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Abstract:  Policies and measures that reduce energy consumption while maintaining the
lifestyle benefits of energy services are already achieving significant greenhouse gas
abatement at negative cost to society.  Proven measures like minimum energy
performance standards, efficiency labels and performance-based building codes should
form the core of an effective and least-cost greenhouse policy portfolio, but in fact are
rarely optimised for this purpose.

Yet technically and economically, much more could abatement be achieved without
crossing the line into net economic costs.  An active policy stance, based on the full
realisation of the potential of existing policy instruments, and embracing new policy
initiatives to support product, service and system redesign, and market creation and
development, will realise this potential.  The prospect of continuing rapid growth in
energy demand, for example in new applications such as information and
communication technologies and standby power, well illustrate the urgent need for
active and effective policies.

Persuading and assisting governments to unlock the potential they have to create new
markets and new economic opportunities for energy efficiency and low-carbon
technologies is the name of the game.  For policy advisers and analysts, this may mean
rethinking some cherished ideas, like ‘getting the price right’ and the scope of ‘market-
based measures’.

Introduction

Free lunches?  Low-hanging fruit?  Twenty-dollar bills strewn on the ground?  These
are some of the images that are used mostly to disparage the idea that there are negative
cost abatement opportunities to be captured as part of countries’ efforts to reduce their
greenhouse gas emissions.  Yet the proof is in.  Energy efficiency is not just a free
lunch, it’s a lunch you are paid to eat.  So where’s the catch?  It’s a buffet lunch – you
have to make the effort to walk around and find what you want, and you have to know
how to pick it up and put it on your plate.  In policy terms, you have to target the
lowest-cost opportunities and use appropriate policies and measures to capture them.
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Negative Cost Abatement – Is It Real?

Many member countries of the IEA have been achieving negative cost greenhouse gas
abatement, year in and year out, with energy efficiency policies and measures.  These
measures are proven, reliable and highly effective – but they are dull, often poorly
resourced, inconsistently applied and invariably not optimised either for abatement or
for other policy outcomes.  Worst of all, they are regulatory measures!  The measures
include minimum energy performance standards, appliance efficiency labelling
programs (and in some cases, building and vehicle efficiency labelling programs),
performance- or outcome-based building energy codes.  Non-regulatory energy
efficiency measures can also be cost-effective, but only in certain circumstances, as will
be discussed further below.

In Australia the minimum energy performance standards (MEPS) and efficiency
labelling program was estimated (in March 2000) to reduce greenhouse gas emissions in
the first commitment period by 7.2 Mt CO2-e/year below business as usual levels with a
net benefit to society of AUD31 for each tonne of CO2-e abated (at a 10% discount rate,
versus real interest rates currently around 3%)i.  This result is achieved without
attributing any value to avoided emissions or other non-priced external or ancillary
benefits, discussed further below.  Since March 2000, the scope of the program has been
expanded.  However the first modest round of MEPS in Australia alone has been
estimated to have benefited consumers by at least AUD1.3 billion/year.

The Clean Energy Futures study in the USii showed that even a ‘moderate’ package of
policy measures, staying within a ‘no-regrets’ (net benefit) policy framework, could
reduce energy use in the United States by 8 – 9% by 2020, saving USD100 billion and
nearly 200 Mt C.  Under an ‘advanced’ policy scenario including a domestic carbon
trading system, US carbon emissions are projected to fall by 30 – 32% compared with
business as usual.  For both scenarios, the energy cost savings (and in the advanced
case, the revenues from domestic carbon trading) are projected to exceed the
incremental costs of the technologies, the program implementation costs and
macroeconomic costs associated with domestic carbon trading.  That is, negative net
cost.

A forthcoming IEA publication (working title Saving Energy and Reducing Greenhouse
Gas Emissions from Residential Appliances) will estimate the impact of existing
efficiency policies in most countries/regions of the OECD.  Early results are indicating,
for example, that current policies in the US may avoid up to 10% of all residential
appliance energy use by 2020.  Since these policies are based on the concept of least life
cycle cost, the abatement they achieve is by definition at zero net social cost or less.  In
fact, in 1998 the Lawrence Berkeley Laboratories calculated the present value of net
savings from US appliance energy efficiency programs at USD33 billioniii.  Every
USD1 of government funds spent on these programs results in USD165 in net savings
for US consumers through to 2010.

