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Economic, Social and Environmental Benefits

Savings on Frees Up Power
Electricity bills || Generation b .

Increases Capacity for
Purchasing Development “ﬁ “ﬁ

Power

The cleanest, fastest,
cheapest way to fuel

economic development
- Energy Efficiency
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Products That Use >50% of Global Electricity

Room Air Conditioners
« Can improve efficiency by = 35%

Indoor & Outdoor Lighting
« Can improve efficiency 50 to 90%

Electric Motor Systems*
« Can improve efficiency 20 to 30%

Residential Refrigerators
« Can improve efficiency by 30 to 60%

Distribution Transformers
« Can improve efficiency by = 30%

Sources: International Energy Agency; Lawrence Berkeley National Laboratory; UN Environment @U4 E m

3 Method: Approximate savings in 2030 in emerging & developing economies if today’s best available technologies are adopted , anEnoE
*Electric motors systems use over half of global electricity, some of which is accounted for in ACs and Refrigerators




The Integrated Policy Approach
Transforms Markets

Environmentally

Sound Standards
Management and Regulations
and Health

U4E
INTEGRATED
POLICY

Monitoring, APPROACH

Verification and
Enforcement

Supporting
Policies

Finance and
Financial Delivery
Mechanisms
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U4E Project Partners - Working Together
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porting Policymakers

" South'Africa

Level 1 > Level 2 > Level 3
150 Country Regional Market National Action Plan
Assessments Assessment
: : . _ Help develop funding
6 Policy Guides Regional Policy Roadmap proposal
30 Lighting documents Regional Harmonisation Technical assistance

Other tools & resources Regional Training for with implementation

Policymaker; Practitioner
www.united4efficiency.org @U4Em
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Energy Consumption [TWhj

U4E Savings Assessments for 150 Countries

& & F ﬁ UqEﬁ
Nigeria e e
Energy efficiency benefits from lighting, residential refrigerators, room
air conditioners, power and distribution transformers and industrial
electric motors with the implementation of globally benchmarked

minimum energy performance standards.

Reduce electricity use

+ byover BTWh
-+ 11.5% of future national electricity use

Save electricity worth 500 Million USD

equivalent to 19 Power Plants [100MW)] iz, bl = =

Reduce CO; emissions by 4 Million Tonnes

equivalent to 2 Million Passenger Cars )

OF EACH TYPE PRODUCT TO THE COUNTR®

O ptp 8o

Residential Room fir Industrial
Lighting Relrigarators Conditioners Trarsfarmer Eleetrie Motar

EVEN GREATER SAVINGS POSSIBLE WITH BEST AVAILABLE TECHNOLOGY
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U4E Regional Collaboration

PROYECTO
Integracion y Desgirollo
MESOAMERICA

: * Secretariat
x ——— of the Pacific

*
oy _/ Community

/
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" u SACREEE.

SADC CENTRE FOR RENEWIABLE
¥ ENERGY & ENERGY EFFICIENCY
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U4E National Projects
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Find Out More

Save the Date: U4E Event at COP23 in Bonn - November 15, 2017

* Review progress on efficient lighting, appliances and equipment around the world
« Announce new opportunities and key developments

» Network with senior officials, top business executives and civil society leaders

* Free to attend, registration opening soon (space is limited)

* Notify U4E@unenvironment.org to be added to email list for future updates

U4E Website: www.united4efficiency.org

UNITED4EFFICIENCY.ORG

YouTube: https://youtu.be/R CvyITZ6HFk

@Ufn T


mailto:U4E@unenvironment.org
https://youtu.be/R_CyITZ6HFk
https://youtu.be/R_CyITZ6HFk
https://youtu.be/R_CyITZ6HFk
https://youtu.be/R_CyITZ6HFk
http://www.united4efficiency.org/

Energy-Efficient Lighting
Policy Guide




Indoor and Outdoor Lighting

Background

Inefficient, short-lived products are still common
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Energy and environmental impact
 Consume 15% of global electricity

* Quality products can cut power use up to 90%

Great product for governments to start with when
transforming their markets with efficient products

@UlrEm

United for Efficiency

\Junmumm




Scope of the Policy Guide

{'

