
GAS EMISSIONSGAS EMISSIONS

1 Commercial energy use during building operation stage only; 
excluding biomass and biogas energy consumption
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Figure 1.2 shows primary energy use broken down 
by sector: urban residential, urban commercial and 
public, and rural residential. As can be seen, urban 
residential and commercial and public buildings 
from cities consume 80% of primary energy, 
and contribute 64% of CO2 emissions in China’s 
building sector. With continued urbanization to 
2050, city buildings will likely contribute an even 
greater proportion of energy consumption and 
CO2 emission. As such, the improvement of energy 
effi  ciency and promotion of clean energy in urban 
buildings remains critical for China to meet its low 
carbon development targets.

At present, coal and natural gas remain the primary 
fuel consumed to power and heat buildings in China. 
Although electricity accounts for 70% of total energy 
consumption in urban residential, commercial, and 
public buildings, it is mainly generated from thermal 
power plants (72%) with a small portion of hydro 
and renewable energy.

Figure 1.2 Breakdown of building sector primary energy use in 
2015 (LBNL et. al., 2016)

2 As China’s primary energy consumption is dominated by 
coal. Coal based energy units are oft en used. 1 kilogram of coal 
equivalent (kgce) = 29.0 MJ; 1 ton of coal equivalent (tce) = 29 GJ

In addition, 80% of heating in north urban buildings 
is from coal2 (Tsinghua University, 2018). As a result, 
from a primary energy consumption point of view, 
coal still dominates in China. As a result, the Chinese 
central government has laid out rigorous plans to 
control building sector primary energy consumption 
to under 1.1-1.2 billion tce by 2030 (MoHURD, 
2015).

When considering constructed fl oor space growth, 
this target will require the development and 
implementation of a robust and ambitious suite of 
supporting policies that promote energy effi  ciency 
and renewable energy use in buildings.

Urban Residen  al BuildingsUrban Residen  al Buildings
Commercial and Public BuildingsCommercial and Public Buildings
Rural Residen  al BuildingsRural Residen  al Buildings



8   |   C40 China Buildings Programme: Launch Report

1.2 C40 CBP - Supporting Building 1.2 C40 CBP - Supporting Building 
Energy Effi  ciency within China’s Energy Effi  ciency within China’s 
Thirteenth Five Year Plan (FYP)Thirteenth Five Year Plan (FYP)

Refl ecting the importance of the building sector 
in delivering China’s emissions reduction targets, 
a range of energy effi  ciency policies have been 
identifi ed for action within China’s national 
Th irteenth Five Year Plan (FYP) - these key building 
energy effi  ciency actions include the following:

Table 1.1 Building Energy Effi  ciency Requirement in Th irteenth Five Year Plan (FYP) (MoHURD, 2017)Table 1.1 Building Energy Effi  ciency Requirement in Th irteenth Five Year Plan (FYP) (MoHURD, 2017)

Indicator 2015 2020 Five Year Change Type 

Urban new building energy effi  ciency 
improvement (%)3 

[20%] Control

Urban green buildings percentage in total new 
building construction (%)4 

20% 50% [30%] Control

Green materials percentage in urban new 
building construction (%)5  

[40%] Projection 

Existing residential building energy effi  ciency 
upgrades (m2)

[500,000 m2] Control 

Existing commercial building energy effi  ciency 
upgrades (m2)

[100,000 m2] Control 

Average residential unit heating energy intensity 
decrease (%) 

[-15%] Projection 

Urban level commercial building unit overall 
energy intensity decrease (%)

[-5%] Projection

Urban building level renewable energy 
proportion of overall power (%)6 

4% 6% 
(projected)

[2%] Projection

Energy effi  cient residential building in all 
residential buildings (%)7 

40 60 
(projected)

[20%] Projection

Rural buildings that utilize energy effi  ciency 
measures in developed areas (%)8 

10 
(projected)

[10] Projection

3 New building energy improvement is measured against the 
national and local building codes and standards. Performance 
will need to improve by 20% during the 13th FYP. Since energy 
effi  ciency codes and standards are oft en mandatory in China, any 
improvement in codes and standards will result in new construc-
tion performance improvements.
4 China has its own green building standards, oft en called 
“three-star standards”. Th e standards specify three tiers, from low 
to high performance: one-star, two-start, and three-star. Like the 
U.S. green building council LEED standards, the Chinese green 
building standards cover comprehensive building performance 
such as energy, water, indoor environment, and so on. Th is policy 
calculates the percentage of green buildings by taking the total 
fl oor space of buildings rated at least “one-star” or above and 
comparing this with the total amount of new construction. 

5 Green buildings materials represent energy effi  cient and en-
vironmental friendly materials applied in new construction. Th is 
policy measures the amount of fl oor space of buildings which 
employ green building materials and compares this with the total 
new construction fl oor area.
6 Th is policy requires the energy generated or saved by ap-
plying renewable technologies to take 6% of total urban building 
primary energy demand by the end of the 13th FYP.
7 Th e percentage of energy effi  cient urban residential build-
ings refers to the ratio of building fl oor space which meets energy 
effi  ciency codes and standards in new construction and retrofi t, 
against the total urban residential stock.
8 Th e percentage target is calculated to use the fl oor area of 
rural buildings which adopt one or more energy effi  ciency mea-
sure compared with the total rural building stock. 
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As such, Chinese cities are making concerted eff orts 
to implement their own building energy effi  ciency 
policies and programs to support the ambitions of 
the Th irteenth FYP. Th ose cities participating in the 
C40 CBP - Beijing, Qingdao, Fuzhou and Shanghai’s 
Changning District - are pioneer cities in China, 
working to accelerate building energy effi  ciency 
policies aligned with their wider policymaking 
priorities. Th e C40 CBP has been designed to assist 
participating cities as they develop, implement, and 
scale ambitious city-wide energy building energy 
effi  ciency policies linked to the Th irteenth FYP. 
Additional resources will be provided to refi ne policy 
interventions, synthesize international experience, 
and facilitate a domestic network of C40 cities 
sharing experiences and knowledge:

• Beijing is promoting the adoption of ultra-low 
energy effi  ciency new construction buildings, 
utilizing innovative design standards and 
technologies to dramatically improve energy 
performance. Th e city aims to construct 300,000 
m2 of ultra-low energy demonstration building 
projects by the end of 2020; refi ne ultra-low 
energy building standards and guidance; 
provide training to support coordinated 
development across the wider Beijing-Tianjin-
Hebei Region; enhance and implemented 
fi nancial incentive policies; and develop future 
policy recommendations and strategy based on 
international experience. 

• Qingdao is looking at how to ensure the fi nancial 
sustainability of further energy effi  ciency retrofi ts 
for existing residential buildings, which so 
far have largely relied on government subsidy 
fi nancing. Th e retrofi t measures being focused 
on primarily relate to additional insulation, 
enhancing building envelope thermal integrity, 
and improving indoor environment comfort 
and so far, Qingdao has retrofi tted 11.3 million 
m2 of residential buildings, representing around 
136,000 resident apartments in the Th irteenth 
FYP. As well as considering new technologies, 
the city now aims to develop market oriented 
mechanisms to further scale building retrofi ts 
in combination with govern subsidies 
and incorporate real world outcomes into 
performance payment models.

• Fuzhou is a pilot city for demonstrating 
renewable energy utilization in buildings. Th e 
city has identifi ed several renewable energy 
technologies for adoption including solar 
thermal hot water, surface water and ground 
source heat pumps, air source heat pump, and 
solar photovoltaic in residential, commercial, 
and public buildings. Th rough the C40 CBP the 
city intends to expand knowledge on renewable 
energy utilization policies; create supporting 
fi nancial and business models to promote 
renewable energy applications in buildings; 
develop policies to support air source heat pump 
hot water systems in China’s Hot Summer Warm 
Winter (HSWW) climate zone, and develop 
demonstration buildings for high renewable 
energy penetration. 

• Shanghai’s Changning District is fostering 
the energy effi  ciency upgrade of existing 
commercial and public buildings through 
piloting the China Better Buildings Challenge. 
During the Th irteenth FYP, Changning district 
plan to support the retrofi t 1.5 million m2 of 
existing buildings. By joining the China Better 
Buildings Challenge program, the district targets 
to reduce its building energy intensity by 10-
20% during a 5 to 10 years period. To deliver 
the target the district is initiating a package of 
policies and projects including building energy 
benchmarking and disclosure, building energy 
effi  ciency commissioning, new business models 
to facilitate building energy effi  ciency upgrades, 
and high performance demonstration buildings.

Th e C40 CBP will partner with participating cities in 
a variety of ways. Each participating city will receive 
a Technical Offi  cer from a leading building energy 
effi  ciency research institution, through to the end 
of 2020. It will be the task of the Technical Offi  cer 
to work in partnership with their city to guide the 
delivery of energy effi  ciency technical assistance. 
A regular schedule of workshops and trainings will 
provide face-to-face forums for knowledge sharing, 
whilst strengthening a growing community of 
building energy effi  ciency practitioners in China. 

Whilst many Chinese cities have signifi cant fi nancial 
resources in terms of policy subsidies, this approach 
will provide further space for detailed capacity 
building informed by international experience, whilst 
fostering domestic and international networks of 
policy and project sharing. Furthermore, through 
communications, the production of shareable 
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knowledge products, as well as conferences and 
events, one of the overarching ambitions of the C40 
CBP will be to provide cities, both C40 and non-C40 
cities, in China and elsewhere, with the opportunity 
to learn from the experiences of participating cities. 
International knowledge exchanges, as exemplifi ed in 
this launch report, will also be an important feature 
of the C40 CBP, so as to ensure that best practices 
from China are highlighted and showcased to the 
world, and that inspiration from other leading global 
cities are readily available to an audience of Chinese 
practitioners. 

Th e Center of Science and Technology of 
Industrialization Development (CSTID), a 
research institution under the Ministry of Housing 
and Urban-Rural Development (MoHURD), will 
manage the delivery of technical assistance support 
to Beijing, Fuzhou, and Qingdao, as well as most 
central communication and outreach functions of 
the C40 CBP. Th e main functions of CSTID include 
carrying out research on technologies, policies, 
and regulations, as well as providing technical 
consultancy services on building energy effi  ciency, 
green construction, residential building industry 
modernization and industrialization, and energy 
saving and emissions reductions in urban and rural 
buildings; CSTID is also involved in the evaluation 
and promotion of new technologies, new processes, 
and new products across the fi eld of urban and rural 
construction; the organization of pilot projects, 
guidance on the development and innovation of 
new technologies, as well as the development of 
the broader building industry under the remit of 
providing support and services for MoHURD.

In addition to this important domestic work CSTID 
is well experienced in the fi eld of international 
collaboration and cooperation and has previously 
worked with Th e United Nations Development 
Programme (UNDP), Th e European Union Chamber 
of Commerce, and taken a lead role in the US-China 
Clean Energy Research Center (CERC) Building 
Energy Effi  ciency (BEE) initiative, amongst other 
leading international partnerships. 

Th e China Association of Building Energy 
Effi  ciency (CABEE), a non-profi t association 
composed of building energy effi  ciency products 
and service enterprises, will manage the delivery 
of technical assistance support to the Changning 
District, Shanghai, as well as capacity building 
functions for the China Better Buildings Challenge 
(Liu, et. al, 2017). Indeed, in its role as China’s central 
building energy effi  ciency industry alliance, CABEE 

has 30 technical committees which cover all aspects 
of building energy effi  ciency and green buildings. 
CABEE leads the industry to share best practices, 
energy effi  ciency data, and convene stakeholder 
meetings. Since 2016 CABEE has acted as the lead 
implementing organization for the China Better 
Buildings Challenge, a national level initiative lead 
by National Development and Reform Commission 
(NRDC) and MoHURD, and supported by Lawrence 
Berkeley National Laboratory, C40, ICF, Energy 
Foundation, and other international organizations 
(CABEE, 2018).

Shanghai’s Changning district has committed to 
piloting the China Better Buildings Challenge, where 
pre-selected building owners commit to delivering 
energy effi  ciency improvements over a 5-10 years 
period. As noted above, through the C40 CBP 
the Changning District will be supported with a 
Technical Offi  cer to directly pilot this work and help 
translate and adapt experiences from the U.S. Better 
Buildings Challenge into a Chinese context. Other 
capacity building functions, such as the development 
of the central website and knowledge hub for 
the challenge, research to support further cities 
undertaking the China Better Buildings Challenge, 
workshops, and outreach, will also be supported 
through the C40 CBP.

Finally, Lawrence Berkeley National Laboratory 
(LBNL), a U.S. Department of Energy National 
Laboratory, is acting as an advisor to the C40 CBP, 
via research and workshop support to facilitate 
international knowledge sharing. 

Th is launch report outlines the existing initiatives 
of those cities participating in the C40 CBP as well 
as sharing experiences and inspiration from other 
cities around the world undertaking similar policy 
and project developments. It is the intention that 
by sharing such information Chinese cities will 
be assisted as they establish realistic and rigorous 
pathways towards ambitious policy and project 
implementation. 

Th is launch report fi rst examines each participating 
existing status with regards to their priority policy 
development focus, then looks at how the C40 CBP 
will support policy and project development going 
forwards, before turning to similar policies in cities 
and regions around the world. It is the intention 
that by sharing such information Chinese cities will 
be assisted as they establish realistic and rigorous 
pathways towards ambitious policy and project 
implementation.
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Climate Zones in ChinaClimate Zones in China

Climatic conditions play one of the most 
signifi cant roles in determining building energy 
usage in China. From North to South Chinese 
cities operate in distinct climatic zones that shape 
the way building energy effi  ciency and renewable 
energy policy is set. Th e fi ve main climate zones 
are: Severe Cold, Cold, Hot Summer and Cold 
Winter (HSCW), Hot Summer Warm Winter 
(HSWW) and Temperate. Climatic variations have 
a direct eff ect on the type of building heating and 
cooling systems utilized. In severe cold and cold 
climate zones, city level space heating is primary 
supplied through centralized city-wide district 

heating systems, where coal is the most common 
district heating fuel - Beijing is the only city fully 
covered by a natural gas district heating system. 
Many Northern Chinese cities are therefore 
aff ected by severe air pollution issues in the winter 
season, when heating systems are on. Studies have 
shown that coal-fi red heating systems are both a 
major source of particulate air pollution and CO2 
emissions in China (Liu et.al., 2017). In HSCW, 
HSWW, and temperate zones, there are no central 
district heating systems, with heating and cooling 
systems distributed at the building or room levels.

Figure 1.3 Chinese building climate zone map

Data source: Standard of Climatic regionalization for buildings (GB50178-93)
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Climate Zones in China (Continued):Climate Zones in China (Continued):

Table 1.2 China’s Climate Zone Classifi cationTable 1.2 China’s Climate Zone Classifi cation

Climate
Zone

Average Temperature Indicator Typical
Cities

Jan. July Average daily 
temperature ≤5°C

Average daily 
temperature ≥25°C 

Severe cold  ≤-10°C ≤25°C ≥ 145d / Harbin, Jilin, 
Liaoning, Hohhot, 
Urumqi

Cold -10°C  -0°C 18°C - 28°C <80d 145 - 90d Beijing, Tianjin, 
Jinan, Qingdao

HSCW 0°C  - 10°C 25°C - 30°C 90 - 0d 40 - 110d Shanghai, 
Zhenjiang, 
Hangzhou, 
Chongqing, 
Wuhan

HSWW >10°C 25°C -29°C / 100 - 200d Fuzhou, 
Guangzhou, 
Shenzhen, 
Xiamen, Hong 
Kong

Temperate 0°C  - 13°C 18°C - 25°C 0 - 90d / Kunming, 
Guiyang
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Figure 1.4 Building fl oor area projection in China (LBNL et.al., 2016)

The growth of China’s building fl oor areaThe growth of China’s building fl oor area

China has experienced dramatic processes of 
economic growth and urbanization. According 
to the China Statistics Yearbook, China’s urban 
population increased from 17.4% in 1970 to 
57.35% by 2016 – a trend that is set to continue, 
with a further 255 million people migrating to 
urban areas by 2050, raising the urban population 
of China to 78%. Th is rapid growth in urban 
population has seen a boom in constructed fl oor 
space area. In 2001, existing building fl oor area 
was 31.5 billion m2; whilst by 2016 this fi gure had 
grown to 58 billion m2 – meaning the equivalent 

of 53 times New York’s fl oor space was 
added during this period. With China’s rapid 
urbanization set to continue, the annual new 
construction rate is projected to be maintained 
at the level of 2 billion m2 per year. At present, 
2/3 of China’s building stock is in cities; by 2050 
this fi gure has been predicted to reach 80%, 
highlighting the increasingly important role urban 
leaders will play in limiting energy consumption 
and emissions from China’s building sector.
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2. Beĳ ing
Ultra-low energy consumption buildings -  City practices,   

ambitions, and international case study inspiration

Beijing, the capital of China, is located in the North 
China Plain and within the Chinese cold climate 
zone. Th e city has a population of 21.71 million with 
a per capita GDP of 129,000 RMB9 (2017). More 
than 1 billion m2 of construction space exists in 
Beijing; approximately 90% of building fl oor space 
is connected to the city district heating network 
(CABEE, 2017). Th e annual construction rate in 
Beijing is 26.7 million m2 (2017).

To tackle Beijing’s air pollution issues, the city 
authorities have made signifi cant eff orts to relocate 
high-energy-use and pollution-emitting industries 
outside of Beijing. Th ese eff orts have greatly reduced 
energy and CO2 emission from the industrial sector, 
leading to the building sector now being the top 
energy consumer in Beijing, representing 47% of the 
city’s total energy consumption and rising. As was 
announced at the Second US-China Climate Leaders’ 
Summit in 2016, Beijing is a member of China’s 
Alliance of Pioneer Peaking Cities (APPC) and has 
pledged to peak its CO2 emission by 2020 (IGDP, 
2015).

2.1 Policy Background 2.1 Policy Background 

In order to control energy use and reduce CO2 
emissions from buildings, Beijing has developed 
several policies to improve the energy effi  ciency 
of the city’s building stock, as outlined in the 2016 
Beijing Civil Building Energy Saving Development 
Plan for the 13th Five-Year Plan. Within this broad 
policy framework for improving building energy 
effi  ciency, the city has specifi cally targeted the 
promotion of “ultra-low energy buildings” as a 
central focus of action. Overall, the aim of this 
promotion policy is to demonstrate the technical 
feasibility for ultra-low energy pilot buildings, 
so as to better understand the requirements of 
international best practice standards.

Ultra-low energy buildings in Beijing hold the 
potential to signifi cantly reduce building energy 
demand in heating, cooling, ventilation, and lighting, 
as well as utilizing local renewable energy generation 
to achieve lower levels of grid energy consumption 
and improve indoor environmental comfort.    

Beĳ ingBeĳ ing
Demographics:Demographics: 
Population:Population:

21.7121.71 million (2017) million (2017)

Per capita GDP:Per capita GDP:

115,000115,000 RMB (2016) RMB (2016)

Per capita living fl oor area:Per capita living fl oor area:

31.6931.69 m m2 (2016) (2016)

Annual per capita energy end usage:Annual per capita energy end usage:  

1627.51627.5 kg coal equivalent (2016) kg coal equivalent (2016)

Climate Zone:Climate Zone:

ColdCold climate zone climate zone

9 One U.S. Dollar is equal to 6.7 RMB, in Aug 2018.



16   |   C40 China Buildings Programme: Launch Report

Building codes and energy standards in Building codes and energy standards in 
ChinaChina

China started to develop its own building energy 
effi  ciency standards in the 1990s. Existing 
buildings built before the enactment of building 
energy standards are usually characterized as 
having no insulation on the building envelope, 
poor air-tightness, and equipment and appliances 
with low energy effi  ciency. Th e performance of 
buildings without energy-effi  ciency standards are 
oft en referred to as the “1980s baseline.”

Th e fi rst residential building energy-effi  ciency 
standard was enacted for the Cold and Severe 
Cold climate zones in 1996. Subsequently, 
standards for residential energy performance 
in the Hot Summer Cold Winter region were 
developed in 2001 and for the Hot Summer 
Warm Winter region in 2004. China issued its 
fi rst standards for commercial (public) buildings 
(GB50189) in 1993, with an initial emphasis on 
reducing energy consumption in hotels only. Aft er 
that, the standards were revised to include other 
commercial building types.

Th e update in 2005 mandated that commercial 
buildings be 50% more effi  cient than the 1980s 
baseline. Th e latest update (2015) mandates that 
new commercial construction will be 65% more 
effi  cient than the baseline, aligning with national 
level requirements for residential buildings. 

Provinces and cities are allowed to develop 
their own building energy-effi  ciency standards. 
However, the local level standards are required to 
be equal to or more stringent than national level 
standards.

Beijing, together with other pioneering cities, 
have developed their own local standards that go 
beyond national requirements. In Beijing a 75% 
effi  ciency standard has been introduced, whilst 
the ultra-low energy standard being discussed in 
this study targets to reach an effi  ciency level of 
90%. If rolled out at scale, this would be the most 
stringent building energy standard among all 
Chinese cities.
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To deliver this policy goal, Beijing has put in place 
three clear steps and targets to promote ultra-low 
energy buildings under the Beijing Civil Building 
Energy Effi  ciency Development Th irteenth Five-Year 
Plan. Th ese steps and targets are further elaborated 
within the Beijing Ultra-low Energy Building 
Development Action Plan (2016-2018), a roadmap 
document that was jointly published by the Beijing 
Municipal Commission of Housing and Urban-Rural 
Development, Beijing Municipal Bureau of State 
Land and Resources, Beijing Municipal Development 
and Reform Commission, and Beijing Municipal 
Bureau of Finance.

As indicated within the action plan, in order to 
encourage the implementation and adoption of 
ultra-low energy consumption buildings, the Beijing 
government is promoting a series of ultra-low energy 
consumption demonstration buildings as tangible 
examples of the standards and technologies that are 
achievable and eff ective in the fi eld of low-energy 
construction. Th rough these pilot projects, Beijing 
will showcase the technical feasibility of ultra-low 
energy buildings, in Beijing, by the end of 2018—
laying the groundwork for future policy making 
requirements that will scale the adoption of such 
approaches across the city.

2.1.1 Supporting policies and 2.1.1 Supporting policies and 

programs to promote ultra-low energy programs to promote ultra-low energy 

consumption buildingsconsumption buildings

Research projects that support ultra-low Research projects that support ultra-low 
energy consumption building standards and energy consumption building standards and 
technology pathwaystechnology pathways 

Since 2015, the Beijing Municipal Government and 
Beijing Commission of Housing and Urban-Rural 
Development have initiated two key research tasks. 
Th ey are:

1. Standards for Nearly Zero Energy Consumption 
Residential Buildings 

2. Th e Ultra-Low Building Technology Research and 
Demonstration project.

Key Policy Items:Key Policy Items:
• • Develop an ultra-low energy   Develop an ultra-low energy   

 building technology pathway and   building technology pathway and  

 standards  standards 

• • Pilot demonstration of ultra-low   Pilot demonstration of ultra-low   

 energy buildings energy buildings

• • Form an ultra-low Energy building  Form an ultra-low Energy building  

 industry chain industry chain

Building energy effi  ciency policies Building energy effi  ciency policies 
development in Chinadevelopment in China

Building energy-effi  ciency policies are 
developed based on national Five Year Plan 
(FYP) targets. When MoHURD develops 
China’s building sector FYP targets, the targets 
are broken down into diff erent areas such as for 
commercial or residential buildings. Following 
this, more detail granular level analysis is 
developed by geographic areas and estimated 
energy savings are calculated. Once MoHURD 
develops the national targets in key areas, 
the targets are further broken down and sent 
to each province or city for implementation. 
Cities will develop their own effi  ciency targets 
and come up with the policies and mechanism 
by which they can help to reach the national 
targets.
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Work on Nearly Zero Energy Consumption 
Residential Buildings has established a guideline 
that addresses the defi nitions, technical 
standards, economic analysis, building envelope 
recommendations, and building mechanical and 
electrical systems guidance underpinning the 
development of ultra-low energy consumption 
buildings. Th e Ultra-Low Building Technology 
Research and Demonstration Project study looks at 
how the practical application of technologies can 
enable ultra-low energy consumption buildings to 
be achieved. Additionally, this research project looks 
into the life-cycle performance of ultra-low energy 
demonstration buildings to further investigate how 
such buildings should be designed, constructed, and 
operated. 

Together, these research undertakings have delivered 
a concrete technical roadmap to promote ultra-low 
energy buildings in Beijing.

Recent ultra-low energy consumption Recent ultra-low energy consumption 
building related standardsbuilding related standards

Based on the experience of constructing nine 
demonstration building developments across 
multiple building sectors (schools, aff ordable 
housing, farm houses, offi  ce buildings, and medical 
rehabilitation centres), the Beijing Municipal 
Commission of Housing and Urban-Rural 
Development collaborated with research institutions 
and companies to develop two guidelines: Th e Beijing 
Municipal Ultra-Low Energy Consumption Residential 
Building’s Design and Construction and Verifi cation 
Guide and Beijing Ultra-Low Energy Consumption 
Rural Demonstration Technical Buildings. Th e 
guideline development process will be completed by 
late 2018 and the guidelines will be released in 2019. 

Th ese guidelines have focused on addressing 
the challenges encountered while designing and 
constructing ultra-low energy consumption buildings 
in Beijing—such as the thickness of insulation and 
other technological innovations. Design standards 
are elaborated within these documents, as well as 
exemplifi cations of some of the most innovative 
practices within the demonstration building 
developments.

For example, the Beijing Cuicheng D23 project, a 
multifamily residential building, is the fi rst building 
in Beijing to be certifi ed by both the Passive House 
Institute and the German Energy Agency, whilst a 
public rental project in the city has demonstrated the 
integration of ultra-low energy and pre-fabricated 
construction.

Subsidies for demonstration buildingsSubsidies for demonstration buildings

In order to reach the goals of the Beijing Ultra-
low Energy Consumption Building Promotion 
Action Plan (2016-2018), subsidies are provided 
to provide incentive for the development of 
demonstration buildings. Th e government subsidy 
levels will decrease annually as the market becomes 
increasingly mature: 

• Th e fi rst year’s demonstration buildings 
(constructed before October 8, 2017): a subsidy of 
1000 RMB/m2 construction fl oor space is provided. 
One building in total should not apply for subsidies 
of more than 30 million RMB. 

• Th e second year’s demonstration buildings 
(constructed between October 9, 2017, and October 
8, 2018): a subsidy of 800 RMB/m2 construction fl oor 
space is provided. One building in total should not 
apply for subsidies of more than 25 million RMB. 

• Th e third year’s demonstration buildings 
(constructed between October 9, 2018, and October 
8, 2019): a subsidy of 600 RMB/m2 construction fl oor 
space is provided. One building in total should not 
apply for subsidies of more than 20 million RMB.

