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Abstract

In this paper, we discuss the effect of refunding environmental charges. Taxes are often resisted by polluters because they

imply both abatement and tax costs. When charges are refunded, the incentives for abatement are essentially the same as for a

tax as long as there are many producers. The incidence and distribution of costs is however different. Lower net tax payments

reduce resistance from the polluters and make refunded emissions payments politically easier to implement at a sufficiently high

charge level to have significant abatement effects. We describe and examine the refunded emissions payment scheme as a policy

instrument and compare it with taxes and permits with regard to allocative properties, distribution of costs, property rights, and,

consequently, the politics of implementation. As an empirical example, the Swedish charge on nitrogen oxides is analyzed.
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1. Introduction

This paper analyzes the properties of a refunded

emission payment (REP) scheme in which polluters

pay a charge on pollution and the revenues are

returned to the same collective of polluters as refunds

in proportion to output. This instrument is considered

to have been successful when applied to the abate-

ment of nitrogen oxide (NOx) from large stationary

sources in Sweden. The Swedish nitrogen charge is

refunded in proportion to the physical measure of
7 (2006) 93–106
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energy produced. This is one of the rather few charges

that is directly refunded in the OECD although there

are other cases where the fees are used in funds for

purposes that the polluters may benefit from and

influence. This applies to both road funds and water

charges in many countries. Many developing and

formerly planned countries such as Colombia and

China also have quite extensive systems of environ-

mental charges that are, to a large extent, refunded in

different ways (Wheeler et al., 2000).3

Sweden has long had a very aggressive policy on

the precursors to acid rain. Most of Scandinavia has

old geological structures with little calcium and thus

little buffering capacity. Sweden is one of the coun-

tries that has been most affected by acid rain leading

to considerable effects on lake and forest ecosystems.

This is one of the reasons why there is a very deter-

mined policy on sulphur and nitrogen emissions.

When it comes to sulphur oxide there is a tax of

over 4000 USD/ton which has led to dramatic reduc-

tions and very low emission levels by international

standards (Hammar and Löfgren, 2001). For NOx, the

ambitions were equally high but emission reductions

were found to be much more difficult. In 1992, the

Swedish government therefore decided to create an

economic incentive to reduce NOx emissions. A

charge was set at 40 Swedish kronor (SEK) per kilo-

gram of NOx emitted. This corresponds to 6000 USD/

ton,4 which can be compared to permit prices that are

usually in the hundreds of dollars (although occasion-

ally higher) in the US programs for NOx permits. The

few other countries in Europe that have NOx fees, like

France, Italy and Galicia in Spain, all have fee levels

of about 150 USD/ton or less (Convention on Long-

Range Transboundary Pollution, 1999, see also Can-

sier and Krumm, 1997).
3 Refunding in these cases is typically tied to the financing of

abatement. For more information, visit the World Bank Web site

(http://www.worldbank.org/nipr/).
4 The fee is levied on the sum of NO and NO2 counted as the

latter. One of the reasons for this is that much of the NO can be

converted to NO2 (either in the furnace or later in the atmosphere).

Since the (approximate) atomic weight of nitrogen is 14 and that of

oxygen is 16, the molecular weights of NO and NO2 are 30 and 46,

respectively. One kilogram of NO will thus weigh 46/30 (or 1.53

kg) when further oxidized to form NO2 and this is the conversion

factor used to express both oxides in NO2 equivalents. N2O (laugh-

ing gas) is normally a very small component and is not monitored.
Several reasons underlie Sweden’s decision to

adopt this particular instrument design for NOx

(SEPA, 1997). It was clear that the flexibility of a

market-based instrument was needed since abatement

costs were thought to vary considerably between

firms, and advantages to scale and rapid development

in abatement technology were expected. Permit trade

could of course have offered the necessary flexibility

but a price-type instrument was wanted partly because

of habit. Fees and taxes are common while permits are

novel and would thus have imposed considerable

planning costs and (at least perceived) uncertainty

on the ministry for the environment and the Swedish

Environmental Protection Agency (SEPA).

There was also a feeling that in this type of situa-

tion, the vital issue is to get a high charge accepted

and really implemented. There were many practical

problems (related to high monitoring costs, exemp-

tions, exit and entry, small polluters, trade effects, etc.

that will be discussed later) as well as considerable

resistance from polluters. In these circumstances,

refunding is an attractive option since it strongly

reduces the total cost to the affected polluters and

hence the resources they will expend on lobbying to

stop or lower the charge.

In Section 2, we review the relevant literature on

two-part tariffs and relate the REP to other price

instruments and to the corresponding quantity instru-

ments. In Section 3, we present an overview of how

the REP instrument works and compare it to other

two-part tariffs and permit schemes. The rest of the

paper focuses mainly on the Swedish experience of

NOx abatement. Section 4 analyses the choice of

technology and the incentives for abatement. This

section also looks at the distribution of costs and the

political economy of this experience. Section 5 dis-

cusses the importance of the output effect foregone by

not using a tax. Section 6 finally discusses some

policy implications and conclusions.
2. Two-part instruments

Environmental taxes are in simple textbook models

a fully adequate policy instrument, but there are cases

when they are not fully satisfactory. In these cases, it

may be better to use more complex instruments which

we will refer to as btwo-part instrumentsQ. These typi-

http://www.worldbank.org/nipr/
http://www.worldbank.org/nipr/
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cally combine a tax or charge with some exemptions,

