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ABSTRACT 
 
 

The results presented here are part of research work originally based on the problem 
concerning the valuation of investment projects subject to specific fiscal rules, such as 
those encountered in the upstream oil industry. More precisely, the first question addressed 
was how to determine the economic value of an investment project partly financed by 
borrowing, when the revenue from the project is subject to a different tax rate from the one 
used to calculate the discount rate, and when the loan allocated to the project is different 
from the one corresponding to the target debt ratio defined by the company for this type of 
projects. We propose a method which is, in fact, more general in scope. It is presented in 
the first part of this article and corresponds to the adaptation of classic ATWACC 
calculations. A simple answer is to add each year, to the project cash flow, an after tax 
loan cost differential (negative or positive).  The formulation adopted (“generalized 
ATWACC method”) is independent of any consideration related to debt ratios.  The 
second question addressed here is the use of the Arditti-Levy (BTWACC) method, the one 
most commonly used in the Exploration-Production branch of the oil industry.  While the 
method is appropriate to deal with for complex specific tax rates, it needs to be adjusted if 
the company allocates to a project a loan representing proportionally more (or less) than 
the fraction corresponding to its consolidated debt ratio.  A suitable approach is developed 
here.  However the formulation, by further complicating a method which  in any case  
cannot be used without precaution, does not possess the simplicity of that of the 
generalized ATWACC method, and the latter should therefore be preferred in all 
situations.  
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Introduction 
 
In companies, the investment decision process has very often to go through deterministic 
profitability calculations made for different scenarios, each leading to a specific stream of cash 
flows (whatever may be the final approach selected to take risk into account).  Various methods, 
with well established consistency (Boudreaux and Long [1979], Chambers et al. [1982], 
Babusiaux [1990]) can be used to analyze investment projects.  The most widely used in 
textbooks and in practice alike corresponds to ATWACC profitability calculations.  The discount 
rate used is an After Tax Weighted Average Cost of Capital (ATWACC).  In the petroleum 
upstream sector (crude oil exploration and production), the Arditti-Levy (or "shadow interest" or 
BTWACC)) method is the more commonly used.  The corresponding discount rate is in fact 
defined as a Before Tax Weighted Average Cost of Capital (BTWACC), and is hence 
independent of the tax rate.  This approach therefore appears more appropriate to the upstream 
oil industry, which is subject to very different tax specificities.  
 
One aim of this article is to qualify this observation and, in the first part, to show that the 
ATWACC method can be used to analyze a project's profitability when the earnings of the 
project are subject to a different tax rate from the one used to calculate the discount rate.  The 
very simple formulation proposed (“generalized ATWACC method”) offers a considerable 
advantage in that it is valid regardless of the characteristics of the loan used to finance the 
project, particularly the loan amount.  In certain cases, companies may be encouraged to allocate 
to their projects loans representing more (or less) than the fraction corresponding to the debt ratio 
defined for projects belonging to the same class of risk.  In general, however, they have to  
respect this target debt ratio on a company-wide basis.  The method presented accounts for this 
necessity.  
 
The second part is devoted to an approach adapted to the use of the BTWACC method, 
consistent with the method presented in the first part. But the formulation presented does not 
have the simplicity of the one corresponding to the “generalized ATWACC method”, and thereby 
tends to further complicate a method which, in any case, cannot be used without precaution. 

 
As a result of the discussion in the last part, relative to advantages and disadvantages of the two 
approaches, we therefore propose the use of the first approach as main reference method in all 
cases. 
 
