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ABSTRACT

Internal rate of return (IRR) is one of the most common and impor-
tant indicators in investment analysis because it is often used by man-
agers and practitioners as a decision-making criterion. Moreover, the IRR
reflects the financial cost in financing decisions and it helps to answer
the following question when comparing different financing alternatives:
“Which loan is the cheapest?” Among the different types of loans in
Brazil, there is a financial product called a prepurchase financing pool
(PPFP) that is generally regarded as the best option for financing or
loans. The objective of this article is to use the prepurchase financing
pool to show the flaws of IRR in financial analysis. In particular, when
IRR is used to evaluate the prepurchase financing pool, one finds prob-
lems of reliability regarding (i) existence, (ii) uniqueness, and (jii) eco-
nomic interpretation of the rate. The results show that the prepurchase
financing pool is relevant evidence that the /RR flaws are found in finan-
cial products.

Introduction

People and companies buy services, goods, or real estate all the time. However, cash payment
is not the only alternative in these situations. A loan can be used to pay for goods. The cost
of the transaction is not only the value of the objects or the goods but includes the price plus
the interest. There are many types or variations of loans in the financial market. Nevertheless,
the use of a singular type of loan is common in Brazil. This loan is known as a prepurchase
financing pool (PPFP), which consists of a gathering of several people or companies coming
together as a group for the shared purpose of buying or acquiring things, goods or property
(Brazilian Central Bank [BCB] 2014a). The PPFP is similar to the Rotating Savings and Credit
Association (ROSCA) discussed by Ahn et al. (2016), with emphasis on microfinance. Gen-
erally, the PPFP is arranged by a bank or a financial institution that charges fees to operate
this process. In this type of operation, the total value of the underlying object for a partici-
pant of the pool is diluted through a determined term of the operation. All of the participants
contribute during the term of the prepurchase financing. In every period until the expira-
tion of the pool, each participant contributes with an installment that adds up to buy one
underlying object. Using a random lottery, in each period, one participant is chosen to receive
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the object. At the end of the term of the pool, every participant will have received one under-
lying object. The prepurchase financing pool can have the following features: the monthly
possibility of gaining credit through a lottery, the possibility of a fast track to get the underly-
ing object through a bid, the opportunity of creating and enlarging equity, and flexibility in the
use of the credit (Associa¢do Brasileira de Administradoras de Consorcio [ABAC; Brazilian
Association of Management Companies of Pre Purchasing Financing Pool] 2014).

The installment is calculated by adding the common fund to the management fee and the
reserve fund. The monthly common fund is the installment that each participant pays to form
the amount of the prepurchase financing pool. The management fee is the remuneration of the
prepurchase financing pool manager and its service in setting up, organizing, and managing
the prepurchase financing pool. The reserve fund is a fund directed to protect the pool against
some situations (for example, insolvency) provided in the contract (ABAC 2014). One way to
calculate the financial cost of the prepurchase financing pool is through the internal rate of
return (IRR) method. As described by Sarper et al. (2010), this is the interest rate at which the
financed value is equal to the sum of the present value of future installments. In the investment
analysis, the IRR must be equal to the minimum attractive rate of return. However, in the case
of prepurchase financing pools, (IRR) represents the cost of the operation or the financial cost.
In the prepurchase financing pool, the use of the IRR generates three kinds of flaws:

1. The IRR may not exist.

2. The IRR may be multiple.

3. The financial nature of the IRR (return rate vs. borrowing rate) is not unambiguous
across participants.

Results 1 and 2 occur rather frequently, considering a numerical example and two real-life
examples. As for result 3, because the IRRs for different participants can be either the rate
of return or the borrowing rate, IRR cannot measure the cost of the loans incorporated in a
PPFP and cannot be compared between them. These kinds of flaws can be addressed by using
the average internal rate of return (AIRR) approach, which can, in turn, correctly capture the
cost of the loans: in this context, the smaller the AIRR, the cheaper the loan.

In the next section, we show the basic concepts of the IRR and its flaws. Then the pre-
purchase financing pool is presented. The relationship among the IRR, AIRR, and prepur-
chase financing pools is shown next. Two real-life prepurchase financing pool situations are
presented in the following section. Finally, the concluding remarks and indications of future
studies are given in the last section.

Internal rate of return

IRR is a widely used tool for decision making in the evaluation of a deterministic cash flow
stream (Hazen 2003; Tang and Tang 2003). As Magni (2011) and Kim and Reinschmidt (2012)
suggest, IRR is defined as the interest rate where the net present value of a stream of cash flows
is equal to zero. The theory of this rate was extremely well discussed in the studies of Magni
(2010, 2011). IRR is defined in Equation (1) as

> % x (1+IRR)™ =0, (1)
t=0

where x; represents the cash flow at instant ¢; n represents the number of cash flows in the
investment or financing alternative; and IRR represents the internal rate of return.
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The IRR decision criterion is to accept a project when the IRR is greater than or equal to the
cost of capital. Researchers have stated that IRR is not a good decision tool because it does not
help a decision maker choose the best investment (Zhang 2005). Due to potential flaws of the
IRR, academics have a preference for the net present value (NPV') method (Osborne 2010).
However, practitioners utilize IRR more frequently than NPV to analyze their investments
(Magni 2014). Furthermore, there are researchers who assert that the NPV versus the IRR
debate only exists because of a misreading of IRR’s real proposition (Johnstone 2008; Tang
and Tang 2003).

