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Abstract
The article considers the phenomenon of price behavior in markets of joint products.
It shows that conclusions about the nature of economic entities’ behavior on this type
of market could be inaccurate if the characteristics of these markets, such as joint costs,
are not taken into account. For this purpose, a theoretical model, built according to
basic microeconomic principals, is applied. This model provides an opportunity to reveal — without further new institutional analysis — that the reason for price deviation
from a competitive level does not always lie in actions restricting competition.
1RQSUR¿WSDUWQHUVKLS³9RSURV\(NRQRPLNL´+RVWLQJE\(OVHYLHU%9$OOULJKWV
reserved.
-(/FODVVL¿FDWLRQ: D4.
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1. Introduction
This analysis is motivated by a sound antitrust case brought by the Federal
Antitrust Services of Russia (hereafter FAS) against Russian companies in the
FKHPLFDOLQGXVWU\LQZKLFKZDVFORVHGE\¿QDOFRXUWGHFLVLRQLQ$SULO1
7KHXSGDWHG(QJOLVKYHUVLRQRIWKHDUWLFOHSXEOLVKHGLQ5XVVLDQLQVoprosy Ekonomiki, 2015, No. 2, pp. 104–122.
* Corresponding author, E-mail address: aes99@yandex.ru.
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Three interconnected cases were brought against companies operating in the marNHWV RI FKORULQH OLTXLG FDXVWLF VRGD DQG SRO\YLQ\OFKORULGH 39&  7KHFDVH RQ
the market of chlorine was brought on the basis of an investigation launched by
WKHXQVFKHGXOHGLQVSHFWLRQRIWKH&DXVWLFFRPSDQ\ 9ROJRJUDG ZKHQGRFXPHQWV
proving a price maintenance and market sharing agreement were revealed. The investigation was continued by other unscheduled inspections when corresponding
documents were found. According to these documents, the cartel on the market of
chlorine took place over 3.5 years and led to an increase in prices by a factor of
3.5 times. An investigation in the market of caustic soda was also based on unscheduled inspections and economic analysis that revealed a cartel operating since 2005
WKURXJKRXWWKHHQWLUHFRXQWU\8QVFKHGXOHGLQVSHFWLRQVDQGHFRQRPLFDQDO\VLVZHUH
DOVRXVHGIRUDQLQYHVWLJDWLRQRQWKHPDUNHWRI39&,WZDVUHYHDOHGWKDWWKHFDUWHO
RQWKLVPDUNHWZDVDOUHDG\DWOHDVW¿YH\HDUVROG $
 UWHPLHYHWDOSS± 
Despite the fact that in each case the antitrust authority possesses documents
proving, as it seems, agreement, the conclusions of appellate courts where decisions by the FAS were contested were not unambiguous, which is the consequence of the peculiarities of these markets.
One of the key arguments of the FAS proving a price maintenance agreement
is the fact that the domestic price of liquid caustic soda exceeds its export price
(Artemiev et al., 2013, pp. 66–67). According to the antitrust authority, this fact
implies intensive competition on the foreign market and weak competition on
the domestic market.
The case on the market of caustic soda ended up with the win of companies,
and one of the decisive arguments was that there is constant relationship between
the production of caustic soda and the production of chlorine, and this relationship explains the behavior of companies in corresponding markets.
The main goal of this study is to show, basing on the neoclassical model, that the
difference in prices pointed out by FAS can be a consequence of the peculiarities of
production and is not necessarily caused by a market structure. In turn, the approach
of the antitrust authority that disregards these particularities could lead to errors of
law enforcement (in this case — a type 1 error — unreasonable accusation).
The key particularity in the production of caustic soda is that the latter is proGXFHG LQ ¿[HG SURSRUWLRQ ZLWK FKORULQH ,I ZLWKLQ DVLQJOH SURGXFWLRQ SURFHVV
two or more products are manufactured, these products are called joint products.
Costs of production of this type of product are joint until the split-off point. In
turn, the split-off point is the stage in the production process after which joint
SURGXFWV IROORZ WKHLU RZQ SDWWHUQV7KHUH DUH MRLQW SURGXFWV LQ ¿[HG DQG YDULable proportions. The chemical industry provides a variety of examples of joint
SURGXFWVERWKLQ¿[HGDQGYDULDEOHSURSRUWLRQV .UHSV 7KHSURGXFWLRQRI
chlorine and caustic soda is one such example.
7KHVLJQL¿FDQFHRIWKHTXHVWLRQXQGHUUHYLHZJRHVEH\RQGQRWRQO\WKHLPSRUtant and particular case of caustic soda and chlorine but also beyond the chemical
(continued) /WG 1RYRPRVNRYVNLM +ORU 1HZ 0RVFRZ &KORULQH  JURXS RI FRPSDQLHV 2-6& %DVKNLUVNDMD
+LPLMD &KHPLVWU\ RI %DVKNLULD  2-6& .DXVWLN &DXVWLF  6WHUOLWDPDN  JURXS RI FRPSDQLHV &-6&
5HQRYD2UJVLQWH]2-6&+LPSURP 1RYRFKHERNVDUVN JURXSRIFRPSDQLHV/WG1LNRKLP2-6&.DXVWLF
&DXVWLF  9ROJRJUDG  JURXS RI FRPSDQLHV 2-6& *DOR3ROLPHU /WG *DOR3ROLPHU .LURYR&KHSHWVN JURXS
RI FRPSDQLHV /WG 7RUJRY\M 'RP +LPSURP )LUP +LPSURP  .HPHURYR  /WG 3URGXFWLRQ $VVRFLDWLRQ
+LPSURP .HPHURYR 
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industry. In addition, analysis of this question shows that the tradition of hostility
in antitrust revealed by Coase more than forty years ago (Coase, 1972) has a more
complicated structure because even disregarding the tools of New Institutional
(FRQRPLFVDQGEDVHGRQWKHDQDO\VLVRI1HRFODVVLFDO(FRQRPLFVLWLVSRVVLEOHWR
H[SODLQ³DQRPDOLHV´WKDWIRUPWKHRFFDVLRQIRUDFFXVDWLRQRIPDUNHWSDUWLFLSDQWV
in infringement of competition law.
7KH¿UVWSDUWRIWKHDUWLFOHSURYLGHVDUHYLHZRIWKHPDLQLGHDVRIWKHFRQFHSW
of joint products based on other studies on this topic. The next three parts represent the model considered equilibrium conditions under competition and monopoly on markets of joint products, different reasons for a glut and wastage.
In addition, the possibility of separate processing and transportation to a distant
market (open economy) of a co-product is taken into account. The conclusion
provides the results of the analysis.
2. Joint products
The question of joint products is a subject of a series of works based on microeconomic models taking into account their different particularities. In this way,
Deutsch (1965, pp. 397–401), using the example of the markets of chlorine and
caustic soda in Canada, shows that complicated transportation and the moderate
FRVWRIWKHZDVWDJHRIDJOXWRIRQHRIWKHMRLQWSURGXFWVLQÀXHQFHWKHSDUDPHWHUV
of markets. According to the Deutsch, the pricing policy of a company manufacturing these products is reminiscent of price discrimination on a territorial
basis, but in reality, it could be the consequence of high transportation costs and
a problem of the wastage of a glut.
Some articles concern the problem of cost allocations to joint products. Manes
and Smith (1965, pp. 31–35) suggest an approach where costs are allocated according to the marginal revenue from sale of each of them. The authors also de¿QHWKHGLIIHUHQFHEHWZHHQFRSURGXFWVDQGE\SURGXFWV7KH\RIIHUWRFRQVLGHU
a product as a by-product if it does not contribute to the sum of marginal revenue
