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Glossary
General
AC
Alternating current
IEC
International electrotechnical committee
M&B
Mapping and benchmarking annex of IEA 4E
MEPS
Mininum energy performamce standards
PEET
Product energy efficiency trends
SEAD
Super-efficient Equipment and Appliance Deployment
Air conditioners
APF
Annual performance factor
CSPF
Cooling seasonal performance factor
EER
Energy efficiency ratio
SEER
Seasonal energy efficiency ratio
Computers
CPU
Central processor unit
GPU
Graphics processor unit
MP
Megapixels
RAM
Random access memory
TEC
Typical energy consumption
Electric Motors
NEMA
North American Electrical Manufacturers Association
Lighting
CCT
Correlated colour temperature
CIE
International Commission on Illumination
CRI
Colour rendering index
GLS
General lighting service
LED
Light emitting diode
PF
Power factor
Televisions
4K
Screen resolution of 3840 x 2160 pixels
8K
Screen resolution of 7680 x 4320 pixels
ABC
Auto brightness control. Changes the luminance of a screen in response to the room illuminance
AEC
Annual energy consumption
EPG
Electronic program guide
High-definition multimedia interface. A proprietary audio/video interface and currently the most
HDMI
commonly used for televisions
High dynamic range refers to a screen with higher contrast ratio and able to display a greater range
HDR
of colours
Home theatre displays. A category of television with larger screen size and no tuner. It is distinct
HTD
from display signage and computer monitors.
IEC
International Electrotechnical Commission. International standards and conformity assessment body
A measurement of light brightness that hits a surface. Used to measure room brightness or
illuminance
simulating different room brightness for television testing
A measurement of light brightness emitted, specifically luminous intensity per unit area. Used for
luminance
measuring screen brightness
Water heaters
COP
Coefficient of performance
HPWH
Heat pump water heater
SCOP
Seasonal coefficient of performance
TUEC
Total unit energy consumption
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1. Introduction to PEET
In recognition of the important contribution that product energy efficiency plays in improving access
to clean, affordable and secure energy services, all 4E Member countries implement policy measures
targeted at numerous categories of appliances and equipment. The most popular and effective policies
include Minimum Energy Performance Standards (MEPS) and energy labelling initiatives that, when
regulated, apply to all specified products within an economy.
The Technology Collaboration Programme on Energy Efficient End-Use Equipment (4E TCP)
initiated the Product Energy Efficiency Trends (PEET) to assist governments with their policy
development processes designed to encourage innovation and improve access to energy efficient
products.
This ambitious project aims to monitor the energy efficiency of a core set of products in 4E Member
countries or regions, and to provide information on their progress year on year. Although government
policies have been shown to be extremely effective1, the uptake of new efficient technologies varies
by region. PEET will therefore help governments and others to understand how product energy
efficiency performance varies over time and between regions.
Undertaking comparisons over time and between regions is a complex process, requiring many factors
to be taken into account. This report details how these technical issues are dealt with in the PEET
analysis.
It should be noted that, because PEET reports trends are based on the aggregation of large numbers
of models, and for other reasons discussed in this report, conclusions cannot be drawn regarding
individual models.
Nevertheless, the results of the PEET analyses should be usefull to assist government to assess their
policy settings and highlight opportunities to scale up levels of ambition for energy efficient products.
As such, they can act as a trigger for more thorough investigations at a national and products level.

1

See: ‘4E Achievements of Appliance and Equipment Standards and Labelling Programs – a global assessment, 2016.’
https://www.iea-4e.org/document/387/achievements-of-appliance-energy-efficiency-standards-and-labelling-programs-aglobal-assessment-in-2016
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2. Introduction to PEET Methodology Report
This document presents the methodologies used for 4E’s Product Energy Efficiency Trends (PEET)
project. The document considers methodologies for each of the following product categories:
International
test method

Regional test methods

Lighting (LEDs)

Domestic Refrigerators &
Freezers
Washing Machines

Electric Motors

Distribution Transformers

Computers

Regional test method
+ user profile
Air Conditioners
Water Heaters

Televisions

The purpose of these methodologies is to allow comparability of equipment energy efficiency data so
that trends in performance can be developed across the 4E economies and also over time. To this end
the methodologies mostly focus on:
a) Identification of pertinent regional, economy-specific and temporal differences in product scope
and definitions, test methods and performance metrics; and
b) Setting out methodologies that can be applied to normalise performance metrics across products
(both geographically and temporally).
In each case the starting point of the analysis is the methodologies used in previous work done for
these products under the IEA 4E Mapping and Benchmarking Annex (M&B Annex), referred to in
discussions of each product category below.
For each product category, consideration of the most appropriate methodology takes into account the
following:
•

The likely relevance of the product in terms of energy savings.

•

The scope set out in the product definition.

•

The energy performance metrics.

•

The characteristics and similarity of test procedures used in each 4E Member economy and
hence the degree of comparability of the energy performance metrics.

•

The feasibility and means of normalising the energy performance metrics across different test
procedures and energy performance metrics to permit efficiency comparisons across
economies.

•

The feasibility and means of normalising energy performance metrics across different vintages
of test procedures and energy performance metrics to permit efficiency trends analysis.

Following an assessment of these considerations, the decisions made on how each product category
will be treated within the PEET analysis are summarised in Table 1.
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Table 1: Summary of PEET methodology per product category

Desktops and
Intregated Desktops
eith possibility of
adding workstations
in the future

No - treat main types
independently

Yes

Yes (test methods) - treat
main types independently
No (frequency/ voltage) –
products treated as single
product type
No - treat main types
independently (note, this will
only apply if other types are
treated in the future)

As derived and verified in
CLASP/SEAD benchmarking
study from 2011 - requires data on
whether units are fixed or variable
speed. Method amended to
include LBNL 2020 work and an
updated method explained in this
report
Derivation of a parametric
normalisation model informed by
comparative analysis of the data
for the same products when rated
under different test methods

Feasible when
CSPF/
SEER/APF
data is
available

Yes

Average performance of models
in designated capacity ranges

Mostly yes

Yes

Average performance of models
in designated feature and
size/capacity ranges

Same methods as used in
previous M&B work with a minor
adjustment

Yes

Yes

Average performance of models
in designated capacity ranges

Yes, in
principle
but may
require
additional
adjustme
nt
Yes

Average performance of models
in designated adjusted volume
and feature ranges

Distribution
transformers

Yes

Liquid 3-phase with
possibility of adding
single-phase, polemounted, and drytype in the future

Efficiency
at 50%
load,

Yes

Domestic
Refrigerators
& Freezers

Yes

Refrigerator-freezers

kWh/year
and as a
function of
adjusted
volume

Yes

No - treat main types (direct
cool and frost free)
independently

Derivation of theoretical
adjustment factors to take account
of the differences in the test
procedure treatment of the main
physical phenomena

Yes

Electric
motors

Yes

Low voltage AC
induction, 2/4/6/8
pole, 0.1 to 1000kW

Efficiency,
IE class

Yes

Yes, but report results by
sub-class

Based on relative comparability of
IE3 and NEMA premium when
comparing IEC to IEEE ratings

Yes

2

Future
compatibility

Yes

Yes

Backwards
compatibility

Computers

EER,
CSPF/SEE
R/APF

Method of comparison
in the PEET

Normalisation
method

Split packaged and
unitary packaged

Normalisation
across product
types in
scope?

Yes

Approach to comparability and normalisation
Normalisation
across 4E
economies?

Air
conditioners

Metric(s)

Scope

Inclusion in PEET?

Product type

Average performance of models
in designated capacity ranges
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Approach to comparability and normalisation

Mains voltage
driver
integrated
non-directional
LED lamps

Efficacy

Yes

Average performance of
models in designated light
output ranges

Evidence and analysis presented in
this report shows that normalisation
is not needed

Standby

Not as a
separate
category
but within
other
product
categories
Yes

NA

NA

NA

NA

NA

As previous
M&B study but
with some
clarifications

Yes

Yes, but report results by subclass

Washing
machines

Yes

Fully
automatic
domestic
washing
machines

Watts per
unit screen
area presented
per screen
area size
range
As used I
each
economy

Water heaters

Yes

Electric
storage water
heaters
including heat
pump types

Only if
using
aligne
d test
metho
ds
Yes

TUEC and
TUEC as
function of
capacity

Future
compatibility

Yes

Backwards
compatibility

Lighting
(domestic
LEDs)

Televisions

Method of comparison
in the PEET

Normalisation
method

Normalisation
across product
types in scope?

Normalisation
across 4E
economies?

Metric(s)

Scope

Inclusion in PEET?

Product type

Yes, but with
some
adjustment
needed for
years pre
harmonised
standards
NA

Yes

Average efficacy of models in
designated luminous flux (light
output) ranges

NA

NA

None applied as reported data is
largely equivalent at the first order

Yes, but only
for years when
harmonised
standards are
used

Yes

Average performance of
models in designated size and
feature ranges

Only if using aligned test
methods

Normalisation across test methods is
not viable and is not recommended
for this category

Yes

Yes

Average performance of
models in designated washing
load ranges

Yes, but report results by subclass

Same methods as used in previous
M&B work

Yes

Expecte
d to be
yes

Average performance of
models in designated storage
capacity or hot water load
ranges

3
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3. Treatment of data: all products
3.1

Data source and type

PEET data is provided by 4E Member governments as indicative of the performance of products on
their market and the sources are described in the annual PEET analysis report. Typically, data is drawn
from that provided by manufacturers that register their product performance under national or
regional energy efficiency regulations. This information is used to determine the appropriate energy
label for products, where applicable, and is subject to national verification activities.
Such product performance data is derived in most cases from laboratory measurements according to
a test standard which is referred to or included in the energy efficiency regulations.
While the source data that PEET uses exists at an individual product level, PEET is concerned with
overall trends and therefore PEET reporting only ever deals with aggregated results covering market
or economy-wide averages.

3.2

Reference model groups

To aid comparison of product energy performance across 4E economies and over time, PEET selects a
set of 3 to 4 representative products (reference models) per product category. These are defined in
terms of a narrow window of capacities (e.g. rated power for motors, or adjusted volume for
refrigerator-freezers) per reference model selection. The PEET analysis examines all models which fall
within these windows for each 4E market.
The selection of reference model categories aims to:
•
•
•
•

Cover a range of capacities across the spectrum of product capacities which are subject to
policy measures.
Cover the most important part of the market in terms of sales, energy consumption and
energy savings potentials.
Ensure that products within the selected capacity ranges can be found in as many of the 4E
markets as possible.
Have as narrow a capacity bandwidth as possible (to aid equitable energy performance
comparison) but still have a significant market share in as many economies as possible.

Additional information, including the list of PEET Reference Models is contained in Appendix A at the
end of this document.

3.3

Normalisation

To compare the energy performance of equivalent products from countries or regions that are based
on different measurements standards, or when measurement standards for a country or region change
over time, the data must be normalised. This is a correction based on a combination of theoretical and
empirical information.
Typically, different measurement standards may have different test conditions, e.g. ambient
temperature, humidity, water inlet temperature. The normalisation process aims to “translate” one
(set of) condition(s) into another one (set) by estimating the effect of the difference on the relevant
parameter(s) - energy consumption, performance, efficiency.
For example, if ‘measurement standard A’ tests a refrigerator at an ambient temperature of 20oC and
‘measurement standard B’ tests the same product at 25oC, we can translate the results from A to B
when we know that for each degree higher ambient temperature the recorded energy consumption
increases by 2% (this is a hypothetical example).
While the normalisation process seeks to ‘correct’ for differences in measurement standards, it does
not correct for technical differences in products that provide broadly equivalent services. For example,
Page 4
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air conditioners with either a fixed speed or variable speed compressor provide a cooling service, but
they do so using different technology. Similarly, some refrigerators utilise vacuum panels while other
do not. PEET treats these different technologies as comparable.
Although it can be argued that these deliver a different service and therefore should not be compared,
for the purpose of the PEET analysis it makes sense to ignore these technical characteristics of
products. This is because PEET aims to highlight any significant differences in product performance
between countries and regions, which might present opportunities for government policy
intervention. Such major differences stimulate further investigation of the underlying causes, and
whether policies need to change or be introduced to be more effective.
Normalisation can be complex, particularly where there are several interdependent parameters
involved. However, in most cases the results are sufficiently accurate to indicate broad trends for
products, as reported in the PEET analysis, where the margins of error are reduced by using the average
of multiple models within the reference models groupings. Normalisation is not required where
common international measurement standards are widely used. Comparison of product performance
across regions would be made significantly easier by the widescale adoption of robust international
measurement standards.

3.4

Averaging

For each economy and product type addressed in the PEET analysis report, average values of the
capacity, efficiency metric and MEPS levels are reported for each of these reference model groups.
These values concern the average values that are applicable in a given economy and year.
The average is computed as a simple average of the values that apply to the set of models that fall
within the scope of each reference model group. If model sales data is available then sales-weighted
average values are reported, but more commonly there is no information on the relative sales of
specific models, so in these cases each model within the reference group is assumed to sell equally
well.
In the case of MEPS, the MEPS level that would apply to each model that falls within the scope of the
reference model groupings is calculated and the values are then averaged for each reference model
group. This practice ensures that, even if there are a set of sub-groups that have different MEPS
formulae within a given product reference model group, their MEPS values may be compared.
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4. Air conditioners
4.1

Energy savings relevance

Air conditioners are widely used in many 4E economies, are relatively energy intensive and have
significant energy savings potentials through the use of efficient equipment. Furthermore, they are
subject to market failures that tend to prevent the market from optimising the energy efficiency of the
product over its lifetime in the absence of remedial energy efficiency policies, such as MEPS and energy
labelling.
The use of air conditioners is growing rapidly around the world, especially in Asia. Therefore, air
conditioners are a highly relevant product category to be included in the PEET analysis. Nonetheless,
they are a product category for which there are significant differences in local market preferences for
product types, test procedures and efficiency metrics; and this complicates the ability to compare
efficiency across economies that do not use harmonised test methods and efficiency metrics.

4.2

Scope and definition

The PEET scope is residential air-conditioners, with an upper cooling capacity limit of 14 kW.
In addition:
•

Only electrically driven vapour compression cycle units are considered.

•

Only air-cooled air conditioners are considered.

•

Only units that cool air directly are considered. This excludes units that chill water for the
cooling medium.

•

Unitary (e.g. window/wall) packaged units and split-packaged (e.g. mini-splits) are included.

•

Ducted central air conditioners, single and double-duct air conditioners are excluded.

•

Only the cooling mode of reverse cycle units is assessed in the PEET analysis.

Single and double-duct air conditioners are excluded as they are only sold in modest numbers
internationally, have specific (non-negligible) comparability issues and low energy consumption (due
to low hours of use and small numbers).
The large bulk of the product that remain in scope are split-packaged room air conditioners which
dominate all the international market (see Table 2) except North America (and to a much lesser extent
Australia), where central ducted air conditioners (i.e. with ducting integrated into the building fabric)
are most common. Despite the importance within North America of ducted air conditioners, these are
excluded from the current PEET analysis because they are a very different product category to nonducted packaged air conditioners (such as split units). In particular, the PEET study team are unaware
of any prior benchmarking work to compare ducted and non-ducted units performance and given the
difference in their respective test methods plus the need to factor in the influence of the building
integrated ducting system for a comparison to be meaningful it seems premature to attempt such a
comparison without much more foundational work being conducted 2.

2

For comparisons to be made between the efficiency of ducted AC systems and those of non-ducted packaged AC systems
used in residential applications then the losses in the ducting used for the indoor side of ducted AC systems would need to
be accounted for. While being able to include ducted systems with adjustment for duct losses in the analysis would be useful,
because this equipment represents the majority of the market in the US and Canada and an important part of the Australian
market, no prior work has been done to our knowledge that would allow comparisons to be made on an equitable basis and
much fresh work would be needed to derive a normalisation methodology and determine its robustness. For this reason,
ducted systems are not included in the present PEET analysis.
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Table 2: Estimated global air conditioner market, 20183
Type

Global sales in 2018 (millions)

Window type

12.6

Single-split

79.3

Multi-split

4.2

Commercial air conditioners

14.9

Total

110

Although the focus of the present PEET analysis is on the cooling mode performance, most air
conditioners sold can deliver both heating and cooling; and the heating mode performance is also
important. Technically, the provision of reversible functionality makes negligible difference to the
performance in the cooling mode and, furthermore, performance in the cooling mode and the heating
mode is strongly correlated, i.e. products with relatively good cooling mode efficiency also tend to
have relatively good heating mode efficiency.
In general, heating mode performance is not analysed in PEET, although it is taken into account when
it is part of an overall seasonal energy performance metric such as an Annual Performance Factor
(APF). Its exclusion is for pragmatic reasons, namely that no prior benchmarking work has been done
that considers the heating mode in isolation while some has been done that considers conversions
between cooling mode only performance metrics and annual performance factors.