allowances, refunds or subsidies. For instance, when

there are asymmetries in information or power and

influence, it is well known that simple taxes may not

be appropriate, see Sterner (2002). Polluting firms may

be able to resist taxes since they can form powerful

lobbies and the authorities may not be able to face their

threats of relocating or going out of business. Felder

and Schleiniger (2002) show how effective market-

based instruments, such as taxes, are politically hard

to implement because of opposition by those who stand

to lose environmental rents. Schneider and Volkert

(1999) use a Public Choice approach to explain the

difficulty in implementing such incentive-oriented

policies. In many cases, governments are trying to

entice firms to make heavy investments in abatement

equipment. However, Gersbach (2002) shows that the

inability of the regulator to precommit to a sufficiently

tough regime of, for instance, taxes creates incentives

for firms not to invest in the abatement equipment. This

implies that the firms hold up the regulator and Gers-

bach shows that this can be solved by a self-financing

tax-subsidy mechanism (with a subsidy on clean pro-

duction paid by the taxes on the bdirtyQ production). In
practice, there is a tendency for policymakers therefore

to abandon charges for other instruments like licensing

or permits. We know, however, from Weitzman (1974)

that price-type instruments, such as charges, are some-

times preferable to quantity-type instruments. In such

cases, REPs or other two-part instruments, combina-

tions of tax and refund or allowance, may be useful

since they cost less for the polluters than a tax and thus

cause less political opposition.

An early example of a two-tier price mechanism is

found in Porter (1974). Each period, polluters pay an

bentryQ tax on baseline emissions but receive a refund

for the pollution abated. Similar ideas can be found in

Kohn (1991). Disclosure is the main idea behind the

mechanisms put forth by Porter and Kohn. Reporting

of both anticipated and actual emissions makes decep-

tion more difficult. The firm still pays for actual

emissions—but the tax has a clever disclosure

mechanism. Yohe and MacAvoy’s suggested simulta-

neous tax on emissions with a refund for proven

abatement is similar.

Two-part instruments are also often motivated by

monitoring concerns. Examples include deposit–

refund systems (Bohm and Russell, 1985) or
bpresumptive taxesQ (Eskeland and Devarajan,

1996). The latter are taxes on inputs or outputs that

are complements to pollution. To avoid taxing those

who abate there must be a possibility for polluters to

claim refunds by proving abatement or clean techno-

logy. This shifts the burden of proof to the polluters

and reduces the information and administrative costs

for the regulators. The polluters who have installed

cleaner technology will monitor and report, and those

who have not are presumed to be polluting. Another

interesting example is provided by Fullerton and Kin-

naman (1995), who show that a combination of tax

and subsidy is needed for waste management when

monitoring is impossible.

As shown by Pezzey (1992, 2003) and Pezzey and

Park (1998), schemes that combine taxes and allow-

ances or entitlements are a natural analogue to permit

schemes in which some permits are allocated free of

charge. The symmetry between price and quantity

instruments is often overlooked. Different instruments

correspond in a Coasian manner to different distribu-

tions of the cost burdens and to different perceptions

of the property rights to effluents. If society has these

rights, the appropriate price instrument is a tax and the

corresponding quantity instrument is an auctioned

permit. If the firm has the rights, the price instrument

is a dpureT subsidy where the baseline is the emissions

the firm would have had in the absence of regulation.

The quantity analogue is, however, not the usual

scheme in which plants receive permits to cover a

fraction of their past emissions, but the allocation of a

sufficient number of free permits to cover the same

baseline—combined with the repurchase by the gov-

ernment of permits not used due to abatement. Other

instruments correspond to intermediate concepts of

ownership (see Table 1).

Grandfathering means that the (free) permits are

allocated in proportion to some historical variable.

Usually they are allocated as a percentage of past

emissions during a base year. This corresponds to an

intermediate concept of property rights and the cor-

responding price instrument is the tax-with-allowan-

ces or TWA. Such a scheme is analyzed in Pezzey

(op. cit.) and Farrow (1995). Polluters are assigned

entitlements or property rights (much like grandfath-

ered permits) to a bbaselineQ emission level ēj set by

the regulator. They pay a charge per unit of emissions

above the baseline and receive a payment per emis-
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sion bsavedQ whenever emissions are below the base-

line. The firms thus pay a net fee t(ej� ēj). This is

equal to a tax tej and a fixed payment tēj. Notice that,

though similar in some respects, it is not identical to

the REP scheme exactly because the payment is

fixed. As shown by Pezzey and Farrow (op. cit.),

the TWA scheme has the same short- and long-run

efficiency properties as a tax. This is a price-type

instrument but still based on rights. New firms have

no property rights and must pay for their emissions.

Emission entitlements can also be allocated in

proportion to other criteria, including output (as in

the US phase-out of lead program in which it was the

lead content of gasoline that was controlled, see

Fischer, 2001 on the theory of output allocation and

(Hahn and Hester, 1989 or Holley and Anderson,

1989) on the lead program). This is akin to regulating

emission rates rather than emissions. It is also related

to so-called benchmarking programs. The analogue

among price mechanisms is the output-based refund-

ing of charges discussed in this paper since the refund

(which is analogous to the allocation of rights) is in

proportion to output.

Emission payments have traditionally been taxes,

but if polluters hold rights, or if they simply have the

power to resist a tax, then Table 1 shows there is still a

menu of price-type alternatives to tradable emission

permit (TEP) schemes. Just as permits can be partly

grandfathered, emission payments can be partially

refunded. Many other hybrid instruments exist, such

as grandfathered permits with a charge.5 By reducing

net payments, the political objections of the polluters

are minimized in the same way as with the distribution

of free permits. There is, however, some difference

between the addition of a fixed entitlement or allow-

ance as in the TWA and the refunding of charges as in

the REP. The fixed entitlement is the right for existing

firms to a baseline level of emissions. It has the advan-

tage of being based on rights and of having no effect

on exit or entry. It does, however, involve the state in

obligations to indefinite payments to firms even after

they cease to exist but this need not be a difficulty: The

entitlement is an asset which, like land, can be sold by

the firm if it ceases production. The REP does not have

this feature since the refund is paid in relation to output
5 An example is CFCs in the US where permits were taxed to

limit the windfall to the permit recipients (Tietenberg, 1995)
.
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and this might in some cases be seen as an advantage.