at an equilibrium point. This product should be disposed of at marginal revenue
HTXDOWR]HUR7KLVFRUUHVSRQGVWRWKHFRVWDOORFDWLRQVXFKWKDWDOOFRVWVDUHDSplied to a major product and the production of a by-product until the split-off
point is assumed to be free of charge. If a by-product is separately processed
LQRXUH[DPSOH²SURGXFWLRQRIFKORULQDWHGGHULYDWLYHIRULQVWDQFH39& WKHQ
the volume of its sale should correspond to the level where its marginal revenue
equals the marginal cost of separate processing. Another article (Jensen, 1974,
pp. 465–476) that also concerns the question of cost allocations to joint products
FRQVLGHUV WKHFDVH ZKHQ WKHSULFH RI DE\SURGXFW ZLWK WKHVDPH GH¿QLWLRQ RI
a by-product) could differ from the marginal cost of separate processing. The reason is that the price of a by-product depends not only on cost of separate processing but also on opportunity cost of selling a by-product at the split-off point.
If this price is negative, meaning that the alternative of separate processing is
wastage involving cost, the price of the separately processed good is lower than
marginal cost of separate processing.
In turn, Walters (1960) offers to employ the demand function for joint products
in the form of probability distribution that enables high uncertainty level on markets for these products to be taken into account.
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In one more article concerning joint products (Colberg, 1941, pp. 103–110),
the author explains the appearance of a glut (the difference between output and
the volume sold) not only by limited demand for a product but also by the reasonLQJ RI DPRQRSROLVW PD[LPL]LQJ SUR¿W$V IDU DV WKHZDVWDJH RIRQH RI WKHMRLQW
products enables interdependence of their sales to be avoided, a company can decrease sales of one product keeping the sales of another product constant. In turn,
%ODLUDQG+D\QHV  H[WHQGWKHDQDO\VLVRIPDUNHWVRIMRLQWSURGXFWVDGGLQJ
PRQRSVRQ\RQRQHRIWKHPDQGVKRZLQJKRZWKLVWUDQVIRUPDWLRQRIDPRGHOLQÀXences wealth, market equilibrium, and the market power of a company, if it has one.
Graham and Green (1984) use the concept of joint products (products manufactured from one input2) in their analysis of households, where input is time and
joint products are home production and leisure.
)LQDOO\VHYHUDODUWLFOHVFRQVLGHUWKHLQÀXHQFHRIJRYHUQPHQWSROLF\DQGPDUNHW ÀXFWXDWLRQV RQ MRLQW SURGXFWLRQ +RXFN  3LJJRWW DQG :RKOJHQDQW
2002). In particular, they study the relationship between demand for joint products and aggregate demand for their common input.
(DFKRIWKHVHPRGHOVFRQVLGHUVRQHRUVHYHUDOFKDUDFWHULVWLFVRIMRLQWSURGXFWV
but does not study their interrelationship and a general effect on parameters of markets. This reveals a theoretical gap that impedes the analysis of the question under
review using existing models. The new approach to modeling the decision-making
process of a company manufacturing joint products and equilibrium on corresponding markets, based on the experience of preceding works, is elaborated. The new
PRGHO WDNHV LQWR DFFRXQW WKHSHFXOLDULWLHV RI SURGXFWLRQ ERWK LQ ¿[HG SURSRUWLRQ
HTXDOWRRQHDQGLQRWKHU¿[HGSURSRUWLRQVMRLQWFRVWVFRVWRIZDVWDJH LQFOXGLQJ
prohibitively high cost of wastage), and the possibility of separate processing and
transportation of a glut. The distinctive features of the new model are the following.
First, it considers different reasons for a glut that enable the comparison of outcomes
on competitive markets and monopolistic markets. Second, it takes into account
the possibility of separate processing and transportation as the ways to dispose of
a glut on a different market that is an alternative to wastage. This enables the comprehensive analysis of the effect of a glut on the parameters of markets.
The new model reveals probable law enforcement errors that take place on
markets of joint products because the peculiarities of these markets are not taken
into account by the antitrust authority.
3. Equilibrium on markets of joint products
%\WKHLUQDWXUHFRPSDQLHVZLWKMRLQWSURGXFWLRQDUHPXOWLSURGXFWFRPSDQLHVEHFDXVH WKH\ UHFHLYH SUR¿WV IURP VHOOLQJ VHYHUDO SURGXFWV 7KHSUR¿W RI VXFK D¿UP
LV FRPSRVLWH DQG FRQVLVWV RI SUR¿WV IURP VHOOLQJ RI HDFK SURGXFW PDQXIDFWXUHG E\
WKHFRPSDQ\ DJJUHJDWH SUR¿W $VVXPH WKDW WKHUH LV QR UHODWLRQVKLS EHWZHHQ MRLQW
SURGXFWVRQWKHGHPDQGVLGHEXWE\GH¿QLWLRQWKHLUSURGXFWLRQDQGKHQFHVXSSOLHVDUH
interrelated, which means that the production of one product implies the production of
DQRWKHUSURGXFW LQSDUWLFXODUWKHDPRXQWLQWKHFDVHRI¿[HGSURSRUWLRQRIMRLQWSURGXFWLRQ +HQFHVXFKSURGXFWVKDYHMRLQWFRVWVDQGMRLQWVXSSO\7KHVHSDUWLFXODULWLHV
2 Strictly speaking, the general idea of the analysis does not change if there is more than one input. For
example, in the case of chlorine and caustic inputs there are salt brine and electricity.
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RIMRLQWSURGXFWLRQWUDQVIRUPWKHPD[LPL]DWLRQSUREOHPRIFRPSDQLHVSURGXFLQJWKLV
type of product as follows. First, such a company cannot determine the optimal level
RIRXWSXWRIHDFKSURGXFWVHSDUDWHO\7KHRXWSXWFKRLFHRIRQHSURGXFWWKDWPD[LPL]HV
SUR¿W DPDMRUSURGXFW LPSOLHVRXWSXWRIRWKHUSURGXFWV FRSURGXFWV WKURXJK¿[HG
SURSRUWLRQ 7KHRSWLPDO RXWSXW RI DPDMRU SURGXFW VKRXOG PD[LPL]H DFRPSDQ\¶V
DJJUHJDWHSUR¿WPHDQLQJWKDWLWVKRXOGWDNHLQWRDFFRXQWWKHFRQVHTXHQWRXWSXWRI
FRSURGXFWV6HFRQGDQHZGHSHQGHQWYDULDEOHDSSHDUVLQWKHFRPSDQ\¶VPD[LPL]DWLRQSUREOHPZKLFKLVWKHOHYHORIVDOHRIFRSURGXFWV8VXDOO\FRPSDQLHVSURGXFHDV
much as they plan to sell. In the case of joint production, companies lose the ability to
determine the optimal level of production of each product. Companies need to choose
the level of sale of co-products and provide the possibility of achieving this level.
In summary:
x REMHFWLYHIXQFWLRQRIDFRPSDQ\²DJJUHJDWHSUR¿W
x PD[LPL]LQJYDULDEOHV²RXWSXWOHYHORIDPDMRUSURGXFWDQGWKHOHYHOVRIVDOHRI
FRSURGXFWV
x FRQVWUDLQWV²RXWSXWIXQFWLRQDFFRUGLQJWR¿[HGSURSRUWLRQDQGFRQGLWLRQVWKDW
provide the possibility of achieving the optimal level of sale of co-products.
7KHGHPDUFDWLRQEHWZHHQDPDMRUSURGXFWDQGFRSURGXFWVLVEDVHGRQWKHSUR¿W
DELOLW\RIWKHLUVDOH7RFRPSDUHSUR¿WDELOLW\ZHQHHGWRUHSUHVHQWWKHSUR¿WDELOLW\
of each product in one dimension. In the model offered the dimension chosen is
the output of one of the products. This means that the demand for all products and
corresponding marginal revenue are represented through output of this product.
A major product is a product with the highest marginal revenue at the optimal
point.3 The output level of such a product then coincides with its sale level. For
simplicity take output level of a major product as a dimension.
&RQVLGHU WKHPD[LPL]DWLRQ SUREOHP RI DFRPSDQ\ PDQXIDFWXULQJ WZR MRLQW
products. One of these products is a major product, and its output is equal to its
level of sale. The second product is a co-product, and in particular circumstances
its level of sale can differ from its output level.
Assume the following reverse demand functions:
P1 = a1 – b1Q1

