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MULTI-TIER FRAMEWORK (MTF) FOR HOUSEHOLD ELECTRICITY ACCESS

UN Headquarters

MTF identifies the key 
attributes that together 
determine the “usability” 
of services. 

For electricity, this 
includes: 
• Electricity capacity
• Hours of electricity 

service received 
• Reliability
• Quality
• Affordability
• Legality
• Safety of service 

Source: World Bank
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COOLING APPLIANCES AND THE MULTI-TIER FRAMEWORK 

UN HeadquartersSource: World Bank, SEforALL analysis

The MTF uses a tiered approach to measure a household’s access to energy (supply 
side). 
This is also useful when we think about cooling appliances and how they fit into each tier 
(demand side).
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CEILING FANS: MTF APPLICABILITY AND EFFICIENCY

Source: SEforALL
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PEDESTAL FANS: MTF APPLICABILITY AND EFFICIENCY

Source: SEforALL
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TABLE FANS: MTF APPLICABILITY AND EFFICIENCY

Source: SEforALL
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REFRIGERATORS: MTF APPLICABILITY AND EFFICIENCY

Source: SEforALL
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REFRIGERATOR/FREEZERS: MTF APPLICABILITY AND EFFICIENCY

Source: SEforALL
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AIR COOLERS: MTF APPLICABILITY AND EFFICIENCY

Source: SEforALL
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AIR CONDITIONERS: MTF APPLICABILITY AND EFFICIENCY

Source: SEforALL
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OFF-GRID COOLING APPLIANCES QUALITY CRITERIA DEFINITION

Source: SEforALL

A quality criteria framework was designed to stakeholders differentiate and compare the quality and 
performance of individual cooling appliances. 

Efficiency

Service Delivery
Air delivery (fans)
Compartment temperature 
Hours (refrigerators)

Safety

Durability

Environmental

Consumer protection
Performance reporting
Truth-in-advertising
User manual evaluation
Warranty

Affordability



Encourage and incentivize the use of the
most efficient, best available off-grid
cooling appliances

Support the use of passive and climate-
friendly cooling solutions

Support information sharing for
decision-making

Design programmes to meet the needs
of vulnerable populations

RECOMMENDATIONS

Adopt and implement standards

Support testing infrastructure to enable
accurate measurement and comparison

Include measurement and evaluation in
programme design

Deeper technical work related to off-
grid appliances
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#ThisIsCool

#ThisIsCool
CAMPAIGN

Over 1 billion people lack access to sustainable cooling and a further 2.2 
billion have inefficient cooling. In a warming world, access to sustainable 
cooling is not a luxury. It is an issue of equity and a service that must be 
delivered to everyone.

This Is Cool is a campaign to show what can be done across the world to 
make sustainable cooling a reality.  

thisiscool.seforall.org
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Renewable energy for cooling applications
Scope and opportunities 
Lars Munkoe, CEO
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Trend of energy demand in buildings

Increasing power consumption

Decreasing heat demand  Decreasing heat demand  

Present FuturePast Present

Energy dem
and

Energy dem
and Decreasing heat demand  

Increasing cooling demand  
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Core challenges of cooling

I.Cooling the fastest growing use of energy in buildings

● High sales growth rate of air conditioners (5.6 bill.units installed by 2050 according to IEA)

● Market drivers is demand for systems with low cooling capacity

II.Global F-gas phase down (Montreal Protocol/Kigali Amendment)

● Need for  products applying non-flammable and natural refrigerants (GWP = 0)

III.Climate Change

● Rising GHG emissions related to cooling powered by electricity and F-gases

IV.‘Decision to buy’ drivers is low investment vs. annual cost of ownership for Circular Designed products

V.Access to finance of Sustainable technology is still emerging (rental, leasing, Cooling-as-a-service)
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PURIX Compressor Absorption
chillers

Thermal energy source 
(low temp)

Natural Refrigerants, non-
flammable, GWP=0

’Plug&Play’

Capacity <10kW

Multi split design

Technology benchmark
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Response to Sustainable Cooling & a/c

Backup heat source
(optional)

Powered by

I.Modular Absorption chiller system (LiBr-H2O), 
air cooled (Configurable 2,5kW – 160kW) 

