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Energy efficiency rezulations:

Electric motors




PREFACE

Introduction

New Zealand has a trade agreement with Australia, which requires that products
lawful for sale in Australia, originating from or through Australia, may be lawfully sold
in New Zealand and vice versa. New Zealand is therefore obliged to consider
implementing any action taken by Australia affecting the appliance and equipment
market.

The Australian Greenhouse Office (AGO) is committed to implement new more
stringent minimum energy performance standards (MEPS) levels for specified
categories of electric motors beyond existing regulations. The AGO decision is
largely based on a similar study (a regulatory impact study - RIS) carried out for the
Australian motor market. The new MEPS is scheduled to come into force in Australia
from 1% April 2006.

The report

This report has been commissioned by the Energy Efficiency and Conservation
Authority (EECA) to explore the potential for energy savings through measures to
increase the energy efficiency of electric motors in New Zealand.

The report is a comprehensive impact assessment of the proposal for a new more
stringent MEPS level for three-phase motors with output ratings from 0.73 kW to 185
kW (within the scope of AS/NZS 1359.5).

The study is based on an economic analysis of the New Zealand electric motor
industry and evaluates the compliance costs to the industry of meeting the more
stringent MEPS levels. The proposed MEPS level will reduce electricity losses by 10
- 20% for most motors covered by AS/NZS 1359.5. Overall 70% of existing motors
within its scope will require modifications to meet the more stringent MEPS levels.

The study also considers a number of alternative options to increase efficiency of the
motors:

» options for higher and lower MEPS

» options for excluding certain classes of motors

» option of a minimalist regulation

» option of reduced government role in regulation

» option of using alternative instruments

The recommendation

The energy savings that can be derived from more stringent MEPS level will
outweigh the costs of compliance. On this basis the report recommends that New
Zealand should proceed with the adoption of the more stringent MEPS level from 1
April 2006.

EECA will consult with industry regarding the proposed more stringent MEPS level.
After consideration of industry feedback, a recommendation is likely to be forwarded
to Government regarding the adoption of the more stringent MEPS level.
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Executive summary

This report provides an impact assessment for proposed changes to minimum energy
performance standards (MEPS) for motors falling within the scope of the joint Australian New
Zealand Standard AS/NZS 1359.5. These are three-phase induction motors with output ratings
from 0.73 kW up to but not including 185 kWh. They are used in a wide range of applications,
including airconditioning and ventilation systems, pumps, mechanical drives and compressors.
The new regulation would take effect from 2006.

The problem

The proposal is an element of the National Energy Efficiency and Conservation Strategy
(NEECS). NEECS is part of New Zealand’s Climate Change Policy, targeting the energy
efficiency of consumer appliances, industrial and commercial equipment.

The energy used by motors accounted for about 7.6% of New Zealand’s gross greenhouse
emissions in 2000. However the proposed efficiency measures can only reduce the heat and
other energy losses within the motor itself, since the rest of the energy is effectively used by
the various types of machinery that are driven by motors. Motor losses account for about 0.9%
of gross emissions.

The objective

The Energy Efficiency and Conservation Authority (EECA) is responsible for implementing
NEECS, coordinating its activities with Australia via the joint Australia/New Zealand National
Appliance and Equipment Energy Efficiency Committee (NAEEEC).The proposal would
substantially complete EECA’s strategy for motors, which includes energy labeling and
information activities, alignment with international test procedures, and preliminary Minimum
Energy Performance Standard (MEPS) that have applied to three-phase motors since 2002.

NAEEEC has adopted a policy of adopting “world’s best regulatory practice’. This involves
setting MEPS at levels broadly comparable with the most demanding MEPS adopted by
trading partners of Australia and New Zealand, but following that lead with a lag of several
years. Canada and the United States provide the lead for motors, having adopted comparable
standards in 1997. Given New Zealand’s status as an importer of electrical appliances and
equipment, it is considered inappropriate to take the lead or to otherwise adopt standards that
put New Zealand significantly at odds with its trading partners.

The actual efficiency benchmarks proposed correspond closely to the European Union’s
‘Efficiency 1’ or EFF1 level. This is appropriate since, like Europe and many of New
Zealand’s trading partners in Asia, New Zealand’s power system operates on a frequency of
50 Hz, and traditional suppliers have strong European connections. North America is on 60
Hz. Hence, while the proposal is to follow the North American lead in mandating high
efficiency, the actual benchmarks are European.

The proposal

The proposed measures will require about 70% of existing models to be withdrawn from the
market. Motor losses will need to be reduced by 10-20% for most motors that are borderline
compliant with the existing 2002 MEPS, with larger reductions for some smaller motors.

Figure 1 indicates the expected energy savings and reductions in greenhouse emissions from
the more efficient motors that would be purchased in the period through to 2020. However
savings continue for considerable period beyond 2020, given that motors have an average life
of 12-15 years. Over the period, energy use and greenhouse emissions are reduced about 3,324
GWh and 2.0 MtCO,-e respectively. Assuming a full turnover of the motor stock to comply
with the regulation in the longer term, the total energy used by motors would be reduced by
1.6%.
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Figure 1: Profile of energy savings and greenhouse reductions
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Assessment

Nationally, the proposed regulation is expected to deliver net benefits of $34 million in present
value terms and a benefit/cost ratio of 2.2. A significant investment is required from users,
costed at $27 million in present value terms. There will also be once-off costs of adjustment
for suppliers, put at $2 million. The additional cost to government is virtually zero, since the
effect of the regulation is to strengthen a MEPS regime that is already in place.

The balance of benefits and costs to users is variable, depending on the types and size of
motors that they use, and the intensity of use. For example, the returns are markedly higher in
the industrial sector than in the commercial sector, reflecting the longer hours of operation in
the former.

The overall assessment depends critically on the relationship between the percentage reduction
in motor losses and the percentage increase in the cost of motors that deliver those reductions.
The report draws on a number of studies to assess this tradeoff. While suppliers have
suggested that the cost effects have been underestimated, the proposal remains cost-effective
under their alternative estimates of cost impacts.

Other options

Minimum levels of energy efficiency could be further increased. However New Zealand
would then be setting the pace for the rest of the world and the inherent risks are unacceptable.
In particular, the empirical basis for assessing further increases is minimal; there would be
strong supplier resistance; and significant gaps would appear in the range of products that are
available to New Zealand. New Zealand is a small market, relying completely on imports, and
there is no prospect that new models would be developed to meet specific New Zealand
requirements.

The option of implementing MEPS by voluntary agreement was also considered, given that
the European Union has adopted the voluntary approach. However that model is not a viable
alternative to the proposed regulation. In particular, the European agreement is much less
ambitious compared with the level and scope of the efficiencies that will be required in New
Zealand.

Recommendations
It is recommended that New Zealand implement the proposed mandatory minimum energy
performance standards.
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1 The context for regulation

This impact statement addresses a proposal to increase the minimum energy efficiency
requirements of certain electric motors supplied in New Zealand. The proposal is part of the
National Energy Efficiency and Conservation Strategy (NEECS). In turn, NEECS is part of the
Government’s policy package on climate change. This section explains the policy context.

1.1 Climate Change Policy

New Zealand ratified the Kyoto Protocol on 19 December 2002 and will need to limit
greenhouse gas emissions to 1990 levels during the first commitment period, which is 2008 to
2012. This is a significant undertaking. The principal growth in greenhouse gas emissions
comes from increased CO, emissions, primarily from the energy sector, and particularly from
electricity generation and transport. Overall emissions from the energy sector have grown by
almost 30% relative to its CO, emissions in 1990.

In October 2002 the Government confirmed a set of policies for meeting New Zealand’s
obligations under the Kyoto Protocol. They include a number of policies other than NEECS, as
follows:

e Greenhouse emission charge: This charge will be applied to fossil fuels and industrial
process emissions after 2007.

e Negotiated Greenhouse Agreements: These are contractual commitments by the firm or
industry to achieve international best practice in managing emissions, in return for
exemption from all or part of the emissions charge. They are available to sectors that
would otherwise suffer a loss of competitiveness as a result of climate change policies.

e Projects to Reduce Emissions: This is an incentives program to reduce emissions
relative to business as usual (BAU) outcomes.

e Voluntary arrangements: Voluntary arrangements are proposed for local government
and to reduce emissions of certain synthetic gasses.

e Sectoral strategies: Climate change will be a factor in implementing New Zealand’s
Transport Strategy and Waste Strategy

e Research, awareness and international partnerships

1.2  National Energy Efficiency and Conservation Strategy

NEECS is one of the foundation policies in the Government’s climate change package. It was
formulated in 2001, following the passage of the Energy Efficiency and Conservation Act in
2000. The Act established the Energy Efficiency and Conservation Authority (EECA) as the
principal body responsible for implementing NEECS.

NEECS sets the following specific targets for 2012:

e a20% improvement in energy efficiency

e anincrease in the use of renewable energy, from 23% to 42%.
The Strategy contains numerous initiatives targeting five sectors: government, energy supply,
industry, buildings and appliances, and transport. These are largely voluntary measures but
supported by certain mandatory requirements for the energy efficiency labelling and minimum

energy efficiency performance. Currently the regime of minimum energy performance
standards (MEPS) covers the following product classes:

e domestic electric storage water heaters
e domestic refrigerators and freezers
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e fluorescent lamps

e fluorescent lamp ballasts

e packaged air conditioners

o three-phase cage induction motors

MEPS are implemented by invoking the relevant Australian/New Zealand Standards (AS/NZS)
for the specific product type In the present case, the proposed regulation WI|| invoke the
AS/NZS 1359 series for ‘rotating electrical machlnes Part 5 in particular’.

1.3  Policy framework

New Zealand MEPS are developed in consultation with the National Appliance and Equipment
Energy Efficiency Committee (NAEEEC), which comprises officials from Australian and New
Zealand agencies with responsibility for implementing product energy efficiency initiatives in
the various jurisdictions.

NAEEEC’s broad policy directions were reviewed in 1998-99 and again in 2000-01, with
recommendations brought together in two ‘Future Directions’ documents (NAEEEC 1999 &
2001). Certain changes were subsequently endorsed at a ministerial level®. These relate to
product coverage, communication, and procedures and timetable.

Product coverage

Any type of consumer appliance, industrial or commercial equipment is eligible for regulation,
provided it is identified as a likely contributor to growth in energy demand or greenhouse gas
emissions. The selection criteria include potential for greenhouse or energy savings,
environmental impact of the fuel type, opportunity to influence purchase, market barriers,
access to testing facilities, and administrative complexity.

Communication
Product strategies are developed through a transparent planning process, including providing
stakeholders with formal opportunities for providing comment and feedback.

Procedures and timetable

In respect of any proposal to implement MEPS, a significant initiative in recent years has been
the decision to match the best MEPS level of Australia and New Zealand’s trading partners,
after taking account of differences in test methods and other relevant differences such as
climate or consumer preferences. The explicit adoption of ‘world’s best regulatory practice’
focuses attention on specific options, provides stakeholders with confidence that proposed
MEPS are technically feasible, and thereby avoids the long and many-sided debates that have
characterised the development process in the past.

All of the regulatory requirements are implemented via the standards machinery that is familiar
to industry, including not only the required efficiency benchmarks, but also related labelling,
testing and registration requirements. On this occasion, there has been parallel development of
testing standards, harmonising with existing international standards and development in those
standards.

NAEEEC has also adopted a legislative timetable, designed to implement any proposed MEPS
within 3 to 5 years, giving industry adequate notice of new MEPS and some certainty about the
process.

! AS/NZS 1359.5 — Rotating electrical machines — General requirements. Part 5: Three-phase induction motors —
ngh efficiency and minimum energy performance standards.

