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Energy Efficiency (EE) Ecosystems are Complex…
Scaling up Implementation has been a Development Challenge
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Supply Side Options
(Conventional Supply & Large Scale RE) 

Demand Side EE Measures 
But solutions have been developed 

and are being applied…

• Large Investments
• Fewer Stakeholders
• Standardized Solutions
• Less Transaction Costs
• Homogenous Market

• Small and Dispersed
• Multiple Stakeholders
• No “One Size Fits All” Solutions
• High Transaction Costs
• Heterogenous Market



Sustainable Cooling Landscape is even more complex… 
… the Drivers, Challenges and Solutions and Different 

End Uses/ Users are very heterogenous:
• Space Cooling (Residential, Commercial, Public Buildings, Grid/Off-Grid)
• Industrial Process Cooling, Transportation
• Refrigeration (Stationary/Buildings, Mobile/Food Cold Chain)
The Menu of Technology Interventions is Diverse:
• Ceiling Fans
• Evaporative Coolers (Desert Coolers)
• Air Conditioners (Room AC- Windows and Split, Chillers, Vapor 

Compression, Vapor Absorption, Heat Pumps, Solar Cooling, Liquid Air, 
etc.)

• District Cooling
• Building Insulation, Windows, Cool Roofs
• Smart Controls (Thermostats, Building EMS, etc)
• DC Appliances (Off-Grid) 
Climate Change Incentives, Actions and Implications:
• Direct (refrigerants) MP  Manufacturers
• Indirect (energy use)  CC Mitigation  Demand Side (End Users)
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Global Buildings Space Cooling Energy Use 
Decomposition, Trends and Potential (through 2050)

4Source: IEA (2018) Energy Efficiency Market Report; IEA (2018) The Future of Cooling; United for Efficiency (UN Environment)

Efficient Cooling is not just about energy 
(KWh) and GHG emissions reduction……

…It’s about peak load (kW) avoidance



Air Conditioners- Improvement Potential
(Cost Effective Over Life….  But  Higher Upfront Cost)
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Source:  United for Efficiency (UN Environment)



Refrigerators- Improvement Potential
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Global Cooling Equipment Policy Coverage 2017
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Policy coverage is expanding but ….
MEPS have large room for continuous improvements, robust enforcement and stronger implementation

Energy Efficiency Performance of Small ACs 2018

Energy Efficiency Performance of Commercial ACs 2018



How Air Conditioning Standards are Evolving Worldwide?
http://rise.worldbank.org
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http://rise.worldbank.org/


How Effective Are EE Labeling of Air Conditioners?
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Are Policies and Regulations Alone (MEPS, Labels) Effective 
in Residential AC Market Transformation?
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Residential AC - EER

Residential AC – SEER

Source: IEA Global Exchange on Efficiency- Cooling



Barriers to Adoption of High Efficiency Air Conditioners … 
…exist beyond having policies and regulations
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Barrier Description Examples
Financial Magnitude of the

first cost relative
to incumbent less
efficient appliances

• Higher relative upfront cost of high efficiency air conditioners, affecting affordability, especially 
to low-income consumers
• Lack of sustainable financing schemes
• Lack of incentives to local manufacturers to promote sales of efficient air conditioning products
• Lack of enhanced producer responsibility (EPR) schemes requiring manufacturers to include 
the costs of recycling and disposal of the appliances in the sales price.

Market Market structures
and constraints that
prevent efficient
product investments
and energy saving
benefits

• Competition through low-cost, low-efficiency products
• Limited availability of affordable high-quality products
• High import costs or tariffs 
• Split incentive—landlord/tenant discrepancy (building owner/manager buys product, tenant 
pays utility bill)
• Negative impact on local manufacturers and related industries.

Information, 
Awareness 
and 
Capacity

Lack of information
provided on efficient
technologies and
their energy savings
benefits

• Lack of air conditioner-related knowledge and skills among policymakers, air
conditioning system designers, importers, suppliers, operation and maintenance (O&M) facility 
managers
• Poor promotion of efficient air conditioner products
• Low level of public awareness of the technologies and their benefits
• Non-uniformity and technical detail in metrics (e.g. energy efficiency ratio (EER), seasonal 
energy efficiency ratio (SEER), and coefficient of performance (COP)) new to, or difficult to 
understand by, policymakers or consumers.