2.1.2 Demonstration buildings 2.1.2 Demonstration buildings 

Between the start of 2017 and the summer of 2018, 
nine building developments were acknowledged 
as ultra-low energy consumption demonstration 
projects in Beijing with a total fl oor space of 
approximately 100,000 m2—a third of the overall 
ultra-low energy demonstration building target. 
Beijing has spent 100 million RMB on subsidies 
to support these nine demonstration buildings. 
Th e nine demonstration buildings cover diff erent 
types: school, low-income housing, rural residential 
buildings, commercial, and public offi  ce buildings, as 
well as a medical rehabilitation center.
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2.1.3 C40 China buildings programme 2.1.3 C40 China buildings programme 

and policy development in Beĳ ingand policy development in Beĳ ing 

In partnership with the project management 
role of the Center of Science and Technology of 
Industrialization Development (CSTID), Zhou Ning, 
Vice Director of Beijing Research and Development 
Center of Building Energy Effi  ciency, Professor of 
Engineering, will act as the guiding Technical Offi  cer 
representing Beijing as part of the C40 CBP. 

Highly experienced in developing building energy-
effi  ciency guidance, standards, and policies, Zhou 
Ning will oversee a number of tasks to assist Beijing 
in delivering the city’s ultra-low energy building 
ambitions.

Establish Ultra-Low Energy Building Establish Ultra-Low Energy Building 
Standards and RecommendationsStandards and Recommendations

Utilizing research results from pilot studies and 
taking into account Beijing’s existing climate, 
architectural and construction characteristics, as 
well as the use patterns of buildings within the city, 
a technical route for the development of ultra-low 
energy consumption buildings will be formulated. 
Th is technical route will form an ambitious and 
accepted standard aligned to the city’s construction 
incentive policy. Establishing a standard system for 
ultra-low energy consumption buildings, from design 
through to construction and offi  cial acceptance, will 
be an essential action in ensuring the quality and 
consistency of such building approaches moving 
forward.

Provide Training for Coordinated Provide Training for Coordinated 
Development across the wider Beĳ ing-Development across the wider Beĳ ing-
Tianjin-Hebei RegionTianjin-Hebei Region

In order to cultivate the appropriate industrial 
skills and knowledge required in the development 
of ultra-low energy buildings, technical assistance 
support will be given to promote the open sharing of 
scientifi c and technical resources in this innovative 
area of construction practice. Th rough trainings, 
conferences, and other peer-to-peer networking, 
the intention will be to reduce construction costs, 
promote the adoption of new building technologies 
and designs, and bolster the industrial supply chain 
that supports the ultra-low energy building sector. 

Th rough exchanges and mutual learning, it is hoped 
that technical research, standards, demonstration site 
tours, and industry alliances could foster cooperation 
across the Beijing-Tianjin-Hebei region. Th is will 
give full play to the strength of existing scientifi c 
research institutions within the region and take 
advantage of the high construction levels occurring 
in the wider region.

Enhance and Implement Financial Incentive Enhance and Implement Financial Incentive 
Policies at District LevelPolicies at District Level

Ensuring the future development and 
implementation of incentive policies at district 
level will be extremely important in not only 
guaranteeing that Beijing’s ultra-low energy building 
demonstration site targets are met, but that activity 
is intensifi ed to take the best possible advantage of 
the opportunities that the current policy framework 
presents. As such, at least one district will be 
approached to focus resources and support as 
they refi ne, update, and build future strategies for 
incentive policies on ultra-low energy buildings. 

Develop Future Policy Recommendations Develop Future Policy Recommendations 
& Strategy, Learning from International & Strategy, Learning from International 
ExperienceExperience

Scaling the uptake of ultra-low energy buildings in 
Beijing will be a priority following the construction 
of the required demonstration and standard 
formulation projects, which the city is currently 
working to successfully deliver. Part of the technical 
assistance provided under the C40 CBP will therefore 
be to learn from international experiences, so as 
to inform recommendations for mid-term policy 
making. Such policy recommendations should align 
Beijing with lead cities from around the world.

In particular, access to the C40 networks will 
allow offi  cials from Beijing to learn of the practical 
implementation of ultra-low energy approaches 
across multiple building sectors and to assess the 
feasibility of mandatory city-wide requirements and 
roadmaps towards net-zero buildings, as are being 
laid out by several international cities (see below 
section—International cities’ experience of net-zero 
buildings).
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2.2 Net Zero Energy Buildings - 2.2 Net Zero Energy Buildings - 
International ExperienceInternational Experience

Recent years have seen a dramatic increase in 
both policy discussions on, and the practical 
implementation of, net-zero building approaches. 
Around the world multiple standards and concepts 
exist, with a wide variety of terminology used to 
elaborate the core concept of highly energy-effi  cient 
buildings that make use of renewable energy systems 
where practical. Amongst these terminologies, some 
of the most commonly referenced include net-zero 
energy, nearly net-zero energy, net-zero emissions, 
net-zero carbon, and ultra-low energy buildings. 

Net-zero energy buildings are building where annual 
energy consumption is equal to the renewable energy 
generation of the building, as balanced over one year. 
It is also possible to balance over a diff erent time 
period such as a month or even over a building’s 
lifetime. Using a month as the energy balance 
timeframe avoids the disparity between seasonal 
energy generation and high-energy-load times in 
the year. When balanced over a lifetime, emissions 
associated with construction and demolition would 
contribute to the calculation of net zero. A net-
positive building generates more renewable energy 
than it consumes over its balancing period. 

Th ere are many defi nitions of net-zero energy 
buildings (Zhang, 2016). Th e variance mainly lies 
in what types of building energy use are measured 
(e.g. lighting, plug loads, heating ventilation and air 
conditioning etc.) and what is the physical boundary 
for renewable energy generation (Marszal, et al., 
2011). Th e most stringent defi nition is that energy 
consumption in a building includes all site energy use 
from end use devices—renewable energy generation 
includes only on-site building integrated renewable 
energy. Some other defi nitions, including the ZERO 
code discussed later in this section, also allow 
renewable generation off -site that can be remotely 
transported and/or procured to a building. 

Primary energy is oft en used as the way to calculate 
energy consumption and renewable energy 
generation, even though in some US defi nitions, 
site or fi nal energy is oft en used. Energy can also 
be alternatively calculated as the amount of CO2 
emissions generated by burning diff erent primary 
energy fuels for a building. Th us, the term “net-zero 
carbon building” is oft en mentioned as an alternative 
to a net-zero energy building. 

Most defi nitions will take a structured approach as 
to how and when renewable energy is incorporated 
to ensure that the strategy adequately prioritises 
energy demand reduction in building design. When 
net-zero polices are implemented, they will oft en 
adopt a hierarchical approach where the effi  ciency of 
the building and the reduction of the overall energy 
demand come fi rst, with any remaining energy loads 
to be off set with renewables either on site or off  site—
or in some case through off sets where no technically 
feasible way of procuring renewable energy has yet 
been identifi ed. For instance, the fabric effi  ciency of 
the thermal envelope will have a very long lifespan 
and it is very hard to retrofi t, which is why this 
should be installed to a high standard during the 
building construction phase. 

Th e section below seeks to give a summary of some 
of these international discussions as well as to 
provide case studies from international cities that are 
adopting net-zero building approaches and roadmaps 
for city-wide requirements. 
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2.2.1 The net-zero carbon buildings 2.2.1 The net-zero carbon buildings 

commitmentcommitment

Emphasising the importance of buildings, C40 is 
now promoting the “Net-Zero Carbon Buildings 
Declaration,” alongside the World Green Building 
Council (WGBC), Th e Climate Group, and other 
stakeholders. Th is declaration challenges companies, 
cities, states, and regions to deliver on a bold vision: 

• All new buildings must operate at net-zero 
carbon starting in 2030

• 100% of buildings must operate at net-zero 
carbon by 2050 

Cities are also being asked to demonstrate accelerated 
leadership on the buildings they own, lease, and 
manage. 

Under this commitment net-zero-carbon building 
are defi ned as: “a highly energy-effi  cient building 
with all remaining operational energy use from 
renewable energy, preferably on-site but also off -site 
production, to achieve net-zero carbon emissions 
annually in operation” (Laski & Burrows, 2017). 

Leading up to the Global Climate Action Summit 
(GCAS) in San Francisco, September 12-14th 2018, 
19 pioneering mayors, representing 130 million 
urban citizens, committed to signifi cantly cut 
greenhouse gas (GHG) emissions from their cities 
by ensuring that new buildings operate at net-zero 
carbon by 2030. By signing the Net-Zero Carbon 
Buildings Declaration, the leaders of Copenhagen, 
Johannesburg, London, Los Angeles, Montreal, 
New York City, Newburyport, Paris, Portland, San 
Francisco, San Jose, Santa Monica, Stockholm, 
Sydney, Tokyo, Toronto, Tshwane, Vancouver, and 
Washington, D.C., have also pledged to ensure that 
all buildings, old or new, will meet net-zero carbon 
standards by 2050. Specifi cally, these cities have 
committed to “enact regulations and/or planning 
policy to ensure new buildings operate at net-zero 
carbon by 2030 and all buildings by 2050” (C40 
Cities, 2018b). 

Furthermore, 13 cities, including Copenhagen, 
Johannesburg, Montreal, Newburyport, Paris, 
Portland, San Jose, Santa Monica, Stockholm, 
Sydney, Toronto, Tshwane, and Vancouver, commit 
to owning, occupying, and developing only assets 
that are net-zero carbon by 2030. To achieve this, 
cities will: evaluate current energy demand and 
carbon emissions from their municipal buildings, 
and identify opportunities for reduction; establish 
a roadmap for their commitment to reach net-
zero carbon municipal buildings; report annually 
on progress towards meeting their targets; and 
evaluate the feasibility of including emissions beyond 
operational carbon (such as refrigerants). 

C40 is urging more cities to step up their climate 
action ambitions and join the growing number of 
signatories to this ambitious commitment.
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2.2.2 ZERO code

Research has shown that to successfully deliver on 
the commitments of the Paris Climate Agreement, 
standards and building codes must play a central 
role in driving CO2 emission reductions from the 
buildings sector, particularly in cities (McKinsey, 
2017). In April 2018, Architecture 2030, a non-
profi t organisation established by leading architects 
in response to the climate change crisis, launch the 
ZERO-code. Th e ZERO code is published with the 
key goal of supporting buildings to reach net-zero 
carbon. In the code, a net-zero carbon building is 
defi ned as a “highly energy-effi  cient building that 
produces on-site, or procures, enough carbon-
free energy to meet building operations energy 
consumption annually” (Eley, 2018). 

Th e ZERO code is a national and international 
building energy standard (code adoptable) that 
applies to new commercial, institutional, and mid- to 
high-rise residential buildings (Eley, 2018). Th e code 
integrates cost-eff ective energy-effi  ciency standards 
with on-site and/or off -site renewable energy. 

Th e ZERO code includes prescriptive and 
performance paths for building energy-effi  ciency 
compliance. It is based on the latest ASHRAE 
(American Society of Heating, Refrigerating and 
Air Conditioning Engineers) standard 90.1-2016, 
and it can also accommodate other existing or new 
prescriptive and performance standards, such as 
International Green Construction Code, ASHRAE 
standard 189.1-2017, or any other standard that is 
more stringent than the ASHRAE standard 90.1-2016 
(Eley, 2018). In addition, the code is supported by 
compliance tools and simulation soft ware. 

2.2.3 Architecture 2030: 2030 

Challenge

To support the Paris Agreement’s goals of keeping 
global average temperature increase under 2 degree 
Celsius above pre-industrial levels, Architecture 2030 
has prepared a roadmap with the overarching goal of 
achieving zero-carbon emissions from the building 
sector. Th e roadmap showcases two key building 
sector initiatives (Architecture 2030, 2014) :

• Roadmap 2050: guidelines and action items 
for both developed and developing countries 
to develop a building sector (residential, 
commercial, and institutional building 
operations) carbon dioxide (CO2) emissions 
reduction schedule with the goal of achieving 
zero CO2 emissions in 2055. 

• A Building Sector Finance Facility: to assist 
developing countries in planning, designing, 
building, and fi nancing low-carbon and zero-
carbon built environments. 

In addition to developing an overarching building 
sector emission reduction roadmap, Architecture 
2030 has also developed action items for diff erent 
types of buildings. For example, as part of the 
overarching roadmap it is recommended that all 
new buildings should achieve carbon neutrality 
by around 2030; existing buildings in developed 
countries need to renovate at a minimum of 2%—3% 
of total existing building stock; existing buildings in 
developing countries need to renovate at a minimum 
of 1.5%—2%. 

Another initiative launched by Architecture 2030 is 
2030 Districts Network, which is a unique private/
public partnership includes unit property owners, 
managers, and developers with local governments, 
businesses, and community stakeholders. Th e goal 
of 2030 District network is to meet a 50% district-
wide reduction in existing building energy and water 
consumption, and transportation emissions by 2030 
(Architecture 2030, 2014). A number of cities and 
districts have joined, including Seattle, Cleveland, 
Pittsburg, Los Angeles, Denver; and other cities/
districts are forming the networks, such as Detroit 
and San Antonio.
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2.2.4 The European Union (EU): Nearly 2.2.4 The European Union (EU): Nearly 

Zero Energy Buildings DirectiveZero Energy Buildings Directive

In 2010 the European Commission (EC) enacted 
the Energy Performance of Buildings Directive, 
which required every member state of the European 
Union (EU) to take measures so that, by the end 
of 2020, all new buildings are Nearly Zero Energy 
Buildings (nZEB). Th e directive purposefully omits 
any minimum performance benchmarks of what 
would qualify a building as nZEB. It is the task of 
the member states to transpose these requirements 
into building codes, taking into account the local 
context, including climate, energy mix, and existing 
regulations, etc.

Th e directive defi nes an nZEB as a building that 
has a very high energy performance that requires 
nearly zero or a low amount of energy to meet energy 
demands for heating, cooling, ventilation, hot water, 
and lighting. Th is leaves it open for member states 
to include plug loads and all other site energy if they 
wish. However, regulated energy should be included 
as a minimum. Th is energy should largely be covered 
by energy from renewable sources, including on-site 
sources or those nearby. 

Th is ambiguity was intentional, given the diff erences 
in building styles, resources, regulatory approaches, 
and climates found across the EU. Th e most common 
metric being used by member states to assess for 
nZEB status is kWh/m2/year (energy use intensity). 
For instance, many states are opting for a minimum 
energy use intensity which is close to the fi gure 
of 50 kWh/m2/year for residential development. 
Understandably there will be big diff erences in what 
is measured, as well as what is prescribed, in diff erent 
building codes across the EU. 

Th e Energy Performance of Buildings Directive has 
had a clear impact on the development of municipal 
building codes, as well as national regulations of 
EU member states. Th e EU directive has infl uenced 
municipal building codes to grow in ambition and 
to target earlier implementation of higher codes in 
anticipation of nZEB being rolled out across Europe 
from 2020.

2.2.5 California: ambitions towards 2.2.5 California: ambitions towards 

net-zero energy buildings net-zero energy buildings 

Th e State of California has adopted comprehensive 
policies to move new residential buildings towards 
net-zero energy. Th e California Energy Commission 
has developed a long-stated ambition to implement 
net-zero buildings under the Long-Term Energy 
Effi  ciency Strategic Plan, which targets 100% net-zero 
energy for new homes and commercial buildings by 
2020 and 2030, respectively. 

Th e California building energy code is called Title 
24. It sets the energy requirements for all new 
development in the state. In 2019, an update to Title 
24 is due to come into eff ect that will require all new 
single family and low-rise residential development to 
have solar photovoltaics installed that can meet the 
annual electricity demand for the development. It 
also requires higher effi  ciency fabric in roofs, walls, 
and windows to improve the thermal performance of 
the envelope—this is combined with more stringent 
requirements for appliances, heating, cooling, and 
lighting. 

Th e updated Title 24 code tackles electricity 
consumption, resulting in more dwellings each year 
operating at net-zero electric emissions. However, 
since fossil fuel combustion on-site may not be 
regulated and natural gas and propane remain 
popular choices for space heating and hot water, Title 
24 will not be considered a net-zero energy policy. 

Reaching net zero energy homes and commercial 
buildings will therefore require a combination of 
energy-effi  ciency technology development, code 
adoption, and on-the-ground implementation, 
measures that the state of California continues 
to develop in combination with private sector 
innovation and public sector leadership.

In addition to California, other states, such as 
Vermont and New York, have established notable 
state-level low-carbon building targets. Vermont 
established a goal of supplying 90% of the state’s 
energy needs with renewable sources by 2050. New 
York wants to reduce GHG emissions by 40% from 
1990 levels and buildings energy use by 23% from 
2012 levels by 2030. 
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2.3 Toronto: Zero Emissions 2.3 Toronto: Zero Emissions 
Buildings FrameworkBuildings Framework

Toronto is one of the fastest growing cities in North 
America. Population increases by approximately 
24,000 people per year. To accommodate, building 
construction has also increased: the city added an 
additional 85,166 residential units and 2.7 million m2 
of non-residential fl oor area during 2011-2015 (City 
of Toronto, 2017). Th e city has committed to reduce 
GHG emissions by 80% of 1990 levels by 2050. To 
reach the goals, the city has also pledged to increase 
renewable and district energy generation across the 
city. 

Zero Emissions Buildings Framework Zero Emissions Buildings Framework 

Th e City of Toronto has had a voluntary green 
building code since 2005, also known as the Toronto 
Green Standard. It became mandatory in 2010 
through the planning and development approval 
process administered by the City Planning Division. 
Th e city reviews the Green Standard every 4 years, 
and the latest update came into eff ect in May 2018 
(C40, 2018c). In addition, the city has an overall 
goal of reducing GHG emissions by 80% by 2050 
with all new buildings “all new buildings near-zero 
GHG emissions and all existing buildings by 2050” 
(C40, 2018c). Toronto Green Standard serves as the 
foundation for an integrated building framework 
that can both reduce the impact of buildings on 
environment while improving building resilience to 
climate change (City of Toronto, 2017). 

Toronto’s Zero Emissions Buildings Framework 
was developed based on a review of global best 
practices. Th e goal is to identify a pathway to near-
zero emissions building construction by 2030. Th e 
framework used “absolute” performance targets to 
reduce the risk of “performance gap” between the 
designed energy use and actual energy use. Th ree 
target benchmarks used include (City of Toronto, 
2017): 

• Th ermal energy demand intensity (kWh/m2/
year), to encourage better building envelops, 
improve occupant comfort and enhance 
resilience 

• Total energy use intensity (kWh/m2/year), to 
encourage higher effi  ciency buildings and lower 
utility costs

• GHG intensity (kgCO2e/m2/year), to encourage 
low-carbon fuel choices and reduce building 
emissions. 

Th e Zero Emissions Buildings Framework covers 
fi ve of the most common building types: high-rise 
residential, mid-rise residential, commercial offi  ce, 
commercial retail, and mixed-use residential high-
rise. Th e targets have been provided in four tiers, 
with the fi rst tier being the current mandatory 
minimum requirement, and the fourth tier being 
near-zero emission buildings (C40, 2018c). 

Performance levels will be required to step up over 
time. In 2022, Tier 2 performance level is scheduled 
to become mandatory; Tier 3 and Tier 4 become 
mandatory in 2026 and 2030, respectively. Th is 
provides transparency and incentives for the building 
development industry to reach required performance 
levels and exceed requirements. A tax rebate system 
is used to provide incentives for developers to adopt 
higher tier performance. Th e municipality also 
committed to adopt Tier 2, 3, or 4 for all city-owned 
development with nearly zero emissions standards by 
2026 (C40, 2018c). 

A number of prescriptive measures have been 
included to help buildings perform as intended. 
Th ese new or updated prescriptive measures 
cover the areas of: renewable energy generation, 
district energy connection, air tightness testing 
requirements, building commissioning requirements, 
submetering, and building labeling and disclosure 
(City of Toronto, 2017). For example, Tier 1 buildings 
(the current mandatory minimum requirement) 
must be made “solar photovoltaics ready” with plant 
space, riser space, and roof space in a way that solar 
photovoltaics can be retrofi tted in the future (C40, 
2018c). Tier 2 buildings must supply 1% of total 
energy demand from on-site renewables. 

In addition, the Zero Emissions Buildings 
Framework includes an updated set of Energy 
Modeling Guidelines to clarify methods of 
calculating energy performance, support appliances 
achieve compliance, and improve consistency among 
buildings. Th rough the framework, it is estimated 
that 30.6 million tonnes of GHG emissions would be 
reduced by 2050 (City of Toronto, 2017)
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2.4 Seatt le: low-energy buildings 2.4 Seatt le: low-energy buildings 
policy pathwaypolicy pathway
Seattle has made a pledge to be carbon neutral by 
2050 and is being assisted by Pacifi c Northwest 
National Laboratory to develop a strategy for keeping 
energy codes synchronized with rapidly improved 
building technology (Seattle Mayor Jenny A.Durkan, 
2018).

Th e City of Seattle has set up comprehensive policies 
for both new construction and existing buildings. 
For existing buildings, policies exist to mandate large 
building energy use benchmarking and mandatory 
tune-ups. Th e City of Seattle requires all city-owned 
new properties to reach LEED Gold and provides 
key performance requirements for energy and water 
effi  ciency. Th e City Building Policy (2011) further 
called for new city-funded projects and major 
renovations with more than 5,000 square feet of 
occupied space to achieve LEED Gold certifi cation. 
Th ose projects also need to be 15% more energy 
effi  cient and 30% more water effi  cient than local code 
(Energy.Gov, 2018). 

Seatt le Energy Code 2018Seatt le Energy Code 2018

Seattle has two unique sets of buildings codes, the 
total building performance (TBP) path, and target 
performance path (TPP). On the TBP, buildings need 
to be 13% more effi  cient than a reference building 
designed to meet the prescriptive code. Builders 
will receive a penalty in this path for exceeding 45% 
glazing, even if the building might have installed 
triple-pane glass. On the TPP, buildings need to 
achieve an energy use intensity target based on 
the building type. Th e target for TPP is to set up 
a protocol for target setting for all major building 
use types; establish a process for city design review, 
permitting, and inspection; and to develop an 
enforcement mechanism with equal leverage to a 
Certifi cate of Occupancy (Code Watcher, 2017).

Seatt le target performance pathSeatt le target performance path

Th e City of Seattle began its outcome-based energy 
code, focused on compliance through verifi ed energy 
performance, in 2008 (Code Watcher, 2017). Th e 
detail of the code is shown below:

• In addition to the energy use intensity target, 
anticipated performance must be proven during 
12 months of consecutive utility bills within 3 
years of building occupancy. If it isn’t, there is 
a fi nancial penalty that the building owner is 
responsible for paying.

• All members of the project team will have a 
diff erent contractual role in achieving the energy 
use intensity target. Th at relationship could last 
up to 5 years aft er initial permitting, by the time 
construction is complete and the measurement 
and verifi cation process can commence. 

• Th e building owner has to commit to 
“operational boundaries for tenants” (e.g., 
schedules, set points, and lease agreements) 
as well as the additional cost of metering 
infrastructure and performance assurance labor.

• Energy modelling is required to demonstrate 
saving opportunities before collecting measured 
energy performance data 

• A sensitivity analysis is required to quantity 
operational impacts (Code Watcher, 2017).

Utilities provide incentives to support outcome-based 
code construction following the identifi cation of an 
appropriate baseline, the development of methods for 
estimating energy savings, the structuring of rebates 
based on verifi ed saving, and payment in sequence 
of design and post-occupancy (Seattle City Light 
Incentive Pilot). Seattle sets specifi c performance 
targets for buildings typologies to reach (Pinch, 
Cooper, O’Donnel, Cochrance, & Jonlin, 2014):

The Bullitt  Center, Seatt le – a net-positive The Bullitt  Center, Seatt le – a net-positive 
buildingbuilding

Th e Bullitt foundation is a grantmaking 
philanthropic organization that built a net-zero 
energy building as its headquarters in 2011. 
Containing more than 44,000 square feet of offi  ce 
space, the Bullitt Center has an advanced façade 
design that maximizes passive heating and cooling 
and creates a thermally effi  cient envelope, all while 
maintaining high levels of natural light throughout 
the day. With zero car parking spaces, greywater 
and rainwater recycling, zero sewage, zero waste, 
bicycle facilities on every fl oor, low-carbon material 
construction, the center balances all aspects of 
sustainability, health, and wellbeing. Th e designers 
are confi dent enough in the building and its systems 
to give it a life span of 250 years. 
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On the roof and external shading areas, a 
14,000-square-foot solar photovoltaic array provides 
more energy to the site than it can consume over 
one year, including the energy supply to the ground-
source heat pump, which provides space heating and 
cooling. In its fi rst year in operation the building 
consumed 150,000 kWh but produced 250,000 kWh 
of electricity, confi rming its status as a net-positive 
energy building.

Utility incentives: pay for performance and Utility incentives: pay for performance and 
energy effi  ciency as a serviceenergy effi  ciency as a service

Seattle encourages effi  cient building design and 
retrofi t through the publicly owned utilities company, 
Seattle City Light. Th e Pay for Performance incentive 
is based on the TPP: tiered performance incentives 
where the payments per kWh are based on measured 
performance of energy saving over the stated energy 
use intensity baseline. When building owners install 
energy-saving measures, they decrease their energy 
consumption and get paid for every kWh saved. 
Th is shift  to measuring incentive payments based on 
actual building performance moves the performance 
risk from the utility provider to the developer. 

Many developers will build for tenants rather than 
directly occupy the building. In these cases, there 
will be a split incentive barrier, as it will be the tenant 
that benefi ts from the lower bills as a result of the 
up-front investment in energy effi  ciency. To help 
remove this barrier, the city expanded their pilot of 
the Energy Effi  ciency as a Service program in April 
2018. Th e program shift s the transaction structure 
away from energy purchases: the utility company 
charges the tenant for the energy that would 
have been consumed had there been no energy-
effi  ciency upgrades based on a modeled scenario 
(as if the building were built to code compliance 
levels only). Th e tenants get the benefi t of a better 
building with a more productive and effi  cient space 
and the developer receives balancing payments 
from the utility company, based on the energy-
effi  ciency measures included and the actual energy 
use intensity as measured from building energy 
meters. Th is program will now be piloted until it 
is ready to be scaled up to a city-wide policy. Th e 
aforementioned Bullitt Center was the precursor 
pilot study to this program.

2.5 Stockholm: buildings in the 2.5 Stockholm: buildings in the 
context of a fossil fuel free citycontext of a fossil fuel free city

Swedish national context Swedish national context 

In Sweden, a high standard of energy effi  ciency is 
maintained across all development with a stringent 
building code. At present, the national requirement 
in the Stockholm climate zone is 80 kWh/m2/
year when measuring energy use intensity. Th is 
requirement is locally known as Specifi c Purchased 
Energy (includes energy for heating, cooling, 
hot water, ventilation and communal building 
services but not including plug loads, lighting and 
appliances). In response to the European Union’s 
Energy Performance of Buildings Directive, member 
states are required to ensure that all new buildings 
are nearly zero energy by 2020. In Stockholm’s case 
there is also a 1.5 degree compliance climate action 
plan driving higher performance in new buildings. 
In addition, there is the Strategy for a Fossil Fuel 
Free Stockholm, which aims to curb overall GHG 
emissions from all sources (and scopes) by 2040. 

Strategy for a fossil fuel free StockholmStrategy for a fossil fuel free Stockholm

Th e City of Stockholm has control of approximately 
70% of all land within its municipal border. For 
developments on land owned by the city it is 
possible to exceed the national regulations by using 
leasehold and contract agreements. Using these 
mechanisms, the city will set higher energy-effi  ciency 
requirements for all developments on this land to 
support the ambitious GHG reduction targets set out 
in the aforementioned policy documents. 

