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A Comparison of Policy Instruments to Reduce Greenhouse Gas Emissions
Abstract

Tax, emission.trading schemes, regulations, and subsidy policy instruments to reduce Australian
greenhouse gas emissions are assessed. Australian recent and proposed examples are used as
illustrations..Comparative pollution reduction cost, tax interaction distortion costs, redistribution
effects and operating cost properties are evaluated. A tax instrument with a comprehensive base,
combined with recycling the revenue windfall to households, is argued to be a suitable guideline for
future policy; and'some regulations to counter information and other market failures can be

important complements.
1. Introduction

Australia proposes substantial reductions in greenhouse gas emissions over the next decade or two.
There is bipartisan agreement to reduce the 2020 pollution level by 5 per cent below the 2000 level;
and this is aimuch larger reduction relative to a business as usual scenario recognising a larger
population and higher real income. The Coalition government negotiated a further reduction of 26-
28 per cent below the 2005 level by 2030 at the December 2015 Paris summit. Labor, if elected, is

promising a larger 2030 reduction of at least 40 per cent.

Although.there is a degree of bipartisan support for some of the policy interventions to mitigate
greenhouse gas emissions, on the key instruments the two main parties have used, and propose to
use in the future, very different policy instruments. Labor introduced a carbon tax from July 2012. It
was withdrawn in July 2014 by the incoming Coalition government as an election promise. Also,
there are legitimate debates about alternative key design issues which differ from the Labor version,

including a broader tax base, compensation for trade exposed energy intensive industries, and
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details of the revenue recycling part of the package. A subsidy scheme, Direct Action (which
incorporates the earlier Carbon Farming Initiative), was legislated by the Coalition government in
2014, and the first of quarterly auctions was held during the first half of 2015. Other interventions
with loose bi-partisan support have included: a raft of regulations, including the renewable energy
target, andienergy-efficiency design regulations for appliances and buildings; other subsidy schemes,
including forfinvestment in renewable energy and in energy efficiency; and, public investment in the

provision ofiinformation.

This paper describes the operation of different policy instruments government could use to reduce
greenhouse gas emissions and it evaluates their comparative properties. Policy instruments
considered aresascarbon or emissions tax, an emissions trading scheme, regulations on production
methods and product design, and subsidies to invest in R&D and more energy efficient products and
methods of production. Examples from recent and proposed Australian policy are used to illustrate.
The different policy intervention options to reduce emissions are evaluated against a number of
criteria. These.include: the cost effective reduction of greenhouse gas emissions to meet Australia’s
target reductions;’ interactive distortions of the pollution reduction instrument with income and
other taxes omilabour market decisions; distributional equity taking the status quo as the

benchmark;‘and,operating complexity and costs.
2. Greenhouse Gas Emissions and Policy Task

Table 1 shows Australian greenhouse gas emissions in 2014-15 of 560 million tonnes of CO2-e. The
combustion of fossil fuels in the production of electricity, for heating and steam, and transport
accounts fortwo-thirds of the total. Other important emitters are agriculture, and mostly by
ruminant animals, and then a few industrial processes, including manufacture of cement. Fugitive
emissions from mining activities, the decay of wastes, and changes in land use are other

contributors.

Table 1 Australian'Greenhouse Gas Emissions, 2014-15

Million tonnes of CO2-e Percentage of total
Electricity 186 33
Direct combustion 94 17
Transport 93 17

A larger and more difficult policy question about the appropriate pollution reduction is not considered. This
debate is difficult because greenhouse gas emissions are a global externality problem with long life spans.
Nordhaus (2015) provides a comprehensive review of the challenges in reaching a global agreement, along
with a discussion of some of the options.
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Fugitives 38 7
Agriculture 81 15
Industrial processes and product use 32 6
Waste 13 2
Land use, landwmuseschange and forestry 23 3
Total 560

Source: Departmentof the Environment, December 2015.

The policy task of changing decisions to reduce greenhouse gas emissions embraces not just the first
round pollutérs noted in Table 1. The vast majority of businesses who use energy and other pollution
intensive inputsiin their production processes, and households who purchase and consume products
which directly and indirectly involve different quantities of greenhouse gas emissions, can change
decisions to reduce pollution. The flow of greenhouse gas emissions can be decomposed with an

identity often attributed to Kaya (Kaya and Yokoburi, 1997)
GHGE = (GHGE/E) (E/Y) (Y/POP) POP (1)

where, GHGEris'igreenhouse gas emissions, E is energy, Y is national income or consumption, and
POP is population/Pollution can be reduced by a combination of less pollution ways of producing
energy, lower GHGE/E, and greater energy efficiency per unit of final goods and services, lower E/Y.
Less pollution_per‘unit of energy can flow from, for example, replace coal with gas or replace fossil
fuels with'non-renewables to generate electricity, and by carbon sequestration, such as
reforestation and carbon capture and storage. Improved energy efficiency examples include more
energy efficient transport and manufacturing processes, and households reducing the mix of energy
intensive versus energy extensive goods and services, for example more energy efficient white
appliances and the choice of public transport, bicycle or walking rather than large cars. In many
cases, investment in R&D will be required for, or an integral part of, both sets of decision changes to

reduce greenhousesgas emissions.