The more theoretical  results of the research work carried out on the problem examined here are 
developed elsewhere (Pierru and Babusiaux, [2000]). They show that the different capital 
budgeting methods (ATWACC, Arditti-Levy, Equity Residual, Adjusted Present Value …) can 
be derived from a unique formulation. This ensures immediate proof of their consistency and 
allows generalization of some results and formulas, including that of Modigliani and Miller. 
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1. Use of ATWACC calculations in the presence of different tax rates 
 

1.1  Presentation of the problem 
 

Let us consider a company of sufficient size to assume that it resorts to new borrowings every 
year.  It is subject to income tax.  To examine its investment projects of a given class of risk with 
the help of ATWACC calculations, it uses a discount rate i (in current value): 
 

cwrtwi )1()1( −+−=  
 
where  w:  target debt ratio for the set of projects with the same class of risk (for instance oil field 

development projects) 
t :  corporate tax rate 
r :  loan interest rate 
c :  cost of  equity 

 
We shall subsequently consider the case in which some of these quantities vary with time.  Let 
in, wn, tn, rn and cn denote their respective values in year n. 
 
The company analyzes the profitability of an investment project to be carried out in a foreign 
country with a different tax rate or, in general, in which income is taxed at a rate (or rates) 
different from rate t.  We shall restrict ourselves to a case in which there is no tax consolidation, 
or to fairly common equivalent cases1 in the field of oil and gas exploration and production.  We 
also assume that the project can be financed partly by borrowing and that the corresponding 
interest expense is deductible from the project's taxable income.  
 
1.2   Proposed general approach ("Generalized ATWACC method") 

 
Let P' be the loan contracted to carry out the project the after tax cost of which being different 
(for instance because of a distinct tax regime) from the usual corporate one.  Regardless of the 
amount and debt ratio w fixed by the company, loan P' can be considered to substitute for a loan 
π which would have been negotiated by the central departments of the company.  Loan π, in the 
same amount as loan P', would be repaid over the same period and with the same repayment 
schedule.  In other words, the capital repayment schedules would be identical.  This assumption, 
while it may seem theoretical, reflects the fact that loan π must lead each year to the same total 
debt ratio as loan P' (assumption commonly used for economic calculation with a debt ratio fixed 
a priori). 

 
Remark:  In practice, for the substitute loan π, this can lead to unusual repayment arrangements that 
could be considered unrealistic.  In fact, the substitution may concern not a single loan but – if the 
repayment arrangements cannot be adjusted to comply with the ratio – different loans negotiated over the 
study period, of which the amounts are precisely adjusted in order to maintain the fixed debt ratio.  To 
consider loan π is accordingly equivalent to considering these different variations.  
 
Let us denote: 
 
r':  interest rate of loan P' associated with the project, 
 

                                                           
1 For example, if the local tax rate is heavier than the French tax rate for a French company applying the rules of the world-

consolidated taxation regime ( a form of the worldwide approach). 
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B'n:  borrowed capital remaining due at the end of year n, 
 
θn:  tax rate applicable to project income in year n. 
 
The interest expense associated with loan P' in year n, amounting to r'B'n-1, generates tax savings  
θn r'B'n-1.  The after tax cost of the loan is:  
 

rr nn ′−=′ )1(ˆ θ  
 
(note that if the financing charges are not deductible from taxable income, it suffices to use: 

0=nθ ) 
 
The after tax cost of the interest expense amounts to: 
 

11 )1(ˆ −− ′′−=′ nnnn BrBr θ  
 
Similarly, the after tax cost of interest associated with loan π in year n would have been: 
 

11 )1(ˆ −− ′−=′ nn BrtBr  
 
The difference between these two terms must be credited to the project.  Let Fn be the after tax 
operating cash flow generated by the project  (not including any loan related item).  The cash 
flow Gn allocated in year n to the project is: 
 

[ ] 11 )ˆˆ()1()1( −− ′′−+=′′−−−+= nnnnnnn BrrFBrrtFG θ  
 
The Net Present Value of the project is thus written (1): 

 
Remark 1:  The foregoing procedure is a generalization of the one proposed by Babusiaux (1990) to 
analyze the profitability of a project in allowing to borrow at a preferential rate r' ≠ r, the gain to be 
credited to the project in year n being non taxable (r-r') B'n-1, or after tax (1-t) (r-r') B'n-1. 
 
