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PROJECT BACKGROUND

Cooling and refrigeration have significant impact on global climate change, and its
impact is mainly reflected in three aspects. First, hydrofluorocarbons (HFCs), which
have been widely used as refrigerant substitutes for refrigeration/air-conditioning, have
global warming potential (GWP) several thousand times that of carbon dioxide (CO2)
and their emissions are increasing at a rate of 10–15% per year1, the fastest increase
among all types of greenhouse gases (GHGs). If the growing trend continues, their
emissions will account for 20% of total GHG emissions in 2050 2.
Second, enormous amount of fossil fuel-generated electricity consumed by a large
number of refrigeration/air conditioning systems makes significant contribution to GHG
emissions. It has been estimated that CO2 emissions caused by meeting global cooling
electricity demand have contributed nearly 10% of the world’s total CO2 emissions 3.
Third, it is typical that 10% of the power system is built to meet the peak electricity load
in just 1% of a year's hours 4 and power generation units used to meet peak loads are
the costliest and often dirtiest with the lowest efficiency. Cooling load is one of the largest
peak loads and accounts for a significant share in the need for operating polluting and
GHG emitting peaking units.
Promptly and effectively responding to the climate challenges posed by the growing
global demand for refrigeration/cooling is critical to achieving the Paris Agreement
targets and the mid-century carbon neutral goals. As the world’s biggest user of HFCs
as well as the largest energy consumer and CO2 emitter, China urgently needs to act to
reduce the cooling-induced climate impacts. Although China has made a great effort in
improving energy efficiency in industrial, commercial, and residential sectors, the
potential for energy saving/GHG reduction in the refrigeration/cooling is far from being
tapped.
Insufficient information on advanced cooling related technologies and lack of accessible
and affordable financing have made customers prioritize less-efficient solutions in the
refrigeration/cooling systems in China. Further, the traditional way of doing small and
isolated energy-saving projects makes them difficult to attract investment. Implementing
a large-scale cooling initiative at the city scale could create opportunities for energy
efficiency improvement in all sectors related to cooling from cold storage and
refrigeration warehouses, food services, supermarkets, industrial production, and
logistics transportation to air conditioning in commercial, public, and residential
buildings.
Ningbo is located in the economically developed area of the Yangtze River Delta on the
east coast of China. It has unique port and shipping conditions, a developed industrial
1

Velders, G.J.M., Ravishankara, A.R., Miller, M.K., Molina, M.J., Alcamo, J., Daniel, J.S., Fahey, D.W., Montzka, S.A. and Reimann, S., 2012.
Preserving Montreal Protocol Climate Benefits by Limiting HFCs. Science, 335. 922–923. DOI:10.1126/science. 1216414. See also: WMO, 2010.
Scientific Assessment of Ozone Depletion: 2010. World Meteorological Organization, Geneva. Available at:
http://ozone.unep.org/new_site/en/scientific_assessment_2010.php
2 https://www.k-cep.org/why-cooling/
3 Jon Henley. 2015. World Set to Use More Energy for Cooling than Heating. New York.
https://www.theguardian.com/environment/2015/oct/26/cold-economy-cop21-global-warming-carbon-emissions
4 https://info.aee.net/hubfs/PDF/aee-peak-demand-reduction-strategy.pdf
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economy, and high energy consumption demand. As one of the most important energy
production and manufacturing bases in China, as well as the country’s largest shipping
port and a dynamic city of 7.6 million people, Ningbo is in a good position to initiate a
city-wide, large scale deployment program to adopt advanced solutions and innovative
financing mechanisms for achieving climate-friendly refrigeration/cooling.
This knowledge and support technical assistance (TA) project aims to help Ningbo
design a climate-friendly cooling deployment program to simultaneously reduce
greenhouse gas (GHG) emissions and improve energy efficiency related to
refrigeration/cooling in multiple sectors. It is fully aligned with the priority of the Asian
Development Bank (ADB) country partnership strategy for the People’s Republic of
China (PRC), 2016–2020 on managing climate change and the environment to support
the government’s priorities in realizing an “ecological civilization”5. The TA supports the
strategic thrust of ADB’s Strategy 2030 to mitigate climate change and promote
environmental sustainability 6. The objectives of this TA are also consistent with those of
the National Green Cooling Action Plan issued by the seven Chinese ministries and
commissions. The Plan not only sets ambitious energy-saving and emission-reduction
targets in cooling, but also encourages and supports local actions7.

5

An “ecological civilization” refers to achieving harmony between growth, people, and nature. It includes activities to mitigate ecological
damage, relieve pressures on natural resources, and improve the balance between the environment and the economy. ADB. 2016.
Transforming Partnership: People’s Republic of China and Asian Development Bank, 2016–2020. Manila.
6 ADB. 2018. Strategy 2030: Achieving a Prosperous, Inclusive, Resilient, and Sustainable Asia and the Pacific.
Manila.
7 http://www.gov.cn/xinwen/2019-06/15/content_5400474.htm
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2

PROJECT SCOPE

The TA is to assist Ningbo in designing a climate-friendly, energy-efficient cooling
initiative to reduce greenhouse gas (GHG) emissions and improve energy efficiency
related to refrigeration/cooling in the city’s multiple sectors. It is to assess cooling-related
policies and technologies to identify areas for improvement. It also helps the city identify
viable business models and innovative financing mechanisms to enable it to carry out a
large-scale climate-friendly cooling deployment initiative. In addition, the TA goes one
step further to not only promote the efficiency improvement of cooling equipment but
also optimize cooling resources efficiency and enhance services through internet+ type
of digitalization solutions. This TA consists of four aspects of work:
1. Assessing national policies on energy efficiency improvement and reduction
of GHG emissions in the cooling sector.
Under this task, the TA reviews China's policies and standards in refrigeration/cooling,
and studies international best practices in policies and standards. In addition, the TA
carries out on-the-ground investigation and analysis in order to identify various problems
and obstacles faced by Ningbo in promoting green cooling, and on this basis, make
policy recommendations to remove these obstacles.
2. Identifying advanced refrigeration/cooling technologies and applications.
Under this task, the TA identifies and assesses a wide range of cooling-related
technologies and relevant technical solutions, including high-efficiency cooling systems,
low to zero Global Warming Potential (GWP) refrigerants, natural refrigerants such as
CO2, intelligent control and management of cooling operations, waste energy for
cooling, as well as integration of rooftop photovoltaic power generation, thermal energy
storage and cooling. The TA also conducts customer survey to identify hurdles for
retrofitting existing inefficient cooling systems or adopting new technologies.
3. Introducing viable business models and innovative financing mechanisms for
enabling large-scale deployment of green cooling solutions.
This task focuses on four aspects: 1) Analyzing a variety of different financing
instruments internationally for Ningbo's reference. 2) Studying diversified business
models that help make cooling projects profitable, especially business models that can
be implemented on a large scale. 3) Introducing financing de-risking solutions that
enhance credit and minimize potential risks associated with investment. 4) Based on the
review of financing mechanisms, business models, and de-risk strategies, designing a
model that Ningbo can adopt in carrying out a large-scale green cooling deployment at
the city level.
4. Designing an internet+ cooling model and identifying green cooling digital
solutions.
In this task, the TA pays a great attention to the internet+ cooling concept that identifies
digital solutions and designs a digitization infrastructure in helping Ningbo realize smart
and climate-friendly cooling. It also studies the adoption of the sharing economy concept
in the cooling sector (e.g., under-utilized refrigerated spaces in cold storage and cold
chain transportation vehicles can be shared among facilities). Adoption of this model
can provide multiple benefits, including optimizing the use of cooling resources and
avoiding waste caused by underutilization of resources.
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3

POLICY SOLUTIONS

3.1 Review of international best practice in developing enabling policies
As one of the tasks, the TA-9670 conducted a comprehensive review aimed at extracting
leading policy experience in selected countries in greening the cooling sector. The
purpose of this work is to provide valuable insights for policymakers to effectively
implement a climate-driven cooling deployment program. The TA evaluated policy
experiences in developing enabling policies and programs in promoting cooling
efficiency and GHG reductions and encouraging use of low global warming potential
(GWP) refrigerants in specific countries including EU, the U.S. (particularly California),
Australia, Japan, South Korea, etc. Table 1 below summarizes the information.
Table 1. Summary of relevant regulations and programs in selected countries
Countries/Continents Regulations and Programs
EU
• Energy Efficiency Directive establishes a framework of
measures mainly to ensure that the EU’s 2020 and 2030
energy efficiency targets are met, including energy
efficiency in cooling sector.
• Renewable Energy Directive sets a target of 32% energy
from renewable sources at EU level for 2030. Encouraging
use of renewable energy sources in cooling sector.
• Governance Regulation defines how member states will
cooperate both with each other and with the European
Commission to reach the ambitious objectives of the Energy
Union, including the renewable energy targets, the energy
efficiency targets, and the GHG emissions goals 8.
• Commission Delegated Regulation (EU) 2019/826 focuses
on comprehensive assessments of the potential for efficient
heating and cooling.
• EU Heating and Cooling Strategy provides a framework for
integrating efficient heating and cooling into EU energy
policies. It focuses action on stopping the energy leakage
from buildings, maximizing the efficiency and sustainability
of heating and cooling systems, supporting efficiency in
industry and reaping the benefits of integrating heating and
cooling into the electricity system. The Strategy includes five
main initiatives: 1) Making renovating buildings easier; 2)
Integrating electricity systems with heating and cooling
systems; 3) Increasing the share of renewables; 4) Reusing
energy waste from industries; 5) Getting consumers and
industries involved. It relies on the EU member states’
accountabilities to put it into practice. Under the guidance of
the strategy, each nation issued their own policies and

8

https://www.consilium.europa.eu/en/press/press-releases/2018/12/04/energy-efficiency-renewables-governance-of-the-energy-unioncouncil-signs-off-on-3-major-clean-energy-files/ and http://data.consilium.europa.eu/doc/document/PE-55-2018-INIT/en/pdf
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regulations to ensure the realization of the targets 9.
• Fluorinated gases (F-gas) Regulation (No 517/2014) limits
the total amount of the most important F-gases sold in the
EU from 2015 onwards and phases them down in steps to
one-fifth of 2014 sales in 2030, bans the use of F-gases in
many new types of equipment where less harmful
alternatives are widely available, prevents emissions of Fgases from existing equipment by requiring checks, proper
servicing and recovery of the gases at the end of the
equipment's life, and requires a quota for producers and
importers placing at least 100 tonnes of CO2 equivalent of
HFCs in bulk on the market in a calendar year.
• Mobile Air Conditioning (MAC) Directive aims to reduce
emissions of F-gas from mobile air-conditioning systems. It
introduces a gradual ban on these gases in passenger cars.
F-gases with a global warming potential higher than 150 is
not allowed to be used in MAC systems.
• The European Commission is currently reviewing the F-gas
Regulation and planning to propose changes to the
regulation by the end of 2021. The changes will incorporate
policy options in line with the European Green Deal and
European Climate Law, and aim to comply with recent
international obligations on HFCs under the Montreal
Protocol10.
U.S.

• Energy Policy and Conservation Act (EPCA) is to increase
energy production and supply, reduce energy demand,
provide energy efficiency, and ensure energy security. It
established the Energy Conservation Program for
Consumer Products that gives the Department of
Energy the authority to develop, revise, and implement
minimum energy conservation standards for appliances and
equipment including small, large, and very large air-cooled
commercial package air conditioning 11.
• The Clean Air Act (CAA) is a comprehensive law that
regulates air emissions from stationary and mobile sources,
including Ozone-Depleting Substances (ODS) refrigerants
(including CFCs and HCFCs) and their substitutes (such as
HFCs).
• Significant New Alternatives Policy (SNAP), a program
under CAA, identifies and evaluates substitutes for ODS to
reduce overall risk to human health and the environment.
California:
• California’s Building Energy Benchmarking Program
mandates owners of commercial and multifamily buildings to
report energy use to the state annually.