One way of evaluating the cost efficiency of the different policy intervention options is the marginal
abatement cost (MAC) function, or supply function for pollution reduction. As shown in Figure 1 the
MAC ranks'the different decision changes by all businesses and households to reduce emissions
from lowest cost per unit to highest cost. Potential decision changes include the first two right hand
terms of (1). The base case or business as usual scenario at the current level of pollution, point O,
assumes a zero price for greenhouse gas emissions. For a zero pollution cost, it assumes also that

businesses and households have taken decisions which maximise their objectives subject to
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constraints. Decisions to reduce pollution are less satisfactory and involve additional costs. Available
estimates of the MAC, including The Treasury (2011), Pearce (2012) and Clarke et al. (2014), find a
convex MAC. Decision changes to reduce the pollution intensity of energy production and the energy
efficiency of other business and household production in the E/Y term of (1) are included in the

MAUGC, includingsamong the lower cost options.

The importance of long lived capital items used in the production and use of energy means the MAC
will be more elastic the longer the time frame and the greater confidence businesses and
households have with stability of the future path of policies. New technology, changes in the

structure of the ecenomy and changes of attitudes will shift the function over time.

Figure 1 Marginal Abatement Cost(MAC) Function

& unitfpollution MAC

Cluantity of pollution reductionfyear

For a given target reduction of pollution, say Q” in Figure 1, a least cost policy intervention would
change decisions with the lowest MAC. For example, suppose there are four possible decision
changes with costs of A, B, C and D along the MAC. If two decisions to reduce pollution are driven by
the policy, the least'cost option would select decisions A and B, the highest cost option decisions C

and D, with combinations A and D, or B and C, in between.

Distribution effects of tax, ETS, regulation and subsidy instruments to change business and
household decisions to reduce greenhouse gas emissions can be evaluated with partial equilibrium
product models (for example, Guest, 2009), multiproduct models through to computable general
equilibrium models (for example, The Treasury, 2008, Adams et al., 2014, and Clarke, et al., 2014).

With partial equilibrium models for individual products (or for product supply chains), initial effects
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of the policy instrument change one or both of the supply and demand curves. The more elastic
supply relative to demand, the greater the share of additional production costs, taxes and subsidies
passed forward to the household. Many studies of the incidence of indirect taxes conclude that most
of an indirect tax is passed forward to buyers as higher prices (including ABS, 2012, Warren et al.,

2005, andxValadkhani, 2005).

Comparative redistribution effects, and the efficiency effects associated with interactions of the
different policy.instruments to reduce pollution and existing taxes, can be assessed with functions
describing the effective purchasing power of an individual linked to a revenue neutral government
constraint. Infthe'base case (before policy intervention to reduce pollution) effective purchasing
power, EPP(B)nisigiven by the ratio of disposable income and an index of the purchase cost of goods

and services
EPP(B) = [W(1-Ty)+ SS] / [P(1+Ti)] (2)

where, W is the.market wage, SS is social security payment, P is an index of consumer prices pre-
indirect tax, Ty is income tax, and Ti is indirect tax (including GST and excises). Magnitudes of each of
the right handsterms will vary across income and demographic groups. Average rates of income and
indirect taxesiaffect equity; and marginal rates affect incentives and rewards which drive efficiency

effects.

The different policy instruments to reduce greenhouse gas emissions will alter effective purchasing
power in (2) in different ways (to be described in detail in Section 3 below). They may directly
change production costs and the price term by AP, and the indirect tax term by ATi, and more
specifically ATi=rTc with Tc the carbon price. Also, government revenue and expenditure may
change, namely income tax as ATy and social security payments as ASS. Expanding (2), a general
expression foreffective purchasing power under policy options to reduce greenhouse gas emissions,

EPP(PO), iis
EPP(PO) = [W{(1-Ty+ATy) + SS+ASS} / {(P+AP)(1+Ti+Tc)] (3)