Incandescent Fluorescent: CFL High Intensity LED lamp and

and Halogen and LFL Discharge: MV, HPS, MH | luminaire
Efficacy 8 - 21 Im/watt 50 - 110 Im/watt 45 - 100 Im/watt 60 - 150 Im/watt
Lifetime 1,000 - 3,000 hrs 6,000 - 30,000 hrs 10,000 - 24,000 hrs 15,000 — 60,000 hrs
Colour 2,600 - 3, 200K 2,500 - 6,500 K 2,000 - 5,700 K 2,700 — 6,500 K
Temp.
Colour 100 70 - 95 15-85 70 - 95
Rendering
Dimmable Yes If dimmable ballast If dimmable ballast If dimmable driver

@UlrEm

United for Efficiency
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Why Leapfrog to Energy-Efficient Lighting

The amount of lighting used globally is projected to rise by 50 per cent compared

to today

A transition to energy-efficient lighting will save countries 40 — 60 per cent in 2030

LED lighting offer many benefits to CFL such as better quality such as turning
instantly to full brightness, content not mercury and are not as fragile

Prices of energy-efficient LEDs have greatly DROPPED in recent years

AVERAGE SALES PRICE ($)
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® LED
@ CFL

United for Efficiency
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Comparison of Efficiency Requirements In
Europe and US
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> 800 lumens
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For reference: the US 2020 standard will be 45 lumens per watt at US voltage @U4E e

(110-130V). The graph reflects the conversion to high voltage (230V). \J anEooE




Sample Recommendations for Policymakers

Standards
v' Adopt internationally-recognized test standards

Supporting Policies
v" Ensure information on light output, efficacy, color rendering, color
temperature, mercury content, and dimmability are on the label

Monitoring, Verification and Enforcement

v Include legal authority, enforcement powers and penalties in the national
legal framework

v' Use a product registration system as an initial compliance gateway

Financial Mechanisms
v Consider a blend of financing mechanisms to help offset the incremental cost
of energy-efficient lighting

Environmentally Sound Management and Health
v' Recover materials in mercury added lamps (e.g. glass, ferrous and
nonferrous metals and phosphors) @UI'EM
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Climate-Friendly and Energy-Efficient
Refrigerators Policy Guide



Household Refrigerators

Background

« Most popular household appliance (typically refrigerator-freezer model)

« Stock in developing / emerging economies doubles to almost 2 billion by 2030

L,
Gl

« Energy and environmental impact

» 10% of household energy consumption

» Outdated units use 3X more electricity (>700 °H
KWhlyear) vs. best ones (< 250 kWh/ year)

» Some refrigerants have GWP well over s st
1000X more potent than CO2 ENERGY-EFFICIENT REFRIGERATORS

» Some refrigerants damage the ozone layer

uuuuuu

United for Efficiency
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Scope of the Policy Guide

Household Refrigeration

REFRIGERATORS
(one or more chilled compartments,

Global Sales by Volume

generally at various temperature zones
between 0°C and 14°C, and which may
include an ice-making section)

21%

> 350 Litres

10 4

<= 250 Litres

FREEZERS
(one or more frozen compartments,
usually between -18°C and -6°C)

28%

5250 <=
350 Litres

FRIDGE-FREEZERS

(combination of both chilled

and frozen compartment(s) in the
same appliance)

Source: GfK 2008

U4E
@ United for Efficiency
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Refrigerator Improvements

INSULATION COMPRESSORS CONTROLS

The most important Compressors with much Improved controls,
energy-saving improved efficiency especially for appliances

technology is improved compared with those with two or more
insulation. 60 per cent of ten years ago are compartments and for
of the heat leakage available globally, with variable speed drive
into a refrigerator little cost impact (invertor) controls for
comes in through the compressors

walls and door?

PRE REGULATION

B
[\
T

350 - 450 kWh m 250 kWh
SUITABLE MEPS STRINGENT MEPS

U4E
@ United for Efficiency
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Why Leapfrog to energy-efficient and
climate-friendly refrigerators?