9

https://ec.europa.eu/energy/en/topics/energy-efficiency/heating-and-cooling
European Commission. EU legislation to control F-gases. https://ec.europa.eu/clima/policies/f-gas/legislation_en
11 https://www.congress.gov/bill/94th-congress/senate-bill/622
10
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• California’s Home Energy Rating System (HERS) tests and
rates the energy performance of a home to addresses
construction defects and poor equipment including HVAC
systems.
• California’s Energy Conservation Assistance Act (ECAA)
offers two loan programs for energy efficiency and energy
generation projects, with one at zero-interest rate and
another at 1%.
• The California Energy Commission (CEC) is responsible for
developing the Appliance Energy Efficiency Standards.
Being updated frequently over years, these standards have
become the most stringent energy efficient standards in the
US. Central/noncentral air conditioners and refrigeration
products are regulated by the standards. To be sold or
offered for sale in California it is the responsibility of
appliance manufacturers to test them at CEC-approved
laboratories and receive third-party certification. Once
certified, manufacturers are required to submit their
documentation and data to the CEC to be uploaded into the
agency’s online Modernized Appliance Efficiency Database
System (MAEDS).
• California’s Senate Bill 1383 requires the state to reduce
HFC emissions by 40% below 2013 levels by 2030.
• California Senate Bill 1013 (a.k.a California Cooling Act)
prohibits manufacturers from selling equipment or products
that use prohibited HFCs after their respective prohibition
dates and establishes an incentive program for encouraging
low-GWP refrigerants.
• California Air Resources Board (CARB)’s HFC Regulation
prohibits the use of high-GWP refrigerants in new and retrofit
stationary refrigeration equipment.
• CARB new regulation proposal sets the most stringent HFC
refrigerant regulations by banning the use of: greenhouse
gas refrigerants with a GWP ≥ 750 in new
residential/commercial air conditioning starting in 2023, sale
or installation of new systems containing refrigerants with a
GWP ≥ 150 starting in 2022, and sale, distribution, or import
for use in California of new refrigerants (not reclaimed or
recycled from other systems) with a GWP ≥ 1500 starting
in 2022.
• California Air Resources Board (CARB) recently adopted
new regulations to minimize emissions of super pollutant
HFC refrigerants in a variety of industries that use cooling
equipment, including supermarkets and air conditioners.
New approved rules are: 1)The 750 GWP limits will be
pushed back to 2025 for new residential and commercial air
conditioning; 2) All California retailers with a refrigeration
system containing over 50 lbs of refrigerant will have to
comply with one of two new options by 2030: a) reduce
company-wide average refrigerant GWP to 1400, or b)

Report- TA-9670 | 7

reduce their baseline refrigerant GHG potential by 55%; 3)
Larger businesses with at least 20 stores will have an interim
target to achieve by 2026.
• CARB launched the F-Gas Reduction Incentive Program
(FRIP) to promote the adoption of new refrigerant
technologies in stationary refrigeration, air conditioning, and
other end-uses. The California Cooling Act (SB 1013)
authorized the FRIP program to address higher upfront
costs associated with converting to lower GWP refrigerants.
The first FRIP grants would cover a portion of the cost of
installing new or upgrading existing supermarket and
grocery store commercial systems with new refrigerants of
much lower GWP, as well as the introduction of new
refrigeration technologies. Funding for FRIP comes from the
California Climate Investments program. 50% percent of the
FRIP projects will be located in low-income and
disadvantaged communities 12.
• CARB is implementing a new Refrigerant Recovery,
Recycle, and Reuse (R4) Program, which requires that
manufacturers shipping new equipment for use in California
must calculate the projected refrigerant charge of that
equipment for the years 2023 and 2024. Under the program,
it’s required that AC manufacturers recycle 10% of R410
refrigerant recovered from old equipment 13.
Other states
• Washington, New Jersey, Colorado, New York, Vermont,
Massachusetts, Maryland, and Virginia (these are states in
the US Climate Alliance) have all passed to implement
SNAP Rules 20 and 21 14. Start dates differ by state.
• Virginia Air Pollution Control Board approved a final
regulation prohibiting the use of certain HFCs in specific end
uses on April 23, 2021. The regulation will come into effect
on June 1, 2021 15.
• The Delaware Department of Natural Resources and
Environmental Control announced a new rule to phase down
HFCs will publish in the state’s register on March 1. The new
regulation, to be effective on September 1, 2021,
establishes a schedule for the state to phase down specific
HFCs used in air conditioning/refrigeration equipment,
aerosols and foams16.
Australia

• The National Energy Productivity Plan (NEPP) is a package

12
California Air Resources Board (CARB), 2021. New CARB investment program awards first $1 million for large, cutting-edge refrigeration
systems https://ww2.arb.ca.gov/news/new-carb-investment-program-awards-first-1-million-large-cutting-edge-refrigeration-systems
13J.R. Turpin, 2021. HFC Phasedown Regulations Take Shape. Available at:
https://www.achrnews.com/articles/144652-hfc-phasedownregulations-take-shape
14 The US Climate Alliance.
http://www.usclimatealliance.org/recent-leadership/tag/HFCs
15Virginia Department of Environmental Quality, 2021. State Air Pollution Control Board Approves Phase Out of HFCs in Virginia.
https://www.deq.virginia.gov/Home/Components/News/News/90/16
16
DELAWARE NEWS, 2021. New Regulation Requirements Aimed at Reducing Greenhouse Gas Emissions Effective Sept. 1.
https://news.delaware.gov/2021/02/26/new-regulation-requirements-aimed-at-reducing-greenhouse-gas-emissions-effective-sept-1/
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•

•

•

•

Japan

17
18

of measures to improve Australia’s energy productivity by
40% between 2015 and 2030. In Australia, energy efficiency
is dealt together with economic growth under the concept of
energy productivity.
The National Framework for Energy Efficiency, a main
mechanism by which all governments in Australia
coordinate national action on energy efficiency and delivers
a range of policy measures.
National Strategy on Energy Efficiency (NSEE) is to
accelerate energy efficiency efforts, streamline roles and
responsibilities across levels of governments, and
encourage and support innovation in energy efficient
technologies.
The Greenhouse and Energy Minimum Standard (GEMS)
Act established national legislation to regulate energy
efficiency and labeling standards and set mandatory
minimum efficiency requirements for appliances and
equipment including cooling equipment.
The Heating, Ventilation and Air-Conditioning High
Efficiency Systems Strategy, a ten-year strategy under
NSEE to drive long-term improvements in energy efficiency
of HVAC systems nationwide. The goal of the Strategy is to
deliver reductions in annual greenhouse emissions of four
million tonnes and energy savings of around $350 million per
annum. It has been designed to addresses many nontechnical barriers to efficiency and create the environment
in which energy efficiency gains are valued, measurable and
sustainable while identifying and promoting highly efficient
technical solutions and systems optimization processes.
The Strategy also takes a whole life perspective in targeting
HVAC efficiency improvement, encompassing the design,
manufacture, installation, operation and maintenance
stages of the HVAC lifecycle 17.

• The Act on the Rational Use of Energy is the foundation of
Japans’ energy efficiency and conservation policies. It went
through a series of major revisions in 1993, 1998, 2002,
2005, 2008, 2013 and 2018, with regulations strengthened
each time. It has created energy efficiency standards for
equipment and appliances, such as vehicles, refrigerators
and air conditioners.
• The Top-Runner Program is a regulatory standard program
targeting the improvement of energy efficiency of electrical
appliances, including air conditioners and refrigerators. A
target standard is set at the weighted-average energy
efficiency of each manufacturer’s and importer’s shipment to
achieve the level of the most energy-efficient model in each
category of the current market 18. On a regular basis, the

https://www.energy.gov.au/government-priorities/energy-productivity-and-energy-efficiency
International Energy Agency, 2017. https://www.iea.org/policies/573-act-on-the-rational-use-of-energy-energy-efficiency-act
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•
•
•

•

•

•

South Korea

19
20

government test all the products currently available in a
category, determine the most efficient model, and make that
model's level of efficiency the new baseline. Manufacturers
have the obligation to make efforts to achieve the new
baseline within four to eight years 19 . The regulator can
disclose the companies that fail to meet the targets, as well
as issue recommendations, orders and fines. This drives
companies to avoid negative publicity20.
Ozone Layer Protection Law to fulfill obligation to Montreal
Protocol and phase down the production and consumption
of HFCs as required by Kigali Amendment
Fluorocarbons Recovery and Destruction Law to limit
emissions of fluorocarbons by providing guidance for
recovery and destruction of these substances
The Act on Rational Use and Proper Management of
Fluorocarbons to implement comprehensive measures
throughout the life cycle of fluorocarbons from production to
destruction
Two major initiatives for the period 2018-2022 to promote
technologies of low-GWP refrigerant and equipment,
including Development Project on the Next Generation
Refrigeration and Air Conditioning Technologies and
Assessment Methods and Project on Accelerate
Introduction of Energy Saving-Type Natural Refrigerant
Equipment to Build Fluorocarbon-Free and Low Carbon
Society
Japan is further strengthening the obligations of equipment
managers by providing financial assistance to accelerate
implementation of a strengthened system introduced under
the Revised Act on Rational Use and Proper Management
of Fluorocarbons in 2019 21.
Later in 2019, Japan launched the Fluorocarbons Life Cycle
Management Initiative to properly dispose of fluorocarbons.
The initiative was joined by other countries as well as
international organizations including the World Bank 22.

• Third Energy Master Plan that established a national energy
blue print up to 2040 with the first and foremost task being
to innovate the energy consumption structure through
energy efficiency improvement
• Energy Efficiency Label & Standard Program, High
Efficiency Equipment Certification Program, and e-Standby
Program, a series of energy labelling and standard
programs adopted to increase energy efficiency of
equipment and appliance that include ones for cooling

https://sustainabledevelopment.un.org/partnership/?p=2020

https://www.futurepolicy.org/ecologically-intelligent-design/japans-top-runner-programme/
Ministry of the Environment, n.d. 2021 Work Plan for the Initiative on Fluorocarbons Life Cycle Management. Available at:
https://www.env.go.jp/earth/ozone/fluorocarbon_initiative/attach/%28EN%29%202021%20Work%20Plan%20for%20the%20IFL_clean.pdf
22
IEA, 2020. IEA: additional efforts on cooling needed to reduce buildings-related emissions. https://coolcoalition.org/iea-additional-effortson-cooling-needed-to-reduce-buildings-related-emissions/
21
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3.2 Review of global energy efficiency labeling programs
Globally, many countries have adopted energy efficiency labeling program to promote
highly efficient energy-consuming products such as cooling equipment. We reviewed the
labeling frameworks of six economies including China. All of them have created
efficiency labeling schemes for cooling equipment. Table 2 below summarizes the
labeling programs in these places.
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Table 2. Efficiency Labeling Program in Selected Economies
Place

Program
name

Australia

Zoned
Energy
Rating
Label
(ZERL)

EU

New
Energy
Label

Entry
Force

in Rating
method
establishment
Mandatory Equipment
since
Energy
1987,
Efficiency (E3)
recently
Program under
updated in the
2020
Department of
Industry,
Science,
Energy
and
Resources
Mandatory EU
since
Commission
2002,
recently
revised in
2017

EE
indicators

Label
information

Description

Seasonal
Energy
Efficiency
Ratios
(SEER)

-Sizing
(Capacity
at
outdoor
temperature)
-Estimated
annual energy
use (kWh)
-Noise level

Ten-star label. The
more stars, the more
energy efficient. EE
rating of cooling &
heating
for
hot,
average and cold
zones respectively.

SEER &
Seasonal
Coefficient
of
Performan
ce (SCOP)

-Estimated
annual energy
consumption
(kWh)
for
heating
and
cooling
-Noise level

Seven-letter (from A
to G), A being the
most efficient and G
the least efficient.
Colors range from a
dark green for the
most
efficient
appliances, all the
way down to a dark
red for the least
efficient ones.

Label Sample
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Japan

Top
Runner
Program

Mandatory
since 2006

Top
Runner
Program under
the Ministry of
Economy,
Trade
and
Industry
(METI)

South
Korea

Energy
Efficiency
Labeling
&
Standard
s
Program
Energy
Guide
Label

Mandatory
since 1992

Korea Energy
Agency (KEA)

Mandatory
since 2007

Federal Trade
Commission
(FTC)

US

Annual
performan
ce factor
(APF)

-Energy
conservation
standard
achievement
percentage (%)
-Estimated
annual energy
use (kWh)
-Expected
annual
electricity bill
(yen)
Cooling
CO2
seasonal
emissions
performan annual
ce factor energy cost
(CSPF)

The unified energysaving label has five
stars. The more stars,
the more efficient it is.

EER,
SEER &
Heating
seasonal
performan
ce factor
(HSPF)

The further the arrow
to the right, the lower
the operating cost of
the appliance.

-Estimated
yearly
operating cost
in US dollar
-Estimated
yearly
electricity use
in kWh
-Energy Star
logo

Five-grade
labeling
with the 1st grade the
most efficient and the
5th grade the least
efficient.
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China

China
Energy
Label

Mandatory
since
2005,
recently
updated in
2020

Energy
SEER
Standards and APF
Labeling
Program under
China National
Institute of
Standards
(CNIS)

& -Energy
efficiency ratio
-Input power
-Cooling
capacity (CC)

Five-class label with
the 1st class being the
most efficient and the
5th class being the
least efficient.
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3.3 Review of cooling efficiency standards in China
On reviewing national standards governing the energy efficiency performance of
refrigeration and air-conditioning products, the TA-9670 has discovered that energy
efficiency standards related to cooling equipment have improved significantly in the past
few years. The table below shows the improvement in minimum performance thresholds
for household variable-speed air-conditioners.
Table 3. Changes in minimum performance thresholds for household variable-speed AC
Heat pump type energy Single
cooling
type
Rated
cooling
rating (APF)
efficiency rating (SEER)
capacity
（CC）kW
Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
CC≤4.5
New
Standard
GB
4.5<CC≤7.1
21455
-2019
7.1<CC≤14

5.00

4.50

4.00

5.80

5.40

5.00

4.50

4.00

3.50

5.50

5.10

4.40

4.20

3.70

3.30

5.20

4.70

4.00

Heat pump type energy Single
cooling
type
Rated
cooling rating（APF）
efficiency rating（SEER）
capacity
（CC）kW
Level 1 Level 2 Level 3 Level 1 Level 2 Level 3

Old
standard
GB
CC≤4.5
4.50
21455
4.5<CC ≤
-2013
4.00
Split 7.1
7.1<CC ≤
3.70
14

4.00

3.50

5.40

5.00

4.30

3.50

3.30

5.10

4.40

3.90

3.30

3.10

4.70

4.00

3.50

Changes in minimum performance thresholds for commercial chillers are shown in the
graph below, which compares 2004 standard (blue) vs. 2015 revision (red) for air-cooled
vs. water cooled by various cooling capacity.