Comparison of (3) with (2) using average changes provides the framework for assessing the
comparative equity effects of the different policy instruments; and comparison using marginal
changes is usedtorassess the efficiency effects of interactions between the greenhouse gas
reduction policy with existing general taxes (as discussed by Bovenberg et al., 2008). The policy
options will be assessed in the context of an approximately zero change in the aggregate
government budget outcome; with Tc an increase in revenue, and ATy and ASS additional

expenditure.
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3. Comparison of Greenhouse Gas Emissions Reduction Policy Instruments

The tax and ETS which place a price on the pollution externality, regulations to reduce pollution, and
subsidies to entice pollution reductions are described in general and with illustrations from recent
Australian policy. The implications of the policy instruments for economic efficiency, both in cost
effectively reducing pollution and interaction effects with current taxes, for redistribution in the

context of aineutral government budget constraint, and operating feasibility and costs are assessed.
3.1 A carbon or Emissions Tax

Conventional'éconemic advice recommends special indirect taxes to internalise the external costs
incurred in thesproduction or consumption of particular products and production methods (as
described in'public/finance texts, such as Stiglitz and Rosengard, 2015, and environment economics
texts, such as Kolstad, 2010). In this spirit, the review of Australia’s Future Tax System (Henry et al.,
2010) recommended a carbon or emissions tax to privatise the external costs of greenhouse gas

emissions. Ideally,.the rate of the additional tax would be set at the marginal external cost.’

The carbon tax introduced in Australia in July 2012 and through to July 2014 as a major component
of the Clean Energy:Future package (Gillard, et al., 2011) provides an example.? The tax was
collected from less than 400 businesses on a base representing about 60 per cent of the emissions in
Table 1. At an‘initial rate of $23/tonne CO2-e, additional tax revenue of about $8 billion a year was
generateds#About a half of the revenue windfall was redistributed to low and middle income
households, and the other half to a range of subsidies for the energy intensive trade exposed

industries and for investments in renewable energy and improvements in energy efficiency.

A comprehensive base for a price on greenhouse gas emissions would include all the items in Table
1. Operating procedures are relatively straightforward for electricity generators, the refiners and
distributors'of other fossil fuels (assuming a close relationship between the fuel and pollution at the
time of combustion;by the very large numbers of energy input using businesses and households),
large miners.with fugitive emissions, and large industrial firms and waste managers. And, costs of
administration and compliance are low. As few as 1000 firms initially would be involved for a base
which covers about'80 per cent of Australian emissions. With current technology, measurement of

greenhouseemissions by agriculture, land use and some small industrial firms seem very expensive

% Over time, economic models argue that the price on pollution should increase. Garnaut (2008) uses a
Hotelling-type model to project the price to rise at the real interest rate as the flow of pollution runs down the
maximum stock of pollution consistent with a threshold level of climate change of a temperature increase of
two degrees. Nordhaus (2008) with his DICE model has price increasing with increases over time in the
marginal cost of emissions as a larger global stock of pollution increases climate change and adaptation costs.
? Details of the design and operation are given in Besley, et al. (2014).
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for both government and the firms; and other “easier measures” such as livestock numbers and

meat production are poor proxy measures of pollution.

The Clean Energy Future carbon tax of 2012-14 was not applied to fuel purchased by households,
primary producers and small vehicles less than 4.5 tonnes, the tax on large vehicles was delayed, and
small polluters of less than 25,000 tonnes CO2-e per year were exempt. About 60 per cent of
greenhouse'gas emissions shown in Table 1 were subject to the tax, or a quarter less than a

relatively low. operating cost comprehensive base.

An interesting and important side-debate on the base for an Australian price on greenhouse gas
emissions cancerns the eligibility or not to purchase permits from overseas if they are lower priced
than reducing domestic pollution. Several studies for Australian schemes, including The Treasury
(2008) and Adams.et al. (2014), have found it cost effective to purchase up to a half of the Australian

pollution reduction from approved international permits.

The first round.of.a.carbon tax on greenhouse gas emissions directly affects the pollution intensity of
energy produced, term GHGE/E on the right hand side of (1). Responding to the change in the
relative costssofidifferent options to produce energy, decision changes are made if the additional
cost of the decision option to lower pollution is less than the carbon tax. With elastic energy supply
functions, most of the higher costs of the changed energy production decisions and the tax on
remaining pollution per unit of energy are passed forward as higher energy prices to business and
household users of energy inputs.” These second round energy price changes induce households and
businesses to improve energy efficiency, that is, to reduce the second right-hand term E/Y of (1). In
addition and overtime, the changed relative prices work to increase the incentives and rewards for

investment in R&D to develop new technology to further reduce the GHGE/E and E/Y terms.