II.Fan coils 
(multi split design by default) 

III.Heat source 
(Solar Collectors, waste heat, central heating or plug-in 
district heating)



#ThisIsCool Webinar Series 
A Hot Market for Renewable Cooling

Instant District Cooling & Solar Cooling

Solar cooling system

üTurn-key system

üCooling capacity match with high volume market segment

üAttractive larger systems with modular design concept

Split system - powered by external heat source

üInstant District cooling

üWaste heat utilisation for cooling applications

üIntegration with 3rd party solar system manufacturers

üRetrofit with existing solar heating systems
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Solar Cooling multi split

Application Residential air conditioner for villa (retrofit), 2.5kW, Italy

System Design PURIX A25s with fan coils

Highlights Use of natural refrigerant R178 (water)

80% Reduced electricity demand

80% reduced GHG emissions

55% reduced annual costs of ownership

3 years simple payback of additional investment
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Together for a Green Tomorrow

www.purix.com

PURIX ApS
Langøgade 17
2100 Copenhagen O
DENMARK 

t : +45 7734 2280 
e: info@purix.com

http://www.purix.com/
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Enwave Energy Corporation
Y o u r  E n e r g y  P a r t n e r

MISSION
To improve the well-being of  our 
stakeholders through the continuous 
pursuit,  development and del ivery of  
sustainable energy solutions.

VISION
To be the leading provider of  c lean,  
rel iable  and cost competitive energy in the 
marketplace.
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District Energy

‘70% of the world’s energy is consumed in cities, half the 
energy is used for heating and cooling. 
District Energy is one of the most effective way to deal with 
climate change.’
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Enwave Across North America

In 12 North American 
markets with 17 heating 
plants, 21 chilled water 
plants, including Deep 
Lake Water Cooling, 
power generation and 
other energy technologies

Enwave employs over 400
professionals working in 
partnership with 700
customers across North 
America

Enwave 
Chicago

Enwave
Toronto

Enwave 
Las Vegas

Enwave 
Houston

Enwave 
New Orleans

Enwave 
Seattle

Enwave 
Windsor

Enwave 
Los Angeles

Enwave 
Portland

Enwave 
London

Enwave 
Charlottetown
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Deep Lake Water Cooling

PLANT

Enwave’s chilled water loop circulates to Toronto buildings, 
supplying chilled water and bringing heat back to the Energy 
Transfer Station.

The warmed water returns to Enwave’s facility where its heat is 
transferred to the drinking water, and the cycle is repeated.

Pipes draw 4º C water from the deepest part of Lake Ontario. 
This is then treated to serve the City of Toronto’s drinking water 
supply.

At the city’s pumping station (Energy Transfer Station), Enwave 
transfers heat from the buildings into the departing drinking 
water supply. This is done through 18 pairs of heat exchangers.

In the summer, chillers at the Simcoe Plant can further “chill” this 
water to the required temperature to service the customers.

At the customer site, the chilled water passes through a heat 
exchanger to absorb the building’s heat, thus cooling 
the building.

1

2

3

4

5
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ETS
36 Plate and Frame Heat 
Exchangers

70,000 USGPM Flow
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Sustainability- The Impact of DLWC

Requires 75% less electricity than typical 
chillers and has reduced demand in Toronto’s 
downtown core by approximately 61 MW

Waste heat being utilized in an efficient 
manner to serve new mixed-use 
developments, results in more than 2,900 
MWh of heat and reduces carbon by over 400 
tonnes-CO2annually

Displaced 1391 Kg of CFCs

No cooling towers required, saving 714 million 
liters of water (equal 280 Olympic size 
swimming pool)
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Enwave System Expansion

Existing Enwave heating and 
cooling network

New westward extension 
of the Enwave network to 
The Well and beyond

New eastward extension of the 
Enwave network to LCBO 
Tower and beyond
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The WELL 
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Government’s 
Preferred Solution

Toronto Hydro will incentivize 
buildings to choose Enwave
as the solution for the ever 
increasing demand on 
Toronto’s electricity grid.

The Ontario Government Long 
Term Energy Plan says: “Enwave
customers benefit from improved 
costs, lower emissions and 
increased reliability” (pg#116)
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Future Proofing and Sustainability

New technologies are 
continually being added to the 
system, and Enwave is well 
positioned to have a significant 
impact on energy and carbon 
reduction.