Since the firms control output, the REP may create

perverse incentives for entry (to cash in on the refund)

or exit from (to avoid the charge) the system. This risk

can however be controlled by the environmental

authorities.6 REPs are also different from TWAs

when it comes to the distribution of costs. The latter

favour established firms while REPs may benefit new

firms (which often tend to be bcleanerQ) since rights

can be gained simply by producing output.

Since there are many related price-type mechan-

isms based on combining a tax with an allowance,

payment or refund, we might categorize them by the

following criteria:

1. The payment might either be the total resource rent

tE or a share thereof. It might be a fixed entitlement

or a refund. Gersbach and Requate (2004) analyze

partial refunding and show that in some situations

an optimal degree of refunding can be defined.

2. The allocation might be based on firm emissions,

firm output, or some other variable.

3. The allocation might be based on either current or

historical values of that variable.

Potentially, a large number of different instruments

can be created, but some combinations may be less

natural, less practical or less likely than others. Allo-

cating rights or refunds on the basis of current emis-

sions is clearly nonsense. One could imagine refunds

of current fees based on historical figures for firm

output (or allocating emission rights in relation to

historical output), but we will not consider these

possibilities here. In the particular institutional context

of a refunded emission payment, it is probably more

natural to use current output. One reason for this is

that firms that cease to exist need not be paid. To keep

matters manageable, we will stick to the three instru-

ments we already have discussed7: tax, TWA and

REP. Each of these has an exactly analogous quan-
7 There is also the possibility of using charges collected to finance

abatement investments. This is actually quite common but not

included here since it requires an extra modeling step in which

firms apply for these funds.

6 In the Swedish NOx scheme, the right to entry is determined by

SEPA. Zero-emission energy producers, such as wind or nuclear

power plants, are not eligible, because the purpose of the scheme is

to promote abatement in large combustion furnaces.
tity-type instrument: auctioned permits, grandfathered

permits and output allocated permits.

Traditionally, subsidies have been resisted strongly

by economists for at least three reasons. The economic

reason is that subsidies (if related to production) lower

the average cost of production and encourage both

demand and excessive entry (Baumol and Oates,

1988). The administrative reason is that it is costly to

make emission reduction payments indefinitely to

firms that have exited the industry. Finally, payments

may be resisted on the political ground that society,

and not firms, should hold ultimate rights to the envir-

onment. The last argument appears to disregard the

fact that some firms may have dprior appropriationT
type rights and in practice do wield considerable influ-

ence in defending their rights. The other two argu-

ments hinge on the exact definition of the rights to an

entitlement in relation to entry and exit. They do not

apply to a TWA program where only existing firms

have rights and there is no perverse entry effect simply

since firms cannot gain permits by entry.

Experience from real policy making shows that

there is typically considerable interest in the use of

charges collected and that distributional issues may

determine the political feasibility of a policy instru-

ment. Traditionally, economists have not focused

strongly on these issues but this changed with the

extensive debate on double dividends. As shown in

Goulder et al. (1999), an instrument such as a tax

operates through four different mechanisms:

1. The abatement effect.

2. The output substitution effect.

3. Tax-interaction effect.

4. Revenue-recycling effect.

The first of these is the effect that is the main

concern of the decision maker when it comes to NOx

emissions. It includes all efforts8 to reduce emissions

of NOx per unit of energy produced. The second is, in

our context, the fall in demand caused by the rise in

price of energy (or other final product) due not only to

abatement costs but also to tax payments. In principle,

this is part of an efficient response in a first-best

setting. In other contexts such as limited competition
8 This effect can be further split into dinput substitutionT and dpure
abatementT effects but this distinction is not relevant to our model.
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or, for instance, in a small open economy, the case is

not so clear-cut. If other countries do not pursue

similar policies, politicians may actually want to cre-

ate incentives for cleaner technology, but avoid, as far

as possible, to put extra fiscal burdens on the firms

that could lead to their relocation. The situation is

similar if a policy only targets one group of firms

(large firms in the case of the Swedish NOx charge).

Furthermore, the political economy is complex and

the output effect is not an effect politicians usually

emphasize. They do not want to be seen to abate NOx

by reducing output of electricity or electricity-using

industries. Quite the opposite—they typically go to

great lengths to make sure that there are no detrimen-

tal effects on output, employment and competitiveness

of national industry. Effects 3–4 do not exist in a first-

best world but are the result of pre-existing distor-

tionary taxes to finance public consumption. The tax-

interaction effect is, as the name suggests, the (nega-

tive) effects related to the interaction between distor-

tionary taxation and the change in the consumption

basket due to the environmental policy instrument.

The revenue-recycling effect is the efficiency gain

from using the additional emissions tax revenue to

finance cuts in the distortionary labour tax.

Different instruments will display these effects

more or less fully. Taxes as well as cap and trade

permits (auctioned or free) will have full effects 1–2.

Only taxes and auctioned permits will have effect 4.

Virtually all market-based instruments (including

REPs) and even optimal performance-based standards

will have effect 1, while mandatory technology, for

instance, only has a partial abatement effect. It is an

empirical issue to judge how important the various

effects are in each particular case.
9 This model is identical to one of those analyzed in Gersbach and

Requate (2004).
3. The REP scheme: design and comparison to

similar instruments

Assume we have n profit-maximizing firms (i=1,

. . . , j, . . . , n, where j is an arbitrarily chosen firm

among the n firms) with production costs cj(ej,qj) to

produce output qj with emissions ej. We assume cj is

sufficiently well behaved to give an interior solution.