4.3

Energy performance metrics

The energy efficiency ratio (EER) is the cooling efficiency expressed as the cooling power delivered per
unit of input power when the product is tested at full load (i.e. full rated capacity).
The EER is a readily comparable metric and is always reported, but is also a rather limited metric
because air conditioners are mostly operated at part load. In consequence, a variety of economy
specific part-load metrics are now used in most 4E energy efficiency regulations such as energy labels,
MEPS and Top Runner requirements. These are mostly expressed in the form of seasonal energy
efficiency ratios (SEERs)4 where the efficiency is tested at various loading conditions e.g. 25% of full
load, 50% of full load, 75% of full load and 100% of full load. Then an aggregate metric (the SEER, CSPF
or APF) is derived by applying weightings to these part-load efficiency ratings based on the typical
usage pattern in the economy in question. The biggest efficiency gains in air conditioners in recent
years have come from improving their part-load performance rather than the full load performance
(EER) and thus the PEET analysis examines trends and comparability in both the EER performance and
the part-load performance (where data is available) such as the SEERs (or equivalent weighted partload metrics) used in most 4E economies.

4.4

Characteristics and similarity of test procedures used in each 4E
member economy

There is a considerable degree of harmonisation in how air conditioners are tested and rated at full
capacity to produce the EER values. There is a similarly high degree of harmonisation in the way that
performance is tested at any given specified part-load condition [see IEA 4E 2020]. The main
differences are to do with rounding between Celsius and Fahrenheit temperature conditions and some
modest variations in tolerances. The situation becomes more complex when aggregate SEER type
scores are derived. This is because the specific part-load test points used are not necessarily the same
from one economy to another and also because the weightings given to the part load conditions vary

3
4

The Japan Refrigeration and Air Conditioning Industry Association, World Air Conditioner Demand by Region, June 2019
Or Cooling Seasonal Performance Factors (CSPFs) or Annual Performance Factors (APFs) but the same principle applies.
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from one economy to another. Furthermore, some economies include other loads such as standby and
starter loads, while others just focus solely on the cooling mode efficiency.

4.5

Normalisation

The first step is to convert all data into metric units, thus EER’s and seasonally weighted part-load
performance metrics are expressed in units of W/W.
Normalisation of the minor differences in test temperature conditions (due to the Fahrenheit to Celsius
rounding differences) and the more significant differences in permitted tolerances. These effects are
known to alter the nominal EER by ~ 7%.
The normalisation methodologies used for PEET for both the EER and the SEER (or equivalent metrics)
is based on that used in the extensive CLASP Benchmarking study published in 2011 [CLASP 2011] for
cooling mode comparisons and recent work by Lawrence Berkeley National Laboratories [LBNL 2020].
Both of these studies derive detailed normalisation methodologies to allow conversion between the
various SEER or equivalent metrics in use among the 4E economies. The original CLASP study is the
more extensive of the two as it is based on fitting normalisation relationship to a larger set of models
for which detailed full and part-load test data is available. The accuracy of the relationships it
established were also subsequently verified through comparing the predicted results to detailed test
data from a small set of models that were not used to derive the initial benchmarking relationships
and were found to be good.
The problem with these older relationships is that since that work was done some of the test
procedures used in 4E economies have been revised in a manner that would affect the relationships.
An analysis done for this study5, and confirmed through dialogue with the authors of the LBNL paper,
established that the EU and US/Canadian test procedures and seasonal efficiency metrics have
ostensibly remained unchanged since the time of the CLASP study; however, the Japanese and Korean
test procedures and efficiency metrics have undergone some important changes6 that make the
original CLASP relationships no longer valid when converting to, or from, those metrics. Analysis of the
LBNL results (see Table B1 of [LBNL 2020]) shows that the relationships to convert efficiency rankings
from one economy’s metric to another’s have a good degree of reliability when converting between
the current Japanese, Chinese and Korean metrics, but are much poorer when converting between
these and the US/Canadian and EU metrics. As the 2011 CLASP metrics are still applicable and reliable
when converting between the US/Canadian and EU metrics, it seems appropriate to use them for that
purpose and use the 2020 LBNL ones for conversions between the Japanese/Korean/Chinese metrics;
however, this still leaves open the issue of how best to convert between the set of US/Canadian/EU
metrics and the Japanese/Korean/Chinese metrics.
To update the conversion relationships for the revised Japanese test procedure and metrics, the
following procedure is used. The principal changes in the Japanese efficiency metric from 20117 to now
are an increase from 33°C to 35°C in the ambient test temperature at full load and amended weightings
(no. of hours) spent at each part-load test point. The CLASP study data and methodology already
derives a relationship of the cooling efficiency performance as a function of the ambient temperature
and so this was applied to convert the full load test data results to reflect the values to be expected at
35°C in place of 33°C. It is then a simple matter to update the weightings applied to each part-load
condition to derive the expected 2013 efficiency metric values. Once this was done for each model in
the original CLASP study dataset8, new conversion relationships were derived between the current (i.e.
post 2013) Japanese efficiency metric (APF) and the US/Canadian and EU metrics. The relationships
shown in Table 3 were found to have R2 values9 of between 0.9977 and 0.9982 which are both excellent
5

And also informed by a recent review of AC test procedures (IEA4E 2020).
In 2013 for Japan and 2018 for Korea.
7
The actual changes were made in the test procedure which defines the efficiency metric in 2013.
8 Mostly inverter AC units with a range of cooling/heating capacities and efficiency levels some of which would be considered
to be high efficiency models even in today’s markets.
9
A measure of how good a correlation fit is, where 1 implies a perfect fit and 0 indicates there is no correlation at all.
6
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fits. The PEET analysis uses the various conversion relationships described above to convert between
all of the current 4E part-load efficiency metrics with a high degree of confidence in the robustness of
the conversion.
Table 3: Updated linear regression conversion formulae (Y=mX+C) for the US and EU SEERs as a function of
Japan’s APF
Y

X

M

C

R2

US SEER

Japan APF

0.8293

0.6961

0.9977

EU SEER

Japan APF

0.765

0.4957

0.9982

The normalisation formulae applied converts EER or SEER (or equivalent part-load) metrics between
the methods used in China, Europe, Japan, Korea and the USA/Canada and thus cover the methods
used in the majority of 4E economies. In the case of Australia, the metric used in the 2018/19 data and
earlier is a full load EER rating that is essentially comparable with other full load EER ratings. Also, it
should be noted that since 2014 the USA and Canada replaced a simple EER rating with a CEER which
adds in the effect of standby power losses for window-wall units. It does not affect the analysis of split
systems.
For unitary (window-wall) units, analysis has shown that the standby levels are rather low: for a typical
unit (based on analysis of Canadian data) it is 0.83W (0.15% of the on-mode cooling power) which will
lead to a 0.15% difference between the CEER and EER. This effect can be taken into account when
comparing older EER data from prior to 2014 with post 2014 data or with EER data from economies
that do not include standby losses.
The final set of conversion formulae used in the PEET are set out in Table 4a and 4b, where the
coefficients in Table 4a are for a linear function and those in Table 4b are for a sigmoid function of the
form:

Table 4a: Linear regression conversion formulae (Y=mX+C) coefficients used in the PEET for the US and EU
SEERs as a function of Japan’s APF, and as a function of each other
Y

X

m

C

R2

US SEER

Japan APF

0.8293

0.6961

0.9977

EU SEER

Japan APF

0.765

0.4957

0.9982

US SEER

EU SEER

0.919

-0.216

0.992

EU SEER

US SEER

1.08

0.286

0.992

Table 4b: Non-linear regression conversion coefficients used in the PEET for the China APF and Korea CSPF as
a function of Japan’s APF
Y

X

a

b

C

D

R2

Japan APF

China APF

1.763

5.614

3.953

8.002

0.987

Japan APF

Korea CSPF

-555,719

0.533

5.07E-09

13.961

0.990
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Backwards and future comparability
The previous Mapping and Benchmarking analysis focused on time series of EERs value and this metric
will still be used for PEET and so EER trends can be compared. In the case of the historic SEER (or
equivalent part-load performance metric) comparisons it is only possible to derive these when there
is historic SEER or equivalent part-load performance data.

4.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2011 and covered the
following economies: Australia, Canada, Korea, USA (EU10, China).
Links to the reports are here:
Benchmarking report: https://mappingandbenchmarking.iea-4e.org/shared_files/130/download
Summary policy brief: https://mappingandbenchmarking.iea-4e.org/shared_files/284/download
Product definition: https://mappingandbenchmarking.iea-4e.org/shared_files/41/download
CLASP 2011, COOLING BENCHMARKING STUDY Part 2: Benchmarking Component Report
https://storage.googleapis.com/clasp-siteattachments/RAC-benchmarking_2-Benchmarkingcomponent.pdf
IEA 4E (2020) Domestic Air Conditioner Test Standards and Harmonization
https://www.iea-4e.org/document/442/domestic-air-conditioner-test-standards-and-harmonization
LBNL 2020, Lost in translation: Overcoming divergent seasonal performance metrics to strengthen air
conditioner energy-efficiency policies
https://www.sciencedirect.com/science/article/pii/S0973082619313560#t0005
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5. Computers
5.1

Energy savings relevance

It is estimated that a total of 162.3 million notebook computers and 94.4 million desktop computers
were sold globally in 2018.10 Workstation computers11, with global sales in 2018 of an estimated 5.4
million12, are one of the only types of personal computer that have increased sales over the last few
years.
There is a large variance in overall energy consumption within notebooks, mostly stemming from
differences in computing performances. The level of energy efficiency in notebook computers can also
vary depending on usage. For example, notebooks may provide higher computation performances,
when operated on a mains connection compared to when operated on a battery connection. This large
variance suggests that energy savings opportunities are still available within the notebook computer
product category.
Notebook computer manufacturers are few in number with the majority being global players, so there
is a relatively small chance that product efficiencies will vary significantly across different markets.
Notebook computers are also largely optimised for energy efficiency due to users’ preferences for
extended operation on battery power. So, whilst there is still some variance in notebook energy
efficiency for a given level of performance, this variance is smaller than in other types of personal
computer.
The variance in energy use between desktop computers can be significant and higher in desktop
computers than for the notebook computers. In addition, because desktop computers are often open
box products i.e. individual components can be easily sourced and assembled into a desktop, there are
a larger number of manufacturers placing products on the market. With larger numbers of
manufacturers comes a greater likelihood of regional differences in product energy efficiency levels.
Workstation computers are designed to provide high levels of computational performance and energy
efficiency is not always a major consideration.

5.2

Scope and definition

As remarked above, there is likely to be more variance in the energy efficiency levels of desktop and
workstation computers than is the case for notebook computers. This variance would likely be seen
between products providing the same, or similar, levels of functionality, and potentially between
products on different markets. As a result, the PEET analysis is focussed on desktop computers only,
although it could address workstation computers in the future.
To analyse desktop (and potentially workstation computers), the definitions, energy performance data
and technical characteristics found within the latest available US ENERGY STAR program specification
for computers is used, i.e. v7.1 13 14. The main data requirements are listed in Table 5.

10

https://www.statista.com/statistics/272595/global-shipments-forecast-for-tablets-laptops-and-desktop-pcs/
Workstation computers are high-performance, single-user computers typically used for graphics, CAD, software
development, financial and scientific applications among other compute intensive tasks. Workstations are marketed as
workstation rather than “desktop computers” and do not support altering frequency or voltage beyond the CPU and GPU
manufacturers’ operating specifications. In addition, Workstation computers include system hardware that supports errorcorrecting code (ECC) that detects and corrects errors with dedicated circuitry on and across the CPU, interconnect, and
system memory. Workstations are further differentiated from even high specification desktop computers by offering
additional features such as support for one or more discrete graphic cards, support for more than one processor and/or are
certified by Independent Software Vendors (ISV) as workstations.
12 https://www.statista.com/statistics/268429/workstation-shipments-worldwide-since-the-3rd-quarter-2008/
13 https://www.energystar.gov/products/office_equipment/computers/partners
14
The ENERGY STAR v8.0 specification is set to become effective on the 15th July 2020 (although manufacturers have been
able to elect to certify to v8.0 early since 15th October 15 2019)
11
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Table 5: Summary product categorisation matrix for desktop computers
Information Required to
Determine ENERGY STAR
v7.1 Category/Product
Definition

Computer
Type

• Central Processing Unit
(CPU) data:
o Number of physical CPU
cores
o CPU clock speed (GHz)
(Max TDP core
frequency)
• Graphics Processing
Capabilities
o Presence of discrete
graphics processing unit
(dGfx)
o Presence of dGfx
switching capabilities
(Integrated Desktop only)
o Frame buffer bandwidth
(FB_BW) measured in
gigabytes per second
(GB/s).

Desktop and
Integrated
Desktop

5.3

Basic
Information
Required to
Determine
Efficiency
• Power
demand (W)
data:
o Short Idle
o Long Idle
o Sleep
o Off

Enhanced Information Required to
Determine Efficiency
• System memory:
o Installed RAM (GB)
• Storage drives:
o Number of internal storage drives
o Type of internal storage drive
• Presence of Enhanced Performance
Display (Integrated Desktop only):
o A contrast ratio of at least 60:1 at a
horizontal viewing angle of at least
85°, with or without a screen cover
glass
o A native resolution greater than or
equal to 2.3 megapixels (MP);
o A colour gamut of at least sRGB as
defined by IEC 61966-2-1.
• Test set up conditions:
o Identification of whether dGfx is
active under test
o Display luminance settings (cd/m2)

Energy performance metrics

Most major global regions used the ENERGY STAR specifications and test procedures and requirements
to measure and influence the energy performance of desktop and workstation computers. The ENERGY
STAR computer specifications are subject to regular review and updating. The ENERGY STAR v7.1
specification was the most recent at the time of assessing data received as part of this project. It
includes energy performance metrics for a range of computer types, including desktop computers and
workstations. These energy performance metrics are based on a Typical Energy Consumption (TEC)
approach, measured in KWh per year and derived from a pre-determined amount of time spent in
different computer power states i.e. an assumed duty cycle. The desktop computer power modes
covered in ENERGY STAR v7.1 are:
•

Long-Idle mode.

•

Short-Idle mode.

•

Sleep mode.

•

Off Mode.

The ENERGY STAR v7.1 measured TEC values are calculated using the following formula:
%&'(

!"!# = )((( + ,-.// + ".// + -12334 + "12334 + -2.56_8923 + "2.56_8923 +

-1:.;<_8923 + "1:.;<_8923 =
Where:
•

POFF = Measured power demand in Off Mode (W)

•

PSLEEP = Measured power demand in Sleep Mode (W)

•

PLONG_IDLE = Measured power demand in Long Idle Mode (W)

•

PSHORT_IDLE = Measured power demand in Short Idle Mode (W)

•

TOFF (45%), TSLEEP (5%), TLONG_IDLE (15%), and TSHORT_IDLE (35%) are the percentage of hours per year
most computer are assumed to spend in each mode.

