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ABSTRACT

Two alternative specifications of weighted average cost of
canital are prevslant in financa lit;ratufe. Though both

the specifications result in consistant accept/reject or raning
decisions the net present value arriued‘is different Qnder
aéch'methodfk This paper traces the origin of this diffar-
ence and resolves the same, It is shcun that if rrojscts

ire funded in such a ua? that resulting debt to equity is

the optimal Lbe;;é;;e then both specificatfons will yiald
identical net present ué;uas. In cases where such canital
structure maintenance is not feasible there is loss of v:lus
due to unused debt capacity. s arqiu;za_lower hound for

such a loss and also show that'in;such situations there axists

a possibiiity of a synergy betwsen zrojects vhich are otharuise

independent,



Target Debt Maintenance Under Altermative Vet Present Value Specification

and Implicetions for Investment and Financing Decigions

Introduction:

Considersble literature in finance is devoted to the waiohted auarége
cost of canital (wCOC)., The issues range fFrom uwhethar or not the tax
shisld on intsrest should be incorporated in the cost of capital, to

the suitability of one or tha othsr specification of WCOC For invest-
ment and financing decisions. WNantell and-Carlson / 3_/ show that

gach specificagion of WL can be ugad as a cut-off rate for pre ject
evaluation, provided the cash flows disocounted are suitably ssecified . >
while this contention of MNantell and Carlson is true, the fact ramains
that the net present values (WPVs) for a project obtainad by using
different specifications of .CGC are diffcrent, excaot in case of a

value maintaining project (NPV = o).

For non-vslue maintaining projects (PV g 0), Greanfisld, 2andall and
woods / (GRW), 27 show that in order to maintain the tirget debt to
agquity ratioc of a firm, the actual financing mix of the incremental
project will have to bs differont from the target. In this Daper we
show that the PVs obtained from ths two srecificatizns of JCCC will

be identical, if the financing of ths prcjects is d-ne as aungested by
Giw, so that tne firm's target debt to equity ratio is sointained. fHext
we show that only one of the tw LCOC specifications can be ussd for
arriving at the appropriste project financing decision. e Further

show that there ore situations where it may not be possible to fund a

The Authors are thankful to Prof. S.K. 3arua (IIMA) for his vsluable
comrents.




project oy SiW formula., Under such conditions if unutilisad dabt
capacity is cresaiad in tha firm uz show that a project usith noaotive
WPV Chich micht ordinarily have 2ean rejected beccmas szccociible, if

sueh a project uses szome of tha unutilised debt capacity.

Valuation Jndar Alt .on-tive Specificaticng of wW=ichted Avarang Cost

of Cazital:

The tuc major specifications of .CUC for a firm ares

K= K, 5 + 1 (1=T) . D ees (1)
O+E J+E
and
K' = K, 5 + r D ; eee (2)
D+E J+E

whers K snd K' are alternztive spacifications of .iCOC,

K = Cost of Equity,

r = Cost of Deht,

T = Tax Rate,

E = Markst Value of Zquity,

D = Market Yalue of Debt, and

V = D+E, is tho value of the firm,

The cash flow spscifications {assuming an infinite stream) conzistent

with K and K' are X, and X ' respectively, spacified ag:

t

X, = X (1 =T) ees (3)
and

XV X (1 -=T) + IT _ ves (4)



#here X = The Operating Cosh flows, and

I = D, is the Interest Bill ,

Nantell and Carlson shou that thess tuc soecificatian types, viz.
(K, Xt) and (K', X;) result in the same accapt/reject or rani<ing
dacisions. However, it turns cut th=t the WUs resulting from
these two specifications =2re not squal, whenev.r the nroject's

NPV is ncn zero. In fact, for 2ll orcjects with oositive/neqative
NPV, the WPV sbtained from soscification (K, xt) is always higher/
ﬁcre negative than the WPV .btained from spacification (K', XL).

Thisg is preoved as under.

Let us cansider a firm undertsking an i?cremental orc jact with
investmant I, Let tha firm's morket uaiue be V, conzisting of
debt vzluad at D snd equity valued at £ so that V = D+E, Let
tha firm's target debt to sqﬁity ratio be 0:€, Further let us
assume that the project is financed with debt 3 and aquity S,
so that 3 + 8 = I, and 2:5 = U:E. Let the oraoject's oncrating

sarnings be X and the corporate tax rate 28 T,



Then in accordance with the two altzernate gpecification tyoes

(K,Xt) and (K',XE), we have!