The cost effectiveness of a tax on greenhouse gas emissions to reduce pollution can be explained
with Figuresd.'"Foraipollution price of P, all of the decision options to reduce pollution along the MAC
with a costless'than P, including options A and B, would be taken because reducing pollution is a
lower cost decisionjoption than paying the tax; by contrast, for more expensive decision changes
than P, including Cand D, it is more cost effective to pollute and pay the tax. A price on pollution
draws on.the information held by businesses and households throughout the economy, and
generally not available to government, to find the least cost ways of reducing pollution (to Q” in

Figure 1).

*For electricity, the magnitude of the tax flow through varies with the marginal production unit. In particular,
the increase will be larger for coal and base production during off-peak demand than when gas is the marginal
peak demand supply.
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Consider next the efficiency costs associated with interaction of the tax on pollution with other taxes
using (3). A price on pollution increases the cost of goods and services to households, the
denominator of (3) via the higher cost of production term AP and the carbon tax Tc. The reduction of
effective purchasing power would increase existing income tax and indirect tax distortions to labour
and otherdecisions. However, the also generates a windfall increase in government revenue. This
revenue windfall'can be used to reduce income tax, namely ATy in the numerator so that EPP(PO) in

(3) is close to EPP(B)sin:(2).

Most of the redistribution effect of a pollution tax reduction in effective purchasing power can be
offset by recyé€lingithe revenue windfall as lower income taxation and higher social security
payments whilesmaintaining changes in relative prices and incentives to choose less pollution
intensive options. Also, to assess welfare in aggregate, and not shown in (3), lower greenhouse gas

emissions mean less climate change and in the future lower costs of adaptation.

Effects of the'Clean Energy Future policy package of 2012-14 on redistribution and tax interaction
efficiency can be assessed with the aid of (3). About a half of the $8 billion a year revenue windfall
was recycled to households as increases in social security payment rates to more than offset the
estimated increase|in the CPIl by 0.7 percentage points and by an increase in the effective income tax
free threshold from $16000 to $20542. In terms of distribution effects, low and middle income
households gained (about two-thirds of households according to Gillard et al., 2011), and those
higher updost. Only for a small group of taxpayers did the effective marginal tax rate fall, so the

package aggravated tax distortions and efficiency costs (Freebairn, 2014).

Available data, together with confounding changes in other variables affecting decisions, make it
difficult to assess the effects of the carbon price before, during and after the 2012-14 period of the
Clean Energy Future. For simplicity, consider electricity, the largest source of greenhouse gas
emissions and principle focus of the tax. Garnaut (2014) highlights that the carbon tax was a
relatively small contributor to a large jump in retail electricity prices over recent years; investments
in infrastructure were more important. Table 2 shows annual Australian electricity produced, share

of renewables, electricity greenhouse gas emissions, and average emissions per unit of electricity.

Table 2 Australian Electricity Production and Electricity Generated Greenhouse Gas Emissions, 2001

to 2015
Electricity Renewables share | Electricity CO2-e Average emissions
generated (GWh) (%) emissions intensity
(million tonnes) (tonne/MWh)
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2001-02 224 870 7.8 184 0.818
2002-03 222120 8.5 187 0.842
2003-04 229784 8.2 195 0.848
2004-05 228 649 8.9 197 0.860
2005-06 232 829 9.3 201 0,863
2006-07 243,153 8.7 204 0.840
2007-08 243153 8.2 206 0.848
2008-09 247524 7.5 212 0.855
2009-10 243217 8.6 205 0.813
2010-11 247524 10.5 199 0.783
2011-12 250740 10.6 199 0.793
2012-13* 249715 13.3 187 0.748
2013-14* 248 297 14.9 181 0.730
2014-15 223211 na 186 0.834

*Period/with carbon tax

Source: Department of Industry and Science (2015), Australian Energy Statistics, Table O, and
Department of the Environment (2015), Quarterly Update of Australia’s National Greenhouse

Gas Inventory, June, Data Table 1A.

Looking atithe crude numbers in Table 2 supports a small effect of the carbon tax in reducing
electricity greenhouse gas emissions. The importance of renewables increased, pollution per unit of
electricity fell, and electricity production declined in the 2012-14 period with a carbon tax compared
with the preceding years, and there was a reversal in 2014-15 when the carbon tax was repealed. To
an importantiextent these changes are part of longer term trends driven by other factors such as
technology, @ther policy interventions, including regulations such as the renewable energy target,
and subsidies forsolar energy, and other drivers of higher electricity prices and lower electricity

consumption.

