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ON THE ECONOMICS OF BOTTLE DEPOSITS

Abstract

Deposit systems for one-way beverage containers are widely supported by green
activists and have been implemented in several countries. This paper analyzes
whether such deposit systems can optimally internalize the externalities that result
when consumers dump these containers. It is shown that two major problems arise
in a competitive market. First, the proceeds from bottle deposits tend to reduce the
price of beverages in a competitive environment and therefore lead to a departure
from a first best allocation. Second, the system usually requires producers and
vendors to run a system for taking back and recycling used containers, whose cost
vendors can only partly shift to consumers who return their bottles. While a
deposit system alone is never optimal, the paper proposes tax-deposit systems that
can implement a first-best allocation.
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1. Introduction

Many politicians and green activists fear that one-way containers for soft drinks will lead to
costs that are not fully taken into account in the decisions of consumers and producers. A
first type of externality may occur even when one-way containers are returned by consumers
for recycling. It may result if market prices of the resources employed in the production of
one-way containers do not reflect the external effects of factor utilization. For example,
container producers may overuse energy and raw materials if the market prices of the inputs
employed in the production process do not reflect the costs of global warming or, more
generally, pollution. Second, the use of one-way containers may produce additional
externalities if those containers are nof returned. For example, consumers may not have the
correct incentives to save on refuse by returning the one-way containers or may even litter
the environment unless there is government intervention.' And distorted raw materials
prices, the public good characteristic of an unlittered environment and the cost of recycling
may also limit the incentives producers have to induce consumers to return bottles for
further use.”

For economists, the standard approach to tackling externalities is to levy a Pigouvian
tax targeted on internalizing the external effects, and green taxes have indeed been
introduced widely in Europe.’ In the case of one-way containers for beverages, however, a
recent policy reform in Germany introduced a system of government enforced deposit
charges for one-way containers, even though a tax had been discussed as a possible
alternative solution.* Obligatory deposits on one-way containers are also to be found in some

ten U.S. States, in the Canadian provinces British Columbia and Alberta, and in Sweden.

' Bohm (1981, 103-115) gives an excellent overview of various government objectives that may motivate
mandatory deposits and surveys the social cost that results from one-way containers.

* Throughout the paper we will use the terms "one-way containers" and "bottles" as synonyms.

? For a survey, see OECD (2001).

* In the German discussion that preceded the introduction of the bottle deposit, the Retailers Association had
preferred a tax on tins instead of the deposit (see Vorholz 2002).
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One possible advantage of a deposit system is that it discriminates between
containers that are returned for recycling and those containers that are simply dumped by
consumers. While consumers who do not return the containers have to pay the deposit,
consumers who do return them get back their deposit. This feature may make a deposit a
suitable instrument for tackling the second type of externalities mentioned above — those
externalities that could be eliminated by returning the one-way containers. The optimal
reaction to this type of externality is at the heart of the present paper and here we explore the
question of whether, in such a setting, a deposit is an optimal policy instrument

One important difference between a deposit and a tax is that, while the latter accrues
to the government, the former is collected by the producers or vendors and they may receive
a net revenue from the deposit if not all containers are returned by consumers. In a
competitive equilibrium, this additional revenue will have feedback effects on the price of
beverages and will distort the prices between drinks sold in in-way containers and other
goods. The paper shows that, because of this price distorting effect, a deposit system is
normally not an optimal instrument for correcting the externalities that result from dumping
one-way containers. While a deposit system alone is never optimal, the paper suggests some

tax-deposit systems that can implement a first-best allocation.

2. A Simple Model of Enforced Bottle Deposits

2.1 The Central Planner Problem

For consumers, there are two methods for consuming a beverage provided in one-way
containers. Method A is to drink the beverage and dump the container. Method B is to drink
the beverage and incur the cost of returning the beverage to the vendor or a system financed
by the vendor for recycling. In most instances, though not necessarily in all, consumers find

it more convenient to dump the container rather than return it. The amount of beverages



consumed using method A is denoted by X, the number of beverages consumed using
method B is denoted by Y.