In addition to negative cost greenhouse gas abatement, these energy efficiency policies
and measures most often have a range of ancillary benefits including improved
consumer welfare (reduced lifecycle energy expenditure but also increased comfort and
reduced health-risks and expenditures), avoided investment expenditure in energy
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supply, increased energy security (both through reduced primary energy consumption
and, in some cases, reduced peak loads on networks), dynamic benefits for industry
(enhanced competitiveness in at least the efficiency performance dimension), spillover
benefits in reduced consumption of other materials such as water, improved productivity
(eg, from appropriately-lit, low-noise, low-pollution indoor environments).

After the Free Lunch, There’s the Free Dinner

One of the most damaging misunderstandings with respect to the role of energy
efficiency as a greenhouse policy instrument is the idea that energy efficiency is about
capturing 1% or 3% efficiency gains per year and therefore hardly worth the trouble.
This is wildly incorrect.  In fact, gains of 50% or more – halving energy use and
associated emissions – can be achieved with appropriate policy instruments and
approaches.  Again, since the detailed documentation of these policy instruments is a
project on the future work program of the IEA, I will illustrate this will one case study
reproduced with the permission of an Australian colleague, Alan Pears from the
consulting business, Sustainable Solutions, and also Senior Research Associate, Centre
for Design, RMIT University, Melbourne, and his commercial partner.

The NIDA EcoVend refrigerated drink vending machine

“An industry partner in the RMIT University Centre for Design’s EcoRedesign program
identified a market opportunity in the manufacture of soft drink can vending machines.
A multi-disciplinary design team was formed to develop the product.

“The energy performance of some existing vending machines was monitored, and key
areas for improvement identified. A literature search unearthed ASHRAE guidelines for
design of drink vending machines that used a 5 watt fan to circulate chilled air within
the cabinet – yet modern units use fans of 25 watts capacity or more.

“A computer model was developed to simulate performance of the vending machine,
and to assist in optimisation of cabinet and refrigeration system design. Problems were
encountered when the results of the model did not match monitoring data from the
existing products. It was discovered that poor design was leading to icing up of the
evaporators of existing products after re-loading and excessive temperature differences
between condenser and evaporator, and these factors were increasing energy
consumption above predictions. It was found that the display lighting consumed around
half of the total energy used by the vending machine, which was measured at over 10
kilowatt-hours per day.

“Energy-efficient lighting strategies were applied to the display lighting, so that a single
36 watt T8 lamp provided a brighter display than the traditional 120 watts of lighting. A
specialist fan expert was commissioned to optimise airflow within the cabinet. Cabinet
design was improved, with attention to insulation and thermal bridges (areas of
weakness in the insulation). Airflow over the condenser was also optimised so that the
refrigeration system worked as efficiently as possible. The end result was a measured
performance at 32C of well under 5 kilowatt-hours per day, a 60% reduction relative to
the base appliance.”
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This perhaps technical description firstly underscores the absence of ‘rocket science’,
high technology or high costs in an initiative that achieved a 60% efficiency
improvement.  Similar results have been achieved with other end-use products, for
example the Global 300 Dishlex dishwasher, which it is hoped will also be included as a
case study in the forthcoming IEA work on appliance energy efficiency.  The IEA is
seeking other similar case studies for its future work and would welcome contacts on
this point.

Second, the implications for policy of such a study are worth dwelling on briefly.
Would a carbon tax, or a cap-and-trade system that has the effect of increasing the
relative price of energy, lead automatically or in any direct way to outcomes such as the
above?  These ‘appliances’ are not purchased by their users, but rather are leased.  Even
if the capital costs of machine were increased in order to achieve such efficiency gains
(which was in fact not the case), the amortisation of any such costs over a lease period
(together with the likely profit margin on the products sold from them) would take them
well off the radar screen of the shop owner.  The energy costs are paid by the shop
owner and passed on, eventually, to purchasers of refrigerated drinks.  However, the
contribution of these machines to their total energy cost is likely to be both modest and
invisible (such appliances are routinely not labeled for energy efficiency, for example),
and of course, its contribution to the price of refrigerated drinks is even less apparent.

In fact, no amount of policy-induced electricity price shock is likely to trigger the chain
of events required to redesign such an appliance – and nor is such a shock needed, as
this redesign process is cost-effective at today’s electricity prices.  Instead,
appropriately designed programs, for example competitive bidding programs targeting
performance-based outcomes (not just efficiency or abatement, but also commercially-
relevant factors such as cost, functionality, time to build, reliability, etc) will achieve
this result.  It should also be noted that the risk of any significant ‘rebound’ effect
(increased energy demand resulting from the price and/or income effects of saving
energy elsewhere) is extremely small.  It is not apparent that more energy efficient
cooling of drinks, almost certain not to be reflecting in their price, would lead to an
increased demand for cool drinks or drink vending machines.  The future work of the
IEA will document more carefully these policy approaches, lessons learned and
performances achieved.