An important limitation on the effectiveness of the Australian carbon tax experience in changing
decisions has tesbe the political uncertainty. The Coalition actively and persistently contended it
would withdraw the tax if elected, and it did so. Such uncertainty about future policy must have cast
a doubt on rushing into lumpy, large scale and long-lived investment decisions to reduce greenhouse

gas emissions, and so muted many potential long term decision changes.

3.2 An Emissions Trading Scheme (ETS)
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An alternative policy instrument to a pollution tax which places a price on greenhouse gas emissions
is an emissions trading scheme (ETS). To correct the market failure associated with treatment of the
atmosphere as a common property resource where greenhouse gases can be dumped for free, an
ETS creates a required property right to emit pollution. The limited quantity of pollution property
rights, and:a smaller quantity than current pollution, then has a scarcity value which places a price
on pollutiondn much the same way as a tax. In Figure 1 a limited quantity of rights to pollute of Q"

has an averagespricerof P.

A market price generated by the limited supply of permits to pollute with an ETS, and where the
permits are allocated by auction, results in similar efficiency, redistribution and operating cost
effects as a taxadiscussed in Section 3.1 above (see, for example, Hepburn, 2006, Clarke, 2011, and
Goulder and Schein, 2013). In effect, government revenue from the sale of the pollution permits to
polluters generates similar government revenue as the tax revenue. Even then, there are some
subtle differences, even if of second order of importance, between a tax and an ETS: with a tax,
government sets.the price and the market determines the pollution reduction, while with an ETS,
government sets the pollution quantity and the market determines the permit price; and, with
uncertainty of;rand shifts over time of, the MAC, the tax option provides price certainty and
uncertain andyvariable pollution quantity reductions, while an ETS provides a certain pollution

guantity with-anuncertain and variable market price for the permits.

Rather thanauction the permits to pollute, some versions of an ETS in effect gift the property rights
to the polluters, and then these property rights are tradable. Most initial allocation of the limited
property rights to pollute involves a variant of grandfathering to current polluters as a less than 100
per cent sharesoficurrent pollution. This model was used in the early stages of the European ETS, and
itis implied in.theproposed Labor party ETS if elected to government in 2016 (Labor Party, 2016).
Outcomes foranETS which initially allocate the pollution rights to the polluters rather than by
auction (andartax)rhave: similar effects of increasing the relative prices of pollution intensive
production'methods and products to reduce pollution at least cost; governments do not gain a
revenue windfall, rather the initial recipients of the newly created pollution property rights receive
the windfall; and, as a consequence, governments either have to run a larger budget deficit to
compensaté households for higher costs of living or, if no compensation is paid to households, the
households bare most of the higher costs of reducing pollution and society incurs the additional tax
interaction distortion costs of a lower effective purchasing power of EPP(PO) of (3) compared with

EPP(B) of (2).

3.3 Regulation: Renewable Energy Target (RET)
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RET regulations are expected to be a major contributor to meeting Australia’s greenhouse gas
reduction target by 2020, they illustrate the effects and properties of the regulation instrument
relative to the price and subsidy options, and to date the general RET model has had bi-partisan
support. Dating from 2001, the RET is one of the more durable policy interventions to reduce
greenhouse gas:emissions. The current version for large scale electricity generation is a minimum
renewable energy quantity of 33,000 GWh per year by 2020, or more than 20 per cent of the
projected totaleléctricity quantity and a doubling of current renewable energy (Climate Change

Authority, 2015).

While primarily a‘fegulation, one component of the operation of the RET is akin to an ETS. A system
of required renewable energy certificates represents a government created tradable property right
allocated to/industry which creates a market to produce the required renewable energy target at

least cost.

Cost inefficieney'of regulations versus the comprehensive base tax or ETS instruments is illustrated
with the RET. As discussed in Sections 3.1 and 3.2 above, a price for pollution provides incentives
and rewards for individual businesses and households throughout the economy to use their private
information to change decisions with a result that the marginal abatement cost is equated across the
different decision changes affecting both the pollution per unit of energy and energy per unit of
income in (1). Byscontrast, regulation requires government to use limited public available
informatien; and often in responses to self-interested lobby groups, to choose both a few decisions
to change and the magnitude of the change. In the context of Figure 1, regulations are as likely to
choose the higher cost options C and D to meet a reduction of Q" pollution over the lower cost A
and B optionsaMore specifically for the RET example, RET primarily changes decisions to reduce the
GHGE/E term,of (1). Yet, many low cost reduction decisions to reduce pollution are in the E/Y term
of (1). Even withinthe first term of (1), pollution per unit of electricity, the RET rules out potential
lower costroptionsssuch as investment in fossil fuel generation equipment and R&D to improve
energy efficiency, change the mix of coal and gas generation, and invest in carbon capture and

storage (Nelson, 2015).