Figure 1. Changes in minimum performance thresholds for commercial chillers
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The TA-9670 also compared the cooling efficiency standards between China and
developed countries. The energy efficiency indicators of some high-efficiency domestic
products have reached the advanced level of developed countries. For example, for
household air conditioners, the energy efficiency rating of China's new national standard
is compared with the current energy efficiency indicators of developed countries, with
the new national standard of level-1 is higher than the energy efficiency requirements of
Japanese "top-runner" and the U.S. Energy Star. On July 1, 2020, China implemented
revised minimum energy performance standard (MEPS) for room air conditioners
(GB21455-2019), which is now regarded as the most ambitious MEPS in the world.
According to China’s National Institute of Standardization, the newly adopted MEPS will
increase energy efficiency by around 14% and would remove around 45% of room AC
models from the market.
However, there is still a significant gap between the energy efficiency standards of some
Chinese products and the advanced level of developed countries, such as chillers,
unitary air conditioners and other products. The graph below shows the comparison of
minimum energy efficiency requirement of Chinese vs. U.S. chillers.

Figure 2. Minimum energy efficiency of Chinese vs. U.S. chillers
China’s electricity consumption for refrigeration/cooling accounts for 20% to 25% of the
country’s total electricity consumption of 7,225 billion kWh in 2019. Of which, power use
of household refrigeration and air-conditioning equipment accounts for about 35% of the
total, while industrial and commercial refrigeration and air-conditioning equipment
accounted for about 65%. There is great potential for promoting high-efficiency products
in the Chinese market.
Promotion of high-efficiency refrigeration and AC equipment in the commercial sector is
better than the residential sector. For example, for high-efficiency chiller systems used
in commercial sector, among 4,315 product models registered in 2019, 2,621 models
are efficiency level-1 product (60.7% of the total) while 1,199 models (27.8%) and 495
models (11.5%) belong to level-2 and level-3 products, respectively. For household
variable-speed air conditioners, among 1,859 product models registered in 2019, 1,098
models are efficiency level-1 product (59.1% of the total) while 248 models (13.3%) and
513 models (27.6%) belong to level-2 and level-3 products, respectively. For household
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fixed-speed air conditioners, the market share of high-efficiency products is much
smaller. Among 1,790 product models registered in 2019, only 8 models are efficiency
level-1 product (0.4% of the total) while 254 models (14.2%) and 1528 models (85.4%)
belong to level-2 and level-3 products, respectively.
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4

TECHNOLOGY SOLUTIONS

4.1 Ningbo cooling equipment survey
As a part of the data collection work under TA-9670, the Ningbo Power Company
together with Ningbo International Investment Consultancy Co. conducted two rounds
of customer surveys targeting institutional customers in industrial, commercial, and
public sectors in Ningbo that operate cooling/refrigeration equipment. The purpose of
the survey is to gain a better knowledge about the city’s cooling equipment/systems in
order to create a database of viable retrofit projects. Creating such a database is
important, allowing Ningbo to aggregate these opportunities to achieve a scale. The
survey also aims at understanding customer willingness to participate in a city-wide
cooling efficiency improvement program.
From July 2019 to June 2020, Ningbo Power Company took the lead in conduct two
batches of customer surveys in 11 districts and counties of Ningbo City. The survey is
carried out by the marketing departments of the district/county branches of Ningbo
Power. The survey method includes the door-to-door interview and customers filling in
the questionnaire. The electricity consumption data is collected from the database of the
electricity distribution company. The survey targeted a wide variety of electricity users
in Ningbo in multiple sectors, ranging from manufacturing, food processing, cold
storage, ice-making facilities, dairy factories, auto parts stores, super-market, shopping
malls, restaurants, sport complex, hotels, conference centers, libraries, hospitals,
amusement park, vocational college, universities, government facilities, transportation
hub, and banks.
The survey team of Ningbo Power Company utilized a standardized survey
questionnaire that was designed for this TA by the TA expert team. Due to the pandemic,
the normal operation of most companies were greatly affected, which has also affected
the investigators' on-site interviews and customers' filling out questionnaires. The survey
team received a total of 314 responses from 385 institutions surveyed (199 in the first
round and 115 in the second round). The effective response rate of the questionnaire
was 81.6%. In terms of the types of institutions that answered the questionnaire,
governmental institutions accounted for 18.8%, and private companies accounted for
71.2%.
Main findings of the survey:
•

105 respondents (33.4%) expressed their willingness to replace
refrigeration/cooling equipment (score 3 or higher, full score 5). The main driving
factors for replacement are: equipment aging and excessive energy consumption
(energy costs account for a large proportion of total operating costs).

•

111 respondents (35.4%) indicated that they are less willing to replace
refrigeration/cooling equipment (scoring 2 points or less, full 5 points). These
customers are mainly owners of systems that have been put into operation within
five years (with relatively new equipment), and small and medium-sized
enterprises that are more sensitive to capital investment. Our survey found that
a phenomenon worthy of attention is that in Xiangshan County, where aquatic
product processing and sales enterprises are concentrated, about 90% of the
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surveyed facilities clearly stated that they did not want to replace their
refrigeration equipment. The reasons given were basically financial constraints
and time costs.
•

91.4% of respondents cited capital cost as the main obstacle to replacing
equipment. They look forward to investment payback less than 3 years and loan
interest rates of 4% or less, and have high hopes for government incentives.
Specifically, about 72% of respondents are sensitive to the cost of capital
required for pursuing retrofit, and believe that this is a key factor in deciding
whether to implement energy conservation measures; 41.4% of the respondents
expressed their hope for low-interest loans; 72.6% expressed their desire to
obtain government subsidies.

•

Many facilities are still using old and inefficient cooling equipment, with a number
of equipment being over 15-20 years old. Further, most facilities have neither
robust maintenance procedures nor a service agreement that allows a third-party
provider to offer routine maintenance services to keep the equipment in optimal
operation condition.

•

Only 23 of the 314 respondents (7.3%) have installed photovoltaic power
generation systems.

The survey collected customer's equipment information. The results of 314 respondents
showed that a large number of older refrigeration/AC equipment is in operation, some
of which are even more than 30 years old. The table below lists the number of equipment
with service age of eight years or more (that is, 2013 or before).
Table 4. Distribution of surveyed equipment with a service age of eight years or more
Years in operation

Number
equipment

8-9 years

1,948

10-11 years

1,189

12-13 years

2,103

14-15 years

573

16-17 years

359

18-19 years

19

20 years and above

50

of

cooling

As described in the previous chapter (Section 3.3), China introduced new minimum
energy efficiency standards for chillers and ACs in 2015 and 2019, respectively, which
means that equipment before 2015 (for chillers) and 2019 (for ACs) no longer meets the
minimum energy efficiency limits. It can also be seen from the previous chapter that the
new standards promulgated in both 2015 and 2019 have greatly improved energy
efficiency (from 3.8% to 23.8% in the case of chillers) compared with the old standards
in 2004 and 2013. This means that the energy consumption of refrigeration and cooling
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equipment manufactured after 2015 (for chillers) and 2019 (for ACs) could be
significantly lower than a large number of existing equipment operated in Ningbo. For
customers, replacing existing equipment with more efficient equipment will greatly
reduce their energy costs.

4.2 Ningbo cooling energy use diagnostics
The TA-9670 team carefully studied the initial survey data and selected 5 facilities from
the surveyed customers for conducting a comprehensive equipment energy use
diagnostic, which was carried out by a team of engineers from TA-9670 expert team,
Johnson Control, and Ningbo local power company. These facilities were chosen
because they all have more than 15 years old equipment, and the cooling costs are high.
The diagnostic aimed at achieving multiple goals: a) examining cooling equipment
against the survey information to verify it, b) gaining a better understanding about the
operation of cooling equipment in these facilities, c) identifying performance
improvement opportunities for the equipment. The five facilities covered by our on-site
diagnostics work are listed in Table 5 below. Figure 3. Figure 3 shows two photos taken
during the diagnostics.
Table 5. Facilities covered by the on-site diagnostics
Company
Cixi
Tangming
Aquatic
Products Co.

Type
of
business
Aquatic
products frozen
warehouse

Ningbo
Conference
International
center
Conference &
Exhibition
Center

Cooling Equipment

Diagnostics conclusion

1)
4
piston 1) Measures: use highrefrigeration units
efficiency
screw
2) Age: 20 years
refrigeration
units
to
3) Application: 2 units replace existing units.
used for cold storage, 2) Annual energy saving
with a single cooling rate:
cold
storage
capacity of 95.8KW; 2 53.87%, ice making:
units are used for ice 29.11%
making, with a single 3) Annual cost savings:
cooling capacity of CNY244,000 cold storage
290KW
and CNY158,000 ice
production
4) Upfront investment:
CNY1.29 million
5) Payback period: 3.2
years
1) 4 lithium bromide 1) Measure: add a new
units
high-efficiency frequency
2) Age: 18 years
conversion
centrifugal
3) Application: air unit to replace lithium
conditioner, 3 sets of bromide, water pump
cooling
capacity frequency
conversion,
5240kW, 1 set of and
control
system
cooling
capacity upgrade.
2321kW
2) Annual cost savings:
CNY1.064 million
3) Upfront investment:
CNY3.465 million
4) Payback period: 3.3
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Cixi
Guanhaiwei
Ice-making
Facility

Commercial ice- 1)
3
piston
making
refrigeration units
2) Age: 12 years
3) Application: for ice
making, one unit has
cooling capacity of
465KW; two units
have cooling capacity
of 512KW

Jinguang
Commercial
Plaza

Shopping
Center

1) 30 units of aircooled heat pumps
2) Age: 9 years
3) Application: air
conditioner,
each
single cooling capacity
130KW,
heating
capacity 140KW

Yinchen
International
Complex

Office building

1) 2 lithium bromide
units
2) Age: 12 years
3) Application: air
conditioner,
single
cooling
capacity
3490KW

years
1) Measure: use highefficiency
screw
refrigeration
units
to
replace existing units
2) Annual energy saving
rate: 39%
3) Annual cost savings:
CNY604,000
4) Upfront investment:
CNY 2.02 million
5) Payback period: 3.3
years
1) Measures: add a highefficiency
frequency
conversion
centrifugal
unit to replace lithium
bromide, water pump
frequency conversion, air
conditioning box EC fan
retrofit,
and
control
system upgrade.
2) Annual cost savings:
CNY640,000
3) Upfront investment:
CNY2.87 million
4) Payback period: 4.5
years
1) Measure: add a new
high-efficiency frequency
conversion centrifugal unit
to replace lithium bromide,
water pump frequency
conversion, and control
system upgrade.
2) Annual cost savings:
CNY500,000
3) Upfront investment:
CNY2.4 million
4) Payback period: 4.8
years
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Figure 3. Photos of cooling equipment taken during diagnosis
An earlier study commissioned by the Ningbo Development & Reform Commission on
the city’s cooling energy use revealed that the average age of the refrigeration/cooling
equipment in Ningbo is over 10 years, and the average energy efficiency level of these
equipment expressed by the coefficient of performance (COP) is around 4.2. Based on
China's newly revised minimum energy performance standards (see Section 3.3 above),
this efficiency level is at Level 3—the lowest level. Upgrading equipment from Level 3 to
Level 1 (COP of 6.3) could reduce electricity consumption by 33%, and by replacing the
existing high GWP refrigerants with a low GWP, an additional energy savings of 5%-10%
could be achieved.
Actual energy efficiency improvement of the cooling equipment upgrades needs to be
determined case-by-case by taking into consideration peak and non-peak cooling loads
as well as respective operation hours. Assuming that Ningbo upgrades 35% of its
existing low-efficiency refrigeration equipment from level 3 to level 1, and switches to
low-GWP refrigerants, we can make the following rough estimates. This would reduce
Ningbo’s electricity use by 880 GWh, resulting in 700,000 tonnes of CO2 emissions
reduction on an annual basis if electricity is generated from fossil fuels. This is equivalent
to taking 152,000 cars off the road per year.