2 NAEEEC reports to the Australian government through the Working Group for Energy Efficiency and
Greenhouse Gas to the Ministerial Council on Energy (MCE), which is made up of the Ministers with portfolio
responsibility for implementation of greenhouse strategies in this field. New Zealand has observer status on MCE.

2
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1.4  Contribution of motors to energy use and greenhouse
emissions

The total amount of energy used by motors taking a three-phase electricity supply, which are
the subject of the proposed regulation, cannot be determined with great confidence. An earlier
study by Energetics summarised the available estimates of the electricity used by such motors
as follows:

o about 75% of industrial and agricultural energy use (excluding metal melting &
smelting which is approximately 35% of total industrial energy use), i.e. 48.75%
of total industrial energy use;

o about 50% of all commercial energy use (excluding small commercial
establishments that are on a single phase supply and estimated to account for
50% of all commercial energy use) i.e. 25% of total commercial energy use;

o no residential energy use;

o no traction energy use. (Traction motors are usually DC and thus fall outside the
scope of the study).

(Energetics 1997: Book 1, page 13)

Based on these assessments, three-phase motors would account for about 42% of the electricity
used by the combined commercial and industrial sectors, and about 30% of total electricity use.
Table 1.1 provides corresponding estimates of energy use and greenhouse emissions. Note the
following:

e Historical growth of energy use in the industrial and commercial sectors suggests that
the energy used by motors is growing at about 2.2% per year. In that case energy use in
2010 would be 52% higher than in 1990.

e The estimate of associated greenhouse emissions assumes that marginal units of
electricity generate emissions at the rate of 600 tonnes per GWh. This is the figure
recommended to the Climate Change Office (CCO) by Concept Consulting Group
(CCG 2003), for the purposes of assessing the emissions reductions achieved by
projects that reduce the demand for grid-purchased electricity.

e In the final column of table 1.1, motor-related em|55|ons are expressed relative to
historical estimates and projections for gross emissions®, the latter published by the
Ministry for Economic Development (MED 2003a) and the CCO (2003). The business
as usual (BAU) projection is for emissions to grow at about 1.9% per year in the period,
which is somewhat slower than the projected growth for motors. Accordingly there
would be a slight increase in the share of emissions contributed by motors.

TABLE 1.1: ENERGY USE AND GREENHOUSE EMISSIONS: 1990-2010

Energy use Géﬁﬁg;gﬁze % of 1990 % of total
(GWh) (Mt CO,-€) emissions emissions
-
1990 7,331 4.4 100% 7.1%
2000 9,109 55 124% 7.6%
2010 11,122 6.7 152% 7.4%

However it is important to distinguish between the total energy used by motors and the energy
losses that can be attributed to motors. The distinction arises because motors are intermediate
devices that convert electrical power into the mechanical power required by a wide range of
end uses.

For example, consider a 3kW motor that is connected to a water pump, running at full load,
and is 75% efficient. This means that the motor uses 4kW of input power to provide 3kW of

® The estimate for gross emissions excludes the offsetting contribution from forest sinks.
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output power to the water pump, since efficiency is measured as the ratio of output power to
input power (3KW/4kW = 75%). 3kW of power is used to do the work of the pump and 1kW is
lost as the motor converts electrical energy into mechanical energy. A large part of the loss is
in the form of heat that is generated by electrical resistance within the motor.

Importantly, an improvement in the energy efficiency of this motor can only reduce the amount
of energy lost by the motor; it does not reduce the energy required by the pump. For example, a
motor that is 80% efficient would deliver the 3kW required by the pump but lose only 0.75kW
in the conversion process. (3kKW/3.75kW = 80%). It may also be feasible to reduce the energy
requirements of the pump but that would require a more efficient pump or some other change
in the production process to reduce the demands on the pump. These are separate issues that
are not affected by the efficiency of the motor.

Accordingly, it is sensible to focus on motor losses as the energy that is, strictly speaking, used
by the population of electric motors - as distinct from the pumps, fans, compressors, conveyor
belts, and all manner of other devices that are connected to motors. Table 1.2 presents this
alternative perspective, indicating that motor losses account for about 0.9% of gross
greenhouse emissions. These losses are estimated at about 11.8% of the gross energy that is
used by motors, consistent with the modelling that has been undertaken for this report.

TABLE 1.2: MOTOR LOSSES AND GREENHOUSE EMISSIONS: 1990-2010

Energy use Gree_nh_ouse % of 1990 % of total
(GWh) emissions emissions emissions
(Mt CO,-e)
1990 865 0.5 100% 0.84%
2000 1,075 0.6 124% 0.89%
2010 1,313 0.8 152% 0.88%

1.5 Market failure

For there to be scope for regulations to achieve cost-effective reductions in motor losses,
markets must be regarded as having failed to minimise the lifecycle costs of using motors.

Lifecycle costs of electric motors

The purchase price and the energy bills are the only elements of lifecycle cost* that are
significantly affected by the proposed regulations. They also comprise the bulk of lifecycle
costs.

Table 1.3 provides useful perspective on lifecycle costs, using the example of 4-pole” electric
motors used in the industrial (manufacturing & mining) sector. It indicates that lifecycle energy
bills are about 2.5-4 times larger than the purchase price of the motor itself. Energy costs are
clearly a significant part of total motor costs. Ideally they would be given a weight in
purchasing decisions that reflects their relative importance.

* Lifecycle costs also include the costs of monitoring, maintenance and repairs (including periodic rewinding of
larger motors) but these are not significantly affected by energy efficiency measures.

® The number of poles determines the speed of the motor, with slower motors having more poles. They are
commonly made with 2, 4, 6 or 8 poles.
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TABLE 1.3 COMPONENTS OF LIFECYCLE* COSTS (4-POLE MOTORS ONLY)

Components of lifecycle cost ($/kW) Ratio of energy
bill to purchase

Rated output (kW) Energy bill for

Purchase price motor losses* Total price
0.73-2.2 129 342 471 2.6
3-75 69 230 299 3.3
11 - 37 54 206 260 3.8
45-90 42 160 202 3.8
110 - 180 46 142 188 3.1

Notes

* Lifecycle costs are defined here to exclude monitoring, maintenance and repair costs that would not
be significantly affected by efficiency measures.

** The lifecycle energy bill is the present value of energy bills discounted at 7% per year.

Motor system purchase and management practice

The US Department of Energy recently published the Final Report of the United States
Industrial Electric Motor System Market Opportunities Assessment (DOE 2002). This
assessment was intended to provide a blueprint for the implementation of the Motor Challenge
strategy, one of its tasks being to develop a profile of motor system purchase and maintenance
practices. Key findings® of relevance to this report are as follows:

e Overall awareness of energy efficient motors was found to be relatively low. Only 1 in
5 respondents to the survey were aware of premium-efficiency motors. A similar
proportion indicated that they had purchased efficient motors over the previous 2 year
period.

e Only 4% of respondents reported that they were aware of the efficiency ratings
associated with the high or premium efficiency designation.

e Manufacturer’s catalogues were the most frequently used references for motor selection
but only 5% of customers reported using these resources regularly. Only one quarter
were aware of any publications or tools whatsoever for guiding motor purchases.

e Only 11% of companies had written specifications for motor purchases, two-thirds of
which included efficiency specifications.

e 40% of motors in use operated at less than 40% load, which is the point at which
energy efficiency starts to fall away, particularly for smaller motors. This suggests that
the practice of over-sizing motors is widespread, resulting in both higher capital costs
and higher energy bills.

Larger companies, particularly in motor intensive sectors such as petroleum, are more likely to
have adopted better management practices. Overall, however the general finding is that ... few
facilities managers have implemented more than one or two elements of good motor systems
purchasing and management practices. Many had implemented none’.

It is reasonable to expect that these departures from best practice will also be widespread in
New Zealand. Market failure is strongly suggested by observations such as the following:

e There are large differences between the energy efficiency of the least efficient and the
most efficient motors on the New Zealand market. Motor losses commonly vary by 30-
50% of the average loss. Even more efficient motors are available overseas.

e Marketing sources report that energy efficiency is often not a primary or even a
significant consideration in electric motor purchases. The apparent lack of concern is at
odds with the fact that energy costs contribute significantly to the lifecycle costs of
using a motor.

See Section 3 of the assessment report.
" DoE 2002: page 73
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e The cost effectiveness of regulatory measures to promote energy efficiency has been
demonstrated across a range of appliances and equipment in many countries, including
electric motors in New Zealand.

The continued commercial success of inefficient motors can be traced to the fact that motors
contribute only a small proportion of all costs of many operations where they are used. As a
result, relatively little attention is given to their overall costs.
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2 The objective

This section explains the objectives of the regulations, firstly in terms of completing EECA’s
strategy for motors, and secondly in terms of the formal objectives against which the proposal
is assessed in this report.

2.1

EECA’'s motor strategy

The proposed regulations will substantially complete EECA’s package of motor measures. The
following elements of the strategy have already been implemented through successive
amendments to the AS/NZS 1359 series.

MEPS for three-phase motors were first introduced in October 2002.

In addition to the mandatory MEPS that apply to all motors that fall within the scope of
the Standard, the regime also requires motors that are designated as high efficiency to
comply with specific efficiency requirements that are significantly more demanding
than the mandatory MEPS. These will be referred to as ‘conditional MEPS’ hereafter.
The conditional MEPS are a form of energy efficiency labelling, providing information
that might not otherwise be readily available to users.

It is recognised that it may not be cost-effective to mandate mmlmum energy efficiency
requirements for certain types of motor. For that and other reasons®, the following
classes of motor are excluded from the MEPS requirements:

o submersible (sealed) motors specifically designed to operate wholly immersed
in a liquid;

o motors that are integral with, and not separable from, a driven unit (an example
is a motor constructed on the same shaft as a compressor for an air-conditioning
unit);

0 multi-speed motors;

0 motors that have been granted exemption by the relevant Australia/New
Zealand regulatory authority due to their application placing restraints on the
motor dimensions or other key design aspects;

o motors for use only for short-time duty cycle applications (eg. those used for
hoists, roller doors and cranes) which have a duty type rating of S2 under the
IEC 60034-12;

o rewound motors, unless claimed to be ‘high efficiency’.

AS/NZS 1359 also requires that rating plates be attached to motors and that ... The

motor efficiency marked on a rating plate, specified in technical literature or otherwise
claimed shall not exceed the value obtained by a test undertaken by or for the supplier.
Claims of energy efficiency are liable to be check tested subject to specified tolerances.

Finally, the Standard provides for the registration of motors if required by the
regulatory authority. Where registration is not required it also provides for the
regulator’s access to the supplier’s test data, WhICh is the option adopted by New
Zealand. New Zealand has a separate regulation” requiring suppliers to provide full
sales detail for up to the last 3 years on a yearly basis.

In 2000, a revised test method for motors was also published (AS/NZS 1359.102.3).
The revised method provides equivalent results to the US test method of the Institute of
Electrical and Electronic Engineers (IEEE) 112-B, which is recognised as superior to

8 The other main exclusions are motors that are imported as part of original equipment, since these are not
regarded as supplied in New Zealand. However the regulation applies to all motors that are included in original
equipment that I1s manufactured in New Zealand, provided the motor is separable from the equipment. This applies
regardless of whether the motors are imported directly by the manufacturer or are obtained through an importer,
and regardless of whether the equipment is destined for export or for domestic use.

® Clause 9 of “Energy Efficiency (Energy Using Products) Regulations 2002”
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the European method that had previously been used in New Zealand. Both methods are
now accepted under AS/NZS 1359.5.

Motors are included in the joint Australian/New Zealand check test programme, which is
coordinated by EECA and the Australian Greenhouse (AGO) through NAEEEC. For these
purposes NAEEEC has been using the only NATA-accredited test facility in Australia.
However this laboratory is located within the Melbourne premises of a motor supplier, CMG,
and there have been complaints from CMG’s competitors about these arrangements. NAEEEC
is therefore encouraging the establishment of an independent test lab for electric motors, by
paying for the NATA accreditation of a laboratory and offering some level of revenue from
guaranteeing the check testing of a certain number of motors for NAEEEC. The establishment
of an independent NATA lab is a priority for NAEEEC and should be operational in 2004.