If a price instrument already is in operation, a regulation either is redundant if the additional cost of
meeting themregulation is less than the carbon price (i.e. MAC < P), or it chooses decision changes at
a higher cost than the price which represents the cost of other available decision changes to reduce

pollution (i.e. MAC > P).
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Cost and price effects of the RET are likely to vary between the short run and the long run. A
conventional long run comparative static equilibrium assessment would have the RET induced
increase in the cost of electricity generation to meet the regulation constraint passed forward as a
higher electricity price to business and household buyers. In the context of the measure of effective
purchasingspowerin (3), there would be an increase in the AP term. With no windfall carbon tax
government/frevenue to reduce income tax or increase social security payments available with the
price instrument;’households ultimately bear most of the cost of the regulation, AP, as a fall in
EPP(PO) < EPP(B). Also, there is an efficiency loss with interaction of the existing income and indirect
taxes and the product price increase reducing effective purchasing power; causing larger distortions

to labour and other decisions.

A comparisan of the equity effects of a regulation with a price intervention which achieves about the
same aggregate reduction in pollution favours the price intervention. Because regulation is less cost
effective, the AP effect in (3) will be larger for the regulation. If most of the taxation revenue windfall
of a price instrument is recycled as lower income tax so that Tc =AY, households will face a smaller
reduction in effective purchasing power of EPP(PO) in (3) and be better-off with a price instrument

than with a regulation instrument.

In the short run however, the RET may cause a fall in the average price of electricity generation, the
opposite of thelleng run equilibrium. With a combination of static or even declining demand for
electricityz:and long lived sunk investments in fossil fuel generation capacity, the required RET
investment in renewable energy augments the available aggregate renewable plus non-renewable
electricity generation capacity. The increase in aggregate generation capacity, along with variable
cost much lessithan average cost, likely will lead to a fall in price from an initial and pre-RET
equilibrium average total cost to a lower price that covers only variable cost.” This short run may last
for some time"until*fossil fuel capacity is retired. Ironically, over this short run period the lower
electricityspricesreduces the incentive for the millions of business and household electricity users to

improve energy efficiency, a so called rebound effect to increase pollution in the short run.

Quiggin (2014) provides some counter arguments in favour of the RET as a worthwhile instrument,
even as a complement to a price instrument. If one accepts his position that the carbon price is set
too low, then,the higher economic or shadow price of further reducing emissions supports a RET as a
second best and complementary policy intervention. Given the importance of large, lumpy and long-

lived investments in electricity generation, policy continuity is important for such investment

> Retail electricity prices have risen over recent years, primarily because of increases in investment in
transmission and delivery infrastructure and the regulatory structure used to set prices (Garnaut, 2014).
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decisions. In this context, and Australian politics, the continuity and robustness of RET to date is
superior to the observed short term life of the carbon tax and the absence of bi-partisan agreement

for future policy.
3.4 Other Regulations

An important set of . regulations which reduce greenhouse gas emissions are in part motivated to
correct other market:failures. Examples include regulations on energy efficiency of vehicles,
household appliances, light bulbs and buildings. Other market failures include the lack of
information, asymmetric information, short-sighted and time-inconsistent decision making, and in
some cases confused or non-linked rights and responsibilities of landlords and tenants. This is not to
ignore that the inherent cost inefficiencies of government regulations discussed above for the RET
apply also to these'regulations. Regulations have to balance these and other government failures in
reducing pollution against the benefits from correction of these other market failures in private

sector decisions.

Another potential welfare improving application of regulations concerns altering decisions which
generate pollutioniexternal costs and where the operating costs of a price instrument are very high
or even prohibitive. As noted in Section 3.1 above, sources of pollution in Table 1 not likely to be
included in-a price base because of measurement challenges may be reduced by regulations on land

use, some agriculture and waste disposal practices, and for small industrial businesses.

Design of the details of each regulation would take into consideration the nature and the magnitude
of the market failure to be corrected, and the relative efficiency, equity and simplicity of regulation

versus alternative,policy interventions.
3.5 Subsidy: Direct Action

A key componentof the Direct Action program introduced by the Coalition government in 2015 to
replace the'Labor'government carbon tax is a subsidy in exchange for private sector bids to reduce
greenhouse gas emissions;® a safeguard measure is to follow from July 2016 as a restraint on
greenhouse gas emissions by large polluters who do not bid for or secure a subsidy (Australian
Government, 2014). An Emissions Reduction Fund with a current allocation of $2.55 billion for four
years has been established to fund a reverse auction of private sector bids to reduce pollution for up

to the next 10 years; and, with the prospect of additional funds. Over the second half of 2015, the

® The scheme incorporates, and in essence extends the scope of, the Carbon Farming Initiative which was a
component of the former Labor government Clean Energy Future (Gillard, et al., 2011) package to reduce
emissions from the agriculture and land uses sectors not covered by the carbon tax base.
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outcomes of two rounds included a commitment to reduce emissions by 93 million tonnes of CO2-e
over a period as far ahead as ten years at an average cost of about $13/tonne. Most of the

subsidised pollution reduction decisions involve land management and agriculture.