(1)

P2 = a2 – b2 ȡ41,

(2)

where Q1²RXWSXW RI WKH¿UVW SURGXFW ȡ²¿[HG SURSRUWLRQ RI SURGXFWLRQ
(Q2 = ȡ41), P1, P2²SULFHV IRU WKH¿UVW DQG WKHVHFRQG SURGXFWV UHVSHFWLYHO\
a1, a2 t²UHVHUYH SULFHV IRU WKH¿UVW DQG WKHVHFRQG SURGXFWV UHVSHFWLYHO\
b1, b2 t²VHQVLWLYLWLHVRIGHPDQGIRUWKH¿UVWDQGWKHVHFRQGSURGXFWVUHVSHFWLYHO\
Then, the marginal revenues from sale of each product have the following form:
MR1(Q1) = a1 – 2b1Q1

(3)

MR2(Q1) = ȡD2 – 2b2ȡ2Q1

(4)

3 In this case it is assumed that the relation between marginal revenues corresponds to the relation between
gross revenues. There could be the case when they do not correspond to each other due to (a) the correlation of
reserve prices, (b) the correlation of demand price elasticities, or (c) the marginal cost.
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7KH¿UVW SURGXFW LV DPDMRU SURGXFW LI WKHFRQGLWLRQ MR1(Q1*) > MR2(Q1*) is
VDWLV¿HG ,Q VXFK DZD\ ZH REWDLQ WKH¿UVW PD[LPL]DWLRQ YDULDEOH²RXWSXW RI
a major product (Q1  0).
7KHDJJUHJDWHSUR¿WRIDFRPSDQ\PDQXIDFWXULQJMRLQWSURGXFWVFRQVLVWVRI
revenue from sale of each product minus the cost of production. The latter in
the case of joint production can be represented as a function of output of one of
products. Representing joint costs as a function of a major product:
TC = TC (Q1)

(5)

MC = c

(6)

ʌ TR1(Q1) + TR2(Q1) – TC(Q1) = (a1 – b1Q1)Q1 +
+ (a2 – b2ȡ41)ȡ41 – TC(Q1)

(7)

0D[LPL]DWLRQ RI SUR¿W ZLWK UHVSHFW WR WKHRXWSXW RI DPDMRU SURGXFW JLYHV
the optimal output of a major product and corresponding output of a co-product
(see Appendix A).
(8)
(9)
+HQFHRSWLPDORXWSXWVRISURGXFWVGHSHQGRQFRVWRISURGXFWLRQDQGSDUDPHWHUV
RIGHPDQGIXQFWLRQVRIERWKJRRGVDQGDYDOXHRI¿[HGSURSRUWLRQ
The optimal level of sale of a major product always coincides with its output:
Q1ƍ = Q1 

(10)

$V IRU DFRSURGXFW WKHUH FRXOG EH WKUHH FDVHV ,Q WKH¿UVW FDVH WKHRSWLPDO OHYHO RI RXWSXW RI WKH¿UVW SURGXFW LV EHORZ WKHOHYHO ZKHUH FRUUHVSRQGLQJ PDUJLQDO UHYHQXH IURP WKHVDOH RI WKHVHFRQG SURGXFW LV HTXDO WR ]HUR
ȡ41* < ȡ41(MR2(Q1) = 0) or Q1* < Q1(MR2(Q1) = 0). Maximum revenue from sale
RI WKHVHFRQG SURGXFW ZKHQ PDUJLQDO UHYHQXH LV VWULFWO\ JUHDWHU WKDQ ]HUR LV
achieved at the lowest marginal revenue. As far as marginal revenue is concerned
a decreasing function of the level of sales (05/41) < 0, the optimal level of
sale is equal to the maximum possible level that is the whole output. This means
WKDWWKHZKROHRXWSXWFDQEHVROGZLWKPD[LPXPSUR¿W
Q2ƍ = ȡ41 

(11)

where Q2ƍ²WKHYROXPHRIVHFRQGSURGXFWVDOHV
The second situation takes place when the optimal output of a major product
JLYHVVXFKRXWSXWRIDFRSURGXFWWKDWPDUJLQDOUHYHQXHRILWVVDOHLVHTXDOWR]HUR
ȡ41* = ȡ41(MR2(Q1) = 0) or Q1* = Q1(MR2(Q1) = 0). In this case the whole output
FDQEHVROGZLWKPD[LPXPSUR¿WZKLFKFRUUHVSRQGVWR  
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,QWKHWKLUGVLWXDWLRQWKHRSWLPDOOHYHORIRXWSXWRIWKH¿UVWSURGXFWLVDERYH
the level where corresponding marginal revenue from the sale of the second
SURGXFWLVHTXDOWR]HURȡ41* > ȡ41(MR2(Q1) = 0) or Q1* > Q1(MR2(Q1) = 0). It is
XQSUR¿WDEOHWRVHOOWKHZKROHRXWSXWZKHQPDUJLQDOUHYHQXHLVEHORZ]HUR7KLV
implies the appearance of a glut (X ) — the difference between the level of output
and the level sale.
X = ȡ41 ±Q2ƍ

(12)