Development of new measures to complete the strategy

The proposed regulation provides for increased stringency of the mandatory MEPS from April
2006 plus commensurate increases in the conditional MEPS that apply to motors designated as
‘high efficiency’. Importantly, the high efficiency designation signals NAEEEC’s intentions
beyond 2006, which it does in two ways. First, NAEEEC has indicated to industry that, after
2006, there would be no further increases in MEPS until 2012. Second, it has indicated to
industry that the 2012 MEPS will not exceed the conditional MEPS for high efficiency
appliances that are proposed for 2006. It follows that the proposed regulation offers industry a
clear view of regulatory developments to 2012 and beyond.

To determine the proposed MEPS, NAEEEC followed the MCE’s policy directive to explore
levels that are commensurate with MEPS adopted by Australia and New Zealand’s trading
partners. Much of this information was brought together in a report commissioned by
NAEEEC (NAEEEC 2002a). The relationship between the regulatory regimes in New Zealand
and its trading partners is as follows:

e Where possible, the proposed 2006 MEPS have been aligned with the most demanding
of the three classes of motor efficiency that have been defined by the European Union
(EU). This is the so-called ‘“efficiency 1’ or ‘effl’ class of motors. This is appropriate,
given that there are certain similarities between the electricity supply systems of Europe
and New Zealand (both have a frequency of 50 Hz) and that European companies are
major suppliers to the New Zealand market. The key differences are as follows:

0 EU has entered into voluntary agreements with suppliers rather than impose
minimum requirements.

0 The voluntary agreements are to adopt ‘eff 2’ as the standard motor
specification, which corresponds to the MEPS adopted by New Zealand in
2002. The ‘“eff 1’ standard applies only for labelling purposes.

0 The voluntary agreements relate only to 2 and 4-pole motors, leaving the 6 and
8-pole motors unregulated.

0 The EU regime applies to motors rated up to 90 kW, whereas the New Zealand
regulation extends to motors of 150 kW.

e The proposed 2006 MEPS are comparable with the MEPS introduced by the United
States in 1997 and subsequently by Canada, allowing for the fact that the US practice is
to regulate the average performance of each design rather than specify a minimum
performance as occurs in New Zealand. The correspondence is particularly close for 2
and 4-pole motors. The main differences are as follows:

0 The New Zealand requirements for 6-pole motors are somewhat less demanding
than in North America. This relaxation recognises the difference in frequency of
the power supply, which is 50 Hz in New Zealand and 60 Hz in North America.
The higher speed of 6 pole motors running on 60 Hz means that 6-pole motors
are a relatively high volume product in North America and that higher
efficiencies are somewhat easier to achieve.

0 8-pole motors are unregulated in North America.

Notwithstanding these differences, NAEEEC’s proposal for 2006 is essentially to follow the
US and Canadian lead with a lag of 9 years.
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e There are similarities between New Zealand and a number of New Zealand’s trading
partners — specifically, China, Taiwan, Thailand, Malaysia and Brazil. They currently
have (or will soon have) MEPS that are broadly similar to New Zealand’s 2002 MEPS,
and have defined high efficiency standards that are similar to those currently applying
in New Zealand. However, they have not taken the further step of converting the
current high efficiency standards into a future MEPS. Thailand and Malaysia are
possible exceptions, having indicated that the transition will occur in 2008 and 2009
respectively. Details are not available.

Overall, the New Zealand proposal is to adopt the North American approach to regulation but
using EU efficiency benchmarks where possible. The North American approach is to explicitly
regulate for high efficiency, whereas the EU approach is based on voluntary agreements at a
lower level of efficiency. However EU has defined high efficiency motors (eff 1) for labelling
purposes. That benchmark is familiar to the European manufacturers that are major suppliers in
the New Zealand market and has been adopted for the 2006 MEPS wherever possible.

In addition, the New Zealand proposal goes beyond overseas practice in one respect, in that
MEPS have been extended to 8-pole motors. This is a small market, accounting for about 2%
of total sales that fall within scope of the regulation. The loss reductions required of 8-pole
motors are much the same as required from the 4 and 6-pole motors and will require the
upgrading of a similar proportion of the models that are currently registered.

It needs to be kept in mind that the 2006 MEPS will be fixed at least until 2012, during which
time there will be regulatory changes in other countries. All of these countries are on rolling
programs of increasing MEPS, but moving to different timetables. Different countries will take
the lead at different times. Importantly, NAEEEC’s strategy is not to follow each new leader as
it emerges. Rather, NAEEEC plans to revise MEPS at periodic intervals, taking a lead that is
appropriate at that time. In that way New Zealand joins the rolling program of increasing
MEPS, moving closer to the front when MEPS are revised, but slipping back through the pack
during intervening periods. Specifically, New Zealand will match the leaders in 2006 but fall
back in relative terms as it is matched or leap-frogged by other countries in the years after
2006. Over the long haul the effect will be for New Zealand to broadly keep pace with its
reference group, not with a particular country.

Options considered in the previous RIS

In selecting traditional or ‘command and control’ regulation to complete the motors strategy,
NAEEEC has implicitly rejected a number of alternative approaches, including voluntary
arrangements, levies and targeted regulation. These alternatives are explained in the following
chapter, and a shortlist of options is subject to detailed consideration in chapter 4.

2.2  Specific objectives of the proposal

The objective of the proposed regulation is to reduce New Zealand’s greenhouse gas emissions
from the use of electric motors, subject to the following constraints:

e The measures need to be cost-effective for the broad community of users.

e The measures need to be efficiently designed, minimising adverse impacts on
manufacturers and suppliers, and minimising adverse impacts on product quality and
function.

e The measures need to be clear and comprehensive, minimising potential for confusion
or ambiguity for users and suppliers.

It is not envisaged that the measures will be cost-effective for all users, always and
everywhere. There will be circumstances where particular electric motors are so lightly used
that increases in appliance costs are larger than expected small savings in energy savings. Cost-
effectiveness is interpreted in terms of the interests of the broad community of users.
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3 Options

EECA'’s options for finalising the motor strategy are explained here, and a shortlist of options
is provided for more detailed consideration in chapter 4. The first two sections deal with
options for the stringency of the proposed MEPS, including the option of maintaining the
status quo. The remaining sections deal with a series of options that depart from the proposal
in some other significant respect.

3.1 The proposed regulation

The proposed MEPS are tabulated in appendix 1, differentiated according to the size of the
motor and the number of poles. For technical reasons it is easier to achieve high efficiency for
more powerful motors and harder to achieve high efficiency for motors with more poles.
(Appendix 1 provides a more detailed explanation of these differences.) Accordingly, MEPS
are set higher for larger motors. Except for the largest motors (>45 kW), the MEPS are set
lower for 6-pole and 8-pole motors than for 2-pole and 4-pole motors.

Figure 3.1 summarises the existing and proposed MEPS regime for 4-pole motors, which
account for about 75% of the market. The MEPS are shown against a scatter diagram
representing the 876 4-pole motors that have been registered with the Australian Greenhouse
Office. Each point in the scatter represents the output power and efficiency ratio of a registered
model. (It is reasonable to assume that a similar range of motors is readily available in New
Zealand.)

Three MEPS levels are shown, as follows:

e The existing mandatory MEPS were introduced in October 2002 and are shown as
‘2002 MEPS’.

e |tis proposed that the conditional 2002 MEPS applying to high efficiency motors will
become the mandatory MEPS from April 2006.

e The highest level of MEPS is the conditional MEPS applying to high efficiency motors
from April 2006.

FIGURE 3.1: EFFICIENCY OF AGO-REGISTERED MOTORS, COMPARED WITH EXISTING AND
PROPOSED MEPS (4-POLE MOTORS ONLY, USING TEST METHOD A)
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Figure 3.2 reports a comparison of the 2002 and 2006 MEPS in terms of the percentage
reduction in motor losses that are required by a ‘borderline motor’. Most of the loss reductions
are in the range 10-20%, with the exception of the smallest 2-pole and 4-pole motors, where
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the required loss reduction ranges up to 30%. In general, larger motors are required to achieve
smaller loss reductions.

Relative to the mandatory 2006 MEPS, the conditional 2006 MEPS for high efficiency motors
would require a further 15% reduction in energy losses.

FIGURE 3.2 REQUIRED REDUCTION IN MOTOR LOSSES — 2006 MEPS COMPARED WITH
2002 MEPS
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The adoption of world’s best regulatory practice in 2006 will affect about 70% of the models
that were registered with the AGO in mid-2003. A breakdown of non-compliance rates by
output power and number of poles is provided in figure 3.3 and table 3.1. On average, there are
about 22 models in each of the occupied cells. The general pattern is for the non-compliance
rate to fall in the range 50-70%, but with the following exceptions.

e Many of the smaller types of motors have non-compliance rates that range up to 90%.
Virtually all of the cells with only one registered model return a non-compliance rate of
100%. That is, the single model does not comply.

e 8-pole motors go against the trend, with rates on non-compliance increasing with motor
size. There is one significant cell containing 13 models that returns 100% non-
compliance. These are 160 kW 8-pole motors.

With the exception of the larger 8-pole motors, the burden of adjustment seems to be evenly
distributed across the various types of motors.

Table 3.2 provides further perspective, specific to New Zealand. This shows that, based on
EECA’s analysis of sales data provided by suppliers, about 10% of the motors sold in New
Zealand comply with the proposed 2006 MEPS. However there is considerable variation by
type. Looking at the last column and the bottom row of the table, the general pattern is for the
proportion of complying motors to increase with the size of the motor but to be inversely
related to the share of motors in the market. In respect of the latter point, 4-pole motors have
the largest market share (69%) and the lowest sales of complying motors (3%). The
corresponding shares for the other types of motor are: 2-pole, 25% and 20%; 6-pole, 5% and
23%; 8-pole, 1% and 35%.

11
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FIGURE 3.3 NON-COMPLIANCE RATES FOR AGO-REGISTERED MOTORS, AGAINST 2006
MEPS
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TABLE 3.1 NON-COMPLIANCE RATES FOR AGO-REGISTERED MOTORS, AGAINST 2006
MEPS
Output power Number of poles
Total
(kw) 2 4 6 8
0.73-4 78% 79% 82% 78% 79%
55-11 73% 79% 77% 44% 73%
15-30 65% 71% 66% 67% 68%
37-75 51% 63% 60% 74% 60%
90 - 185 57% 64% 56% 89% 64%
Total 68% 73% 70% 69% 70%
TABLE 3.2 MOTORS SOLD IN NEW ZEALAND - % COMPLYING WITH 2006 MEPS: 2001-

02

Output power

Number of poles

(kw) 2 4 6 8 Total
0.73-4 18% 0% 10% 39% 5%
55-11 5% 0% 22% 66% 2%
15— 30 37% 25% 65% 19% 31%
37-75 80% 13% 17% - 43%
90 — 185 21% 0% 0% - 4%
Total 20% 3% 23% 35% 9%
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3.2  Options for higher and lower MEPS

The proposed regulation is effectively defined by Figure 3.2, which sets out the required
reductions in motor losses. The requirements could be tightened or relaxed in two ways. Either
the minimum requirements could be raised or lowered, or the implementation date could be
advanced or delayed. Given the large number of potential combinations, it is necessary to
identify reasonable combinations for comparison with the proposal.

The business as usual option

It is necessary to compare the proposal with the option of maintaining the existing regulatory
position. This is the status quo or business as usual (BAU) option. It would preserve the motors
strategy that is already in place but the proposals to increase stringency would not occur.
Specifically, the efficiency of three-phase motors would continue to be constrained by the 2002
MEPS, with the minimum levels of efficiency increasing with the output power of the motor.