4.3 Energy-savings technology for cooling
Cooling efficiency improvement measures
Cities can take a variety of measures to improve the energy efficiency of
refrigeration/cooling from two levels. One is from the equipment level with potential work
including but not limited to: 1) improve the energy efficiency of the compressor; 2)
improve the heat exchange efficiency; 3) control and adjust the flow; 4) optimize the unit
and replace the refrigerant. Another is from the whole system level with possible
solutions including but not limited to: 1) proper design and installation; 2) good
maintenance; 3) complementary use of multiple energy sources; 4) reduction of
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refrigerant leakage; 5) matching of cooling capacity and load regulation and control.
Advanced compressor technology
With the advancement of technology, some new compressors have emerged and been
promoted, such as permanent magnet direct-drive centrifugal compressors/screw
compressors, magnetic levitation centrifugal compressors, linear compressors, etc. In
addition, the application of new refrigerants, such as the use of CO2, NH3, R290, R32,
HFOs, etc., requires compressors to be designed or re-developed according to the
characteristics of each new refrigerant to ensure high performance and reliability.
For example, CO2 transcritical system, in view of its high-pressure characteristics, puts
forward high requirements on the material, design, manufacturing, and processing
technology of the compressor. For flammable and explosive refrigerants such as R290,
it is necessary to adopt an explosion-proof design to reduce the refrigerant charge of the
system as much as possible and reduce the leakage rate of the refrigerant and other
safety protection measures. Compressors that use R32 as an alternative refrigerant
require measures to solve the problem of high exhaust temperature to ensure the
operating reliability of the compressor.
Efficient heat transfer technology
The general trend of the development of refrigeration/cooling heat exchangers at home
and abroad is to develop new exchangers with high efficiency, compactness, light
weight, material savings and high reliability to enhance heat transfer. The current effort
for improving the heat transfer mechanism focuses on: 1) small tube
diameter/microchannel heat exchanger, 2) falling film heat exchanger, 3) oval tube heat
exchanger, 4) non-uniform structure enhances heat transfer (e.g., special-shaped fins,
asymmetrical tube shape, deformed helix…).
Variable capacity control technology
The user-side refrigeration and air-conditioning load keeps changing with time and
environmental conditions, which requires the refrigeration and air-conditioning
equipment to have corresponding capacity adjustment capability. The continuous
development and improvement of various AC and DC speed control/regulation
technologies and other types of variable capacity control technologies provide a reliable
guarantee for the variable-condition operation of the unit, and effectively improve the
unit’s seasonal energy efficiency ratio and actual operation efficiency. The rapid
development of DC speed regulation technology promotes the realization of continuous
and stable adjustment of cooling capacity, which makes the temperature fluctuation of
the controlled target smaller. This can effectively improve the overall energy efficiency
level of the system while increasing the comfort of users.
Compressorless cooling
The efficiency of vapor compression refrigeration system is far superior to other
refrigeration systems under the condition of refrigeration temperature of -40℃ and
above. But in some special occasions, non-vapor compression refrigeration has also
made rapid development. Common non-vapor compression refrigeration technologies
mainly include absorption refrigeration, evaporative cooling refrigeration, adsorption
refrigeration, jet refrigeration, emerging solid state refrigeration and semiconductor
refrigeration. At present, the industrial application of non-vapor compression refrigeration
technology is mainly absorption refrigeration and evaporative cooling refrigeration.
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Noise reduction
In recent years, with the continuous improvement of people's quality of life, the comfort
level of the air-conditioning system has gradually increased. Not only is it reflected in the
conventional control parameters such as temperature and humidity, people are also
paying more and more attention to the noise problem caused by the air-conditioning
system. Solving noise is an indirect help for energy savings. Loud noise indicates that
the unit has some problems, which will increase energy consumption.
At present, noise reduction research is widely used in combination with numerical
simulation based on traditional experimental methods. Reducing the noise of
refrigeration and air-conditioning units mainly includes reducing mechanical noise and
fluid noise. Good design, installation, operation and maintenance of refrigeration and airconditioning systems are also one of the effective ways to reduce noise, such as
improving indoor air duct system and fan design, regularly cleaning water system filters,
eliminating loose fixtures, and cleaning fan motors.
Airflow management
The current ventilation methods mainly include mixed ventilation, displacement
ventilation, personalized ventilation and layered ventilation. The selection of airflow
distribution patterns is conducive to reducing the energy consumption of the building,
while also providing a comfortable and healthy environment for people indoors. The
applications of these ventilation methods are also different under different indoor
conditions, and the airflow should be managed according to specific conditions.
Good airflow management not only helps to reduce the energy use of the cooling system,
but is also an important means to control the pandemic and spread of the new
coronavirus in public places. Ventilation and air-conditioning systems play an important
role in the prevention of airborne diseases. Therefore, cities need to pay special attention
to and take actions on airflow control and management. In the face of the current
coronavirus, the ventilation and air-conditioning systems should be used as an important
coronavirus prevention and control measure, combined with measures such as
ultraviolet sterilization and high-efficiency filtration.
Operation and maintenance
The operation management of the refrigeration/AC system is to dynamically monitor the
operating status of each device during the system’s operation process and obtain
information on operation parameters, so as to adjust the operating status and
parameters of the equipment in real time and keep the system in a safe and reliable
operating state. This will help reduce the energy consumption of the entire system and
extend the service life of each equipment. Intelligent operation and maintenance is the
emerging trend. Refined operation management requires digitalization and big data to
provide competent support. At the same time, data analytics can be performed to quickly
discover problems, prevent failures, and perform timely repairs.
System approach to efficiency
In addition to improving the energy efficiency of various components in the
refrigeration/AC system, the overall energy efficiency improvement of the
refrigeration/AC system has received more and more attention. The system approach to
energy efficiency improvement mainly includes two aspects: cooling equipment
performance and cooling system integration. For the former, the change in cooling
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product energy efficiency evaluation is reflected in the gradual transition from full-load
evaluation to comprehensive performance evaluation. For the latter, a whole-system
approach considers the facility and refrigeration/AC equipment as an entire energy
system with interdependent parts, each of which affects the performance of the entire
system. Looking beyond regular energy-saving measures at the device level and
identifying new energy efficiency opportunities at the facility and entire cooling system
level will help achieve significant additional energy savings.
Free cooling with water or air
Our ancestors collected natural cold sources such as ice and snow for food preservation,
heatstroke prevention and cooling. In recent years, natural cold sources have been
increasingly used in the refrigeration and air-conditioning. Internationally, in the design
of residential buildings, more and more attention has been paid to the openability and
adjustability of windows. Some buildings can be cooled by natural ventilation, and some
buildings can be cooled by a combination of natural ventilation and mechanical
ventilation. In the seasons, the introduction of natural fresh air can significantly reduce
the energy consumption of buildings.
Free cooling is particularly valuable in data centers, because data centers generate a lot
of heat every day, and eliminating this heat requires the use of compressor-based
cooling systems that consume a lot of electricity. Natural cooling - a method of reducing
the air temperature of a building or data center by using a natural cooling system, such
as air- or water-side economizers, rather than mechanical cooling during certain seasons
and specific times of the day. Free cooling helps drastically reduces data center power
consumption that accounts for more than half of a data center’s total annualized
operating cost while significantly extending the working life of the installed cooling
systems
Cooling from waste resources
In some industrial operations, there are waste resources that can be used for generating
cooling, such as the gasification process of LNG or waste heat from industrial production.
The recovery of cold energy from LNG gasification can be used for cold energy power
generation, air separation, cryogenic smashing, cold storage, and LNG light hydrocarbon
recovery. Japan is the first country in the world to develop LNG cold energy utilization
technology. It has a history of nearly 30 years. At present, Japan’s LNG cold energy
utilization is mainly divided into two categories: one is integrated with external use, such
as air separation, liquid CO2, and dry ice refrigeration, etc.; the second is for the use at
the LNG receiving station itself, such as cryogenic power generation for supplying power
to the station.
International application cases also show the use of cold energy released from LNG
gasification for district/community cooling which replaces the power consumption and
climate harmful refrigerants of a large number of independent refrigeration units. For
example, one international case study shows that compared with traditional cooling
solutions (i.e., having a standard air-conditioning system in each building), the district
cooling system using the cold source derived from LNG gasification can save up to 60%
of space cooling power consumption 23.
In addition, industrial production generates a lot of waste heat. Using waste heat to
23

Energies 2019, 12, 3027; doi:10.3390/en12153027
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produce 5 degrees Celsius cooling through lithium bromide can meet the cooling needs
of enterprises and residents while replacing electric cooling to save significant amount
of electricity. Refrigeration/cooling through effective use of otherwise discarded
resources has great potential in Ningbo because Ningbo has a large amount of LNG and
waste heat resources.
Cooling to enhance grid operation
Customer load flexibility is the capability provided by demand-side resources, such as
demand response, to reduce, shed, shift electricity load. Unlocking demand flexibility
could result in energy savings while increasing grid flexibility. For example, it is estimated
that grid-interactive buildings alone in the United States can cut 80 million tons of CO2
emissions per year by 2030, equivalent to the annual emissions from more than 50
medium-sized coal-fired power plants or 17 million cars 24 . Through temperature
adjustment, the building cooling load can be flexibly controlled up and down. Reducing
the cooling load during peak hours can not only save electricity, but also help reduce grid
peaks. Individual cooling systems can be aggregated by load aggregators or distributed
system operators to form a sizeable grid resource that helps power system balance the
supply and demand in real time. This grid support is often referred to as virtual power
plant.

4.4 Climate-friendly refrigerants
4.4.1 Common refrigerants and their environmental and climate impacts
Currently, the commonly used refrigerants include HCFCs, HFCs and natural
refrigerants. HCFCs refrigerants include: HCFC-22, HCFC-123, HCFC-142b. HCFCs
refrigerants destroy the ozone layer, and some have a high global warming effect.
According to the "Montreal Protocol", developed countries have completely phased out
the use of HCFCs refrigerants in 2020 (except for maintenance), and developing
countries such as China will completely eliminate the use of HCFCs refrigerants by 2030
(except for maintenance).
HFCs refrigerants include: R410A, R134a, R404A, R507A, R407C and R32. HFCs do
not destroy the ozone layer, but most of them have a high global warming effect. HFCs
refrigerants are being reduced in accordance with the provisions of the "Kigali
Amendment". Natural working fluids include NH3, CO2, R600a and R290, etc., which do
not destroy the ozone layer and have low global warming effect, but have the
disadvantages of flammability, explosiveness, or high pressure. Table 6 provides
information about common refrigerants and their environmental and climate impacts.
Table 6. Common refrigerants and their environmental and climate impact
No.

Refrigerant Type

Ozone Depletion
Potential (ODP)

Global
Warming
Potential (GWP)

3
4
5

R22
R123
R142b
R410A
R134a

0.055
0.02
0.065
0
0

1810
77
2310
2090
1430

24
DOE. 2021. A National Roadmap for Grid-Interactive Efficient Buildings. Washington, D.C.: DOE.
https://gebroadmap.lbl.gov/A%20National%20Roadmap%20for%20GEBs%20%E2%80%93%20Final_20210517.pdf.
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6
7
8
9
10
11
12
13

R404A
R507A
R407C
R32
NH3
CO2
R600a
R290

0
0
0
0
0
0
0
0

3920
3990
1770
675
<1
1
20
3

4.4.2 Climate-friendly refrigerants
CO2
CO2 is a green natural working fluid, ODP=0, GWP=1, safety classification = A1. It has
excellent physical properties such as: non-toxic, non-flammable, good chemical stability,
high refrigerating capacity per unit of swept volume, excellent flow and heat transfer
characteristics, etc. When CO2 works normally, it is usually a transcritical cycle, and the
working pressure exceeds 10MPa, which is 3 to 5 times that of ordinary refrigerants.
The CO2 compressor works at a higher pressure, a larger refrigerating capacity per unit
of swept volume, a smaller compression ratio, and a larger discharge pressure difference.
Therefore, the CO2 compressor has a small size and high volume factor, but at the same
time the leakage problem caused by high pressure is also very serious. The transcritical
system has a large pressure difference, so the throttling loss is significant, so making
use of expander recovery work will greatly improve the efficiency of the system.
NH3
NH3 (ammonia), ODP=0, GWP < 1, safety classification = B2L, has weak flammability
and high toxicity, and is a climate and environmentally friendly refrigerant. It has a small
throttling loss, is less expensive, can be dissolved in water, and leaks are easy to be
found. The critical temperature and critical pressure of ammonia are 132.3°C and
11.33MPa, respectively, which are higher than R22 (96.2°C/4.99MPa) and R410A
(70.2°C/4.79MPa). Subcritical refrigeration cycle can be realized at higher heat source
temperature and cold source temperature.
The toxicity, flammability and corrosiveness of ammonia are worrying issues, which limit
its widespread use in residential refrigeration and air-conditioning. Therefore, in the place
where the ammonia refrigeration system is used, ventilation should be ensured, and a
concentration monitor and an ammonia leakage alarm need to be installed in the
refrigeration machine room, and water should be used to absorb the ammonia in time
when the ammonia leaks. When ammonia contains moisture, it will corrode zinc, copper,
and copper alloys, so copper should be avoided in ammonia refrigeration systems.
Ammonia and mineral oil are incompatible. Therefore, there must be equipment such as
oil separators and oil collectors in the ammonia refrigeration system, which makes the
entire oil flow system very complicated and increases the difficulty of automatic control
of the unit.
Hydrocarbons (R290)
R290, ODP = 0, GWP = 3, safety classification = A3, is flammable and explosive. It has
good environmental protection and thermal performance characteristics, and is
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compatible with existing common materials and lubricants. However, it has strong
flammability, and the application occasions are greatly restricted. If R290 is used, strict
safety measures must be taken in full accordance with relevant standards and meet the
strict restrictions on refrigerant charge.
Isobutane (R600a)
R600a, ODP = 0, GWP = 20, safety classification = A3, is flammable and explosive. It
has a high critical temperature and can work at a higher condensing temperature without
greatly reducing its efficiency. In this way, the condenser of the refrigerator can be made
smaller; secondly, its operating pressure is low, so the noise of the refrigeration system
can be greatly reduced. But its volumetric refrigeration capacity is low, so a system using
R600a needs to redesign its compressor. However, it has strong flammability and its
application is limited. If R600a is used, strict safety measures must be taken in full
accordance with relevant standards and meet the strict restrictions on refrigerant charge.
Propylene (R1270)
R1270 is propylene, ODP = 0, GWP = 2, safety classification = A3. It is flammable and
explosive. The standard boiling point, critical temperature and freezing point of R1270
are similar to those of R22. The molecular weight of R1270 is, however, much smaller
than R22 and slightly smaller than R290; coupled with smaller viscosity, R1270 can
greatly reduce the resistance loss of air conditioning refrigeration circuit. The latent heat
of vaporization of R1270 is about 1.88 times that of R22 and 1.17 times that of R290, so
the charge of R1270 is only about half of that of R22. R1270 has higher heat transfer
efficiency than R22, is economical, and is easier to obtain.
HFOs
HFOs are classified as unsaturated HFCs refrigerants. Due to the existence of double
bonds in these substances, they are easily broken in the atmosphere. Therefore, these
substances have a very short atmospheric lifetime. These refrigerants have very low
GWP values and is considered to be the next-generation applicable low GWP
refrigerants. HFOs currently being promoted or tested include: HFO-1234yf, HFO1234ze(E), HFO-1234ze(Z), HCFO-1233zd(E), HFO-1336mzz(Z), R513A, R514A,
R515B, etc. The price of HFOs and their mixtures is much higher than that of
conventional HCFCs, HFCs and natural refrigerants.
•

HFO-1234yf, ODP = 0, GWP = 1, safety classification = A2L. It is mainly used to
replace R134a and can be used in automobile air conditioners and screw chiller
(heat pump) units.