Remark 2:  The definition of loan � can give rise to different interpretations.  For example, in case of 
preferential rate loans, some authors suggest considering loan � as repayable in constant monthly 
(quarterly or annual) installments if loan P' is thus defined.  This assumption may appear more natural 
than the one we have used above, but it does not (strictly) conform to the one which represents the main 
theoretical reference, i.e. an unchanged debt ratio when substituting one loan for another. 
 
 

1.3 Projects with the same debt ratio as the company target debt ratio 
 
In the next paragraph (1.4) we shall analyze a project financed by means of a loan such that the 
project has the same debt ratio as the target debt ratio, throughout the life of the project.  We 
shall conventionally consider a debt ratio defined in relation to the value of the project.  Before 
considering a project subject to a different tax rate from the one applicable to the company, let us 
briefly recall, in general, how such a debt ratio can be defined.  
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To avoid using the above notation, whatever be the method used, let ϕn be the cash flow 
associated with the project in year n, j being the relevant discount rate. 
 
In any year n, the value of the project Vn is the sum of its discounted future cash flows:  
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It can also be defined from the recurrence equation:  
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where VN = 0 
 
If Bn is the loan amount remaining due in year n, the assumption concerning the project debt ratio 
(equal to the target debt ratio, w) is written: 
 

Bn = wVn 
 
In particular in year 0: 
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If the cash flow of year 0 only corresponds to an investment expenditure denoted I0: 
 

)( 000 NPVIwwVB +==  
 
In other words, the debt ratio is not defined in relation to the investment cost (ex post facto 
historic cost), but by reference to the theoretical economic value of the project, i.e. the 
present value of its future flows.  
 
 
1.4  Projects subject to specific tax rates and having the same debt ratio as the company 
 
Let us return to the study of a project subject to a different tax rate from the one generally applied 
to the company.  Let us assume that this project is partly financed by borrowing so that its debt 
ratio, as above, is constantly equal to the target debt ratio w.  We shall show that the Net Present 
Value of the project, which is equal to the sum of the cash flows Gn discounted at rate i, is also 
equal to the sum of the operating cash flows Fn discounted at the rate(s) corresponding to the 
after tax average cost(s) of the capital invested in the project. 
 
To start by presenting a simple formula, let us consider the case in which the tax rate θ on 
income from the project is constant over time. 
 
The after tax weighted average cost of capital invested in the project is written:  
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and the announced formula:  
 

[ ]
����

===

−

= +
=

−+′−+
=

+
′−−−+=

+

N

n
n

n
N

n
n

n
N

n
n

nn
N

n
n

n

y

F

cwrw

F

i

BrrtF

i

G

000

1

0 )1())1()1(1()1(

)1()1(

)1( θ
θ

 
As a rule, the value of the project Vn in any year n can be calculated in two equivalent 
ways:  
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This result is intuitive and could have been assumed a priori.  It shows that the NPV, and in 
general, the economic value of the project Vn in any year n, can be calculated by 
discounting the operating cash flows at a rate equal to the after tax average cost of the 
specific financing of the project.  

 
We refer to this property elsewhere (Pierru and Babusiaux [2000]) to infer a theoretical result: 
since the project NPV is independent of the rate t, any value can be assigned to this parameter.  
Each of the conventional methods (Arditti-Levy, equity, Adjusted Present Value, Z-flow) 
corresponds to a specific value of t, offering very simple evidence of their consistency.  
 