All development on city-owned land must comply 
with a maximum energy use intensity, or Specifi c 
Purchased Energy, of 55 kWh/m2/year. Buildings 
this effi  cient can be considered a zero or nearly zero 
energy buildings. Th e Stockholm building code also 
contains an aspirational Specifi c Purchased Energy of 
45 kWh/m2/year, which developers are encouraged 
to aim for; there is a district-scale development called 
the Stockholm Royal Seaport that is targeting this 
higher requirement of 45 kWh/m2/year.
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Th e Stockholm Royal Seaport is one of the largest 
urban development projects in Europe with at least 
12,000 new housing units and 35,000 workplaces 
scheduled for completion by 2030. By the end of 
2017, 2,500 new dwellings were completed and 
occupied. For private land owners (30% of land in 
the city) it is not possible for the city to set effi  ciency 
standards above those of the national regulations. 
However, given that the national standards are also 
very stringent, such development is still fi nished to 
an ultra-low energy standard of 80 kWh/m2/year. 

A suite of demand reduction measures are applied 
to all new developments to maintain a high standard 
of building envelope effi  ciency including a low 
permeability rate at 0.3 [l\s at +/- 50pa] and very low 
average heat transmittance values. Most European 
states have set defi ned energy requirements using 
energy use intensity in kWh/m2/annum, which 
allows designers a degree of fl exibility in achieving 
compliance under this kind of absolute performance 
target. Th is allows tradeoff s to be balanced in a 
design that hits its performance target.
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Figure 2.1. New York City’s emission reduction pathway (NYC, 2018)

2.6 New York City (NYC): Ultra-low 2.6 New York City (NYC): Ultra-low 
energy buildings in a high-density energy buildings in a high-density 
urban environmenturban environment      

In 2014, Mayor Bill De Blasio committed to 
reduce NYC’s emissions 80% below 2005 levels by 
2050. In order to reach this goal, building energy 
consumption will be reduced 30% over the next 
decade (NYC , 2018 a). Th e city has subsequently 
invested nearly $500 million to improve energy 
effi  ciency in public and private buildings (OneNYC, 
2018) with the One City, Built to Last: Transforming 
New York City’s Buildings for a Low-Carbon Future 
plan further outlining the city’s target to retrofi t 
public and private buildings and reduce GHG 
emissions by an additional 3.4 million metric tons 
a year by 2025 (NYC, 2014). Taking leadership at 
the municipal level, the city plans to retrofi t 3,000 
public buildings by 2025, achieving 35% energy 
consumption savings. 

NYC has implemented a range of energy-effi  ciency 
programs and ordinances to encourage existing 
energy-effi  ciency building improvements such as 
building energy benchmarking and building tune-
ups. Furthermore, in 2017, the city released 1.5°C: 
Aligning New York City With the Paris Climate 
Agreement. Th e plan lists actions the city will take in 
the next 3 years to accelerate GHG reductions and 
put the city on a path to deep de-carbonization. Th is 
was the fi rst Paris Agreement-compliant plan from 
any city in the world.
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Codes and standardsCodes and standards

In January 2018, NYC approved a framework 
for updating the city building code by setting 
revision cycles for 2019, 2022, and 2025. Th e NYC 
Department of Buildings is now legally bound to 
base the next code revisions in 2019 and 2022 on 
new stretch codes being developed by the New York 
State Energy Research and Development Authority 
(NYSERDA). NYSERDA has already released a 
voluntary stretch code that expands on the current 
state code; they will release more ambitious stretch 
codes in subsequent years. If for any reason the 
NYSERDA code is not ready in 2019 and 2022, 
NYC has set a minimum stretch code benchmark 
of 20% over the state energy code that is in eff ect at 
that time. Beginning in 2025, all large new buildings 
would be required to build to very-low energy design 
targets. 

Demonstration building: the Kathleen Grimm Demonstration building: the Kathleen Grimm 
School for Leadership and Sustainability at School for Leadership and Sustainability at 
Sandy GroundSandy Ground

Th e Kathleen Grimm School for Leadership and 
Sustainability at Sandy Ground (known as P.S. 62) 
is the fi rst net-zero energy school in NYC. Th is is 
a 68,000-square foot, two-story building serving 
444 pre-kindergarten through fi ft h grade students. 
On-site renewables are generated to support the 
energy usage of the school and the NYC School 
Construction Authority is now using this project as 
its fi rst “sustainability lab.” Th is project complies with 
the School Construction Authority’s Green Schools 
Guide in lieu of LEED Certifi cation.

Th is demonstration project will help inform the 
city’s school design program, as well as to achieve the 
wider ambitions of the OneNYC strategy. 

P.S.62 has signifi cantly improved its energy 
performance compared to code and standards.

Figure 2.3. P.S.62’s energy consumption compared with ASHRAE 90.1 and typical School Construction Authority school

Figure 2.2. Energy usage of P.S.62 compared with baseline NYC 
public school

Th e designer of this building optimized the 
orientation and the massing of the courtyard. 
Th erefore, the shape of the building can take 
advantage of sunlight for both daylighting and 
photovoltaic arrays on the roof. Other measures 
that allowed the building to achieve ultra-low 
energy consumption include an ultra-tight high-
performance building envelope, daylight off set 
corridors, energy-effi  cient lighting fi xtures, low-
energy kitchen equipment, a greenhouse and 
vegetable garden, a geo-exchange system, energy 
recovery ventilators and demand-control ventilation, 
and a solar thermal system for hot water.
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2.7 Recommendations and Next 2.7 Recommendations and Next 
StepsSteps 

Th rough the development of policies and standards, 
the Beijing government is taking action to cultivate 
a vibrant market and supply chain to support 
the increased construction of ultra-low energy 
consumption buildings. Th is leadership activity could 
prepare the city government for the implementation 
of policies that mandate the scaled adoption of ultra-
low energy consumption buildings, thereby aligning 
with similar policies in other major cities around the 
world. Furthermore, by sharing technical knowledge, 
such policy work could help facilitate and strengthen 
a growing alliance in the wider Beijing-Tianjin-Hebei 
Area regarding ultra-low energy buildings—helping 
to scale and deepen the impact of this work. 

Beijing’s policies to encourage the uptake of ultra-
low energy consumption buildings will be part of a 
broader set of building energy-effi  ciency policies, 
such as rural renewal, the provision of aff ordable 
housing, and the retrofi t of existing buildings. 
Th is partnership with C40 will provide Beijing 
with opportunities to gain experiences from other 
cities both domestically and internationally on 
the deployment of ultra-low energy consumption 
buildings, as well as other building energy-effi  ciency 
practices. 

As stated, pioneering mayors around the world are 
now committing to signifi cantly cut GHG emissions 
from their cities by ensuring that new buildings 
operate at net-zero carbon by 2030 or before, and 
that 100% of buildings operate at net-zero carbon 
by 2050—as well as making ambitious municipal 
building pledges to own, occupy, and develop only 
assets that are net-zero carbon by 2030. With this 
ambitious demonstration, capacity building, and 
policy work being undertaken by Beijing, the city is 
laying the foundations to be considered a member 
of this pioneering group of cities who are setting 
out a bold and ambitious vision for the future of the 
building construction sector.
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3. Fuzhou
Renewable energy use in buildings - targets, policies, and 

international case study inspiration

To promote the adoption of distributed renewable 
energy systems in buildings in combination with 
energy-effi  ciency eff orts, China’s central and local 
governments have developed a range of supporting 
policies. Renewable energy development in buildings 
has gone through a three-step development process: 
1. project demonstrations; 2. city demonstrations; 3. 
comprehensive promotion nationwide.

In 2006, MoHURD and the Ministry of Finance 
(MOF) initiated a nation-wide demonstration project 
of renewable-energy applications in buildings, mainly 
focused on the implementation of solar energy and 
shallow-ground energy in buildings. In 2009, further 
pilot programs were rolled out for solar photovoltaic 
applications in buildings (i.e., the Solar Roof Project). 
As a result, during China’s 11th Five-Year Plan and 
12th Five-Year Plan, renewable energy use in the 
building sector witnessed a rapid development (Table 
3.1).

From 2006 to 2015 the government put in place 93 
pilot city projects, 198 pilot county-level projects, 
and more than 600 demonstration projects for 
renewable energy use in buildings. By the end of 
2015, renewable energy accounted for more than 4% 
of total energy consumption in the Chinese building 
sector.

According to the targets set out within the 13th 
Five-Year Plan, China’s urban building sector will 
account for an additional 2 billion m2 of fl oor area 
for solar photovoltaics and 200 million m2 of fl oor 
area for geothermal energy applications . Overall, 
by 2020, building-level renewable energy systems 
are projected to deliver at least 6% of total energy 
demand to China’s urban building sector.

Table 3.1 Chinese renewable energy use in buildings (installed capacity) from previous fi ve-year plansTable 3.1 Chinese renewable energy use in buildings (installed capacity) from previous fi ve-year plans

Year Accumulated fl oor area 
of solar thermal use in 
buildings (million m2)

Accumulated fl oor area of 
shallow ground energy heat 
pump technology use in buildings 
(million m2)

Accumulative installed 
capacity of  photovoltaic in 
buildings (mw)

10th Five-Year Plan 
(2001~2005)

230 26.5 -

11th Five-Year Plan 
(2006~2010)

1480 227 850.6

12th Five-Year Plan 
(2011~2015)

3000 500 683
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3.1 Building renewable energy 3.1 Building renewable energy 
policies in Fuzhoupolicies in Fuzhou

3.1.1 Background3.1.1 Background 

Fuzhou, the capital city of Fujian province, is a 
southeastern coastal city located in China’s Hot 
Summer Warm Winter Climate Zone. Th e city has 
a total population of 7.57 million (2016), with per 
capita GDP 82,251 RMB. Th e total existing building 
stock in Fuzhou is 372.2 million m2 fl oor area, among 
which the residential fl oor area is 304.3 million m2, 
and the commercial and public building area is 67.9 
million m2. Buildings consume 4.99 million tce of 
primary energy annually, and energy consumption 
intensity is 13.4 kgce/m2. Th e energy consumption in 
building sector takes 19.5% of the city’s total primary 
energy use, and building sector emits 12.3 million 
tons of CO2 per year. 

Because of Fuzhou’s good renewable energy 
resources, the city has participated in MoHURD’s 
building-level renewable energy demonstration 
program. In 2009, to support the renewable energy 
development in building sector, Fuzhou started a city 
wide renewable energy feasibility study to investigate 
the eff ective ways to utilize renewable energy in 
buildings. Since 2009, 5.6 million m2 fl oor area of 
renewable energy use in demonstration buildings 
has been formally acknowledged by MoHURD 
(Fuzhou City, 2017). Th e demonstration include 1.66 
million m2 fl oor area of solar-thermal technology 
applications and 2.08 million m2 fl oor area of 
ground-source heat pump system technology used 
in buildings. Rapidly expanding the level of ambition 
for building-level renewables, a further 100 million 
m2 fl oor space are now targeted for delivery during 
the 13th Five-Year Plan.

Fuzhou was one of MoHURD’s fi rst group of 
demonstration cities for renewable energy use in 
buildings and has been provided with a subsidy 
in the range of 50-80 million RMB, dependent 
on implemented demonstration fl oor space and 
technologies used.

FuzhouFuzhou
Demographics:Demographics: 
Population:Population:

7.577.57 million (2017)million (2017)

Per capita GDP:Per capita GDP:

82,25182,251 RMB (2016) RMB (2016)

Per capita living fl oor area:Per capita living fl oor area:

34.7134.71 m2 (2016) (2016)

Annual per capita energy use:Annual per capita energy use:

651651 kg coal equivalent (2016) kg coal equivalent (2016)

Climate Zone:Climate Zone:

HotHot Summer /  Summer / WarmWarm WinterWinter
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Single-family solar hot water systemsSingle-family solar hot water systems

Single-family solar hot water systems rely on 
the installation of solar heat collectors on the 
roofs or balconies of a residential building, with 
an auxiliary heat source and thermal insulation 
water storage tank installed for each user, in 
order to store and manage solar hot water 
systems independently. Th e system is operated 
as a decentralized heat collection and heat 
supply. Th e systems are convenient to manage 
and are widely used in single-unit, multifamily, 
and other types of buildings. Figures 3.1 and 3.2 
show examples of residential solar water heating 
systems.

3.1.2 Renewable energy technologies 3.1.2 Renewable energy technologies 

in Fuzhou’s building sectorin Fuzhou’s building sector

Renewable Energy Hot Water SystemsRenewable Energy Hot Water Systems

Since 2009, Fuzhou has completed the installation 
of 1.66 million m2 of fl oor area of solar-thermal 
hot water projects in demonstration buildings. 
Th e demonstration projects cover residential, 
commercial, and public buildings (including, but 
not limited to, hospitals, dormitories, hotels, offi  ce 
buildings, and gymnasiums). Based on several years 
of technical research and engineering practice, 
three types of solar water heating systems are widely 
used in Fuzhou: single-family solar hot water 
systems, centralized solar hot water systems with 
discontinuous water usage, and centralized solar hot 
water systems with continuous water usage. Besides 
solar hot water system, Fuzhou also demonstrates air 
source heat pump hot water system in buildings.

Figure 3.1. Balcony solar hot water system applications in residential buildings
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Centralized solar hot water systems with Centralized solar hot water systems with 
continuous water usagecontinuous water usage

Th e only diff erence between a centralized hot 
water system with discontinuous water usage and 
one with continuous water is that the latter can 
supply hot water 24 hours a day. Such systems 
are suitable for buildings with a high demand 
for hot water supply: star-rated hotels, offi  ce 
buildings, residential buildings, and others. A 
constant-temperature hot water storage tank is 
added within a continuous water usage system. 
Th e tank is controlled to maintain hot water 
temperatures using solar hot water and/or 
ancillary heating devices (e.g., air-source heat 
pumps). 

Ground Source Heat Pump Air Conditioning Ground Source Heat Pump Air Conditioning 
SystemsSystems

Since 2009, Fuzhou has completed 2.08 million 
m2 of fl oor area of ground-source heat pump 
demonstration buildings. Th ese demonstration 
projects have mainly adopted two technologies: 
surface-water-source heat pump systems and 
underground-water-source heat pump systems. 
Among these, surface-water-source heat pump 
systems have been more commonly adopted.

Figure 3.2. Centralized solar hot water system with continuous water usage

Solar Photovoltaic SystemsSolar Photovoltaic Systems

In 2015, the installed capacity of the solar 
photovoltaic systems in Fujian province was 150,000 
kW. Th e development of Fuzhou’s solar photovoltaic 
systems has been particularly dynamic, and is 
comparable with the levels of solar photovoltaic 
installation in the rest of Fujian province.

Centralized solar hot water systems with Centralized solar hot water systems with 
discontinuous water usagediscontinuous water usage

Th e only diff erence between a centralized hot 
water system with discontinuous water usage and 
one with continuous water is that the latter can 
supply hot water 24 hours a day. Such systems 
are suitable for buildings with a high demand 
for hot water supply: star-rated hotels, offi  ce 
buildings, residential buildings, and others. A 
constant-temperature hot water storage tank is 
added within a continuous water usage system. 
Th e tank is controlled to maintain hot water 
temperatures using solar hot water and/or 
ancillary heating devices (e.g., air-source heat 
pumps). 
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Surface-water-source heat pump systemsSurface-water-source heat pump systems

Surface-water-source heat pumps extract water 
from natural water bodies (rivers, lakes, and 
oceans) by setting up water intake structures such 
as water intake diversion channels and water 
intake heads. Aft er water treatment, the surface 
water is fed into a heat pump unit or plate heat 
exchanger for heat transfer, and fi nally discharged 
back into natural water bodies. Surface water 
enters the heat pump unit and the plate heat 

exchanger directly, allowing for heat transfer 
effi  ciency to be signifi cantly improved when 
compared to closed systems such as coil pipe 
heat exchangers. However, such technologies 
require detailed attention to system operation and 
maintenance, so as to avoid blocking diversion 
channels or water intake heads. Th is type of 
technology design has mainly been applied to 
public buildings along riverside and coastal areas.

Figure 3.3. Outdoor water intake system of the eastern offi  ce area in Fuzhou

Figure 3.4. Heat pump equipment units
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3.1.3 Fuzhou’s targets and policies 3.1.3 Fuzhou’s targets and policies 

for renewable energy application in for renewable energy application in 

buildingsbuildings

TargetsTargets

Fuzhou plans to continue the promotion and 
application of the building-level renewable energy 
systems with a focus on innovation and refi nement. 
Th e city has mandated that residential buildings less 
than 12 fl oors and public and commercial buildings 
such as hospitals, schools, hotels, and so on must 
install centralized renewable solar hot water system. 
Demonstration of renewable energy application in 
building will also be carried out in some newly built 
social housing units in Fuzhou. Th e city also plans 
to update standards of solar thermal technologies 
design, installation and project completion 
inspection.

By the end of 2020 the city has committed to, 
at a minimum: study the forms, operation, and 
maintenance mechanism for diff erent building types 
and further demonstrate solar thermal and air-source 
heat pump systems.

Policy status and plansPolicy status and plans

Since Fuzhou started participating in MoHURD’s 
renewable energy demonstration city program, the 
municipal government has developed a series of 
supporting policies to promote renewable-energy 
technologies in buildings. Th ese policies have a 
broad coverage including: short-term development 
targets, technical guidelines, supporting technical 
committees, and subsidy guidance.

To facilitate the adoption of renewable-energy 
technologies, Fuzhou also works with stakeholders 
to encourage the adoption of EPC models for 
renewable-energy projects, such as ground-source 
heat pumps, solar thermal hot water, air-source heat 
pumps for hot water, and solar photovoltaic systems 
in buildings. Building owners are encouraged to 
work with experienced ESCOs to establish projects 
and share energy savings.

Renewable energy policies in FuzhouRenewable energy policies in Fuzhou

Fuzhou municipal government, Fuzhou Urban 
and Rural Construction Committee (local 
MoHURD) and the Fuzhou Bureau of Finance 
have jointly issued:

• Fuzhou city development plan for renewable 
energy application in buildings (2009)

• Policy on enhancing development and 
operation management of renewable energy 
use in buildings

• Policy on renewable energy demonstration 
buildings in Fuzhou: guidelines to 
demonstrate renewable energy utilization in 
buildings

• Policy to implement renewable energy 
demonstration work in urban construction 
in Fuzhou: specifying buildings that require 
renewable energy system installation. 

Specifi c building types have been targeted for the 
promotion of renewable systems. Hospitals, hotels, 
school dormitories, and single-family houses have 
been supported to promote renewable energy 
hot water systems. Fujian province intends to 
put forward guidance on specifi c building types 
to enforce the adoption of renewable energy and 
improve supporting mechanisms to comprehensively 
cover renewable energy system installations from 
design, to construction, testing, inspection, and 
operation. 

A series of technical standards have been developed 
at the Fuzhou city and Fujian province levels to 
facilitate renewable-energy system installation, 
commissioning, and operation. Th e standards 
include: building codes for the integrated design, 
installawtion, and acceptance of solar hot water 
system applications in civil buildings (DBJ 13-80-
2006), and the standard of solar energy collector 
installation in building structures (DBJT13-90). In 
the 13th Five-Year Plan, Fuzhou plans to further 
revise the technical standards DBJ 13-80-2006 by 
adding integrated design and operation of solar hot 
water and air-source heat pump systems.
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3.1.4 C40 China Buildings Programme 3.1.4 C40 China Buildings Programme 

and policy development in Fuzhouand policy development in Fuzhou

Th e CSTID will collaborate with the Fuzhou local 
MoHURD and Fuzhou Academy of Building 
Research (ABR) to support the ambitions of the C40 
CBP in Fuzhou. Mr. Hu, Chief Engineer and Deputy 
Director of the Institute of Building Energy Effi  ciency 
at the ABR, will act as the guiding technical offi  cer 
for the C40 CBP in Fuzhou.

Mr. Hu is a senior engineer at the ABR. He is an 
expert in building energy effi  ciency and renewable 
energy, particularly focused on China’s Hot Summer 
Warm Winter climate zone. He has worked on the 
development of multiple national and provincial 
standards for buildings in Southern China and 
has detailed knowledge of policy design and 
implementation for renewable energy utilization in 
buildings. 

Fuzhou has identifi ed the following research areas to 
work on through the C40 CBP:

Expand knowledge on renewable-energy Expand knowledge on renewable-energy 
utilization policy in buildings through utilization policy in buildings through 
international experienceinternational experience

Th rough the C40 CBP, Fuzhou intends to learn 
from a range of international experiences in the 
development of building-level renewable energy 
systems. Th rough best practice examples, the city 
hopes to both innovate on the technical range of 
renewable energy projects it is undertaking as well 
as to initiate new project and policy approaches 
to renewable energy deployment and scaling. 
Fuzhou would like to further design its renewable 
energy polices to develop comprehensive policies 
mechanism including mandatory policies for 
building renewable technology application.

Create supporting fi nancial and business Create supporting fi nancial and business 
models to promote renewable-energy models to promote renewable-energy 
applications in buildingsapplications in buildings

In comparison to traditional building energy-
effi  ciency technologies, the application of renewable-
energy technologies requires large amount of 
capital investment. To address this funding gap, 
Fuzhou plans to formulate policies that encourage 
commercial banks to off er preferential loans for 
renewable energy building projects and work with 
energy management companies who peruse energy 

management contracts for renewable energy in 
buildings. As part of this ambition, Fuzhou hopes to 
gain international experience and policy information. 
Fuzhou would like to gain knowledge to establish 
information sharing mechanism among stakeholders, 
develop innovative fi nancing products and make 
use of energy performance contracting in projects 
through the C40 CBP. 

Develop policies to support air-source heat Develop policies to support air-source heat 
pump hot water systems in China’s Hot pump hot water systems in China’s Hot 
Climate ZoneClimate Zone

Th e use of air-source heat pumps for hot water is 
not common in Chinese buildings. At the national 
and provincial levels, air-source heat pumps are not 
recognized as formal renewable energy resources. 
Fuzhou will be the fi rst city to pilot policies that 
support air-source heat pump hot water systems as 
renewable energy applications in buildings. Again, 
through the C40 CBP, Fuzhou would like to learn 
international city experiences of promoting air-
source heat pump hot water systems with the goal 
to further develop Fuzhou’s air-source heat pump 
supporting policies. It is expected that successful 
policies can be scaled city wide and applied to other 
cities in China. 

Develop demonstration buildings for high Develop demonstration buildings for high 
renewable energy penetrationrenewable energy penetration 

Demonstration buildings with high renewable energy 
penetration levels are thought to be an eff ective way 
to showcase the eff ectiveness of renewable energy 
in buildings. Th rough working in C40 CBP, Fuzhou 
would like to highlight renewable energy applications 
in buildings through specialist demonstration 
projects that use both high levels of building 
energy effi  ciency and renewable energy systems. 
Fuzhou would, therefore, like to learn how other 
C40 international cities develop high-performance 
demonstration buildings with renewable energy, as 
well as the targets and codes they are implementing 
to scale such construction projects. 
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3.2 Renewable energy applications 3.2 Renewable energy applications 
in buildings—international experiencein buildings—international experience

Across the world, a suite of ground-breaking and 
increasingly refi ned building renewable energy 
applications are changing the way buildings are 
powered and heated. Th e most ubiquitous systems 
include solar photovoltaics, solar thermal space 
heating and cooling, solar thermal water heating, and 
ground-source and air-source heat pumps. Increasing 
numbers of cities around the globe have developed 
policies and programs to accelerate the deployment 
of these renewable-energy technologies in buildings. 
In broad terms, these policies and programs mainly 
involve requirements for renewable energy use in 
buildings, fi nancial incentives to reduce the capital 
cost of the installation, and innovative models to 
bundle consumers to share the capital cost. Some 
cities have also begun to combine the application of 
renewable energy with thinking on power system 
reliability, so as to demonstrate the strengths of solar 
and energy storage technologies. 

Below are a wide range of case studies designed 
to give the reader a quick and inspiring overview 
of city-level activity regarding building-integrated 
renewable energy. Included are policies and 
programs that target one or several specifi c 
technologies (e.g., solar photovoltaics, solar thermal, 
energy storage, distributed systems, ground- and 
air-source heat pumps), as well as comprehensive city 
plans that include multiple measures to promote the 
application of renewable energy in buildings.

3.2.1 Durban—Energy Offi  ce Solar3.2.1 Durban—Energy Offi  ce Solar

In 2015, Durban set a goal of reaching 40% of 
electricity consumption from renewable energy by 
2030 as part of its Durban Climate Change Strategy. 
One specifi c objective has been to “Implement 
viable small-scale renewable energy generation such 
as micro-hydropower, rooft op solar photovoltaic 
and anaerobic digesters within municipal assets”. 
In order to accelerate the achievement of this goal, 
Durban has developed the Energy Offi  ce Solar 
project to install 300 kWp of rooft op photovoltaics 
on fi ve municipality-owned rooft ops. Th is project is 
also used to test existing regulations and processes 
that the private sector may follow during rooft op 
photovoltaic installations (C40 Cities, 2017 b).

3.2.2 Lagos—Lagos Solar3.2.2 Lagos—Lagos Solar

Lagos Solar is one of the largest distributed solar 
energy projects in Nigeria (Solar Nigeria, 2017). Th e 
project serves 172 secondary schools and 11 primary 
health centers in areas where reliable off -grid power 
is greatly needed. Th ese distributed solar systems 
usually have a capacity in the range of 5—25 kW and 
are designed to meet all core power requirements 
of the school or clinic. With solar installations, 
schools and clinics save a large amount on fuel costs 
and reduce the use of diesel or petrol generators, 
providing signifi cant economic and health benefi ts. 
Lagos Solar is funded by the Lagos State Government 
and the UK Department for International 
Development. Th e Lagos State Electricity Board owns 
and maintains the completed installations.

3.2.3 Barcelona—Solar Thermal 3.2.3 Barcelona—Solar Thermal 

OrdinanceOrdinance

Barcelona requires all new buildings, renovated 
buildings, and buildings changing their use to use 
solar energy to supply 60% of running hot water. 
Barcelona is the fi rst European city to mandate solar 
thermal use. When the Solar Th ermal Ordinance 
fi rst took eff ect in 2000, Barcelona required new 
buildings and renovated buildings that used more 
than 0.8 MW per day for hot water to meet the 60% 
solar thermal goal. In 2006, Barcelona enhanced the 
mandate by eliminating the 0.8 MW threshold. 

Th e Solar Th ermal Ordinance is managed by 
Barcelona Energy Agency, a consortium consisting 
of several local institutions involved in sustainable 
energy and environmental management. To ensure 
compliance with the ordinance, the Barcelona Energy 
Agency requires both the approval of the building 
design and of construction permits; inspectors 
ensure that construction projects meet the set 
requirements. Following Barcelona’s example, 39 
municipalities in Catalonia and 26 in the rest of 
Spain have also adopted solar ordinances (C40 Cities, 
2011).
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3.2.4 Mexico City—solar thermal in 3.2.4 Mexico City—solar thermal in 

hospitalhospital

Mexico City has set an ambitious goal of reducing 8 
million tons of CO2e between 2014 to 2020 (WMO). 
In order to help support this goal, Mexico City fi rst 
conducted a pilot project at La Villa Pediatric, which 
installed 32 rooft op solar thermal collectors, saved 
around $8,800 annually in heating costs, and 52 tons 
of CO2 equivalent. With this case demonstrating 
that effi  ciency upgrades in combination with solar 
thermal systems could be one of the least expensive 
ways to reduce emissions, the city then decided to 
install solar thermal water heating systems in all 
public hospitals. Aft er the installation of solar water 
heating systems and energy retrofi ts in 12 hospitals, 
Mexico City expects to avoid about 750 tons of CO2 
equivalent emissions annually and save close to 
$8,500 per hospital per year (C40 Cities 2017 c).