The outlook is not one of zero efficiency gain under the BAU option. In the earlier Australian
RIS (GWA 2000) it was projected that efficiency would increase by 0.05 — 0.15 percentage
points per year under BAU conditions, with slower rates of growth for the larger motors. This
assumes a continuation of efficiency improvements that have been observed since the issue
was first addressed in a report commissioned by the Department of Primary Industries and
Energy in the mid 1990s (Energetics 1997). All round improvement at the rate of 0.1
percentage points per year is assumed for the purposes of this report.

The leadership option

It is also necessary to consider the alternative of adopting even more stringent requirements
than are proposed. Rather than follow world’s best regulatory practice, New Zealand could
take the lead itself and set the pace for the rest of the world. It is convenient to pose this issue
in terms of the appropriate status of motors that would qualify as high efficiency units under
the proposal. Specifically, the leadership option would be to raise the mandatory 2006 MEPS
to the proposed high efficiency level, reducing motor losses by a further 15%. All but a handful
of the motor models that are currently registered would fail to comply with such standards.

Options for delayed implementation

The proposal is for implementation in April 2006. There is no scope to bring this date forward
without seriously limiting the adjustment time that is available to both suppliers and users.
However, implementation could clearly be delayed further and that option needs to be
explicitly considered.

3.3  Options for excluding certain classes of motor

Certain classes of motor are currently excluded from the MEPS requirements, because it is
either not feasible or not cost-effective to include them. These are listed in section 2.1. Since
the proposal is to make the MEPS more stringent, it is conceivable that certain types of motor
should be excluded from the increase in MEPS. Any such fresh exclusion would still be
subject to the 2002 MEPS. Certain suppliers have raised two issues in this context.

The first is the status of 8-pole motors, since 8-pole motors are not subject to energy
performance requirements in either North America or Europe. However the option of
excluding 8-pole from the increase in MEPS does not appear separately on the shortlist of
options. The issue is addressed as part of the overall assessment of the stringency of the MEPS.

The second issue is the status of motors with certain duty ratings. (The ‘duty’ of a motor refers
to the time and load profiles of operations for which it is designed.) Ten such ratings are
defined in the standards and can be summarised as follows:

13
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e S1 - continuous running duty: These motors are appropriate for loads that are
maintained for periods that are sufficient to allow the machine to reach equilibrium
temperature. There is no question that these motors would be excluded.

e S2 —short time duty: These motors are used intermittently for short periods and are
already excluded.

e S3, S4 & S5 - intermittent periodic duty, with or without starting and/or braking: The
usual approach to increasing efficiency, which involves making the motor somewhat
heavier, can be counterproductive for some of these motors. This is because the
additional energy required to start or to stop the motor can exceed the energy savings
that accrue during intervening periods of steady operation.

e 56, S7 & S8 — continuous-operation periodic duty, with or without braking and/or load
and speed changes: As in the previous case, the usual gains are offset by the additional
energy needed to increase and decrease speeds and loads.

e S9 - non-periodic load and speed variations: As in the previous case, the usual gains
are offset by the additional energy needed to increase and decrease speeds and loads.

e 510 - discrete constant loads: There is no question that these motors would be
excluded. While there are load changes, each phase is maintained long enough for the
motor to reach thermal equilibrium.

Ideally, some motors with S3- S9 duty ratings would be excluded from the 2006 MEPS. These
would be motors on relatively short cycles characterised by a high incidence of starts, stops
and other speed changes, with short intervening periods of steady operation. However options
of this kind have not been included in the shortlist for detailed consideration in section 4, for
the following reasons:

e Advice from AGQO’s technical consultants and steering group is that the candidates for
exclusion comprise a minority of motors within these broad groups and would not
justify exclusion of entire classes of motors with particular duty ratings.

e The Standard also allows the regulatory authorities to grant exemptions on a case by
case basis ... due to their application placing restraints on the motor dimensions or
other key design aspects.

Overall, the view is that it is better to rely on the discretionary powers of the regulatory
authorities to deal with minor exemptions rather than further complicate the explicit rules of
the proposed regulation.

3.4  Option of a minimalist regulation

The relevant standards (AS/NZS 1359 series) contain a number of provisions other than the
specific MEPS, but which support the MEPS. One option is to preserve the core of the
proposed regulation (MEPS) but to do without one or more of the supporting provisions. The
aim would be to adopt a minimalist regulation, unencumbered by the provisions relating to the
practicalities of testing, registration and labelling.

In the present case, however, all but one of the supporting provisions are part of the BAU
scenario and are left unchanged by the proposed increase in MEPS. (See the list of ‘existing
measures’ in section 2.1.) The one exception is that the proposed regulation will alter the
conditional MEPS applying to motors that are designated as ‘high efficiency’. However the
logic of the high efficiency designation is unchanged. Specifically:

e The high efficiency designation provides consumer information that would not
otherwise be available. In the absence of regulation the designation tends to be used
indiscriminately to describe motors that offer little or no efficiency premium, to the
point where the designation loses all practical meaning.

¢ No additional costs are imposed on suppliers since they must test for efficiency in any
case.

14
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e Suppliers are not obliged to use the designation for motors that satisfy the conditional
MEPS criteria.

It is common practice for other countries to include a high efficiency category in their MEPS
or MEPS-like arrangements. And it was noted in section 2 that, given NAEEEC’s undertakings
to industry, the high efficiency designation provides industry with an indication of the
maximum possible increase in MEPS in 2012.

All of these supporting measures were implicitly assessed as cost-effective in the earlier New
Zealand RIS and are effectively unchanged. Accordingly, they are not further assessed in this
report.

3.5 Option of reduced government role in regulation

The proposal is that the minimum energy efficiency of motors be subject to explicit
government regulation. That is one form of regulation. The Ministry of Economic
Development (MED 1999) identifies a spectrum of regulatory approaches with explicit
government regulation at one end of the spectrum and self-regulation at the other. Intermediate
forms of regulation (quasi-regulation and co-regulation) are also identified. The differences can
be summarised as follows:

o Self-regulation requires that the industry has a viable industry association with broad
coverage and that members are sufficiently ‘of like mind” that they will voluntarily adhere
to a code of conduct devised by the members. Minimal sanctions such as loss of
membership or peer disapproval are all that is required to ensure broad compliance. The
government role is reduced to facilitation and advice.

o Self-regulation merges into quasi-regulation, the latter distinguished by a stronger role for
government in endorsing industry codes, providing technical guidance, or entering into
government-industry agreements.

e Co-regulation describes the further stage where government provides some form of
legislative underpinning for industry codes and standards. This may involve delegating
regulatory powers to industry, enforcement of undertakings to comply with codes, or
providing a fall-back position of explicit regulation in the event that industry fails to self-
regulate.

These options were addressed in the earlier New Zealand RIS, and rejected. However, given
the voluntary agreement that has since been negotiated by the European Union, these options
need to be further considered.

3.6  Option of using alternative instruments

MED also identifies a number of alternative instruments that might be used instead of
regulation. These include information and education campaigns; labelling requirements; taxes,
subsidies and user charges; and tradable property rights.

The education and information options were assessed as inadequate in the earlier New Zealand
RIS, in the following terms:

Public information campaign: This will be undertaken to promote the regulations and
the advantages of purchasing energy efficient product. It is not seen as being sufficient
alone to address the market failures identified above.

Australian regulators came to the same conclusion. The situation there is that NAEEEC works
with stakeholder groups to promote highly efficient equipment, using market transformation
programs, as follows:

e Provision of a database and internet search facility to provide product information by
size, speed and efficiency.
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e Support for the Motor Solutions Online website and database to assist with motor
selection and optimisation of motor systems.

e Codes of practice and conduct for motor suppliers to encourage accurate disclosure of
information.

e Provision of training and assistance to industry in the testing and measurement of
motors and motor system energy performance.

e Development of best practice programs in conjunction with industry groups to
encourage energy efficiency in electric motors and motor systems.

Nevertheless, NAEEEC considers that there remain significant opportunities for cost-effective
increases in energy efficiency that can only be delivered by regulation.

Hence the ‘information and education option’ is not given further consideration in this report.

Nor are options for the use of market based instruments given further consideration. These
would include levies on the use of energy or on the use of inefficient equipment. These are
broader issues for the highest level of government and would not be separately decided in
relation to specific products such as motors. Further, the lack of consideration currently given
by purchasers to the lifecycle costs of motor ownership (1.5 Market Failure) suggests that these
options would be ineffective.

3.7  Shortlist of alternative options

Based on the above analysis, the proposal needs to be compared with the following
alternatives:

e The business as usual option, including maintenance of the existing MEPS and
supporting arrangements in respect of testing, registration, labelling and the designation
of high efficiency motors.

e The leadership option, requiring New Zealand to set the international pace in terms of
motor efficiency.

e The delayed implementation option, providing the industry with additional adjustment
time.

e The voluntary agreements option, drawing on the experience of the European Union.
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4 Impacts analysis

This chapter is organised in eight sections. The first four examine the difference between the
proposed regulation and the BAU scenarios from a number of perspectives, as follows:

e Impact on energy use and greenhouse emissions — section 4.1
e Impact on users — section 4.2
e Impact on government — section 4.3
e Impact on suppliers — section 4.4
A national perspective is adopted in the next four sections, first to bring together the results of

the first four sections (in section 4.5), then to assess various alternatives to the proposed
regulation, as follows:

e Assessment of more demanding options — section 4.6
e Assessment of delayed implementation — section 4.7
e Assessment of Voluntary Agreements — section 4.8

4.1  Impact on energy use and greenhouse emissions

Figure 4.1 reports estimates of the expected reductions in energy use and greenhouse
emissions. The profile of savings over time reflects the following considerations:

e [tisassumed that motor suppliers start introducing more efficient motors to the market
some time before 2006, which means that the savings accumulate from 2004.

e 2020 is taken as a convenient endpoint for the analysis. There would be almost
complete turnover to higher efficiency motors by that time, but assuming no further
increase in MEPS in the meantime. Savings continue beyond that point since motors
acquired in 2020 have an average further life of 12-15 years.

FIGURE4.1: PROFILE OF ENERGY SAVINGS AND GREENHOUSE REDUCTIONS
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The total savings of electricity and greenhouse gas are estimated at 3,324 GWh and

2 MTCO,-e respectively. Assuming complete elimination of less efficient motors from the
existing stock of motors, the energy use and greenhouse emissions associated with the use of
motors would be reduced by 1.6%.
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Some energy efficiency experts believe that the energy used by motors can be reduced by 20%
or more. However, these larger gains require users to make significant changes to the industrial
and commercial processes that are motor driven, and also to optimise their motor selection in
terms of size and other design characteristics. The impact of the proposed regulation has been
assessed on the assumption that these systematic features of motor use are unaffected by the
regulation.

4.2  Impact on users

Benefit cost analysis, by market segment

It is clear that the savings in energy costs to users will be offset by some increase in the
purchase price of motors. There are few ‘free lunches’, if any. The critical factors are, firstly,
the relative size of the energy bills and the purchase price for the BAU motor, and secondly,
the impact of the MEPS on the motor losses relative to its impact on the purchase price. (Note
that the ‘energy bill’ is defined here as the cost of the energy absorbed in motor losses, putting
aside the energy transformed by the motor into mechanical energy.)

It is convenient to define these factors as two ratios, as follows.
Loss/price ratio = ratio of the lifecycle energy bills to purchase price, for the BAU motor

Aloss/Aprice ratio = ratio of percentage reduction in losses to percentage increase in price when
a motor with higher efficiency is used. (A, pronounced ‘delta’, denotes the
change in a variable, but is measured here as the percentage change.)