If one of the parameters, such as the project tax rate θ , or several of the parameters, vary over 
time, by introducing a subscript representing the year concerned, the formula becomes:  
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with: 
 

mmmmmm cwtrwi )1()1( −+−=  
 

mmmmmm cwrwy )1()1( −+−′= θ  
 
VN = 0 
 
Demonstration: 
 
Let us write the recurrence equation corresponding to the definition of Vn: 
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Equation (2b) can be rewritten as follows: 
 

[ ]
nnnnn

nnnnnnn

n

nn
n cwtrw

BrrtFV
i
GV

V
)1()1(1

)1()1(
1

1
1 −+−+

′−−−++
=

+
+

= −
−

θ
    (3) 

 
[ ] 11 )1()1(])1()1(1[ −− ′−−−++=−+−+ nnnnnnnnnnnnn BrrtFVVcwtrw θ    (4) 

 
Replacing 1−nB  by 1−nnVw  (debt ratio defined as a function of the theoretical value of the 
project), equation (4) becomes: 
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This recurrence equation clearly corresponds to the proposed equation (2b). 
 
 
2. Use of the Arditti-Levy (BTWACC) method 
 
2.1 Principles of the method 
 
Let us briefly recall the principle of this method that is commonly used in the exploration and 
production branch of the oil industry.  It is based on the definition of a discount rate s 
calculated as a Before Tax Weighted Average Cost of Capital.  With the foregoing notations: 
 

wtricwwrs +=−+= )1(  
 
The cash flows considered Sn can accordingly be defined as operating cash flows plus the 
interest tax shield.  Hence: 
 

1−+= nnnn rBFS θ  
 
(assuming here that the loan interest rate associated with the project is equal to the interest rate 
selected for all the loans of the company).  If the project debt ratio is equal to the target debt ratio 
w, this method leads to the same decisions as the other standard methods (ATWACC, equity 
return, and in certain conditions – Pierru and Babusiaux [2000] – Adjusted Present Value of 
Myers). 
 
More precisely, the Net Present Values, calculated by each of these methods, are equal if the 
project debt ratio, defined by reference to the theoretical economic value of the project, is equal 
to w throughout the study period.  In particular, if in year 0, only the investment expenditures Io 
appear, this assumption implies that the capital amount borrowed in year 0 is (in section 1.3): 

 
)( 00 NPVIwB +=  

 
The method can also be justified by examining a major project which receives specific financing 
that has no influence on the borrowing possibilities for the company's other projects (project 
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financing, for example).  In this case, the project can benefit from a different leverage than that of 
the company.  The discount rate to be used is the average cost of financing associated with the 
project, and not the average cost of capital of the company.  

 
2.2 Project for which the debt ratio is different from the corporate debt ratio 

 
The loan amounts negotiated in practice to carry out an investment project are not necessarily in 
line with the target debt ratio, and the difference is sometimes significant.  Let us examine such a 
project associated with a debt ratio w'.  We assume that the company wishes to respect a given 
target debt ratio w throughout its financing, a commonly used assumption.  Hence it is not 
possible to use the Arditti-Levy method without precaution, or directly use an equity return 
calculation.  

 
Let us consider the example of a project which succeeds (or appears to succeed) in obtaining a 
loan P' corresponding to a fraction of the capital w' more than w.  The use of the discount rate s 
defined by using the target debt ratio w is consistent with the assumption concerning the 
financing of the company2's set of projects with the same class of risk.  
 
But then we cannot calculate the cash flows Sn by crediting the project with tax savings 
corresponding to the posting of the interest on loan P', in other words, calculated by reference to 
a ratio w' different from the ratio w used to determine the discount rate.  These tax credits would 
be higher than those produced by a loan satisfying the target debt ratio w.  The difference would 
be an advantage which cannot (at least not entirely) be associated with the project, since with a 
fixed debt ratio w, the possibility that the project analyzed will have a ratio w'>w must be offset 
by a lower debt ratio on other projects.  
 
To solve this problem, we propose to consider the loan 1−′nB  as resulting from the addition of 
two different loans.  We shall first limit the presentation to the case in which the interest rate on 
the loan associated with the project is not different from the one characterizing all the borrowings 
of the company.  
 