An REP scheme imposes a charge of t per unit of

emission and refunds revenues to the firms propor-

tionally to output. The firms now face total supply
costs of operation Cj=cj(ej,qj)+t[ej�Aiei( qi/Aqi)].
We assume that both emissions and output can be

aggregated to suitable totals and that firms act com-

petitively and take the market prices of output ( p) as

well as the actions of all other agents as given. We

then maximize the profit function (Eq. (1),9 giving

first-order conditions (2) and (3)):

Pj ¼ pqj � cj ej; qj
� �

� tej þ t
qjX
i

qi

X
i

ei

|fflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflffl}
Nj

ð1Þ

� c Vje ¼ t 1� sj
� �

ð2Þ

c Vjq � t E=Qð Þ 1� sj
� �

¼ prep; ð3Þ

where total emissions (E) is
P

ei, total output (Q) isP
qi, and firm j’s output share (sj) is qj /Q. For a firm

in an REP scheme, the net payment (Nj) consists of

the tax and refund terms of Eq. (1). They can be

written Nj= tej(1�Uj), where Uj = sj / (ej /E) is rela-

tive environmental effectiveness. When Uj N1, firm j

receives a net refund and is a winner in the scheme

and if Ujb1, firm j is a loser. For an average firm,

Uj=1 and net payment is zero.

It appears from the profit function that agent j

knows all the outputs and emissions of all agents but

this is not assumed. Agent j simply knows that there

are other agents with total emissions and output

which we can call E� j and Q� j. Although agent j

may have expectations on these variables (based on

previous years), he treats them as unknown con-

stants in his optimization. All we assume is that

each firm is small and independent in the usual

sense of a competitive market. To compare this

calculation with a tax, (or auctioned permits) we

drop the refund term in Eq. (1). The corresponding

first-order conditions are

� c Vje ¼ t ð4Þ

c Vjq ¼ ptax: ð5Þ

A comparison between Eqs. (2) and (4) shows there

is considerable similarity between abatement incen-

tives under tax and REP schemes. The difference in
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incentive with respect to abatement due to refunding

(which would be the same for output allocation of

permits) is a factor (1� sj) where sj is the firm’s

market share. With many small firms, sj approaches

0, and the marginal cost of abatement (–cjeV )
approaches t for all firms. In this case, a refunded

charge levied on all firms implies practically the same

abatement level as a tax. With large output shares, the

factor (1� sj) would be more significant however.

Also, we see from Eqs. (3) and (5) that the output

price will not be the same. The refund in the REP

implies a lower marginal cost compared to a tax of the

same magnitude (see further Section 5).

In a TEP scheme with grandfathered permits, each

firm is given an exogenous number of permits (ēj) that

is normally related to historic emissions. The instru-

ment would, however, operate in the same manner if

the rights were allocated in proportion to some other

variable as long as it is not related to anything the firm

can influence (for auctioned permits ēj =0). Assuming

the appropriate number of permits are issued and traded

competitively, marginal abatement costs will be equal-

ized at the price t. The profit function then becomes

Pj ¼ pqj � cj ej; qj
� �

� t ej � ēj
� �

ð6Þ

Because ēj is a constant, it is easy to see that the

first-order conditions will correspond to the case of a

tax (compare Eqs. (4) and (5) and see Pezzey, 1992 or

Xepapadeas, 1997).

A TEP could similarly be made analogous to the

REP and the profit function in (1) by allocating

permits in proportion to current output. There are

subtle institutional and practical details that tend to

make the permits systems slightly different in practice

from their price-type counterparts. The choice of allo-

cation based on current output implies that neither

firms nor regulator knows total emissions or output

beforehand. In an REP, this is not a problem since the

taxes are collected first and refunded afterwards so

current values can be used for allocation. In the case

of a rights-based system, it is normally desirable to

know the number of rights ballocatedQ at the begin-

ning of the year. Another possible arrangement is

however a system of tradable performance standards

based on emission coefficients as in Fischer (2001).

This was the system used in the US for the phase-out

of lead from gasoline. Each firm is given a number of
permits equal to a fixed (target or bbenchmarkQ) emis-

sion coefficient multiplied by its current production,

that is, qjr̄, where r̄ is the target emission coefficient.

Note that current output affects the number of permits

obtained and total emissions. The corresponding

profit function is given in Eq. (7), which is analogous

to Eq. (1):

Pj ¼ pqj � cj ej; qj
� �

� PT ej � qjr̄
� �

ð7Þ

The first-order conditions are again equivalent to

(2) and (3) with the price of permits PT instead of t,

and the net payment that polluters make or receive is

Nj=PT(ej� r̄qj)=PTej(1�Uj). As in the REP

scheme, the determining factor for being a net buyer

or seller of permits is the firm’s relative environmental

effectiveness (Uj).

REPs have recently been analyzed by Gersbach

and Requate (2004) in the context of imperfect com-

petition and pre-investment in cleaner technology.

They show that while refunding of emission taxes is

harmful under perfect competition, REPs can be first-

best instruments under imperfect competition as long

as the marginal damage from pollution exceeds the

output distortion caused by imperfect competition.

They also show that when there is pre-investment in

cleaner technology with short-term abatement oppor-

tunities, a first-best REP scheme can be constructed

where only part of the refunding is in proportion to

market shares and part in proportion to shares in

abatement investment.
4. The Swedish experience of NOx fees and their

effect on abatement levels

As mentioned in the introduction, the Swedish

EPA wanted to reduce NOx emissions through a

high fee. A crucial problem was that a tax on all

point sources of airborne NOx emissions was infea-

sible because monitoring was too expensive for small

units. NOx emissions are not like sulphur dioxide

(SO2) emissions, which can easily be calculated

based on the sulphur content of the fuel minus any

abatement (measured from sulphur captured in ash or

sludge). For SO2 emissions, a sulphur tax based on

fuel content (with refunds for abatement) is an appro-

priate instrument (compare Yohe and MacAvoy,
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1987). NOx emissions are only partly due to the

nitrogen content of the fuel. They are mainly due to

an unintended chemical reaction in the combustion

chamber between nitrogen and oxygen from the air.