Energy 
Storage

Buildings

Balance System 
and Provide 
Resiliency

Geo-exchange

Future 
Innovative 

Tech

Sewer Heat 
Exchange Solar PV

Ice Rink Heat 
Recovery

Warmer

Cooler

Microgrid

Generator / 
CHP

Water 
Recycling
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Renewable Cooling Applications:
Cold Chain & Cold Storages 

4/15/2021

Ruth Kimani, CLASP
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Core Off-Grid Cold Storage Unit Components
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Types of Cold Chain in Off-Grid Areas

Meat and Fish
•  Meat and fish, once slaughtered and processed, are either frozen or chilled just 

above freezing as they make the journey to their final resting plate. The cooling 
process usually begins with one of three approaches: liquid cooling, ice slurry 
cooling, or combined blast and contact cooling. Fattier fish are typically stored 
at -21°C while leaner fish is cooled to -18°C. While freezing is the most common 
approach to fish cold transport, the freezing process can cause ice crystal 
formation in the protein leading to drip-loss, reduced ability to hold water, and 
textural deterioration. To avoid the negative effects of freezing some fish cold 
chains use ice glazes and transport conditions that range from -0.9 – 2°C. 

Types of Cold Chain in Off-Grid Areas

Milk Chilling and Storage
•  Freshly harvested milk contains few microorganisms. However, the microbial 

growth will rapidly increase under warm temperature, and international 
organizations like WHO and FAO have developed detailed guidance on proper 
chilling and storage of milk to account for this:

Fresh Fruits, Vegetables, and Flowers
•  FFV have significantly different cooling requirements for storage. 

The following table shows some examples of different cooling 
requirements for various fruits and vegetables. For example, the 
recommended storage temperatures for bananas, cucumbers, 
and tomatoes are somewhere between 10-15°C. However, the 
recommended storage temperature for apples, cabbages, and lettuce 
are much lower – close to 0°C.

13-15°C

Buckets of FFV

0-2°C

• Pepper, Mango, 
Tomato, Potato

• Cabbage, Onions, 
Lettuce, Apples

• Stage 1 Milk Chilling: Freshly 
produced warm milk cooled to 10°C 
within two hours and to 4°C within 
three to four hours after milking.1  

• Stage 2 Milk Storage: Milk stays cool 
for at least 12 hours with a temperature 
rise of no more than 1°C at an ambient 
room temperature of 30°C.2

Chilling and freezing of fish

• Freeze: -18 to -21°C 
depending on fat content

• Chill: -0.9 – 2°C Flash cooling to just below 
freezing before transport allows small ice 
crystals to form limiting textural damage 
and prolonging shelf life.  

Chilling and storage of milk 

1. FAO. (2016). Technical and investment guidelines for milk cooling centres. Chapter 6. Refrigerated milk cooling tanks.
2. Ibid.
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Off-Grid Cold Storage Business Models
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Performance Challenges

Unit A Unit B

- Power system sizing is a common challenge
- Highly variable levels of load demand
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OGCCC Finalists solutions

Cold Hubs

EcolifeFreshBox

EcoZen Solutions

https://medium.com/efficiency-for-access/coldhubs-harnassing-solar-for-nigerian-farmers-175ebe97fdb6?source=---------9------------------
https://medium.com/efficiency-for-access/ecozen-improvisation-innovation-875d4160fbff
https://medium.com/efficiency-for-access/freshbox-the-solutions-provider-ab0255576432
https://vimeo.com/406310639
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Efficiency for Access ongoing activities for 
off-grid cold storage and refrigeration 

Addressing data gaps
⎻Laboratory and field testing for 
refrigerators and cold storages
⎻Cold chain market assessment for 
India, Kenya, and Nigeria

Testing business models for early-
stage technologies

⎻Off-Grid Cold Chain Challenge 
(OGCCC) 2.0 

Driving innovations
⎻Efficiency for Access R&D Fund



Thank you!
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@Efficiency for Access

efficiencyforaccess.org

https://twitter.com/EforA_Coalition
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https://medium.com/efficiency-for-access
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https://efficiencyforaccess.org/
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