The level of sale of a co-product that can either coincide or not coincide with its
OHYHORIRXWSXWLVWKHVHFRQGPD[LPL]DWLRQYDULDEOH7KHFRUUHVSRQGLQJFRQVWUDLQW
is then the following:
Q2ƍȡ41 

(13)

where Q2ƍ²OHYHORIVDOHRIDFRSURGXFW
Which of the underlined cases takes place depends on demand parameters (a1, a2, b1, b2  DYDOXH RI ¿[HG SURSRUWLRQ ȡ) and marginal cost (c) (see
$SSHQGL[ %  7KHORZHU WKHPDUJLQDO FRVW WKHKLJKHU WKHSUREDELOLW\ RI DJOXW
DQGWKHODJHULVLWVVL]H&RQVWDQWUHWXUQVWRVFDOH SHUIHFWO\HODVWLFLQYHUVHIXQFtion of marginal revenue) give an unambiguous effect of demand parameters
(a1, a2 +LJKGHPDQGIRUDPDMRUSURGXFW a1 OHDGVWRKLJKSUREDELOLW\RIDJOXW
high demand for a co-product (a2) has the inverse effect. The effect of slopes of
demand (b1, b2) is uncertain and depends on the relationship between parameters.
7KHVDPHFDQEHVDLGDERXWDYDOXHRI¿[HGSURSRUWLRQ ȡ).
4. Possible reasons for a glut
7KHPDLQ FKDUDFWHULVWLF RI PDUNHWV RI MRLQW SURGXFWV LQ ¿[HG SURSRUWLRQ LV
a glut, which is the difference between output and sold volume of a product.
2XWSXWRIDPDMRUSURGXFWE\GH¿QLWLRQFRLQFLGHVZLWKWKHYROXPHRILWVVDOHV
A part of a co-product called a glut under some conditions is wasted. Assume
that wastage of a glut involves no expense and consider possible reasons for its
appearance.
$VPHQWLRQHGDERYHWKHSUREDELOLW\RIDSSHDUDQFHRIDJOXWDQGLWVVL]HGHpend on demand parameters and marginal cost. Assume that slopes of reverse
demand functions are equal (b1 = b2 DQG¿[HGSURSRUWLRQLV
7KH¿UVWUHDVRQIRUDJOXWLVWKHPDUNHWSRZHURIDFRPSDQ\RQERWKPDUNHWV
7KHFRQGLWLRQIRUDJOXWLQWKLVFDVHLVWKHORZPDUJLQDOFRVWDQGVLJQL¿FDQWGLIIHUence in demand for a major product and a co-product (a1 > a2) and hence in their
corresponding marginal revenues.
This situation is represented on the graph below (Fig. 1), where MC — funcWLRQ RI PDUJLQDO FRVW MR1, MR2 — functions of marginal revenue of a major
SURGXFW DQG DFRSURGXFW UHVSHFWLYHO\ MRtotal — the sum of marginal reveQXHVD1, D2 — demand functions. The point of intersection of the marginal cost
curve and the total marginal revenue curve takes place on the part of the latter
that coincides with the marginal revenue of a major product. The optimal level
of output of a major product is equal to Q1*. Fixed proportion 1:1 implies that
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Fig. 1. A glut when there is market power in both markets.

Fig. 2. A glut when both markets are competitive.

output of a co-product is equal to the same amount. The optimal level of a coproduct sales is lower than its output and corresponds to the point where its
PDUJLQDOUHYHQXHLVHTXDOWR]HURZKLFKLVWKHEUHDNSRLQWRIWKHWRWDOPDUJLQDO
revenue curve Q1(MR2(Q1) = 0). This leads to a glut of a co-product equal to
Q1* – Q1(MR2(Q1) = 0).
A glut can also appear when both markets are competitive but when demand
IRUDPDMRUSURGXFWVLJQL¿FDQWO\H[FHHGVGHPDQGIRUDFRSURGXFW a1 > a2) and
marginal cost is low. This case is represented on the Fig. below (Fig. 2), where
0&²IXQFWLRQRIPDUJLQDOFXUYHD1, D2²GHPDQGIXQFWLRQVDtotal — the sum
RIGHPDQGV/LPLWHGGHPDQGIRUDFRSURGXFWOHDGVWRWKHVLWXDWLRQZKHQVDOH
of this product on the market at a positive price is impossible.
The optimal output of a major product and the corresponding output of a coSURGXFWXQGHUWKH¿[HGSURSRUWLRQDUHHTXDOWRQ1* that exceeds the amount,
which can be sold under nonnegative price Q1(P2 = 0). This implies the appearance of the glut equal to Q1* – Q1(P2 = 0).
+HQFHLWLVQHFHVVDU\WRGLIIHUHQWLDWHDJOXWWKDWLVDUHVXOWRISUR¿WPD[LPL]Dtion when a company possesses market power and a glut that is a result of limited
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GHPDQGZKHQPDUNHWVDUHFRPSHWLWLYH,QWKH¿UVWFDVHWKHOHYHORISURGXFWVDOHV
FDQLQÀXHQFHSULFHDQGKHQFHXQGHUVRPHFRQGLWLRQVDFRPSDQ\FDQ¿QGLWRSWLmal to waste a part of a product. In the second case, a company in principle cannot sell part of a product on the market.
If the assumption that the sensitivities of demand in both markets are equal
(b1b2) is relaxed, there could be the situation where a product with a higher reVHUYHSULFHKDVDJOXW7KLVVLWXDWLRQRFFXUVLIWKHVHQVLWLYLW\RILWVGHPDQGLVVLJQL¿cantly lower than the sensitivity of demand of the second product (a1a2, b1 > b2).
7KHQWKHPDUJLQDOUHYHQXHRIVXFKDSURGXFWXQGHUKLJKRXWSXWVLVHTXDOWR]HUR
while the marginal revenue from sale of the second product is positive. This implies
that a product with a lower reserve price and higher sensitivity of demand is a major
product, while a product with higher reserve price and lower sensitivity of demand
is a co-product.
5. Wastage of a glut
When the wastage of a glut does not carry a cost, its appearance does not
LQÀXHQFHHTXLOLEULXP,QWKLVSDUWFRQVLGHUWKHSUREOHPRIWKHZDVWDJHRIDJOXW
7KHUH FRXOG EH WKUHH VLWXDWLRQV LH ZDVWDJH LQYROYHV QR FRVW LQVLJQL¿FDQW
cost), wastage involves cost (moderate cost), wastage is impossible (prohibitively high cost).
7ZR FDVHV ZKHQ DJOXW FDQ DSSHDU ZHUH UHYHDOHG DERYH   LW LV SUR¿WDEOH
for a company possessing market power to waste a part of a co-product, (2) it is
impossible to sell a part of a co-product due to limited demand for this product
on the market.
First, consider the problem of wastage when a glut appears due to the ¿UVW
reason,QWKLVFDVHDFRPSDQ\KDVPDUNHWSRZHUDQGPD[LPL]HVSUR¿WZLWKUHspect to two variables: output of a major product (Q1 ) and the level of sale of
a co-product (Q2ƍ  ,Q DGGLWLRQ WKHOHYHO RI VDOH RI DFRSURGXFW FDQQRW H[FHHG
its output level (Q2ƍ  ȡ41). The demand function of a major product then corresponds to (1), while the demand function of a co-product differs from the demand
function (2) and has the following form:
P2 = a2 – b2Q2ƍ