3.2.5 Yokohama—Yokohama Smart 3.2.5 Yokohama—Yokohama Smart 

City ProjectCity Project

As one of four “Next-Generation Energy and Social 
System Demonstration Areas” in Japan, Yokohama 
initiated its Smart City Project collaboratively with 
34 companies in 2010. Th e initial stages of the project 
demonstrated system optimizing energy supply and 
demand at individual homes, commercial buildings, 
and urban areas. Th e demonstration projects took 
a holistic approach that included home energy 
management systems, solar panels, and electric 
vehicles. By the end of 2013, the demonstration 
project had successfully encouraged 5,200 home 
energy management systems, 37 MW of solar panels, 
and 2,300 electric vehicles. To advance the project 
from demonstration to implementation, the city 
developed the Yokohama Smart Business Association 
in 2015 to further support the implementation of 
these technologies.

In 2016, Yokohama City, together with private sector 
partners, created Smart Resilience Virtual Power 
Plants to enhance power system reliability, especially 
under emergency conditions. Th e pilot project 
selected two schools in each of the city’s 18 regional 
disaster prevention bases, to install a 10-kWh or a 
15-Wh storage battery. During normal periods, these 
batteries are used as demand response resources; 
during emergency events they are used as power 
sources.

In the future, the project will combine the 
use of renewable and distributed energy, such 
as cogeneration system and Building Energy 
Management Systems to construct virtual power 
plants (City of Yokohama, 2018).

3.2.6 Seoul—Solar City Seoul 20223.2.6 Seoul—Solar City Seoul 2022

In 2017, the government of Seoul announced plans 
to support 1 GW of solar capacity installation by 
2022 with KRW 1.7 trillion (USD 1.56 billion) of 
supporting investment. Th e plan includes seven 
initiatives that consist of 59 projects. One action is 
to install solar photovoltaics at 1 million residential 
buildings so that one in three households in the 
city will have solar panels. Seoul will also install 
photovoltaic panels at major buildings and parks to 
make them solar energy landmarks or solar energy 
special districts. Th ese measures are expected to 
avoid 40,000 tonnes of GHG emissions per year 
(Renewables Now, 2017).

3.2.7 Vancouver—Renewable City 3.2.7 Vancouver—Renewable City 

Action PlanAction Plan

Vancouver’s target is to reach 55% of energy used 
in the city sourced from renewable energy by 2030 
and 100% by 2050 (Vancouver Government). Th e 
building sector represents the largest source of GHG 
emissions in Vancouver, accounting for 59% of total 
emissions in 2017. Th e main sources of emissions 
from buildings in Vancouver are for space heating 
and hot water, typically fueled by natural gas. Th e 
city’s Renewable City Action Plan now incorporates 
27 actions for the building sector with diff erent 
implementation timeframes. Th ese actions aim to 
both reduce building energy use and increase the 
supply of renewable energy, covering new buildings, 
existing buildings, and neighborhood energy 
systems.

More specifi cally, some of these actions encourage 
the use of heat pumps and renewable natural gas for 
heating and cooling, thereby expanding the number 
of buildings connected through a Neighborhood 
Energy Utility to provide zero-emission heat and hot 
water and supporting increased amounts of rooft op 
solar power generation (Vancouver Government, 
2017).
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3.2.8 New York City—Clean Energy 3.2.8 New York City—Clean Energy 

ProgramProgram

New York City developed a Clean Energy Program 
in 2014 with goals to reduce GHG emissions from 
municipal buildings in support of the city’s goal of 
reducing 80% of GHG emissions by 2050 compared 
to 2005 levels. A central component of the Clean 
Energy Program is Solar100, which aims to install 
100 MW of solar photovoltaics electricity generation 
capacity on municipal buildings by 2025. By the end 
of 2016, New York City had completed 53 projects 
with a total of 8.88 MW solar installed capacity on 
municipal buildings, with an average system size of 
168 kW. Th e city has already committed to construct 
another 15 MW capacity at 88 city facilities through 
a large-scale solar power purchase agreement (NYC 
2016a) and continues to actively support the scoping 
of further opportunities. 

In order to determine the total solar potential 
available on municipal buildings, in March 2016, 
Local Law 24 (LL24) was passed to require the 
assessment of the potential of all “solar-ready” 
rooft ops for city-owned buildings 10,000 gross 
square feet and larger. 

To identify and achieve the remaining capacity 
required, New York City has developed strategies to 
explore solar potential beyond rooft ops and renovate 
roofs to make them solar ready. Th ese strategies 
include (NYC 2016b):

1. Grow large-scale non-rooft op solar across 
municipal assets, such as building solar parking 
canopies on city-owned parking lots, identifying 
solar opportunities at the city’s wastewater 
treatment plants, demonstrating emerging 
solar technologies (e.g., building-integrated 
photovoltaics), and testing solar PV projects on 
open municipal grounds (e.g., brownfi elds).

2. Facilitate community solar and other distributed 
generation projects using city assets. For 
example, the city can purchase the electricity 
produced by solar photovoltaic systems for 
community shared solar programs, or the 
city can host photovoltaic systems on its own 
rooft ops, vacant land, and parking lots for those 
who purchase electricity generated through 
community-shared solar programs.

3. Accelerate rooft op repair and replacements for 
solar installations across municipal buildings. 
Some non-solar-ready roofs with plentiful roof 
space have been identifi ed, where solar projects 
would make the renovation and replacement 
of these roofs more cost eff ective. By the end of 
2016, 48 buildings had been identifi ed that could 
be prioritized for renovation and replacement to 
host 20 MW of solar photovoltaic systems.

4. Implement multiple contract mechanisms 
to ensure economically viable project 
implementation. Current mechanisms include 
capital contracts with city agencies, which help 
ensure robust capital and achieve savings in 
energy costs, and third-party ownership models 
(e.g., power purchase agreements), which help 
avoid up-front capital investments and achieve 
economies of scale.

5. Integrate solar photovoltaic and energy storage 
systems to improve the city’s power resiliency. 
New York City has demonstrated solar and 
energy storage systems at fi rehouses, libraries, 
and other critical municipal facilities to improve 
the power system resiliency and help tackle the 
increasing risk of extreme weather events. 
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3.2.9 Washington, DC—Clean Energy 3.2.9 Washington, DC—Clean Energy 

DC PlanDC Plan

Washington, DC, developed its Clean Energy DC 
plan in 2016, which lays out 55 actions in across the 
building, energy supply, and transportation sectors, 
to help DC achieve 50% GHG emissions reductions 
by 2032 and 80% by 2050, compared to 2006 levels. 
Th e Clean Energy DC plan is currently under public 
review and comment. Among the 55 actions, some 
are related to renewable-energy applications in 
buildings (Washington DC Government 2016).

1. Update building codes to include solar and 
renewable energy generation requirements

Current building codes in Washington, DC, 
do not have fi rm requirements for building-
integrated renewable energy generation. Th rough 
the city’s existing Green Construction Code, 
developers for selected building types need to 
incorporate a minimum number of projects from 
a list of sustainable options, only three of which 
relate to renewable energy installations—few of 
such projects have been completed.

As a result, the Clean Energy DC plans to 
update building codes to require new buildings 
to incorporate renewable energy generating 
systems, including community-scale energy 
systems. Th is requirement will not only apply 
to new buildings, but also apply to existing 
buildings that undergo major repairs and 
retrofi ts. Clean Energy DC also proposes to 
update codes to set requirements for building 
energy consumption from on-site renewable 
energy generation to cover a certain percentage 
of building energy consumption. 

2. Conduct studies on building thermal system 
decarbonization.

Energy consumption for space heating and 
cooling and hot water are oft en the largest 
sources of energy consumption in buildings, 
with natural gas and fuel oil accounting for about 
43% of total building energy use in 2013. Th is, 
therefore, represents a signifi cant challenge to 
Washington, DC, meeting its GHG emission 
reduction goals. As such, the city plans to 
undertake systematic research to review the 
feasibility for scaling low-carbon alternatives for 
thermal systems in buildings including electricity 
switching, biofuels, low-carbon distributed 

energy systems, and associated building 
equipment such as baseboard heaters, heat 
pumps, and hydronic systems.

3.2.10 London—Mayor’s Solar Action 3.2.10 London—Mayor’s Solar Action 

PlanPlan

In June 2018 Mayor Sadiq Khan published the Solar 
Action Plan with the goal of installing one GW of 
solar capacity by 2030 and 2 GW by 2050. 

In 2017, solar photovoltaic capacity in London was 
approximately 108 MW, representing 0.2% of total 
electricity demand. Some key barriers to installing 
solar photovoltaics in London include relatively 
high up-front capital costs (typically around 
£4,000—£6,000 for a family home), uncertainty in 
national policy on fi nancial support for solar energy 
technologies, relatively high rental rates for both 
commercial and residential buildings, and a large 
number of fl ats where reaching agreements among all 
stakeholders for retrofi ts can be diffi  cult.

In the Solar Action Plan, the following actions were 
proposed to help deliver an additional 100 MW of 
solar energy generation to London by 2020: 

1. Maximize solar installations on Greater London 
Authority group properties, including buildings 
and land

2. Encourage solar installations through regional 
strategic development plans 

3. Help people retrofi t solar technologies on 
their homes and workplaces through Mayoral 
programmes and funding

4. Support informed decision making on solar 
investments

5. Develop a policy framework to uncover London’s 
solar energy potential.

Th e Solar Together London program, for example, 
is a pilot project launched in March 2018 to help 
bring down the cost of solar installations by 
aggregating buyer demand. Multiple customers can 
state their intention to purchase solar panels and 
then aggregate their demand together to become a 
single buyer. Sellers then compete to provide high-
quality solar panels to the aggregated buyers (London 
Government, 2018). 
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3.2.11 Boston and Massachusett s—3.2.11 Boston and Massachusett s—

Clean Energy ProgramsClean Energy Programs

As part of its ambitious climate action goals, Boston 
has adopted a series of incentives and programs 
under the Massachusetts Clean Energy Programs.

Clean Heating and Cooling ProgramsClean Heating and Cooling Programs

Massachusetts Clean Energy Center (MassCEC) has 
a variety of clean heating and cooling programs to 
off er rebates for installation of renewable heating, hot 
water, and cooling technologies in buildings across 
the state. Supported technologies include air-source 
heat pumps, ground-source heat pumps, and solar 
hot water. MassCEC has committed to invest $48 
million to support these technologies in buildings 
over 5 years through 2020. 

Air-Source Heat PumpsAir-Source Heat Pumps

In many cases, air-source heat pumps now represent 
cost-eff ective and energy-effi  cient systems for 
heating, cooling, and water heating in residential 
and commercial buildings, even in cold climate 
areas. Th ey consume electricity and use outdoor air 
temperatures to heat or cool buildings. air-source 
heat pumps can be installed as central units or split 
units. For central units, they can heat and cool whole 
buildings and also heat water using heat distribution 
systems in buildings. For split units, they can provide 
heating and cooling to a single room or unit in a 
building. MassCEC grants and rebates, along with 
a couple of other existing incentives, are available 
to support the installation of air-source heat pump 
systems in buildings.

Table 3.2 Air source heat pump incentives provided by MassCECTable 3.2 Air source heat pump incentives provided by MassCEC

Incentive Sector Amount

Mass Save 0 Percent Interest Heat Loan Residential 0% for 7 years; up to $25,000

Mass Save Heat Pump Rebate Residential Up to $300 per indoor head

MassCEC Rebate Residential Up to $2,500

Alternate Energy Credits Residential and Commercial Varies

Mass Save Custom Measures Commercial Up to 50% of incremental costs

MassCEC Grant Commercial Up to $250,000

Ground-Source Heat PumpsGround-Source Heat Pumps

Ground-source heat pumps use underground 
temperatures to heat or cool buildings. Th ey are 
typically the most effi  cient type of heat pump, 
which can provide the same amount of heat with 
65%—80% less electricity use than traditional electric 
heating. Generally, residential ground-source heat 
pump projects cost about $9,000 per heating ton. 
To compensate for the substantial installation costs, 
Massachusetts has developed a series of incentives for 
installing ground-source heat pumps in buildings.
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Table 3.3 Ground source heat pump incentives provided by MassCECTable 3.3 Ground source heat pump incentives provided by MassCEC

Incentive Sector Amount

Investment Tax Credit Residential and Commercial 30% of system costs

Mass Save HEAT Loan Residential 10% of system costs

MassCEC Rebate Residential 0% for 7 years; up to $25,000

Alternate Energy Credits Residential and Commercial Up to $10,000

Mass Sales Tax Exemption Residential and Commercial Varies

MassCEC Grant Commercial 6.25%

Solar hot waterSolar hot water

Ground-source heat pumps use underground 
temperatures to heat or cool buildings. Th ey are 
typically the most effi  cient type of heat pump, 
which can provide the same amount of heat with 
65%—80% less electricity use than traditional electric 
heating. Generally, residential ground-source heat 
pump projects cost about $9,000 per heating ton. 
To compensate for the substantial installation costs, 
Massachusetts has developed a series of incentives for 
installing ground-source heat pumps in buildings.

Residential

• Mass Save 0 Percent Interest HEAT Loans 

• Massachusetts Renewable Energy Equipment 
Sales Tax Exemptions

• Massachusetts Residential Renewable Energy 
Income Tax Credits

• Federal 30 Percent Residential Renewable Energy 
Tax Credit 

• Alternative Energy Credits

• MassCEC Solar Hot Water Rebates

Commercial Modifi ed Accelerated Cost-Recovery 

System

• Mass Save Custom Measures 

• Alternative Energy Credits

• MassCEC Solar Hot Water Rebates.

Th e State of Massachusetts also has a HeatSmart 
Mass pilot program to encourage clean heating and 
cooling (i.e., air-source heat pumps, ground-source 
heat pumps, modern wood heating, and solar hot 
water) in residential buildings. Th e program aims 
to help reduce installation costs and accelerate 
residential and small-scale commercial clean heating 
and cooling installations through group purchasing 
models (Massachusetts Clean Energy Center, a). 

Solar electric systems

To encourage the installation of solar electric 
systems, Massachusetts provides solar loans to 
residential customers, off ers solar advisor services for 
commercial customers, and has developed a Solarize 
Mass program for both residential and commercial 
customers. 

Mass Solar Loan

Th e Mass Solar Loan program is available for 
homeowners and residents to obtain low-interest, 
fi xed-term loans to install solar electricity systems 
for their homes. Generally, loans are between $3,000 
and $35,000 with 10-year fi xed-rates. Th e interest 
rate is capped at a maximum of 7.75% for customers 
with a moderate income or above and 6.25% for low-
income customers. 
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Commercial solar advisor service

Massachusetts provides commercial customers 
with cost-free advisory services as part of a suite of 
informational tools and resources to promote on-
site solar electricity. Th e advisory service includes 
answering general questions, assessing initial 
feasibility, providing guidance on procurement and 
installer selection, and providing technical assistance 
relating to solar photovoltaic and energy storage 
systems (Massachusetts Clean Energy Center, b). 

Solarize Mass

Th e Solarize Mass program aims to deploy solar 
panels in residential buildings. Th e program 
aggregates homeowners and business owners 
to purchase solar electricity systems directly or 
enter into a lease or power purchase agreement 
(Massachusetts Clean Energy Center, c). Since its 
launch in 2011, the Solarize Mass program has 
resulted in 22.3 MW of solar capacity covering 3,300 
customers in 72 communities (Massachusetts Clean 
Energy Center, d) with a specifi c Solarize Boston 
program as part of these eff orts. To supplement the 
Solarize Mass program, a Solarize Mass Plus program 
was piloted in 2017 to include solar photovoltaics 
plus solar hot water and solar photovoltaics plus air-
source heat pumps. Th e pilot program has resulted in 
37 contracts (Massachusetts Clean Energy Center, e).

3.2.12 San Francisco—Rooftop 3.2.12 San Francisco—Rooftop 

Photovoltaics and Solar Plus Storage Photovoltaics and Solar Plus Storage 

ProgramProgram

Rooft ops represent about 30% of land area in San 
Francisco. To utilize these untapped resources, 
San Francisco started to mandate that most new 
constructions must incorporate solar and/or living 
roofs beginning in 2017, which was the fi rst policy 
of its kind for a US city. Solar applications on roofs 
include solar photovoltaics and solar water heating 
systems. Living roofs are rooft ops that integrate 
plants and soils. Typically, living roofs include 
waterproof membranes, root barriers, drainage 
layers, soil media, plants, and irrigation systems. 
Cost-benefi t analysis in San Francisco has shown that 
living roofs provide net fi nancial benefi ts through 
added real estate value, avoided storm water, and 
energy savings (City and County of San Francisco, 
2017).

In order to utilize vital renewable-energy resources 
during extreme events and power outages, San 
Francisco has explored the feasibility of solar plus 
storage installations. Supported by funding from 
the US DOE’s SunShot Initiative through the 
Solar Market Pathways Program, San Francisco 
has developed a 3-year Solar Plus Storage for 
Resiliency project. Th e project aims to accelerate 
the deployment of solar photovoltaics and serves as 
a national model for integrating photovoltaics and 
energy storage to enhance energy security during 
emergency events.

Th e San Francisco Department of the Environment 
is the project lead, with technical support and 
expertise from ARUP and Celtic Energy and 
Strategic Consulting, and additional research support 
and dissemination coming from US DOE’s national 
laboratories (e.g., Lawrence Berkeley National 
Laboratory), utility companies (e.g., Pacifi c Gas 
& Electric), county and city government entities 
(e.g., San Francisco Department of Emergency 
Management), and non-profi t organizations (e.g., 
Clean Coalition).

With grant funding, the San Francisco Department 
of the Environment has examined the potential 
benefi ts of solar plus storage for both individual and 
groups of buildings during large-scale disaster events, 
developed an approach to utilizing existing solar 
systems during outages, and developed an emergency 
load assessment tool and a plan for other cities to 
replicate.
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Th e assessment tool, SolarResilient.org, was released 
in early 2017. It is a free, online calculator to help 
building owners, energy professionals, and city 
departments estimate the battery sizes needed to 
run critical loads during emergencies. A Project 
Roadmap and Best Practice Guide was disseminated 
in November 2017, both of which provide resources 
and information for other cities to use in the 
developing strategies for solar plus storage (SF 
Environment, 2017).

3.3 Next steps and 3.3 Next steps and 
recommendationsrecommendations

To continue a strong record in the promotion of 
building-integrated renewable installations, further 
specifi c requirements, guidance, and mandates will 
help Fuzhou to scale the impact of the city’s policies 
and projects. 

Requirements and mandates can provide concrete 
targets and timelines for the amount of renewable 
energy installations (e.g., Barcelona Solar Th ermal 
Ordinance). Guidance and support is an eff ective 
way for end users and purchasers to learn from 
best practice and demonstration projects and 
thus mitigates technical and market barriers for 
technology adoption. In cities around the world, 
fi nancial incentives in the form of loans, grants, tax 
rebates, or direct investments, funded by government 
(e.g., Massachusetts’ multiple program in solar 
thermal, solar photovoltaics, and air- / ground-
source heat pumps), also play an important role in 
fostering building-level renewable energy generation. 
Such fi nancial incentives combined with innovative 
business models will likely continue to play a 
similarly important role in Fuzhou. 

Free technical advisory support services, online tools, 
and guidebooks have also been demonstrated to 
play a vital role in educating buyers about renewable 
energy in buildings—giving them the confi dence to 
make informed decisions based on expert opinion.

Th e development and agreement of long-term 
renewable energy development targets in cities 
around the world is also an increasingly strong 
tendency in city policy making. Such targets can set 
the vision and raise ambitions, allowing policymakers 
to design feasible and innovative pathways that 
encourage dynamic thinking to solve existing 
challenges.

Th is has been shown in city governments that 
are now developing comprehensive clean energy 
plans, which represent a combination of policies 
and programs designed to help achieve GHG-
reduction targets. It is common in these plans for 
a city to outline the importance of committing 
resources to estimate the solar potential of buildings 
and, subsequently, set specifi c targets for solar 
development. 

All this underlines the importance of general 
guidance for using renewable energy in buildings. By 
incorporating building renewable energy applications 
into the strategic development of the city, Fuzhou 
can plan to provide a roadmap for renewable energy 
development, sending a clear signal to society and 
the market on the policy certainty of building-level 
renewable energy development.
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4. Qingdao
Residential building retrofi ts - city practices, ambitions, and 

international case study inspiration

China’s existing residential building stock covers 
20 billion m2, with 2 billion m2 of this located in 
North China and linked to district heating systems. 
Previous government research has earmarked 
approximately 1.5 billion m2 of these residential 
buildings in North China as priorities for heating 
retrofi ts (MoHURD 2017). Indeed, heating North 
China’s urban residential buildings has historically 
taken up a disproportionately large amount of 
the nation’s energy consumption, representing 
approximately 21% of total energy consumption and 
25% of CO2 emissions in China’s building sector in 
2016 (Tsinghua University, 2018). It has been further 
estimated that, across the urban residential building 
sector, annual heating energy waste due to ineffi  cient 
district heating systems and a lack of thermal 
integrity in buildings accounts for approximately 
18 mtce—equal to 7 billion RMB and emitting an 
additional 520,000 tons of unnecessary CO2 per year 
(China Energy Net, 2016).

To address this problem, China issued heating 
retrofi t policies for buildings from the 11th Five-Year 
Plan (2006-2010), with a focus on building thermal 
integrity improvements, heating pricing reform, 
and district heating system upgrades. By the end 
of the 12th Five-Year Plan (2011-2015), China had 
retrofi tted 990 million m2 of the existing residential 
building stock it had prioritized for heating effi  ciency 
upgrades. Th e Chinese government has targeted the 
completion of priority existing residential building 
retrofi ts by the end of the 13th Five-Year Plan, 
meaning that an additional 500 million m2 of urban 
residential buildings must be retrofi tted by the end of 
2020.

Qingdao, in Shandong, is an important harbor city 
located in China’s Cold Climate Zone, with a total 
population of 9.3 million (2017) and per capita 
GDP of 119,357 RMB. Similar to Beijing, most 
buildings in Qingdao are connected to the municipal 
district heating network, for which coal is the most 
commonly used fuel.

As heating is the main energy consumption 
requirement for buildings, the local government 
has focused on improving the thermal integrity of 
the city’s buildings, especial for ineffi  cient existing 
building stock. As such, Qingdao participates in 
MoHURD’s existing building retrofi t pilot city 
program.

QingdaoQingdao
Demographics:Demographics:  
Population:Population:

9.299.29 million (2016)million (2016)

Per capita GDP:Per capita GDP:

102,519102,519 RMB (2015) RMB (2015)

Per capita living fl oor area:Per capita living fl oor area:

31.531.5 m m2 (2015) (2015)

Per capita energy use:Per capita energy use:

11551155 kg coal equivalent (2015) kg coal equivalent (2015)

Climate Zone:Climate Zone:

ColdCold Climate ZoneClimate Zone
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Th e 12th Five-Year Plan reported that Qingdao 
retrofi tted 7.8 million m2 of existing residential 
building stock, saving 28,000 tce in energy and 
75,000 tons of CO2 emissions in 5 years (average 
annual savings of 5,600 tce and 15,000 tons of CO2 
emissions). Th e 13th Five-Year Plan outlines the 
city’s plans to retrofi t at least a further 10 million 
m2 of residential buildings, achieving 40% energy-
effi  ciency improvements, saving at least 34,000 tce in 
energy, and reducing CO2 emission by at least 92,000 
tons over 5 years (average annual savings of 6,800 tce 
and 18,400 tons of CO2 emissions).

4.1 Existing residential building 4.1 Existing residential building 
upgrades in Qingdaoupgrades in Qingdao

4.1.1 Background4.1.1 Background

In 2016, the government of Qingdao reaffi  rmed 
existing residential building energy-effi  ciency 
improvements as a central policy priority. Residential 
building energy-effi  ciency improvement measures 
have commonly included adding additional 
insulation on building envelopes, upgrading thermal 
performance, and raising indoor environmental 
comfort levels. 

Th e government of Qingdao has therefore 
incorporated residential building upgrade as an 
important step in the city’s ambitions to achieve the 
Building Energy-Effi  ciency and Green Building Tasks 
in the 13th Five-Year Plan. By realizing these policy 
ambitions, Qingdao aims to showcase their national 
leadership in residential building energy effi  ciency by 
2020. 

Between 2016 and the middle of 2018, Qingdao 
retrofi tted 11.3 million m2 of existing residential 
buildings, thereby upgrading approximately 136,000 
resident apartments, saving 56,500 tce of heating 
energy, and reducing 150,000 tons of CO2 emissions. 
Th ese existing buildings were oft en characterized as 
having poor envelopes and air-tightness with retrofi ts 
delivering signifi cantly improved indoor thermal 
comfort. Based on Qingdao’s past experience, it has 
commonly been found that indoor temperatures 
have been raised by 3-5 °C in the winter following 
retrofi t, whilst reducing 40% of heating energy 
use—approximately 0.2 to 0.25 GJ per m2 per year. 
Effi  ciency improvements in district heating have also 
provided signifi cant co-benefi ts to environmental 
air quality and public health. For example, in Beijing 

it is found that district heating emits about 60% of 
city NOx—an important pollutant in the formation 
of particulate matter (Tsinghua University, 2018). 
Th e energy saving and environmental health benefi ts 
available make residential retrofi ts an attractive 
opportunity for those Chinese cities developing 
detailed policies to upgrade building heating 
effi  ciency. 

4.1.2 Qingdao’s residential building 4.1.2 Qingdao’s residential building 

retrofi t—targets and processesretrofi t—targets and processes

Starting with the 12th Five-Year Plan, Qingdao 
established a series of policies to encourage 
residential building retrofi t. Th e policies featured 
strong government subsidies to provide incentives for 
building envelope retrofi ts as well as the installation 
of heat meters and thermostat controls. Th e city 
authorities have continually sought to refi ne existing 
residential building retrofi t policies by learning from 
previous policy experience. 

Residential building retrofi t policy targets Residential building retrofi t policy targets 

From 2018 to 2020 the Qingdao government plans 
to retrofi t an additional 15 million m2 of residential 
buildings, covering approximately 180,000 residential 
apartments. It is planed that this retrofi t policy 
project will save 75,000 tce of energy annually and 
approximately 200,000 tons of CO2 emissions. 
Including the 11.3 million m2 of retrofi ts that 
took place between 2016 and 2018, Qingdao will 
signifi cantly over-achieve its 13th Five-Year Plan 
retrofi t targets.