The extent and speed of this reaction happens to be

highly nonlinear in temperature and other combustion

parameters. This has two implications that are impor-

tant in this context.

(1) Firstly, it implies that there is a large scope for

NOx reduction through various technical measures

which we may refer to as dabatementT (although

some of them may also have other effects). They

include changing the shape, temperature, oxygen

and moisture content of the combustion chamber.

Fuel switching will automatically have a large effect

on NOx as will exhaust gas re-circulation (EGR).

Furthermore, there are various other specific abate-

ment strategies such as adding reduction agents

(ammonia) or passing exhausts through catalytic con-

verters. The range in emission coefficients (emissions

in relation to output) among the plants in the Swedish

system has consistently been at least 20:1, indicating

that abatement possibilities are large in practice too. In

fact, one of the functions of an environmental charge

that appears to have been particularly relevant in this

case is of course to stimulate innovation in abatement

technology (see, for example, Milliman and Prince,

1989).

(2) Secondly, physical measurements and monitor-

ing are absolutely necessary. Experience from the

Swedish program has shown that it is not just the

installation of certain pieces of equipment but the

fine-tuning of their operation that leads to NOx reduc-

tion (Höglund Isaksson, in press). For NOx, actual

monitoring is required both for outside inspectors

and, indeed, for plant managers to know emission

levels and thus which measures are successful. This

is due to the complex nature of the chemical pro-

cesses involved. Basing fee payments on actual mea-

surements (which are in the Swedish case typically

continuous or hourly) ensures that the payments are

fair and that they do imply a real incentive for

abatement.

If small units were to be exempted because of the

high monitoring cost, then a high tax, levied only on

large units, would be perverse, encouraging the opera-

tion of small, and usually less efficient units rather

than big ones. Presumptive taxes (assuming fixed
emission coefficients for all plants without monitoring

equipment) would have been an alternative but pre-

sumptive taxes would not imply any incentive for

abatement. At the very high level of the charge con-

sidered, such taxes would also have engendered con-

siderable resistance (even in a tax-tolerant country

such as Sweden). The argument would have been

made that they put Swedish firms at a competitive

disadvantage to foreign producers (particularly if the

tax were based on estimated coefficients and had no

incentive effect).

If the decision makers only would have had regular

taxes at their disposal, they would probably have had

to settle for a tax level that would have been just a

small fraction of the level chosen—which would have

implied very small incentives for abatement. A high

tax would have engendered too much resistance. The

politically feasible solution, which still permits a high

charge level, was to impose the fee only on the large

combustion furnaces but refund it to the same group

of firms. This minimizes the effects related to the

distribution of costs, as well as trade-sensitivity and

thereby political resistance and lobbying. In fact, it

even splits the industry lobby since the cleaner-than-

average firms actually benefit instead of losing (see

Fredriksson and Sterner, 2005).

The fee initially applied to all boilers, stationary

combustion engines, and gas turbines producing at

least 50 GWh of energy per year. Roughly 200 plants

were affected including not only the energy sector but

also pulp and paper mills, food, metal and other

manufacturing as well as waste incineration plants.

It should be noticed that a necessary requirement for

the REP is that both emissions and output can be

aggregated in some suitable manner. In 1996 and

1997, the limits for eligibility were lowered to 40

and 25 GWh/year, respectively, bringing in about

170 new units into the scheme (SEPA, 1993–1998).

The SEPA manages the scheme at a small adminis-

trative cost amounting to 0.2–0.3% of revenues

(SEPA, 1997). The entire, remaining, revenue of

about 600 million SEK ($90 million) per year is

refunded to the same sources that paid the charge

but in proportion to output of useful energy. bUseful
energyQ produced has been accepted as a relevant and

neutral yardstick for measuring output from this het-

erogeneous group of industries since the main goal is

to affect combustion technologies. For power plants
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and district heating plants it is equal to the energy

sold. For other industries, the energy is defined as

steam, hot water or electricity produced in the boiler

and used in production processes or heating of factory

buildings.10

The basis for refunding is an important general

issue. For NOx in Sweden, a physical basis was chosen

but when thinking of this instrument in general, there

may be other contexts where monetary measures of

output would be more natural. Obviously this would

be the case when no common physical measure can be

found. However monetary measures such as total sales

value, gross or net profits also are problematic since

they may be manipulated by internal pricing and by

the legal structure within which a firm operates. Let us

compare two firms, both of which have equally big

furnaces. One produces steam for district heating

while the other produces steam that is used in the

production of paper. Clearly the sales value of the

paper produced in the latter will be several orders of

magnitude higher than the simple district heat pro-

duced in the former. Refunding in proportion to sales

value would have given virtually all the refunds to the

paper producer. In this particular case the physical

emission coefficients (g NOx/Wh energy) were the

main policy target and thus energy produced was a

natural basis for refunding. Other situations would

have to be judged on a case-by-case basis.