Aggregate impacts in 150 developing countries and emerging economies in 2030:

Annual Energy Savings
(electricy consumption):
around 150 TWh = annual
amount of electricy
consumed by Thailand

in 2012

T

Lower Emissions: around 90
million tonnes of carbon dioxide
(CO,) emissions annually = 20,000
round trips from Nairobi to

New York

Financial Savings:
$14 billion =
Google's profits
in 2015.

TWEI (kg Co, Equivalent)

10,000

8,000

6,000

4,000

2,000

Emissions Reductions:

.

Typical of 1980 Typical of 2000 Global Best Practice
(Developed Country) {(Developed Country) 2015
. Indirect Direct {(Refrigerant) . Direct (Foaming Agent)

QUAEE
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Sample Recommendations for Policymakers

Standards
v' Adopt MEPS with relevant test method IEC 62552

v' Ensure the refrigerant and foam-blowing agent have zero ozone depletion potential
and global warming potential that is as low as practicable (GWP of 20 or less)

Supporting Policies
v Adopt labeling requirements to convey financial, energy and climate impacts

Monitoring, Verification and Enforcement
v' Ensure compliance with energy, refrigerant and foam blowing agent requirements

Financial Mechanisms

v' Consider a blend of financing mechanisms to help offset the initial incremental cost
(higher purchase price) of energy-efficient and climate-friendly refrigerators

Environmentally Sound Management and Health
v Develop a legal framework for sound end-of-life disposal and recycling
v Ensure compliance with ISO 5149 @UI,EM

Liriita or Efficiency
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Climate-Friendly and Energy-Efficient
Air Conditioners Policy Guide



Room Air Conditioners Policy Guide

Background

 Global stock increasing from 660 million units in 2015 to 1.5+ b|II|on by 2030

I e

UN@ -

* Huge impact on energy and the environment
» 20% of household energy use in warm climates

» Global-warming potential of many refrigerants is
over 1000X more potent than CO,

» Some old refrigerants damage the ozone layer

UNIT SALES
64,600,000 (in2014)

300

200

100

0 -
2000 2010 2020 2030

~— NUMBER OF UNIT SALES (MILLIONS)

Source: Green Cooling Initiative, 2016

Accelerating the Global Adoption of

ENERCY-EFFICIENT AND
CLIMATE-FRIENDLY AIR CONDITIONERS

ent Claawy! Beddranmoent Fac iy | dnitod for B clocey [L4E]

uU4Em

gef gopoemR

USE FOLICY CANOE STES
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Scope of the Policy Guide

S
Window Portable
2= — |
: Non-Inverter Split ®
Inverter Split Multi-Split
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Save Energy and Reduce Emissions

Sample National Standards to Transform Markets ~ Téchnology Solutions to Improve Performance

NATIONAL TESTING REFERENCE -
ECONOMY 2 ESE e T CTANDARD | METRICUSED Total % efficiency 60% to 72%
improvement

AUSTRALIA AS/NZS: 3823-2013 ISO 5151 AEER®

Fixed speed: CB/T S ;

7725-2004 EERforiied spred Electronic controls, - 5% to 8%
CHINA Variable speed: ISO 5151 SEER™ for varlable - reduced standby loads

GB/T 7725-2004, o ¥

GBT 17758-201D pae
EU EN 14825 ISO 5151 EU SEER

Fixed spead L Speed v AR e

1 1 .o

IS 1391-1992 with all EER:™" fot flxgd speed I
INDIA amgndments ISO 5151 Indian SEER for

VYariable speed: variable speed - 2

16358-1:2013 Higher efficiency 6.5% to 18.7%

[ COMpressors 2 *

JIS B B616:2015 for I

commercial ACs ISO 5151, ISO
JAPAN IS C 9612: 2013 far 183587 AR

Room ACs High efficiency

9.10% to 28.6%
R ATRLIE <5 530820 . cepr heat exchangers
OF KOREA ! 1635811
Consistent
us fpc':z 20 Subpart B, yith ASHRAE US SEER
pe Standard 16,/69
ISO 5151, 1SO

VIET NAM TCVN 7830:2015 1635gesse CSPF

@U4E e ]
United for Efficiency
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Why Leapfrog to energy-efficient, climate-frien

ANNUAL SAVINGS IN 150 DEVELOPING COUNTRIES
AND EMERGING ECONOMIES WILL REACH IN 2030

ORI -

620 Twh
OF ENERGY, $56 BILLION
SIMILEION MEGATONNES

I

THESE SAVINGS ARE EQUIVALENT TO THE CURRENT consuMPTION OF GERMANY

Financial Savings: Life-Cycle Cost of 1.5 tonne split system AC in India

EER 3.2 25% 75%

TOTAL COST = $2,020

EER 5.4 60% 40%
TOTAL COST = $1,950

B PURCHASE COST WMELECTRICITY COST

dly AC?