The external environmental cost that occurs when method A is used instead of
method B is denoted by 0(X), with 6', 6" > 0. This cost may include the disadvantage of
littering or the external costs of resource use that could be saved by recycling. If a deposit
system is in place, the government is assumed to enforce recycling and vendors of the
beverages incur recycling costs R(Y). The costs of recycling must be interpreted in a broad
sense. They include all costs of running the system to collect, process, and dispose of used
containers according to government regulation minus revenues from selling the processed
containers for further use.

Consumers find it more convenient not to return at least some of the used containers
and total consumer surplus from consuming beverages in one-way containers can be

expressed by the function

Q=0(X+Y,5(Y)),

where 00/3(X +Y)>0,30/0S <0, 8°0/0S> <0, 8S/0Y >0, 3S/dY>>0. The first

argument of QO represents the positive utility from consumed beverages, while the second
argument captures the inconvenience of returning bottles, a cost to the representative
consumer that is assumed to be convex in Y. In cases where the beverage is consumed
immediately at the shop this inconvenience cost of returning may be low, in others where,
for example, bottles have been bought for consumption on a cheap airline flight, this cost
may be almost prohibitive.

A welfare maximizing social planner who wants to maximize consumer surplus

minus production cost, external cost 6 and recycling cost R solves the following problem:

SO eI
max O(X +Y, S(Y)~8(X) - (X +Y) = R(Y),



where c(X + Y) denotes the production cost of the beverages sold in one-way containers

(excluding the external cost of dumped containers). Assuming an interior solution

(X,Y >0), the two first order conditions for an optimal solution read:

(1) 00 /X = 30/0X +dc/ X

) 00 /Y +(00/3S)- (S /9Y)=dc/dY + R/ 0Y .

Since by construction, 6Q/0X =0Q/0Y and oc/0X =0c/0Y, this implies that

3) 00/0X =0R/0Y —(80/0S)-(8S10Y).

In an interior optimum, according to equation (3), the marginal externality of dumping the
bottles equals the marginal cost of recycling minus the marginal inconvenience cost of
returning the bottles. Equations (1) and (2) characterize the socially optimal solution, and we

discuss the market outcome in alternative scenarios against this benchmark in the following.

2.2. Market Outcome with a Bottle Deposit

In the next step we want to inquire whether a bottle deposit on one-way containers is able to
implement the optimal solution. First we need to model the producer side. We condense the
distribution chain into a single production and distribution process. That is, a representative
price taking firm faces costs ¢ depending on the total units of beverages Z produced and
sold. Marginal costs are non-decreasing in Z. The representative consumer buys these
beverages and decides what part X to consume according to method A (drink and dump) and
what part to consume according to method B (drink and return to the vendor). That is
X+Y="Z

As in the central planner problem, recycling costs are given by R(Y) and depend on
the number of returned bottles only. If a bottle deposit D is enforced by the government, this

deposit must be charged by the representative firm for all units sold, leading to total deposits



of Z -D. However, a refund of Y -D has to be given for returned bottles leaving the
representative firm with a net revenue of X - D. Allowing a tax at the rate 7 (0 < ¢ <1) on this
revenue earns the firm a net of tax deposit income of X - D (1 —¢).

The price taking firm is observing the market price P for beverages sold in one-way
containers. It also observes that at the given price and deposit the fraction y of all containers

is returned by consumers.® Hence, it will solve the problem

max P-Z+Z-DA-t)(1-y)—c(Z)—R(y-Z2).

The first order condition is given by

(4) P=06c/8Z+y-0R/AY —D(1—1t)(1-7).

The interpretation of (4) is straightforward. The profit-maximizing firm chooses a level of
production Z such that the price plus the average retained deposits per unit sold are equal to
the marginal cost of production and the expected marginal cost of recycling.