Page 12

4E PEET METHODOLOGY REPORT JANUARY 2021

The ENERGY STAR v7.1 specification includes additional use profiles for computers that support Full
Network Connectivity (i.e. enhanced functionalities) during low power modes.
The ENERGY STAR v7.1 derived TEC values provide an indication of how much energy a desktop
computer is likely to use over a year. To provide an indication of efficiency, the ENERGY STAR v7.1
specification groups computers of similar computational performances into six categories. The
categories are based on the performance score of the central processing unit (CPU) and the graphics
capability of the computer. The ENERGY STAR v7.1 specification then gives a base allowance for each
category of desktop computer which must be met in order to meet the ENERGY STAR energy efficiency
requirements.
The ENERGY STAR v7.1 specification also provides some additional allowances for key components
such as graphics cards, memory, storage devices and integrated displays.
Since ENERGY STAR specifications are updated periodically, at any one time different regions may be
implementing different versions of the ENERGY STAR specifications due to delays in implementing the
most recent version. Several significant mandatory policy measures dealing with the energy efficiency
of computers are still based on the ENERGY STAR v5.0 approach and test procedure.
The ENERGY STAR v5.0 specification also uses an annual TEC (kWh/year) and categorisation process to
describe desktop computer energy efficiency. There are several key differences between the ENERGY
STAR v7.1 and ENERGY STAR v5.0 specifications. Although, the ENERGY STAR v5.0 categorisation
process, as shown in Error! Reference source not found., is different, the product component i
nformation used to derive the ENERGY STAR v7.1 categories is included in ENERGY STAR v5.0 reported
data. It is therefore possible to use ENERGY STAR v5.0 data to identify a product’s category within
ENERGY STAR v7.1.
There is also a significant difference in the ENERGY STAR v5.0 and ENERGY STAR v7.1 approach on TEC.
Under the ENERGY STAR v5.0 specification there is only one idle mode, compared to the two (Long idle
and Short idle) under the ENERGY STAR v7.1 specification. For desktop computers, the ENERGY STAR
v5.0 idle mode equates to the ENERGY STAR v7.1 Short Idle mode. This means that ENERGY STAR v5.0
product data does not include a Long Idle power demand value. To compare the TEC values for ENERGY
STAR v5.0 to those derived under ENERGY STAR v7.1, the missing Long Idle values therefore need to
be estimated.
Table 6: ENERGY STAR v5 Desktop Categories
Category A

All desktop computers that do not meet the definition of Category B, Category C, or Category
D below will be considered under Category A for ENERGY STAR qualification.
To qualify under Category B, desktops must have:

Category B

• Equal to 2 Physical Cores; and have:
• Greater than or equal to 2 gigabytes (GB) of System Memory.
To qualify under Category C, desktops must have:
• Greater than 2 Physical Cores.

Category C

In addition to the requirement above, models qualifying under Category C must be configured
with a minimum of 1 of the following 2 characteristics:
• Greater than or equal to 2 gigabytes (GB) of System Memory; and/or
• A Discrete GPU.
To qualify under Category D, desktops must have:
• Greater than or equal to 4 Physical Cores:

Category D

In addition to the requirement above, models qualifying under Category D must be configured
with a minimum of 1 of the following 2 characteristics:
• Greater than or equal to 4 gigabytes (GB) of System Memory; and/or
• A Discrete GPU with a Frame Buffer Width greater than 128-bit.
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5.4

Characteristics and similarities of test procedures used in each 4E
member economy

There is a high degree of harmonisation in the test procedures used to measure the energy efficiency
of notebook, desktop and workstation computers, as well as their associated IPS and EPS. There are
major differences in how the results of the tests are used to determine energy efficiency. The main
differences are mostly split between energy efficiency policies that are based on the ENERGY STAR
v5.0 approach and those based on the ENERGY STAR v7.1 approach. Error! Reference source not f
ound. identifies the test procedures and approaches used to determine energy efficiency of computers
within each 4E Member jurisdiction.
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Table 7: Computer Test Procedures and Approaches amongst 4E Members
Mandatory
4E Member
Australia

Computer
Product
Notebooks
Desktops
Workstations
EPS
IPS

Austria,
Denmark, EU,
France,
Sweden,
United
Kingdom

Notebooks
Desktops

Approach

AS/NZS
4665.1:2005
AS/NZS
5814.1:201

ENERGY
STAR v5.0
derived

EN
62623:2013
EN
62623:2014

ENERGY
STAR v5.0
derived

IPS

EN
50563:2011
* Generalized
Test Protocol

Notebooks
Desktops
Workstations

Notebooks
Desktops
Workstations
EPS
IPS
Notebooks
Desktops
Workstations

SAC GB 28380
: 2012

IPS

Switzerland

Notebooks
Desktops
Workstations
EPS
IPS
Notebooks
Desktops

EN
62623:2013
EN
62623:2014

ENERGY
STAR v5.0
derived

Workstations
EPS
IPS

EN
50563:2011
* Generalized
Test Protocol

Approach

IEC 62623,
Ed.1.0, 2012-10

ENERGY
STAR v7.1

IEC 62623,
Ed.1.0, 2012-10
Linpack and
SPECviewperf
** Uniform
Test Method
* Generalized
Test Protocol

ENERGY
STAR v7.1

IEC 62623,
Ed.1.0, 2012-10
Linpack and
SPECviewperf
** Uniform
Test Method
* Generalized
Test Protocol

ENERGY
STAR v7.1

IEC 62623,
Ed.1.0, 2012-10

ENERGY
STAR v7.1

ENERGY
STAR v5.0
derived

EPS

Republic of
Korea

Test Procedure

Linpack and
SPECviewperf
** Uniform Test
Method
* Generalized
Test Protocol

ENERGY
STAR v5.0
derived

IPS

Japan

Approach

Minor Voluntary Initiative

ENERGY
STAR v5.0
derived

EPS

China

Test Procedure

Workstations
EPS

Canada &
USA

Test
Procedure
AS/NZS
5813.1:2012

Major Voluntary Initiative

ENERGY
STAR v5.0
derived

Linpack and
SPECviewperf
** Uniform
Test Method
* Generalized
Test Protocol

* Generalized Test Protocol for Calculating the Energy Efficiency of Internal Ac-Dc and Dc-Dc Power Supplies Revision 6.6 (April,2012).
** Uniform Test Method for Measuring the Energy Consumption of External Power Supplies, Appendix Z to 10 CFR Part 430.

Legend
No policy measures currently in place
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5.5

Normalisation

The normalisation of results to take account of test results obtained under different voltages and
frequencies is necessary in order to more accurately compare across markets. This normalisation was
done by identifying ratios of change across the different voltages. To avoid potential bias associated
with differing levels of computational performance within categories, ratios were developed using
products with exactly the same technical specification and tested at different voltages/frequencies.
See Appendix B for further details. The US ENERGY STAR v7.1 database was used to derive these
conversion factors as results were available for the same products tested at 115v/60Hz and 230v/50Hz.
The resulting conversion factors can be seen in Table 8.
Table 8: Conversion factors for normalisation of TEC values measured at 115v/60Hz and 230v/50Hz
Mean Percentage of test values
Product Type
Desktop

115V/60Hz as % 230V/50Hz

230V/50Hz as % 115V/60Hz

98.3%

102.7%

It was also necessary to conduct normalisation so that results obtained using the ENERGY STAR v5.0
approach (or derived from that approach) can be compared to results under an ENERGY STAR v7.1
approach. This required estimating power demands for idle modes that were not tested under an
ENERGY STAR v5.0 approach but that are tested under ENERGY STAR v7.1. The resulting conversion
factors are shown in Table 9.
Table 9: Conversion factors for normalisation of ENERGY STAR v5.0 Short Idle to ENERGY STAR v7.1 Long
Idle
Product Type

Desktop

Performance Level

Long Idle as Percentage Short Idle (%)

All

93.5%

Low Performance

90.7%

Medium Performance

96.3%

High Performance

96.1%

Model data was provided by the USA, Canada, Korea and Australia. The US database, which is a full
version of the US ENERGY STAR database, included details about which countries/regions each model
was available in. This US ENERGY STAR data was used to inform analysis of other countries as presented
here.
The Australian data was not suitable for the analysis as it did not contain any power demand or TEC
values. The Korean database included energy efficiency data based on the older ENERGY STAR v5.0
test procedure. This data was converted to estimated ENERGY STAR v7.1 TEC values. The conversion
involved identifying the difference in short and long idle power demands in the USA ENERGY STAR
database and assigning the average differences between these values to the Korean data. The average
differences are shown in Table 9 above. This allowed an estimation of the missing idle (i.e. short idle
for desktops and long idle for integrated desktop computers) power demands and calculation of an
estimated ENERGY STAR v7.1 TEC value. Furthermore, the Korean TEC values were converted to an
estimated TEC value when measured at 115v and 50Hz to allow for enhanced comparison with the
results in the US ENERGY STAR database. The Korean TEC values calculated using power measurements
taken at 220v 60Hz were converted to approximate 115v 60Hz values using the results from analysing
the differences between products tested at both 230v 50Hz and 115v 60Hz. The conversion factor used
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is shown in Table 8 above. It was assumed that the European voltage and frequency combination would
be a sufficient proxy as no further data was available.
Backwards and future comparability
As different 4E economies are using different vintages of the ENERGY STAR test and rating method,
exactly the same normalisation methodology is required to normalise performance over time as is the
case when doing so between economies. Therefore, the expectation is that the process to enable
normalisation described above should also allow the normalisation of time series data. If the ENERGY
STAR v7.1 data fields are included within future datasets it should also be possible to continue mapping
performance over time using past and future datasets.

5.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2010-12 and covered the
following economies: Australia, EU, Republic of Korea, Switzerland, USA.
Links to the report are at:
https://mappingandbenchmarking.iea-4e.org/matrix?type=product&id=7
The US ENERGY STAR database was downloaded from the US EPA website
https://data.energystar.gov/Active-Specifications/ENERGY-STAR-Certified-Computers/e9chntyq/data during August 2017 and March 2019

at:
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6. Distribution transformers
6.1

Energy savings relevance

Distribution transformers are used in all the 4E economies as the final stage in converting electricity in
the distribution network to the voltage required by end-users. While their losses are usually
comparatively small in percentage terms, even small reductions in their magnitude are significant as a
major part of all electricity is passed through these devices. Furthermore, technologies exist which can
cut losses substantially and hence there are significant savings potentials from the use of efficient
products15. Transformers are subject to market failures that tend to prevent the market from
optimising the energy efficiency of the product over its lifetime, so energy efficiency policies such as
MEPs and energy labelling are highly relevant. Therefore, distribution transformers are a highly
relevant product category to be included in the PEET analysis.

6.2

Scope and definition

PEET assesses the energy performance trends of the dominant three-phase, liquid-cooled, padmounted distribution transformers.
We note that:
•

The global market is dominated by liquid-cooled, three-phase transformers designed to be
mounted on pads.

•

The next most significant type are liquid-cooled, three-phase transformers designed to be
mounted on poles.

•

Single-phase transformers are not used at all in many markets16.

•

Dry-type transformers account for a significantly smaller part of the market than liquid-cooled
types and only have a significant market share in a limited number of markets17.

These product types provide similar yet distinct service but have inherent reasons why their efficiency
will not be equivalent, specifically:
•

Dry-type transformers are inherently less efficient than liquid types but have a market niche
due to their reduced fire risk in confined spaces (such as within buildings or within windturbine nacelles).

•

Single-phase transformers have inherently different electro-mechanical properties to threephase transformers18.

15

In particular amorphous silicon transformers, which have low losses but may also have size and noise constraints and so
their suitability is location sensitive, and higher grade grain oriented electrical steels - see for example:
https://www.researchgate.net/publication/305496881_New_Frontiers_for_Grain_Oriented_Electrical_Steels_Products_an
d_Technologies
16
It should be noted that single-phase transformers are used extensively in the USA and some other markets at low capacities.
In the USA the number of single-phase distribution transformers sold probably exceeds the number of liquid distribution
transformer unit sales but sales in terms of total capacity are rather similar.
17
Low voltage dry type transformers are ubiquitous in commercial buildings, industrial sites and multi-unit residential
buildings in North America but are much less common in these applications in other 4E economies.
18
Single-phase transformers tend to be smaller than three-phase units and are less efficient on that account but there is no
technical reason why a single-phase transformer must be less efficient than a three-phase unit of identical kVA rating. Note,
single-phase power is usually arrived at (e.g., in a residential setting) by routing only one of the three phases to the user, but
the grid, itself, is three-phase. Furthermore, single-phase transformers are not only used in single-phase applications - US
utilities commonly “triplex” three single-phase units to replicate the function of a three-phase unit, typically on a utility pole
where doing so would improve mass distribution.
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•

6.3

Pole-mounted transformers are used when small transformers need to be safely mounted in
an area where there is no viable location for ground (pad) mounted transformers19; however,
they are comparatively weight and space constrained. For this and for cost reasons, on average
they do not use as much electromagnetic material as pad-mounted transformers, which in
turn means they tend to be less efficient.

Energy performance metrics

Within 4E Member economy efficiency that regulate products within scope, minimum permitted
transformer energy performance is either specified in terms of the efficiency at a fixed percentage of
the full load (efficiency at 50% of full load is the rating point used in the economies that follow this
approach), or is defined in terms of the maximum losses permitted at a 0% load (no load) and at 100%
load (full load). If the no load and full load loss limit approach is used in regulations it is possible to
calculate the performance at all intermediate loading levels including the efficiency at 50% load;
however, it is not possible to determine the no load and full load losses from an efficiency at 50% load
value. Therefore, the PEET analysis has adopted the percentage efficiency at 50% of rated load as the
metric to be used for the efficiency comparisons. This metric is as robust as any alternative specific
metric choice, however, it is noted that it may favour products produced for markets where the 50%
rated load is the metric used in the regulations. This is because products are likely to be optimised to
perform comparatively well at the rating conditions used in the regulatory requirements, yet some
regulations are not set in terms of the 50% load.
In the case of economies that set no load and full load loss requirements the relative stringency of the
requirements at the two test conditions affects how stringent the requirement would be at 50% load.
If both no-load and full load limits are equally demanding the product will be equally efficient at 50%
loading, but if (say) the no load limit is relatively more stringent than the full load limit then the
product’s efficiency will be comparatively good at loadings less than 50% and comparatively poor at
higher loadings. In practice regulators are likely to balance these depending on what they consider to
be the most common typical load level in their markets. In some economies this is thought to be near
50% of full load but in others (notably Europe) it is thought to be much lower (i.e. ~ 30%). This effect
can potentially be seen in Figure 1 which shows how the efficiency of a 400kVA distribution
transformer varies as a function of loading under the EU’s Tier 1 and Tier 2 efficiency levels and shows
that for the Tier 1 threshold the EU’s no load and full load loss specifications result in the peak
efficiency occurring at a 30% loading, while under Tier 2 the peak efficiency occurs at ~ 37% of full
loading. In both cases efficiency has dropped by the time 50% loading is attained.20

19

Pole mounted (overhead) transformers are also often used to provide service in areas where weather can inhibit access to
ground mounted equipment. It may also be cheaper to construct overhead service. Note, three-phase pole-mounted liquidfilled transformers are rare in the USA due to inherent instability of having a significant amount of weight asymmetrically
mounted on a pole. It is more usual for US utilities to mount a bank of three single-phase transformers to provide service.
20
The above discussion implies no prejudice in favour of a regulatory approach based on setting performance limits at a
specified load level or the alternative common practice of setting no-load and full load performance limits. The rationale
applied by regulators differs in the two cases. It can be argued that setting limits at a specified load level allows manufacturers
to better optimise their designs in response to varying cost of input materials and allows flexibility to optimise transformers
to load levels other than the one chosen for the test metric. On the other-hand, setting minimum performance limits at the
no load and full load conditions can address the uncertainty in loadings that might be applied to a transformer including the
evolution in load levels that may occur over its lifetime.
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Figure 1: Transformer efficiency as a function of loading, with no-load and load losses, for two different efficiency
tiers

6.4

Characteristics and similarity of test procedures used in 4E member
economy

A review of the test methods used for distribution transformers across the 4E economies is available
in the following Super-efficient Equipment and Appliance Deployment (SEAD) Initiative21 study:
Distribution Transformers - Internationally Comparable Test Methods and Efficiency Class Definitions22
This shows that methods are largely aligned but there are some minor differences discussed below.