It’s a Growing Market – New Efficiency Opportunities are Being Invented Daily

Lest we be tempted to assume that we have the problem well in-hand, it is worth
reflecting briefly on some of the growth trends and possibilities which reinforce the
urgent need to widen the coverage of existing policies and measures.  One is the rise of
‘standby’ power consumption.  Standby power (energy consumed when an appliance is
in the ‘off’ or ‘standby’ mode) has been estimated to generate 68 Mt CO2-e in OECD
member countries 1997, with an energy demand of 14,600 MWiv.  This means, for
example, that if all residential electrical devices were turned off across the OECD
countries, it would still require the full output of some 20 large thermal power stations
solely to supply the standby power load.
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But abating a substantial portion of these emissions may be highly cost-effective,
particularly relative to other abatement policies.  Germany, for example, has perhaps the
world’s most ambitious wind power program, with some 6100 MW of installed capacity
producing around 12 TWhs/year of renewable electricity.  Yet at the same time, standby
power in Germany is estimated to consume 20 TWhs of electricity/year, or nearly twice
as much as the wind power output.  Producing the renewable electricity costs at least 0.1
Euro/kWh, while the cost of avoiding standby power has been estimated at 0.001
Euro/kWh – two orders of magnitude less – and indeed the social net cost is more likely
to be negativev.

Counter to the view that developed economies should show some saturation in
appliance ownership, the stock of such appliances has in fact been rising strongly and is
projected to continue to do so.  For example, by 2010 as compared with 1990, there will
be some 200 million extra televisions and 130 extra refrigerators in IEA member
countriesvi.  Likewise, other key end-uses, such as passenger transport, show no signs of
saturationvii.

A related example is the seemingly endless rise of information and communication
technologies in the home and office – from computers and mobile phones to digital set
top boxes and ‘network homes’ – and the related issue of standby power (since many of
these technologies consume power 24 hours per day).

The growth of the internet, intranet, networked appliances and other ‘information and
communication technologies’ (ICT) is probably already a major source of energy-
related emissions growth.  While this is an active area of research, including at the IEA,
with the net effects unclear at this stage, there are at least two major drivers towards
higher energy demand and emissions.  First, ICTs and the internet/network
infrastructure that supports them are significant energy consumers, in many cases even
in standby mode.  The stunning growth rate of these applications in recent years is most
unlikely to reverse in the future.  Second, ICTs stimulate economic growth through
higher productivity, feeding back into higher general energy demand through income
effects.  The extent to which they stimulate growth is also an active field of research,
but it seems clear their contribution is substantial and widely spread across most sectors
of the economy.

Set against these effects is the possibility that at least some applications of ICT will
more effectively manage energy use.  Home and office automation systems may have
the potential to reduce some waste of energy by, for example, turning off the light when
a room is empty, dimming lights when there is sufficient daylight or automatically
reducing the space heating output at night.  Also, it is possible that structural changes in
the economy consequent upon the distribution of the economic growth stimulated by
ICT will lead to a lessening of greenhouse and energy intensity.  Will internet shopping,
for example, reduce the total energy consumption involved in the product production
and consumption chain, for example by reducing low load-factor transport?

However, the risks can be seen in an analysis from Switzerland of the case of networked
home appliances.  Aebisher et alviii made a series of simple assumptions on the level of
power of the network features progressively appearing in the main domestic appliances,
lighting and security fixtures as well as on the power for running the network, such as a



Phil Harrington – Capturing Negative Cost Abatement Opportunities
6

high-capacity broadband gateway. The results of this analysis included additional
electricity consumption between 600 to more than 1 000 kWh a year per household at
the horizon 2010-2020, of 50 - 70% is standby power consumption.  Given assumptions
about the speed of penetration of such applications, this development alone could
correspond to an increase of 20% in total residential electricity demand by 2020.

As with the drink vending machine case study, there are lessons in ICT for the design of
effective policy measures.  Individually, the energy cost of a mobile phone or digital
set-top box is so small relative to the value of the service delivered (willingness to pay)
that it is difficult to imagine any degree of carbon-related energy price shock having an
impact on the uptake, usage or design of such appliances.  Rather, non-price measures
targeting the energy efficiency of their design and performance characteristics will be
the way to proceed.