V4EE

United for Efficiency
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Sample Recommendations for Policymakers

Standards
v' EER is a starting point if no metric has been in use, but SEER is preferable.

v Ensure that the refrigerant has zero ozone depletion potential and global warming
potential that is as low as practicable.

Supporting Policies
v" Include information on EER or SEER rating, and the refrigerant.

Monitoring, Verification and Enforcement
v Use a product registration system as an initial compliance gateway.
v' Adopt ISO 16358 for testing cooling capacity and performance.

Financial Mechanisms
v Consider a blend of financing mechanisms to help offset the initial incremental cost
(higher purchase price) of energy-efficient and climate-friendly air conditioners

Environmentally Sound Management and Health
v’ Collect and process the steel, copper, aluminum, plastics and the refrigerant.

v" Ensure compliance with ISO 5149 and IEC 60335-2-40
@UlrEm

United for Efficiency
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Energy-Efficient Electric Motors
and Motor Systems Policy Guide



Electric Motors and Motor Systems
Background

 Motors are everywhere, keeping modern life in motion o4
> People - Materials - Liguids - Gas
P Iqul Eﬁﬂ%a PUMP THE ;WATER
. MOVE THE ELEVATOR
° Huge Impac cto gy and e nment TO YOUR APARTMENT.
> Populati n & economic growth drive demand

» 20-30% energy efficiency improvements possible

Lighting » Motors’ share of
& % global electricity
2 use = 53%
@
Water
heating Space
QUiEE
™ A< lo]o]n]=]c
Source: IEA WEO 2016




Focus of the Policy Guide

« General purpose Induction Motors
> 3-phase AC 10% of motor stock /

0)
> <1000 Volts at 50 Hz or 60 Hz 68% of energy use by motors

—>

A\

2,4 or 6 poles
Output 0.75 kW — 375 kW

vV VvV

Continuous operation

« Systems driven by these motors

. Mechanical
Power Controls and

Controls Mechanical

Equipment Transmission

Equipment Process
Components U4

E
United for Efficiency
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Motor Improvements

Larger conductive bars and end-
rings or conductors of lower
resistivity (Copper instead of
Aluminium) reduce rotor
resistance

Efficient cooling fan
design improves air-
flow and reduces power
required to drive the fan

Reduced friction bearings

Longer stator lowers
magnetic density and
increases cooling capacity.
Premium grade magnetic
steel reduces hysteresis
losses; thinner laminations
reduce eddy current losses.

More copper wire of larger

. : Modified stator slot design
diameter in the stator saves ;
helps to decrease magnetic

energy by reducing the
losses and makes room for

resistance of the stator winding i U4 E

larger diameter wire United for Eficiency
\J noeng




IEC Efficiency Classes for Motors

Electric motors: 4 pole, 50 Hz

7%’
L el
/ / / —IES5 - Ultra Premium Efficiency

/ / / IE4 - Super Premium Efficiency 50
Hz
1 / / —IE3 - Premium Efficiency 50 Hz |

./ / IE2 - High Efficiency 50 Hz i
ol //
55 /
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100
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IE1 - Standard Efficiency 50 Hz a

45

0.1 1 1IO 1(I)O 1OIOO
Motor output power [KW] log scale U4Em
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Why Leapfrog to Energy-Efficient Motors?

e 41 countries (81% of global electricity use in motor systems) have
steered their markets toward higher efficiency motors