� The first loan is defined as satisfying the target debt ratio w.  Let Bn be the corresponding 

capital amount not yet repaid in year n.  The corresponding tax saving, to be credited to the 
project according to the Arditti-Levy formulation, is written in year n: 

 

1−nn Brθ  
 
� The second loan is obtained by difference.  It is the one permitting the transition from debt 

ratio w to debt ratio w'.  Let Cn be the amount of the corresponding debt not yet repaid in year 
n.  We therefore have:  

 
Cn = B'n - Bn. 

 
If w' is higher than w, it is probably because the project is subject to a higher tax rate than the 
usual tax rate t, thereby permitting higher interest tax shields.  This additional tax saving must be 
credited to the project, hence in year n:  
 

                                                           
2 Note also that the calculation of a weighted average is absolutely justified if the corporate debt ratio is assumed to be stable 

over the study period.  
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1)( −− nn Ctr θ  

 
(note that this formulation remains valid if 1, −<′ nCww  having a negative sign).  
 
The total cash flow to be posted to the project is hence: 
 

11 )( −− −++= nnnnnn rCtrBFZ θθ  

 
or: 11 −− −′+= nnnnn trCBrFZ θ  

 
We shall now confirm that this process is consistent with the one proposed in the previous 
section for ATWACC calculations.  We have considered a cash flow (for r'=r): 
 

1)( −′−+= nnnn BrtFG θ  
 
hence: 
 

11 −− −′+= nnnn trCBtrGZ  
 

1−+= nnn trBGZ  
 
The difference between the cash flows adapted to each method is equal to the tax saving relative 
to the interest associated with the first loan alone, a loan defined by reference to the company's 
target debt ratio w.  This is clearly the case for which the consistency between the two methods 
has been demonstrated.  The appendix offers a demonstration as well as the formulation of the 
approach proposed in the more general case in which the borrowing rates r and r' are different. 
 
3. Reference tax rate and optimal allocation of debt 
 
In the foregoing discussion, we considered a project subject to a different tax rate from the one 
generally applied to the company.  In an international oil company, not only one, but a large 
number of tax rates must be taken into account.  How can rate t be defined in this case?  In 
theory, the company should assign the potential loans by increasing order of their after tax costs 
(for example, by permitting certain subsidiaries to contract proportionally more debt than others).  
The cost of the last loan used accordingly corresponds to the after tax marginal cost of the debt 

mr̂ .  It is the last loan to serve as a reference in defining the loan � to be substituted by the 
borrowing P' associated with a project under examination.  It is in relation to this marginal cost 

mr̂  (if it can be determined by the central services of the company) that the gain 1)ˆˆ( −′′− nm Brr  to 
be credited to the project must be calculated. 
 
Maximizing the value of the project or that of the company clearly leads to the same decision: a 
loan will only be allocated to the project if 0ˆˆ ≥′− rrm , i.e. if the after tax cost of the loan is 
advantageous (reflected by a positive cash flow).  If not, allocating a loan to a project decreases 
the Net Present Value of this project.  Since the point of view of the project and that of the 
company are consistent, the financing decision can thus theoretically be decentralized.  
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4.  Conclusions and discussion 
 
The first part of this article showed that ATWACC calculations can be adjusted very simply to 
account for special tax rates specific to an investment project, and particularly the sometimes 
complex tax rates in force in oil and gas Exploration and Production.  Note moreover that the 
formulation selected is independent of the loan share in financing the project and of 
considerations pertaining to the corporate debt ratio.  
 
As to the Arditti-Levy method, it is routinely used for analyzing projects in Exploration-
Production.  Yet its application demands a number of precautions, well known to the specialists, 
but which make decentralization of the decisions sometimes difficult.  In fact, it is not sufficient 
to give the value of the discount rate to the different managers.  The first verification to be made 
is naturally to check the compatibility between the financing assumptions selected for 
determining the discount rate and those made to calculate the financing costs and corresponding 
tax savings.  In practice, the use of the method, in its original version, is clearly limited in 
principle to the analysis of projects featuring financing by borrowing consistent with the debt 
ratio targets set by the company.  Even in this case, the non-specialist may encounter a number of 
problems.  Here are some of them:  
 
Sensitivity to loan interest rate: The project internal rate of return, all other things remaining 
equal, is commensurately higher as the interest rate rises.  This may surprise the inexperienced 
analyst who plans to use an unchanged discount rate.  
 