6.5

Normalisation

While very minor differences exist in the way transformer energy performance is measured and rated
across economies using nominally distinct test procedures, the results can be adjusted to be
comparable using known, straightforward and robust normalisation methods as set out in the 4E
Mapping and Benchmarking study23.
To normalise data to be comparable on a fair basis, all the rated capacity figures were adjusted, if
necessary, to be based on the IEC definition of capacity (kVA rating based on power input).
21 The Super-efficient Equipment and Appliance Deployment (SEAD) Initiative is a voluntary collaboration between 19
member governments to address urgent global energy challenges and promote the manufacture, purchase, and use of
energy-efficient appliances, lighting, and equipment worldwide.
22https://superefficient.org/publications/distribution-transformers-internationally-comparable-test-methods-andefficiency-class-definitions
23
There is one aspect where the PEET methodology differs from that described in the M&B study. A correction factor is
necessary to account for the difference in temperatures applied in the IEEE C57.12.90 standard and the IEC standard. The 4E
M&B report applied a test procedure temperature correction factor of 1.06897 which is appropriate when cooper windings
are used; however, in many markets aluminium windings are used and in this case the correct temperature correction factor
would be (225 + 75)/ (225+55) = 1.07143.
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In addition, the US liquid-filled transformer data had to be adjusted to account for the reference
temperature at which load losses are reported (per footnote 27). Both adjustments are reported to be
accurate and robust and so did not degrade data quality.
Backwards and future comparability
The testing and rating methods applied to transformers have only undergone minor changes with time
since the 4E M&B work was done so the expectation is that the normalisation method should be both
backwards and future compatible and therefore will allow time series analysis to be conducted24. While
in theory it may be necessary to revisit the question of comparisons at lower part loads than 50% for
future years, when data for more economies is expected to be available, it is also possible that the
data will not be rich enough for many 4E economies to facilitate this; thus, comparison at 50% loading
is likely to continue to be the only viable method to compare product efficiency across all 4E
economies.

6.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2013 and covered the
following economies: Australia, Canada, Korea, USA.
Links to the reports are here:
Mapping & Benchmarking report: https://mappingandbenchmarking.iea4e.org/shared_files/589/download
Policy brief: https://mappingandbenchmarking.iea-4e.org/shared_files/587/download
Other reports: https://mappingandbenchmarking.iea-4e.org/matrix?type=product&id=15

24
Note that all of the US data used in the 2019 assessment and the preceding M&B work was CCMS data of which none was
certified based on a waiver of DOE's test procedure requirements.
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7. Domestic Refrigerators & Freezers
7.1

Energy savings relevance

Domestic refrigerators and freezers are one of the highest electricity consuming domestic appliances
with the highest savings potentials from the use of efficient technology. For this reason, they are
usually the first product to be subject to energy efficiency standards and labelling regulations. All 4E
economies apply energy labelling to this product category and either MEPS or Top Runner
requirements. Domestic refrigeration appliances have undergone substantial improvements in energy
efficiency over the last decades, largely in response to the policy measures applied, thus they are an
interesting candidate for efficiency trends analysis. They also still offer significant additional savings
potential. However, they are a product category for which there are significant differences in local
market preferences for product types and in test procedures and efficiency metrics and this
complicates the ability to compare efficiency across non-harmonised economies.

7.2

Scope and definition

The scope of the PEET analysis is combined refrigerator/freezers, which dominate the market in all 4E
economies.
Focussing on this type of domestic refrigeration appliance helps to improve the robustness of the
normalisation method (see section 7.5).
The product definition for refrigerator/freezer combinations used in the previous mapping and
benchmarking work has been used for the PEET Analysis (see summary in Table 10).
Table 10: Summary M&B product categorisation for domestic refrigerators
Definition
and scope

A machine that is primarily designed to store, and in some cases chill or freeze,
food-based products at set temperatures which are normally different to the ambient
prevailing conditions. The machine may be constructed with one or more storage
compartments which may or may not operate at different
temperatures.
Products will be analysed based on the following groupings:
• Refrigerator only and refrigerators with freezer compartments: The
primary compartment is for fresh storage in the temperature range 5oC >=
T> 0oC and
o The unit has no freezer compartment, or
o The unit has a freezer compartment of any temperature rating but a
volume of less than 14 litres, or
o The unit has a frozen food compartment of any volume that is rated
as 0oC >= T > -15oC
• Refrigerator/freezer combination: The primary compartment for fresh
storage is in the temperature range 5oC >= T> 0oC, and the primary frozen
food compartment is greater than 14 litres and has a rated temperature T
<= -15oC
• Freezer only: A unit where all compartments have a temperature rating T
<= -15oC
Chiller units (where primary compartment temperatures are above 5oC) are
excluded.
The products will be restricted to vapour compression units only, designed for use
in residences and non-portable (in general use), and be designed to run off the
normal AC electrical supply.
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7.3

Energy performance metrics

PEET compares the normalised annual energy consumption (kWh/year) for products of an equivalent
adjusted volume25 within the most common adjusted volume ranges (see reference model description
in Appendix A).
The efficiency metric used is the annual energy consumption (kWh/year) per unit of standardised
adjusted volume. In all cases, performance is first converted to that which would be expected at a 25oC
ambient test temperature conducted per the (old) steady state IEC method. The older method is
chosen because currently Japan is the only country testing products at two ambient temperatures for
the energy test, and several 4E economies (China, the EU, Korea and Switzerland) follow the older
method and hence do not require results to be re-normalised to report their performance (see section
7.4)26.
Two normalised energy performance metrics are used:
•

The average normalised annual energy consumption (kWh/year).

•

The average normalised annual energy consumption per unit of normalised adjusted volume
(kWh/year/litre).

The average normalised energy consumption is reported for each reference model adjusted volume
capacity band (low, intermediate low, intermediate high and high, as set out in the reference model
description in Appendix A) and so is the average normalised energy consumption per unit of
normalised adjusted volume. The normalised adjusted volume applies an adjusted volume correction
factor of 1.2 for frost-free (automatic-defrost) models. This is done, in part, to allow greater coherence
with the policy settings which use this factor in China, the EU, Korea and Switzerland. Although the
ambient and internal temperature conversion method is consistent for frost-free and direct cool
appliances, PEET chooses not to mix products across these boundaries.

7.4

Characteristics and similarity of test procedures used in each 4E
member economy

Historically, the test procedures used for domestic cold appliances have varied by 4E region: with North
America (Canada and USA) following one aligned approach, the EU/ China/Korea/Switzerland aligning
to IEC standards and Japan having their own method but one that has many similarities with the IEC
standards. The main variations are due to differences in:
•

Ambient test temperature (either 25°C, 32°C, 30°C & 15°C, or 32°C and 16°C (for the new IEC
test standard but not implemented in any 4E economies regulations circa 2018).

•

Internal compartment design temperatures.

•

Whether the frozen food compartments are loaded during testing.

•

Which auxiliary loads are active during the energy test mode.

•

How automatic defrost system energy is measured.

•

The magnitude of permitted tolerances.

25

In energy policy regulations the capacity of refrigerator freezers is expressed in terms of adjusted volume (where freezer
compartment volume is multiplied by a factor to account for the extra energy required to freeze food as opposed to store
fresh food and is then summed with the fresh food compartment volumes). An analysis was done to compare the distribution
of products by adjusted volume in each 4E markets and this resulted in the proposed reference model values. It is also possible
that once all 4E economy data has been analysed that it will be necessary to include a smaller reference model size range to
ensure all markets are covered.
26
In the future, some of these economies may adopt the revised IEC test method which uses two ambient test temperatures
and interpolation of results to a 25oC level. Economies not currently using an IEC aligned test method may also align more
closely with it. If this does occur, then future analysis may need to re-normalise the current results against the new IEC
method to allow trends to be maintained, but this should be possible using the same theoretical method.
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•

The constraints which are applied with regard to the ability of the appliance to be able to
maintain the internal design temperatures for a given range of ambient temperatures.

All of these aspects can have a significant impact on energy consumption and render rated energy
consumption values incomparable without the application of sufficiently robust normalisation
methods.

7.5

Normalisation

The normalisation approach used in PEET to convert between the efficiency of products tested at 25oC
ambient, 16oC ambient and 32oC ambient is in line with the method reported in RE_GENT (2017)27 and
explicitly the method set out in Appendix A of that study. This theoretical method was derived to help
understand the impact of the EU moving from the old EU test procedure, that uses a fixed ambient
temperature of 25oC, to the new IEC test method which interpolates between energy consumption
results measured at 16oC and 32oC. The RE-GENT methodology accounts for the impact the various
compartment and ambient test temperatures have on the cooling loads (via an adjusted volume
approach), and on the thermodynamic efficiency of the cooling circuit, which is bounded by the Carnot
efficiency, but in practice will be less efficient. This method was then compared to actual test data for
a large number of appliances in Appendix B of that study and found to give consistent results. This
should be even more the case for aggregate averaged results, as are used in the PEET analysis. The
same theoretical method, as set out in Appendix A of the RE_GENT study, can also be applied to adjust
from test results recorded at ambient temperatures of 15 oC and 30oC, as applied in Japan, to a fixed
ambient temperature of 25oC.
The main deficiency of the normalisation method for the purposes of PEET is that it doesn’t correct for
the impact of door openings which are a feature of the Japanese test method, but not used in test
methods used in other 4E economies. The primary energy related impact of these door openings will
be to slightly increase the defrosting loads and hence defrosting energy needed by frost free appliances
in Japanese data. This needs to be considered whenever Japanese frost free data is to be compared
with that of other economies.
Backwards and future comparability
The normalisation method is applicable to normalise older data against any given current test
procedure by establishing the nature of the test procedure used at the time the data was measured
and registered. Similarly, the approach should be robust against most potential evolutions of the
current test procedures and hence allow future comparability.

7.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2013-14 and covered the
following economies: Australia, Austria, Canada, Denmark, Japan, Korea, Switzerland, UK, USA, (EU).
Mapping and benchmarking report: https://mappingandbenchmarking.iea4e.org/shared_files/595/download
Product definition: https://mappingandbenchmarking.iea-4e.org/shared_files/297/download
In addition, a CLASP study published in 2014 examined benchmarking between refrigerators sold in
Canada, China, and the EU. Available at: https://clasp.ngo/publications/new-benchmarking-analysiscompares-efficiency-of-refrigerators-among-canada-china-and-the-uk

RE_GENT (2017) “Impact of the new IEC 62552-1,2,3:2015 global standard to cold appliance energy consumption rating
(second study)”, Report number: 15127 / CE40 / V3, prepared by Martien Janssen at: http://ecodesignfridges.eu/sites/ecodesign-fridges.eu/files/CECED%20Report_15127_CE40_V2_ImpactGlobalStandard.pdf
27

Page 24

4E PEET METHODOLOGY REPORT JANUARY 2021

8. Electric motors
8.1

Energy savings relevance

Electric motors are by far the largest electrical end use and account for ~ 53% of global electricity
consumption28. Savings potentials from the use of the most efficient motors are quite small, typically
at a few percent of the motor’s electricity use; however, when multiplied by the electricity
consumption of the huge stock of motors the savings are still highly significant in total electricity
consumption terms. In consequence, their inclusion in the PEET project analysis is fully justified. The
energy savings potential from optimising motor driven systems is much larger again but this is at the
system rather than the pure motor level.

8.2

Scope and definition

The PEET analysis comprises alternating current (AC) induction29 motors of 50 or 60Hz designed to
operate at either single or three-phase, with 2, 4, 6 or 8 poles and with a rated power of from 0.1kW
to 1000kW.
The rationale behind this is that:
•

It corresponds to the vast bulk of the electric motor market and the part that consumes most
electricity.

•

It covers the types of motors most commonly addressed in energy efficiency regulations.

•

Critically, this is the market sector where there is greatest comparability between efficiency
measurements made under the test procedures applied in the 4E economies.

For other less or un-regulated classes of motors there is: a) unlikely to be data on their efficiency as
they are not uniformly covered in regulations and b) little if any material is available on how to compare
efficiency across national/regional/international test standards.
The scope does not include: switched-reluctance type motors, DC motors, and motors tested while
connected to converters.
The IE efficiency classes under IEC 60034-30-1:2014 present the only internationally recognised way
to differentiate motor performance. These classes accommodate very well the range of motors
currently on the world market, from poor efficiency through to the very best commercially available
technologies at IE4, as well as the differentiation of some specialist motor technologies that are just
starting to emerge at the level of the envisaged IE5 limit.
In terms of MEPS regulations, each economy and scheme encompasses its own particular motor size
range, scope by design or type, as well as inclusions and exclusions that are complex to cross-compare
at the detailed level. Another key difference is that the IEC system does not set separate limits for open
and enclosed motor types, whereas US NEMA/EPAct limits and Canadian regulatory limits are set
separately for open and enclosed.
Figure 2 below shows estimates of global markets shares by IE class for low voltage motors30 and also
indicates the relative dominance of the asynchronous induction motors (i.e. those subject to an IE
classification) by comparison with other types. The lack of current market relevance, lack of regulatory
measures, relative lack of published work on the comparability of test methods and significant
heterogeneity in types, are strong reasons not to focus the PEET work on the residual part of the low
voltage motor market.

See IEA 4E ‘Policy Guidelines for Motor Driven Units – Part 2, May 2018’, available https://www.iea-4e.org/publications
Note an AC induction motor is one in which the primary winding on one member (usually the stator) is connected to the
power source. A secondary winding on the other member (usually the rotor) carries the induced current. There is no physical
electrical connection to the secondary winding; its current is induced.
30 IEC60034-1:2017 covers motors with a voltage from 50V to 1kV
28
29
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Figure 2: Estimated global market share for low voltage motors as a function of their indicative IE efficiency class
under IEC 60034-30-1:2014

2016 Market Size (Units)
40.4 Million

Average Annual Unit Growth
≈ 3.0%

2022 Market Size (Units)
48.1 Million

Source: Preston Reine, presentation to Motor Summit 2018 based on HIS Markit data

8.3

Energy performance metrics

PEET uses the motor efficiency at full load as the principal metric, where the efficiency of a motor is
the ratio of mechanical output to electrical input. It represents the effectiveness with which the motor
converts electrical energy into mechanical energy at the output shaft.
The IE motor code based on the efficiency classification in IEC 60034-30-1, 2014 is also used as a higherlevel metric.
In addition, a normalised efficiency index is derived from the above two metrics that enables
comparisons across motor frequencies – see section 8.5 for further discussion.

8.4

Characteristics and similarity of test procedures used in each 4E
member economy

Test methodologies in most regions are now closely based upon the IEC 60034 series of standards, and
efficiencies and policy thresholds are highly comparable across Australia, Canada, the USA and the EU.
Australia is in the process of fully aligning the accepted test methods with IEC but have previously
permitted some additional methods that are not 100% aligned.
China and Korea also use efficiency measurements that are harmonised with the IEC 60034 standards
series.
The most pertinent international (IEC) test standards are as follows:
IEC 60034-2-1:2014(B) Rotating electrical machines - Part 2-1: Standard methods for
determining losses and efficiency from tests (excluding machines for traction vehicles) is
intended to establish methods of determining efficiencies from tests, and also to specify
methods of obtaining specific losses. This standard applies to d.c. machines and to a.c.
synchronous and induction machines of all sizes within the scope of IEC 60034-1. This new
edition includes the following significant technical changes with respect to the previous edition:
grouping of the test methods into preferred methods and methods for field or routine testing;
addition of the details of the requirements regarding instrumentation; addition of the
Page 26

4E PEET METHODOLOGY REPORT JANUARY 2021

description of tests required for a specific method in the same sequence as requested for the
performance of the test.
IEC 60034-30-1:2014 Rotating electrical machines - Part 30-1: Efficiency classes of line operated
AC motors (IE code) specifies efficiency classes for single-speed electric motors that are rated
according to IEC 60034-1 or IEC 60079-0, for operation on a sinusoidal voltage supply. This
standard establishes a set of limit efficiency values based on frequency, number of poles and
motor power. No distinction is made between motor technologies, supply voltage or motors
with increased insulation designed specifically for converter operation even though these motor
technologies may not all be capable of reaching the higher efficiency classes. This makes
different motor technologies fully comparable with respect to their energy efficiency potential.
Under this standard different International (IEC) performance limits (IE codes) are set for motors
running on both 50 Hz and 60 Hz supplies, with 60Hz limits being slightly higher. These IE levels
are recognised and used internationally, although some variations on these levels have been
identified for some particular motor types in some regions.
In addition, the following IEC standards are also referenced:
IEC 60034-1:2017 Rotating electrical machines - Part 1: Rating and performance
IEC 60034-2-2:2010 Rotating electrical machines - Part 2-2: Specific methods for determining
separate losses of large machines from tests is a supplement to IEC 60034-2-1. It applies to large
rotating electrical machines and establishes additional methods of determining separate losses
and to define an efficiency supplementing IEC 60034-2-1. These methods apply when full-load
testing is not practical and result in a greater uncertainty.
IEC TS 60034-2-3:2013 Rotating electrical machines - Part 2-3: Specific test methods for determining
losses and efficiency of converter-fed AC induction motors. IEC/TS 60034-2-3:2013 specifies test
methods for determining losses and efficiencies of converter-fed AC induction motors within the
scope of IEC 60034-1. The AC induction motor is then part of a variable frequency power drive
system (PDS) as defined in IEC 61800-2, IEC 61800-4 or IEC/TS 61800-8. The additional harmonic
losses determined by use of this technical specification are for comparison of different motor
designs.
In China the standard GB/T1032 is used but this is understood to align with IEC 60034-2-1.
In Japan the following standard is used for the Top Runner efficiency ratings:
JSA - JIS C 4034-2-1: 2011 Rotating electrical machines - Part 2-1: Methods for determining losses
and efficiency from tests of single-speed, three-phase, cage-induction motors
In Korea the standard KSC 4202 is used but this is understood to align with IEC 60034-2-1.
In the USA and Canada, the standard IEEE 112B is used but includes a method which is fully harmonised
with the IEC 60034-2-1 standard. Also referenced are CSA C390, CSA C747 and IEEE 114.