« Significant risks of inaction
» Motors can last 20+ years, locking-in electricity waste
» Become destination for inferior motors not accepted elsewhere
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Canada NS of 3o -
e ¢ >150 kW IE2 -
Japan, Saudi Arabia, \‘z_ Ll of 0.75- 375 kW IE3
European Union, Turkey 0.75- 375 kW |E3 or IE2+4VFD ‘,-

0 1E3 Mexico, USA 0.75- 375 kW IE3
Taiwan 0.75 - 200 kW IE3 Y 4
South Korea 37 -375 kW IE3
: 0.75- 30 kW IE2
Efﬁclenc Classes: Israel 7.5-375 kW IE3
C 60034-30-1, 2014 0.75-5.5KW IE2
‘5)5",'1"2"3‘;,?,"’;(,’ ne Australia, Brazil, New Zealand, Iran <185 kW IE2 U4 E m
2-, &, 6-, 8-poles China 0.75 - 375 kW IE2 United for Effici

. India (01.10.2017) 0.37 - 375 kW IE2 ooEn E.I I
© Impact Energy Inc., TPA advisors bv, (2017) Costa Rica. Chile. Vietnam E1



Motor System Improvements

CONVENTIONAL PUMPING SYSTEM COUPLING THROTTLE
SYSTEM EFFICIENCY = 31% Efficiency=98%

STANDARD MOTOR PIPE
Efficiency=69%

Efficiency=90%
!

OUTPUT POWER 31

-

INPUT POWER 100

PUMP

Efficiency=77% 60% OF OUTPUT RATED FLOW

ENERGY-EFFICIENT PUMPING SYSTEM

ARIABLE SPEED SYSTEM EFFICIENCY = 72%
Efficiency=96% GH EFFICIENCY MOTOR COUPLING LOW-FRICTION PIPE
Efficiency=95% Efficiency=99% Efficiency=90%

vsD -

.~

OUTPUT POWER 31

.

INPUT POWER 43

! MORE EFFICIENT PUMP

Efficiency=88% 60% OF OUTPUT RATED FLOW

U4E

United for Efficiency
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Sample Recommendations for Policymakers

Standards

v" Domestic motor manufacturing: adopt MEPS at IE2 and timetable for
graduating to IE3

v" No domestic motor manufacturing: adopt MEPS at IE3

(~3 3155/M-04 IP55 WNSCLF al 80 K Si 1.00 aws 40°C
v Hz | kW | RPM P | Eff [ 100%] 75% | 50%

Supporting Policies %:2553:1 50 [185[ 1483 Sgﬁgl 0.68 96.3 | 963 | 959
v |IEC 60034-30-1 nameplates on all motors VT 86 ]1E3 | %5 | 963 | 958

1490310/~ 0.86
v" Professional repairs per ANSI/EASA AR100 PRt ﬁfﬁfnﬁ%%’ WA T S8 TSP 014 70 o

.85 96.2 | 958 | 95.0
L L 1000 mass 12591

MOBIL POLYREX EM
11000 h sl 12

Monitoring, Verification and Enforcement
v Implement MVE in national legal framework in time for the adoption of MEPS
v' Measure motor efficiency per IEC 60034-2-1

Financial Mechanisms
v Assess existing finance sources and conduct analysis to understand financial
barriers so applicable delivery mechanisms can support voluntary actions

Environmentally Sound Management and Health
v Collect and process cast iron, steel, aluminium, copper, stainless steel and
brass parts (98% of motor content) that are fully recyclable @UIFEM

United for Efficiency
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Energy-Efficient Transformers
Policy Guide




Transformers

600 - 1700 MW

Background

Extra High Voltage
265 to 275 kV

= . . .
=200 MW wuoseancrant ®  StAtiC devices that transfer electrical
power between circuits

» Losses proportional to current in wire:

incustro Powar i | = MW ? i vtoge power Piant iIncrease voltage & decrease current
T o « Huge impact on energy, environment
T o > Operate non-stop
up to ¢
—% @ @ el “ — ”squ"" G“"ﬂ""‘ > Lifetimes of 25 years or more

3 °"’"‘“'°’“ substations| Industiol > Lose nearly 5% of global electricit
@ 280 3 o° T /IO ’

_ ” » Stock will nearly double by 2030
GE—

1118 o
O pussror )ﬂﬁ T U4EEm
#@ - @aﬁaua.