(14)

where a1, a2, b1, b2, Q1, Q2ƍP1, P2
Functions of total and marginal costs correspond to equations (5) and (6).
A glut is the difference between the output level of a co-product and its level
of sale (12).
$VVXPHWKDW¿[HGFRVWRIZDVWDJHLVHTXDOWR]HURPDUJLQDOFRVWRIZDVWDJHLV
FRQVWDQWDQGHTXDOWRG7KHSUR¿WPD[LPL]DWLRQSUREOHPLVWKHQWKHIROORZLQJ
max ʌ = max (a2 – b2Q2c)Q2c + (a1 – b1Q1)Q1 – TC(Q1) – d(ȡ41 – Q2c)

Q1, Q2ƍ

Q1, Q2ƍ

s.t. Q2ƍȡ41

(15)

$/DJUDQJHIXQFWLRQDQGFRUUHVSRQGLQJ.XKQ7XFNHUFRQGLWLRQVOHWXVDQDO\]H
WKHRXWFRPHVRIWKHRSWLPL]DWLRQSUREOHP VHH$SSHQGL[& DQGH[SUHVVDJOXW
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through the given parameters (see Appendix D). The result shows that the equaWLRQVL]HRIDJOXWLQYHUVHO\GHSHQGVRQPDUJLQDOFRVW7KHHIIHFWRIZDVWDJHFRVW
LVFRQWLQJHQWRQD¿[HGSURSRUWLRQDQGVHQVLWLYLWLHVRIGHPDQG
Consider three situations underlined above: (1) wastage involves no cost
(d    ZDVWDJHLVLPSRVVLEOH WKHUHVKRXOGEHQRJOXW   ZDVWDJHLQYROYHV
cost (d > 0).
7KH¿UVW FDVH RFFXUV ZKHQ Ȝ = 0, then Q2ƍ  ȡ41*. This means that under
WKHSDUWLFXODUYDOXHRI¿[HGSURSRUWLRQ ȡ) output of a co-product and its optimal
OHYHORIVDOHFRLQFLGHRWKHUZLVHWKHRSWLPDOOHYHORIVDOHRIDFRSURGXFWLVOHVV
than its output, with a glut equal to (ȡ41* – Q2ƍ !,QWKLVFDVHRXWSXWRIDPDjor product corresponds to the point where its marginal revenue is equal to marginal cost and sale of a co-product corresponds to the point where its marginal
UHYHQXHLVHTXDOWR]HUR
The second case occurs when Ȝ > 0. A glut is then impossible because
Q2ƍ = ȡ41*. In this case the optimal output of a major product is less than output
that corresponds to the point where its marginal revenue is equal to marginal cost.
The optimal level of sale of a co-product is greater than the level that corresponds
WRWKHSRLQWZKHUHPDUJLQDOUHYHQXHRIDFRSURGXFWLVHTXDOWR]HUR
The third situation occurs when wastage is costly, meaning that d > 0. In comSDULVRQ WR WKH¿UVW VLWXDWLRQ ZKHQ ZDVWDJH GRHV QRW LQYROYH FRVW WKHRSWLPDO
output of a major product is no longer equal to the amount at which marginal
revenue is equal to marginal cost, and the optimal level of sale of a co-product
GRHV QRW FRUUHVSRQG WR WKHOHYHO DW ZKLFK PDUJLQDO UHYHQXH LV HTXDO WR ]HUR
The optimal output of a major product falls, and hence its optimal price increasHV7KHRSWLPDOOHYHORIVDOHRIDFRSURGXFWLQWXUQULVHVKHQFHLWVHTXLOLEULXP
price decreases.
Consider the situation when a glut is impossible in greater detail. The distinctive feature of this situation is that a company moves its focus from a major
product to a co-product, wastage of which is impossible. A company produces
WKHDPRXQW RI DFRSURGXFW WKDW LW FDQ VHOO RQ DPDUNHW ZLWK PD[LPXP SUR¿W
WDNLQJLQWRDFFRXQWWKHSUR¿WWKDWLWFDQUHFHLYHIURPVHOOLQJWKHFRUUHVSRQGLQJ
output of a major product. This situation is presented above under Ȝ > 0, when
ȡ41* = Q2ƍ )RUVLPSOLFLW\DVVXPHWKDWWKH¿[HGSURSRUWLRQLVHTXDOWR,IZDVWage is impossible a company should produce as much as it can sell on the market
ZLWK PD[LPXP SUR¿W 7KLV LPSOLHV WKDW WKHOHYHO RI VDOH RI DFRSURGXFW LV QR
ORQJHUDPD[LPL]DWLRQYDULDEOHLQWKHSUR¿WIXQFWLRQ Q2ƍ = ȡ41). An additional
constraint is also needed: a nonnegative price of a co-product to preserve the possibility of selling this product on the market.
P2 = a2 – b2Q2ƍ 0

(16)

a
Q1  2/b2

(17)

7KHSUR¿WPD[LPL]DWLRQSUREOHPWKHQKDVWKHIROORZLQJIRUP
max ʌ = max (a1 – b1Q1)Q1 + (a2 – b2Q1)Q1 – TC(Q1)
Q1

s.t. Q1 =

Q1

a2

/b2

(18)
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8VLQJ D/DJUDQJH IXQFWLRQ DQG FRUUHVSRQGLQJ .XKQ7DFNHU FRQGLWLRQV VHH
Appendix C) we get:
MRtotal (4 ) = c – Ȝ

(19)