The benefit/cost ratio for the investment in higher efficiency can then be obtained by
multiplying the first ratio by the second, expressed as follows:

Benefit/cost ratio = Loss/price ratio X Aloss/Aprice ratio

For example, suppose that Loss/price ratio is 5.0, which means that the lifecycle energy bill for
the BAU motor is 5 times greater than its purchase price, and the 4loss/4price ratio is 1.0,
which means that the percentage reduction in motor losses equals the percentage increase in
the purchase price when the higher efficiency motor is adopted. It immediately follows that the
benefit/cost ratio for the investment in higher efficiency is 5 to 1. This is because the same
proportional change is applied to an amount that is 5 times larger on the benefit side than on
the cost side. A reduction in the aloss/4price ratio (say, to 0.5) would reduce the benefit/cost
ratio (to 2.5 in this case).

Estimates of the Loss/price ratio

Table 4.1 reports representative estimates of the Loss/price ratio for the industrial and
commercial sectors. The assumptions underlying these estimates are detailed in appendix 2.
The technical assumptions — relating to years of life, duty hours and loads — are from European
sources. The price assumptions — relating to energy tariffs, purchase prices and discount rates —
are from New Zealand and Australian sources.

The relative size of energy and purchase costs is highly variable, ranging from approximate
equality through to the situation where energy costs are 4 or more times larger than the
purchase price. Note that the ratio is systematically higher in the industrial sector. This reflects
the higher duty hours of industrial motors; commercial motors would average 50-60% of the
industrial hours. However, the difference is partly offset by the higher energy tariffs paid in the
commercial sector.
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TABLE 4.1 ESTIMATES OF THE LOSS/PRICE RATIO

Rated output (kW) Industrial sector Commercial sector
2-pole 4-pole 6-pole 8-pole 2-pole 4-pole 6-pole 8-pole
0.73-2.2 3.4 2.6 2.4 2.1 1.8 14 13 1.2
3-75 3.7 3.3 2.4 1.9 1.8 1.7 1.2 0.9
11 - 37 4.2 3.8 3.1 2.3 2.0 1.8 15 11
45 - 90 3.6 3.8 2.4 1.8 17 1.8 11 0.8
110 - 180 3.1 3.1 2.2 1.8 14 1.4 1.0 0.8

The price/efficiency tradeoff — estimates of the Aloss/4price ratio

Estimates of the 4loss/4price ratio can be extracted from a number of studies that have
assessed the tradeoff between efficiency gains and price increases. These are reviewed in
appendix 2. The most relevant of these is a European assessment (Parasiliti et.al. 1999) of the
transition from EFF2 motors to EFF1 motors, which corresponds to the transition from the
2002 MEPS to the proposed 2006 MEPS. A conservative interpretation of those estimates
would be to set the aloss/4price ratio at 1.1. This means that a 10% increase in prices is
associated with an 11% reduction in losses.

This is consistent with the other studies that are reviewed in appendix 2. Studies that return
higher estimates of the ratio (greater than 2.0) address earlier stages in the transition from less
efficient to more efficient motors. Studies that return lower estimates (1.0 or less) address later
stages in the transition, taking efficiency beyond that required by the proposed 2006 MEPS.
Overall, the pattern is for the aloss/4price ratio to decline as losses are progressively reduced,
reflecting increases in the marginal cost of reducing motor losses.

Suppliers to the Australian market have put the ratio somewhat lower, in the range of 0.5 to
0.7. Specifically, they suggest that a 15% reduction in motor losses, which is broadly what is
required to make the transition from the 2001 MEPS to the 2006 MEPS, would require a 30%
increase in purchase price. In the absence of any supporting evidence, the approach taken in
this report is to put the baseline estimate at 1.1 but to report the effect of lower 4loss/4price
ratios on the benefit/cost ratio.

Benefit/cost ratios for investments in more efficient motors

Table 4.2 presents estimates of the benefit/cost ratio, obtained by multiplying the entries in
table 4.1 by various estimates of the aloss/4price ratio. With the exception of the larger 8-pole
motors, for which no sales were recorded in 2001-02, the benefit/cost ratio is always equal to
or greater than 1.0 if European estimates of the aloss/4price ratio is adopted. The benefit/cost
ratio ranges up to 4.6 in this case — see the first panel of the table. The overall pattern is for the
industrial sector to return higher benefit/cost ratios than the commercial sector, and for the 2
and 4-pole motors to return higher ratios than the 6 and 8-pole motors.

The benefit/cost ratios are much reduced if supplier estimates of the 4loss/4price ratio are
adopted — see the bottom panel of table 4.2. For many of the combinations in the market
segments in the commercial sector, the benefit/cost ratio becomes marginal or falls below 1.0.

Supply side considerations

The above cost benefit analysis is based on implicit assumptions about the supply of motors to
New Zealand users. Specifically, it is taken for granted that increased New Zealand demand for
more efficient motors will be accommodated at observed market prices and that any supply
bottlenecks will be relatively temporary. This is a reasonable assumption given that motors are
freely traded internationally and New Zealand is a very small part of the international market.
Changes in the New Zealand market would not trigger significant constraints on the supply
side.
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TABLE 4.2 ESTIMATES OF THE BENEFIT/COST RATIO

Rated output (kW) Industrial sector Commercial sector
2-pole 4-pole 6-pole 8-pole 2-pole 4-pole 6-pole 8-pole
Aloss/Aprice ratio = 1.1
0.73-2.2 3.7 2.9 2.7 2.3 2.0 1.6 15 1.3
3-75 4.1 3.7 2.7 2.1 2.0 1.8 1.3 1.0
11-37 4.6 4.2 3.4 25 2.2 2.0 1.6 1.2
45-90 4.0 4.2 2.6 2.0 1.9 1.9 1.2 0.9
110 - 180 3.4 3.4 2.4 2.0 1.6 1.6 1.1 0.9
Aloss/Aprice ratio = 0.7
0.73-2.2 2.4 1.9 1.7 15 1.3 1.0 0.9 0.8
3-75 2.6 2.3 1.7 1.3 1.3 1.2 0.9 0.7
11-37 2.9 2.7 2.2 1.6 1.4 1.3 1.0 0.8
45 -90 2.6 2.7 1.7 1.3 1.2 1.2 0.8 0.6
110- 180 2.2 2.2 1.6 1.3 1.0 1.0 0.7 0.6
Aloss/Aprice ratio = 0.5
0.73-2.2 1.7 1.3 1.2 1.1 0.9 0.7 0.7 0.6
3-75 1.8 1.7 1.2 0.9 0.9 0.8 0.6 0.5
11-37 2.1 1.9 15 1.2 1.0 0.9 0.7 0.5
45-90 1.8 1.9 1.2 0.9 0.8 0.9 0.6 0.4
110 - 180 1.6 15 1.1 0.9 0.7 0.7 0.5 0.4

There are a number of other positive indications that market competition will continue to be
vigorous, as follows:

e The burden of adjustment is evenly distributed across the market — see Table 3.1. With
the possible exception of the largest 8-pole motors, there is no market segment without
a significant minority of complying product already in existence.

e The market is diverse. Seventeen brands are registered with the AGO, with an average
of 145 models each.

e The technology is mature, indicating that there are no significant barriers to entry into
the market for more efficient motors.

That said, one issue of concern is that the existing product range, which complies with the
2002 MEPS, may not be replaced on a one-to-one basis with products that comply with the
2006 MEPS. Some gaps will appear in the product range. For example, one supplier to the
Australian market has indicated that they will withdraw from some of their small markets for 6
and 8-pole motors. Other suppliers have yet to examine their sourcing options and leave open
the possibility that some types of product may not be replaced. All agree that new models will
not be designed specifically for the New Zealand or Australian markets.

However this does not mean that a user will actually be denied the use of a suitable motor.
Gaps in the product range can be filled either by the ‘specials’ industry or by changing the
drive arrangements between the motor and the application, for example, by using a gearbox.
‘Specials’ are motors built to specifications when the appropriate product cannot be sourced
directly from manufacturer catalogues. As a last resort, the regulatory authority can grant
exemptions where application of the standard places restraints on the motor dimensions or
other key design aspects.

These are all more costly options in terms of both purchase price and replacement delays, with
the practical effect of increasing the aloss/4price ratio and reducing the benefit/cost ratio.
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Discussion

Table 4.2 gives a sense of the range of possible outcomes but cannot do justice to the variety of
outcomes that will actually occur. Each cell of the table is still the average across many motors
and many users. Within each cell, some motors will return a low benefit/cost ratio because they
are used less intensively than the average, or their life is truncated by poor motor management

or the closure of production facilities, or because particularly cheap energy is available. Others
will return much higher benefit/cost ratios.

The direct impact on individual users depends on the particular mix of motors that they use
(viewed as motors from a number of different cells in Table 4.2), how intensively they use the
motors, and how well the motors are maintained. In addition, however, all users operate in a
value chain comprising customers and suppliers who also use motors, and what matters most to
individual users is the competitiveness of the entire value chain in which they operate. It is
therefore necessary to focus on broad outcomes, averaging the good with the bad across many
users. Section 4.5 adopts the broadest possible perspective, dealing with the national costs and
benefits.

The main issue that arises from Table 4.2, therefore, is whether there are weak links in the
chain. The obvious test case is 8-pole motors. Arguably, a smaller increase in efficiency should
be required, or possibly no increase at all, for the following reasons:

e New Zealand’s trading partners have not given a lead on 8-pole motors. They are not
subject to energy performance requirements in either North America or Europe.

e All of the empirical evidence on the costs and benefits of more efficiency relates to 2, 4
and 6-pole motors. 8-pole motors are not directly addressed.

e Even accepting that evidence as relevant to 8-pole motors, the case for upgrading 8-
pole motors used in the commercial sector is marginal at best, particularly where users
find that they have to fill gaps in the product range by commissioning ‘specials’.

e Inspection of Figures 3.2 and 3.3 indicates that, in respect of larger motors, the required
reduction in motor losses is more demanding for 8-pole motors than for 2, 4 and 6-pole
motors. Rates of non-compliance are correspondingly higher.

However the advice from NAEEEC’s technical consultants and steering group is that there is
nothing especially demanding about the proposed MEPS requirements for 8-pole motors,
relative to the MEPS for other motors. Specifically, the cost-benefit parameters developed for
the other motors would be applicable to 8-pole motors. Their view is that, while there will be
some difficulties at the margin, it is appropriate for these to be addressed on a case-by-case
basis using the discretionary powers of the regulatory authorities.

4.3 Impact on government

The impact of the proposals on the taxpayer will be minimal. Not only are MEPS a relatively
inexpensive policy instrument from the viewpoint of taxpayers, but the majority of these costs
would be incurred under BAU conditions. Once the proposed measures have been developed
and implemented, there are no additional costs that can be attributed to the proposal.

On the first point the ongoing costs of administering the MEPS initiative are of the order of
$0.5 million per year at most. This allows for the equivalent of 3.5 full-time staff members in
EECA. On the second point, the ongoing program of monitoring and check testing would be
required for the purposes the existing MEPS for three-phase motors. The more demanding
nature of the MEPS may justify some increase in the tempo of check-testing, at least for a
period. However the additional costs would be borne in association with NAEEEC and can be
safely ignored for the purposes of the report.
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4.4  Impact on suppliers

These impacts on suppliers fall into two broad groups: demand shifts; and the up-front costs of
adjustment.

Demand shifts
The demand for new mass-produced motors will be adversely affected in several ways:

e Some users will respond to the increased cost of new motors by extending the life of
old motors, either through better maintenance or by having motors rewound. The loss
of business for suppliers would be offset by increased business for repairers and
maintenance workers. Better maintenance enhances the efficiency gains but these are
offset by the reduced efficiency of older motors and rewound motors.

e Users will respond to the increased cost of new motors by paying more attention to the
appropriate sizing of motors. It is generally agreed that a large proportion of motors are
oversized and run at less than optimal efficiency as a result. The side effect of smaller
motors on efficiency is therefore positive.

e There will also be increased business for the manufactures of ‘specials’, filling gaps in
the product range that arise if suppliers of mass-produced motors decide to withdraw
from certain niche markets.