Wind Farm




Focus of the Policy Guide

Main Power Transformers Distribution Transformers

Large Power >230 kV Single & Liquid-filed  Step up or down voltage for transmission
Three over long distances; substation
transformers
TN Mol Il >36 kV & <230 kV Single &  Liquid-filled  Stepping voltages down from a sub-
Three or dry-type transmission system to a primary

distribution system

Medium <36 kV Single & Liquid-filled  Step down voltage in a distribution circuit
Voltage Three or dry-type from primary to secondary voltage
Distribution

Low Voltage <1 kV Single & Dry-type Step down voltage in a building distribution
Distribution Three circuit or to supply power to equipment




Loss and Efficiency Relationship

100 3000
Transformer efficiency
88
A 2500
o6
Maximum efficiency
occurs where load loss - 2000
94 equals no-load loss
= —
e 5
c a2 P 1500w
o g
L=
]
90 -
- 1000
88
Mo-load (core) losses =00
EE i S S A S S S S A A T . A S e A I A S O e e I S A e e
24 0

0 10 20 a0 40 50 B0 70 80 50 100
Rated loading (%)

@U4E e ]
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Why Leapfrog to Energy-Efficient
Transformers?

13 of the world’s largest economies undergoing a market transformation

» Very attractive when considering the total cost of ownership
« Significant risks of inaction: lock-in decades of electricity waste

« Savings potential: 400 TWh and 250 million tonnes of CO, emissions in 2030

@UlrEm

Countries (in red) lacking national mandatory g toooos
efficiency policies for distribution transformers




Examples of MEPS

89.60%

93.40%

89.20%

89.00%

88.800%

98,60% -

88.40%

Efficiency {IEC 50% Load)

— Australia MEPS 2004
— Brazil
—— China MEPS (Grade 3)

Source: SEAD Standards & Labelling Working Group Distribution Transformers
Collaboration. Part 1: Comparison of Efficiency Programmes for Distribution

98.20%
7 / / / / —— Europe Tier 1 {2015} o
Europe Tier 2 (2021) Q
98.00% «
/ - —— India 3 Star 5
— |srael MEPS IS
97.80% —— |apan Top Runner §
—— Korea MEPS °
57.60% - / —— Mexico MEPS 5
—\igtnam MEPF5 5
97.40% UsSA MEPS 2010 — %
I —— UsA MEPS 2016 =

87.20% I | | | A N I | ] ! I ! N N - ; T

10 100 kva Rating 1000

Three-Phase Liquid-Filled Transformers @UIJ 4Em
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Efficiency (IEC 50% Load)

99.50%

99.25%

99.00%

98.75%

98.50%

98.25%

98.00%

97.75%

97.50%

97.25%

97.00%

Exampl

es of MEPS

Brazil
China JB/T

= |apan Top Runner
Korea MEPS

= NMexico MEPS
USA MEPS 2010

—USA MEPS 2016

——Australia MEPS 2004 |

50

500
kVA Rating

Single-Phase Liquid-Filled Transformers

Collaboration. Part 1. Comparison of Efficiency Programmes for Distribution Transformers.

Source: SEAD Standards & Labelling Working Group Distribution Transformers
December 2013

United for Efficiency
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Sample Recommendations for Policymakers

Standards
v' Aim to adopt MEPS with test method IEC 60076

Supporting Policies
v Labels
v' Communication campaigns

Monitoring, Verification and Enforcement
v Implement MVE in national legal framework in time for the adoption of MEPS

Financial Mechanisms
v' Encourage the adoption of purchasing practices that are based on the total cost
of ownership over a transformer’s lifetime, rather than on the first cost.

Environmentally Sound Management and Health
v" Follow guidance from the Stockholm Convention on Persistent Organic
Pollutants for locating, handling and disposing of PCB contaminated equipment.

QUAEE
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oU4EE - Contact

ArELEE TRANSFORMING MARKETS TO ENERGY-EFFICIENT PRODUCTS

i @ &

PHONE EMAIL WEBSITE

+33 144 3719 86 U4E@unenvironment.org united4efficiency.org