8.5

Normalisation

The 4E member economies are now using test procedures which are harmonised with the IEC
approach, or with the NEMA method and these are now essentially harmonised with each other. This
means that when the testing is done at the same frequency the efficiency ratings are directly
comparable and no additional normalisation is needed.
When testing is done at different frequencies the higher frequency motors will tend to have higher
efficiencies – all other aspects being equal; however, the study team’s understanding is that substantial
efforts were made through the IEC standardisation process to set the IE3 threshold at 50Hz to be
broadly equivalent to the NEMA premium threshold at 60Hz in terms of the electro-mechanical
properties of the motors and that therefore the IE3/NEMA premium level can be considered to
approximately represent equivalent levels of relative efficiency.
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The key term here is “relative” efficiency as a NEMA premium motor operating at 60Hz has a higher
absolute efficiency than an IE3 motor operating at 50Hz. Considering this, efficiency measurements in
4E economies made at the same frequency are completely comparable and are presented as such.
However, to also permit a simplified comparison of efficiency across frequencies the normalisation
method used is to compare the relative efficiency of 60Hz motors to the NEMA premium threshold
and compare the relative efficiency of 50Hz motors with the IE3 level and then compare the resulting
relative efficiencies with the other.
Thus, if a 7.5kW 60Hz 4-pole motor has an efficiency of 90.5% and the NEMA premium level for the
same capacity is 91.0% then the relative efficiency of the motor compared with the NEMA premium
level is 99.45% (=90.5%/91.0%). If a 7.5 kW 50Hz 4-pole motor has an efficiency of 90.1% and the IE3
level for the same capacity is 90.4% then the relative efficiency of the motor compared with the IE3
level is 99.67% (=90.1%/90.4%). As the NEMA premium level is broadly equivalent with the IE3 level
the relative efficiency of the 50Hz motor compared with the 60Hz motor is 100.2% = 99.67/99.45.31
It is acknowledged that there may be more sophisticated means of normalising for motor efficiency
across frequency differences and the error margin is uncertain with the proposed method; however,
the approach identified above seems to be the only viable method as there are often no other fields
present in the national data sets than the rated capacity and nominal efficiency – thus it has to be
assumed that all other factors are equal to be able to make any kind of normalisation across frequency
differences. For this reason, the results will be presented in terms of both absolute efficiency values
and in terms of relative efficiencies to the NEMA premium/IE3 threshold, where the former are more
directly comparable.
Backwards and future comparability
Mapping and Benchmarking data for previous years is not available at the individual model level thus
it is not possible to undertake backwards compatibility trends analysis on the same basis as is being
done with the current data. However, the method set out above should be compatible for future
trends analyses now that test methods are essentially harmonised among 4E member economies.

8.6

References

Product definition: https://mappingandbenchmarking.iea-4e.org/matrix?type=matrix

31

A complicating factor is that the 60 Hz efficiencies in IE2 and IE3 have a stepped curve (both in NEMA and in IEC) because
of the "equal frame size" philosophy in the NEMA standard. While this introduces an additional source of error for
comparisons across 50/60 Hz product markets it is likely to be modest, especially when averaged across all the specific
products in any once reference model group. The impact of these steps will be greatest for the 2.2 and 7.5kW reference
model group comparisons and least for the 20kW and 75kW reference model groups.
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9. Lighting (LEDs)
9.1

Energy savings relevance

Lighting is a major electricity end use in all the 4E economies and is used in all sectors of the economy.
There is an extremely wide range of efficiencies between and within different lighting technologies
with LED products now attaining luminous efficacy levels of 200 lumens/watt32 i.e. about 14 times
greater than standard incandescent technology. As is the case for most product types, lighting is
subject to significant market failures that tend to prevent the market from optimising the energy
efficiency of the product over its lifetime. Accordingly, all 4E member economies have implemented
energy efficiency standards and labelling regulations for lighting of various forms. In consequence,
lighting as an overall product category and LEDs in particular (as the most efficient light source) is a
highly relevant product category to be included in the PEET analysis.

9.2

Scope and definition

The PEET scope will focus on LED lamps used in non-directional lighting within (predominantly)
domestic lighting applications. This implies that it would a priori be focused on LED lamps used in mains
voltage General Lighting Service (GLS) applications and sockets, such as replacement or directly
equivalent products for incandescent lamps, compact fluorescent lamps, and mains voltage halogen
lamps (see Figure 3).
Figure 3: LEDs with a GSL (E27) fixture with an integrated driver

9.3

Energy performance metrics

PEET uses the universal energy performance metric of lamp efficacy, expressed in lumens/watt.

9.4

Characteristics and similarity of test procedures used in each 4E
member economy

While there are a very large number of lighting test standards in use, there is a considerable degree of
alignment in the standards used across the 4E economies. Most align fully with IEC and CIE standards,
but, while test methods may be fully comparable, some parameters may be reported and rated at
different benchmarks (e.g. lumen maintenance) and this means that the data available in product
registration databases is likely to need some minor normalisation to render it fully comparable.

9.5

Normalisation

Since LED performance is measured in a consistent way internationally, a priori it is thought that the
rated test data will be directly comparable across 4E economies. However, lamp efficacy is potentially
correlated with other performance parameters, such as:
•
32

The colour rendering index, CRI (R).

E.g. the Philips Dubai lamp attains 200 lm/W https://www.mea.lighting.philips.com/consumer/dubai-lamp

Page 29

4E PEET METHODOLOGY REPORT JANUARY 2021

•

The correlated colour temperature, CCT (K).

•

Whether the lamp is mounted in an opaque or clear bulb.

•

Whether or not the driver is integrated in the lamp.

•

The luminous flux.

•

Dimmability including network level dimmability.

•

Whether the lamp is a fixed colour white-light type or colour changing capability is included.

It is also possible that efficacy is affected by other parameters such as: lamp size (due to the need to
integrate the driver in the lamp); additional light quality parameters, such as the variation of colour
appearance (chromaticity tolerance limits); and power factor (displacement factor).
Ideally, sufficient data and information would be available to permit either a) direct normalisation of
efficacy data against these parameters through multi-factorial analysis, or b) a decision on whether to
classify results into product characteristic bins (e.g. group them by characteristic and then analyse
efficacy trends for similarly grouped products). In practice, though, with the exception of whether the
lamps are in opaque or clear bulbs, the impact of these additional parameters on lamp efficacy is likely
to be of a second order, especially when noting that the PEET reference model approach, described in
Appendix A, already eliminates non-comparability due to any efficacy relationship with luminous flux.
Nonetheless, it was decided to test this hypothesis, first through discussion with 4E SSL Annex experts
and literature review, and second via regression analysis on a large data set (the 2019 US Energy Star
data set of lamps that are certified to be ENERGY STAR compliant). This data set was first screened to
exclude any lamps that were not LED or otherwise did not fall within the scope of this study. Then the
data was analysed to establish the strength of correlation that existed between efficacy and the
following parameters: luminous flux, rated lamp life time, correlated colour temperature (CCT), colour
rendering index (CRI), the R9 parameter, power factor, and dimmability (explicitly how low the lamp
can dim as a percentage of full luminous flux output). The results are shown in Table 11 below.
Table 11: Linear regression equations for LED lamp efficacy as a function of various parameters
m coefficient

c coefficient

R2

0.0166

75.608

0.5089

Lifetime

-0.00006

93.244

0.0009

CCT

0.00007

89.428

0.0042

CRI

-0.5042

134.65

0.0341

R9

-0.0982

93.838

0.0375

Dims to % of full output

0.0456

90.749

0.0229

Power Factor

19.02

76.191

0.0533

Parameter
Luminous flux

These results show that on first inspection it appears that there is negligible correlation between lamp
efficacy and any of these parameters33. The only parameter with an R2 above 0.1 is luminous flux, which
has an R2 of 0.51. The primary normalisation method used in the PEET groups lamps into one of four
narrow luminous flux packages that correspond to the traditional spread in luminous flux of old
incandescent lamps rated at 60, 75, 100 or 150W of input power (see Appendix A), and thus already
normalises for this effect. However, to be sure that the ENERGY STAR data set correlations reported in
33

Note, an IEA4E SSL annex report from 2016 [SSL 2016] shows that standby loads of networked lamps can be significant;
however, these loads are not integrated into the lamp efficacy values and hence will not feature in the PEET efficacy
comparisons unless there is causality between providing network capability and other factors that affect lamp efficacy. The
dimmability and power factor analyses may indicate that this is not likely to be the case.
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Table 11 were not inadvertently influenced by this effect, they were repeated after the data set was
normalised for the impact of luminous flux on efficacy (using the first linear regression equation in
Table 11). The results of these new regressions are shown in Table 12.
Table 12: Linear regression equations for LED lamp efficacy normalised for luminous flux as a function of various
parameters
m coefficient

c coefficient

R2

Lifetime

-0.000003

1.0537

0.0260

CCT

0.000002

0.9921

0.0006

CRI

-0.0044

1.3706

0.0438

R9

-0.0008

1.0161

0.0476

Dims to % of full output

0.00002

0.9991

0.0001

Power Factor

0.0204

0.9817

0.0009

Parameter

In addition to this aggregate analysis, a complementary analysis was done by Light Naturally for the 4E
Solid State Lighting Annex with support from the government of Australia. This analysis looked at a
2018 annual subset of the ENERGY STAR data, since it is the most recent, highest volume (n=1038),
and the only data source where every characteristic is fully reported for each product. Box and whisker
plots were produced to visualise the following efficacy relationships within the ENERGY STAR A19 lamp
data as a function of:
1.
2.
3.
4.

different CCT products (CCT range from 2200K-6500K).
different CRI products (CRI Ra range from 80 – 95).
different Power Factors (PF range from 0.4 to 1).
dimmable and non-dimmable products.

ANOVA analysis showed that the lamp characteristics with statistically significantly different efficacy
means occurred for:
•
•

CRI.
Power Factor (PF).

Also the combination of characteristics that interacted to show groups with significantly different
efficacy means were:
•
•

PF and CRI.
PF and Dimmability.

However, while some statistical significance was detected, the strength of the relationships observed
was very weak and was generally only observed in a sub-part of the data (this is the reason why the
effect was not visible in the analysis reported in Tables 11 and 12). For example, the analysis showed
there was no relationship between efficacy and CRI for lamps with a CRI below 90 but above 90 there
was a weak trend for efficacy to be lower. Nonetheless, the number of models with a CRI above 90
was relatively modest (out of 1038 lamps in the 2018 ENERGYSTAR data subset, only 217 had CRI ≥
90), and this effect may not be robust over a larger sample, or from year to year. The analysis also
seemed to show that products with higher Power Factors (PF) had a very slightly higher average
efficacy; however, this is quite likely to be a lamp quality correlation due to producers of higher quality
products aiming to have a good power factor and a good efficacy. In addition, it would be
counterintuitive to apply any normalisation that might lower nominal efficacy in markets that have
better average power factor products than others in the PEET analysis as this would be a reward for
poorer performance.
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Overall, after consultation with the SSL Annex experts it was decided that, as the magnitude of any
observed effects is so modest, it is likely to have more to do with product market positioning than
inherent physical phenomena, and may well not be sustained from one year to the next. We conclude
that there is insufficient evidence to justify deriving any additional lamp quality normalisations beyond
the luminous flux effect that is already addressed in the PEET methodology. It should be noted too,
that while CRI and CCT data is present in all supplied 4E economy datasets that information on power
factor and dimmability is only available in the ENERGY STAR data thus it is not possible to adjust other
market data for these parameters.
Backwards and future comparability
The previous M&B data is likely to be largely if not fully comparable with current data sets as the basic
methods used to determine the key performance parameters are essentially constant34. Thus, the
primary performance metric results should be backwards comparable and are likely to be forward
comparable too. It is possible that future shifts in secondary lamp quality parameters that could have
some bearing on efficacy may need to be addressed when reporting the results.

9.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2015 and covered the
following economies: Australia, Austria, Canada, Denmark, EU, Japan, Korea, UK, USA.
Links to the reports are here:
Mapping & Benchmarking report: https://mappingandbenchmarking.iea4e.org/shared_files/676/download
Policy brief: https://mappingandbenchmarking.iea-4e.org/shared_files/682/download
Other reports: https://mappingandbenchmarking.iea-4e.org/matrix?type=product&id=5
SSL (2016) Smart Lighting – New Features Impacting Energy Consumption, Solid State Lighting Annex:
Task 7: https://ssl.iea-4e.org/files/otherfiles/0000/0085/SSL_Annex_Task_7_-_First_Report__6_Sept_2016.pdf

34

One area where backwards compatibility would be complicated were it attempted across lamp technology types is lamp
lifetime. Lifetime for LED lamps is calculated differently than lifetime for incandescent and fluorescent lamps. For LED lamps
the end of life is when the lamp reaches 70 percent of its initial lumen output whereas for incandescent and fluorescent
lamps the end of life is when the lamp stops producing light.
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10. Standby Power
10.1

Energy savings relevance

Many products have one or more low power modes and are therefore liable to use power in these
modes. The conventional low power modes can be categorised as the off-mode, the standby mode
(reactivation), and standby mode (including information or status display). In addition, some products
which may be operated as part of a network can be subject to networked standby loads. Standby
power levels of between 1 and almost 0 watts are reported in conventional standby modes35 for nonnetworked devices and from 1236 to 637 watts or less in networked devices. There are often technical
means available to minimise standby power demand and their deployment can lead to significant
relative energy savings compared to less optimal solutions. Nonetheless, the standby modes usually
represent a small proportion of the total energy consumption of products over their full duty cycle
and, due to the substantial progress in limiting standby power levels since around 2000 onward,
standby now accounts for a much smaller proportion of typical equipment power load. Circa 2000
conventional standby levels of 4W were not uncommon in appliances and consumer goods whereas
now they are reported to be well below 1W e.g. an average of 0.25W for dishwashers in Europe.
Furthermore, standby levels and needs vary appreciably from one product type to another and are
highly heterogenous. The sheer range of product types subject to standby loads is enormous. In
consequence, most 4E economies set policies to address standby at the specific product level i.e.
include it within requirements that apply to a specific product type such as a TV, air conditioner or
computer, which allows the approach to be tailored to the needs for standby for each specific product.
The EU (and by extension Switzerland) are exceptions to this in that they apply a horizontal standby
regulation that limits permitted standby loads for all product types, while in addition some of their
product specific MEPS and labelling regulations also address standby power demand. The sheer
heterogeneity of standby loads per product type greatly complicates the feasibility of doing any holistic
analysis of standby loads across the range of product types that have standby modes, while time series
analyses are complicated by rapidly evolving associated functionalities that are the drivers of standby
service provision.
Considering this complexity and comparative modesty of the savings potential (in absolute energy
terms) compared to other product categories considered in this analysis, standby power is not
considered as a specific “product category” within the PEET analysis, but rather is treated within the
product categories when relevant (e.g. for air conditioners, computers, LEDs, TVs, washing machines).