We are interested only in cases with gluts. If ȡ = 1, a glut appears when optimal
output of a major product is greater than the output at which the corresponding
PDUJLQDOUHYHQXHRIDFRSURGXFWLVHTXDOWR]HUR (Q1* > Q1(MR2 = 0)). This gives
RQHPRUHFRQVWUDLQWRIWKHPD[LPL]DWLRQSUREOHP VHH$SSHQGL[& 
a
Thus, if Ȝ = 0, ( 2/b2) – Q1 7KLVPHDQVWKDWHTXLOLEULXPFRUUHVSRQGVWR
the point where total marginal revenue is equal to marginal cost if the possibility
of selling a co-product on this market is reserved.
a
If Ȝ > 0, Q1* = 2/b2. Then, outputs of both products fall below the level where
total marginal revenue is equal to marginal cost.
If the parameters of demand and cost functions lead to such an output of
DPDMRU SURGXFW VHOOLQJ ZLWK PD[LPXP SUR¿W WKDW WKHUH LV DSRVVLELOLW\ RI VHOOing the corresponding output of a co-product on the market, then this output of
a major product is optimal. When wastage is impossible, output and volume of
sale of a co-product correspond to the level where its marginal revenue is below
]HUR-RLQWFRVWVDUHWDNHQLQWRDFFRXQWZKHQRSWLPDORXWSXWRIDPDMRUSURGXFW
is determined, meaning that when wastage is impossible, the main condition for
determining the volume of sale of a co-product is to charge for the latter nonnegative price.
,I RXWSXW RI DPDMRU SURGXFW WKDW JLYHV WKHKLJKHVW SUR¿W IURP LWV VDOH FRUUHsponds to such an output of a co-product that a part of this output cannot be sold
on a market, then the optimal output of a major product is equal to the maximum
level at which the corresponding output of a co-product can be sold on the market.
Next, consider the situation when a glut appears due to the second reason, not
EHFDXVH DFRPSDQ\ LV VHHNLQJ DGGLWLRQDO SUR¿W EXW EHFDXVH LW LV LPSRVVLEOH WR
sell a part of a co-product on the market. This situation takes place when a company makes a decision under condition of competition. Then, P1, P2 are prices of
WKH¿UVWDQGWKHVHFRQGJRRGUHVSHFWLYHO\
To let a company choose the optimal output assume increasing marginal cost
(05/41) > 0).
If there is a glut on the competitive market, a company sells a maximum volXPHRIDFRSURGXFWWKDWLVHTXDOWRGHPDQGIRUWKLVSURGXFWDW]HURSULFHV Q2ƍ 
+HQFHYROXPHRIVDOHRIDFRSURGXFWLVQRWWKHPD[LPL]DWLRQYDULDEOHLQWKLV
FDVH7KHSUR¿WIXQFWLRQKDVWKHIROORZLQJIRUP
ʌ P1Q1 + P2Q2ƍ – TC(Q1) – d (ȡ41 – Q2ƍ)

(20)

When wastage of a glut does not involve additional cost (d = 0),
max ʌo P1 = MC(Q1 )
Q1

(21)

When marginal cost of wastage is positive ( d > 0),
max ʌo P1 – MC(Q1 ) – pd = 0
Q1

(22)
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This can be expressed as P1 = MC(Q1*) + pd or P1 – pd = MC(Q1*). This means
that under positive cost of wastage the optimal output of a major product and corresponding output of a co-product fall.
If wastage is impossible, the output of a co-product should be equal to the maximum possible level of sale of a co-product (ȡ41* = Q2ƍ 7KHRSWLPDORXWSXW RI
a major product is then proportional to the maximum level of a co-product that
can be sold on the market (see Appendix C).
The model constructed gives an opportunity to make the following suppositions about the markets of chlorine and caustic soda in Russia. First, the technological characteristics of chlorine and caustic soda are such that wastage of both
products involves additional cost, and in the case of caustic soda, the cost is prohibitively high. According to the model, if there is a glut of caustic soda, then its
output level should correspond to its optimal level of sale. This leads to the situation when the real optimal output of chlorine is lower than its optimal output as
if peculiarities of chlorine’s production and impossibility of caustic’s wastage
DUHQRWWDNHQLQWRDFFRXQWWKHUHDORSWLPDOOHYHORIVDOHRIFDXVWLFLVKLJKHUWKDQ
the corresponding optimal level. This rule is valid either if a company has market
power or is under competitive conditions.
Second, if there is a glut of chlorine, then a company needs to take into account
the cost of wastage of chlorine when it determines its optimal level of output and
sale. Then, the real optimal output of caustic soda is lower than the optimal output that does not take into account peculiarities of production and cost of wastage
of chlorine. In turn, the real optimal output of chlorine is higher than the corresponding optimal level because an alternative for sale of the latter is wastage that
involves additional cost.
Third, an additional observation is the fact that if the market of caustic soda
is competitive, then for a company to make a decision to sell this product on
the market its price should be higher than the marginal cost because in addition
to the latter, the unavoidable cost of wastage of chlorine is taken into account.
6. Separate processing and an open economy
In the analysis above the only way to let output and the level of sale of a coproduct to differ is the wastage of a glut. The possibility of separate processing
or sale of a product on a distant market (including export) adds a new market
to the model. In this analysis a new market is considered as a way to dispose of
DJOXW$Q³ROG´PDUNHWWKHQLVDQREMHFWLYHPDUNHWPHDQLQJWKDWDFRPSDQ\VHOOV
ZLWKPD[LPXPSUR¿WERWKDPDMRUSURGXFWDQGDFRSURGXFWRQWKLVPDUNHWDQG
in the case of a glut may separately process and sell it on a different market or
WUDQVSRUWDQGVHOOLWRQDGLVWLQFWPDUNHW%RWKZD\VLQYROYHVDGGLWLRQDOFRVWV,Q
WKH¿UVWFDVHFRVWFRPHVIURPVHSDUDWHSURFHVVLQJDQGLQWKHVHFRQGRQH²IURP
transportation. These costs have a similar effect on market equilibrium and are
considered jointly. Assume that the marginal costs of separate processing or
transportation are constant and equal to f ¿[HGFRVWRIVHSDUDWHSURFHVVLQJDQG
WUDQVSRUWDWLRQRIDXQLWRIDJOXWDUHHTXDOWR]HUR 
7KHSRVVLELOLW\RIVHOOLQJDJOXWRQDQHZPDUNHWDGGVDQHZPD[LPL]DWLRQYDULDEOH WR WKHSUR¿W PD[LPL]DWLRQ SUREOHP DYROXPH RI DFRSURGXFW WKDW LV VHSDrately processed or transported to a distant market (Q2ƍƍ $VIDUDVWKHSRVVLELOLW\
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of selling a co-product on a new market is considered only as a way to dispose of
a glut, the volume of sale of a co-product on a new market cannot exceed a glut.
ȡ41 – Q2ƍ Q2ƍƍ

(23)

This condition is stricter than Q2ƍ ȡ41, and hence if it holds, the later holds automatically.
&RQVLGHUGLIIHUHQWPDUNHWVWUXFWXUHVRQQHZDQG³ROG´PDUNHWV7RNHHSDQ³ROG´
market objective a company should possess no less market power on it in compariVRQWRDQHZPDUNHW7KXVDVVXPHWKDWDFRPSDQ\KDVPDUNHWSRZHURQDQ³ROG´
market and consider two cases.
1. A company has market power both on an “old” market and on a new market.
7KHGHPDQGIXQFWLRQVRQDQ³ROG´PDUNHWWKHQFRUUHVSRQGWRHTXDWLRQV    
and the demand function for a co-product on a new market has the following form:
P2ƍƍ= a2ƍ – b2ƍ42ƍƍ

(24)

where a2ƍ b2ƍ Q2ƍƍ P2ƍƍ 0.
A glut is equal to the difference between output and the level of sales of a coproduct (see 12).
)RUVLPSOLFLW\DVVXPHWKDWD¿[HGSURSRUWLRQLVHTXDOWR ȡ= 1).
max ʌ = max (a2 – b2Q2ƍ)Q2ƍ+ (a1– b1Q1)Q1 – TC(Q1) –

Q1, Q2ƍ, Q2ƍƍ

41, Q2ƍ, Q2ƍƍ

– d(Q1 – Q2ƍ– Q2ƍƍ) + (a2ƍ– b2ƍ42ƍƍ)Q2ƍƍ– fQ2ƍƍ

s.t. Q1 – Q2ƍ Q2ƍƍ

(25)