As already mentioned, the abatement incentives

will basically be the same as for a tax as long as

market shares are small. There are currently 365

units in the scheme. They produced a total of 51

TWh in 2000 and the largest unit produced 1.1 TWh,
10 Treating steam and electricity equally does not take into

account the inherent difference in exergy or quality between these

two forms of energy. Heat is less valuable in the sense that large

losses are inevitable when converting heat into electricity (but not

when making heat out of electricity). One could thus argue that

counting heat and electricity equally implies an implicit subsidy to

those plants with a large share of heat production. The plants

producing steam for district heating benefit and these plants are

often publicly owned. However, the way useful energy is defined

implies that heat used in industrial production of paper, iron or other

goods also counts. The only category of production that would be

clearly disfavored would be condensation production of only elec-

tricity (with no use of waste heat). There is, however, hardly any

such (fossil) electricity production in Sweden, where there is a fairly

large demand from district heating systems.
giving it the biggest output share of 2.2%. If this

plant did their arithmetic in detail, this would mean

that taking the refund into account their incentive to

abate would only be 0.978*6000 USD/ton NOx,

which is 5870 instead of 6000 $/ton. Clearly this

is not a major factor (in this case) given the fairly

large uncertainties of other types that surround deci-

sion making in this type of context (and also given

the fact that taxes in other countries are at a level of

$100 or less).

The empirical results are considered fairly satisfac-

tory. It is not easy to determine the cost efficiency of a

program such as this one empirically. Such a study

would ideally compare the Swedish scheme with that

of another country that uses a tax or other policy, but

no countries have comparable policies. France has a

tax, but its level is less than 1% of the Swedish level.

Good data is needed, but there is little monitoring of

plants outside this scheme. French plants, for instance,

may use sporadic measurements or pre-abatement

estimates based on engineering information on

expected abatement effects from using various abate-

ment techniques. Such brule of thumbQ data is ques-

tionable, in particular since experience from the

Swedish plants shows large variations in abatement

due to fine-tuning, as demonstrated by Höglund Isaks-

son (in press) using detailed post-abatement data in a

study of 114 plants subject to the Swedish NOx

charge. Millock and Sterner (2004) compare the

French and Swedish schemes and find that the Swed-

ish one has had much greater effect in terms of

abatement. This study also provides a comparison

with US data (from Burtraw and Evans, 2004) and

shows that the emission factors in Sweden are very

low by US standards. Even if the comparison is

focused exclusively on coal fired plants (which have

the highest values and are common in the US but

unusual in Sweden), the Swedish plants still have

emission coefficients around one third of the US

Standard for new sources. Most US plants are far

above this standard. There is also a detailed engineer-

ing comparison that allows for a direct comparison.

The U.S. Environmental Protection Agency (1998)

has compared NOx emissions from selected plants

with similar technology (coal-fired boiler plants with

selective catalytic reduction [SCR]) in different coun-

tries, including a plant from Sweden. The Swedish

plant had about half the emission rates of the plants in



T. Sterner, L. Höglund Isaksson / Ecological Economics 57 (2006) 93–106102
the other countries. The report ascribes this discre-

pancy largely to the REP scheme:

bThe Swedish retrofitted unit, in contrast, demon-

strates that NOx levels well below the Swedish stan-

dard (and also below the German or United States

standards) are achievable. . . . The Swedish regulatory

system, incorporating an economic incentive, clearly

motivates [the Swedish plant] to achieve minimal

NOx rates rather than just comply with the applicable

emission standardQ. [p. 37].

The Swedish data also gives some further interest-

ing insights. Between 1992 and 2000, mean emission

rates were reduced by 40% for all the plants in the

system (see Fig. 1). This reduction occurred in spite of

the inclusion of many new smaller plants in 1996 and

1997. Data from these newcomers reinforce the

impression that emission reductions are mainly due

to the REP scheme. Their emission rates on entry into

the scheme are similar to those of the original plants

on entry in 1992, but they immediately start to fall in

response to the charge. The reduction for the median

of the original 190 plants in the system is over 50%.

In an analysis of 162 abatement measures undertaken

by combustion plants targeted by the NOx charge, 76

measures were claimed by the plants not to have been

undertaken without the introduction of the NOx

charge (Höglund Isaksson, in press). Decisive reasons

for the other measures were compliance with parallel

quantitative standards both for NOx and other pollu-

tants as well as cost-effectiveness unrelated to NOx

reduction. This result further strengthens the conclu-
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Fig. 1. Mean NOx emission rates for plants targeted by a NOx

charge in Sweden, 1992–2000. Note that daverageT refers to the

average of all plants (a number that increases over the years) while

dmedian 190T refers to the median of the same 190 plants that have

been included from 1992 and are still in the scheme 2000.
sion that the charge has been a principal cause for the

extensive emission reductions.

The reduction is substantial because, technically,

NOx abatement is considered relatively difficult.11

Detailed figures show that not only the average but

the most and least polluting plants per unit of output

have improved by roughly the same margins (SEPA,

1993–1998).

The role of the fee compared to local or national

regulations to which the plants are subject has also

been investigated by SEPA (1997). They found that

reductions of 14,570 tons of NOx were due to invest-

ments in equipment and an additional 4000 tons were

due to fine-tuning the combustion process to minimize

the NOx creation during combustion. Without the fee,

and with only quantitative plant limits, they estimate

that emission reductions would have been less than a

third of the observed. Virtually all plants were operat-

ing well below their legal limits, and the REP scheme

is thus the main cause of the observed reductions.

Detailed analyses show that fuel choice (and in

some cases fuel switching) is fairly important. Parti-

cularly, this applied to the early stages of the program.

In 1992, the overall average emission coefficients

were around 0.25 kg NOx/MWh energy output

while the corresponding figures for coal and oil

fired plants were close to 0.5 kg NOx/MWh and for

waste incineration the figures were 0.75 kg NOx/

MWh. Progress has however been considerably

more rapid for the latter fuels and the gap has been

reduced considerably. In 1998–1999 the averages for

oil, bio-energy and waste incineration plants were all

between 0.2 and 0.3 kg NOx/MWh (while coal and

gas were below 0.2 kg NOx/MWh).