The representative consumer is assumed to have an exogenous income and will try to

maximize her net consumer surplus of

V=0(X+Y,5(Y))-D-X-P-(X+Y).

The necessary conditions for an interior household optimum then are

(5) 0Q/0X =P+D

(6) 0Q/0Y +(0Q/0S)-(6S/0Y)=P,
which together imply:

(7 —(0Q/0S)-(6S/oY)=D.

> Note that in Germany, for example, the income from non-redeemed deposits is subject to the value added tax
(VAT).

% In the U.S. the recovery rate of beverage containers in states that have introduced a deposit between 2 ¥ and
10 U.S. cent seems to range between 73 percent and 95 percent (see GRRN 2003).
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The representative consumer will return all bottles for which the inconvenience costs of
returning fall short of the lost deposit in the case of dumping and she will dump all bottles
for which the inconvenience of returning exceeds the deposit. Therefore, in line with
equation (7), the marginal inconvenience cost of returning bottles will equal the deposit.

From (4), (5), and (6) we have that in a market equilibrium the following conditions

must hold:
(8) 0Q/0X =0c/0X +y-0R/0Y —D(1—-t)(1-y)+D
9) 0Q/0Y +(0Q/08)-(0S/0Y)=0c/0Y +y-0R/0Y —D(1—¢t)(1-v)

A first-best allocation requires a policy (D, f), so that equation (8) reproduces the
optimality condition (1), and equation (9) reproduces the optimality condition (2). Equality

of (8) and (1) requires
Do 00/0X —yoR /oY
(I-t)(1-7y)+1

(10)

while equality of (9) and (2) requires

(11) (1-1)D=-3R/3Y .

Since marginal recycling costs are positive and 0 <¢ <1, optimality in an interior solution
(y<1), on the one hand, requires a negative deposit according to equation (11), while, on
the other hand, equation (10) requires a positive deposit as long as the marginal externality
from dumping a bottle exceeds marginal recycling costs times the fraction of bottles
returned.” Note that this relationship must be fulfilled if recycling is to be economically

worthwhile. From this we have proven

PROPOSITION 1: If the socially optimal recycling rate is less than unity (y < 1) and the

marginal recycling cost is positive, then a deposit cannot implement a first-best allocation.

’ A negative deposit cannot, of course, be implemented if returning the bottles is voluntary for consumers.
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Inspection of equations (10) and (11) also shows that the optimal solution could be
implemented if the marginal recycling cost was zero (0R/0Y =0). This would then require
choosing a simple Pigouvian tax. The government has to set D according to equation (10),
implying that all the revenues of the deposit system are taxed at 100 percent (¢ = 1).
Essentially, this system would raise a tax on all one-way containers sold but not taken back
by the vendors. The tax rate would internalize the externality of dumping the bottles. A
simple deposit system that leaves deposit revenue to vendors would not do an optimal job.

We summarize this result in

PROPOSITION 2: [f the optimal recycling rate is less than unity and the marginal recycling
cost is zero, then a deposit alone cannot implement a first-best allocation but a Pigouvian
tax on one-way containers sold but not taken back by the vendors can be used as an optimal

policy instrument.

2.3. Subsidizing or Taxing Recycling

If recycling creates costs for firms, the problem with the Pigouvian solution is that the
government shifts some of the costs of reducing the externality to firms without giving them
adequate compensation. Therefore one could be induced to think that a remedy would be to
give the government an additional policy instrument for taking over the marginal cost of
recycling from firms (or alternatively make recycling more expensive). To examine this
possibility, assume that the government pays a (possibly negative) subsidy of t per bottle

returned. In this case the objective of the representative firm changes to

max P-Z+Z-DA-t)1-y)—c(Z)=R(y-Z)+1-y-Z

with the first order condition



(12) P=0c/8Z+v-6R18Y —t-y—D(1-t)(1-7).