In one view, the much lower price of $13 for the Direct Action subsidy compared with the $23 for
the Clean Energy Future tax per tonne of CO2-e appears to support the subsidy instrument as a cost

effective intervention to reduce pollution.

On the other hand, where a tax or ETS instrument can be applied, and this seems feasible for about
80 per cent of Australian greenhouse emissions shown in Table 1, there are compelling logical cost
efficiency arguments against the subsidy instrument. First is concern about the net reduction of
pollution. Some of.the deemed eligible for subsidy pollution reduction decision changes may happen
anyway. Government has a limited information base to measure the business as usual scenario, and
then what decision changes require a subsidy to reduce pollution. Inevitably, government will use a
set of rules to'assess the business as usual scenario. Some subsidised bids will incur type 1 errors
(with decisions subsidised that would have been taken anyway). Other decisions will incur type 2
errors (disallowing some low cost pollution reduction decision changes). The net result is a higher

average cost per unit pollution reduction compared with the price instrument.

Second, the administrative and compliance costs of a subsidy scheme will be much larger than for
the price and regulation instruments. Less than 1000 large businesses are involved with a price
imposed by a tax or ETS; and then changes in relative prices flow through to the rest of the
economy. By contrast, many more businesses and households seeking a subsidy to improve energy
efficiency (termE/Y of (1)) would need to be involved in the administration of a subsidy scheme. Not
only does the subsidy scheme involve many, many more entities, the higher compliance and
administrative costs effectively will reduce the set of pollution reduction decisions tapped, many of
which would be low cost options. As a particular example, a tax imposed on a small number of large
refiners andjimporters of petroleum products is simple and the higher relative prices for petroleum
intensive production methods and products flows to all business and household users. A subsidy by
contrast would require bids from the million or so businesses and 24 million Australians to reduce

their consumptien‘of petroleum products.

Third, relative tothe price and regulation instruments to reduce greenhouse gas emissions, a subsidy
incurs larger efficiency losses under a government revenue budget constraint via the interaction
effects with distortions caused by current general revenue raising taxes. A subsidy has the polluted

pay the polluter. Consider changes to the measure of effective purchasing power per period of work
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described in (3). A subsidy has no effect on the denominator, in particular no price change, AP =0,
with the subsidy offsetting the extra cost of the pollution reduction decision option, and no carbon
tax, Tc = 0. But, funding the subsidy requires an increase in general revenue taxes, ATy in the
numerator, which involves a substantial marginal cost (Cao, et al., 2015). By contrast, and as argued
in Section3:1l-above, provided the carbon tax revenue windfall is recycled as lower income tax rates,
there is only/a small tax interaction distortion cost associated with AP >0, and Tc = ATy; and, for the
regulation intérvention discussed in Section 3.3 above, the AP term will be a little larger, and with Tc

= ATy =0.

In the balancéd budget context, households bear the cost of the subsidy instrument to reduce
greenhouse gasiemissions via a much larger income tax rate, ATy, with the only partial offsetting

benefit of a lower quantity of pollution.
34 Other Subsidies

Over the last.decade Australian governments have allocated significant funds to subsidise R&D and
private investment in renewable energy and to improve energy efficiency. For example, the Clean
Energy FinancesCorporation was provided with $10 billion and the Australian Renewable Energy
Agency wereiimportant parts of the Clean Energy Future package (Gillard et al., 2011), and they
remain important. Assessment of the economic efficiency case for these input subsidies depends on

the context.

Suppose a context of a carbon tax or ETS instrument which largely internalises the external costs of
greenhouse'gas emissions. That is, the price instrument alone largely corrects the pollution market
failure. One important effect of the price is to increase the incentives for, and the rewards from,
private investment in equipment and in R&D to reduce pollution via developing new technology and
methods to reduce'the two right hand terms of (1). Unless there are additional, peculiar and specific
market failuresiinithe credit market and for R&D for energy production and for the use of energy not
encountered in‘other R&D applications for, say, biotechnology, agriculture, manufacturing and
health, there is no'market failure argument for additional special subsidies for credit and R&D to
reduce greenhouse gas emissions. The general market failures of public good properties and
external benefits with R&D which are economy wide are partly addressed by; direct government
funding of basic research; and for more applied research by patents and taxation concessions. These
attempts at correcting market failures with R&D apply with similar effects to R&D to reduce

pollution as to R&D to increase productivity in other parts of the economy.