8VLQJ D/DJUDQJH IXQFWLRQ DQG FRUUHVSRQGLQJ .XKQ7XFNHU FRQGLWLRQV FRQsider three cases: (1) wastage involves no cost (d = 0), (2) wastage involves cost
(d > 0), (3) wastage is impossible (there should be no glut) (see Appendix C).
If Ȝ = 0, then Q1* – Q2ƍ  Q2ƍƍ ,QWKH¿UVWFDVHd = 0. Then, a company separately
processes or transports such amount of a co-product that marginal revenue from its
sale on a new market is equal to the cost of separate processing or transportation.
In the second case, d > 0. This implies that a company is ready to sell a glut on
a new market even if marginal revenue is less than the marginal cost of separate
processing or transportation.
If Ȝ > 0, then Q1* – Q2ƍ  Q2ƍƍ 7KLVFRUUHVSRQGVWRWKHWKLUGFDVHZKHQZDVWDJHLV
impossible. The optimal volume of sale of a glut is then higher than the volume that
corresponds to equality of marginal revenue and marginal cost of separate processing or transportation. In this case the optimal output of a major product falls and
the optimal level of sale of a co-product rises.
2. A new market is competitive, and on an “old” market a company has market
power. Then, P2ƍLVWKHSULFHRIDFRSURGXFWRQDQHZPDUNHW
max ʌ = max (a2 – b2Q2ƍ)Q2ƍ+ (a1– b1Q1)Q1 – TC(Q1) –
Q1, Q2ƍ, Q2ƍƍ

41, Q2ƍ, Q2ƍƍ

– d(Q1 – Q2ƍ– Q2ƍƍ) + P2ƍ42ƍƍ– fQ2ƍƍ

s.t. Q1 – Q2ƍ Q2ƍƍ

(26)
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$JDLQFRQVLGHUWKUHHFDVHVXVLQJD/DJUDQJHIXQFWLRQDQG.XKQ7XFNHUFRQditions (see Appendix C).
If Ȝ = 0, then Q1* – Q2ƍ  Q2ƍƍ ,QWKH¿UVWFDVHd = 0. The company does not
then separately process or transport a glut if price on a new market is lower than
the marginal cost of separate processing or transportation.
In the second case, d > 0. The acceptable price for a company to sell a part of
a glut or the whole glut on a new market then positively relates to the cost of separate processing or transportation and negatively relates to the cost of wastage.
If Ȝ > 0, then Q1* – Q2ƍ  Q2ƍƍ 7KLVFRUUHVSRQGVWRWKHWKLUGFDVHZKHQZDVWage is impossible. The acceptable price for a company to sell the whole glut then
falls under the marginal cost of separate processing or transportation. This in turn
explains the phenomenon when a company exports a product bearing losses. If
it is impossible to sell a glut on a new market at a positive price (Q2ƍƍ  RXWSXW
of a major product should be equal to the volume where corresponding output of
DFRSURGXFWFDQEHVROGRQDQ³ROG´PDUNHW Q1* = Q2ƍ 
,IDQHZPDUNHWLVFRPSHWLWLYHDFRPSDQ\KDVDFKRLFHLQWKH¿UVWWZRFDVHV
when wastage is possible: to sell a glut or not. When the wastage of a glut is impossible, a company has to sell it at any price. As far as negative price is not taken
into account and means that a company cannot sell a glut on this market, a compaQ\VKRXOGVHOOWKHZKROHRXWSXWRQDQ³ROG´PDUNHWDQGQ1* = Q2ƍ KHQFHQ2ƍƍ  
3. There also could be the case when both markets are competitive. The volXPHRIVDOHRIDFRSURGXFWRQDQ³ROG´PDUNHWWKHQLVQRWDPD[LPL]LQJYDULDEOH
DQGSUR¿WPD[LPL]LQJIXQFWLRQKDVWKHIROORZLQJIRUP
max ʌ max (P1Q1 + P2ƍ42ƍ – TC(Q1) – d(Q1 – Q2ƍ – Q2ƍƍ) + P2ƍ42ƍƍ±I42ƍƍ
Q1, Q2ƍƍ

Q1, Q2ƍƍ

s.t. Q1 – Q2ƍ Q2ƍƍ

(27)