Barriers to Adoption of High Efficiency Air Conditioners…
…exist beyond having policies and regulations
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Barrier Barrier Examples
Regulatory and 
Institutional

Financial • Lack of policies and practical experience to train local air conditioner manufacturers
• Lack of policies encouraging energy-efficient air conditioners – regulatory, monitoring/
verification, enforcement 
• Lack of warranties to ensure product quality;
• Lack of regulations requiring installation and maintenance by certified and trained personnel
• Restrictions on the use of flammable low GWP refrigerants-based air conditioners (even where 
these appliances are optimized with regard to charge minimization and additional safety features)
• Lack of standards/code of best practice to guide installation, servicing and disposal of
air conditioners with flammable refrigerants.

Technical Market • Lack of adequate or accredited testing facilities
• Limited resources to monitor, verify and enforce national regulations
• Lack of technical capacity for local suppliers to provide quality components, materials and 
product parts and for manufacturers to produce energy-efficient air conditioners
• Lack of trained and certified technicians to properly install and service air conditioners with 
flammable refrigerants.

Environmental 
and Safety Risk 
Perception

Information, 
Awareness 
and Capacity

• Lack of collection and recycling schemes for reuse, recovery and treatment at end-of-life
• Lack of public information about the safety of efficient air conditioner technologies in 

comparison to other widely deployed technologies and risks.
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Transforming and Sustaining EE Markets 
Goes Beyond Policies and Regulations

• Dedicated entity with EE mandate
• Utility active in DSM/DR
• Clear institutional roles/accountability
• Inter-ministerial coordinating body
• Assignment of roles for monitoring and 

compliance enforcement
• Authority to formulate, implement, 

evaluate and report on programs
• Tracking on progress for EE targets

Institutions
• Overarching EE legal framework 

(EE Law)
• Cost-reflective energy pricing
• Building Codes/ MEPS standard w/ 

enforcement mechanisms
• EE labels
• EE incentive schemes w/ funding sources
• EE targets by sector
• Public budgeting/procurement 

encourages EE

Policy and 
Regulations

• Database on energy consumption
• Industrial and building stock
• Information center/case study 

database
• Database of service providers, EE 

technologies, equipment providers
• Broad, sustained public awareness
• Appliance labeling

Information and 
Awareness • Commercial bank lending (credit lines, 

guarantees)
• Cashflow-based EE financing
• Commercial ESCO financing
• Public sector EE financing
• Utility DSM
• Residential home/appliance credit
• Equipment leasing

Finance

• Energy auditor/manager training and 
certification programs

• Private sector training programs (banks, 
ESCOs/EE service providers, end users)

• EE project templates (audits, M&V plans, 
EPC bidding documents, contracts)

• Energy management systems 
developed

Monitoring, Verification and Enforcement

Technical Capacity

Source: World Bank (2016)
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How to Leverage Financing for Energy Efficiency Programs:
Role of Multilateral Finance Institutions and Climate Finance

Carbon Market/ 
CDM

Public Finance

+

Development 
Assistance (eg., 
World Bank, AfDB, 
ADB, IADB, etc)

Leveraging 

Private Sector Capital

•Utility Demand Side 
Management 

• On-bill
• Pay-As-You 

Save
• Std Offers

•Bulk Procurement  
(Super ESCO or  Govt
Entity)
•Financing Schemes

• EE Funds
• EE Credit 

Lines
• EE Risk 

Sharing 
Gaurantees

•ESCOs
•Policy  and TA Support

SUPPORTING
INSTRUMENTS

Global 
Environment

Facility 

Climate 
Finance

(CTF, GCF, Gr 
Bonds

TA, Capacity Building, Institutional Support (Utilities; Municipalities, 
Super ESCOs, etc)

MLF 
Incentives

INVESTMENT 
SUPPORT

Making  
Investment 
Attractive to 
Implement

Making Investment 
financially more 
attractive



EE is key part of World Bank Group’s Global Commitments
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✓ Sustainable Development Goal 7/Sustainable Energy for ALL

• Help individual client countries towards goal of doubling rate of EE improvement   

✓ Paris Accord

• Support NDCs (most countries have prioritized EE in their NDCs)

✓ Climate Change Action Plan

• At least 50% WBG’s infrastructure operations in urban space will integrate EE

• At least $1 billion in investments and 10 operations supporting efficient and resilient 
building by 2020. 