Prioritizing existing buildingsPrioritizing existing buildings

In the context of multifamily retrofi ts in 
Qingdao, the current policy focus is to address 
existing buildings built before the enactment 
of energy-effi  ciency standards in the 1990s. 
Such buildings are oft en characterized by poor 
thermal insulation and air-tightness; the city’s 
existing building retrofi t policy most oft en 
targets those buildings constructed without 
energy standards.
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Overall retrofi t process—from government Overall retrofi t process—from government 
direction to market led direction to market led 

During the 12th Five-Year Plan, 7.85 million m2 
of existing residential buildings were retrofi tted in 
Qingdao, mainly subsidized and managed by the 
government. Th e subsidy was paid as an up-front 
installment to a retrofi t implementation company, 
once an appropriate project has been identifi ed. 
For heat metering retrofi ts, the central government 
provided 18 RMB/m2 in addition to local government 
contributing 4—10 RMB/m2. For comprehensive 
retrofi ts, including both building envelope and 
heat metering, central government provided 45 
RMB/m2 whilst local government contributed 
255 RMB/m2. As government subsidies therefore 
covered the majority of retrofi t costs, including 
envelope insulation, heat metering, and thermostats, 
local residents rarely needed to pay retrofi t costs 
themselves if window retrofi ts were not desired.

Heating retrofi t measures in ChinaHeating retrofi t measures in China

In China, “comprehensive heating retrofi t” oft en 
refers to heat plant effi  ciency upgrades (e.g., 
boiler system upgrade), heating supply pipeline 
effi  ciency improvements, and integrated building 
energy effi  ciency measures. In residential 
buildings, the retrofi t measures most oft en 
undertaken include: 1) adding building envelope 
insulation and improving thermal integrity; 
2) replacing windows and doors for better 
insulation and air-tightness; 3) adding heat 
meters and thermostatic control.

City governments and responsibilitiesCity governments and responsibilities

A Chinese city usually has a municipal 
government, several district-level governments, 
and street-level governments. Retrofi t policies 
developed by a city-level government will 
therefore be sent to district governments for 
implementation. A district government will 
subsequently rely on street-level governments 
to work with building residents and homeowner 
associations (HOAs) to select suitable projects 
based on building characteristics and resident 
engagement.

During the 12th Five-Year Plan, challenges were 
found in Qingdao when implementing residential 
retrofi t policies. Th e government’s subsidy-oriented 
model potentially constrained the promotion of 
retrofi ts more broadly within the city, given the 
inherent reliance on limited government funding. 
Whilst retrofi t projects were fi nanced and rapidly 
implemented in three major urban districts, 
suburban districts didn’t receive central government 
incentives in the 12th Five-Year Plan—meaning that 
some suburban districts, due to the lack of fi nancial 
incentives, didn’t implement any residential retrofi t 
projects during the 12th Five-Year Plan.

The role of HOAs in multifamily The role of HOAs in multifamily 
apartment buildingsapartment buildings

HOAs help residents manage multifamily 
apartment buildings and carry out basic 
maintenance for building operations. Residents 
pay HOA fees on a monthly basis (approximately 
1 RMB per m2 of their apartment fl oor space per 
month). For buildings without elevators and/or 
a public entrance (reducing security needs), the 
HOA fee could be less. Th e HOA fee is mainly 
used for the upkeep and cleaning of public areas 
and garbage collection, security staff , public 
space landscaping, lighting, and the salaries of 
facility management staff . As the HOA fee is 
very small, it is diffi  cult to use HOA funds for 
large-scale maintenance work such as building 
envelope and roofi ng retrofi ts. 

In order to address the policy challenges identifi ed 
in the 12th Five-Year Plan, Qingdao has set 
the ambition of moving away from a reliance 
on government subsidy-driven retrofi t models 
towards a mixed subsidy model with wider private 
participation. Th e government, therefore, intends to 
switch from up-front retrofi t payments to providing 
an assessed retrofi t subsidy at project completion. 
Th e policy encourages ESCOs and district heating 
supply companies to work in partnership with 
local residents and HOAs to identify projects and 
implement retrofi ts. Financial incentives are provided 
by central government, municipal government, and 
district government at a ratio of 1:1:1. Th e maximum 
central government subsidy is 45 RMB/m2, which is 
matched by municipal and district governments.
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In other words, the maximum government subsidy 
a project can receive is 135 RMB/m2. Th is reduction 
in government subsidy from the 12th Five-Year Plan 
to the 13th Five-Year Plan aims to utilize limited 
funding to promote retrofi ts across more districts 
and a greater fl oor space of building stock. Th e target 
is to improve government spending effi  ciency and 
reduce government subsidy as a share in overall 
retrofi t expenses. 

Gathering consensus on retrofi t decision Gathering consensus on retrofi t decision 
makingmaking

A challenge for multifamily apartment building 
retrofi t projects is that a building’s residents 
need to reach consensus. Th is decision-making 
process usually takes considerable eff ort as 
individual apartment owners may have diff erent 
opinions regarding the retrofi t of their own 
apartments. Th e approach in Qingdao is to 
encourage building residents and HOAs to 
work together with street-level governments to 
discuss diff erent retrofi t plans and the investment 
residents would need to pay by themselves. 
Should a plan get more than 2/3 of building 
residents’ approval, then a retrofi t consensus is 
deemed to have been made and the retrofi t plan 
can be implemented by the appropriate ESCOs.

In Qingdao, ESCOs and district heating supply 
companies have been identifi ed as the implementation 
entities for residential retrofi ts. Residents and HOAs 
can work with their district heating companies to 
fi nd a suitable and competent ESCO to conduct a 
retrofi t project. HOAs may also work with street-level 
governments to screen ESCOs based on the project 
plan, cost, and prior experience.

Heating supply companies are also encouraged to 
implement retrofi t work to reduce waste heat in 
buildings, save operational costs, and improve heating 
plant effi  ciency. 

 

ESCOs in ChinaESCOs in China

Energy performance contracting (EPC) is a 
relatively new business model in China. It 
requires ESCOs to work with building owners, 
fi nancing institutes, and government to identify 
energysavings opportunities, acquire fi nancing 
for up-front costs, and develop business models 
that split energy savings among stakeholders. 
ESCOs began projects in China in early 
2000s, initially focused on industrial-sector 
energy effi  ciency. ESCOs soon moved into the 
building sector and developed shared savings 
EPC models, which are now commonly used 
in China. ESCOs in China mainly operate in 
the commercial buildings sector and some in 
residential sector, with fewer involved in the 
public building sector. Large-size ESCOs usually 
have the capacity to undertake fi nancing and 
project implementation themselves. However, 
small and medium size ESCOs may not have 
the capacity to fully implement a project 
and may rely on outsourcing some work to 
subcontractors. Studies have shown that many 
barriers need to be addressed in China’s ESCO 
market, including fi nancing for small and 
medium size ESCOs, innovative business models, 
engaging building owners, and measurement and 
verifi cation (Ge, et al. 2017).
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District heating tariff s and meteringDistrict heating tariff s and metering

District heating in Qingdao is typically 
operational over a 4-month period, from mid-
November to mid-March. Municipal district 
heating in China is managed by heating supply 
companies who typically charge a fi xed 30 RMB/
m2/year fee to residents. Existing buildings built 
in the 1980s and early 1990s don’t have heating 
meters and thermostats. Occupants cannot adjust 
the indoor temperature. Should one apartment 
become too hot, residents oft en open windows 
during the winter months. To encourage end 
users to conserve heating energy, heating retrofi ts 
oft en include the installation of thermostats and 
modulation heating water valves for apartments. 
As a result, the government has changed the 
heating tariff  from a fi xed structure to a mixed 
tariff  structure: 30% fi xed base tariff  plus a 70% 
usage tariff . Th e new tariff  structure encourages 
basic energy conservation behaviors such as not 
leaving windows open and turning off  the heat 
when an apartment is left  unoccupied.

Retrofi t incentives Retrofi t incentives 

Th e new subsidy structure provided by diff erent 
levels of government, discussed above, will cover 
most building envelope insulation and heat metering 
retrofi t measures. Window and door retrofi ts are 
no longer covered by government subsidies in the 
new policy formulation; residents will need to cover 
these costs themselves. Should a project’s retrofi t 
costs exceed the amount of subsidy the government 
will provide, the project implementation company 
will therefore need to work with local residents and 
HOAs to come to a fi nancing agreement. Usually, a 
project implementation company will disclose the 
amount of subsidy it can receive from government 
and provide detailed costing to calculate the extra 
amount residents would need to cover. 

As government incentives will only be provided at 
the project completion stage, project implementation 
companies need to have suffi  cient funds to pay the 
up-front costs themselves. ESCOs may be able to 
fi nance project costs through fi nancial institutions. 
ESCOs with a proven track record of delivering 
successful retrofi t projects and favored by local 
government will have better access to credit and 
fi nancing support. However, fi nancing ESCOs is still 
uncommon in Qingdao’s residential retrofi t sector 
due to a number of challenges. 

Financing ESCOsFinancing ESCOs

Financing ESCOs is an emerging and challenging 
issue in China’s building energy-effi  ciency 
market. China doesn’t have a developed fi nancial 
credit system for such projects, with banks 
struggling to assess the risk for fi nancing retrofi t 
companies, especially small- and mid-sized 
ESCOs. In order for ESCOs to acquire fi nancing, 
a local governments may need to work with 
banks to endorse an ESCO based on their past 
experience and outline the incentives they will 
provide to the ESCO. Ge, et al (2017) has further 
details about barriers to fi nancing ESCOs.

In addition to the incentives that companies receive 
from governments at the project completion stage, 
another performance incentive fund has been 
established to reward actual building energy-
effi  ciency performance in the 5-year period aft er 
retrofi t completion. Should a building’s energy 
performance reach an average energy saving target 
of 0.2—0.25 GJ/m2 in the 5-year period following the 
original building retrofi t, the project implementation 
company will receive an additional 10—15 RMB/m2 
per year. Th is bonus incentive is calculated based on 
the cost reduction from heating energy savings. Th at 
is to say that the Qingdao government redistributes 
operational cost savings from district heating to the 
project implementation company, so as to provide 
additional incentives to meet retrofi t performance 
targets.
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Project inspection and performance Project inspection and performance 
verifi cationverifi cation

In order to ensure that a retrofi t project meets 
the intended design standards and associated 
energy-effi  ciency improvement targets, third-
party inspection is always required during a 
retrofi t’s design, construction, and completion 
stages. Similar to new construction projects, 
third-party inspection oft en includes drawing 
review, construction material inspection, 
construction site inspection, and a project 
completion inspection. Th ird-party inspection 
reports are compiled and submitted to the local 
government for further review. For the post-
occupation operation performance verifi cation, 
a third-party measurement and verifi cation 
company is employed to continually measure 
a building’s district heating energy use and to 
verify that it achieves government savings targets. 
Common inspection methods include drawing 
review in design stage, material sample property 
testing in construction stage, and metering and 
air-tightness testing at project completion.

Summary of Qingdao’s current practicesSummary of Qingdao’s current practices 

In the context of multifamily retrofi ts in Qingdao, the 
current policy focus is to address existing buildings 
built before the enactment of energy-effi  ciency 
standards in the 1990s. Such buildings are oft en 
characterized by poor thermal insulation and air-
tightness. Existing policy practices have focused 
on government subsidy-driven retrofi t models for 
residential buildings. New policy making will move 
away from up-front subsidy payments towards 
reduced subsidy payments on completion, with 
operational performance-based bonus incentives.

However, signifi cant research is still needed to realize 
Qingdao’s new policy ambitions for residential 
retrofi ts and to foster successful market-oriented 
mechanisms so as to move away from an over-
reliance on government subsidies. Indeed, in order to 
sustainably scale building retrofi t activity in China, 
local governments will need to gradually decrease 
subsidies whilst nurturing the emergence of healthy 
private capital funded retrofi t markets. 

4.1.3 C40 China Buildings Programme 4.1.3 C40 China Buildings Programme 

and policy development in Qingdaoand policy development in Qingdao

In partnership with the project management 
role of the Center of Science and Technology of 
Industrialization Development (CSTID), Yunfeng 
Zhao, director and senior engineer at the Qingdao 
Building Retrofi t Offi  ce, will act as the guiding 
technical offi  cer for Qingdao as part of the C40 
CBP. Ms. Huan Liu, from the same offi  ce, will 
support Director Zhao on project coordination and 
implementation.

Having managed several national and provincial 
research projects across diff erent building sectors, 
Mr. Zhao is highly experienced in building energy-
effi  ciency retrofi t policy development and fi nancing. 
Mr. Zhao and Ms. Liu will manage Qingdao’s 
engagement and participation in the C40 CPB, 
including the development of a kickoff  report, 
participating in policy workshops and meetings, 
organising technical tours, and compiling research 
reports. Based on the challenges outlined above, 
Qingdao has identifi ed the following priority 
research areas for the C40 CBP:

Learning from international experience of and 
best practices for residential building retrofi ts

Around the world, many C40 cities have extensive 
experience in implementing residential building 
energy-effi  ciency retrofi ts. Cities in cold climate 
zones will likely face many of the same challenges as 
Qingdao in reducing existing building heating energy 
use in winter. By gathering experiences and best 
practice examples from international cites, including 
those related to both technologies and business/
fi nancing models, Qingdao hopes to gain valuable 
lessons in scaling their residential retrofi t policy 
ambitions, as well as to understand the trajectory of 
ambition for such city-level policy making around 
the world. 
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Technologies and solutions for high-
performance residential building retrofi ts

Heating retrofi ts in Qingdao oft en focus on 
building envelope measures, such as insulation 
materials, high-performance windows, air-barriers 
for improved tightness, and heat metering and 
thermostatic control. Learning from the experience 
of international cities, Qingdao hopes to fi nd the 
most suitable solutions with sound techno-economic 
performance, so as to inform a technical pathway 
to guide the development of its 13th Five-Year Plan 
retrofi ts.

Market-oriented mechanism to fi nance building 
retrofi ts in combination with government 
subsidies

As has been described, Qingdao’s existing residential 
building retrofi t work has largely been supported 
by central and local government fi nancial subsidies. 
It is now a major priority of the city government 
to foster fi nancial mechanisms that can better 
utilize government fi nancial incentives and begin 
a transition away from government-driven retrofi t 
models towards market and business-led building 
retrofi ts. Central to this challenge will be nurturing 
relationships between government, ESCOs, 
residential stakeholders, and the banking sector, 
so as to dramatically increase capital fl ows into 
the building retrofi t market, overcome the capital 
constraints, and mitigate fi nancing risks within the 
subsidy building retrofi t model—an action that has 
been identifi ed as crucial to fi lling the fi nancing gap 
that exists in reaching China’s 13th Five-Year Plan 
green building ambitions (Mo, 2017). 

Explore business models that link energy 
performance with government incentives 

Previously, building retrofi t incentives have been 
provided up front without considering a project’s 
true energy performance outcomes. Combining 
post-occupation building energy performance 
analysis with government bonus incentives is now 
seen as a crucial method to provide incentives 
for stakeholders to achieve real-world outcomes. 
Research and development in this area of ensuring 
performance-based retrofi t outcomes will help raise 
the sophistication and impact of retrofi t policy 
making in Qingdao. 

4.2 Residential building retrofi ts—4.2 Residential building retrofi ts—
international experienceinternational experience

4.2.1 US federal policies4.2.1 US federal policies

In the United States, residential buildings consumed 
719 million tce (20% of the nation’s total energy use) 
in 2017 (US Energy Information Administration 
, 2018a), contributing 956 million tons of CO2 
emission (19% of the nation’s total CO2 emissions) 
(US Energy Information Administration, 2018b). 
It has been estimated that approximately 79% of 
residential building fl oor space in the United States, 
representing 17 billion square meters (~188 billion 
square feet), belongs to buildings that are older than 
20 years (US Energy Information Administration, 
2018). Addressing the energy effi  ciency of existing 
building stock is, therefore, vital in managing US 
energy demand. With more than 80% of the US 
population in cities, cities are the fulcrum of policy-
making with regards to residential building retrofi ts.

Residential buildings in China are perhaps most 
similar to the types of multifamily residential 
buildings common in US cities, as Chinese 
residential homes are rarely single-family homes. 
Multi-family apartment buildings in the United 
States have signifi cant energy-effi  ciency improvement 
potential, and multifamily energy-effi  ciency upgrade 
programs are directed at the federal, state, and 
city levels, with utilities oft en acting as the key 
implementers. According to studies by the American 
Council of Energy Effi  ciency Economy (ACEEE), 
comprehensive and cost-eff ective upgrades of 
multifamily residential buildings could improve 
energy effi  ciency by 15%—30% across the nation. 
Th is represents an annual sector-wide saving 
potential of almost $3.4 billion (ACEEE, 2018). To 
help take advantage of these opportunities, between 
2014 and 2017, multifamily energy-effi  ciency 
spending nearly tripled, driven primarily by state and 
city policies, regulations, and funding, implemented 
through local utility energy-effi  ciency programs 
(Samarripas, 2017).
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Figure 4.1. Annual potential savings from multifamily buildings by 
state (ACEEE, 2018)

Th e US DOE provides resources for energy-effi  ciency 
upgrades for low-income multifamily housing 
through the Weatherization Assistance Program. 
Started in 1976 under Title IV of the Energy 
Conservation and Production Act, the program not 
only helped millions of families, but the technologies 
it created helped launch the home performance 
industry (DOE, 2018 a). Th e program currently 
supports 8,500 jobs and provides services to about 
35,000 homes per year. On average, these households 
save $283 USD annually, according to a national 
evaluation of the program. Since 1976, the program 
has helped 7 million families through weatherization 
services. 

Weatherization assistance focuses on improving the 
energy effi  ciency, health performance, and safety 
of homes. Trained professionals will fi rst conduct 
energy assessments using advanced diagnostic 
equipment (such as manometers, infrared cameras, 
and computerized soft ware tools). Th en, home 
energy professionals will identify the most cost-
eff ective measures available and determine if there 
are any health and safety concerns. Specifi cally, 
home energy professionals will inspect each 
house to ensure occupant safety, check indoor air 
quality, combustion safety, and carbon monoxide, 
and identify mode infestations—all indicators of 
energy waste (US DOE, 2018e). Weatherization 
measures may include the cleaning, tuning, repair, or 
replacement of heating and/or cooling systems, the 
installation of insulation on pipes and/or building 
shells, or the performance of heating system safety 
testing.

Retrofi t incentives Retrofi t incentives 

Th e Weatherization Assistance Program is federally 
funded through the US DOE. However, the US 
DOE does not provide services to any individuals; 
individuals need to apply in their local state through 
the local weatherization agency. Th e primary 
eligibility criteria is income, and each state sets 
its own income requirements within the US DOE 
guidelines. For example, in California, to apply 
for the Weatherization Assistance program, an 
individual must be a resident of the state and have an 
annual household income (before taxes) 60% below 
the state median. 

For building residents that do not meet the income 
eligibility requirements, many local energy-
retrofi t organizations have “fee-for-service” arms 
that perform retrofi t work beyond the US DOE’s 
Weatherization Program (DOE, 2018 a). 

Technical assistance and training Technical assistance and training 

Th e quality of the weatherization assistance 
program is underpinned by the quality of the home 
performance industry. Over the past 5 years, the 
weatherization network and private-sector partners 
established the Guidelines for Home Energy 
Professionals (NREL, 2014), including: 

• Standard work specifi cations for home energy 
upgrades 

• Home energy professional certifi cations 

• Accredited energy-effi  ciency programs.

Standard work specifi cations (SWS) have been 
developed for single-family, multifamily, and 
manufactured houses in order to specify the accepted 
industry-approved outcomes: eff ective, durable, and 
safe for weatherization and home energy upgrades. 
Th is is critical to ensure that the quality of program 
projects and provides a common benchmark 
for consumers, fi nancers, and policymakers to 
understand and measure the performance of 
upgrades (US DOE, 2018b). Specifi cally, SWS help 
identify outcomes for energy-effi  ciency measures 
and lists the minimum set of requirements necessary 
to meet a pre-defi ned objective (US DOE, 2018b). 
SWS are jointly developed by the National Renewable 
Energy Laboratory (NREL) and the US DOE’s 
Weatherization Assistance Program, in collaboration 
with industry experts, program administrators, 
heat and safety experts, contractors, and product 
manufacturers.
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Other federal agencies, such as the US 
Environmental Protection Agency, US Department 
of Agriculture, and the US Department of Housing 
and Urban Development also contributed to the 
process. 

Home energy professional certifi cations are 
provided to home energy professionals, who 
have demonstrated their comprehensive 
knowledge and technical profi ciency by passing 
an accredited certifi cation exam. Th ere are four 
types of certifi cation for the four most common 
job classifi cations in the Weatherization Assistance 
Program: energy auditor, retrofi t installer technician, 
crew leader, and quality control inspector. NREL 
worked with industry-nominated volunteers to 
defi ne the general requirements of the certifi cations, 
such as prerequisites, exam structure, practical 
application skills, and re-certifi cation requirements. 

Training programs are established to ensure that 
individuals receive the proper training to conduct 
their work at a level defi ned and accepted by the 
industry. Training programs are accredited based on 
the process of job task analyses (JTAs), with JTAs 
developed for both single-family and multifamily 
homes and each JTA available for the four most 
common job classifi cations in the home upgrade 
category. Training programs and providers use these 
JTAs to develop coursework that can be verifi ed and 
accredited by a third-party organization (such as the 
Interstate Renewable Energy Council).

4.2.2 Residential retrofi t experience at 4.2.2 Residential retrofi t experience at 

the local level in the United Statesthe local level in the United States

Studies have pointed out that, in general, there are 
three types of residential retrofi t programs and levels 
of services for the multifamily sector. Th ese types of 
programs apply to state, utility, or local government 
levels (Johnson, 2013): 

1. Direct Installation of low-cost/no-cost energy-
effi  ciency measures such as lighting, weather 
stripping, and faucet aerators

2. Incentives and rebates for purchasing and 
installing energy-effi  ciency equipment, including 
HVAC systems, appliances, insulation, and water 
heating systems, etc.

3. New construction and comprehensive retrofi t 
whole-building programs, which oft en involve 
additional work beyond energy upgrades. 

Incentives are provided for all cost-eff ective 
energy-effi  ciency measures identifi ed by energy 
audits and modelling (Johnson, 2013).

Certain programs provide higher incentives to low-
income-qualifi ed participants (Johnson, 2013). 

In some city programs, additional measures are used 
to encourage energy use reduction. For example, 
cities in California such as San Francisco and Los 
Angeles are regulated through Assembly Bill 802, 
which mandates building energy use benchmarking 
and public disclosure programs for nonresidential 
and multifamily buildings. By 2019, multifamily 
residential building owners will need to report their 
energy use to the California Energy Commission. 
Th e California Energy Commission is currently 
working with the Residential Energy Services 
Network (RESNET), a national organiszation that 
promotes asset ratings, in order to address the 
inconsistencies between the RESNET Home Energy 
Rating System (HERS) asset ratings and California 
HERS II energy performance rating methods. 
California Energy Commission is currently looking 
into promulgating an “Energy Design Rating” for 
the 2016 California Green Building Standards 
(CalGREEN). In terms of energy-effi  ciency product 
purchasing, California is exploring high-effi  ciency 
products purchase agreements for large multifamily 
portfolios.

4.2.3 Financing residential retrofi ts in 4.2.3 Financing residential retrofi ts in 

the United Statesthe United States

PACE programsPACE programs

Th e PACE program is a fi nancing mechanism for 
building energy-effi  ciency retrofi ts and renewable-
energy improvements. Initially PACE was developed 
for commercial buildings before being scaled to the 
residential property sector. 

PACE programs allow users to fi nance their up-
front investment of energy effi  ciency or renewable 
energy on a property and repay the costs over time 
through a voluntary assessment. In the United 
States, properties are assessed at the local district 
level (referred to as an assessment district, a local 
improvement district, or similar) to determine the 
property tax. By participating in a PACE program 
voluntarily, the property owners repay their energy-
effi  ciency/renewable-energy investment costs over 
a set period of time (10-20 years) through property 
assessments.
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Th e key characteristic of the PACE programs is that 
the payment is secured by the property and paid as 
an addition to the owner’s property tax bills. Because 
the payment is not tied to the owner(s) but to the 
property itself, the repayment obligation may transfer 
with the property ownership, if the buyer agrees to 
assume the PACE obligation and is permitted to 
do so by the mortgage holder (US DOE, 2018c). 
Th is unique feature of the PACE programs helped 
address some of the primary fi nancing barriers in 
the building retrofi t market as well as the hesitation 
that homeowners may have considering if they would 
stay in a property long enough to cover up-front 
investment costs (US DOE, 2018c). 

Th e US residential PACE programs are typically 
enacted through state legislation, and authorized 
at the local government level (US DOE, 2018c). 
Municipalities can directly administer the programs, 
or enter into public-private partnerships. By 2017, 
more than 150,000 homeowners have invested $4 
billion USD in energy effi  ciency and renewable 
energy through residential PACE programs (US 
DOE, 2018c).

On-bill fi nancing On-bill fi nancing 

On-bill fi nancing is a fi nancial mechanism designed 
to address the barrier of the high up-front costs of 
residential energy retrofi ts. It is usually serviced by, 
or undertaken in, partnership with a utility company 
(Bell, Nadel, Hayes, 2011). Th e building owners then 
repay costs through monthly utility bills. It is worth 
noting that on-bill fi nancing is not just utilized for 
residential building energy retrofi ts, but can also be 
designed for the industrial or commercial building 
sectors. 

On-bill fi nancing leverages the unique relationship 
between utility companies and customers. It 
provides customers with access to much-needed 
home improvements and well as securing a revenue 
stream for the utility (through utility bills)—because 
failure to pay can be tied to disconnection (US DOE, 
2018d). On-bill fi nancing can also be customized 
and tailored to previously underserved markets, 
such as multifamily buildings. It is also possible 
for a previously credit-constrained customer to get 
access to such fi nancing by using their past utility 
bill payment history as a demonstration of credit 
worthiness. 

One of the largest challenges to on-bill fi nancing 
is the perception that utility companies may begin 
to take on the role of fi nancial institutions. In 
addition, the process to set up on-bill fi nancing can 
be complicated, depending on the local utility and 
regulatory structures in play, the needs of diff erent 
communities, and diff erent state and regional legal 
and regulatory requirements (Bell, Nadel, Hayes, 
2011). Furthermore, if transferability is not allowed, 
homeowners must pay all the loans back when selling 
a property, which can discourage interest in taking 
on home energy upgrades (US DOE, 2018d). 

In addition to on-bill fi nancing, where utility 
programs initially pay for the up-front cost of 
building energy retrofi ts, on-bill repayment options 
also exist in the United States. On-bill repayment still 
requires utility customers to pay for an energy retrofi t 
through their monthly utility bills, but the up-front 
cost in this case is provided by a third party rather 
than the utility. In some on-bill repayment programs, 
the loan for the home energy retrofi t is transferable 
to the next home owner (US DOE, 2018d). 

As of 2015, 12 states in the United States had 
legislation in place to create loan funds for building 
energy retrofi ts, pilot programs, or on-bill fi nancing 
requirements for utilities. In addition, another 19 
states have utilities with on-bill fi nancing programs 
in place or are in the process of developing on-bill 
fi nancing programs (NCSL, 2015).