There will also be changes in the pattern of demand between suppliers. Some suppliers will
find that they are better positioned than others to comply with the proposed regulation. At one
extreme, some have a product range that already complies with the 2006 MEPS or can replace
existing models with ‘off the shelf” products. Others will be disadvantaged by lack of access to
complying product or lags in the process of obtaining replacement products.

In the context of the New Zealand market, it appears that the proposals will have significant
commercial consequences and may be somewhat disruptive in the short to medium term. From
the perspective of multinational suppliers, however, the New Zealand market is small and these
changes will be viewed as marginal.

Up-front costs of adjustment

It is assumed that any additional ongoing costs of manufacture and supply will be passed on to
consumers, and cannot be regarded as an adverse impact on suppliers. This assessment of costs
to suppliers is therefore limited to up-front costs of adjustment that may not be readily passed
on in a highly competitive market. These may take two forms.

First, there may be costs associated with the design and testing of new models. However, the
New Zealand market is too small to justify any significant investment in redesign. These costs
are therefore put at zero.

Second, there will also be costs associated with the renegotiation of contractual and other
customer/supplier relationships between local importers and their overseas manufacturers.
These have been estimated at $8.5 million for suppliers to the Australian market, based on a
generous estimate of $5,000 for each model that needs to be replaced. The marginal cost of
allowing for New Zealand interests in those negotiations would be very low, given the
integrated nature of supplier arrangements for the New Zealand and Australian markets.
Accordingly, the New Zealand estimate has been put at a reasonable fraction of the Australian
estimate — $2 million.

4.5 National costs and benefits

Baseline estimates of the national costs and benefits are brought together in the top panel of
Table 4.3. Overall, it is expected that the proposed MEPS will deliver economic benefits. The
net benefits and the benefit/cost ratio are assessed at $34 million and 2.2 respectively.
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TABLE 4.3 NATIONAL COSTS AND BENEFITS TO 2020

Present values ($million) Benefit cost

Net present ratio
value

Benefits Costs

Baseline scenario (discount rate = 7%, Aloss/Aprice ratio = 1.1)
Impact on users, valued at the

avoidable cost of electricity 63 27 36 2.3
Impact on taxpayers 0 0 0 -
Impact on suppliers 0 2 -2 -
TOTAL 63 29 34 2.2

Sensitivity to variation in discount rate

Discount rate

0% 171 48 123 3.6
5% 82 33 49 25
7% 63 29 34 2.2
10% 44 24 20 1.8

Sensitivity to variation in Aloss/Aprice ratio

Aloss/Aprice ratio

0.3 63 101 -38 0.6
0.5 63 61 2 1.0
0.7 63 44 19 14
0.9 63 35 28 1.8
11 63 29 34 2.2
1.3 63 25 38 2.5

For the purposes of the evaluation, it is assumed that the regulation would govern the purchase
of motors to 2020. The evaluation is based on the best available information about the
distribution of motor capacity across the various size ranges and number of poles, and between
the industrial and commercial sectors. These assumptions are detailed in appendix 2. However,
there is one significant departure from the assumptions underlying Tables 4.1 and 4.2, relating
to the treatment of energy costs.

Avoidable cost of electricity

The cost of electricity consists of the cost of electricity generation (including the energy lost as
heat in transmission and distribution), the cost of network services (poles, wires and
substations for transmission and distribution of electricity) and the market costs associated with
functions such as metering, billing and advertising. These costs are recovered in the tariffs
charged to users and users rightly look to the tariff schedules to determine the value of energy
savings. From the perspective of the broader community, however, some of these costs are not
avoidable. That is, they cannot be reduced by energy saving measures. Market costs are the
obvious but relatively minor example, since market costs generally account for less than 5% of
average costs.

Less obviously, the large fixed costs of providing network services means that the marginal
cost of providing additional network capacity is con5|derably less than the average costs. Based
on a recent report to the Australian Building Codes Board® (ABCB), the marginal network cost
of a general increase in energy use might be reasonably put at about 30% of average network
costs, although considerable uncertainty attaches to any such estimate. Accordingly, the
avoidable cost of electricity has been put at 5.8 cents/lkWh for the purposes of the national
assessment in this report, compared with estimates of 6.5 and 10 cents/kWh for the marginal
tariffs paid by the industrial and commercial sectors respectively.

® Atech (2003), A Financial Analysis Procedure for Energy Efficiency in Buildings, Report to the Australian
Building Codes Board
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Discount rate

It is the established practice of NAEEEC to calculate present values at real pre-tax discount
rates of 0%, 5% and 10%. These are presented as variations in Table 4.3, compared with a
baseline estimate of 7%, which is the discount rate adopted by the Australian Building Code
Board (ABCB) after a detailed investigation of market rates of return and risk factors affecting
investments in energy efficiency. While the ABCB expresses the dlscount rate in nominal post-
tax terms, the equivalent in real pre-tax terms is readily calculated™

As shown in the second panel of Table 4.3, the assessment remains comfortably positive for
variations in the discount rate.

Aloss/Aprice ratio

A critical factor is the aloss/4price ratio, which is a measure of the trade-off between price
increases and reductions in motor losses. As discussed in section 4.2, the preferred estimate is
1.1, indicating that a 10% increase in price is associated with an 11% reduction in losses. This
is consistent with a number of published studies.

Suppliers have put the ratio much lower, at 0.5, with a proportional reduction in the benefit
cost ratio. As shown in the final panel of Table 4.3, costs and benefits are approximately equal
in this case.

Future energy prices

The recently published New Zealand Energy Outlook to 2025 (MED 2003b) provides various
scenarios for the future path of wholesale electricity prices. The reference scenario is for a 14%
increase over the period 2005-2020 and a 33% increase over the period 2005-2025. Key drivers
are the projected exhaustion of the Maui gas field and the planned introduction of a carbon
charge from 2008.

These are significant price increases. However, their inclusion adds no more than 2-3% to the
estimated value of energy savings, due to the effect of discounting on the present value of
energy savings that are significantly deferred.

4.6  Assessment of the leadership option

NAEEEC’s policy is to adopt a world’s best regulatory practice, which means following the
lead country with a lag. The alternative is for New Zealand to actually set the pace.

It is certainly arguable that further increase may be beneficial. Specifically, the US evidence
suggests that the aloss/4price ratio would be of the order of 1.0, which is only a small
reduction on the preferred estimate for the proposed increase in MEPS. However, the risks are
unacceptable, as follows:

e No country with a similar power supply (50 Hz) has even defined levels of efficiency
that go beyond the 2006 MEPS. It is reasonable to expect, therefore, that the product
range will become increasingly thin and significant gaps will appear. And there is no
prospect that motors will be designed especially for the New Zealand market.

e There is no doubt that such a move would meet strong supplier resistance.

e While there is reasonable empirical support for the assessments provided in this report,
there is no similar empirical basis for assessing further increases. And, as an importer
of motors, New Zealand is not well placed to undertake such assessments from scratch.

e It must also be kept in mind that the benefits of increased efficiency are distributed
unevenly between users, depending on the type of motor used, the cost of energy and,

1 There are two key differences between the approaches. First, the post-tax approach treats the flow of revenue
from an energy conservation measure as taxable company income after allowing for depreciation allowances.
This provides a direct link with observed market rates of return on assets, since post-tax income is the focus of
share market valuations. To cover the tax, pre-tax discount rates are necessarily higher than post-tax discount
rates. Second, nominal rates are higher than real rates because they include an inflationary factor.
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most importantly, the duty factor. The incidence of losers is likely to increase as
efficiency requirements are further increased, particularly in the commercial sector.

4.7  Assessment of the option for delayed implementation

Accepting that it is inappropriate for New Zealand to lead the world in setting MEPS for
motors, the further issue is the adequacy or otherwise of the lead time provided to suppliers.
Given the proposed commencement in April 2006, the lead time has been effectively reduced
to about 2 years. This may be regarded as the minimum period that should be allowed for
suppliers to make the required adjustments. If anything, a longer lead time may be appropriate.
This is considered unnecessary, however, in light of the following considerations:

e The MEPS have been at this level in North America since 1997, demonstrating that
these levels of efficiency have been achievable for some time.

e There has been forewarning of the proposed 2006 MEPS in the existing regulation,
through the definition for motors that can be designated as high efficiency for the
purposes of the 2002 MEPS.

e The timing may actually err on the generous side for some suppliers. Regardless of how
long the lead time, their response is still of the ‘last minute’ variety.

e Based on the industry interviews conducted for the corresponding regulation in
Australia, suppliers are content with the amount of lead time that has been provided.

4.8  Assessment of Voluntary Agreements

A voluntary agreement to increase the market share of energy efficient motors has been
concluded between the European Union (EU) and the European Committee of Manufacturers
of Electrical Machines and Power Electronics (CEMEP). The aim of the agreement was to first
achieve a 30% reduction in the market share of EFF3 motors, by 2001 and 2002 for 4-pole and
2-pole motors respectively, then a 50% reduction for both types by 2003. This agreement was
seen as an expeditious alternative to public regulation, but with the clear implication that
regulation is the alternative outcome. According to CEMEP’s monitoring report for 2002, 36
companies have signed the agreement so far and the results are satisfactory.

However the EU model is not viable in New Zealand, for several reasons. First, the EU
agreement is much less ambitious than the proposed New Zealand regulation. Consider that the
EU agreement:

e targets the equivalent of New Zealand’s 2002 MEPS, and imposes only a labelling
standard for the equivalent of New Zealand’s 2006 MEPS;

e isconfined to 2 and 4-pole motors, whereas the New Zealand MEPS extend to 6 and 8-
pole motors;

e seems to have a wider range of exclusions, including brake motors and motors for
special environments.

It is unlikely that the EU could have concluded a voluntary agreement for the more demanding
New Zealand requirements, the mandatory nature of which takes a lead from the North
American approach.

Second, there is no industry organisation in New Zealand corresponding to Europe’s CEMEP.
The Employers and Manufacturers Association (EMA) is a much more diverse group without
CEMEP’s focus on motors and drives. CEMEP predates the greenhouse issue, having started
during the oil crisis at the end of the seventies. And it has sufficient internal cohesion and
structure to support a number of industry working groups on technical, economic and
regulatory issues. By comparison, New Zealand’s suppliers are neither strongly motivated nor
well structured to take the initiative.
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Finally, it is recognised that cheaper non-complying imports are a threat to the agreement. The
agreement is currently scheduled for revision in 2004/05 but with the proviso that earlier
revision can be considered if there is a significant increase in the market share taken by
importers. This threat is possibly more significant in the New Zealand case, given the complete
reliance on imports.
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5 Conclusion and recommended option

5.1 Assessment against objectives

Table 5.1 provides a summary statement of the three options considered in this report against
the objectives of the proposed regulation.

The key issue is the appropriate level of stringency of the performance requirements. Overall,
it is considered that, given the broad policy framework provided by the New Zealand’s Climate
Change Policy, the minimum level of energy efficiency cannot be safely increased beyond that
contained in the proposal. A more aggressive approach poses significant risks for both
suppliers and users, as summarised in the table.

5.2 Recommendations

It is recommended that New Zealand implement the proposed mandatory minimum energy
performance standards.
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TABLES.1 ~ ASSESSMENT SUMMARY

Objective BAU option Proposed MEPS Leadership option Delayed implementation Voluntary Agreement
Reduction in The outlook is for strong Greenhouse emissions More rapid reduction in A delay of one year

greenhouse growth of emissions, from the targeted motors greenhouse emissions could | reduces the greenhouse

emissions reaching 152% of 1990 will be reduced by about be achieved. The savings savings by 50,000 tonnes

levels by 2008-12.