The REP scheme collected just over 500 million

SEK in the year 2000 (75 million USD) from the

companies. The net payments of the different sectors

are described in annual data from SEPA (1993–1998).

Due to the refund, the median firm only paid 4% of the

tax as a net fee. 46% of the firms had net returns

instead of paying a net fee. Only 7% of the firms in

this scheme paid 50% or more of what they would
11 From 1980 to 1996, Sweden reduced total SO2 emissions by

81%, but total NOx emissions (including transport) by only 22%

(SEPA 1993–1998). One of the reasons for the small reduction is

that NOx emissions are only partly due to nitrogen emissions from

fuel as explained earlier.
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have paid without a refund and the sum of all the net

payments was equal to 94 million SEK or less than

20% of the gross charges. It should be clear that this

kind of refunding will reduce the resistance by industry

to the policy so that, for instance, lobbying against the

charge (or for a lower fee level) will be much weaker

than in the case of a tax. Furthermore, the resistance is

less unified. A tax implies that all firms bloseQ and thus
serves to catalyze industry associations into lobbying

organizations. The case of refunded payments is dif-

ferent: There is no clear mandate for the industry

association to lobby against a policy from which

almost half the firms actually receive net payments.

There are of course numerous interesting details

concerning the distribution of costs. The industries

that produce and sell energy have consistently turned

out to be the major net beneficiary of the system; they

receive roughly 30 million SEK more than they pay in

fees. This does not mean that the sector makes an

overall profit from the scheme, because the energy

sector has also invested more heavily in abatement

than other sectors. Indeed, in some cases, marginal

abatement costs in the energy sector are above the

charge level (Höglund Isaksson, in press), which can

be explained only in terms of green image or other

motives unrelated to profit (these companies have a

large share of municipal ownership). Metal and manu-

facturing plants and food industries receive net refunds

of about 3–5 million SEK. Waste incineration has paid

10–20million SEK in some years but managed to break

even in 1996. As we saw earlier, this is a sector where

emission coefficients have fallen rapidly. The timber

industry’s net payments also were close to zero. The

pulp and paper industry is the main net bloser,Q paying
about 30 million SEK. It is perhaps characteristic that

the only suggested reform of the scheme has come from

the pulp and paper sector—who want the REPmechan-

ism to still be used but with a separate refunding for the

plants within that industry. However, it should be noted

that within all sectors, including pulp and paper, some

firms were net contributors and others, net beneficiaries

of the scheme (see SEPA, 2000).
5. Output effects

As mentioned in Section 2, policy instruments may

operate through a number of different mechanisms. In
addition to abatement, a tax has, for instance, an out-

put effect that may or may not be a crucial mechan-

ism. Under an environmental tax, the marginal cost of

production or supply curve ( ptax) is given as cjqV . The
marginal cost of production under a tax will be higher

than in the unregulated case both because of the tax

payment itself and because the tax leads to abatement,

implying a higher market price and a smaller level of

production. With REPs, the marginal cost curve ( prep)

is given by cjqV� t(1� sj)E /Q. The marginal costs of

production are higher than without any regulation

(because of abatement costs) but lower than under a

tax because of the rebate, thus the supply curve will be

lower than the corresponding curve for the tax case.

Since (1� sj) is close to 1 when many firms are

targeted, the supply curve will be lower by an amount

very close to rt, where r is the average rate of emis-

sions (E /Q). This amount can be seen as the tax cost

for the average firm of an extra unit of production. If

this amount is large relative to the marginal produc-

tion costs (cjqV in Eq. (3)) then the output effect is

potentially important.

With the general function used, this effect is not

easy to see since the marginal costs of production

depend on the level of abatement. If we, however,

assume additive separability between production and

abatement costs, it becomes clearer. Our general cost

function is then replaced by a pure production cost

c( q) that only depends on output and a pure abate-

ment cost c(e,q) that depends on both emissions and

output. If we assume cj(ej,qj)=cy, j( qj)+ca, j(ej, qj),

then the first-order conditions become pUnreg=cy, jV for

the unregulated ptax=Bcy, j /Bqj +Bca, j /Bqj, for the tax

case, and pREP=Bcy, j /Bqj+Bca, j /Bqj� t(1� s j)E /Q

for the REP case. We thus have pUnregbpREPbptax, that

is, the supply price under REP will be intermediate

between the unregulated supply price and the price

under a Pigovian tax. This is natural since the price

rises due to abatement costs but not due to the tax

payment itself.

Empirically, the output effect may be more or less

important: In the case of NOx in Sweden it is small

since the cost share of the fee is low, the demand

elasticity of the product is small, and technical abate-

ment possibilities large. In our particular case the

average refund (which of course is equal to the aver-

age fee for the average firm) was about 1.4 USD/

MWh, corresponding to between 5% and 10% of the
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cost of energy production (SEPA, 1993–1998). The

cost share in final production will for the non-energy

firms be even smaller. If we assume a price elasticity12

of �0.2 to �0.3, this would give a hypothetical

reduction of about 1% in output. This means that a

tax of the same high level as the REP charge level of

6000 $/ton would, in addition to the 40% reduction in

emission coefficients, have achieved a further reduc-

tion of one percentage point due to lower product

demand. A tax of equal magnitude is however not a

reasonable comparison because the power of the firms

is too great. A tax would have been successfully

resisted and if a pure tax had been used at all, it

would most likely have been at a level of just a few

hundred $/ton. Such a tax would have given insignif-

icant output effects and much smaller abatement

effects than the high fee made possible by refunding.