The IEA will be hosting a workshop on the issues surrounding ICT and energy in
February 2002 and developing quantitative scenarios for the World Energy Outlook next
year.  However, it already seems clear already that there are highly cost-effective
abatement opportunities here that could be captured with targeted measures, including
wider adoption of the IEA’s ‘one watt initiative’ or related standby power measures.

What Are These Regulatory Policies and Measures?

Minimum energy performance standards (MEPS) and efficiency labels are relatively
well-understood measures, in many cases being in use for over a decade.  MEPS work
by preventing the sale of appliances/equipment that do meet a prescribed level of energy
efficiency in performing a given energy service (washing, lighting, etc).  The energy
service level and energy consumption are measured using standardised test protocols,
while the prescribed efficiency level is derived quite differently in different countries.
The approaches range from detailed engineering/economic analyses to determine least
lifecycle cost (US), taking the ‘best in class’ and requiring all others in that class to
meet the same performance level over a fixed time period (Japan), a statistical analysis
to remove a fixed percentage of the least efficient products from the market (EU and
historically, in Australia), or seeking the world’s best standard and applying it
domestically (current Australian approach).  A regulatory, testing and (often)
inspection/check-testing regime is required for these programs, demanding a sufficient
(although very small relative to net benefits) investment in an energy efficiency
infrastructure/institution.

Efficiency labels may be voluntary or mandatory, but mostly the latter, and while they
differ in form and detail around the world, in concept they are alike.  The relative
performance of various appliances within a class – typically above the minimum MEPS
threshold where one exists - is measured and displayed in ranges represented by letter,
numbers, stars or coloured bars/designs.  They convey specific information to the
consumer at the point of sale, and have been found to be highly effective in influencing
consumer choice towards more efficient models.  However, labels also provide a visible
focus for the competitive and innovative abilities of manufacturers (particularly when
re-inforced with voluntary competitions, awards, recognition initiatives), and can assist
in triggering a virtuous circle of competition towards continually-improved efficiency
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performance.  The forthcoming IEA work referred to above will include very persuasive
historical evidence of the effectiveness of this policy instrument.  For a current
reference, see Energy Labels and Standards (IEA 2000).

Together, MEPS and labels form the core of a ‘market transformation’ policy approach,
under which continuous improvement in the whole efficiency distribution of products in
targeted; ie, less sales of inefficient models, more sales of more efficient models, and
development of new models that push the efficiency threshold forward.

MORE

LESS NEW

Product Performance

Market Penetration

Base case

Preferred Case

Despite their clear net benefits, these policy instruments are not without risks.
Standards set too high could increase consumer costs – particularly first or purchase
costs – and reduce access to basic energy services.  This would particularly be the case
if the impact of a standard were to effectively (but perhaps temporarily) reduce
competition in a market segment.  Further, standards of this stringency could risk to
become trade barriers, particularly when not aligned with international standards.
Conversely, standards set too low or allowed to become out of date could act as least
common denominator and actually stifle innovation.  Labels, too, must be clear and
reliable in order to play an important role in building efficiency markets.  The body of
experience gleaned by program managers over many years provides important lessons
for efficient and effective policy design, including the management of these risks (IEA
forthcoming).

In the IEA’s program of work for 2002, the most cost-effective policies and measures
for sustainable, low-energy buildings will be explored.  It seems likely that at least some
of these measures will encompass regulatory approaches, including performance- or
outcome-based building energy codes, and labeling/rating, certification and disclosure
policies.

Regulation?  Don’t We Believe in Market-based Approaches?

In focusing on regulatory energy efficiency programs as least-cost elements of an
effective greenhouse gas abatement program, are we suggesting that other policy
measures are less effective or less cost-effective, or that they have no place in a
portfolio of policies and measures?
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Indeed not.  A well-balanced portfolio should include not only a wide range of measures
to best target specific audiences and outcomes, including fuel switching, non-energy
related emissions and sequestration, which extend beyond the reach of energy efficiency
policies and measures.  Also, from a risk management perspective, the policy portfolio
should also contain a certain percentage of measures which may have relatively high
costs of abatement in the short term but which may increase the basket of cost-effective
abatement opportunities in future, such as the promotion of renewable energy or other
low carbon or sequestration technologies.

Further, there is considerable power in the concept of ‘market-based approaches’ for
greenhouse gas abatement and other environmental policy outcomes.  The ability of
well-structured and efficient markets to facilitate innovation and choice, to reduce
transaction costs, and to encourage economic efficiency, in principle leading to least-
cost outcomes, is well-recognised.  Of course, markets have other, less benign impacts
as well.  It should be clear that when policy analysts, at least, refer to market based
measures, they are in fact referring to those aspects of well-functioning markets, such as
informed consumer preference and sovereignty, information, innovation, product
differentiation, reward for performance, etc, and/or to measures that overcome barriers
to the expression of these forces in the market-place.