Loan repayment period: The loan repayment period may be significantly shorter than the life of 
the project.  This corresponds to a situation quite distant from the assumption of a constant debt 
ratio over the study period, and may sometimes lead to an underestimation of the project's 
profitability.   
 
Economic value of a project: Let us consider a project for the carrying out of which the capital 
borrowed represents a fraction of the investment equal to the target debt ratio w, hence: 00 wIB = .  
In this case, the NPV calculated3 with the ATWACC method and the Arditti-Levy method (and 
the equity residual method) are in principle of the same sign but with distinct values4.  If the aim 
is to analyze a decision to approve or reject the project, both (or all three) methods lead to the 
same proposal.  But to define the price that the company can accept to buy or sell a share in the 
project, it is the economic value of the project (Vn in year n) which must serve as the reference.  
Finding different values with different methods could be a problem.  
 
Now let us return to the study of projects featuring a debt ratio w' different from the corporate 
ratio w.  An appropriate formulation was proposed in section 2.2.  But this formulation, while not 
complex, does not have the simplicity of the one presented in the first part.  In summary, the 
generalized ATWACC method does not have the same drawbacks as the Arditti-Levy method.  It 
has moreover an advantage.  In the most common cases outside the exploration and production 
sector, the fiscal system applied to the revenues of the project is not different from that which 
applies to the company. The proposed method then reverts to the classic ATWACC method.  Its 
use would allow one to have the same criterion for all the various activities of an oil company 
(the use of this criterion would besides be more line with the general practice of the industrial 

                                                           
3 Equations between the NPV obtained in this case by the different methods are given in Babusiaux [1990] 
4 In fact they are equal if )( 00 NPVIwB +=  

 



 16 

world than that of Arditti-Levy).  In the present state of our knowledge, and while awaiting the 
response of the industry specialists, the generalization of the ATWACC method hence appears to 
us preferable to that of the Arditti-Levy method. 
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Appendix 
 
 
Consistency of the ATWACC method with the Arditti-Levy (BTWACC) method 
 
The demonstration presented here generalizes those put forward by Boudreaux and Long 
(1979) and Babusiaux (1990).  In fact: 
 
- any loan interest rate may be allocated to the project, 
- the project debt ratio may be different from the corporate target ratio,  
- the project tax rate nθ  may be different in each year n.   
 
Let us resume the notations employed in sections 1.2 and 2.2, in particular: 
 
After tax cost of the debt allocated to the project: rr nn ′−=′ )1(ˆ θ  
 
After tax cost of the loan used to calculate the discount rate: rtr )1(ˆ −=  
 
Cash flows nG  and nZ  to be taken into account respectively with the ATWACC method 
and the Arditti-Levy method are the following (each year n): 
 

1)ˆˆ( −′′−+= nnnn BrrFG  
 

11 )ˆˆ()ˆ( −− ′−+′−+= nnnnnn CrrBrrFZ  
 
Note that this definition of nZ  generalizes to the case rr ≠′  the one given in section 2.2. 
 
Since 111 −−− +=′ nnn CBB ,  we hence have: 1−+= nnn trBGZ  
 
This gives us an equation similar to the one relating the cash flows Fn and Sn associated with the 
two methods in their original definition:  
 

1−+= nnn trBFS  
 
1 - Equality of net present values 
 
The demonstration is made by recurrence: 
 

let  �
+=

−+
=

N

nk
nk

k
n i

G
V

1 )1(
 and �

+=
−+

=
N

nk
nk

k
n

s

Z
W

1 )1(
 

 

We shall show that nn VW =  each year n. 
 