Py = X(1-Tj, and AV, = X{1.T) + AT
1 2 :
K K
Whera R = r8,
We hava, APV = PV, - PV, =x(1-T - x(4-T) + 3T eee (5)
K K1
But K! = K + rBT =& + AT , ees (8)
345 545

Substituting for K' in (5), we have

Apy = X{(1=T) = x{1=T) + RT
K K +_£I
B+S
or APV = X(1=T) = (X(1=T) + AT) (8+5)
. (5+5)K + RT
or ARY = RI(X(1=T) - K(8+S))
K (B+S)K + AT
or Dpy = RT(X{1-T} - K)
B+5
K . K! eee (7

Now for WPV of the project to be positive we must have,

X£1-T! y 0+S, so that:
K
X{(1=T) » K eee (3}

345
Tharefore, from (6) and (7), PV nust be positive, which

impliss that PU1> PU2.



Thig result ig irritoting in so far as one would like tc be czrtain
as to whether PU1 or PU2 yields thz correct markgt valus of the

pmject.

Urigin and Resplution of Diffsrence in Valuation UnZder Altarnative

Spacificationg of .CUC:

At first glance the above differ:nce in the twe oresent valuzs

/
appears tc be intrinic to the manner in uwhich the tug CoC's and
tha associated casﬁ flows are specified. This howevsr is not true,
The tmo.specifications yield diffar nt PY's gnly because vhen a
project (WPV = 0) is financed as p:r the carget debt to oouity
ratio, the resulting debt to equity ratio for the project hased
on market valuss ig not egual to the target Febt to equity ratio
(gue GRH}. This differsnce betwasn the target debt to ascuity ratio
and the actual.debt to eguity ratio obtained for the orc ject, intro-
duces a bias in the cash flow vhen it is specified as XE, throuch the

R element. This hias in the X; disappears uhen the project is in .uch

a way thet the target dept to equity ratio is obtainad,

GAW discuss the procedure for arriving at the amount of project

investment which should be funded by debt so that the torqget debt

to sguity ratio is maintained, The loqic of this procedura is

briefly dealt with belcuw.
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«hen the projact is funded in the ratio of D:E, the resulting
debt to equity ratio is (D+B) : (E+S+NPU1) which is not esual
to tha target ratio of 03E, Thus, essentially, the firm's

przblem is to finance the project with such a mix of debt (B')

and equity (5'), such that the following equations are s.tisfiad:

B' + 5' = I LX N} (9)
D+ B' = D eeo (10)
E+S'+I‘PU1 &
&
«here NPV1 = PU1 - 1
Solving (8) and (9) yields:
8! = PV, D, ees (11)
D+E
Therefore s = I -8',.
Now, if the incremental projasct under consideration is funded by
debt squal to 8' and equity egual to S5', it can be seen thot the
present valus PV, obtained by using the (K', Xt') tyse of specia
fication exactly equals PU1. Consider the following:
Je have PV, = X{1=T) + r8'T " eee (12)
K'
dhers K = K. _E +r _D

g —v— —

J+E O+E



Substituting for K' fFrom <quation 6, and 3' from Equaticn 11,

into tguatizsn 12, we haves

Ay = X(1=T) + p(PV )( O \T
2 170 —==
J+L
K o+ r( 0 )T
o+E
sut PV, = X{1-T]
K

Substituting for PU1 in souatien 13 and simplifying, we havatl

PUZ = XSQ—TE = PU1.
Ly

It i3 thus clzcr thot when the incremental projeet is financed such
that the resulting debt o eguity ratio coﬁforms to the targat debt
to equity ruotio, both specifications result in identical precant
values,

f
Project Financing Deciciong ond Alternative Specificaticong of '/cLC¢

Howaver thare is a vsry major diffsrance betusen the {K,Kt) tycae
and (K', xt') type smacifications. .hile tha former can be uccd
to astimate the preject financing pattzrn which would maintain lhe
firm's target capital structure, the latter specification con-ot
be uged for tha'purposs. This is because PUZ itseif is dependent

an 8! in tha fFirst place and 3' cannot be determined without rcosrd

to PV,, uhich in turn is obtained from the(K,Xt) type snecification

1’
In othsr words; while (K ,xt) type epecification is suitable for both
inusstmant'and financing decisions, (K',Xt') specification canmot be

used for financing decisions bacause of which its zuitability for

investmont decisions also becomes lass genaral1.