0.8% in 2012, rising to
1.6% over the longer term.

could be doubled by 2012.

CO,-e

Cost effective

Most users continue to

Total benefits exceed total

There are significant risks

Under baseline

for users minimise capital costs, but | costs by a significant associated with further assumptions, a delay of 1
largely ignore the potential | margin. The benefit/cost increases in MEPS at this year reduces net national
to reduce ‘whole of life’ ratio for most users would | stage. The proportion of benefits by about $2
costs by improving energy | be in the range 1.0-4.6. losers would increase and million.
efficiency. There would be some the range of complying

losers amongst those with | product would be significantly
low energy costs or who reduced.

use motors less

intensively.

Minimise The business as usual Suppliers may not be able | Given New Zealand’s status | Suppliers would probably

adverse effects | scenario is for continued to pass certain up-front as an importer of motors, welcome any delay but

on growth of demand for costs onto users. But there would be significant the adjustment task would
manufacturers | motors, reflecting the these are not significant in | additional costs if New not be significantly altered

and suppliers

sustained growth of the
New Zealand economy.

total.

Zealand took a leading role in
setting MEPS.

by a delay of 1 or 2 years.

Minimise
potential for
confusion or
ambiguity

No confusion or
ambiguity.

Suppliers are generally
aware of the proposals
and find them clear and
comprehensive. However,
some do not plan
adequately for changes
and are caught up in a last
minute rush to adjust.

Adjustment processes would
need to be accelerated
considerably, imposing a
significant extra burden on
the management team.

Any further delay would
not reduce the
management task posed
by the proposed changes.
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APPENDIX 1: PROPOSED MINIMUM ENERGY PERFORMANCE REQUIREMENTS

Technical background

The efficiency of motors is measured as the percentage ratio of output power to input power.
The ratio is necessarily less than 100% and is usually in the range 75-95%. The output power
or capacity (also referred to as rated power) is usually reported in kilowatts (kW). Under the
regulation, efficiency must be tested and reported in terms of either Test Method A or Test
Method B.

e Test Method A: This is the Method of the Institute of Electrical and Electronic
Engineers (IEEE) 112-B and is generally used in the USA. This is technically
equivalent to IEC 61972 (currently in draft) and to AS 1359.102.3 Rotating electrical
machines — General requirements: Methods of determining losses and efficiency-three-
phase cage induction motors.

e Test Method B: This method is defined by AS 1359.102.1 Rotating electrical machines
— General requirements: Methods of determining losses and efficiency-General. It is
technically equivalent to International Electro-technical Commission (IEC) standard
60034-2, which is generally used in Europe.

The Standard distinguishes between motors according to the number of poles. The term poles
(or magnetic poles) refer to the ends of magnets. Magnetic poles always come in pairs,
referred to as north and south poles. In the squirrel cage induction motor covered by the
MEPS, the poles relate to a rotating magnetic field created in the stator by AC currents carried
in the stator windings. The changing magnetic field in the stator induces current flow in the
rotor conductors, and these in turn set up a rotor magnetic field. The magnetic forces in the
rotor follow the rotating stator magnetic fields creating the rotary motion.

Depending on how the stator windings are configured, it is possible to have 2, 4, 6, 8 or even
more poles. The effect of increasing the number of poles is to make the motor rotate at a lower
speed. The nominal speed in revolutions per minute is given by 60 times 50 Hz divided by the
number of pole pairs. Thus a 4-pole motor operates at 1500 rpm (60 x 50 divided by 2 pole
pairs). In practice, motor speeds are somewhat less than the rpm predicted by this simple
formula and the discrepancy is referred to as slip.

Motors with more than 8 poles are rare, reflecting the added manufacturing costs. Slower
speeds can be obtained by mechanical means (using gears) or electronic means.

The report sometimes makes a distinction between ‘totally enclosed fan-cooled’ motors
(TEFC) and “open drip proof’ motors (OPD). In TEFC motors, there is no air exchange
between the inside and the outside of the motor. The fan is driven by an extension of the motor
shaft through the housing. OPD motors are cooled by an internal fan(s) forcing air through the
motor. The ventilation openings are positioned to keep out the majority of liquid or solid
particles.

Proposed MEPS

The proposed mandatory and conditional MEPS for 2006 are tabulated in tables Al1.1 and
Al.2. They apply to motors falling within the scope of AS/NZS 1359.5 Rotating electrical
machines — General requirements Part 5: Three-phase cage induction motors — High
efficiency and minimum energy performance standards requirements.

This Standard applies to three-phase cage induction motors with ratings from 0.73 kW up to
but not including 185 kW with rated voltages up to 1,100V AC. Note that the requirements are
defined for the discrete capacities at which motors are generally supplied. The largest
commonly available capacity covered by the Standard is 160 kW. The MEPS level varies
according to the output power of the motor and the number of poles. For technical reasons it is
easier to achieve high efficiency for more powerful motors and harder to achieve high
efficiency for motors with more poles.
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TABLEAL.1 MINIMUM EFFICIENCY FROM 1 APRIL 2006 — ALL MOTORS (%)

Capacity Test method A Test method B

(kw) 2poles 4poles 6poles 8 poles 2poles 4poles 6poles 8poles
0.73 78.8 80.5 76.0 71.8 80.5 82.2 7.7 73.5
0.75 78.8 80.5 76.0 71.8 80.5 82.2 7.7 73.5
1.1 80.6 82.2 78.3 74.7 82.2 83.8 79.9 76.3
1.5 82.6 83.5 79.9 76.8 84.1 85.0 815 78.4
2.2 84.1 84.9 81.9 79.4 85.6 86.4 83.4 80.9
3 85.3 86.0 83.5 81.3 86.7 87.4 84.9 82.7
4 86.3 87.0 84.7 82.8 87.6 88.3 86.1 84.2
55 87.2 87.9 86.1 84.5 88.5 89.2 87.4 85.8
7.5 88.3 88.9 87.3 86.0 89.5 90.1 88.5 87.2
11 89.5 89.9 88.7 87.7 90.6 91.0 89.8 88.8
15 90.3 90.8 89.6 88.9 91.3 91.8 90.7 90.0
18.5 90.8 91.2 90.3 89.7 91.8 92.2 91.3 90.7
22 91.2 91.6 90.8 90.2 92.2 92.6 91.8 91.2
30 92.0 92.3 91.6 91.2 92.9 93.2 92.5 92.1
37 92.5 92.8 92.2 91.8 93.3 93.6 93.0 92.7
45 92.9 93.1 92.7 92.4 93.7 93.9 93.5 93.2
55 93.2 93.5 93.1 92.9 94.0 94.2 93.9 93.7
75 93.9 94.0 93.7 93.7 94.6 94.7 94.4 94.4
90 94.2 94.4 94.2 94.1 94.8 95.0 94.8 94.7
110 94.5 94.7 94.5 94.5 95.1 95.3 95.1 95.1
132 94.8 94.9 94.8 94.8 95.4 95.5 954 954
150 95.0 95.2 95.1 95.2 95.5 95.7 95.6 95.7
185 95.0 95.2 95.1 95.2 95.5 95.7 95.6 95.7

TABLEAL.2 MINIMUM EFFICIENCY FROM 1 APRIL 2006 — HIGH EFFICIENCY MOTORS (%)

Capacity Test method A Test method B

(kw) 2poles 4poles 6poles 8 poles 2poles 4poles 6poles 8 poles
0.73 82.0 83.4 79.6 76.0 83.4 84.9 81.0 77.5
0.75 82.0 83.4 79.6 76.0 83.4 84.9 81.0 77.5
1.1 83.5 84.9 81.6 78.5 84.9 86.2 82.9 79.9
1.5 85.2 86.0 82.9 80.3 86.5 87.3 94.3 81.6
2.2 86.5 87.2 84.6 825 87.8 88.4 95.9 83.8
3 87.5 88.1 86.0 84.1 88.7 89.3 87.2 85.3
4 88.4 89.0 87.0 85.4 89.5 90.1 88.2 86.6
55 89.1 89.7 88.2 86.8 90.2 90.8 89.3 87.9
7.5 90.1 90.6 89.2 88.1 91.1 91.6 90.2 89.1
11 91.1 91.4 90.4 89.5 92.0 92.4 91.3 90.5
15 91.8 92.2 91.2 90.6 92.6 93.0 92.1 91.5
18.5 92.2 92.5 91.8 91.2 93.0 93.4 92.6 92.1
22 92.5 92.9 92.2 91.7 93.4 93.7 93.0 92,5
30 93.2 93.5 92.9 92.5 94.0 94.2 93.6 93.3
37 93.6 93.9 93.4 93.0 94.3 94.6 94.1 93.8
45 94.0 94.1 93.8 93.5 94.6 94.8 94.5 94.2
55 94.2 94.5 94.1 94.0 94.9 95.1 94.8 94.6
75 94.8 94.9 94.6 94.6 95.4 95.5 95.2 95.2
90 95.1 95.2 95.1 95.0 95.6 95.8 95.6 95.5
110 95.3 95.5 95.3 95.3 95.8 96.0 95.8 95.8
132 95.6 95.7 95.6 95.6 96.1 96.2 96.1 96.1
150 95.8 95.9 95.8 95.9 96.2 96.3 96.3 96.3
185 95.8 95.9 95.8 95.9 96.2 96.3 96.3 96.3
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APPENDIX 2: BENEFIT/COST ASSUMPTIONS

Market segments analysis

The market segments analysis refers to a range of feasible investments in energy efficiency,
distinguished in terms of the industry sector, the output power of the motor and the number of
poles. (These categories are evident from Table A2.1.) In each case it is assumed that the BAU
motor complies with the 2002 MEPS and is replaced by a motor that would comply with the
2006 MEPS. Compliance is assumed to be borderline in both cases.

As discussed in section 4.2, the benefit cost ratio for investments in motor efficiency can be
addressed in terms of two the following two ratios:

e Loss/price ratio: This is the ratio of the lifecycle cost of the energy losses to the
purchase price of the BAU motor. Other things given, a higher ratio means a higher
return to investments in energy efficiency.

o dloss/4price ratio: This is the ratio of the percentage reduction in motor losses to the
percentage increase in price when a higher efficiency motor is used. Other things
given, a higher ratio means a higher return to investments in energy efficiency.

The cost/benefit ratio is the first ratio multiplied by the second ratio.

Estimates of the Loss/price ratio

For a given market segment, the lifecycle amount of motor losses depends on the efficiency of
the motor, the life of the motor, the number of duty hours per year, and the load on the motor.
With respect to efficiency it is assumed that the motor complies with the 2001 MEPS but is of
borderline efficiency. Table A2.1 reports various estimates of the other factors. Note that the
operating hours at ‘equivalent full load’ are the product of actual operating hours and the load
factor; motors typically run at less than full load.

The estimates in Table A2.1 are from three sources. There is one US source (ACEEE 2002),
one Australian (Energetics 1997) and one European (Parasiliti et.al.: 1999). The overseas
estimates draw on motor surveys, whereas the Australian estimates appear to be judgement
estimates, possibly influenced by overseas estimates. Note the following:

e There are considerable differences in the estimates of asset lives. The more
conservative European estimates have been adopted in this report. An asset life of 20
years has been assumed for the largest capacity range, for which there is no matching
European estimate.

¢ Allowing for differences in coverage, the estimates of annual operating hours and
average load are reasonably consistent. The European estimates are used in this report,
taking advantage of their broader coverage and the distinction between industrial and
commercial uses.

Table A2.2 presents the estimates of economic parameters that are used in the market
segments analysis. Note that the purchase price is expressed in $ per kW pf power output,
which accounts for the reduction in the unit price for larger motors.