4.3 Toronto4.3 Toronto

4.3.1 Introduction4.3.1 Introduction

Th e City of Toronto, Ontario, Canada, initiated 
TransformTO in 2015, and has a GHG emissions 
reduction target of 80% by 2050, with an 
intermediate goal of 30% GHG reductions by 2020. 
More than half of Toronto’s GHG emissions are 
generated from buildings and the city has adopted 
the aggressive goal of 100% of new buildings being 
near-zero emissions by 2030 with 100% of existing 
buildings being retrofi tted by 2050 (C40, 2017). 

Th e Province of Ontario has also set up a Five-Year 
Climate Change Action Plan (2016-2020), which 
supports climate action in Toronto. Improving 
energy effi  ciency in multifamily residential buildings 
has been identifi ed as crucial step for reducing 
building GHG emissions.
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As such, three actions have been outlined by the 
Province of Ontario to increase multifamily energy 
effi  ciency in residential buildings (Province of 
Ontario, 2016):

1. Retrofi t social housing apartments: Ontario’s 
social housing towers (high-rise multifamily 
buildings) that were built in the 1960s and 1970s 
commonly use up to 25% more energy per square 
meter than a house. Owners are encouraged 
to install energy-effi  ciency and renewable-
energy technologies such as energy-effi  cient 
windows, lighting, boilers, and chillers; thermal 
insulation on piping; and other renewable-energy 
applications where appropriate.

2. Protect tenants from carbon pricing: as Ontario 
has a carbon market, the province is considering 
legislative changes to lessen the impact of 
increased energy costs on residential tenants 
from cap and trade. Th e government needs to 
ensure that carbon costs are not passed on to 
tenants who are unable to reduce their energy 
use. 

3. Off er incentives to install energy-effi  ciency 
technologies, such as lighting retrofi ts, boiler 
replacements, adaptive thermostats, etc. 
(Province of Ontario, 2016). 

4.3.2 Major programs that encourage 4.3.2 Major programs that encourage 

multifamily effi  ciency improvementsmultifamily effi  ciency improvements

Toronto has set incentives to encourage building 
construction beyond energy code requirements for 
both new buildings and major renovation projects. 
Additionally, the city has put in place programs 
to encourage energy-effi  ciency improvements in 
multifamily buildings. Th ese are detailed below.

4.3.3 High Performance New 4.3.3 High Performance New 

Construction (HPNC) ProgramConstruction (HPNC) Program

Th is program off ers incentives to building owners 
and design decision makers (architects, engineers, 
consultants, etc.) to build beyond the Ontario 
Building Code requirements. Th is applies for both 
new building construction as well as major building 
renovations. An innovative aspect of HPNC is that 
incentives cover modelling costs as well as verifi ed 
energy savings (Frontier Associates, 2014). HPNC 
applies to all buildings, including multifamily 
buildings. 

Table 4.1 Content of High Performance Construction Program (Frontier Associates, 2014)Table 4.1 Content of High Performance Construction Program (Frontier Associates, 2014)

Content

Incentives for business owners • Up to $10,000 for modelling costs

• Up to $800 per kilowatt of verifi ed savings (or $0.10/kWh)

Incentives for design / 
decision-makers (architects, 
engineers, consultants)

• Up to $150/kilowatt of verifi ed savings (or $0.01875/kWh)

• Prescriptive: Th e Prescriptive track provides the ease of selecting from a defi ned 
list of end-use measures that come with a corresponding per-unit incentive.

• Engineered: Th e Engineered track consists of a series of pre-set calculation 
worksheets that help estimate reductions in electricity consumption through the 
installation of more energy-effi  cient equipment.

• Custom: Th e Custom track is available for more complex or innovative solutions 
not covered in the prescriptive or engineered tracks.
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4.3.4 The STEP program4.3.4 The STEP program

Toronto’s multifamily buildings built before 1985 
are eligible to participate in the STEP program. Th e 
program off ers support across six key areas: energy, 
water, waste, safety, operations, and community. 
Th e STEP team aims to support building owners 
demonstrating leadership in each of these six 
areas. For the energy leadership component, free 
benchmarking is off ered for building projects so as to 
compare energy use with approximately 250 similar 
buildings. STEP off ers a 60—90-minute building 
walkthrough to help identify areas where voluntary 
improvements may be eff ective. Further, the STEP 
team will provide a customized Action Report with 
recommendations to lower costs and increase tenant 
satisfaction. Furthermore, fi nancing guidance and 
follow up support is also provided to project leads. 
Building owners can also access a peer network, 
knowledge sharing events, and webinars, and learn of 
opportunities through the circulation of case studies 
and other technical information (City of Toronto, 
2018). 

STEP classifi es building owners into three tiers: 

• Participants: participants only monitor building 
energy usage and spending monthly 

• Performers: Performers have conducted an 
energy audit or assessment within the past 3 
years. Th ey engage and train staff  on energy 
conservation and will have switched to high 
effi  ciency lighting in common areas, units, garage 
areas, and for outside lighting – within the use 
of motion sensors where appropriate. Th e fi nal 
action is to install or upgrade controls on motors, 
pumps, and HVAC systems. Th e building under 
management should also perform in the top 
25% of the energy benchmark for annual energy 
consumption, which is compared to over 280 
similar buildings in Toronto. 

• Leaders: in order to reach the Leaders 
classifi cation, energy effi  ciency must be improved 
to reach the top 10% of energy benchmark 
performance. Th e Leaders should install and 
use a formal Building Automation System, track 
building GHG emissions alongside emissions 
reduction targets, provide a portion of building’s 
energy through renewable or on-site generation; 
and lastly use energy savings to reinvest in other 
building and community energy effi  ciency and 
renewable projects (City of Toronto, 2018). 

4.3.5 Financial service vehicles in the 4.3.5 Financial service vehicles in the 

STEP “Residential Energy Retrofi t” STEP “Residential Energy Retrofi t” 

programprogram

To further demonstrate the technical and fi nancial 
feasibility of building retrofi t projects in Toronto, 
a number of pilot programs were initiated to 
overcome critical fi nancing barriers. Within the 
residential retrofi t sector it was recognized that 
barriers to scaling building retrofi ts include: lack of 
access to adequate capital for residential building 
projects, lower returns on investment compared to 
other potential projects, and a limited awareness of 
fi nancing mechanisms. 

As such, Toronto petitioned the Ontario Provincial 
government to take charge of municipal fi nance 
regulation mechanisms and, in 2012, issued new 
regulations along with the launch of two innovative 
pilot fi nancing programs (C40 Cities, 2016): 

• High-Rise Retrofi t Improvement Support (Hi-
RIS)

• Home Energy Loan Program (HELP).

Th e Hi-RIS program was designed for multifamily 
buildings (i.e., apartments that have fi ve or more 
fl oors). As a side note, there are about 1,200 
residential apartment buildings in and around 
Toronto, many of them built between 1945 and 
1984—meaning that the lifetime of these apartment 
buildings is commonly at least 35 years or more (C40 
Cities, 2017a). HELP was designed for single-family 
houses. 

Both programs off er low-interest loans and provide 
easier access to capital for property owners to 
retrofi t their homes. Th e City of Toronto has set up a 
discretionary fund, with initial funding of 20 million 
(CAD) (C40 Cities, 2017a): 

• 10 million (CAD) for Hi-RIS program, targeting 
10 residential towers 

• 10 million (CAD) for the HELP program, 
targeting four neighborhoods with approximately 
100 households. 

In addition to addressing a crucial fi nancing 
barrier for residential building retrofi ts through 
the provision of low-interest loans, both the Hi-RIS 
and HELP programs implemented a “one-window” 
service delivery model to support building owners 
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(C40 Cities, 2017a). Th is delivery model aims to 
reduce the hassle involved in fi nancing research, 
streamline the process, and deliver much-needed 
information effi  ciently and eff ectively by providing 
property owners with an easy, one-stop resource for 
information on fi nancing, utility rebates, incentives, 
and services including energy assessments and 
project development support (C40 Cities, 2017a). 
Th is delivery model is an essential complement 
to the Hi-RIS and HELP fi nancing programs, and 
helps to provide a pathway for property owners to 
successfully complete building retrofi ts. 

In practice, property owners repay low-interest loans 
through their property tax bills rather than paying 
off  the loans directly. For multifamily buildings 
(apartments), each family has to agree to the terms of 
the fi nancial programs. For single family buildings, 
the property owner does not need to change the 
terms of their property mortgage; however, the 
consent of the mortgage lender is still required (C40 
Cities, 2017a). 

Based on an evaluation report in March 2017, a 
total of 125 households had participated in these 
fi nancing schemes (C40 Cities, 2017a). It has been 
further recommended that research is conducted 
into extending these fi nancing schemes to smaller 
apartment buildings and provisions made for the 
inclusion of on-site renewable energy (C40 Cities, 
2017a; C40 Cities , 2017b). 

4.3.6 Utility program: multifamily 4.3.6 Utility program: multifamily 

building energy effi  ciency incentives building energy effi  ciency incentives 

off ered by Toronto Hydrooff ered by Toronto Hydro

Toronto Hydro, the second-largest electric utility 
company in Canada serving 761,000 customers in 
Toronto (Toronto Hydro, 2017), off ers programs and 
rebates for multifamily building energy-effi  ciency 
improvement incentives. Toronto Hydro also helps 
building owners to form a “Green Team” in order to 
better understand the potential of energy-effi  ciency 
improvements and to provide a green condo 
(apartment) guide. Energy-effi  ciency technologies 
that can receive upgrades and rebates include the 
following: 

• Replacing lighting with LEDs.

• Optimizing pumps and reducing electricity use 
by up to 35%. Toronto’s PUMPsaver program 
off ers an end-to-end service at no additional cost 
to the building owner.

• Upgrading  ventilation fans, lighting systems, and 
occupancy sensors in garage areas. 

• Adding variable frequency drives to water 
pumps, allowing pumps to operate only when 
needed.

• Providing energy audits. 

• Potentially adding combined and heat power 
systems. 

• Maximizing automated savings through smart 
building controls. 

• Upgrading fan coils for additional energy 
savings.

However, there is a major diff erence between 
multifamily buildings in China and those which are 
common across North America. China’s multifamily 
buildings rarely have centralized HVAC systems. 
For cooling, room air conditioning is prevalent. To 
reduce energy use in residential buildings during 
non-heating seasons, it is important for residents to 
choose more effi  cient appliances. Because heating 
supplies are centralized for multifamily buildings 
in Qingdao, the most eff ective approach to reduce 
heating loss would be to increase building envelope 
insulation, which the City of Qingdao is currently 
doing. 
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4.4 Portland4.4 Portland

4.4.1 Introduction4.4.1 Introduction

Th e City of Portland offi  cially adopted its Climate 
Action Plan in 2015. Th is action plan includes 20 
objectives that must be met by 2030 and more than 
100 ambitious actions that will help Portland to 
reduce its energy use. Th ese objectives and measures 
include (and are not limited to): transportation, 
building energy effi  ciency, and public lighting. Th is 
Climate Action Plan supports the City of Portland 
and Multnomah County to cut carbon emissions 
by 80% from 1990 level by 2050 (and 40% by 2030). 
For buildings, the plan sets a goal of achieving 
net-zero carbon emissions in all new buildings and 
homes by 2030, and supplying 50% of all energy 
used in buildings from renewable resources (City of 
Portland, 2015).

In addition, the City of Portland has published 
its Green Building Policy (adopted in 2011 and 
amended in 2015), which includes requirements for 
new city-owned buildings to register and certify for 
LEED BD+C at Gold level/or achieve Living Building 
Challenge status. In addition, existing city-owned 
and occupied buildings are required to achieve 
LEED-EB Silver.

All tenant improvements or leased facilities must 
achieve LEED for Commercial interiors at the Silver 
rating and G/Rated Tenant Improvement Guide 
certifi cation. LEED certifi cation would require 
buildings to reach 15% energy savings beyond the 
existing Oregon Energy Effi  ciency Specialty Code. 
Th e city has also created a policy to procure products 
that meet or exceed Energy Star® criteria for energy 
effi  ciency when applicable (ACEEE, 2017).

4.4.2 City of Portland—Home Energy 4.4.2 City of Portland—Home Energy 

Score programScore program

Th e Home Energy Score program was developed 
by the US DOE and its national laboratories. It 
is designed to provide home buyers, owners, and 
renters comparable and credible information about 
a home’s energy performance (US DOE, 2018f). Th e 
Home Energy Score, as shown in Figure 19, is on a 
one-to-ten scale, with one being the highest energy 
use, and ten being the lowest energy use. Th e Home 
Energy Score Report provides information on the 
home’s energy consumption and associated energy 
costs, and provides energy solutions to improve the 
home’s energy performance cost eff ectively (US DOE, 
2018f).

Figure 4.2. Example of a Home Energy Score
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Th e City of Portland unanimously adopted the Home 
Energy Score policy in December 2016, requiring 
sellers of single-family homes to disclose a Home 
Energy Report and Score at time of listing. Th e policy 
took eff ect on January 1, 2018. Portland’s Home 
Energy Score website is carefully designed so that all 
relevant stakeholders interested in energy effi  ciency 
improvements can fi nd the following information: 

• For sellers, the website gives advice on the 
necessary actions that must be undertaken in 
order to complete the Energy Score program 
requirements and answers questions about 
logistics, including how to get a home assessed 
and how to improve Home Energy scores. 

• For buyers, the website provides guidance about 
the Home Energy Report; users are prompted to 
wrap energy improvement projects into fi nancing 
(mortgage). 

• Real-estate professionals can learn how to make 
the new policy work eff ortlessly for their clients 
and how to post scores online. 

• Builders can fi nd information about how to 
obtain a score based on construction plans and 
possible exemptions and waivers.

Th e website is also a place to fi nd out how to become 
a Home Energy Assessor. An example of a Home 
Energy Score report is shown below in Figure 4.3 
(Portland Home Energy Score , 2018). 

Figure 4.3. Home Energy Score program report card (Portland Home 
Energy Score , 2018)

4.4.3 Other building energy retrofi t 4.4.3 Other building energy retrofi t 

programs: Energy Trust of Oregonprograms: Energy Trust of Oregon

Th e Energy Trust of Oregon is an independent 
non-profi t organization whose goal is to provide 
energy-effi  ciency and renewable-energy solutions 
to utility customers in Oregon and southwest 
Washington. It implements a number of aggressive 
policies throughout the states, including the City of 
Portland, to facilitate energy-use reductions for both 
single-family residential and multifamily residential 
buildings. 

Home energy use evaluation platform Home energy use evaluation platform 

Th e Energy Trust of Oregon’s home energy use 
evaluation platform helps customers to understand 
potential energy-effi  ciency improvement measures 
they may undertake. Th ree steps are included in 
the provision of this support. Customers input 
general home information, input detailed energy 
specifi cations, and view energy use (Energy Trust of 
Oregon, 2018).  
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Input very specifi c home information View home energy useInput general home information

Figure 4.4. Home energy use evaluation platform

Free energy tune-up services Free energy tune-up services 

Th e Energy Trust of Oregon also off ers free 
energy tune-up services for manufactured homes 
(prefabricated homes transported on a permanent 
chassis, formerly known as mobile homes) in Oregon 
that are heated by electricity or natural gas provided 
by Portland General Electric, Pacifi c Power, NW 
Natural, Cascade Natural Gas, or Avista. For homes 
that qualify, Th e Energy Trust of Oregon helps to 
fi nd a trade contractor that can evaluate a home and 
provide free improvement suggestions. Th ose free 
energy tune-ups include:

• Air and duct leakage testing and sealing

• Lighting: installation of up to 10 LED light bulbs

• High-performance faucet aerators: up to two per 
bathroom and one in the kitchen

• High-performance showerheads or shower 
wands: one per bathroom (Energy Trust of 
Oregon, 2018). 

Solar energy contractors programs  Solar energy contractors programs  

For residential installed solar energy, the Energy 
Trust of Oregon fi nds solar trade contractors to 
help homeowners decide if solar energy is suitable 
for their home. Th e services provided to customers 
include: 

• Assessing a home’s solar potential, oft en without 
a site visit

• Providing a bid with estimated annual energy 
generation and utility bill savings, plus costs aft er 
incentives and federal tax credits

• Installing solar electric systems

• Explaining maintenance and warranty details 
(Energy Trust of Oregon, 2018).
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Home performance with Energy Star® Home performance with Energy Star® 
assessment  assessment  

Energy Trust of Oregon will provide cash incentives 
to complete an Energy Star® assessment. Aft er 
the assessment, homes can view a detailed home 
energy consumption report. Comparisons between 
current energy costs and potential savings from 
potential energy-effi  ciency improvements are also 
included in the report. Th e assessment also provides 
custom recommendations in order to achieve 
up to 30% energy reduction of heating, cooling, 
and water heating costs. A list of available cash 
incentives for the recommended energy-saving home 
improvements is also provided to homeowners. 
Additionally, this program provides a database for 
building owners to choose qualifi ed contractors 
(Energy Trust of Oregon, 2018).

Multifamily building energy-effi  ciency Multifamily building energy-effi  ciency 
upgrade incentivesupgrade incentives

Th e Energy Trust Oregon provides cash incentives 
for multifamily housing retrofi ts for eligible energy-
effi  cient upgrades. Incentives are only provided 
for certain multifamily building types—attached 
residences (e.g., duplexes); side-by-side units with 
no residences above or below (e.g., a townhouse); 
stacked structures with fi ve or more units (e.g., an 
apartment or condo with two or more stories). In 
addition, the upgrades must be located in Oregon, 
served by a participating utility, must be improving 
an existing structure (i.e., retrofi ts), and must pay 
the public purpose charge on the utility bills (Energy 
Trust of Oregon, 2016). 

A free walkthrough survey is provided to identify 
cash incentive opportunities. Areas that cash 
incentives cover include the following: 

• Appliance upgrades

• Heating and ventilation upgrades

• Windows and sliding glass patio door 
replacements

• Water heating upgrades

• Lighting and lighting controls

• Insulation

• Commercial foodservice equipment 
replacements

• Custom incentives

• Existing multifamily buildings (Washington) 
(Energy Trust of Oregon, 2018 a).

Specifi c levels of cash incentives vary by equipment 
type and effi  ciency type. Th e Energy Trust of Oregon 
provides details on the incentive levels. For example, 
upgrading to a high-energy-effi  ciency (defi ned by the 
Energy Trust of Oregon) residential clothes washer, 
each unit qualifi es for $120 USD, and upgrading to 
an Energy Star® refrigerator qualifi es for $35 USD. 
Upgrading to a ductless heat pump qualifi es for 
$800 USD per outdoor unit. More details of specifi c 
incentive levels can be found at Energy Trust of 
Oregon’s website (Energy Trust of Oregon, 2016).

Free energy-effi  ciency upgrades for Free energy-effi  ciency upgrades for 
multifamily homesmultifamily homes

In addition to incentives, the Energy Trust of 
Oregon also off ers free energy-effi  ciency upgrades 
for multifamily residential buildings. Similar to the 
eligibility requirements for cash incentives, to receive 
these free energy-effi  ciency upgrades, buildings 
must meet building type requirements: attached 
residences (e.g., duplexes); side-by-side units with 
no residences above or below (e.g., a townhouse); 
stacked structures with fi ve or more units (e.g., an 
apartment or condo with two or more stories). In 
addition, the building owners must be customers of 
utility companies that work with the Energy Trust 
of Oregon, including Portland General Electric, 
Pacifi c Power, NW Natural, Cascade Natural Gas, 
and Avista. Interested building owners can apply via 
telephone or email. 

Th e Energy Trust of Oregon provides replacement 
lightbulbs that use up to 85% less energy than 
incandescent bulbs and last up to 15 times longer 
depending on usage. For showerheads and faucet 
aerators, a free upgrade is provided that will lead 
to 20% less water being consumed compared to 
standard fi xtures. Th e Energy Trust of Oregon also 
provides advanced power strips that connect to 
televisions and entertainment equipment and reduce 
energy waste by not providing power to secondary 
devices when primary devices are turned off  (Energy 
Trust of Oregon, 2018). 
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4.5 Chicago4.5 Chicago

4.5.1 Introduction4.5.1 Introduction

Th e City of Chicago’s Climate Action Plan calls for 
a 25% GHG reduction by 2020 from a 1990 baseline 
(C40 Cities , 2017b). 

One of the largest cities in the United States, 
Chicago’s residential buildings represent 40% of 
the city’s energy consumption (C40 Cities , 2017b). 
Chicago’s entire building sector accounted for more 
than 70% of the city’s CO2 emissions in 2015 (C40 
Cities , 2017b). 

Whilst Chicago is famous for its commercial 
skyscrapers, the city is also shaped by 15 diff erent 
types of multifamily residential buildings. Th e vast 
majority of these buildings (>93%) fall under one of 
the three categories: 

• Brick buildings of two to four units, constructed 
before 1942 

• Low-rise units of fi ve or more units, constructed 
before World-War II

• Wood-frame two to four units, constructed 
before 1941 (C40 Cities , 2017b). 

4.5.2 Retrofi t Chicago Energy 4.5.2 Retrofi t Chicago Energy 

Challenge: “one-stop-shop”Challenge: “one-stop-shop”

Th rough the launch of the “Retrofi t Chicago Energy 
Challenge” program in 2012, the city aimed to 
improve energy performance across municipal, 
commercial, institutional, and residential buildings 
(City of Chicago , 2018a). By joining the program, 
participants of the Retrofi t Chicago Energy Challenge 
committed to: 

• Reduce energy use by at least 20% in 5years 

• Track and share energy-effi  ciency progress 
through Energy Star® Portfolio Manager 

• Serve as an ambassador to other buildings 
interested in saving energy. 

Retrofi t Chicago was built on four supporting 
initiatives for diff erent building types: 

• Building energy benchmarking: fi rst targeted 
at commercial buildings but expanded to the 
residential sector in 2016 

• Energy challenge: fi rst targeted at commercial 
buildings but expanded to residential buildings 
in 2016 

• Energy map: focused on the residential sector 

• Residential partnership: focused on the 
residential sector.

Even though each of the four initiatives have 
a diff erent emphasis and a diff erent pace of 
implementation, they share much in common as they 
aim to deliver results and achieve energy savings. 
Each of the initiatives includes a strong commitment 
from the Chicago Mayor, public-private partnerships 
for data analysis, the creation of supporting fi nancing 
mechanisms, the off ering of technical assistance 
during retrofi ts, and the engagement of stakeholders. 
More importantly, these services and resources are 
provided through the delivery model of a “one-stop-
shop” to increase project effi  ciency, streamline the 
process, provide better communication, and achieve 
an overall higher quality and scale of building 
retrofi ts. 

When the Retrofi t Chicago Energy Challenge was 
launched in 2012 it had 14 building participants. By 
early 2018, more than 60 buildings were participating 
covering more than 44 million square feet of fl oor 
space. Th e next goal of the program is to expand to 
80 building participants (City of Chicago , 2018a).
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4.5.3 Retrofi t Chicago Energy 4.5.3 Retrofi t Chicago Energy 

Challenge: partnershipsChallenge: partnerships

Partnerships to ensure success in energy Partnerships to ensure success in energy 
benchmarkingbenchmarking

Public-private partnerships have played an important 
role during the implementation of the Retrofi t 
Chicago Energy Challenge. Successful public-private 
partnerships have been able to leverage market 
forces, provide much needed and targeted services, 
and help address market barriers more effi  ciently. 

Under the Retrofi t Chicago Energy Challenge’s 
energy benchmarking initiative, “Elevate Energy” 
was selected as the core external delivery partner. It 
provides building energy benchmarking as required 
by the city’s energy benchmarking ordinance for 
existing municipal, commercial, institutional, 
and residential buildings. Building owners must 
track whole-building energy use, report to the city 
annually, and verify data accuracy every three years 
(C40 Cities , 2017b). Currently, the benchmarking 
ordinance applies to large buildings of 250,000 square 
feet or more, and multi-unit residential buildings of 
at least 50,000 square feet (C40 Cities , 2017b). 

Energy benchmarking was not mandatory for these 
building types until 2017. Furthermore, the initiative 
did not require improvements, audits, or retrofi ts 
aft er benchmarking. Th e main purpose of the 
ordinance was to raise awareness, increase building 
data transparency, and encourage better building 
management. 

When energy benchmarking became mandatory in 
2017 for residential buildings of 50,000 square feet 
or more, approximately 2,000 multi-unit residential 
buildings (apartment buildings) fi t that profi le (C40 
Cities , 2017b). 

Th e city decided to use existing, tried, and tested 
soft ware for benchmarking, instead of spending 
additional resources to develop a new soft ware tool. 
Th erefore, the Energy Star® soft ware program was 
chosen, which is free, available on-line, and was 
created by the US Environment Protection Agency. 
In addition to energy benchmarking, Elevate Energy 
also provides trainings on Energy Star® Portfolio 
Manager free-of-charge.

Internal partnerships with and across city agencies 
has also played a critical role in ensuring the 
successful implementation of the challenge initiative. 
Th e city has gathered strong support through 
partnerships with agencies such as the Chicago 
Housing Authority, the Department of Innovation 
and Technology, and the Department of Business 
Aff airs and Consumer Protection.

Partnerships to ensure success in low-Partnerships to ensure success in low-
income residential retrofi tsincome residential retrofi ts

To support residential building retrofi ts in those 
neighborhoods with the greatest need, the City of 
Chicago fi rst identifi ed 12 high-energy-consuming, 
low-to-moderate income areas in the city (C40 Cities 
, 2017b). Th en, the city brought together: 

• Utility companies: ComEd and Peoples Gas 

• Financial institutions: Th e Community 
Investment Corporation, etc. 

• Advocacy groups and private entities: Historic 
Chicago Bungalow Association, Elevate Energy, 
etc. 

For single-family homes, the public-private 
partnership includes utilities, Elevate Energy, 
and Historic Chicago Bungalow Association. Th e 
partnership provides households with diff erent 
kinds of assistance, ranging from high-level energy 
assessments, detailed energy audits, and access to 
grants, rebates, and appropriate fi nancial programs 
(such as on-bill repayment options). 

For multifamily units, utilities, Elevate Energy, and 
the Community Investment Corporation teamed 
up to provide a combination of both fi nancial and 
technical assistance. Specifi cally, utilities are able to 
provide a range of grants and rebates; Elevate Energy 
provides technical assistance on electric-heated 
buildings and on implementation of the Energy 
Savers Program; and the Community Investment 
Corporation provides low-interest loans.
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4.6 Sydney4.6 Sydney

4.6.1 Introduction4.6.1 Introduction

Th e City of Sydney has set a series of environmental 
targets and actions through its Environmental Action 
2016-2021 Strategy and Action Plan. Th e city plans 
to reduce GHG emissions by 44% by the end of June 
2021, from 2006 levels, and achieve 50% of electricity 
being delivered from renewable sources during the 
same time frame (City of Sydney , 2017a). By 2030, 
the city aims to reduce its GHG emissions by 70% 
from the 2006 levels (City of Sydney , 2017a). Under 
this plan, existing residential sector GHG emissions 
are required to reduce 40% by 2030 (C40 Cities, 
2017c). 