10.2

References

The most recent 4E Mapping and Benchmarking study was conducted in 2012 and covered the
following economies: Australia, Austria, Canada, Denmark, France, Korea, UK, USA.
Links to the reports are here:
Benchmarking report https://mappingandbenchmarking.iea-4e.org/shared_files/270/download
Policy brief https://mappingandbenchmarking.iea-4e.org/shared_files/484/download

35 Typical maximum levels found per mode are: • Off mode (any off-mode condition): 0.50 W, • Standby mode (reactivation):
0.50 W, • Standby mode (including information or status display) 1.00. In each case the best available solutions give
appreciably lower power loads.
36 For ‘networked equipment with high network availability’ (HiNA equipment) means equipment with one or more of the
following functionalities but no other, as the main function(s): router, network switch, wireless network access point, hub,
modem, VoIP telephone, video phone
37 For "Other network equipment" without HiNA capability such as imaging equipment, projectors, complex set top boxes,
when not performing a main function, power down significant portions of the device electronics to lower the power while
maintaining a network connection for receipt of a remote trigger
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11. Televisions
11.1

Energy savings relevance

Televisions are widely used in all 4E economies, are relatively energy intensive, have significant savings
potentials from the use of efficient equipment. Furthermore, they are subject to market failures that
tend to prevent the market from optimising the energy efficiency of the product over its lifetime in the
absence of remedial energy efficiency policies, such as minimum energy performance standards and
energy labelling. Therefore, televisions are a highly relevant product category to be included in the
PEET analysis.

11.2

Scope and definition

Product definitions need to delineate the products based on current designs and future trends because
there is increasing overlap between electronic products with integrated displays that have media
consumption and productivity functions, including computers, tablets, monitors, TVs and other types
of digital displays. Relevant trends include:
•

‘Tuner’ – analogue and free to air TV is being replaced with higher quality streaming and digital
STBs. Manufacturers are marketing and selling TVs without a tuner. This trend is likely to
continue, especially for higher resolution and screen size TVs.

•

Many products can display AV signals but as a secondary, or supplementary function.

•

New functions and characteristics are becoming more significant and need to be recognised.
The most significant is 4k screen resolutions and ‘high dynamic range’ which increases the
colour gamut and contrast ratio of the screens. 8k resolutions and network connectivity and
streaming are also important characteristics. These are being used in the calculation of screen
efficiency and performance criteria in proposed Ecodesign (EU) and ENERGY STAR policies.
Lastly, the screen refresh rate is also identified in the Japanese Top Runner requirements of
2009.

To address the issue of tuners, and recognising that the market is limited to larger, higher resolution
displays, the US ENERGY STAR programme defines a product type ‘Home theatre displays’ (HTD) that
is distinct from TVs with tuners by being larger than 25”, marketed as a HTD, and not a computer
monitor or Signage display.
The product scope used in the PEET analysis is summarised as:
•

An electronic display screen and associated electronics for the display of dynamic audiovisual
information as the primary function, received from wired or wireless sources, which houses an
integrated tuner (unless greater than 60cm diagonal).

Excluded from the scope are:
•

TVs smaller than 28cm.

•

TVs with integrated recording.

•

Computer monitors intended for one person viewing at close distance.

•

Digital signage.

•

Hospitality displays.

Although digital signage and hospitality displays are being covered in more recent regulations in some
countries, they remain out of scope since they represent a small part of the market and very little data
is available. Differences in brightness and use characteristics for these types of product also mean the
efficiency is different and could affect the analysis.
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11.3

Energy performance metrics

The screen area is the main determinant of both power consumption and functionality. Therefore, the
metric W/dm2 is used to indicate the efficiency of the product. This metric is simple to calculate and
normalise from the available data and facilitates the most extensive comparison. Based on this, larger
screens will tend to be more efficient, but this is not an issue for the PEET analysis because:
•

PEET analysis will focus on a subset of the most popular screen sizes and only compare the
performance of models within those specific screen-size ranges (see the reference models
description in Appendix A).

•

It is not used to inform consumer purchasing decisions.

This metric is suitable for analysing efficiency over time as functions and technologies change. The
Energy Efficiency Index (EEI), as used in the European television regulation 642/2009, measures
efficiency against a nominal TV and its technologies at one particular point in time and is not so well
suited to understand trends.
It should be noted that updated metrics are in use in the revised EU Ecodesign and Energy Labelling
regulations for displays, which include TVs, and the ENERGY STAR programme. The most significant
changes are:
•

New adjustment to calculate efficiency thresholds based on screen size.

•

New adjustment for auto brightness control. This takes into account the energy saved by the
television automatically dimming the screen brightness in response to the ambient light level.

Auto brightness control is not taken into account in the PEET analysis, because there is insufficient data
to allow this to be done.

11.4

Characteristics and similarity of test procedures used in each 4E
member economy

An in-depth study was conducted for APEC-CAST in 201438 comparing test methods and metrics which
covered the 4E countries. This found virtually all countries used the IEC 62087 Ed.2 to measure power
consumption. However, differences occurred in the preparation of the unit under test and subsequent
calculation of the energy performance metric. While the set-up required use of default or home
modes, additional restrictions were applied to prevent gaming, such as setting the home mode
brightness unrealistically low.
IEC 62087 Ed.3 and Ed.4 have superseded edition 2 but have no major differences, except to include a
methodology for auto brightness control.
In addition, the US DoE have created a new national test method (in 10 CFR Part 430 Subpart B App H)
that is used for ENERGY STAR and which, although very similar to IEC 62087, specifies the illuminance
levels required to test ABC and a formula to calculate the average ABC enabled power consumption. A
newer test method, ANSI/CTA 2037-B, was published in 2018 and is similar to the US DoE test method.
The most important difference is a new process to determine which pre-set picture setting should be
used for on-power testing, which generally selects the highest power consuming setting rather than
the default or home mode.
The only significantly difference occurs in the Chinese standard GB2485039. This uses the above
method for measuring the power but the strict adjustment of the screen to achieve a target luminance
level may result in screen brightness levels which are outside normal ‘home mode’ parameters, and in
some cases will result in different image processing being applied. It also uses the analogue signal
rather than HDMI.

38

39

https://clasp.ngo/publications/apec-cast-internationally-aligned-test-methods-and-performance-requirements-for-tvs
GB24850-2010 uses ‘Lumens per Watt’ as the performance metric
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11.5

Normalisation

While the test standard is currently the same globally, there may be different picture settings for
default or home mode in different countries. This could include luminance levels due to regulatory
requirements but also colour saturation and white balance due to cultural differences and may not be
consistent across different manufacturers or models. In theory this would need to be analysed and
normalisation applied.
For the current PEET analysis no normalisation was applied between the datasets since the 4E
economies that supplied model data all use the current IEC method. The one exception is the USA,
which includes testing with ABC enabled, although it is unclear which TV models are affected. The
Japanese regulation also differs in how it processes the results because it is based on annual energy
consumption (AEC) and requires testing of multiple power modes: on, power-saving, standby and EPG
acquisition. However, an analysis of a very limited number of similar models was conducted (see the
sub-sections below) and showed there could be some systematic differences; however, as the sample
size was small and the degree of similarity between the models in the sample is uncertain, no
conclusive adjustment factor could be derived.

Data sources
While all the current regions are based on the same test standard and should not require
normalisation, there are differences in preparation of the test unit as well as the data sources used.
These may impact the nominal efficiency of the products. In addition, some sources provide the date
the product is first registered which is typically when first placed on the market, while others are based
on models available on the market at the time the data was collated. For sources based on the collation
date, the TVs will include models which first came on the market a few years ago and is more like a
moving average of the year registered data. As a result, trends may appear later and be less
pronounced for the models available on the market. The sources are summarised in Table 13.
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Table 13: Summary of TV data sources
Country

USA and
Canada

Data source

ENERGY
STAR

Year

Notes

Registration

ENERGY STAR represents the most efficient
products on the market and therefore may not be
representative of the whole market. Thus, this data
is not used for the PEET 2018 analysis. For
models with ABC enabled, the power test at
maximum illuminance is used to minimise the
impact of ABC

USA

PEET

Models available
on market

Should be more representative of whole market.
This data is used for the 2018 PEET analysis and
the ENERGYSTAR data is ignored. Power
consumption includes ABC but there is insufficient
data to identify how many models are affected

Japan

PEET

Registration

Should represent entire market. One of the most
complete datasets

Australia

PEET

Registration

Should represent entire market. One of the most
complete datasets

EU

CLASP data

Models available
on market

This data is collated independently but should be
representative of the entire market. The timeseries
is limited to three years

EU

Top Ten

Models available
on market

This data is collated independently for Austria only
but is likely to be quite representative of the
broader EU market. This only covers 2009

Korea

1999-2009

Registration

Does not contain power data but is included in the
analysis of screen size trends

Comparison of a small sample of seemingly identical models
The differences in the stated (nominal) on-power for apparently identical models between regions, are
most likely due to differences in the default or home mode, which is sometimes regulated e.g. under
the European Ecodesign Directive.
A small number of 2018 vintage TV models that were available for sale in multiple regions were
identified from the above data sources and compared against the stated EU power rating (Table 14).
The EU ratings were used since it has the largest market and has one of the longest running regulations,
although the EU dataset is relatively small due to an historic lack of registration requirements.
Table 14 analysis shows the European TV power relative to itself must be 100%. The average TV power
in Australia is slightly lower, 96% but very close with the US TV set being around 10-15% more efficient
and the Korean set somewhere in between. The average efficiency of the ENERGY STAR Canada models
is slightly higher than that of the ENERGY STAR US models but there are only two data points, one of
which may be an outlier.
The relative efficiency of the models on sale in Japan is at a similar level to those on sale in the USA
and Canada. The on power for the Japan dataset was calculated using the equation:
?@ A?BCD (F) =

H3I (JKL)∗)(((NOPQRSTU VWXYZ(K)∗&))&.\(LZ)
)']^.\ (LZ)

This is simplified from the AEC formula applied in the regulation because the dataset did not contain
the data for the other power modes.
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Table 14: Selected TV model power consumption relative to EU declared power
TV model

Australia

Canada

EU

Japan

Korea

USA

Average

96%

84%

100%

85%

90%

88%

LG OLED55B8

85%

100%

117%

87%*

LG OLED65B8

83%

100%

102%

82%*

Sony xx-55X9

100%

100%

85%

99%*

Sony xx-65X9

100%

100%

87%

100%*

Sony xx-65A9

100%

100%

Samsung Qx55Q7FNA

96%

91%

100%

91%

91%

Samsung Ux55NU71

100%

77%

100%

50%

77%

Panasonic Tx-43FX600

107%

100%

90%

Sony xx-43X80

92%

100%

80%

94%*

71%*

NB. There is very little overlap between the Japanese and Korean markets in terms of the products offered for
sale.
* May include impact of ABC

11.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2010 and covered the
following economies: Australia, Austria, France, Korea, Switzerland, UK, USA.
Links to the reports are here:
Mapping & Benchmarking report: https://mappingandbenchmarking.iea4e.org/shared_files/393/download
Policy brief: https://mappingandbenchmarking.iea-4e.org/shared_files/391/download
Other reports: https://mappingandbenchmarking.iea-4e.org/matrix?type=product&id=2
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12. Washing machines
12.1

Energy savings relevance

The electricity consumption of domestic washing machines can be significant when the washing
tradition heats water as part of the washing process, which is the case for most 4E economies. Savings
potentials can be appreciable when washing machine design options are used to reduce the amount
and temperature of heated water without compromising wash quality. Almost all 4E economies apply
energy labelling and MEPS to this product category and washing machines have undergone substantial
improvements in energy efficiency over the last decades, largely in response to the policy measures
applied. This makes them an interesting candidate for efficiency trends analysis. They are also thought
to still offer some additional savings potential, although this may be modest.
They are a product category for which there are significant differences in local market preferences for
product types and in test procedures and efficiency metrics, and this complicates the ability to
compare efficiency across non-harmonised economies. Across 4E economies the differences in test
procedures are such that the ability to apply normalisation methods to compare across economies is
very challenging and also technically under-developed (i.e. there is a dearth of supporting technical
work that could enable this).

12.2

Scope and definition

PEET defines a domestic laundry appliance (more commonly known as a washing machine), as follows:
An appliance for cleaning and rinsing of textiles using water which is principally designed for use
within a domestic environment. The appliance may draw water from a cold and/or hot water
supply and may also have a means of extracting excess water from the textiles.
The sub-categorisations shown in Table 15.
Table 15: Matrix definition of washing machine sub-categorisation40

40

From M&B Report
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The potential scope is shown in Table 16 below. However, this spans a range of very different washing
machine technologies, which are tested under quite non-comparable test procedures, whose
differences are so significant it is not possible to adequately normalise between them.
Table 16: Matrix of washing machine sub-categorisation within the scope of the M&B analysis

For the PEET analysis, the scope includes only washing machine types that are tested under aligned
test methodologies, excluding semi-automatic and manual washing machines (which are almost nonexistent in 4E markets).

12.3

Energy performance metrics

PEET uses the efficiency metrics that are currently specified in the regulations applicable in each 4E
economy where products are tested under aligned test methodologies, as is discussed in the
normalisation section below.

12.4

Characteristics and similarity of test procedures used in each 4E
member economy

A summary of the differing wash test requirements, mandatory performance requirements and
labelling declarations is given below:
•

Australia defines a minimum wash performance and rinse effectiveness (for warm wash) with
energy and water consumption as labelled variables. The warm wash temperature test has
water inlet temperature of 20°C and a 35°C wash. Australian normalisation has been
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undertaken based on the nominal warm wash temperature defined in the local standard.
Mandatory labelling is in force.
•

In China the top loader inlet water temperature is 30°C while the front loader inlet water
temperature is 15°C. The tested energy consumption of top loader impeller units is purely the
mechanical energy to agitate and spin the laundry, plus the energy used for water pumping.
However, the energy consumption of the front loader drum machines not only includes the
mechanical energy, but also includes the energy to heat the water – the energy to heat the
water being high relative to the mechanical energy element. China’s front loader machine test
procedure is similar but not identical to that used in the EU. MEPS and labelling are in force
but are distinct for top loader and front loader machines.

•

The EU has mandatory MEPS and energy labelling for washing machines. The cold water inlet
temperature is 15°C. Until recently, the wash programmes used were either nominal 40°C
programmes or nominal 60°C programmes, however, all this means is that the 40°C
programme is able to clean normally soiled cotton laundry declared to be washable at 40°C
and the 60°C is able to clean normally soiled cotton laundry declared to be washable at 60°C –
the programme nominal temperature does not mean that the cycle attains that wash
temperature. The value reported in the energy labelling and Ecodesign ratings used a weighted
sum of nominal programmes wherein the nominal temperature and load would vary for the
summed wash cycles. The most recent requirements published in 201941 use a eco 40-60’
programme, which means the name of the programme declared by the supplier as able to
clean normally soiled cotton laundry declared to be washable at 40 °C or 60 °C, together in the
same washing cycle, and to which the information on the energy label and in the product
information sheet relates. It also applies a weighted cycle approach but in this case the cycles
chosen are all the eco 40-60’ programme but at full, half or quarter load.

•

The Republic of Korea has mandatory energy performance requirements and labelling of wash
quality, rinse effectiveness and spin effectiveness. Different testing methodologies are used
for front-loader units (similar to the EU but with water inlet temperature of 20°C) and toploader units (water inlet temperature and wash of 20°C)42. MEPS and labelling are in force but
are distinct for vertical axis and horizontal axis machines.