•

HFO-1234ze(E), ODP = 0, GWP = 1, safety classification = A2L. It can be used
in heat pump water heaters and large-scale cold-water heat pump units.

•

HFO-1233zd(E), ODP = 0.00034, GWP = 1, safety classification= A1. It can be
popularized and applied in centrifugal hot and cold water units, high temperature
heat pump systems and organic Rankine cycle (ORC) power generation systems.

•

HFO-1234ze(Z), ODP = 0, GWP = 1, and can be used as a substitute for HFC245fa in organic Rankine cycle and high-temperature heat pumps.

•

HFO-1336mzz(Z), ODP = 0, GWP = 2, safety classification = A1. It is hoped to
become an alternative to HCFC-123 refrigerant, which can be used in centrifugal
cold and hot water units, high-temperature heat pump systems and ORC power
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generation systems.
•

R513A, ODP = 0, GWP = 630, safety level = A1. It is mainly used to replace
R134a and can be used in screw chiller (heat pump) units.

•

R514A, ODP = 0, GWP = 2, and safety level = B1. It is hopeful that it will become
an optional substitute for HCFC-123 refrigerant.

•

R515B, ODP = 0, GWP = 390, security level = A1. It is mainly used to replace
R134a and can be used in screw water chillers (heat pump) units and centrifugal
water chillers (heat pump) units at medium and high temperatures.

•

R452B, ODP = 0, GWP = 698, safety level = A2L. Its physical properties are
similar to R410A.

•

R454B, ODP = 0, GWP = 465, safety level = A2L. Its physical properties are
similar to R410A.

4.5 Integration of photovoltaics, thermal energy storage and cooling
The TA-9670 examined the collaborative use of renewable energy resources (mainly
photovoltaics or PV) and other technologies such as energy storage (both electric and
thermal) as well as cool roof in the cooling sector to capture greater economic values
and enhanced social benefits. Collaborative use of renewable energy and other
technologies has great significance for Ningbo as fossil fuels account for 97% of the
city’s energy mix.
We evaluated the adoption of cool roof, roof-top PV, battery storage, and ice thermal
energy storage in three building types: refrigeration warehouses, supermarkets, and
office buildings. The respective characteristics of the three building types are:
(1) Refrigeration warehouses consume a large amount of electricity power and cooling
throughout the day. The refrigeration units can be started and stopped intermittently, but
cannot be shut off for a long time.
(2) Shopping malls have a large flow of people every day, and the control of room
temperature needs to be flexible. These facilities operate at a fixed time period. Certain
products need to be stored in refrigerated cabinets. Therefore, large supermarkets
require a large amount of electrical power every day. Large amount of cooling is needed
in summer.
(3) Office buildings consume significant amount of electricity during working hours, and
large amount of cooling is required in summer due to the occupancy of a large number
of people.
Load profiles of these building types are shown below:
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Refrigeration Warehouse

Shopping Mall

Office Building

Figure 4. Load profiles of three types of buildings
The TA-9670 analyzed four scenarios as follows:
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Scenario 1: Cool roof 25 only
Scenario 2: PV only
Scenario 3: PV + electric battery storage
Scenario 4: PV + ice thermal energy storage
The TA assessed CO2 reductions under the four configuration scenarios for the three
types of buildings, respectively – refrigeration warehouses, supermarket buildings, and
office buildings. The table below shows the result of the assessment.
Table 7. Key results of assessing combined use of PV, cool roof, and storage for cooling
Refrigeration Warehouse
Scenario
PV (m2) Electrified
Ice cooling Battery
CO2
cooling
(kWh)
(kWh)
reduction
(kW)
(ton)
1) Cool roof only
0
7,680
0
0
5.58
2) PV only
80,000
9,600
0
0
67.51
3) PV + battery storage 80,000
9,600
0
7,028
72.09
4) PV + ice thermal 80,000
9,440
199
0
67.50
storage
Supermarket
Scenario

Electrified
cooling
(kW)
3,600
4,500
4,500
4,200

Ice cooling Battery
(kWh)
(kWh)

PV (m2) Electrified
cooling
(kW)
1) Cool roof only
0
1,840
2) PV only
5000
2,300
3) PV + battery storage 5000
2,300
4) PV + ice thermal 5000
2,000
storage

Ice cooling Battery
(kWh)
(kWh)

1) Cool roof only
2) PV only
3) PV + battery storage
4) PV + ice thermal
storage
Office Building
Scenario

PV (m2)
0
30000
30000
30000

0
0
0
374

0
0
0
374

0
0
2,807
0

0
0
2,533
0

CO2
reduction
(ton)
1.72
29.70
29.88
29.74

CO2
reduction
(ton)
0.85
5.04
4.67
5.02

Under all four scenarios, a facility’s electricity consumption can be reduced compared
with the case in regular configuration. The reduction in power consumption in scenario 1
is the reduction in the power consumption of refrigeration equipment due to using the
cool roof while the reduction in power consumption in scenarios 2, scenario 3 and
scenario 4 is mainly the reduction in power purchased from the grid due to use of PV.

25

A cool roof, which made of a highly reflective type of paint, a sheet covering, or highly reflective tiles or
shingles, is a solution designed to reflect sunlight and absorb less heat than a standard roof to prevent the roof
from getting heated, thus keeping lower the temperature of a building.

Report- TA-9670 | 32

Under the cool roof (Scenario 1), the use of heat-reflective paint on the roof can reduce
the cooling load, so that the required electric cooling capacity is reduced compared to a
regular system. Under the PV + ice storage (Scenario 4), because ice storage can meet
part of cooling need, the electric cooling capacity could be smaller than the regular
system, but the ice storage capacity of the Scenario 4 is limited, resulting in a relatively
lower reduction in electric cooling capacity than in the cool roof scenario. Although the
cool roof (Scenario 1) reduces the cooling load, its carbon dioxide emission reduction is
far inferior to the case of other three scenarios with PV, making cool roof the least
favorable option in reducing CO2 when being applied independently.
The impacts on CO2 reduction in different types of buildings could vary due to their
different load profiles. In the case of refrigeration warehouse, for example, ice storage in
the Scenario 4 provides the cooling at the peak of the grid system, reducing the power
consumption of the refrigeration equipment at the peak time. During the off-peak period,
the ice storage will consume power to store energy, increasing the output of the
refrigeration equipment. During this off-peak, however, PV provides no output; electricity
used for ice storage is from the grid. This leads to the reduction of electricity consumption
from the grid (thus CO2 reduction) of Scenario 4 (PV + ice storage) smaller than Scenario
2 (PV). CO2 reduction of Scenario 4 (PV + ice storage) is also smaller than Scenario 3
(PV+ battery), because the battery can store the excess PV power during the noon and
release it at peak, reducing the power purchased from the grid.
Among four scenarios, the PV+battery combination is the most favorable option for
realizing CO2 reductions. In the case of office building, due to the load demand, there is
no abandoned solar power, that is, all the PV output is consumed in the building without
a surplus that can be used for energy storage. Therefore, in the case of office buildings,
both battery and ice storage need to be charged with electricity from the grid. As a result,
the Scenario 2 (PV only) is the option among 4 scenarios that realize the most CO2
reduction.
On the economics of the four scenarios, even though the investment cost and operating
cost of Scenario 1 (cool roof) are the lowest among the four scenarios, but since it has
to procure power completely from the grid, its total cost is the highest. In Scenario 2 (PV
only), both investment costs and operating costs increase, but the cost of purchasing
electricity from the grid has been reduced due to use of PV-generated power. Installation
of PV also receive national and local subsidies. Both cost reduction of grid power
procurement and benefit of receiving PV subsidies lower the total cost in Scenario 2.
When Scenario 3 (i.e., PV + battery) is compared with Scenario 2 (PV only), the
investment cost and operating cost are both increased. During the period when the solar
resources are at its best, the PV excess power can be stored in the battery and can
release for consumption during the time when PV output is weak. This helps reduce the
cost of procuring power from the grid while also minimizing PV curtailment, leading to a
lower total cost. In addition, charging battery at off-peak period when electric price is the
lowest will further lower the cost of procuring power from the grid.
When Scenario 4 (PV + ice storage) is compared with Scenario 2 (PV only), due to the
use of an ice storage system that absorbs heat, Scenario 4 reduces the capacity of
electric refrigeration, leading to a reduced investment cost and operating cost compared
with Scenario 2 and thus a lower total cost. Among the four scenarios, the Scenario 3
(PV + battery) is the most economical solution.
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The analysis of collaborative use of renewable energy and other resources reached the
following conclusions:
o Three cooling load profiles studied show that Ningbo has great potential in
collaborative using of renewable energy resources.
o All scenarios show that roof-top PV helps reduce the purchase of electricity from the
grid and thus bring significant benefits to facilities. The benefit is particularly greater
in businesses with large electricity/cooling load demand. If excess PV power can be
sold to the grid, the benefit is further enhanced. Use of roof-top PV in Ningbo is
economical, feasible and environmentally friendly.
o Collaborative use of cool roof and ice thermal storage with refrigeration and cooling
systems can reduce the size/capacity of electric refrigeration unit. Although use of
batteries or ice storage add costs to PV system, they can store electricity during low
electricity prices and when PV have excess output, and release electricity when PV
output are insufficient or when electric price is high. Therefore, combined use of PV
and energy storage reduces both investment and operation costs while minimizing
PV power curtailment.
o The ice storage is not as good as electric storage in terms of cost-effectiveness, but
other thermal storage technologies such as phase change materials could provide
more economical thermal energy storage solutions.
o Compared with other scenarios studied, PV + battery storage creates the largest
reduction of CO2 and lowest total cost.
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5

FINANCING SOLUTIONS

5.1 Barriers to financing green cooling
Although there are many commercialized solutions to help Ningbo realize green cooling,
and the city has great potential to implement these solutions, there are barriers to prevent
the city from taking drastic actions in realizing a city-scale deployment. Financing
obstacles are one of the main obstacles. According to the survey of cooling equipment
owners conducted under TA-9670, Ningbo faces many obstacles in implementing largescale green cooling deployment. Specific obstacles are identified as follows:
•

Due to the high upfront investment, equipment owners are reluctant to pursue
energy efficiency. They usually focus on equipment costs rather than life cycle
energy usage and related costs, and they only take action when absolutely
necessary

•

A large number of equipment owners are small and medium-sized enterprises
(SMEs), and because they do not have strong asset collateral, they have a higher
credit risk that lead to high borrowing costs. This makes them unable to obtain
accessible and affordable financing. This is the credit risk.

•

Financiers are reluctant to provide financing due to lack of understanding of green
cooling technology. Financers also lack confidence in investment because they
face the risk of poor project performance due to the inability to obtain accurate
information on real-time energy use and verified energy-savings. This is the
technology and performance risk.

•

There is a lack of diversified financing channels. At present, equipment owners
rely heavily on their own funds and traditional loans.

•

Existing financing options/instruments are very limited (for example, most
financing is traditional loans with heavy assets as collateral).

•

There is a problem of missing deep energy-saving opportunities
(lenders/borrowers prefer short-term returns and do not pay attention to projects
that have a longer payback period but higher energy-saving potential).

•

There is a lack of liquidity in energy efficiency financing (financial institutions are
faced with insufficient investment liquidity and difficulties with early exit of
investment).

•

The city lacks project pipelines (where is the project?) and faces difficulties in
increasing project scale, which makes it unable to attract investors.