This article is protected by copyright. All rights reserved



In modern Australia, the credit market has no demonstrated market failures either in general or for

the specific case of investments to reduce the first two right hand terms of (1).

An alternative economy context in which to evaluate the efficiency case for targeted subsidies for
credit and R&D to reduce greenhouse gas emissions is one where for whatever reason the carbon
tax or ETS, or combinations of the price regulation and subsidy interventions, are assessed to only in
part correct'the pollution market failure. Then, a type of second best argument might be made for
selective subsidies for credit and R&D for decisions to reduce pollution. Even then, the problems of
additionality,:the large numbers of potential applications, and the tax interaction distortion costs

discussed in the preceding section for Direct Action subsidies are downsides.
4. Looking Ferward

Australia, along with the international community, has committed to substantial and larger
reductions of greenhouse gas emissions over the future. A long term carbon tax or ETS with
auctioned permits,.and removing most of the current regulations and subsidies, offers a more cost
effective, equitable and low operating cost policy strategy than the recent history of mixed and

changeable policies.’

A modified version of the Clean Energy Future carbon tax in place over 2012-2014 provides a starting
point. A comprehensive base would include all fossil fuels, without the exemptions for many
petroleumsproducts, and cover about 80 per cent of current emissions; with agriculture emissions
the main exemption. Maintaining the status quo equity and minimising tax interaction distortion
effects requires the taxation revenue windfall to be recycled as lower income tax rates, and then as
reductions indmarginal rates across the income profile, and compensating increases of social security
rates. With the majority of countries committed to lower rates of emissions, the case for
compensating'energy intensive trade exposed industries is weak and less relevant than for the 2012

tax.

With a comprehensive base and medium to long term price intervention, regulations for renewable
energy could be phased out. If regulations to reduce greenhouse gas emissions from electricity
generation are torbe maintained, even if only over the medium term, a lower cost option to the
current focus,on renewable energy would focus on all decision options to reduce pollution per unit

of electricity.

’ Wood et al. (2016) provide an alternative policy scenario for the future. Their proposal has a similar long run
desired outcome as proposed here. They offer a more detailed and pragmatic transition path to meet political
constraints as they see them.
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Regulations to correct information and other market failures, particularly affecting the choices of

energy efficient equipment, likely will be worthwhile complementary instruments.

Arguments for special and additional subsidies for credit and for R&D for the energy production and
energy uses activities to correct economy-wide market failures for the capital market and R&D

activities are not compelling if an effective price on pollution is in place.

Policy design'torreduce greenhouse gas emissions by agriculture, land use and other small
businesses, about 20 per cent of current pollution, is challenging. Measures of emissions at the firm
level are limited, and operating costs are high. A package of regulations and subsidies, building on

those now in operation, may be a second best option.
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Table 1 Australian Greenhouse Gas Emissions, 2014-15

Million tonnes of CO2-e

Percentage of total

Electricity

Direct combdstion

Transport

Fugitives

Agriculture

Industrial processes and product use
Waste

Land use, landduse/change and forestry

Total

186
94
93
38
81
32
13
23
560

33
17
17
7

15

Source: Department of the Environment, December 2015.
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Table 2 Australian Electricity Production and Electricity Generated Greenhouse Gas Emissions, 2001

to 2015

Electricity Renewables share | Electricity CO2-e Average emissions

generated (GWh) (%) emissions intensity

(million tonnes) (tonne/MWh)

2001-02 224 870 7.8 184 0.818
2002-03 222120 8.5 187 0.842
2003-04 229784 8.2 195 0.848
2004-05 228 649 8.9 197 0.860
2005-06 232 829 9.3 201 0,863
2006-07 243153 8.7 204 0.840
2007-08 243153 8.2 206 0.848
2008-09 247 524 7.5 212 0.855
2009-10 243 217 8.6 205 0.813
2010-11 247524 10.5 199 0.783
2011-12 250 740 10.6 199 0.793
2012-13* 249 715 13.3 187 0.748
2013-14* 248 297 14.9 181 0.730
2014-15 223211 na 186 0.834

*Period with carbon tax

Source: Department of Industry and Science (2015), Australian Energy Statistics, Table O, and
Department of the Environment (2015), Quarterly Update of Australia’s National Greenhouse

Gas Inventory, June, Data Table 1A.
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Figure 1 Marginal Abatement Cost (MAC) Function
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