1 Note that this conclusion ig amore aor laosg similar to what Mantell =nd
Carlson conclude, but the issues and arguments provided by us are quits
different from theirs,



Infeasinility of Capital Structure Maint:inance, Valuatiz-n ond

Financial Synercys

48 Aow consider a snscial case where the canital structure indicatd
for the prcject under the GRW framsuwork for maintaining the t.urgat
debt to aguity ratio is not feasible to realise. This hagoomns when
the borrowing B' reguired tc maintain the target debt to anuity rstio
for the firm exceeds the inuastment'(l) raquired for tha incremental
project, under thig situation, if the borrowing is limited to the
invastmaont requirsed for the project the resulting debt to eouity ratio
becomes (J+I)/(E+HPU1), which is less than the target lev.rage of

D s E.2 This ccndition is obtained, uwhenev.ir M3U1) I ,% . In such
cases, the firm may bDorrow in excess of tha reqﬁired investnent and
redeem a part of the equity. This may however not ba possibla in
cages where the project is new :nd.also in cases where redas:tion

of eguity is prohibited by regulation (like in India, U,K. etc.).
Under these conditians, the firm has to settle for borrowing less
than the optimum level (assuming th:t “he targetad lsvaraze is
optimal), and some un.tilised debt capacity is cresated. Tiis is

also the case vhen a firm moves from a lower to a -nigher tarcet

debt to ecuity rastio.

2This is easily sween as under:?

B' = PV, 2 I 3 eV, >I _E (Given PV, = I = PV )
1= 1 . 1 1
U+E D
or I D
NPV < £
1
Therefore 9 + I, D
E+NPV, &



Thig aabt capacity thus created by the subaoptimal leveraga rocults

in an appropriate loss in the markat value of the firm, hich is now
below its optimum valua, Howsver, each such project vhich creates an
vnutilised debt capacity in tha firm may improve thes viability of the
next project if thz unused borrowing capacily created earli.r can bes
utilised while financing the next projact. This results in a situation
where a praject with nsgstive MRV which -puld ordinarily Se rejscted
_outright, may be acceptsd if it can absorb the existing unutilised debt
capacity. Thus, even uhen the grojects are ecocncmically indesendent,
thay are synergistically linkad through the.Firm's cotimal conital
structure. e shall now illustrate the above discussion throuch an

exampla.

Example:

Let us assume the fcllowing parametars:

Current Markst Yalue of the firm (V) = :e 30,000
Current liarkat Value of the <dguity of the firm (€£) = zs 10,000
Current larket Value of the lebt of the firm (D) = . 23,000
Target Debt to Ecuity Retio (D:d) | = 2+ 1
Cost of Equity (Ke) ! = .30
Cost of Jebt {(r) = .15
Tax Rate (T) = 5054
Investment reguired for an incremantal project (I) = "1, 1000

(in the sume risk closs as tha firm),
Jefore Tax operating cash inflow (X) from the nrsj2ct

(in parpetuity) = ", 900
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Using (K,Xg) type specification, we have

X(1-T)

>
n

450

K = K E + r(1=-T) D = .15
U‘."E D+E

. The precent vuolue of the incremental project (PV1)

= X{1=T1 = 450 = fse 3000,
K «15
. NPU1 = PV1 ~ I = Fs, 2000.

Tiwue, the implied borrowing B' for financing the project in order

to maintain the target D:E ratic = PV D = 3600 x = 3¢ 200G,

2
O+E 3
Howevery the investment requirad is only fs, 1000, If the firm is
in a position to redeem a part of its eouity, the fipm may still
berrow . 2000 and use ks, 1000 for financing the incremental prcject
and utilice the balence to redean its eguity. In such & situation,

the firm's total berrowings would be valued at is. 22000 and its equity

at s, 11,000, so that the tarpet debt to ecuity is obtained.

Un the &ther hand, if the firm is not alloued to redeem its equity aé in
Inzia, UK, etc,, the firm's borrowing is restricted to fte 1090 only,’
Thus, even when the entire project is financed by debt, the firm's r. sult-
ing debt to equiiy ratio falls short of the ootimum levorsoe of 2:1, and
unutilis.d cebl capacity worth .., 100C is crested. Cwing to this unulia
lised debt ce.acity, the firm's value rencins shcrt of its optirun hich,
In other uwords nov, consequant to tho acceptsnce of theo abgve coojoet,