•

There is no entity at the city level to organize/coordinate the project
implementation, which makes the decision on the project implementation
scattered, reducing the implementation efficiency and increasing the
implementation cost.

•

There is neither information flow nor trust between market participants, which
makes it difficult to obtain the resources needed for project implementation.

•

Green cooling faces the potential problem of split incentives. When the facility
owner and facility user are not the same person, neither party has the motivation
to act. The owner will not have the incentive to improve efficiency because he or
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she does not use the facility and will not directly benefit from taking any
conservation measures. Likewise, the user will not be motivated to put resources
into retrofitting the facility because he or she does not own the facility and will not
benefit from adding value to the facility. This means that the facility’s energy
performance remains inefficient.

5.2 Analysis of financial feasibility of cooling projects
Assessing bankability of different green cooling measures is important to determine
financing feasibility of investing in these measures. TA-9670 has developed an
evaluation method to help cities evaluate the bankability of green cooling projects. Our
method takes into account several factors that may affect the financial performance of
these projects. Factors assessed include the timing of the investment, level of
government incentives, interest rates variation in a result-based lending, type of entities
who carry out the project – the facility itself, an ESCO, or a leasing company, as well as
contracting models used in delivering green cooling projects. The main considerations
for evaluating the bankability of green cooling projects include:
Timing of the investment: Considering the timing of the investment help identify costeffective early retirement of inefficient equipment as well as assess the economic and
environmental consequences of delaying project implementation. Investment timing
decision analysis is very important, because electricity prices, equipment purchase
costs, installation costs, and price indices will change over time, resulting in different
financial returns for decisions made in different time periods.
Government incentives: Incorporating government incentives into the evaluation of
project bankability will enable policymakers and/or project developers to evaluate how
government subsidies affect the financial returns of various green cooling projects. This
will help policy makers design more effective incentive policies so that project developers
can make better use of government subsidies to achieve the best value of investment.
In addition to government incentives, the project bankability analysis also considers other
policies and market information, such as electricity prices, gas prices, taxes, and other
policy information that have an impact on green cooling projects.
Interest variation: Changes in interest affect the financial returns of a green cooling
project. Therefore, it is necessary to take the change of interest as a consideration when
evaluating the bankability of the project. TA-9670 proposes a result-based lending by
linking interest rates to the performance of project implementation.
Project delivery entities: Who will implement the energy-saving project (energy service
company, the owner himself or through the leasing company) will also affect the financial
performance of the project, because different types of delivery entities will use different
financing tools, debt structures and contract types.
Contract models: Evaluating the impact of the project’s contract model on its financial
performance will help determine the most suitable contract arrangement for the project.
For example, the guaranteed-savings model and the shared-savings model can bring
different financial returns for the ESCO and for the customer that the ESCO serves.

5.3 Financing and de-risking mechanism
TA-9670 systematically reviewed the international green financing and de-risking
experiences to assist Ningbo in financing its city-scale green cooling deployment
program. Some of the main financing and de-risking mechanisms are introduced next.
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Green revolving fund is a repayable investment vehicle whereby a specific sum of
money earmarked for a capital pool that supports energy efficiency projects at zero or
very low cost. As projects begin to accrue cost-savings, the repayments and/or proceeds
of initial investments are returned to the capital pool and reinvested in additional eligible
projects. Thailand’s Energy Efficiency Revolving Fund is a good example of this
investment vehicle.
On-bill financing is a tariff-related financing that allows customers to repay energyefficiency measures through their utility bills. Under this model, the customer's monthly
payment is equal to or lower than the original payment deducted from the cost savings
achieved through energy efficiency retrofits. The advantages of on-bill financing include:
customers are able to pay upfront expenses and start saving energy immediately;
customers who may not be able to meet traditional financing requirements can now
obtain financing; financing is carried out in the form of utility payments rather than debt;
loan payments are regarded as operating expenses that can offset taxable income; the
risk of default is reduced since utility services can be shut down until payment resumes;
loan terms can be flexible because the loan is tied to the electricity meter not the
customer. Examples of on-bill financing include utility demand-side management
programs in the U.S.
Leasing financing is one of the important financing tools. One party, the lessor who
owns the equipment (e.g., the equipment manufacturer or energy service provider) and
the other party, the lessee (e.g., the cooling facility), sign a lease agreement to allow the
latter to use the equipment and pay the rental fee on a regular basis. Under this model,
the lessee has the right to use the asset, but the ownership belongs to the lessor. At the
end of the contract, the asset is either returned to the lessor, or the lessee has the right
to choose to pay the residual value to the lessor to own the asset or renew the lease
agreement. Turkey’s Commercializing Sustainable Energy Finance program is an
examples of green lease financing.
Property assessed financing is a new type of green financing in which local authorities
raise funds through the issuance of tax-exempt municipal bonds, and then loan the money
to property owners who carry out energy efficiency retrofits or install renewable energy
systems. The loan is repaid through the owner’s annual property tax bill within a specified
period (usually 15 or 20 years). In this way, loans are attached to property rather than
individuals. Advantages include: allowing owners to pay upfront investment and start saving
immediately; borrowed money is treated as a tax liability rather than debt; borrowing costs
can be reduced through low-cost tax-free municipal bond financing; deep-savings retrofits
can be materialized since loans will be repaid over a much longer time span. The U.S. PACE
(Property Assessed Clean Energy) program is an example of property assessed financing.
The Chinese legislature is drafting a new law on real estate tax. Once passed, financing
linked to real estate taxes will have the opportunity to be explored.
Pledge financing is a new type of loan different from traditional standard loan. Traditional
loans, which are not friendly to SMEs, often require high-value assets such as real estate or
other hard properties as collateral. Pledge loans allow borrowers to use energy-savings,
energy service contracts, accounts receivable, inventory, tradable allowances and so on as
collateral to obtain loans, which will provide more opportunities for SMEs to obtain financing.
If the borrower defaults on the loan, the lender takes over the pledge.
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Green bonds use debt capital markets to fund climate solutions. The funds raised from the
bond issuance will be used to fund climate and environmental projects. These bonds are
usually asset-linked and backed by the issuer’s balance sheet, so bond credit rating is
usually the same as the issuer’s other debt obligations. The municipality’s ability to issue
tax-exempt municipal bonds, coupled with the government’s excellent credit rating, has
greatly reduced the financing costs of government green bonds. There are green "use of
proceeds" revenue bonds, green project bonds, green securitized bonds and so on. A good
example of green bonds is the Delaware Energy Efficiency Revenue Bond in the United
States.
Securitizable energy efficiency finance is a type of asset-based securitization (ABS) in
which pools of loans are bundled together as securities sold to ABS investors. Special
entities are created to manage these securities, allowing original lenders to move loans off
of their balance sheets and enabling them to make more loans than they could if they had
to hold them. This creates the liquidity needed to attract more investors in the asset class.
Energy efficiency loan securitization creates flexibility and diversification benefit to security
investors, because it allows security investors to diversify risks by taking a small portion from
many loans rather than a large piece from a few loans, and also allow investors to choose
which part of the loans they wish to acquire based on their risk and return trade-off
considerations. The liquidity, flexibility, and diversification of energy efficiency loan
securitization all help reduce capital costs. A good example of securitizable energy efficiency
finance is the Warehouse for Energy Efficiency Loans (WHEEL) program in the United
States.
Guarantee is a financing de-risking mechanism that can be used to address the lack of
creditworthiness of customers requiring finance, who often lack strong collateral or has
limited financial resources to secure a loan. A guaranteed loan is a contractual
arrangement between the guarantor, the lender and the borrower. If there is a default
against the lender, the third-party guarantor will partially or fully assume the borrower’s
debt obligations. Because the guarantee means that the lending institution will not take
too much risk when issuing these loans, so it can reduce the risk premium of the loan,
thus lowering the borrowing cost for the customer. Guaranteed financing can effectively
solve the problem of accessibility and affordability of financing faced by customers,
especially SME who would otherwise not be eligible for loans.
Energy-savings insurance is another mechanism to reduce financing risks. Under this
mechanism, if the technical performance of the project is lower than expected, the energy
efficiency service providers will be compensated by third-party insurance. The solution
significantly reduces the technical risks that hinder lenders from financing energy efficiency
projects and ensures that energy efficiency investments are not constrained by the
uncertainty associated with projected energy performance. Examples of energy
performance insurance include Energy Savings Insurance programs in Mexico,
Colombia, El Salvador.

5.4 Contract and business model
The bankability of a green cooling project depends on the level of return on its
investment. The adoption of different business models and project contract schemes has
an important effect on the return on investment of the project. TA-9670 reviewed the
business models and service contract methods collected globally to provide relevant
information for the development of city-scale green cooling implementation program. The
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following introduces some major business models and contract arrangements for
implementing energy efficiency projects.
Shared savings contract: a more traditional energy efficiency performance contract
model, which aims to make ESCOs (energy-saving service companies) and customers
more like partners. In this model, ESCO and the customer sign an energy efficiency
service contract for a specific period, in which the customer and ESCO agree to share,
based on an agreed percentage split, the cost savings from the energy efficiency
measures that is higher than the debt payment. In this model, the ESCO typically will
provides financing to the project(s), either through the ESCO’s internal funds, or the
ECSO taking a loan from a third-party lender. One problem with this model is that ESCOs
bear financial risks in addition to performance risks. This places a huge burden on
ESCOs and limits their ability to invest in more projects. Another problem is that
customers have an incentive to claim savings shortfalls to reduce their payment to
ESCO.
Guaranteed savings contract: an energy efficiency performance contracting in which
the customer does project financing, and ESCO guarantees a certain level of energy
saving, thereby protecting the customer from taking any performance risks, while the
customer only bears financing risks. The customer repays the debt, but if cost savings
are not enough to cover debt, ESCO must fix the problem or pay the difference to the
customer. If energy savings exceed guaranteed level, the customer keeps the surplus.
One of the main problems with this model is that ESCO tends to look for low-hanging
fruit and avoid committing uncertain projects because of performance risks, creating a
missed opportunity to tap into greater energy-saving potential.
Energy-Saving Agreement (ESA): a new saving-as-a-service model that has gained
significant momentum in several countries. The ESA provider develops, finances,
delivers, and operates energy-savings projects and covers for all related costs. ESA
provider pays a customer’s energy bill and in turn bills the customer for a service charge
per unit of energy saved that is set below its baseline utility rate. ESA providers incur
substantial upfront costs and takes both credit and performance risk, and pass these
costs to customers over the life of the contract. Because of the risks involved, financing
costs tend to be higher than other low-interest debts.
Cooling as a service (CaaS): an ESA in cooling. CaaS providers (e.g., equipment
manufacturers or specialized service companies) install and maintain cooling equipment for
customers, and pay for cooling electricity consumed by customers. They recoup costs and
gain revenue by charging customers for cooling services on a regular basis. Payment is
based on the price per unit of the refrigeration/cooling service provided. In this model,
customers pay for cooling services instead of paying for the purchase and operation of
equipment that provides cooling. CaaS providers have a strong incentive to achieve highquality preventive maintenance and improve system energy efficiency to maximize energy
savings. The CaaS model shifts the responsibility of equipment operation management from
the customer to the service provider, thereby eliminating the customer's concerns about
these responsibilities.
Value-stacking service: It is a new business model in which technology providers (such
as ESCOs) stack multiple solutions such as high-efficiency cooling equipment, rooftop
photovoltaic power generation and thermal energy storage together and optimize their
use. This model can help customers achieve greater savings and maximize revenue.
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Performance monitoring and management service contract:
Under this
arrangement, customers own/operate their own cooling systems. Manufacturers or
professional service companies install sensors and other online monitoring systems, and
provide performance optimization, operation diagnosis, preventive services, and
recurring maintenance services. Regular service fees are charged to customers based
on service frequency and technical service level.
Sharing economy model: It is a new business model that adopts the share economy
concept and enables sharing, through an internet-enabled service platform, of underutilized refrigeration/cooling resources such as cold storage space and/or cold chain
transportation capacity. This helps realize the coordinated and optimal use of these
resources, so that businesses in the cooling sector can reduce the waste of capacity and
energy use, increase revenue, and reduce the cost of obtaining services.