The output effect of a tax may not always be

desired. This is the case if the instrument is only to

be applied to a subgroup of polluters (in this case, the

larger firms since costs of monitoring are too high to

include the small ones). A tax would also have been

fought with the argument that goods (including elec-

tricity) are internationally traded and that production

could move to neighbouring countries that have no

NOx policy. It would be alleged that if the plants move

to Germany or Denmark, Sweden would lose the jobs

but get the NOx as transboundary pollution.
6. Policy implications and conclusions

Although there is a form of dsubsidyT implicit in

the refunded emission payment (REP), it is merely a

repayment of a fee which may thus be set much higher

than would have been possible for a tax. The crucial

difference between a traditional subsidy and an REP

or a tax-with-allowance (TWA) scheme is that the

industry is not bsubsidizedQ as a whole. Only in

comparison to a pure tax (of equal magnitude,

which may well be politically impossible) could one

say that there is a subsidy. However, there is no

dsubsidyT in relation to a policy of mandatory emis-

sion standards. Compared to such standards, the REP
12 The price elasticity for electricity might be a little higher, but

many of the plants concerned produce steam for district heating

where the price elasticity is almost zero.
has two advantages: the flexibility of a market-based

instrument in that each firm can choose the extent and

timing of its abatement investments and the advantage

of encouraging technical progress in abatement even

after a target rate of emissions is achieved.

Naturally, the REP scheme has its limitations. For

some environmental issues such as climate change,

the potential output substitution and revenue-recy-

cling effects forgone may be important. As with all

price-type instruments, setting the optimal payment

level is a tricky task. However the refunding does

reduce the distributional and political tension concern-

ing the charge level. The basis of refunding in an REP

scheme requires a common output, which can be hard

to define. Total revenues that include capital gains,

consulting or financial services, etc. would often be

unsuitable and maybe open to manipulation. In the

particular case of NOx, energy output provided a

reasonable common yardstick but in many other

cases it would be hard to find a common measure

all firms would agree to. Even in this case the use of

energy rather than sold output might be considered as

a distortion although we think it is small since the goal

of the decision maker appears to have been to affect

combustion technology. For small numbers of firms or

oligopolies with large output shares, the abatement

incentive would be weakened by the refund. The

REP scheme does not follow the bpolluters pay

principleQ with respect to the cost of unabated pollu-

tion (but neither do standards and other regulations).

In comparison with the TWA, a nice feature of the

REPs is that they are by definition budget neutral and

there is no risk the state commits itself to making

indefinite payments for abatement.

Although pure REP schemes are rare, the Swedish

NOx charge described here is rather unique, other

schemes have included elements of refunding to the

polluters. Water and sewage charges sometimes have

some of the characteristics of schemes described here,

as do some energy efficiency policies (Stavins, 2001).

In transitional or developing countries the use of

revenues from environmental charges is a central

topic. They are often earmarked for specific purposes

related to the firms charged. Sometimes this is criti-

cized due to concerns about the efficient use of public

funds but this earmarking reflects political concerns

that need to be taken into account. We believe that the

REP scheme may be particularly attractive in devel-
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oping countries where regulators typically lack the

power to directly confront all the polluters at once,

and the polluters’ threats of bankruptcy carry more

political weight than in richer countries. At the same

time, some sort of economic incentive for the adop-

tion of cleaner technology is urgently needed in these

countries. Therefore, it is important to use an instru-

ment that will not meet with too much resistance from

the business community. In these countries restricted

competition may also be more of a concern, which, as

shown by Gersbach and Requate (2004), is a further

argument for refunding.

A refunded emission payment offers a new option

to policymakers who want to choose an environmen-

tal policy instrument that will be particularly effective

in encouraging abatement to reduce pollution. The

REP scheme is the price-type counterpart to the out-

put-based allocation of tradable permits. It can be

compared to the TWA scheme that is a counterpart

to grandfathered permits. An empirical example is the

Swedish charge on NOx, which is the main factor

behind the 40% reduction in emission rates in 7

years for large stationary combustion plants. A tax

of this size would not have been politically feasible.

Nor would it have been perceived as fair if only

targeted at a subset of large polluters.

The REP scheme is a promising alternative for

many situations when taxes are neither feasible nor

desirable, for example, in a small open economy,

when the distributional consequences of taxes are

unacceptable or the opposition to taxes is too strong.

It offers an interesting alternative to permits, parti-

cularly when the regulator wants a price-type instru-

ment but does not want to place the full cost burden

on the polluters. The REP scheme also can target

subsets of polluters and thereby limit perverse incen-

tives to entry and exit. For a small open economy in

which trade-sensitivity is an issue, refunding makes

political sense.

Symbols used

Symbol Meaning

jj Firm j’s profit

Uj Firm j’s environmental effectiveness

cjeV Marginal costs with respect to emissions

cjqV Marginal costs with respect to production

ca,j Firm j’s abatement cost when production and
abatement costs are separable
Cj Total supply costs, including costs of
production and taxes, refunds, etc.
cj(ej,qj) Production costs for firm j to produce output
qj with emissions ej

cy,j Firm j’s production cost when production
and abatement costs are separableP

E Total emissions ( ej)

E� j Total emissions by all other agents except j

ej Firm j’s emissions of single pollutant

ēj Allocation of emissions permits to firm j in a
permit or tax-subsidy scheme
Nj Firm j’s net payment or refund

P Market price of output

ptax, prep Supply curve/marginal cost/market price of
output for firms regulated by a tax or refunded

emission payment scheme, respectively
PT Price of emissions permits

Q Total output (
P

qj)

Q� j Total output by all other agents except j

qj Firm j’s output of a single product (i =1, . . .,

j, . . ., n is firm index)
R Average rate of emissions (E /Q)

r̄ Target rate of emissions

sj Firm j’s market share

t Payment or tax level per unit of emissions
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