Hence, equations (8) and (9), which characterize the market solution, read

(13) 00/0X =0c/0X +y-0R/Y —1-y—D(1—t)(1—-y)+D

(14) 80/ 8Y +(60/08S)-(8S/8Y)=6¢c/8X +y-0R/ Y —1t-y—D(1—1t)(1-7).

Comparing these expressions with the optimality conditions (1) and (2), we have that an

optimal policy (D,t,t) must simultaneously comply with

(15) y-OR/0Y —t-y—D(—-t)(1-y)+D=00/0X
and
(16) y-OR/0Y —t-y—D(1—-t)(1-y)=0R/0Y .

From (15) and (16) we immediately see that a Pigouvian tax on non-returned bottles plus a
subsidy to producers to cover marginal recycling costs (1 =1, D = 0', T = R') is not optimal.
The problem of such a system would be that a consumer who returns her bottles does not
incur the costs of recycling and therefore faces too low a price. Nevertheless, the
introduction of the new instrument allows policy combinations that replicate the first-best
allocation. Assume the government sets D =00/0X —0R/0Y,t=1. Then choosing a

negative subsidy on recycled bottles t=—(0R/0Y)-(1-y)/y fulfils both of the above
conditions and is available to implement the optimal solution.

At face value, the result that a tax on recycling is part of an optimal solution seems
surprising. After all, too few bottles are recycled in the laissez-faire equilibrium. But the
problem of the vendor is that, when a customer buys beverages, the vendor cannot predict
whether the customer will come back and so force the vendor to incur the recycling cost.
Hence, in a competitive setting, the vendor will only charge the expected recycling cost and

the customer who actually brings back her bottles gets away with a price that is too low to



cover the full marginal costs of recycling. The tax, coupled with a deposit that falls short of

the marginal externality 0', however, does the job.

PROPOSITION 3: [f the optimal recycling rate is less than unity and the marginal recycling
cost is positive, then a possible optimal solution consists of a tax on recycled bottles, plus a

deposit system whose net revenues are taxed away by the government.

Essentially, this system mimics a set of two Pigouvian taxes. One applies to bottles that are
returned for recycling. The other one applies to bottles dumped by consumers.

Clearly, with three instruments and only two restrictions, the government has an
infinite number of optimal policies. An alternative scenario to the one described in
Proposition 3 is one where the government sets t = 0. In this case, the solution to the
equation system (15) and (16) is given by D =6'-R'; t=0'(y—1)/y. Again, recycled bottles

are taxed rather than subsidized, leading us to formulate:

PROPOSITION 4: [f the government wants to implement an optimal solution with a non-
taxable deposit, then the deposit should cover the difference between the marginal
externality of dumping containers and recycling containers. This deposit has to be combined
with a tax on recycled containers that equals the product of the marginal externality of

dumping and the optimal ratio of non-returned and returned containers.

3. Conclusion

As far as we know, this paper is the first to formally analyze whether a bottle deposit is an
appropriate measure for internalising the possible external effects of using one-way
beverage containers. We have shown that setting the deposit equal to the marginal
externality that results from dumped containers is not compatible with an interior optimum

in which some containers are not returned. Such a scenario covers the realistic case where



cost of returning the container may be prohibitive, at least for some beverages. The present
paper has shown that, in this plausible case, an efficient optimum cannot be reached with a
deposit alone. An important reason is that the revenues go to the vendor and distort the
prices of beverages (sold in one-way containers) and other goods. If recycling is costly to
firms, then even a Pigouvian tax on non-returned one-way containers is suboptimal. The
reason is that, in this case, consumers would not internalize the full marginal recycling cost
and at least two policy instruments are needed.

While we think that we have highlighted aspects that are at the green heart of the
idea behind bottle deposits, we should note that the present paper has left out some other
important aspects of bottle deposits. One group of proponents of bottle deposits are small
local producers of beverages who hope to gain an advantage over large competitors who
may find it more difficult to take back containers. In a similar vein, the EU has recently
expressed great concern about the trade restriction that may accompany certain deposit

systems. We plan to address those special aspects of bottle deposits in future work.
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