•

US/Canada have mandatory energy (MEPS and labelling) and water consumption
requirements. Wash temperature and water inlet temperatures are nominally 57.2°C and
15.6°C respectively. However, declared energy and water consumption is based on the average
machine consumption over a range of cycle conditions (in particular, the quantity and
temperature of water used)43.

12.5

Normalisation

The interaction between wash performance, water temperature, cycle length, mechanical action and
detergents is complex and is not fully understood even within the laundry industry. There are very
significant differences between the washing machine technologies favoured across different 4E
economies and in the test methods applied and there is a lack of technical work available to use to
derive a robust normalisation method across them. The same washing machines are generally only
sold in economies that have aligned test methodologies and similar consumer washing habits and
expectations; thus, there is unlikely to be data for the same machines tested according to different

41

Commission Delegated Regulation (EU) 2019/2014 of 11 March 2019 supplementing Regulation (EU) 2017/1369 of the
European Parliament and of the Council with regard to energy labelling of household washing machines and household
washer-dryers and repealing Commission Delegated Regulation (EU) No 1061/2010 and Commission Directive 96/60/EC
42
Source: Notice No. 2017-61 of Ministry of Trade, Industry and Energy (MOTIE), Korea
43
DOE published an amended test procedure for residential clothes washers on March 7, 2012, specified in 10 CFR Part 430,
Subpart B, Appendix J2; however, the water inlet and hot wash temperatures are the same as reported in the M&B report.
Manufacturers were required to use the amended test procedure beginning March 7, 2015.
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test methods available from the 4E regulatory product databases. PEET has not found data that could
be used to derive best fit parametric normalisation models from.
Consequently, the PEET analysis only compares the performance of machines tested under aligned test
methods. In practice, that means: US and Canadian models can be compared in a similar way; all
machines sold in Europe can be compared with each other and also potentially with front loader
machines sold in China (although this would still require some additional normalisation work to
confirm); machines sold in Japan and Korea may not be comparable with other groups; and rated
performance of machines sold in Australia are not directly comparable with those sold in the other 4E
economies.

12.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2012 and covered the
following economies: Australia, Austria, Canada, Denmark, Korea, Switzerland, UK, USA.
Links to the reports are here:
Benchmarking study: https://mappingandbenchmarking.iea-4e.org/shared_files/465/download
Product definition: https://mappingandbenchmarking.iea-4e.org/shared_files/34/download
Policy summary: https://mappingandbenchmarking.iea-4e.org/shared_files/307/download
CLASP (2014) Benchmarking China Clothes Washer Test Procedures against those used in the EU
https://clasp.ngo/publications/benchmarking-china-clothes-washer-test-procedures-against-thoseused-in-the-eu
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13. Water heaters
13.1

Energy savings relevance

Water heaters are widely used in all 4E economies, are relatively energy intensive, and depending on
the fuel used have significant savings potentials from the use of efficient equipment. Furthermore,
they are subject to market failures that tend to prevent the market from optimising the energy
efficiency of the product over its lifetime in the absence of remedial energy efficiency policies, such as
minimum energy performance standards and energy labelling. Therefore, in principle they are a
relevant product category to be included in the PEET analysis.
Nonetheless, they are a product category for which there are significant differences in terms of the
choice of fuels used (and the corresponding savings potentials). For example, gas water heaters
generally have the potential for relatively more modest efficiency improvements, mostly from using
gas condensing technology and reduced standing losses, whereas electric water heaters offer a larger
savings potential, but only if heat pumps are used; and this corresponds to a substantial increase in
product cost as well as implications for product size and hence suitability.
Solar water heaters also offer substantial savings potentials but are not always applicable. Similarly,
condensing gas combi-boilers will offer energy savings (compared to conventional gas water heaters)
but are only suitable when hot water is also needed for space heating.
For these reasons all energy efficiency standards regulations (MEPS or Top Runner) currently apply
requirements that are separate for each water heater type and only in the EU is energy labelling
applied across water heater types.
To further complicate matters, water heaters are one of the product categories with the least
harmonised test procedures across 4E economies and also across water heater types. These
differences are such that the ability to apply normalisation methods to compare across economies or
product types is very challenging and there may be insufficient supporting technical information to
enable this.

13.2

Scope and definition

PEET uses the definition of a water heater from the European Preparatory Study on Water Heaters:
A water heater is defined as an appliance designed to provide hot sanitary water. It may (but
need not) be designed to provide space heating or other functions as well.
This definition is broadly drafted as the range of designs, sizes/capacities and energy sources used to
provide sanitary hot water in any particular country/region is extensive. The CLASP Water Heater
Scoping Study provides a summary of these potential variations:
Water heaters may be gas, electric or solar powered. They can be instantaneous, typically
positioned close to the point of demand, or they may use storage tanks connected to the points
of demand by a distribution system. Electric water heaters may use heat pump technology
(water, ground or usually air-source) to increase the overall efficiency or they may be more
conventional designs that simply use electric resistance heaters. In some economies, most
notably Europe, water heating can also be provided by the same device used to provide the space
heater through a “combi-boiler” design that has one heating loop for sanitary hot water and
another to supply water into a hydronic heating system.
Water heaters can also be classified in terms of:
•

Capacity.

•

Fuel type (gas, electric, oil, solar, biofuels).

•

Whether they are of an instantaneous or storage type.

•

Whether they are unitary or split into components.
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•

Whether they have more than one form of heating the water or not.

Also, water heaters may be sold as unitary units or as assemblies of components. For example, in the
case of heat pump water heaters (HPWH) this can include:
•

Unitary (refrigeration unit and water storage tank in the one cabinet).

•

Split – heat pump connected to tank by refrigerant lines, condenser inside water tank.

•

Split – heat pump connected to tank by water lines, condenser housed in same cabinet as
evaporator. This configuration may be designed as: - single pass (‘one time’) – water heated
to desired temperature in one pass; and

•

Multi-pass (‘circulated’) – water heated to desired temperature in stages.

The way in which HPWHs are defined varies significantly between standards. This means that products
which are grouped together for testing under one standard may need to be separately tested under a
second standard, because of some design difference that may not even be defined under the first
standard. Furthermore, a product type defined in one standard may not even be testable under other
standards because there is no provision for them. For example, the European Standard EN16147 does
not appear to provide for the testing of a unitary HPWH designed to be installed outside, whereas this
product type is common in Australia.
Water heater markets vary substantially and are constrained by many locally specific factors. It is very
technically demanding to compare performance across the various technologies used and huge array
of distinct and largely incompatible test procedures.
Given the comparatively limited scope to improve the energy performance of non-electric and
instantaneous water heaters, PEET focuses solely on electric storage type water heaters but including
heat pump storage water heaters. It should be noted that this definition includes heat pump storage
water heaters that include an electric resistance backup heater to meet peak demand, which in some
economies are classified as “Electric + Electric heat pump” water heaters.

13.3

Energy performance metrics

The PEET analysis uses the Total Unit Energy Consumption (TUEC) metric detailed in the earlier M&B
report to analyse the water heater products within scope of the PEET. It should be noted, however,
that this does not illustrate efficiency (merely energy consumption) unless it is further normalised to
take account of the level of hot water demand and tank size. This can be done by comparing TUEC
trends for similar sized water heaters (as presented in the previous M&B study).
Total Unit Energy Consumption (TUEC) of storage water heaters is defined as follows:
Total Unit Energy Consumption = Total energy required to heat the water including energy losses
occurring during this process
+ Energy lost to ambient from the water during storage
This equation may be converted to a generalised forumal for the delivery of specific hot water demand
(assumed to be over 24 hours):
TUEC =

3_`abcade
.fYZQgg :YQPhRi 3jjhkhYRkU

+

PhlYVYZhWS × OPQRSTU
)(((

Where:
TUEC

= the daily total energy consumed to deliver hot water energy in a specific draw/tap
cycle (Kwh/day)

Ehotwater

= the increase in embodied energy in the hot water relative to the cold water input
(kWh)

Overal Heating Efficiency = the overall efficiency of the process generating Ehotwater (%)
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Standby

= the rate of heat loss from any stored water under stable conditions (Watts)

Timeperiod

= the time over which the standby heat loss occurs (hours).

Where all above values are integrated over 24 hours i.e. the time period is 24 hours, and the increased
embodied energy in the delivered hot water is equal to the rise in temperature of the quantity of water
heated multiplied by the specific heat capacity of water44.
An adapted form of this equation is used for heat pump water heaters where the TUEC is derived as a
function of the Coefficient of Performance (COP) of the water heater45.
The benchmarking analysis showed the TUEC as a function of storage tank volume.46

13.4

Characteristics and similarity of test procedures used in each 4E
member economy

The following aspects are commonly determined in water heater test procedures:
•

Stationary (or steady-state): measurement of the energy input in steady-state conditions, in
different conditions of water flow, water inlet temperature, water outlet temperature,
standard energy consumption, used to measure the efficiency. Several tests may be performed
to get the average results. It may include a reduced capacity test. It can be used with the
heating part of a split storage heater.

•

Standby energy consumption: the electrical power input measurement while there is no
heating demand.

•

Start-up heat capacity (or steady-state warm-up, cold-start heat-up): for a storage heater, it is
the energy required to raise the temperature of the water in the tank from the cold water
temperature up to a given temperature, defined in the standard or given by the manufacturer.

•

Hot water delivery capacity (or diffusion test): for storage heaters. The test starts just after a
recovery. Hot water is drawn off at a constant water flow rate or a constant energy rate until
the outlet water temperature reaches a given value. Water inlet temperature is constant and
the heater is connected. Water volume drawn off during the test is measured together with
its temperature. The final result is the volume of water referred to a given temperature.

•

Tapping cycle (or draw): test simulating “real” use of the hot water, with several hot water
draw-offs at a given water flow rate, during a given time or until reaching a given energy. For
storage heaters, this test starts after a recovery and a last recovery shall end the test after a
24h period. The number of draw-offs varies between countries (roughly between 6 and 20 per
24 h) and the draw-off characteristics may or may not be identical.

•

24 hour simulated use test: simulated composite 24 hours using results of different tests. This
can be made by calculation or by the use of full simulation from component testing using
TRNSYS software.

•

Steady-state standby loss test: this test starts when the water temperature in the tank is steady
at a given hot water temperature, as defined in the standard or given by the manufacturer.
During 48h to 72h depending on the test procedure, energy consumption is measured while
the control device of the heater maintains a constant temperature within the tank.

44

Note, to be clear – term “quantity” is referring to the mass of water thus the definition of the increased embodied energy
in the delivered hot water is the rise in temperature of the water heated multiplied by the mass of water heated and the
specific heat capacity of the water.
45
Note, in national test procedure cases where the standing losses are not explicitly measured they are nonetheless implicitly
captured in the rated coefficient of performance and hence the TUEC equation applied takes this into account.
46
For full details of how the TUEC is calculated and what is included in it please see the M&B (benchmarking) report in the
references section.
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•

Stationary, COP (coefficient of performance) at different outdoor temperatures/water inlet
temperatures, constant outlet temperature. Weighted to a seasonal COP (SCOP) value.

As the text above implies, there are significant variations in the way many of these parameters are
measured under the different test procedures used in the 4E member economies.

13.5

Normalisation

In practice the nature of the water heater data available for the PEET analysis is such that it has not
been possible to identify any identical models across the 4E economies which use unaligned test
methods and efficiency metrics, thus it was decided to use the same normalisation method applied in
the previous M&B work, i.e. the TUEC described above. It should be noted that while the TUEC metric
could also be designed in principle to include auxiliary electric standby power loads it only includes the
thermal (tank loss) standby power loads in the current PEET analysis. Pragmatically, this is because the
auxiliary standby power loads are not generally reported and so cannot be treated in the comparative
analysis, however, it should be noted in practice these loads will be a tiny proportion of the make-up
of the TUEC value and hence their omission will have negligible impact on the results47.

13.6

References

The most recent 4E Mapping and Benchmarking study was conducted in 2017 and covered the
following economies: Australia, Canada, Japan, Korea, Sweden, USA.
Links to the reports are here:
Benchmarking study: https://mappingandbenchmarking.iea-4e.org/shared_files/737/download
Conversion methodology: https://mappingandbenchmarking.iea-4e.org/matrix?type=matrix
Market characteristics: https://mappingandbenchmarking.iea-4e.org/matrix?type=matrix
CLASP 2014 Scoping Study for Residential Water Heaters: https://clasp.ngo/publications/preliminaryanalysis-conducted-by-clasp-and-waide-strategic-efficiency-informs-water-heater-benchmarking

47
Most water heaters have an element of energy consumption associated with control but few test procedures explicitly
measure these values and/or require their declaration. Thus, for practical reasons it is necessary to ignore consumption by
control systems where they are not inherently included as an element of other parts of the water heater energy consumption
tests. Fortunately, compared to the overall energy consumption of most water heaters, this energy consumption is relatively
small (a 2W control would equate to approximately 45 kWh/year when usage periods are taken into account, typically 1-2%
of overall energy consumption over a year) so the error arising from its omission is relatively small.
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Appendix A: Reference models under the PEET project
To aid comparison of product energy performance across 4E economies and over time the PEET selects
a set of 3 to 4 representative products (reference models) per product category. Each representative
model is defined in terms of a narrow window of capacities (e.g. rated power for motors, or adjusted
volume for refrigerator-freezers). Data for all models within these windows are then included in the
PEET analysis. Table A1 shows how the reference models are defined for each product category except
desk top computers whose categorisation is explained in Table A2. Further details are provided below
the tables.
Table A1: Reference models categories used in the PEET
Reference model capacities
Product
category

Indicator

TVs

Screen size inches

Desktop
computers

Computing power

Transformers

Variation

Low
- range -

Intermediate
low

Intermediate
high

High

30-34” (32”)

40-44” (42”)

54-56” (55”)

64-66” (65”)

+/- 2
inches

1500

+/- 5%
kVA

See Table A2 below
High Performance

Capacity (kVA)

400

1000

Luminous flux
(lumens)

470-490

806-871

1056-1197

1521-1741

GLS
equivalent
lumens
at 230V
or 115V

Domestic
refrigeratorfreezers

Adjusted Volume
(@ factor 2.15 for
the frozen food
compartment)

150

450

750

1000

+/- 5%
Adjusted
volume

Air
Conditioners

Cooling capacity
(kW)

2

3.5

5

7

+/- 5%
kW

70

+/- 5% of
the
proposed
rated
capacity

300-320

+/- 10
litres
around
midpoint

LEDs

Electric
Motors

Water
heaters

Washing
machines

Rated capacity
(kW)

Volume (litres)

2.2

50-70

7.5

110-120

20

180-190

Capacity (kg) or
local units
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Table A2: Desktop computer reference model categories used in the PEET
Desktop Type

Low
Performance

Medium
Performance

High
Performance

Low
Performance

Medium
Performance

High
Performance

Average
Technical
Characteristics

Integrated Desktop

ENERGY STAR v5
Category

B

B

D

B

B

D

ENERGY STAR
v6/v7 Category

I1

I3

D2

I1

I3

D2

CPU Performance
Score

5.8

14.4

15.2

5.8

6.4

16.8

Installed RAM
(GB)

8

16

32

8

16

32

Discrete GPU
Category

n/a

n/a

G7

n/a

n/a

G7

Display Area
(inches2)

216.9

216.1

219.6

Display Area
(dm2)

14.0

13.9

14.2

Display
Resolution (MP)

2.3

2.9

7.1

4E Classification

Classification

Desktop

Televisions
There is a lot of commonality in the prevalent size ranges for televisions found in the 4E economies, as
would be expected for a globally traded product with a concentrated manufacturing base. The four
screen size ranges (expressed in inches per the international convention) cover the range of most
common sizes while allowing for the potential evolution of screen sizes in the future. To be sure to
capture a reasonable sample of each market, models within a spread of +/- 2 inches of the proposed
screen size values are included in the analysis.

Desktop Computers
The key aspect for desktop computers is to categorize them based on their computing power
(performance). The three performance categories selected are designed to do this and use
performance criteria set out in the ENERGY STAR version 5 or version 6 & 7.1 specifications (one of
these versions is used in each of the 4E economies).