2QWKHEDVLVRIDFRUUHVSRQGLQJ/DJUDQJHIXQFWLRQDQG.XKQ7XFNHUFRQGLtions it is possible to make the following conclusions according to the three cases
underlined above (see Appendix C).
If Ȝ = 0, Q1 – Q2ƍ Q2ƍƍ7KHSULFHRIDPDMRUSURGXFWVKRXOGFRYHUFRVWRISURduction if d = 0, and in addition the cost of wastage if d > 0. A glut is then sold on
a new market if its price is equal to the cost of separate processing or transportation if d = 0 and can be even lower if d > 0.
If Ȝ > 0, wastage is impossible and Q1* – Q2ƍ± Q2ƍƍ = 0. This implies that
a glut (Q2ƍƍ = Q1* – Q2ƍ LVVROGDWDQ\SRVLWLYHSULFHHYHQEHORZWKHFRVWRIVHSDrate processing or transportation. If a co-product cannot be sold on a new market
(Q2ƍƍ = 0) at a positive price, this turns us back to the situation when output of
a major product is determined according to the possibility of selling a co-product
on the market (Q1ƍƍ = Q2ƍ 2XWSXWRIDPDMRUSURGXFWWKHQIDOOVDQGFRQVHTXHQWO\
its price is above the marginal cost of production.
7KHPRGHO¶VH[WHQVLRQE\DGGLQJDQHZPDUNHWOHWVXVDQDO\]HWKHUHODWLRQVKLS
of alternative strategies of a company with respect to a glut, in particular: sale of
KLJKHUYROXPHVRIDFRSURGXFWRQDQ³ROG´PDUNHWZDVWDJHRIDJOXWDQGVDOHRI
a glut on a new market.
Return to the example with chlorine and caustic soda. Technological characteristics of chlorine imply that it should be sold within three days after produc-
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tion. This means that transportation of chlorine to distant markets is impossible.
+RZHYHU LW FDQ EH VHSDUDWHO\ SURFHVVHG LQWR FKORULQDWHG GHULYDWLYHV 39& 
which offers an opportunity to sell a glut of chlorine on a new market (downVWUHDPPDUNHW RI39&7UDQVSRUWDWLRQRIFDXVWLFVRGDLVSRVVLEOHEXWLWLQYROYHV
moderate cost that enables sale of a glut of caustic soda on a distinct market. According to the model, if wastage is impossible, as it is in the case of caustic soda,
a company agrees to sell a glut even at a price below the cost of transportation
both if the company has market power on a new market and under competitive
conditions. Thus, VDOHRIFDXVWLFDWDSULFHWKDWIURP¿UVWJODQFHLVXQMXVWL¿DEOH
with respect to domestic price is not the consequence of more intensive competition on a foreign market, but is the way of selling a glut. If sale of caustic on
a new market is impossible, the price of chlorine exceeds the marginal costs of
production even under competitive conditions on the market of chlorine.
If there is a glut of chlorine, then a company’s decision about its separate processing depends on the market structure of chlorinated derivatives and hence on
the price at which a company can sell its product on this market because there is an
alternative in the form of wastage in the case of chlorine. If the market of chloriQDWHGGHULYDWLYHVLVKLJKO\FRPSHWLWLYHWKHQWKH5XVVLDQFRPSDQ\FDQQRWLQÀXHQFH
WKHSULFHRQWKLVPDUNHW+RZHYHUDFRPSDQ\GHFLGHVWRVHSDUDWHO\SURFHVVFKORrine even if the price on the market of chlorinated derivatives is below the marginal
cost of separate processing because cost of wastage that a company incurs otherZLVHLVWDNHQLQWRDFFRXQW+RZHYHULIVDOHRIFKORULQHRQDQHZPDUNHWDWDSRVLWLYHSULFHLVLPSRVVLEOHWKHSULFHRIFDXVWLFRQDQ³ROG´PDUNHWLQFUHDVHVEHFDXVH
LWVRXWSXWIDOOV,IWKH5XVVLDQFRPSDQ\KDVPDUNHWSRZHURQWKHPDUNHWIRU39&
LW VHSDUDWHO\ SURFHVVHV DKLJKHU YROXPH RI FKORULQH WKDQ WKHSUR¿W PD[LPL]DWLRQ
conditions of this market demand because the cost of wastage is taken into account.
Thus, in addition to joint costs of production and demand for each product
the factor that determines equilibrium is cost of wastage. The higher the cost of
ZDVWDJHWKHKLJKHUWKHSUREDELOLW\WKDWIRUDFRPSDQ\LWLVSUR¿WDEOHWRVHOODJOXW
and hence the lower its price on a new market. Other factors are costs of separate
processing and transportation. Then, a company needs to choose between separate processing (transportation) and sale at the split-off point.
+HQFHRSWLPDORXWSXWVWKHOHYHOVRIVDOHDQGSULFHVRIMRLQWSURGXFWVEHIRUH
and after separate processing or transportation can differ from their optimal values if the markets of each product are considered separately disregarding negative externalities connected with a glut, of which wastage involves costs.
7. Conclusion
(YHQRQWKHEDVLVRIEDVLFPLFURHFRQRPLFDQDO\VLVGLVUHJDUGLQJDFRPSDQ\¶V
LQWHUQDORUJDQL]DWLRQDQGHFRQRPLFDQDO\VLVRIFRQWUDFWXDOUHODWLRQVLWLVVKRZQ
that prices and the levels of sale of joint products are different from these parameters as if there is no joint production, cost of wastage and the possibility of
separate processing and transportation.
If the antitrust authority investigates markets of joint products, it should take
into account the peculiarities of these markets (especially in the absence of direct
evidence). Otherwise, this could result in wrong conclusions about the nature
of companies’ behavior and hence errors of law enforcement. The engagement
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of experts of each industry under investigation who can provide comprehensive
DQDO\VLV RI WKHLU IXQFWLRQLQJ LV LPSRUWDQW LQ UHJDUG WR LQFUHDVLQJ WKHHI¿FLHQF\
of antitrust policy tools (Schmalensee, 2012). This could improve the balance of
the type 1 and the type 2 errors in law enforcement practice.
Appendix A

ʌ TR1(Q1) + TR2(Q1) – TC(Q1) = (a1 – b1Q1)Q1 +
+ (a2 – b2ȡ41)ȡ41 – TC(Q1)

(A.1)

max ʌ ĺ a1 – 2b1Q1 + ȡD2 – 2b2ȡ2Q1 – ɫ= 0

(A.2)

MR1(Q1 ) + MR2(Q1 ) – c = 0

(A.3)

MRtotal (Q1 ) = c

(A.4)

Q1

2SWLPDORXWSXWRIWKH¿UVW PDMRU SURGXFW
(A.5)
Corresponding output of the second product (co-product):
(A.6)
Appendix B

Y = Q1 – Q1(MR2(Q1) = 0

%

The higher YLVWKHKLJKHUWKHSUREDELOLW\RIDJOXWDQGLWVVL]HLV
MR2(Q1) = 0

% 

ȡD2 – 2b2ȡ2Q1 = 0

% 
%

According to equation (C.1):
%
Then,
%
,

,

%

Appendix C
Company has market power

Market is competitive

There is a possibility of separate processing and economy is open

Wastage of a glut

Wastage of a glut
is impossible

Wastage of a glut

Company has market
power both on new
DQG³ROG´PDUNHWV

A new market is
%RWKPDUNHWVDUH
competitive, on an
competitive
³ROG´PDUNHWDFRPSDQ\
has market power

/DJUDQJH
function

L = ʌ + Ȝ(Q2ƍ – ȡ41)
where Ȝ

L = ʌ + Ȝ(Q1 – a2 /b2)
where Ȝ

L = ʌ + Ȝ(Q2ƍ±ȡ41)
where Ȝ

L = ʌ + Ȝ(Q2ƍ±ȡ41)
where Ȝ

L = ʌ + Ȝ(Q2ƍ±ȡ41)
where Ȝ

a1 – 2b1Q1* – c –
– Gȡ – ȡȜ = 0

a1+ a2– (2b1+ b2)Q1* – c +
+Ȝ=0

a1 – 2b1Q1* – c –
– d –Ȝ = 0

a1 – 2b1Q1* – c –
– d –Ȝ = 0

P1 – MC(Q1*) –
– d –Ȝ = 0

c + Gȡ + ȡȜ

c–Ȝ

c + d + Ȝ

c + d + Ȝ

MC(Q1*) + d + Ȝ

a2 – 2b2Q2ƍ ±
– d + Ȝ = 0

a2 – 2b2Q2ƍ 
+ d + Ȝ = 0

a2 – 2b2Q2ƍ 
+ d + Ȝ = 0

d – Ȝ

d – Ȝ

d – Ȝ

d + a2ƍ±b2Q2ƍƍ ±
– f + Ȝ = 0

d + P2ƍ±f + Ȝ = 0

–f + P2ƍd + Ȝ = 0

f – d + Ȝ

f – d – Ȝ

f – d – Ȝ

MR1(Q1*) or P1

P1 = MC (Q1*) + ȡG

Wastage
of a glut is
impossible

Q1*

MR2(Q2ƍ 
Q2ƍ

MR2ƍ Q2ƍƍ RUP2ƍ
Q2ƍƍ
a2/b2 – Q1 

Q1*– Q2ƍ ±Q2ƍƍ 

Q1*– Q2ƍ ±Q2ƍƍ 

Q1*– Q2ƍ ±Q2ƍƍ 

Ȝ(a2/b2 – Q1*) = 0

Ȝ(ȡ41*– Q2ƍ ±Q2ƍƍ  

Ȝ(ȡ41*– Q2ƍ ±Q2ƍƍ  

Ȝ(ȡ41*– Q2ƍ ±Q2ƍƍ  

Ȝ

Ȝ

Ȝ

Ȝ

Ȝ
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ȡ41* – Q2ƍ 
Ȝ(ȡ41* – Q2ƍ  
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