5.5 Financing a city-scale green cooling deployment
The traditional approach of developing energy-saving projects in a scattered manner
failed to create an attractive project scale for investors. TA-9670 aims to help Ningbo
create an integrated implementation model that scales climate-friendly cooling through
financing and market innovation. It enables cities to simultaneously seize green cooling
opportunities in multiple sectors including industry, commercial, and the public sector.
In China, there are currently four main types of ADB loans: traditional loans, financial
intermediary loans, result-oriented loans, and policy loans. Among these options, the
financial intermediary loans, an innovative financing option that ADB began to implement
in China in 2011, is more suitable for Ningbo because other options either lack flexibility,
or the loan principal cannot be recycled or reused, or loan disbursements must be linked
to the approval of policies and laws. Financial institutions (e.g., banks, guarantee
companies, financial leasing companies) participate in financial intermediary loans. ADB
loans are on-lending to financial institutions, and the financial institutions are responsible
for investment decisions under the direct supervision of the government. Because it is a
sovereign loan, the government must control risks.
Our proposed integrated implementation model weighs the different models of ADB's
lending in China, and the model design reflects our goal of addressing the obstacles
discussed in Section 5.1. Figure 5 is a schematic diagram of this model. The main
features of our proposed model include:
1) It unlocks massive commercial investment through a co-financing scheme that uses
ADB’s sovereign loans as leverage to drive co-financing of commercial capital. If
successful, this will set up a public-MDB-private-partnership (PMPP) model that can
be used to promote the combined use of MDB concessional loans, government
energy-saving incentive funds, government green development funds and other
government fiscal funds as leverage to unlock private/social capital.
2) The co-financing scheme will create a green cooling revolving loan to allow the
repayments of initial capital are returned to the capital pool and reinvested in further
eligible projects to make finance available to an expanded number of projects. The
revolving loan combines higher commercial loan interest rates with lower ADB loan
interest rates to reduce borrowing costs for SMEs.
3) The proposed model enables large-scale cooling efficiency deployment through
aggregating a large number of individual projects and adopting a bulk procurement
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scheme to achieve the scale attractive to investors while standardizing the
implementation to reduce total transaction cost.
4) It creates a special purpose vehicle (SPV)-type of Green Cooling Service Company,
responsible for all the work related to the deployment, from building the project
portfolio, obtaining and managing financing, selecting ESCO to contract placement,
bulk equipment procurement, payment management, and project result tracking
and verification, etc.
5) The model will enable a performance-based lending that links interest and project
result, and uses variable rates, flexible terms, and reward points based on the
performance of efficiency improvement and GHG reduction.
6) It uses a platform-as-a-service model to connect isolated information nodes to form
the flow of cooling business related information throughout the city and enables
sharing of underutilized refrigeration/cooling resources within the city (see Section
6.4).

Figure 5. Schematic diagram of the integrated implementation model
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6

DIGITALIZATION SOLUTIONS

6.1 Overview of digitalization
With the country’s accelerating the pace of commercialization of 5G and strengthening
the overall layout of new types of infrastructure construction such as artificial intelligence,
industrial Internet, and Internet of Things, China is building a new economic development
model driven by a digital economy. The country is achieving its digitization transformation
through the so-called “New Infrastructure Building” Initiative that focuses on building
three types of new infrastructure including:
 Information Infrastructure: It mainly refers to the infrastructure generated by the
evolution of new-generation of information technology, such as communication
network infrastructure represented by 5G, Internet of things, industrial Internet and
satellite Internet, new technology infrastructure represented by artificial intelligence,
cloud computing and blockchain, and computation infrastructure represented by data
center and Intelligent Computing Center.
 Innovation Infrastructure: It mainly refers to the public welfare infrastructure supporting
scientific research, technology development and product development, such as major
science and technology infrastructure, science and education infrastructure, industrial
technology innovation infrastructure, etc.
 Converging infrastructure: It mainly refers to the in-depth application of Internet, big
data, artificial intelligence and other technologies to support the transformation and
upgrading of traditional infrastructure, and then form the integrated infrastructure, such
as intelligent transportation infrastructure, intelligent energy infrastructure, etc.
The energy-use sectors, especially the refrigeration/cooling sector, have embarked on a
new wave of digital transformation, which is a high-level transformation based on
digitization and digitalization. The transformation further touches the core business of
the refrigeration/cooling sector and creates new value propositions and novel business
models for the sector.

6.2 Digitalization structure
TA-9670 conducted a comprehensive research on how to design digital infrastructure,
determine digital solutions, and establish new data-driven business models in order to
help Ningbo build a climate-friendly, energy-efficient, and smart cooling sector. We have
identified that the realization of digital transformation in cooling requires building three
layers of work, including data ready, platform building, and service innovation. Figure 6
shows a schematic diagram of the desirable structure for realizing digital transformation
in cooling.
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Figure 6. Schematic diagram of the structure for digital transformation in cooling
In the digital age, data is regarded as an important enterprise asset and should be highly
valued by all enterprises. In today’s industry-wide digital transformation process, the
cooling sector needs to make full use of data assets to create a new “data-driven”
operation and decision-making paradigm to help companies continue to create new
products and services, increase revenue, optimize operations, improve efficiency, and
reduce cost. Optimal and highly efficient business/equipment operations will produce
significant energy savings and emissions reductions.
Many companies have data, but they do not make full use of data for analysis, let alone
intelligent decision-making. Companies in the cooling business can build big data
analysis platforms through business intelligence (BI) tools, and use advanced data
technology and scientific methods to dig deeper into the value of data to assist
companies in achieving data collection, big data analytics, intelligent decision-making,
and data-enabled business operation.
In addition to helping companies in the cooling sector optimize operations, improve
efficiency, and reduce costs, digitalization also enables service enhancements through
building an information-supported service ecosystem. Having such an ecosystem helps
solve the concerns and interests of various stakeholders, and create value on a larger
scale. Below is a discussion of three types of service enhancement achieved through
digitalization: enhancement of energy retrofits, facilitation of financing services, and
boost of resources sharing. These digitalization paths all help realize the deepening of
data applications and achieve the transformation from "all business have data" to "all
data becomes business".
In addition to these three service enhancements, digitalization can also establish an
effective energy consumption monitoring and data tracking systems, thereby creating a
seamless information flow for regulators. This is critical for building effective compliance
supervision and enforcement to achieve the government’s energy conservation,
environmental sustainability, and carbon neutral goals.

6.3 Service enhancement through digitalization
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6.3.1 Enhancing retrofit services
The first type of service enhancement is the facilitation of cooling system retrofit services.
The schematic diagram of this service enhancement model is shown in Figure 7. The
core problems solved by this digitization-enabled service enhancement include payment
problems, information asymmetry, and mismatch between supply and demand.

Figure 7. Illustration of retrofit services platform
6.3.2 Enhancing financing services
The second type of service enhancement is the improvement of financing services. The
schematic diagram of this service enhancement model is shown in Figure 8Figure 7. The
core problems solved by this service enhancement platform include information
asymmetry, financial institution’s difficulty to obtain high-quality customers, high cost of
conducting due diligence, lack of continuous information on the state of customer
operations, high cost of risk management, and difficulty and high costs for customers to
obtain loans.

Figure 8. Illustration of financing services platform
6.3.3 Enhancing resources sharing
The third type of service enhancement is the sharing of refrigeration resources based on
the concept of sharing economy. Relying on the development of Internet technology, the
sharing economy has developed rapidly as a new business model. It is a low-cost, highyield model by reconfiguring idle resources through a service platform. From the
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perspective of social supply, the sharing economy realizes the redistribution of products
and services by making full use of idle resources, and maximizes the efficiency of
resource allocation. Refrigeration companies and cold chain transportation companies
have a large number of resources, but the utilization rate, turnover rate, and occupancy
rate of each resource are not monitored in real time, preventing them from being
effectively and optimally used throughout the city, resulting in a lot of waste of resources
and space. Based on the new business model and technological paradigm of the sharing
economy, the use of idle cooling resources can be redefined, realizing the rational and
optimal use of these resources, and helping companies reduce costs and increase
efficiency.
The schematic diagram of this service enhancement model is shown in Figure 9Figure
7. The core problems solved by this service enhancement platform include: information
asymmetry, resource utilization efficiency and optimization, and service/product
traceability.

Figure 9. Illustration of resources sharing platform

6.4 Creating a digital platform-as-a-service (PaaS) model for city-wide
deployment
Achieving city-scale green cooling deployment requires an operating body like a special
purpose vehicle (SPV) to effectively coordinate the actions of all program participants.
Digitalization not only achieves a variety of service enhancements, but also can
transform the implementation body into a cloud-based SPV through establishing a digital
platform-as-a-service (PaaS) model. Through digitalization and cloud technology, PaaS
achieve higher efficiency and lower cost for implementation of a green cooling
deployment program at scale. Figure 10 Illustrates the digital platform-as-a-service
model.
The traditional digitalization model is that each enterprise independently builds its own
information system, which forms an information island with each information node being
independent and unconnected. Therefore, another important significance of establishing
a city-level PaaS is that the platform connects these isolated information nodes to form
the flow of information throughout the city. From the perspective of the whole city, this
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not only reduces the cost of information management (that is, the cost of building an
integrated PaaS is much lower than that of building thousands of isolated information
management systems). The PaaS also promotes the information flow among different
market participants, which enhances the value of information, creates more market
facilitation opportunities, and greatly improves the efficiency of information management.
In short, platform-as-a-service is an effective way to help achieve city-scale green
cooling deployment through digitalization.

Figure 10. Illustration of digital platform-as-a-service (PaaS) model
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7

KEY RECOMMENDATIONS

Based on the assessment of the potential presented and challenges faced in Ningbo in
achieving its green cooling goal as well as relevant international experience, TA-9670
recommends the following actions to help Ningbo successfully implement a city-scale
green cooling deployment program.

7.1 Enhance compliance with efficiency standards
As discussed in Sections 3.3 and 4.1, China has introduced some new minimum
energy efficiency standards for cooling systems during the 13th Five-Year Plan
period. Compared with the old standards, the energy efficiency of new systems is
greatly improved, making the use of old equipment consume more energy and
result in higher operating costs. Buildings, especially public buildings, also have to
meet mandatory per unit energy consumption limits. Ningbo can drive customers to
eliminate old or high energy-consuming cooling equipment by strictly implementing
these energy efficiency requirements. To this end, the municipal government can
establish an energy-saving credit system and implement a low-credit list for
customers who use energy exceeding the per unit limit or use equipment that does
not meet the new minimum energy efficiency standards. Customers on the lowcredit list will be subject to a certain degree of financing and government
procurement restrictions.
Ningbo could adopt different policies for different types of projects. For projects that
have good economic benefit, they can be promoted through commercialized
methods such as energy-savings performance contracts. For projects that have
less obvious economic benefits, but good social and climate benefits, the
government could provide incentives and other resources; and for high energyconsuming and less efficient equipment, a phaseout program should be developed.
Like other provinces and cities, Ningbo faces the arduous task of achieving the goal
of dual control of energy intensity and total energy use. Refrigeration/cooling is an
important energy-consuming sector. Improving cooling energy efficiency and
reducing cooling energy consumption across the city can help achieve the dual
control goals. To this end, the government must take strong but effective action.

7.2 Pay more attention to public institutions
From the central to the local level in China, relevant policies to support the energy
conservation of public institutions have been promulgated with specific targets. For
example, the comprehensive unit power consumption baseline of government building
is set at 40kWh/m², and when the unit power consumption of an air-conditioning system
exceeds 24kWh/m², the system must be retrofitted. Cooling energy use of public
buildings such as government agencies, schools, and hospitals in Ningbo accounts for
more than 40% of total building energy consumption. To achieve energy savings in public
buildings, special actions to improve energy efficiency must be carried out for the space
cooling of public buildings. The public sector not only has a lot of potential for improving
its cooling energy use, but also can set a model for energy conservation for the society
by vigorously developing green cooling. As focusing on green cooling in the public sector
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can be an important way to help Ningbo achieve the goal of dual control of energy
intensity and total energy use, the city government should exert greater influence to push
the public sector to comply with relevant energy efficiency targets or standards.

7.3 Establish a highly efficient cold chain logistics service sector
As an economically developed coastal city and the largest port in the world, Ningbo has
unique advantages in developing cold chain storage and logistics business. However,
Ningbo cold chain storage and logistics are still a weak link to achieve green cooling.
The information network is incomplete; the flow of information is not smooth; and there
is a lack of a unified regional cold chain storage and logistics information platform. The
lack of timely and effective information flow between logistics companies, business
customers and ports has caused waste of resources, reduced operational efficiency, and
caused a large amount of unnecessary energy consumption. The lack of third-party cold
chain logistics companies has made many distributors in Ningbo create own logistic
subsidiaries with low degree of specialization, thereby aggregating the problems of
duplication of resources and inefficiency.
Ningbo could actively seek opportunities in enhancing its cold chain logistics
management. To this end, Ningbo could establish a resource sharing platform as
described in the Section 6.3.3 to enable the dynamic flow of information, optimize the
allocation of resources, and create a third-party cold chain storage and transportation
service sector.

7.4 Promote the use of waste energy for cooling
As one of China's largest industrial bases, Ningbo has a huge amount of waste heat
resources from industrial production. At the same time, Ningbo imports 7 million tons of
LNG annually. Taking LNG as an example, its gasification process absorbs heat and
releases a large amount of cold energy that has a low utilization rate currently at about
20%. If these huge amounts of waste energy are fully utilized for cooling, a large amount
of cooling-induced energy consumption can be saved. If the cold energy released by
gasification of 7 million tons of LNG is fully utilized each year, it can save about 290 GWh
of electricity consumption (equivalent to 82,000 tons of standard coal) per year, and
reduce annual carbon dioxide emissions by 152,000 tons, leading to significant energy
savings and emission reductions.
To make full use of the cold energy from LNG gasification, Ningbo needs to assess
various applications discussed in Section 4.3 in order to develop LNG cold energy
utilization solutions suitable for Ningbo. After determining the technology application path,
it is necessary to incorporate LNG cold energy recovery in the planning, design and
construction of LNG storage facilities, and to synchronize the demand for gas and cooling
in time and location.