Distribution Transformers
Distribution transformers are marketed based on their rated capacity, expressed in kVA. The three sets
of kVA ratings for the reference models are based on a detailed analysis of the available data, which
shows that these rated capacities cover a good range of the available capacities but also coincide with
values that account for the majority of the total installed rated capacity sold in the 4E markets. To be
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sure to capture a reasonable sample of each market, models within a spread of +/- 5% of the proposed
kVA values are included in the analysis.

LED lamps
In most 4E markets household lamps sales are still largely dominated by lamps with a light output
(luminous flux) that matches the output produced by traditional incandescent lamps. Incandescent
lamps were marketed more by their power wattage than by their luminous flux and the dominant sales
were of 40, 60, 75 or 100W lamps. Because of this legacy the most commonly sold LED lamps within
the scope of the PEET have the same luminous flux levels as these old incandescent rated lamps. This
is confirmed as all the 4E markets for which there is data are dominated by lamps that have an
equivalent light output (luminous flux) to either a 40, 60, 75 or 100W incandescent lamp, so these are
chosen for the reference models analysis. The corresponding luminous flux values that would be
produced with these incandescent lamp power ratings are set out in IEC 62612 Self-ballasted LED
lamps for general lighting services with supply voltages > 50 V - Performance requirements amd 1:2015
section 9.1.
As the lumen output of incandescent lamps is not equivalent at 230V/50Hz and 115V/60Hz mains
power supplies, the range in luminous flux applied for the reference models is the spread that would
be expected across these conditions for 40W, 60W, 75W and 100W incandescent lamps, which gives
the lumen ranges reported in Table A1. The minor differences in the luminous flux permitted within
each reference model group included within the analysis are considered unlikely to introduce any
relevant bias in the comparison.

Domestic refrigerator & freezers
In energy policy regulations, the capacity of refrigerator/freezers is expressed in terms of adjusted
volume (where freezer compartment volume is multiplied by a factor to account for the extra energy
required to freeze food as opposed to store fresh food and is then summed with the fresh food
compartment volumes).
An analysis was done to compare the distribution of products by adjusted volume in each 4E market
and this resulted in the proposed reference model values.
To be sure to capture a reasonable sample of each market, models within a spread of +/- 5% of the
proposed adjusted volume values are included in the analysis.
Note that the values in the table are derived from using a nominal 2.15 freezer volume adjustment
factor for convenience (this is in line with the most commonly used value and is simply used here to
put all values on a common footing; however, this does not imply this factor should be used in the
subsequent energy performance analysis).

Air conditioners
The cooling capacity values cover all 4E markets and the major selling capacities within them. To be
sure to capture a reasonable sample of each market, models within a spread of +/- 5% of the proposed
cooling capacity values would be included in the analysis.

Electric motors
The rated capacity values cover the bulk of the series motor market and installed capacity. Motors
above 90kW tend not to be manufactured in series but are often customised and that makes
comparison very challenging, therefore very large rated capacity motors have been excluded from the
reference model selection. The reference model rated capacity values are common in all 4E markets;
however, to be sure to capture a reasonable sample of each market, models within a spread of +/- 5%
of the rated capacity values are be included in the analysis.
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Water heaters (electric)
The rated storage capacity values cover the main size ranges found across the markets including the
slightly larger (on average) heat pump water heaters. At least two of the selected storage capacities
are common to the majority of markets, but to be sure to capture a reasonable sample of each market,
models a spread of ~ +/- 10 litres around the mid-point of the proposed rated capacity values are be
included in the analysis.

Washing machines
As clothes washer energy performance will not be compared across markets a selection of
representative models will be made for each market once the data is collected. The main need will be
to ensure that a time series analysis is possible.
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Appendix B: Findings from additional work: Establish ratio of impact
of differences in voltage/frequency for computers
Table B.1 and Table B.2 show the increase in TEC (kWh/year) associated with testing the desktops and
integrated desktops at 230V/50Hz compared to results obtained when the same products were tested
at 115V/60Hz. The analysis was conducted for products in the 2017 and 2019 US ENERGY STAR
databases. The analysis has been broken down into the three different performance categories. The
analysis was conducted for TEC results as reported in the ENERGY STAR databases as well as for
calculated TEC results (using the power demand figures in the databases). The calculated results were
used to minimise the impact of any reporting errors and rounding issues associated with the reported
TEC results.
Table B.1 Normalisation – Increase in TEC (kWh/year) when products tested at 230V/50Hz compared to
115V/60Hz (Based on products in US ENERGY STAR Database 2017)
Percentage TEC (kWh/year) Increase from 115V to 230V
High
Performance

All
Medium
Performance

Low
Performance

All

High
Performance

Medium
Performance

Integrated Desktop
Low
Performance

All

Desktop

0.6%
19.3%

1.1%
17.1%

0.5%
19.3%

0.1%
3.4%

2.4%
90.0%

2.0%
19.2%

2.7%
90.0%*

n/a
n/a

1.4%
1.4%

Minimum
Standard
Deviation

-35.1%

-7.2%

-35.1%

-2.5%

-18.4%

-11.0%

-18.4%

n/a

1.4%

3.6%

3.3%

3.8%

1.7%

7.0%

4.9%

8.0%

n/a

5.3%

Mean
Maximum

1.8%
20.4%

3.0%
18.9%

1.4%
20.4%

0.2%
4.4%

3.0%
24.6%

2.6%
24.4%

3.2%
24.6%

n/a
n/a

Minimum

-34.8%

-31.8%

-34.8%

-8.8%

-10.8%

-10.8%

-6.6%

n/a

2.3%
24.6%
34.8%

4.5%

5.3%

4.1%

3.0%

5.9%

5.0%

6.3%

n/a

5.1%

795

176

602

17

550

214

336

0

1345

Reported
Calculated ENERGY
ENERGY STAR
STAR TEC
TEC

Mean
Maximum

Standard
Deviation
Number of
products in
dataset

* Note: The value is reflecting an error in the reported TEC results. The corresponding calculated TEC value for that single
product is 2.5%. Calculated TEC results were used due to these types of errors in the ENERGY STAR database.

Page 51

4E PEET METHODOLOGY REPORT JANUARY 2021

Table B.2 Normalisation – Increase in TEC (kWh/year) when products tested at 230V/50Hz compared to
115V/60Hz (Based on products in US ENERGY STAR Database 2019)
Percentage TEC (kWh/year) Increase from 115V to 230V

Medium
Performance

High
Performance

Standard
Deviation
Mean
Maximum
Minimum

Standard
Deviation
Number of products in
dataset

Low
Performance

0.4%
14.6%

-0.3%
3.3%

1.5%
17.1%

1.6%
13.0%

1.6%
17.1%

-0.9%
1.7%

0.9%
0.9%

-8.8%

-20.7%

-2.2%

-9.1%

-8.9%

-9.1%

-5.9%

0.9%

3.4%

3.6%

3.5%

1.2%

3.8%

3.5%

4.0%

2.2%

3.5%

1.4%
20.7%
20.1%

3.4%
18.3%

1.1%
20.7%

0.0%
3.5%

2.2%
17.5%

2.2%
13.7%

2.2%
17.5%

1.2%
4.3%

1.6%
20.7%

-8.8%

-20.1%

-1.7%

-8.7%

-7.1%

-8.7%

-2.2%

-20.1%

3.9%

4.2%

3.9%

1.1%

3.7%

3.4%

4.0%

2.0%

3.8%

463

85

336

42

190

64

117

9

653

Medium
Performance

2.1%
15.1%

Low
Performance

All

Minimum

All

0.6%
15.1%
20.7%

All
Calculated ENERGY Reported ENERGY
STAR TEC
STAR TEC

Mean
Maximum

Integrated Desktop
High
Performance

Desktop

The results (both reported and calculated TEC figures) show that there is significant variance in the
difference in TEC (kWh/year) when the same products were tested at the different voltage and
frequency combinations of 115V/60Hz and 230V/50Hz. The results show that the extent to which TEC
is impacted by measuring the same product at 115V/60Hz and 230V/50Hz varies considerably. This
variance can be seen within the two product types (i.e. Desktop and Integrated Desktops), between
the different performance levels of each product type and even within the individual performance
levels for each product type. This large variance suggests that the influence on TEC results associated
with measuring the same product at 115V/60Hz and then at 230V/50Hz may be smaller than other
factors influencing the testing results. That is, the TEC results for the same product may be affected
more by other issues than is due to the impact of changing the voltage and frequency of the product
under test.
Some of the findings from the analysis suggest that higher TEC variance is correlated with lower power
demands. For example, it is clear from the results that the TEC variance is higher for low specification
computers than for medium specification computers and higher still than for high specification
computers. Average TEC is lowest in low specification computers and highest in high specification
computers. As such, there may be a correlation between lower power demand and greater variance
in TEC when tested at different voltage/frequency combinations. Table B.3 provides additional
evidence of the correlation between lower power demand and greater variance in TEC. It is clear from
the results that power demand variance is highest for the lowest power mode (i.e. off mode). That is,
the power demand variance reduces as the average measured power demand increases. However, it
is also clear from the results that the highest overall mean power demand variance is seen for high
specification computer off modes, despite high specification computers not having significantly higher
overall mean off mode power demands (as seen in Table B.4). However, the standard deviation for off
mode power demand differences is very high for high specification computers, suggesting that there
is significant variance in the results.
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Table B.3 Normalisation – Percentage Increase in Power Demands when products tested at 230V/50Hz
compared to 115V/60Hz (Based on products in US ENERGY STAR Database 2017 and 2019)
Percentage Power Demand Increase from 115V to 230V
Medium
Performance

High
Performance

All

Low
Performance

Medium
Performance

High
Performance

Mean

0.3%

0.6%

0.3%

-0.1%

2.3%

1.9%

2.5%

n/a

1.1%

SD

4.4%

3.7%

4.6%

2.0%

6.6%

5.7%

7.2%

n/a

6.2%

Mean

0.1%

1.0%

-0.1%

-2.2%

1.8%

2.2%

1.6%

n/a

0.8%

SD

4.1%

3.8%

4.1%

7.4%

5.0%

6.1%

4.2%

n/a

4.8%

Mean

4.9%

4.8%

4.9%

5.1%

4.1%

3.8%

4.4%

n/a

4.6%

All
Reported ENERGY STAR
Power (2017 Database)
Reported ENERGY STAR
Power (2019 Database)

Short Idle
Long Idle
Sleep
Mode
Off Mode
Short Idle
Long Idle
Sleep
Mode
Off Mode

Integrated Desktop
Low
Performance

Desktop

All

SD

6.4%

7.7%

6.1%

3.8%

8.4%

8.5%

8.4%

n/a

8.2%

Mean

13.2%

8.6%

14.2%

22.8%

7.8%

7.0%

8.2%

n/a

10.9%

SD

32.4%

62.5%

15.3%

15.6%

17.4%

21.0%

14.7%

n/a

35.0%

Mean

0.4%

1.6%

0.3%

-0.5%

1.3%

1.3%

1.5%

-1.0%

0.7%

SD

4.0%

4.5%

4.0%

1.4%

4.0%

4.0%

4.1%

2.0%

4.0%

Mean

0.4%

2.2%

0.1%

-0.4%

1.9%

2.1%

2.1%

-2.4%

0.8%

SD

4.6%

3.5%

5.0%

1.2%

5.3%

4.4%

5.6%

4.5%

4.8%

Mean

3.0%

4.2%

2.9%

1.8%

0.9%

2.3%

0.1%

1.8%

2.4%

SD

6.5%

5.8%

6.7%

6.6%

7.5%

7.6%

7.4%

5.2%

6.9%

Mean

9.0%

8.2%

8.7%

12.9%

5.3%

6.1%

4.6%

8.2%

7.9%

SD

19.1%

18.1%

19.5%

18.5%

14.8%

15.5%

13.4%

25.7%

18.0%

Table B.4 Normalisation – Mean Power Demands (W) when products tested at 230V/50Hz compared to
115V/60Hz (Based on products in US ENERGY STAR Database 2017 and 2019)
Mean Power Demand (W) 115V and 230V

Off Mode

High
Performance

Sleep
Mode

Medium
Performance

Long Idle

Low
Performance

Short Idle

All

Off Mode

High
Performance

Sleep
Mode

Medium
Performance

Long Idle

Low
Performance

Short Idle

Integrated Desktop

All
Reported ENERGY STAR
Power (2019 Database)

Reported ENERGY STAR
Power (2017 Database)

Desktop

115V/60HZ

23.83

16.33

25.37

47.01

33.30

31.04

34.75

n/a

27.71

230V/50HZ

23.92

16.39

25.47

47.05

34.14

31.73

35.67

n/a

28.10

115V/60HZ

22.40

15.08

23.90

45.48

17.92

16.41

18.89

n/a

20.57

230V/50HZ

22.41

15.19

23.89

44.69

18.26

16.81

19.18

n/a

20.71

115V/60HZ

1.67

1.37

1.74

2.26

1.75

1.51

1.90

n/a

1.70

230V/50HZ

1.75

1.43

1.82

2.37

1.83

1.55

2.00

n/a

1.78

115V/60HZ

0.61

0.57

0.62

0.54

0.65

0.61

0.68

n/a

0.62

230V/50HZ

0.67

0.59

0.70

0.63

0.70

0.65

0.73

n/a

0.68

115V/60HZ

20.22

12.08

20.48

34.58

26.98

23.11

27.59

46.67

22.19

230V/50HZ

20.24

12.24

20.49

34.44

27.30

23.45

27.95

46.26

22.30

115V/60HZ

19.03

11.12

19.27

33.10

12.80

10.25

12.94

29.21

17.22

230V/50HZ

19.05

11.34

19.26

33.00

13.03

10.49

13.22

28.67

17.30

115V/60HZ

1.36

1.15

1.38

1.63

1.63

1.38

1.71

2.24

1.44

230V/50HZ

1.40

1.19

1.42

1.66

1.64

1.40

1.72

2.28

1.47

115V/60HZ

0.52

0.49

0.53

0.46

0.53

0.52

0.56

0.33

0.52

230V/50HZ

0.55

0.53

0.56

0.51

0.56

0.55

0.58

0.38

0.56

All
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Some of the relationship between lower power demands and higher TEC/power demand variance
when measuring at 115V/60HZ versus 230V/50HZ may be due to PSU issues. Desktop and Integrated
desktop computers are typically voltage independent load devices as their power demand is optimised
from the output side of a power supply unit. As such, the power demand of these devices should be
independent of supply voltage and frequency. However, it is clear from the result shown in the tables
above that there are differences in power demand for products when tested at different voltage and
frequency combinations. Higher quality PSU’s are likely to be more efficient at converting AC input
power to DC output power. High specification computers are more likely to include higher quality PSUs,
which could explain some of the lower variance between the 115V/60Hz and 230V/50HZ TEC results
for high specification computers. PSU efficiency reduces as the difference between the input power to
the rated output of the PSU increases. As such, PSU efficiency is lowest when computers with high
power demand rated PSUs only require a small amount of input power (e.g. during off mode). High
specification computers are likely to have higher rated PSUs as they are likely to have higher peak
power demands. The high TEC variance seen in high specification computers could therefore be linked
with higher rated PSUs being inefficient at AC/DC conversions during low power modes.
As witnessed by the high standard deviation rates, whilst variance in power demand, and hence TEC,
appears to be correlated with reducing power demand this does not appear to be the only factor
driving the difference between TEC values measured at 115V/60Hz and 230V/50Hz. To understand the
true impact of voltage/frequency combination changes in products it would be necessary to isolate
any other testing inconsistencies. For example, the same products could be tested several times at
each of the voltage/frequency combinations. This would allow the impact of the voltage/frequency
combination to be isolated from any other testing issues such as PSU efficiency levels.
For the purposes of normalisation used in the PEET analysis, it is proposed that the mean increase in
TEC for products measured at 115V/60Hz compared to 230V/50Hz is applied as a normalisation factor
(exactly as was done in the 2019 PEET analysis). It is suggested that the mean value provides an overall
estimated impact of the change in TEC associated with different voltage/frequency combinations when
applied across many computers.
Note, the analysis above indicates the average magnitude of this effect is a 1.8% adjustment in the TEC
due to mains voltage/frequency differences.
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