We evidently have 0== NN VW . 
 
Let us assume that nn VW =  and show that hence 11 −− = nn VW . 
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By definition, we have: 
s
WZ

W nn
n +

+=− 11  

 
Replacing nW  by nV , nZ  by 1−+ nn trBG  and 1−nB  by 1−nwW  ( 1−nB  has been defined as the share 
of borrowing satisfying the target debt ratio w) and by noting that trwsi −=  we obtain: 

 
i
VG

W nn
n +

+
=− 11  

 

We therefore have  11 −− = nn VW . 
 

In particular, we have 0000 IVIW −=− , so that both methods yield the same net present value.   
 
2 – Consistency of methods when using Internal Rates of Return 
 
The result derived above is sufficient to prove that the use of Internal Rates of Return leads to the 
same decision as NPVs calculations. Nevertheless,  it is possible to cast a new light on the 
consistency of both methods without the use of the discount rate (necessary to determine the 
economic value of the project). For this, we will introduce another definition for a debt ratio and 
thus for the loan satisfying the target debt ratio w. 
 

We will present the formulation in the case where cash-outflows in year 0 are only investment 
outlays (noted I0 ) (the generalization, allowing us to release this assumption, is immediate). 
 

Let us consider the amount invested (I0 in year 0) as a loan made by the financial department of 
the firm to the department in charge of the project (whatever be the origin of these funds). This 
loan is reimbursed with the cash inflows of the project (flows nG  when they are positive). Its 

interest rate is equal to the Internal Rate of Return of the project, noted gr , which implies that the 

loan will be entirely reimbursed at the end of the study period without any gain or loss for the 
department in charge of the project. 

 

Let us note Kn the capital not yet reimbursed (to the financial department) at the end of year n 
 

Kn  is  defined according to the following recursion relationship :  
 

nngn GKrK −+= −1)1(  (A1) 

00 IK =   
0=NK   

 
We will now introduce the (fictitious) loan defined as satisfying the target debt ratio w. 
 

Let us note nB  the amount of this loan not yet reimbursed at the end of the year n. The amount 

0B  borrowed in year 0 is defined as following : 
 

00 wIB =  
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Expressed in other terms, the debt ratio to be satisfied in year 0 is a ratio defined in reference to 
the investment outlay and not, as in the preceding paragraph, to the economic value of the 
project. For any given year, the reimbursement will be scheduled such that : 
 

nn wKB =  
 

The debt ratio corresponding to this fictitious loan is thus defined with reference to the total 
amount not yet reimbursed (by the department in charge of the project) to the financial 
department (the debt ratio w is thus defined in the sense of Linke and Kim [1974]). 
 
The cash flows to be used with the Arditti-Levy method can be defined in a way similar to that of 

§ 2.2, by replacing nB with nB  and nC with nC  

 

nnn BBC −′=  
 
The cash flow to be associated to the project is then written :  
 

11 )( −− −++= nnnnnn CrtBrFZ θθ  
 

1−+= nnn BtrGZ    (A2) 
 

By combining equations A1 and A2 and replacing 1−nB  with 1−nwK , we obtain : 
 

nngn ZKwrtrK −++= −1)1(  
 
id est: 
 

0
11

0
)1()1(

I
wrtr

Z

r

G
K

N

k
k

g

k
N

k
k

g

k =
++

=
+

= ��
==

 

 
The internal rate of return obtained with the Arditti-Levy method is: 
 

wrtrr gs +=  
 
If we compare this relationship to the one linking the discount rates of both methods : 
  

wrtis +=  
 
we observe that 
 

srs ≥  
 
if and only if : 
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irg ≥  

 
Both methods lead to the same decision. 
 
N.B. : The two lights cast on methods consistency, one involving net present values and the other 
internal rates of return, are both based on an identical definition of the fictitious loan (satisfying the debt 
ratio w) when studying a marginal project (with NPV=0). 
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