The estimates reported in Tables A2.1 and A2.2 are brought together to generate the estimates
of the Loss/price ratio that are reported in Table 4.1 of the text. The resulting variation in the
ratio reflects underlying variation in duty factors, purchase prices and energy tariffs.
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TABLE A2.1 ESTIMATES OF TECHNICAL PARAMETERS

ACEEE (2002),

Parasiliti et.al. (1999)

Output power (kW) manufacturing ErEtiggge;;cs Industry,
sector including mining Commercial
Asset life (years)
0.73-2.2 18 12 12 12
3-75 20 15 12 12
11-37 22 20 15 15
45 -90 28 22 15 15
110 - 180 30 25 - -
Operating hours
0.73-2.2 3000 4441 1309
3-75 3500 4527 1309
11-37 4000 5454 1568
45 -90 5250 5719 1755
110 - 180 5500 - -
Load factor
0.73-2.2 50% 50% 60%
3-75 50% 54% 60%
11-37 50% 56% 60%
45-90 50% 61% 60%
110 - 180 50% - -
Operating hours, equivalent full load
0.73-2.2 1500 1200 2220 790
3-75 1750 1500 2430 790
11-37 2000 2000 3070 940
45-90 2625 2300 3490 1050
110 - 180 2750 2500 - -
TABLE A2.2 ESTIMATES OF FINANCIAL PARAMETERS
Purchase price ($/kW) Electricity tariff (cents/kWh) Discount
Output power (kW) 2- 4- 6- 8- Industry Commerce rate
pole pole pole pole
0.73-2.2 104 129 157 215
3-75 63 69 104 149
11-37 50 54 71 100 6.5 10 7%
45 -90 44 42 69 94
110 - 180 46 46 65 82

Estimates of the Aloss/Aprice ratio
As discussed in section 4.1, the aloss/4price ratio for a particular investment in a more
efficient motor is the ratio of the percentage increase in purchase price to the percentage
reduction in motor losses. This ratio can be extracted from the analysis presented in a number
of reports, which are discussed below. Overall, the evidence suggests that the Aloss/4price
ratio is greater than 1; an average estimate of 1.1 is reasonable. That is, a 10% increase in
price is associated with an 11% reduction in losses. As discussed in section 4.1, Australian
suppliers have put the ratio somewhat lower at 0.5. Specifically, they suggest that a 15%
reduction in motor losses would require a 30% increase in purchase price.
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Existing estimates are summarised here under three headings. The first are the easiest steps,
increasing efficiency from the lowest levels up to compliance with the 2001 MEPS. The
second is the intermediate step of direct relevance to this report, delivering compliance with
the proposed 2006 MEPS. The final step is an increase beyond compliance with the proposed
2006 MEPS. In terms of the efficiency benchmarks adopted by the European Union, the first
step is from EFF3 to EFF2 and the second is from EFF2 to EFF1.

Move 1 - EFF3 to EFF2, delivering compliance with New Zealand’s 2002 MEPS

The first and easiest step has been addressed by several studies. Figure A2.1 presents the
findings from a European study (Parasiliti et.al. 1999). The percentage increase in price is
clearly less than the percentage reduction in motor losses. The 4loss/price ratio averages 2.8.
That is, a 1% increase in price is associated with a 2.8% reduction in losses.

The European estimates were obtained by using motor design software to determine the most
cost-effective means of redesigning a number of reference motors to achieve compliance with
EFF2 requirements.

FIGURE A2.1 EUROPEAN ESTIMATES OF REDUCTIONS IN MOTOR LOSSES AND INCREASES IN
PRICE: EFF3 1O EFF2
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The efficiency cost relationship has also been investigated in an Australian study (Energetics
1997) commissioned by the (then) Department of Primary Industries and Energy. Regression
analysis was applied to estimate a linear relationship between list prices and efficiency, with
the prices and efficiency of all motors reduced to a comparable basis by normalising these two
variables.

While the analysis is not cast explicitly in terms of the ratio of price increases to loss
reductions, the implied relationship is readily derived. Implicitly, Energetics estimates that the
Aloss/aprice ratio falls in the range 2.5 to 10. That is, a 1% increase in price is associated with
a 2.5-10% reduction in losses.

The US Department of Energy has recently published a study (DoE 2003) of energy
conservation standards for certain small electric motors with output power up to 2.25 kW. It is
based on an engineering analysis of how different design options affect efficiency and cost.
Options for reducing losses by up to 33% were considered, with the final target reached in two
or three steps that were separately assessed. Two separate pathways were investigated — one
using better steel, the other relying on changes in stack design. In general, the former was
found to be the more cost effective.
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Importantly, the efficiency of these motors is currently unregulated in the US. This suggests
that the study provides a look at the early stages of the cost-efficiency curve. Key findings for
the purposes of this report are as follows:

e There were no “free lunches’. That is, all efficiency gains were at the expense of some
increase in the cost to users.

e As would be expected, the first step was generally the most cost effective. The
observed ratios of percentage reduction in losses to percentage price increase were of
the order of 2.0-2.5. This is consistent with the European estimates.

e Subsequent steps returned lower ratios of loss reduction to cost increase — averaging
0.7-0.8 for the second and third steps respectively but showing considerable variation.

Move 2 — EFF2 to EFF1, delivering compliance with NZ’s proposed 2006 MEPS

The intermediate step has been addressed has been explicitly addressed only by Parasiliti’s
European study. The key findings are shown in figure A2.2. With one exception the
percentage price increase is less that the percentage loss reduction. Overall, the 4loss/4price
ratio is 1.2; a 1% increase in price is associated with a 1.2% reduction in losses.

FIGURE A2.2 EUROPEAN ESTIMATES OF REDUCTIONS IN MOTOR LOSSES AND INCREASES IN
PRICE: EFF2 TO EFF1
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Move 3 — going beyond compliance with NZ’s proposed 2006 MEPS

Appendix A to the ACEEE handbook (ACEEE 2002) contains estimates of the market prices
for standard motors and for premium efficiency motors. The former comply with the existing
requirements in the US EP Act (analogous to mandatory MEPS in the NZ context) and are
comparable with the proposed 2006 MEPS. The data therefore provide an indication of the
price increases that would apply if minimum requirements are set higher than is proposed for
2006. The data is summarised in Figures A2.3 and A2.4.
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FIGURE A2.3 ACEEE COST-EFFICIENCY RELATIONSHIP FOR TEFC MOTORS

30%

59 A % price increase
(1]
20% /
W RK
5% : .

% loss reduction

0%
QIR I G SR S IR S T SR SRR R (R, S L GRS SR &

Output power (kW)

FIGURE A2.4 ACEEE COST-EFFICIENCY RELATIONSHIP FOR ODP MOTORS
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Note the following:

e The estimates are provided for a range of sizes, and separately for ‘totally enclosed’
and ‘open drip proof” motors. The former are by far the most important category,
accounting for 98% of the registered models.

e The improvement in energy efficiency has been presented as a reduction in the energy
losses, with most of the sample falling in the range of 10-20%.

e There is evidence of a weak positive correlation between the loss reductions and the
price increases. That is, larger loss reductions tend to be associated with larger price
increases.

e The percentage increases in price for TEFC motors are of the same order of magnitude
as the percentage reduction in energy losses. This suggests a rule of thumb that a 10%
reduction in energy loss is at the cost of a 10% increase in price. Larger TEFC motors
are the main exception, with price increases being somewhat smaller than the loss
reductions.
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e The percentage increases in price for ODP motors are clearly somewhat less than the
percentage reduction in energy losses. The data suggests a rule of thumb that a 10%
reduction in energy losses is at the cost of a 6.7% increase in price. However, given the
small market share of these motors, this relationship can be ignored for practical
purposes.

Conclusion

The various studies tell a consistent story, which is that the aloss/4price ratio is very
favourable (greater than 2.0) for the initial increases in efficiency, but falls as the efficiency
demands are increased. For the intermediate steps that are directly relevant to this report, the
Aloss/price ratio falls in the range 1.0-2.0, but closer to the bottom end of the range
according to the European study, which is the most directly relevant.

Based on the available evidence it is reasonable to assume that, in relation to the proposed
MEPS, the ratio of percentage loss reduction to percentage price increase is of the order of 1.1.

Aggregate analysis

Aggregation requires estimates of the relative importance of the each segment. The estimates
provided in Table A2.3 have been extracted from data supplied by EECA. These are high-
quality estimates, ultimately drawing on comprehensive sales data provided by all suppliers to
New Zealand markets. The only further assumption relates to the relative size of the industrial
and commercial sectors. This split has been put at 57% industrial and 43% commercial, which
is the split required to generate a stock of motors that would deliver the observed split in
energy consumption by the two sectors.

TABLE A2.3 CoOMPOSITION OF 2001-02 SALES

Output power Number of poles

(kw) 2 4 6 8 Total
Distribution of unit sales (% of total sales)

0.75-2.2 10.1% 37.2% 2.8% 0.4% 50.5%
3-75 7.7% 22.0% 1.2% 0.2% 31.2%
11-37 5.9% 8.6% 1.0% 0.5% 16.0%

45 -90 0.8% 0.9% 0.0% 0.0% 1.8%

110-180 0.1% 0.4% 0.0% 0.0% 0.5%
Total 24.7% 69.2% 5.0% 1.2% 100.0%

Distribution of sales of output power (% of total output power)

0.75-2.2 2.1% 7.1% 0.6% 0.1% 9.9%
3-75 6.6% 16.4% 0.9% 0.2% 24.1%
11-37 15.6% 20.8% 2.1% 1.1% 39.6%
45 -90 6.6% 8.6% 0.4% 0.0% 15.6%
110-180 2.2% 8.4% 0.2% 0.0% 10.8%
Total 33.1% 61.3% 4.2% 1.3% 100.0%

Sources: based on sales data supplied by EECA, but sanitised by EECA to preserved commercial
confidences

Adjustment for coverage and existing above-MEPS efficiencies

The underlying model of aggregate impacts features two simplifying assumptions.
Specifically, no allowance was made for the exclusion of various types of motors from the
scope of the regulation, and it was assumed that the efficiency of all motors would be raised
from borderline compliance with the 2002 MEPS to borderline compliance with the 2006
MEPS. The results of the underlying model were then adjusted at the aggregate level to take
account of these two factors.
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With respect to the coverage issue, earlier Australian work (GWA 2000: page 22) provides an
estimate that about 80% of the motors reaching end users would be covered by the MEPS. The
remaining 20% escape the MEPS because they are not regarded as being supplied in Australia
or because they are motors that are integral with, and not separable from, a driven unit.
However the regulatory situation is somewhat tighter in New Zealand. Regulation 4 Duties of
Manufacturers and Importers (1) states:

A person who manufactures in NZ or imports in to NZ an item in a product class described
in Schedule 1, or an assembly that incorporates that item, may not sell that item or
assembly to any other person in NZ unless:

A the energy performance characteristics of that item comply with the standards for
that item’s product class; and

B the manufacturer or importer completes and submits the prescribed form for that
item’s product class to the Authority.

This is taken to mean that an original equipment manufacturer (OEM) can only sell a non-
complying motor, either directly or incorporated in to an assembly, if it is to be re-exported.
Accordingly, somewhat higher coverage will be achieved. Only motors with more than 8
poles, or motors specifically excluded because of their duty rating, will escape the regulation.
Accordingly, the coverage factor has been put at 95%.

A further discount was applied to allow for motors that already comply with the 2006 MEPS
or fall somewhere between the 2002 MEPS and the 2006 MEPS and require a partial upgrade.
Based on consideration of the distribution of efficiencies for the motors that are currently
registered, a further discount of 25% has been applied to the simple model. That is, it is
assumed that, on average, motors losses are reduced by 75% of the simple difference between
the 2002 MEPS and the 2006 MEPS.

The result is that Table 4.3 reports 71.3% of the cost and benefit impacts estimated by the
simple model (71.3% = 95% * 75%).
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