However, the phrase “market-based measure” has become so confused in general usage
as to be nearly meaningless.  At one extreme, the phrase is used to mean “just get the
price right”, typically either through carbon taxes or cap-and-trade schemes.  While
these measures have important roles to play, it would be far from optimal to rely
exclusively on these price-based policy instruments if the goal were least-cost
abatement.  Cap-and-trade schemes will almost inevitably operate upstream in the
economy, at the oil refinery and at the power station.  For a consumer trying to choose
between more or less efficient refrigerators, and particularly in the absence of measures
like MEPS and labels, the fact that electricity prices may be somewhat higher in future
will not enable that consumer to make an optimal choice, and nor will it motivate them
to do so.  In fact, with the prospect of quite low international carbon prices post-Bonn,
the price signal is likely to be quite weak upstream and perhaps almost invisible
downstream.

Similar points could be made for carbon taxes, although these are more feasible to apply
downstream.  But still we are dealing with economic information which acts only
indirectly on the variables we wish to change - manufacturers to make more efficient
refrigerators, for example, and consumers to buy them, to extend the analogy above.
While not all end-uses would be feasible or cost-effective to target with specific policies
and measures, it seems clear that more effective outcomes can be achieved and at lower
cost through such targeted policies and measures than through economy-wide measures.
At a minimum, therefore, they should remain an essential partner to price-based
measures if we are to achieve genuinely least-cost outcomes.

At the other extreme, “market-based measures” are too often loosely interpreted as
voluntary commitments by industry or other emitters, self-regulation or the provision of
information – or indeed, any non-regulatory (and non-tax, non-cap) policy or measure.
Each of these policy types may have a place in a greenhouse policy portfolio.  However,
with the possible exception of targeted information provision, these are not measures
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that build markets for desired public good outcomes.  If economic actors continue to
work within the price and incentive structure of markets that place little or no value on
public good outcomes, such as reduced greenhouse gas emissions, we should not be
surprised if we find their behaviour is not greatly changed as compared to business-as-
usual.  Also, it is the case that many voluntary or technology-based measures depend
upon long and uncertain paths of ‘market deployment and diffusion’ before substantial
abatement can be achieved.  Regulatory measures, where justified on net social benefit
grounds, will typically achieve an earlier and wider impact on the efficiency of energy-
use across whole economies, critical from the perspective of capital stock turnover and
‘emissions lock-in’.

Further, we should recognise that well-designed regulatory measures are market-based
measures.  They can create markets for the public good attributes of goods, such as high
energy efficiency/low carbon intensity, focusing the innovative power of markets on
these attributes.  Without efficiency labels, for example, the inherent consumer
preference and also the direct economic interest of consumers in more efficient
appliances can not be fully expressed, or expressed at all, in the market since the
‘energy efficiency’ attribute of the appliances would not be visible.

The ongoing policies and measures work program of the IEA will be investigating these
and related issues in the period ahead, with an emphasis on quantitative analysis and
evaluation of a wider range of efficiency policies.  Many non-regulatory policies are
indeed likely to be both effective and cost-effective and lead to significant and durable
abatement.  However, compared with MEPS and labeling, for example, this thesis has
not been tested, in part because many of these programs are relatively new.  A
particularly interesting class of market-transformation policies and measures are those
based on the idea of eco-redesign, informed with a strong market/industry/end-user
perspective.  The case study briefly referred to below of the redesign of the common
drink-vending machine to achieve more than a 60% reduction in energy consumption is
perhaps indicative of what these measures may be able to achieve.

Conclusions

This paper calls for wider use of well-designed regulatory energy efficiency policies as
the core of a least-cost greenhouse gas abatement portfolio.  Past and present work of
the IEA has demonstrated conclusively that minimum energy performance standards
and efficiency labels possess high effectiveness in achieving abatement, very high cost
effectiveness, certainty of outcome and potential for much greater cost-effective
abatement than they are now realising.  Such regulatory measures, and indeed other
non-regulatory measures, should be market-building, market-creating or market-
enabling – not just ‘market-based’.  The future work program will focus in particular on
policies and measures for sustainable, low-energy buildings and other forms of
appliance/end-use equipment policies, such as those explicitly targeting substantially
improved efficiency and greenhouse outcomes.
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