P t - . .
the Firm s value w11l not incresse by .. 2000, but by a lraser volue,
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It is difficult to estimate this loss of rarket vilue nrocisely,

since a precise effect of devistion of leverage fror. optinun on

the firm's cost of casital is difficult to estimate. Housvor,
it is guite possicle to determine the lower 5 -nd Tor L.iz losc of

market value with precision, Thie is civen by PU1

gpecification,

PV, is determined from (K',Xt') ty-e

We have:
Xt = X(1=T) + r3T :: 525 1f@here B, the projoct debt =
and
K = Ke E + T D = L 20
J+k J+E
o pu2 = Xt'/K' e 2025,
SRy, = ‘pu2 - I =i, (2425 = 1000) = .. 1675,

Le1TmT )

Thus the minimum less in the oresznt velue of the project ocwing to the

- sl
o

Ty

unutilised debt czoacity crestasd will bae ., (3000 - 2605 S

fsa 275 is the lowar b.und fer the loss in value, because, o' in the

optimum cost of cajital, so thot o 2625 i: the naxinum v-loe which

PV

2 can take,.

nlternatively, the minimum lacc in the oresent v, ue of Joet

the oo

he tax sield on

may be viewed as the presecnt value vat rate K) of

the intcrest of the unutilieed deobt (B'<3), This ic given by

r{B'«8)T, wnich is i, 375,
K
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Aftsr the firm finsnce th; atove crej2ct with dabt, 1% us azsure
that ancther projsct antors its Gpoortunity set. This nrojact is
identical to tha above project sxcept :hat the investment reaciced
ig much higher, at say .. 3200, Thus far this prsject, the nst
presant value with (K,Xt) type specification will he ﬁ:gatiue

(- %4 200). Such a project is ordinatily rejectad outrinnt.

Howevzry at the time this projsct antsrs the firm's eonortinity
set, the firm's financial leverage is lass than antimal, IF this
opoortunity ;a ueed to utilise the 1abt capacity fully, the azhava
project yields a positive nat presant value. This may be sezn

from below.

The present valus using (K,Xt) tyne specification for the seccnd
project is %. 3000. Assuming that the orevicus oroject did not
leave any urutilised dabt capacity in the firm, the borrowing
required for the project in ordsr to maintain tha target Jebt to
equity ratiq of 2:1, cames %o %=, 2000, Howsever, ths previcus
projzet did leave an unutilised dsbt capacity .orth 5, 1000,
Therefore in order to utilise this debt capacity fully, this
project should be financed with a total aabt of 7. 3000 and
equity of @5, 200, 30 that the rasultant laverage is z2cain the

targat 2:1,
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It can be seen now that the present value of this project with
(K',Xt') type specification is now fs, 3375, In other words, the
loss of fs. 375 owing to the unutilised debt capacity uhile ancept-
ing the first project is now maﬁe up. ghus, the project now yields
8 positive WPV of 7. 175 (i.e., Fs. 3375 = 7, 3200), insteod of a

I

negative NPV of 7., 200.

Alternatively, taken jointly, the tuo projects involve an invest-
ment of &s. 4200 and a present vaiue of i, 6000, so that the joint

net presant value of the two projects together is %, 1800. Howev.r,
take. Indepandently of‘each other the first project yields an 1PV

of .. 1625, uwheress the gecond precject yields a'nagqtiue WPV of

fse 200, eo that the firm obtains an overall NPV of %, 1425, The
difference oflh. 375 (1800-1425) is in fack the benefit of synergy
arising from the maintenance of debt capacity of the firm when the
two projects are viewed juintly. In other words, though ecconomically

independent (operating cash flows being un-correlsted) the tuc prc jects

are synergistically linked through the firm's optimal capital structure.

Conclusiont

In conclusion the discussicn above may be summariced as follows:

a. The two commonly used specifications for WOUC do not yield

identiczl MPVs for prcject svzluation.

b. The reascn for zbove is not owino to any intrinsic difference
befween the two specificetions, but due tc the non maintenance
of the tercet leveroge of the firm while financing a pr ject.
shen a preject is financed such thﬁt the firm's target lovurane ig

ortained, the two specificetions yield idenmticezl FPVe,
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Tha (K,Xt) type specification alone is useful for arriving at
the project's financing schems so as to cbtain the Firn's

target loverage.

Under conditions when the firm's targast leviorage cannot be
maintainad by accepting a projsct, the vzlua addad by the
project to the firm is less than ootima=l, It is difficult
to estimate this loss in valus preciszely. However, tha
(K',Kt') type specification is useful in arriving at the

lower b.und for this lass.,.

when maintenanca of target leverage is infeasible, the firm
has soma unutilised debt capacity. Under such a situation
it is possible that two sconomically iadependsnt projects

may together yield an WPV vhich is greater than the sum of

the PVg of the two projects obtained without regard to ths

unutilisaed debt capacity of the firm,
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