• Mobilizing $25 billion commercial financing for clean energy 

• Helping large Asian countries (which in the business as usual case expect to 
contribute to 80% new coal power plant build up) to transition to low carbon path 
with the help of “Asia Energy Transition initiative”



Sustainable EE Financing and Delivery Solutions
The Energy Efficiency Financing “Ladder” 

Market 
Maturity

& Innovation

Commercial
Financing

Public
Financing

EE Grants/ Subsidies

EE Funds (Revolving, Special, Mezzanine)

Utility “on-bill” financing (Utility DSM/EE)

Public ESCOs (Super ESCOs)

EE Credit lines with bank(s)

Partial risk (first loss) guarantees for EE

EE (Green) bonds/ Green Mortgages

Commercial Financing, Vendor credit, leasing, ESCOs

EE Budget financing, grants w/ co-financing

Source: World Bank (2014) 16



World Bank Demand Side EE Support Interventions: 
Program Delivery Solutions and Models for Different Sectors

17SOURCE: World Bank-Singh (2016) ESMAP EE Livewire 



World Bank Demand Side EE Support Interventions: 
Program Delivery Solutions and Models for Residential Sector
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Air Conditioning - Drives Economic Growth and Well Being
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“Air conditioning was a most important 
invention for us, perhaps one of the 
signal inventions of history. It changed 
the nature of civilization by making 
development possible in the tropics.

Without air conditioning you can work 
only in the cool early-morning hours or 
at dusk. The first thing I did upon 
becoming prime minister was to install 
air conditioners in buildings where the 
civil service worked. This was key to 
public efficiency.”
…..Late Lee Kuan Yew (Singapore's founding father 
and former Prime Minister), 2009 



Rapidly Growing Cooling Market:  
A Challenge and An Opportunity
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Source:  IEA (2018) The Future of Cooling
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Transforming and Sustaining Energy Efficiency Cooling Market 
will Require Multi-Pronged Efforts

• Dedicated entity with EE mandate
• Clear institutional roles/accountability
• Inter-ministerial coordinating body
• Assignment of roles for monitoring and 

compliance enforcement
• Authority to formulate, implement, 

evaluate and report on programs
• Tracking on progress for EE targets

Institutions
• Overarching EE legal framework 

(EE Law)
• Cost-reflective energy pricing
• Building Codes/ MEPS standard w/ 

enforcement mechanisms
• EE labels
• EE incentive schemes w/ funding sources
• EE targets by sector
• Public budgeting/procurement 

encourages EE

Policy and 
Regulations

• Database on energy consumption
• Industrial and building stock
• Information center/case study 

database
• Database of service providers, EE 

technologies, equipment providers
• Broad, sustained public awareness
• Appliance labeling

Information and 
Awareness • Commercial bank lending (credit lines, 

guarantees)
• Cashflow-based EE financing
• Commercial ESCO financing
• Public sector EE financing
• Residential home/appliance credit
• Equipment leasing

Finance

• Energy auditor/manager training and 
certification programs

• Private sector training programs (banks, 
ESCOs/EE service providers, end users)

• EE project templates (audits, M&V plans, 
EPC bidding documents, contracts)

• Energy management systems 
developed

Monitoring, Verification and Enforcement

Technical Capacity

Source: World Bank (2016)



Thank You
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For questions, please contact:

Ashok Sarkar, Ph.D.
Energy & Extractives Global Practice

World Bank Group, Washington DC
asarkar@worldbank.org
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