7.5 Support the integration of PV, thermal storage, and cooling
As shown in Section 4.5, collaborative use of renewable energy resources (mainly
photovoltaics) and thermal energy storage in cooling can bring greater economic values
and energy-saving and climate benefits. Integrating renewable energy and cooling has
great significance for Ningbo as fossil fuels account for 97% of the city’s energy mix.
China’s National Energy Administration recently issued a new guiding document that
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promotes rapid deployment of distributed photovoltaics through the Installing PV on the
Roof of the Whole Counties (cities, districts) initiative. The new policy specifically
requires that the proportion of installable photovoltaic power generation area to the total
area is not less than 50% for government buildings, no less than 40% for public buildings
such as schools, hospitals, and so on, and no less than 30% for industrial and
commercial facilities. These mandatory targets will bring policy opportunities for Ningbo
to actively seek the integration of photovoltaic, thermal storage, and cooling. Promoting
integration will not only achieve better economic and energy-saving benefits. The
photovoltaic panels covering the roof can also play a role in providing heat insulation for
the building, reducing the building’s need for cooling.

7.6 Innovate financing to enable a city-scale deployment
Creating an attractive project scale for investors requires Ningbo to establish a new
financing model that provides integrated solutions to solve the obstacles that
stakeholders, especially SMEs are facing. To support large-scale implementation,
Ningbo needs to create a financing model that is different from traditional small-scale
financing.
The city can focus on the following actions: Unleash commercial investment by creating
a public-multilateral development bank-private partnership (PMPP) type of co-financing
that uses multilateral development bank concessional loans and government fiscal funds
as leverage to attract private/commercial capital. Under the PMPP, Ningbo can design
two targeted financing schemes that serve different purposes. One is set up to solve the
accessibility and affordability of financing for SMEs –a green cooling revolving loans that
mix higher commercial loan interest rates with lower concessional loan interest rates to
reduce commercial borrowing costs for SMEs. The other is to accelerate the
commercialization of advanced cooling technologies – a commercialization-driven type
of financing program similar to the Green Technology Bank that strengthens the
integration of technology and finance.
Ningbo can also promote performance-based loans that link interest to the achievement
of verified project results, and adopt de-risking mechanisms such as on-bill financing,
loan guarantees, and energy-savings insurance, and explore the combined use of these
tools to reduce the shortcomings of relying on a single method. Ningbo can also evaluate
and adopt new business and service models that have greater market promotion
potential. These models will actively play the role of professionals in doing professional
things and making the things they do profitable.
In addition, achieving a city-scale deployment requires a seamless
integration/aggregation of a large number of individual projects. Ningbo can pay special
attention to creating a special purpose vehicle (SPV)-type of Green Cooling Service
Company that is responsible for all the work related to the deployment. This allows
Ningbo to achieve the project scale attractive to investors while standardizing the
implementation to reduce transaction costs.

7.7 Build a digital platform-as-a-service model
Digital platform-as-a-service is an effective way to help achieve city-scale green cooling
deployment through digitalization. Ningbo could explore such a new model that adopts
most advanced digitization and internet of things technologies to achieves a variety of
service enhancements including enhancing retrofit services, enhancing financing
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services, and enhancing resources sharing. Ningbo could employ the model to connect
isolated information nodes to form the information flow among market participants to
enhances the value of information, creates more market facilitation opportunities, and
greatly improves the efficiency of information management.

7.8 Strengthen the capacity building for green cooling
Effective capacity building and knowledge dissemination are the keys to increasing
customers' willingness to improve energy efficiency. Ningbo can take effective measures
to correct the phenomenon that customers only pay attention to the recovery of
equipment investment rather than the energy cost-savings of more efficient equipment
during its service life. This may require the government to use suitable cost-benefit
assessment tools to show the impact of different considerations on the benefit of
customers. In addition, poor operation management leads to energy waste. Customer
capacity building should also focus on strengthening their skills to increase efficiency
through operational improvements.
Ningbo can also pay attention to solving the problem of insufficient understanding of
green cooling technology by financial institutions, and strengthen the capacity of these
institutions. Efforts similar to the above-mentioned green technology banks can help
financial institutions fill the gap in technical capabilities.
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Appendix 1 – Equipment and Customer Survey Forms
Survey
Introduction
At present, refrigeration technology mainly relies on synthetic refrigerant HFC. Most of these gases are
thousands of times more harmful to climate change than carbon dioxide. If human beings do not take
effective measures to reverse their use as soon as possible, the emissions of these climate-harming
gases will reach 20% of the global greenhouse gas emissions in 2050. At the same time, electricity use
for cooling is increasing with the improvement of people's living standards and economic development.
Rising consumption not only increases the operating costs of operating cooling equipment, but the
increased energy use has become an important contributing factor to climate change and air pollution.
Seven ministries and commissions including the National Development and Reform Commission, the
Ministry of Industry and Information Technology, the Ministry of Finance, and the Ministry of Housing
and Urban-Rural Development jointly issued the "Green Cooling Action Plan" to promote climatefriendly, energy-efficient and low-polluting cooling in China. Green cooling is becoming another national
action plan after green lighting and clean heating. In order to actively respond to the latest domestic
and international actions in green cooling, Ningbo Development and Reform Commission, with the
active support of the Asian Development Bank (ADB), launched a technical assistance project to
promote climate-friendly cooling operations. The project officially launched on July 1 this year aims to
fully learn from the most advanced domestic and international market concepts, incorporate the most
advanced energy-saving and environmentally friendly cooling technology, design innovative
investment, financing and loan mechanisms, and actively explore Internet + cooling, etc. Promoting
efficient cooling will help Ningbo cooling customers reduce energy use and costs and increase
efficiency, and create greater profits. At the same time, the “Ningbo Model” of green and smart cooling
that can be widely promoted by ADB and the National Development and Reform Commission at home
and abroad is designed in Ningbo. In order to effectively promote this ADB technical assistance project,
the project implementation unit designated by the Ningbo Development and Reform Commission, such
as Ningbo Electric Power Company, is responsible for surveying Ningbo manufacturing/refrigeration
enterprises and related institutions to collect information related to this project. The sectors covered
include industry, commerce (hotels, supermarkets, cold storage, distribution centers), public institutions
(schools, hospitals), cold chain transportation and other sectors. The information collection unit will
keep the collected information strictly confidential, and the collected information will only be aggregated
and used for the design of this project. This questionnaire is divided into three parts.
Contact and phone number:__
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亚行宁波绿色制冷技援项目信息收集表 ADB Ningbo Green Cooling Technical Assistance Project Survey Form
No. 项目 Item
1
填写人姓名 Name
2

填写人职称 Title

3

填写人电话或微信 Phone or wechat

4

填写日期 Date

5

公司名称 Company name

6

公司地址 Company address
公司属性（私营、国有、混合）Company attributes
(private, state-owned, mixed)
公司主要业务 Company's main business

7
8
9
10

公司过去 1 年的用电量（度）Electricity consumption of
the company in the past year (kWh)
公司电价计费模式 Electricity price billing model

11

公司天然气价格（元/m3）Company natural gas price
(yuan/m3)

12

公司蒸汽价格（元/吨）Company steam price (yuan/ton)

13

公司建筑面积（平米）Company building area (square
meters)

14

建筑屋顶类型及材料 Building roof types and materials

15

设施是否已安装光伏或太阳热系统？ 若有安装，请描述
系 统 Has the facility installed photovoltaic or solar
thermal systems? If installed, please describe the
system

内容 Content

备注 Note
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亚行宁波绿色制冷技援项目信息收集表 ADB Ningbo Green Cooling Technical Assistance Project Survey Form
设备序号 Equipment serial number
设备类型 Equipment Type
设备型号 Device model
设备台数（台）Number of equipment (units)
制冷机生产商 Equipment manufacturer
制冷机投入年限 Equipment lifetime
制冷剂类型及型号 Refrigerant type and model
空调冷/
热源系
统
Air
conditio
ning
cold/hea
t source
system

制 冷 机 运 行 功 率 （ kW) Refrigerator
operating power (kW)
制 冷 机 年 运 行 小 时 数 (h)Refrigerator
annual operating hours (h)
制冷机设备维养的周期（年）Refrigerator
equipment maintenance cycle (years)
制冷机设备维养的机构 Refrigerator equipment
maintenance company
热源形式 Heat source
冷/热水运行设定温度（℃）Set temperature for
cold/hot water operation (℃)

是否有生活热水需求(Y/N) Is there a demand for domestic
hot water (Y/N)
功率(kW)Power (kW)
水
泵
Wat er 是 否 变 频 (Y/N) Whether
conversion (Y/N)
pump

frequency

制 冷 站 房 是 否 有 群 控 系 统 (Y/N) Does the
refrigeration station have a group control
s stem (Y/N)
设备购置及安装成本（元）Equipment purchase and
installation cost (yuan)
设备购买资金来源（租赁、贷款、或自有资金）Source of
funds for equipment purchase (lease, loan, or own funds)

1

2

3

4

5

6

7

8
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亚行宁波绿色制冷技援项目信息收集表 ADB Ningbo Green Cooling Technical Assistance Project Survey Form
序号 问题 Question

内容 Answer

1

公司更换制冷设备的动因都有哪些？What are the reasons for the company to replace
refrigeration equipment?

2

贷款利率为多少时，贵公司会积极考虑利用贷款置换成高能效制冷设备？What is the
perferred loan interest rate will your company onsider using loans to switch to energyefficient refrigeration equipment?

3

什么情况下，贵公司会积极考虑将高温室气体排放 HFC 置换成更气候友好的制冷剂？Under
what circumstances will your company actively consider replacing HFCs with high
greenhouse gas emissions into more climate-friendly refrigerants?

4

公司寻求制冷设备时是如何获取设备信息的？How does the company obtain equipment
information when acquire refrigeration equipment?

5

6

7

8

9

10

11

12

13

14

公司目前制冷设备运行管理和维养工作是如何进行的？How does the company currently
manage refrigeration equipment operation and maintenance work?
公司对使用专业服务公司提供专业化的设备维养服务的意愿 (按 1~5 评级，1-无意愿，5极高意愿），请在回答意愿后解释为什么 The company's willingness to use professional
service companies to provide professional equipment maintenance services (rating from
1 to 5, 1-no willingness, 5-extremely high willingness), please explain why after answering
the willingness
公司对能源服务公司通过合同能源管理的方式为公司换置高效制冷设备的意愿
(按 1~5 评级，1-无意愿，5-极高意愿），请在回答意愿后解释为什么 The company’s
willingness of using the energy service company to replace old equipment with highefficiency refrigeration equipment (rating from 1 to 5, 1-no willingness, 5-extremely high
willingness), please explain why after answering the willingness
公司对以设备租赁的形式添加制冷设备的意愿如何 (按 1~5 评级，1-无意愿，5- 极高意愿
） ？ 请 在 回 答 意 愿 后 解 释 为 什 么 The company's willingness to add refrigeration
equipment through equipment leasing (rating from 1 to 5, 1-no willingness, 5-extremely
high willingness)? Please explain why after answering the wishes
公司对有关机构建立制冷设备运行及维养信息平台的态度 (按 1~5 评级，1-不必要，5非常必要）The company's attitude towards the establishment of refrigeration equipment
operation and maintenance information platforms by relevant institutions (rating from 1 to
5, 1-unnecessary, 5-very necessary)
公司对有关机构建立高效制冷技术及应用信息平台的态度（按 1~5 评级，1-不必要，5- 非
常必要）The company's attitude towards the establishment of high-efficiency refrigeration
technology and application information clearinghouse by relevant institutions (rating from
1 to 5, 1-unnecessary, 5-very necessary)
上述维养平台和技术平台，公司最需要看到哪些信息？What information does the
company need to see the most for the maintenance platform and technology platform
mentioned above?
公司对现在转用先进高能效制冷技术/设备的意愿 (按 1~5 评级，1-无意愿，5极高意愿），请在回答意愿后解释为什么 The company's willingness to switch to more
efficient refrigeration technology/equipment now (rating from 1 to 5, 1-no willingness, 5very high willingness), please explain why after answering the willingness
公司在成本效益 可行的情况下对使用其设施空间安装光伏和利用光热的意愿 (按 1~5 评级
，1-无意愿，5-极高意愿），请在回答意愿后解释为什么 Company’s willingness to use
its facility space to install photovoltaics and solar thermal when feasible (rating from 1 to
5, 1-no willingness, 5-extremely high willingness), please explain why after answering the
willingness
公司在成本效益可行的情况下利用低谷电价储能技术的意愿 （按 1~5 评级，1-无意愿，5极高意愿），请在回答意愿后解释为什么 The company's willingness to use energy storage
technology when feasible (rating from 1 to 5, 1-no willingness, 5-extremely high
willingness), please explain why after answering the willingness

15

推 动使 用绿色高效制冷设备，贵公司遇到的障碍都有哪些（按 障碍大 小罗 列） ？To
promote the use of green and efficient refrigeration equipment, what obstacles does your
company encounter (listed by the impact level of the obstacles)?

16

推动使用绿色高效制冷设备，贵公司最希望获得的帮助都有哪些（按希望度高低罗列）？
To promote the use of green and efficient refrigeration equipment, what kind of help does
your company hope to get (listed according to the degree of hope)?

53

备注 Notes