Sydney’s residential apartment sector is central 
to delivering on the city’s GHG reduction plans. 
Th e city population is forecasted to grow 45% 
by 2030 from 2011 levels and it is expected that 
approximately 80% of the city’s residents will live in 
apartment buildings by this time—with 90% of new 
dwellings being built as high-rise properties with 
more than six fl oors (City of Sydney , 2015 ). Th e 
residential building sector already accounts for 10% 
of the city’s total GHG emissions (C40 Cities, 2017c); 
the city estimates that by implementing cost-eff ective 
measures, energy consumption from the sector can 
be reduced by 30% (C40 Cities, 2017c)

4.6.2 Residential Apartments 4.6.2 Residential Apartments 

Sustainability Plan: empowering the Sustainability Plan: empowering the 

citycity

Sydney’s Residential Apartments Sustainability Plan 
(RASP) is designed to achieve better environmental 
performance within the residential apartment sector. 
To achieve the 40% GHG emissions reduction goal 
in this sector, the city recognizes the need to work 
with the state, the federal government, and local 
community stakeholders. As stated in RASP, the city 
plans to: 

• Foster innovation in the design and construction 
of new apartment developments 

• Raise the bar by advocating for increased 
minimum performance targets in new buildings 

• Build the energy effi  ciency skills capacity of 
owners and building managers 

• Activate upgrades through incentives and 
support 

• Empower communities to engage in making 
sustainable choices (City of Sydney , 2015 ). 

While the fi rst two goals are targeted for new 
buildings, the last three goals are focused on existing 
buildings. Collectively, the city estimates that through 
actions such as building retrofi ts under the Smart 
Green Apartments (SGA) program, and advocacy, 
such as performance benchmarking, the overall 40% 
GHG emission reduction target in the residential 
sector will be achieved by 2030.

4.6.3 Residential Apartments 4.6.3 Residential Apartments 

Sustainability Plan: direct actionsSustainability Plan: direct actions

Th e city established the SGA program to identify the 
potential of apartment buildings to support Sydney’s 
Sustainable 2030 goals. 

Th e SGA program worked with 50 buildings to 
identify and implement energy-effi  ciency upgrades 
between 2011 and 2017, focusing on large multi-story 
apartment buildings. One of the key requirements of 
the program was “a reasonable time commitment, a 
dedicated building contact,” and “a signed declaration 
of commitment from the building manager, the strata 
manager, and strata committee offi  ce bearer” (C40 
Cities, 2017c). In addition, through the program, 
participating buildings also gave authorization to 
allow the city to access and analyze energy data (C40 
Cities, 2017c). 

In exchange, the city provided independent 
assessments to identify energy-saving opportunities 
and off er training workshops and networking 
opportunities. Grants targeted at new technologies 
are also available, mostly for feasibility studies and 
demonstration projects. 

Th e fi rst SGA program assessments identifi ed 
lighting upgrades, timer and controls installations, 
and heating and ventilation systems upgrades as 
priority opportunities (C40 Cities, 2017c). It was 
estimated that these would result in a cost savings 
of 35% per year, or $57,000 on average for each 
building, as well as a 30% decrease in energy use 
(C40 Cities, 2017c). 
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4.6.4 Residential Apartments 4.6.4 Residential Apartments 

Sustainability Plan: information Sustainability Plan: information 

disclosuredisclosure

To empower the community and strengthen 
its capabilities in building retrofi ts, the City of 
Sydney relied on an advocacy and infl uencing 
strategy, including performance benchmarking and 
information disclosure (C40 Cities, 2017c). 

Working closely with the New South Wales 
Government, the city developed a memorandum 
of understanding with the state government: both 
agreed to develop a “dedicated rating and scoring 
tool” for existing buildings (C40 Cities, 2017c).

Th e city adopted the National Australian Built 
Environment Rating System (NABERS) tool, 
originally developed for commercial buildings, for 
rating and benchmarking residential apartment 
building performance. NABERS has successfully 
supported energy savings in commercial buildings by 
providing more transparency around building energy 
effi  ciency and driving demand for green buildings. 
Based on the success of NABERS in the commercial 
building sector, the city hopes to achieve a similar 
impact in the residential building sector. 

In addition, the city also runs the Smart Blocks 
program, which provides “how-to” guides and 
trainings on building energy effi  ciency for residential 
multi-unit buildings (C40 Cities, 2017c). Th is 
includes step-by-step guidance across a range of 
sustainability topics, case studies, calculators, and 
templates. Th rough this program, the city is able 
to build delivery capacity, increase expertise and 
support for environmental performance projects, 
and, importantly, to scale the actual implementation 
of such projects. 

In summary, Sydney has put in place a range of 
initiatives to tackle the complexity and inertia of 
the existing residential apartment building sector in 
taking up and delivering energy-effi  ciency projects. 
Th rough programs such as SGA, the city uses tried 
and tested business models to implement retrofi ts. 
By adapting a nationally recognized rating and 
benchmarking tool, the city is able to advocate 
and champion building energy data disclosure. 
And through programs such as Smart Block, the 
city is gradually building up the capacity of and 
empowering stakeholders in the local community. 

4.7 Paris4.7 Paris

4.7.1 Introduction4.7.1 Introduction

As the chair of C40, the City of Paris adopted a new 
and ambitious Air Quality, Energy, and Climate 
Action Plan in 2018 with the goal to be carbon 
neutral and 100% powered by renewable energy by 
205—aligned with the ambitions of the Paris Climate 
Agreement. In the last 10 years, the city’s carbon 
footprint has dropped by nearly 10% (C40 Cities, 
2018). 

Th e City of Paris has a unique housing stock 
profi le: more than 75% of the housing stock are 
condominiums (condos). In total, there are 47,000 
condos in Paris, with approximately 1 million 
individual units. About 90% of the condos were built 
before France’s fi rst national energy code (1974) 
(C40 Cities , 2017d), presenting a signifi cant energy-
effi  ciency challenge. 

Th e residential sector is therefore critical in the city 
being able to achieve its climate change goals. In fact, 
the residential sector represents 35% of the city’s 
total energy consumption. To address this high level 
of energy consumption, since 2016 the city has been 
conducting residential building retrofi ts, with a goal 
of retrofi tting 1,000 condo buildings by 2020 (C40 
Cities , 2017d). 

4.7.2 Eco-rénovons Paris: public 4.7.2 Eco-rénovons Paris: public 

purchasing and coordinated purchasing and coordinated 

consultancyconsultancy

In Paris, the Local Energy and Climate Agency, or l’ 
Agence Parisienne du Climat (APC), was created in 
2011 to support the city’s actions in energy effi  ciency 
and climate change. In the residential sector, APC 
provides support to households interested in 
retrofi ts. To address the issue of slow and fragmented 
decision-making processes in the building sector, 
APC created an online tool called “the Coach Copro” 
(C40 Cities, 2018). Th e tool is “a shared project 
management tool”, which provides a one-stop shop 
service for diff erent building stakeholders, such 
as households, affi  liated businesses, and building 
managers. In addition, APC also provides training 
programs to building managers. 
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With the city’s leadership, APC implements the 
program on building retrofi ts, or the “Eco-rénovons 
Paris” program. Under the program, building 
owners (either individually or collectively) are 
fi rst encouraged to apply for high-level advice and 
guidance provided by APC. Th en, an energy audit 
is carried out to see what measures are aligned with 
the city’s existing incentives/grants on building 
energy effi  ciency. Aft erwards, the application is 
sent to a municipal-led committee, which decides 
if a project will be supported or not. If a project is 
considered not to be a good fi t for support, APC can 
assist the building owners to explore other fi nancing 
options (e.g., such as through APC’s partnership 
with commercial banks). If a project is accepted, the 
project will then receive expertise and advice from a 
“coordinated consultancy”. Coordinated consultancy 
relies on a registered consultancy, provided by non-
profi t organizations. Th e city then purchases the time 
and expertise from registered consultants through 
public procurement procedures.

By using a model like this, the city is able to 
provide signifi cant support to help owners, 
building managers, and affi  liated businesses in 
every step of delivering a building retrofi t project, 
from the application stage, to energy audit and 
project implementation. Th rough public purchase 
procedures, the city is able to provide consultancy 
service to residential buildings that need the 
resources and expertise the most.

4.8 Recommendations and next 4.8 Recommendations and next 
steps for Qingdaosteps for Qingdao

Cities have demonstrated a variety of policies due 
to their diff erence in technical level, market, and 
regulatory environments in multifamily apartment 
buildings. Single-family houses and multifamily 
residential buildings may also vary a lot due to 
owners, the nature of facility management, and 
building system types. 

Qingdao has made a great eff ort to reduce energy 
use in buildings by decreasing heating energy loss 
in winter. Th rough residential building energy-
effi  ciency retrofi ts in the 12th Five-Year Plan 
and at the beginning of the 13th Five-Year Plan, 
signifi cant energy savings and CO2 abatement have 
been demonstrated in the city. To date, Qingdao 
has found an eff ective policy pathway that utilizes 
government subsidies to directly promote existing 
building retrofi ts. Th e city has also identifi ed a series 

of technical solutions to improve buildings’ thermal 
integrity.

Th rough participating in the C40 CBP, Qingdao will 
gain further knowledge from a range of international 
cities on residential building retrofi t policies—both 
in terms of technical delivery mechanisms and long-
term strategy setting. Th is experience can help to 
further enhance Qingdao’s retrofi t work, particularly 
as the city moves away from government subsidy 
retrofi t models and towards a greater emphasis on 
the role of market capital—one of the central areas 
for research, implementation, and policy scaling 
within the C40 CBP.

For example, the City of Toronto provides a similar 
multifamily building retrofi t incentive model to 
Qingdao’s. In contrast to Qingdao’s model, Toronto 
provides incentives aft er building energy modelling 
is submitted, and subsequently provides rebates for 
actual energy saved. Variations of such practices 
could be considered by implementation companies to 
reduce their burden on up-front cost payment and to 
link a building’s energy performance to government 
incentives at diff erent stages of a retrofi t project.

Other international practices on residential building 
energy performance may well be applicable in China. 
Portland uses energy labels and ratings to disclose 
residential building energy performance, thereby 
increasing transparency in real estate transactions 
and fostering resident awareness. Portland also 
provides incentives and rebates for energy-effi  cient 
appliances—a potential alternative to incentivizing 
envelope retrofi ts. Chicago has employed energy 
performance benchmarking to require buildings to 
report their energy performance, thus allowing the 
city to identify potential retrofi t candidate buildings. 
Th is data-driven approach is increasingly common 
around the world as cities seek to develop reliable 
energy savings baselines that equip local government 
with solid data support. Sydney’s Residential 
Apartments Sustainability Plan provides extensive 
training and capacity building to support retrofi ts, 
as does the Paris APC agency, providing links with 
fi nancial institutions to overcome this central retrofi t 
barrier. 

Experience and practices such as these will no 
doubt be considered by the Qingdao government 
within the unique context in which the city operates. 
Nevertheless, through participating in the C40 CBP, 
the city of Qingdao will be supported to further 
develop comprehensive data-oriented approaches to 
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residential building energy-effi  ciency improvement 
that strengthen and deepen engagement with 
market stakeholders and take inspiration from 
international city fi nancing models and practices. 

Whilst Qingdao has already achieved impressive 
residential retrofi t outcomes, the city now has the 
opportunity to innovate in ways that will not only 
be of local signifi cance, but may validate and affi  rm 
dynamic market-driven approaches for scaled 
building retrofi ts across China.
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5. Shanghai, Changning 

District
Piloting the China Bett er Buildings Challenge - targets, 

practices, and international case study inspiration

In order to reduce commercial and public 
building energy use, Shanghai has implemented a 
series of policies to measure, audit, disclose, and 
reduce commercial and public building energy 
consumption. Within the 12th Five-Year Plan 
(2011-2015) a city-wide online building energy 
metering platform was initiated to monitor the 
energy consumption of 1,288 commercial and public 
buildings (representing 57 million m2), amongst 
which 168 were government-owned public buildings. 
Monitoring on line, Shanghai was able to identify 
4 million m2 of ineffi  cient commercial and public 
buildings to retrofi t. 

In the 13th Five-Year Plan (2016-2020), Shanghai 
plans to include all commercial and public buildings 
with a fl oor space of more than 10,000 m2 in a 
city-wide energy online monitoring platform. 
Furthermore, the city targets to retrofi t an additional 
10 million m2 of ineffi  cient commercial and public 
buildings. 

5.1 Policy Background 5.1 Policy Background 

Th e Changning District, located in West Downtown 
Shanghai is one of the city’s transportation and 
commercial centers, as well as being at the forefront 
of Shanghai’s eff orts to develop a low-carbon 
economy.

By 2015, the district’s carbon intensity had reduced 
17% compared with its 2010 baseline, and further 
ambitious targets have now been put in place. Th ese 
targets are being delivered via a broad suite of 
measures and policies, including promoting green 
buildings, green transportation, delivering a low-
carbon energy mix, developing a healthy energy-
effi  ciency market, and implementing appropriate 
incentives.

ShanghaiShanghai
Demographics:Demographics:  
Population:Population:

24.20 24.20 million (2016)million (2016)

Per capita GDP:Per capita GDP:

124,571124,571 RMB (2017) RMB (2017)

Per capita living fl oor area:Per capita living fl oor area:

36.136.1 m m2 (Shanghai data) (Shanghai data)

Per capita energy use:Per capita energy use:

917917 kg coal equivalent (2015) kg coal equivalent (2015)

Climate Zone:Climate Zone:

HotHot Summer /  Summer / ColdCold WinterWinter
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By 2020, the Changning District plans to have 
retrofi tted a total of 1.5 million m2 of existing 
commercial and public buildings. As such, 
the district has been working to establish a 
comprehensive set of existing building retrofi t 
policies, as well as advanced fi nancing models.

Support for the district’s energy-effi  ciency policy 
work has come from the World Bank—Global 
Environment Fund (GEF). Th e GEF program 
(2013-2018) helped with the creation of a dedicated 
management offi  ce—Changning Low Carbon 
Offi  ce (LCO), so as to assist and advise on the 
implementation of energy-effi  ciency policies. Th e 
LCO is directly supervised by Changning District 
Development and Reform Commission and has 
carried out research projects in the following areas: 

• Building energy-effi  ciency benchmarking and 
disclosure 

• New building construction management 

• Commercial and public building energy 
commissioning and management 

• District level smart grids

• Methods to promote successful existing building 
energy-effi  ciency retrofi t case studies

• Innovative green fi nance mechanisms.

5.1.1 Piloting the China Bett er 5.1.1 Piloting the China Bett er 

Buildings ChallengeBuildings Challenge

In 2016, the district committed to be the fi rst 
pilot project for the Better Buildings Challenge 
program in China. By committing participating 
the Better Building Challenge program, Changning 
district is working closely with Energy Foundation 
(EF), LBNL and CABEE to introduce building 
energy improvement best practices and conduct 
existing building retrofi t and energy performance 
data disclosure. Th rough the Better Buildings 
Challenge, the district aims to achieve an overall 
20% energy saving across its commercial and public 
building sector in 10 years. Th e district also has an 
intermediate target: 10% energy savings within 5 
years of joining Better Building Challenge. 

Bett er Buildings China ProgramBett er Buildings China Program

Th e Better Buildings China Program has taken 
inspiration from the US DOE’s Better Buildings 
Initiative. It represents a comprehensive 
voluntary energy-effi  ciency program for China’s 
building sector, launched in partnership between 
the China Association of Building Energy 
Effi  ciency and Lawrence Berkeley National 
Laboratory and the Energy Foundation in 2016. 
Th e program encourages stakeholders to work 
together to identify barriers and implement 
energy-effi  ciency and clean energy solutions in 
buildings. Th e Better Buildings China Program 
is an offi  cial US-China bilateral energy-effi  ciency 
collaboration program and an important element 
of the US-China Energy Effi  ciency Action Plan 
(EEAP) and has been offi  cially approved by 
MoHURD and the National Development and 
Reform Commission (NDRC). 

As part of the Better Buildings China Program, 
the Better Buildings Challenge encourages 
cities and building portfolio owners to develop 
energy-savings targets and asks participating 
partners to work together to help achieve such 
targets. As a voluntary program, participants can 
setup their own targets and identify pathways to 
achieve energy savings goals. (Xu, et al., 2017). 
Th e Better Building China program targets all 
participants to achieve on average 20% energy 
savings in 10 years. For participants who want 
to achieve savings in a shorter period, a target of 
10% savings within 5 years is also accepted by the 
Better Building Challenge Program.
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Figure 5.1 Better Buildings China program initiation documents from NDRC and MoHURD

Figure 5.2 Better Buildings China program signing ceremony at the 8th US-China 
Energy Effi  ciency Forum, Denver, Colorado
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Changning District’s Bett er Building Changning District’s Bett er Building 
Challenge Program targetsChallenge Program targets

1. Pilot nearly zero carbon emission buildings 
in a low-carbon emission zone

2. Develop at least three demonstration 
buildings that achieve 5% or higher energy 
savings beyond the current Shanghai energy-
effi  cient building baseline

3. Construct at least fi ve two-star green 
buildings and fi ve shanghai municipal 
energy-effi  cient demonstration projects

4. Develop case studies for the Better Buildings 
China Solution Center, including: 

• 15 case studies on the use of energy 
performance contracting in existing 
building retrofi ts

• Case studies on new energy generation 
and energy-effi  ciency technology 
applications

• 20 existing building retrofi t projects that 
achieve 20%+ energy savings.

5.1.2 Policies developed to improve 5.1.2 Policies developed to improve 

existing building energy effi  ciency in existing building energy effi  ciency in 

Changning District Changning District   

Commercial building energy use Commercial building energy use 
benchmarking and disclosurebenchmarking and disclosure 

As mentioned in the introduction, under the 
Shanghai Governments’ Announcement in 
Accelerating Shanghai’s Commercial and Public 
Building’s Monitoring System, a city-level building 
energy data monitoring platform has been 
implemented to monitor, collect, and analyze 
building energy usage. Contracted by the Shanghai 
Government, Shanghai Building Science Research 
Group has published a supporting phone application 
for government offi  cials to monitor and manage 
energy usage data (Shanghai government, 2017). 

Since 2014, Shanghai has been publishing annual 
analysis reports on building energy use data. 
However, the reports do not disclose building-
specifi c data, only metadata (NRDC, 2017). 

Th e Changning District has been taking leadership 
in benchmarking and disclosure policy in order to 
better identify building stock for retrofi ts. Under 
discussion has been a policy to include commercial 
and public buildings larger than 10,000 m2, or 
with energy use greater than 500 tce, in a formal 
benchmarking and disclosure process. Buildings 
would be ranked for energy use performance, based 
on Shanghai’s Guide to Energy Effi  ciency Operation 
for Large-Scale Commercial Buildings and categorized 
by building types. Outcomes will be disclosed on 
the government’s website. Building owners would 
then receive their energy bill and ranking results so 
as to provide incentive for energy conservation—
outstanding performance would be recognized at 
awards events. 

Th is policy recommendation has now been approved 
and the implementation process started, with the 
energy data disclosure policy enacted in the district’s 
public building sector. Changing District plans to 
further develop its district building energy data 
monitoring system based on the Shanghai municipal 
building energy data monitoring platform.
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Such development will combine building owner 
energy audit or self-reported data with online 
monitoring data to ensure high data quality (Mao, 
2018). Verifi ed energy data will then be used for 
benchmarking building energy performance. In the 
long run, it is hoped that the process can be fully 
automated with data quality control mechanisms.

Government subsidies’ management Government subsidies’ management 
approachapproach  

Th e Shanghai government provides subsidies for 
demonstration buildings that satisfy prescribed 
retrofi t requirements. For a residential building 
that meets or exceeds the requirement to improve 
energy use intensity by 50% compared with its own 
existing energy use baseline, CABEE will work 
closely with the Changning District to provide 
technical assistance as part of the C40 CBP. Dr. Yu 
Fu, department head of international collaboration at 
CABEE, will act as guiding technical offi  cer.

Dr Fu has a Ph.D. from Tsinghua University 
and has extensive knowledge of building 
energy-effi  ciency technologies, policies, and 
international collaboration. Dr. Fu will facilitate the 
communication with Changning District and work 
closely with the LCO. She will be working to develop 
a technical kickoff  report, coordinate technical 
study tours, and compile research for Changning 
District. Based on its participation in the Better 
Buildings Challenge Program, Changning District 
has identifi ed the following areas to work on as part 
of the C40 CBP:

Figure 5.3 Shanghai’s building energy data platform (Shanghai 
government, 2017)

Develop a set of policies to drive energy Develop a set of policies to drive energy 
effi  ciency in commercial and public buildingseffi  ciency in commercial and public buildings

Th e Changning District fi rst plans to strengthen its 
benchmarking policy and enhance building energy 
data transparency. Th e district would like to develop 
policies to enlarge the scope of reporting buildings 
and to pilot further energy data disclosure. 

Retrofi t work will be accompanied with fi nancial 
incentives and disincentives. It is planned that 
the retrofi t incentive program will gradually 
decrease in funding and focus on core projects. 
Incentives will also be used for new areas such as 
retro-commissioning and the district will further 
strengthen its service role to coordinate stakeholders 
and use data to identify savings opportunities and 
new business models. 

Further cultivate innovative energy-saving Further cultivate innovative energy-saving 
business modelsbusiness models

Retro-commissioning is recognized as a low cost, fast 
payback, and low-risk energy improvement business 
model. Th e Changning District plans to encourage 
third-party retro-commissioning agents to work with 
commercial and public buildings to identify energy-
savings opportunities. Commissioning agents can 
then work with buildings owners and energy service 
companies (ESCOs) to upgrade building energy 
systems. Energy system management outsourcing 
is also an area of interest. Energy outsourcing can 
greatly mitigate the lack of technical knowledge and 
capacity in facility management teams with regards 
to energy management.

Leadership through high-performance Leadership through high-performance 
building demonstrationsbuilding demonstrations

Several demonstration projects are planned as part 
of the C40 CBP in order to showcase leadership 
performance. Th e Changning District would like to 
develop nearly zero energy demonstration buildings 
to exemplify technical solutions and standards for 
high-performance buildings. Several deep retrofi t 
projects are also planned to better understand 
existing building performance improvements and 
associated fi nancing impacts. Th e district further 
wishes to create pilot projects for clean energy 
systems, such as solar photovoltaics and combined 
heat power (CHP) for commercial and public 
buildings. 
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Learn best practices from the US Bett er Learn best practices from the US Bett er 
Building Challenge or other similar Building Challenge or other similar 
international programs and advocate for the international programs and advocate for the 
China Bett er Buildings Challenge ProgramChina Bett er Buildings Challenge Program

Finally, experiences participating in the US Better 
Buildings Challenge are seen as a vital component of 
securing the success of both the Changning District 
pilot program and the China Better Buildings 
Challenge Program. Th e district would like to learn 
how United States and international cities have 
developed energy-savings targets and used eff ective 
policy methods to implement energy and CO2 
reduction strategies. Th ese international experiences 
of developing and meeting the challenge are seen 
as not only benefi cial for the Changning District 
but also for CABEE, as they grow the core support 
functions for the challenge in China, take lessons 
from the US program, and advocate for more cities to 
participate in the challenge.

5.2 International experience of the 5.2 International experience of the 
Bett er Buildings Challenge and related Bett er Buildings Challenge and related 
policiespolicies

5.2.1 The US Bett er Buildings Initiative5.2.1 The US Bett er Buildings Initiative

Residential and commercial buildings continue to 
consume about 39% of total US energy consumption 
(US EIA, 2018a) and account for 35% of total 
US energy-related carbon dioxide emissions (US 
EIA, 2018b). Enhancing building energy and 
environmental performance is not only seen as 
a way to signifi cantly reduce direct energy costs 
but also a way to improve productivity, service, 
and comfort levels for millions of people learning, 
working, and living in buildings—as well as acting as 
a driver for economic growth through associated job 
creation in retrofi t and building-energy performance 
management industries. 

Th e Better Buildings Initiative was announced 
by President Obama at Penn State University on 
February 3, 2011, as he presented a “vision for 
winning the future” by “investing in innovative 
clean energy technologies and doubling the share of 
electricity from clean energy sources by 2035” (White 
House, 2011). Th e goals of the Better Buildings 
Initiative were outlined as making commercial, 
public, industrial, and residential buildings 20% 
more energy effi  cient in 10 years or less, saving about 
$40 billion dollars a year (White House, 2011). 

Th e Initiative was established to address four 
key strategic themes: 1) developing innovative, 
replicable solutions with market leaders; 2) making 
energy-effi  ciency investment easier; 3) state, local, 
and federal governments leading by example; and 
4) expanding the workforce (US DOE, 2018). As 
illustrated in Figure 5.4, each of the key strategic 
areas is underpinned by multiple Better Buildings 
sub-programs, including the fl agship Better Buildings 
Challenge. 
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Figure 5.4. Better Buildings Initiative Program structure (Liu, et al., 2017) 

In addition to managing the Better Buildings 
Initiative, the US Department of Energy (US DOE) 
also provides core support to each of the four 
strategic areas (Liu, et al., 2017): 

1. Developing innovative, replicable solutions 
with market leaders: US DOE works with 
organizations across market sectors, such 
as public, private, commercial, industrial, 
multifamily housing, fi nancing, and utilities. 
Market leaders showcase energy-effi  ciency 
solutions and share their experience in achieving 
deep savings. 

2. Making energy-effi  ciency investment easier: 
US DOE provides information critical to 
accelerating investment and access to fi nancing. 
US DOE aims to provide building owners access 
to existing fi nancing mechanisms, as well as to 
help building owners and fi nancial institutions 
to make smart energy-effi  ciency investment 
decisions. 

3. State, local, and federal governments leading 
by example: Th e United States operates a total of 
360,000 federal buildings. An executive order in 
March 2015 directed federal agencies to reduce 
energy use in federal buildings by 25% and 
reduce water intensity by 20% through 2025. 
Th e federal government set a target to invest $4 
billion in federal building energy effi  ciency by 
2016, at no cost to taxpayers, through energy 
savings performance contracts (ESPC), which 
apply long-term energy savings to pay for up-
front project implementation costs.

4. Expanding the workforce: US DOE supports 
the development of guidelines for accrediting 
organizations that provide training and 
certifi cation programs for energy-effi  cency 
professionals including energy auditors, 
building operations technicians, commissioning 
professionals, and energy managers. Training 
programs that meet these accreditation 
requirements can apply to use a Better Buildings-
recognized training logo: a stamp of approval.
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By the end of 2017, more than 900 organizations 
were participating in the Better Buildings Initiative. 
Th ese organizations represent 30 of the US Fortune 
100 companies, 12 of the top 25 US employers, 12% 
of the US manufacturing base energy footprint, and 
13% of total commercial building space, in addition 
to 17 Federal agencies, 8 national laboratories, 28 
states, and 93 local governments (Better Buildings, 
2018a).

5.2.1 The US Bett er Buildings Initiative5.2.1 The US Bett er Buildings Initiative

Th e US Better Buildings Challenge, launched in 
2011, is a key component of the Better Buildings 
Initiative. It is a voluntary public-private partnership 
where organizations make a public commitment to 
energy effi  ciency (i.e., reducing building portfolio 
wide energy consumption by 20% or more in 10 
years or less). Th e Better Buildings Challenge covers 
diff erent types of buildings and building owners 
across diff ering market sectors, including commercial 
and manufacturing companies, universities, school 
districts, multifamily residential organizations, data 
centers, and state and local governments (Better 
Buildings, 2018b.). 

Organizations who commit to join the Better 
Buildings Challenge agree to: 

• Conduct an energy-effi  ciency assessment of their 
building portfolio and pledge an organization-
wide energy savings goal

• Take actions by showcasing an energy-effi  ciency 
project and implementing a plan to achieve 
energy savings

• Report results by sharing cost-eff ective 
approaches for saving energy and performance 
data that demonstrate the success (Better 
Buildings, 2018b).

In addition to building owners, municipalities, 
and manufacturing fi rms, fi nancial institutions 
and utilities also participate, as allies. Specifi cally, 
fi nancial institutions have made a total of $12 billion 
USD private capital available for energy-effi  ciency 
upgrades, and utilities have committed to provide 
customers with multi-measure energy-effi  ciency 
programs and easy access to energy usage data 
(Better Buildings, 2018b). 

Th e US DOE administers the Better Buildings 
Challenge. It supports partners and allies by:

• Providing technical assistance to support energy-
effi  ciency implementation

• Connecting partners with a network of allies 
(fi nancial institutions and utilities) to help 
partners achieve their pledged goals 

• Recognizing the achievement of partners and 
allies in energy and cost savings, as well as 
adopting energy-effi  ciency solutions (Better 
Buildings, 2018b)

Success stories are heavily publicized. Partners and 
allies receive public recognition through the Better 
Buildings Bulletin (published by the US DOE) and 
the Better Buildings Beat (a blog profi ling partners 
and energy-saving projects)—partners and their 
solutions are publicized through the Better Buildings’ 
twitter and LinkedIn accounts. In addition, partners 
and allies have been featured “hundreds of times” 
in national, regional, business, and trade media 
outlets (Better Buildings, 2018b). Last but not least, 
the US DOE hosts annual Better Buildings Summit 
to publicly recognize partners and allies, share 
best practices, disseminate market and technology 
solutions, and discuss future opportunities in energy 
effi  ciency. 

To further disseminate the experiences and lessons 
learned from the Better Buildings Challenge, the US 
DOE improved and relaunched its Better Buildings 
Solution Center in the Spring of 2018. It is designed 
to help organizations to identify proven and cost-
eff ective energy- and water-effi  ciency solutions based 
on what the Better Buildings Challenge program has 
learned. Th e Better Buildings Solution Center is an 
online tool where users can fi lter and select solutions 
by topic, building type, sector, technology, location, 
or barrier (Better Buildings, 2018b). It hosts more 
than 1,500 tried and tested solutions utilized by 
partners, as well as various implementation models 
and showcase projects. 
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As of 2017, more than 350 partners had joined the 
Better Building Challenge, representing more than 
4.4 billion square feet of fl oor space, 2,900 industrial 
facilities, and $12 billion in capital extended to 
fi nancing. Together, these partners have reduced 
23 million tons of CO2 emissions, saved 380 trillion 
BTU, or $5.1 billion USD, since the start of the 
program, as shown in Figure 5.6 (Better Buildings, 
2018b).

Figure 5.5. Better Buildings Challenge Results (Source: Better 
Buildings, 2018)

5.3 US Bett er Building Challenge—5.3 US Bett er Building Challenge—
the Los Angeles case studythe Los Angeles case study

5.3.1 Introduction5.3.1 Introduction

Mayor Eric Garcetti released Los Angeles’ fi rst 
Sustainable City pLAn (pLAn) on April 8, 2015. Th e 
pLAn is a roadmap to achieve short-term results as 
well as setting a path to strengthen and transform 
the city over the next 20 years (Sustainable City 
Plan, 2018). Th e goals of the pLAn are to ensure a 
bright future for Los Angeles (i.e., environmentally 
healthy, economically prosperous, and equitable in 
opportunity for all) (Sustainable City Plan, 2018). 
Th e pLAn includes both short-term goals and longer-
term targets (by 2025 and 2035). Specifi cally, the 
pLAn established a set of ambitious goals and visions 
across 14 topic areas, including local water, local 
solar power, energy-effi  cient buildings, carbon and 
climate leadership, waste and landfi ll, housing and 
development, mobility and transit, prosperity and 
green jobs, preparedness and resiliency, air quality, 
environmental justice, urban ecosystems, livable 
neighborhoods, and leading by example (Sustainable 
City Plan, 2015).

Buildings are the largest electricity consumers in the 
City of Los Angeles and the largest contributor to the 
city’s GHG emissions (Sustainable City Plan, 2015). 
Most of the buildings in the city were built before 
energy codes were implemented, resulting in much 
higher energy consumption than those built today. 

As established in the pLAn, in the near term, the city 
targeted expansion of the Better Buildings Challenge 
to cover 60 million square feet, retrofi t 12,500 
homes with residential Property Assessed Clean 
Energy (PACE) fi nancing, create benchmarking 
policy to monitor and disclose building energy 
use, and develop policy packages to address energy 
consumption in the city’s large buildings (Sustainable 
City Plan, 2015). By the end of 2017, the city had 
successfully achieved all but one of these goals, and 
is making progress toward the outstanding goal of 
retrofi tting 12,500 homes through PACE fi nancing. 

For its longer-term goals, the city plans to reduce 
building energy use per square foot (for all building 
types) by 14% by 2025, and 30% by 2035, compared 
to 2013. In addition, by 2020, the city plans to use 
energy effi  ciency to deliver a 15% reduction in Los 
Angeles’ electricity demand (including electricity 
demand in buildings) through rebates, incentives, 
and education (Sustainable City Plan, 2015).
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To implement the pLAn, the city of Los Angeles 
intends to: 

• Execute, expand, and continually refi ne energy-
effi  ciency programs, provided by the city-owned 
municipal utility Los Angeles Department of 
Water and Power

• Measure, track, and make available building 
energy data

• Advance energy-effi  ciency and green-building 
programs 

• Prepare for energy code upgrades

• Lead by example through reduced energy 
consumption in municipal buildings (Sustainable 
City Plan, 2015).

5.3.2 Los Angeles Bett er Buildings 5.3.2 Los Angeles Bett er Buildings 

ChallengeChallenge

Launched in July 2012, the Los Angeles Better 
Buildings Challenge is a city-wide initiative to reduce 
energy consumption and water use by 20% by 2020 
across 30 million square feet of existing buildings, 
supporting the goals of the Sustainable City pLAn 
(LA Better Buildings Challenge, 2018a). Th e idea is 
to build a network of partners that bring together 
complementary resources and programs that serve 
as a “one-stop-shop” for building energy effi  ciency 
in Los Angeles. Activities undertaken under the 
banner of the challenge range from retrofi tting city-
owned facilities and aff ordable housing stock, to 
working with the private sector so as to support the 
fi nancing of energy- and water-effi  ciency upgrades 
in commercial buildings, and then addressing other 
buildings types such as offi  ces, schools, hotels, 
healthcare, retail sites, and multifamily residential 
property. 

Importantly, Los Angeles’ Better Buildings Challenge 
streamlines processes and aggregates the most 
relevant technical assistance needed to improve 
energy and/or water performance as well as helping 
building owners and operators to better understand 
incentive programs provided by Los Angeles’ 
utility companies (LADWP and SoCalGas). Expert 
assistance and advisory services are provided with 
the program’s relationship with the Los Angeles 
Mayor’s Offi  ce, US DOE, and local media helping to 
promote positive outcomes. In addition, awards and 
public recognition are used to further disseminate 

best practice examples, such as the Energy Effi  ciency 
Project of the Year, Portfolio of the Year, and 
press releases for showcase projects. Networking 
opportunities are also provided for participants to 
learn from top performing building owners and 
managers. 

Th e challenge has seen numerous partnerships 
and organisations stepping up to support the goals 
of the Better Buildings Challenge. Th e City of Los 
Angeles General Service Department has developed 
50 projects since December 2010 that represent 1 
million square feet and $16 million (USD) invested 
(Better Buildings Initiative, 2018); the Los Angeles 
Commercial Building Performance Partnership has 
initiated energy assessments covering more than 35 
million square feet of commercial space since 2011, 
and established a goal of driving at least $25 million 
(USD) of investment in energy effi  ciency. Th e City 
of Los Angeles Housing Department has extended 
loans to fund energy retrofi ts of 10 aff ordable 
housing projects, covering 650,000 square feet, with 
$4.5 million (USD) of investment (Better Buildings 
Initiative, 2018). 

Los Angeles’ Better Buildings Challenge motivates 
a variety of institutional partners, technology and 
service partners, fi nancial partners, and utility 
partners to come together and collaborate with 
building owners to retrofi t their buildings. Th e City 
of Los Angeles leads the program and provides 
direct outreach support. Th e US DOE provides 
technical support and branding. LADWP and SoCal 
Gas provide data, technical support, and fi nancial 
resources. Th e Los Angeles Chamber of Commerce 
provides outreach and events management support. 
Th e Los Angeles Cleantech Incubator provides 
fi scal management, non-profi t status, and branding 
advice. Other institutions, such as Building Owners 
and Managers Association (BOMA) of Greater Los 
Angeles, Th e US Green Building Council—Los 
Angeles, the Urban Island Institute (ULI-LA) and 
others provide outreach support and collaboration 
on educational awareness. LA 2030 District provides 
data management and analytics support.

WegoWise Company provides data acquisition, 
benchmarking, and performance tracking support. 
Together, these partners and others represent the 
full range of services and technical support required 
to match the demands of Th e Better Buildings 
Challenge Los Angles partnership model (shown in 
Figure 8) and deliver the scale of impact and success 
that has been achieved.
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As can be seen, the Los Angeles Better Buildings 
Challenge has fostered the creation of a vibrant 
professional community with multiple outreach 
opportunities. Th e press and public are easily able to 
know more about the program and building projects 
through communications activity, and face-to-face 
networking opportunities are facilitated between 
building owners, technology, fi nancing partners, and 
utilities. Typical meetings and events include the 
semi-annual Los Angeles Better Building Challenge 
Leadership Summit (to share best practices and 
recognize participants and partners), monthly 
webinars on topics ranging from tax incentives to 
legislation, and building technologies. 

Figure 5.6. Better Buildings Challenge Los Angeles Partnership 
Model (Los Angeles Better Buildings Challenge, 2018)

Th e City of Los Angeles also provides many tax 
incentives and rebates for energy-effi  ciency projects. 
Th e Los Angeles Better Buildings Challenge helps 
building project managers to identify the right 
incentive programs to fi t their circumstances. 

In addition, the Los Angeles Better Buildings 
Challenge provides access to an open source online 
soft ware tool that allows free automated utility 
tracking and analytics for participating properties. 
Th e tool can target building water, electricity, and 
natural gas and requires no hardware installation. 
Th e tool automatically imports consumption and 
cost data and exports this to Portfolio Manager 
for Energy Star® ratings. Th e tool is capable of 
monitoring and analyzing performance through 
intuitive visualizations and measuring, as well as 
verifying, energy savings through building retrofi ts 
(Los Angeles Better Buildings Challenge, 2018).

A step-by-step roadmap has developed to achieve 
the goal to reducing energy consumption by 20% in 
participating buildings. More than 60 million square 
feet of the buildings are now participating in the 
Los Angeles Better Buildings Challenge, including 
more than 250 city buildings (LA Better Buildings 
Challenge, 2018b). 
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5.3.3 Existing commercial and public 5.3.3 Existing commercial and public 

building energy-effi  ciency policiesbuilding energy-effi  ciency policies

Benchmarking policy to monitor and Benchmarking policy to monitor and 
disclose building energy usedisclose building energy use

Key elements

Th e Existing Buildings Energy and Water Effi  ciency 
(EBEWE) ordinance touches most city-owned 
buildings of 7,500 square feet or more and 
privately owned buildings of 20,000 square feet 
or more, requiring them to report and disclose 
building energy and water consumption using the 
EPA’s Portfolio Manager. Th e City of Los Angeles 
Department of Building and Safety (LADBS) uses the 
information to generate annual reports.

Th e policy went into eff ect in 2017 (LA Energy & 
Water Effi  ciency, 2018). EBEWE’s benchmarking 
program is a complement of California Assembly Bill 
802, a state-wide building energy use benchmarking 
and public disclosure program. Th is legislation allows 
building owners to obtain total energy use data 
across all tenants for their buildings from their utility 
provider. Individual tenant-specifi c metered data 
can also be made available to building operators or 
owners, if authorization is received from each tenant 
(SoCalGas, 2018). 

Table 5.1 Data reporting deadlines under EBEWE (LA Energy & Water Effi  ciency, 2018 a )Table 5.1 Data reporting deadlines under EBEWE (LA Energy & Water Effi  ciency, 2018 a )

Building Square Footage First Benchmark Reporting Date Subsequent Benchmark Reporting Date 

100,000+ December 1, 2017 June 1 thereaft er

50,000+ June 1, 2018 June 1 thereaft er

20,000+ June 1, 2019 June 1 thereaft er

How to comply

Buildings are required to report building energy use 
to Energy Star® Portfolio Manager via the LADBS 
account. Each building is assigned a Los Angeles City 
Building ID. Information necessary to benchmark 
energy and water use includes, at a minimum: Energy 
Star® score, weather normalized energy use intensity 
per unit area per year, carbon dioxide emissions 
(calculated by Energy Star® Portfolio Manager), and, 
if applicable, the last Energy Star® approval date. Th e 
program runs an automatic data quality checking 
function available within Energy Star® Portfolio 
Manager. Building owners pay the department $61 
for each annual benchmarking report submitted to 
the department (LA Energy & Water Effi  ciency, 2018 
a).

Enforcement

Th e policy requires all city-owned buildings of 
various sizes to report their energy use data by the 
respective deadlines. 

Th e consequence for non-compliance include three 
areas: 

• Public disclosure of noncompliance 

• LADBS penalties and fees ($202)

• Potential complications relating to fi nancing and 
transaction (LA Energy & Water Effi  ciency, 2018 
a ).
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Initial audits and retro-commissioningInitial audits and retro-commissioning

Key elements

Starting January 2019, all privately owned buildings 
20,000 square feet or more or city-owned buildings 
15,000 square feet or more will be requested to 
conduct initial audits and retro-commissioning 
reports according to their schedule and every 5 years 
thereaft er (LADBS, 2018). 

How to comply 

Energy auditing will meet or exceed Level II audit 
standards in conformance with the ASHRAE 
Procedures for Commercial and Public Building 
Energy Audits, performed under supervision of a 
California licensed engineer or architect (LA Energy 
& Water Effi  ciency, 2018 a). 

Retro-commissioning will include at the minimum: 
heating, ventilation, air conditioning (HVAC) 
systems and controls, indoor lighting systems and 
controls, water heating systems, and renewable 
energy systems.

Th e energy audit and retro-commissioning report 
should include, at a minimum: 

• Audit and retro-commissioning performance 
date 

• Auditor and retro-commissioning provider 
information 

• Base building systems and equipment 
information 

• A list of all energy-effi  ciency retrofi t measures 
and/or cost of operating the building, costs of 
each measure, and an estimate of the energy 
savings associated with each measure

• All the retro-commissioning process activities 
undertaken and retro commissioning measures 
completed

• Functional performance testing reports

• Operational training conducted

• Acknowledgment that an ASHRAE level II audit 
was conducted.

Enforcement 

Th e consequence for non-compliance include: 

• Public disclosure of noncompliance 

• LADBS penalties and fees ($202) 

• Potential complications related to fi nancing and 
transaction (LA Energy & Water Effi  ciency, 2018 
a).

Financial incentives Financial incentives 

Government and utility energy-effi  ciency rebates 

Th e Los Angeles Department of Public Works’ 
(LADWP) Custom Performance Program (CPP) and 
Commercial Lighting Incentive Program provides 
rebates for the installation of diff erent energy-
effi  ciency measures, which include lighting, thermal 
energy storage, and HVAC refrigeration. Th ose 
incentives include: 

• Lighting: $0.05 per KWh savings 

• Air-Conditioning and Refrigeration: $0.14 per 
KWh savings 

• Other: $0.08 per kWh savings (LADWP, 2018).

Other utilities that cover the Los Angeles area also 
provide incentives in various forms. For example, 
Southern California Edison (SCE) is a California 
utility that off ers incentives for non-residential 
customers, regardless of size and energy usage. 
Express Effi  ciency rebates for lighting, refrigeration, 
food service, agricultural equipment, premium 
effi  ciency motors, and air conditioning technologies 
are available for various non-residential customer 
types. 

• Lighting: Varies widely by type

• Variable frequency drives: $80/HP

• Packaged air conditioning and heat pumps: $100/
unit

• Kitchen ventilation: $300-$325/HP

• Cooking appliances: $200-$1250 unit

• Holding cabinets: $200-$300/unit
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• Refrigerators/freezers: $50-$1000/unit

• Refrigeration controls: $75-$100/controller

• Electric storage water heater: $30/unit

• Plug-load occupancy: $15/sensor

• PC network soft ware: $15/PC

• Effi  cient irrigation: $1.50/low pressure nozzle; 
$44/acre for drip irrigation.

SCE also off ers a retro-commissioning program and 
a continuous energy improvement program. Th e 
retro-commissioning program is meant to identify 
various ways to cut energy use in commercial 
buildings, saving customers money. Th e continuous 
energy improvement program off ers free energy 
consulting to customers to help them continue to 
implement energy-effi  ciency measures.

Qualifi ed businesses can receive a free consultation 
from SCE on retro-commissioning. In the 
continuous energy improvement program, SCE will 
provide business owners with a free and dedicated 
expert to assess, plan, implement, evaluate, and 
modify business strategies. SCE will provide building 
owners with resources to identify incentive programs 
and ways to conserve energy through operations 
and maintenance, or even approach the advanced 
certifi cations such as Energy Star® or LEED. 
Additionally, SCE provides a HVAC optimization 
program that can provide a holistic view to building 
owners to realize maximum building energy-
effi  ciency savings (Southern California Edison, 
2018). 

Specifi c fi nancing option – Los Angeles County 
Commercial and Public Property Assessed Clean 
Energy (CPACE) 

CPACE is a fi nancing solution that building owners 
can use to borrow capital for energy-effi  ciency 
or renewable-energy projects, paying the loan 
back through property tax bills. Th is fi nancing 
mechanism stays with the property until it is sold, 
which facilitates longer-term investments in building 
effi  ciency. CPACE is suitable for organizations where 
the jurisdiction has passed the necessary legislation, 
the owner wants long-term fi nancing (10+ years) at 
low interest rates, prefers to pilot projects at a few 
locations before implementing more broadly, does 
not plan to own or operate the property for the long 

term, and may plan to transfer fi nancing obligations 
at the time of sale (Better Buildings Initiative, 2018). 

In the Los Angeles County CPACE program, 
fi nancial institutions, such as Wells Fargo, Deutsche 
Bank, and AWE PACE, provide the necessary capital 
to potential building owner lenders. Property owners 
complete their projects and make repayments 
through property tax bills. Th e government sponsor 
then collects repayment and repays fi nancers. Any 
upgrades that have proven to permanently save 
energy or water, or to produce renewable energy can 
be considered. For mortgage lenders, they have the 
opportunity to enter a special PACE program, where 
owners are required to gain mortgage holder consent 
before a PACE assessment can be put in place, 
aff ording institutions the ability to invest in upgrades 
up front. With CPACE, mortgage lenders can: 

• Purchase PACE bonds

• Attract new mortgage and construction lending 
business

• Enhance cash fl ow and increase collateral value

• Reduce hedge risk

• Earn CRA credit (LA County PACE, 2018). 

Specifi c fi nancing option – on-bill fi nancing 
provided by SoCalGas 

On-bill fi nancing and repayment are innovative 
fi nancing options whereby a utility or private lender 
provides retrofi t capital to customers in order to 
make energy-effi  ciency improvements. Customers 
pay back capital costs on an existing utility bill. 
Th e benefi t of on-bill fi nancing include low-to-
zero interest rates, simple contract structures, 
and streamlined repayment. On-bill fi nancing is 
only available in regions where utilities have the 
mechanism to support on-bill programs (Better 
Buildings Initiative , 2018 a). 

SoCal Gas is a utility that services Los Angeles and 
provides on-bill fi nancing to its customers through 
zero percent interest, unsecured business loans, 
with no payback penalty, that are non-transferable. 
Customers repay the loan monthly on utility bills 
and can receive both on-billing fi nancing and a 
rebate/incentive from an energy-effi  ciency program. 
Th e loan must be at a minimum of $5,000 (USD) 
per meter. Th e maximum loan amount is $250,000 
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(USD) per meter for taxpayers-funded institutional 
customers such as cities, counties, public schools, etc. 
Th e maximum loan amount is $100,000 per meter 
for non-institutional customers. Th e maximum 
project payback period is 10 years for all institutional 
customers, and 5 years for non-institutional 
customers (Coulter, 2015).

5.4 Recommendations and next 5.4 Recommendations and next 
steps for Shanghai, Changing Districtsteps for Shanghai, Changing District

As the pilot for the China Better Buildings Challenge 
Program, the Changning District has much to learn 
from international experience as well as the potential 
to demonstrate domestic success. In partnership 
with CABEE, this project therefore provides the 
opportunity to prove the case for and build up the 
core support capacities of the challenge. 

Indeed, the US Better Buildings Initiative, and 
its replication at city levels, rely on strong central 
advisory and outreach functions. Th ese act as the 
go-to place for technical, fi nancial, networking, 
and communications in relation to building energy 
effi  ciency. By adopting and adapting such functions 
as those discussed above, CABEE, the Changning 
District, and other stakeholders involved in 
supporting the China Better Buildings Challenge, can 
begin to scale impact and participation in much the 
same way as has been achieve in the United States. 

In particular, the following areas of activity may be 
seen as particularly important in ensuring the success 
of the challenge, not only in the Changning District, 
but also for others who choose to participate in the 
future: 

Benchmarking and data disclosure policies Benchmarking and data disclosure policies 

Energy data reporting and disclosure work in Los 
Angeles depends on building owners or operators 
reporting through Energy Star® Portfolio Manager, 
and is thereaft er analyzed in this function. Los 
Angeles also provide a soft ware tool that allows 
automatic utility data imports into Energy Star® 
Portfolio Manager. 

A recent manual by LBNL and C40 on the topic 
of using data for policy indicated that, in order to 
implement a successful benchmarking program, it 
is important to create a detailed and goal-oriented 
data collection, cleaning, analysis, and results 
communication process. 

Informed by inputs of city offi  cials from 23 cities 
around the world, the following framework 
procedure has been outlined in order to create a 
successful commercial and public building energy 
use benchmarking program:

1. Defi ning objectives and metrics 

Th e most important factor in creating a 
benchmarking program is to defi ne its goal and 
measuring metrics. Th is helps policymakers to create 
an implementable and suitable procedure. 

Defi ne scope

As has been seen in Los Angeles, clear fl oor space 
requirements and time lines are essential.

Identify key metrics

For energy benchmarking and rating programs, 
the key metric to measure would be normalized 
individual building energy use intensity and energy 
score/rating. 

2. Data collection 

Energy and building performance data is vital to 
demonstrate savings and evaluate the eff ectiveness 
of policies and energy-conservation measures in 
buildings. Data should collected in a systematic 
process that includes the following key data sets:

• General building data: building ID, building 
name, address, and contact information, etc.

• Building characteristic data: total gross fl oor 
area, year built, occupancy type, number of 
buildings, latest renovation year, etc.

• Building characteristic data: window, envelope, 
building equipment information, etc.

• Building energy data: total annual site energy use 
by fuel type, etc.

• Building energy data: monthly site energy use 
by fuel type (and/or meter), interval site energy 
use by fuel type (and/or meter), etc. (C40 Cities, 
LBNL, 2018).
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Guidance on what data sources are eligible for data 
submission should be established. In the United 
States, the US EPA’s Energy Star® Portfolio Manager 
is widely used in cities participating in the Better 
Building Challenge. It is also important to create a 
standard format on how the data is formatted and 
recorded into data collection soft ware or tools. Once 
data are collected, data management and analysis are 
critical to control the data quality and fully utilize the 
data to better support policy making. 

Th is kind of data-oriented policy making requires the 
timely communication of data results to stakeholders. 
Data communication not only makes energy data 
more transparent and enhances understanding of 
energy effi  ciency, but it also allows for the broader 
evaluation of policy eff ectiveness.

Auditing and retro-commissioningAuditing and retro-commissioning

Changning District plans to incentivize retro-
commissioning, which needs to be supported by 
solid energy data measurement. To establish policies 
to incentivize retro-commissioning, studies may 
be established to learn true costs and savings when 
applying diff erent energy conservation measures. 
Market analysis can be established to understand 
savings and diff ering business models among ESCOs, 
retro-commissioning agents, and building hosts. 

Financial incentives Financial incentives 

Changning District aims to reform its current 
subsidies for energy-effi  ciency upgrades. Further 
research to fully understand how fi nancial innovation 
could help building owners gain access to retrofi t 
capital, in combination with decreasing subsidy 
levels, could be of benefi t to secure the future health 
and scalability of the retrofi t market.

Data disclosureData disclosure

In the US Better Building Challenge program, a 
number of cities, such as Boston and New York, 
disclose individual building data publicly with 
downloadable spreadsheets. Some cities disclose 
building information for municipal buildings, 
such as San Francisco. In Washington, D.C., 
15-minute interval electricity use data for 350 
municipal buildings is disclosed, alongside billed 
heat usage.

Data visualizationData visualization

Cities oft en make use of maps and web-based 
applications. For example, Boston, Philadelphia, 
Chicago, Minneapolis, Seattle, and Washington, 
D.C., use maps to show data analysis results. 
New York City not only uses maps, but also 
uses web-based applications (such as the 
Benchmarking Help Center, Retrofi t Accelerator) 
to provide resources, technical assistance, and 
communications to stakeholders. 

Use data for engagement and outreachUse data for engagement and outreach

Cities have adopted creative ways to utilize data 
for engaging a broad range of stakeholders. For 
example, Copenhagen is collaborating with 
public schools to fi nd ways to use energy data in 
classrooms, and Sydney has developed tools and 
strategies for commercial tenant engagement. 
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6. Conclusion
As we have read, the focus actions that will be 
supported by the C40 CBP will address many aspects 
in the policy journey that must be undertaken to 
ensure a low carbon future for the construction 
sector. From adopting building level renewables in 
Fuzhou, to the retrofi t and upgrade of ineffi  cient 
buildings in Qingdao and Shanghai, and the 
development of ultra-low energy buildings in Beijing, 
the C40 CBP will be a hub for the knowledge and 
skills development needed when addressing one of 
the biggest, most important, policy challenges faced 
by urban leaders.

Indeed, it is intended that the C40 CBP will not 
only benefi t those cities directly participating, but 
that through publications, networking events and 
workshops, and convening a broad spectrum of 
stakeholders, the infl uence of the programme will 
extend to a far wider domestic and international 
audience.

By connecting Chinese cities to share best 
practices with C40’s global network of more than 
90 of the world’s greatest cities, urban building 
policy practitioners will be able align their 
ambitions with peer cities drawn from across the 
continents. Th rough such actions C40 is building 
the momentum, taking the collective endeavor 
of Mayors, policy decision makers, and urban 
citizens, and channeling this into delivering the 
unprecedented pace and scale of climate action the 
Paris Climate Agreement tells us we need see.
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