Studies have shown that when a project has a number of nonconventional cash flows (i.e.,
alternating inflows and outflows), multiple IRRs occur (Johnstone 2008). Ben-Horin and Kroll
(2012) point out that multiple IRRs are difficult to find computationally and the accept-reject
rule for deciding whether to implement a project implies a confusing decision criterion. With
multiple IRRs, there will be more than one value to analyze, turning the IRR into a problem
instead of a solution. Magni (2013) highlights old and new problems, including the following
ones:

e There is no IRR when the project has its first cash flow with a sign that is opposite to its

last cash flow (Magni 2013).

e When the cost of an investment’s capital varies over time, IRR cannot be calculated
because of the impossibility of comparing the IRR with the sequence of capital costs
(Magni 2013).

¢ The IRR method does not recognize an investment’s magnitude when comparing mutu-
ally exclusive projects (Magni 2013).

¢ The IRR does not measure the return on initial investment; rather, it only measures the
return regarding the total (IRR implied) capital (Magni 2013).

¢ The IRR method ignores the project’s operational lifespan (Magni 2013).

¢ The IRR does not consider accounting information (Magni 2013).

e Makeham’s formula, which apparently solves the multiple IRR problem, actually fails if
the loan has varying interest rates (Magni 2013).

Although frequently used to analyze investment decisions, IRR can also be used to calculate
the financing cost of a loan. For this purpose, it is assumed that the value of the loan is x; and
thatx;,t = 1,2, ..., T is the loan’s installment. In light of the considerations above, the aim
of this article is to discuss the prepurchase financing pool as a type of financing and to analyze
the uses and pitfalls of the IRR.

The prepurchase financing pool

The history of the prepurchase financing pool in Brazil goes back to 1960, when a number of
employees of the BCB decided to create a group of their friends to accrue enough money so
that each participant would be able to sequentially buy a car. This was introduced to overcome
the lack of credit supply at that time (ABAC 2009). A prepurchase financing pool may be
understood as a community that shares money or a group of people or a collective of pooled
companies making contributions to create a financing account. Each participant can then
use the savings to buy goods or property (Kerr 2011). This type of loan is quite common in
Brazil and its importance can be seen more clearly in Figure 1, which shows an increase in the
number of prepurchase financing pools in recent years.

Prepurchase financing pools are mostly organized by private banks. These institutions
follow the rules and guidelines of the BCB, which has established six different categories of
underlying assets for prepurchase financing pools. As Kerr (2011) pointed out, these include



THE ENGINEERING ECONOMIST (&) 161

Pre-purchase financing pool

400k

w
=]
=]

250k

200k

Accumulated numbers
o
e

100k

2000 2005 2010
Years

Figure 1. Accumulated number of prepurchase financing pool in Brazil. Adapted from data available on the
BCB's website (see http://www.bcb.gov.br/?consorciobd).

(i) real estate, (ii) large transportation vehicles, (iii) cars, (iv) motorcycles, (v) air tickets,
and (vi) other. The prepurchase financing pool, as a type of financing, is widely used as an
alternative to loans. It helps people who participate in the pools to get the money they need to
buy a car, a house, or anything else. This financing method is usually cheaper than a loan in
terms of nominal interest rates. However, the people participating in the pool do not get their
money immediately. Every month, they pay an installment, and every month a lottery takes
place at which time one of the participants gets all of the money from the pool, which should
be enough to buy the underlying object of the pool. The participants also get the money if an
auction is held; the one who submits the highest bid gets the money for that period. The way
the participants get the money is established in the contract. This process repeats until every
participant is able to buy the asset (ABAC 2014). Kerr (2011) pointed out that the number
of participants in the prepurchase financing pool depends on the number of quotes each
participant has to pay, which is also the number of periods that the transaction will last.

As the years have passed, the prepurchase financing pool has become more popular in
Brazil. It is important to highlight that financing pools are in demand due to the scarcity of
available credit and the high interest rates associated with traditional loans. For instance, at
the end 0f 2014 the government bond yield was 11.75% per annum and overdraft interest rates
could reach 12% a month (BCB 2014d). The fact that a participant in a pool does not imme-
diately get the money has never been a problem for those using this financing method; some
participants consider this financial product an investment opportunity. The periodic install-
ments can be considered forced savings that, in the end, can be used to buy a desired asset. The
financial institutions allowed to sell and arrange this financing are the prepurchase financing
pool managers. These institutions are required to report to the BCB and are accountable for
their actions (BCB 2014c). In August 2014, there were 190 registered prepurchase financing
pool managers in the BCB database (BCB 2014b).

Because prepurchase financing pools are a widespread financing method, it is important to
analyze whether popular tools for investment decisions are useful. The tool that we will study
in this article is the IRR.
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IRR is a decision-making tool that helps investors calculate the real return rate of the
project under analysis (Karmperis et al. 2012). In this study, we will explore the reasons why
the IRR is not useful when assessing prepurchase financing pools. More particularly, prepur-
chase financing pools have nonconventional cash flows and, therefore, this type of financ-
ing presents (i) multiple rates, (ii) no rates, and (iii) ambiguous financial meaning across the
PPFP’s loans.

The calculation of the prepurchase financing pool rate of return depends on the value
required to buy the asset, the management rate charged by the prepurchase financing pool
manager, and the fund destined to protect the group’s money from any situation that could
negatively affect the pool. The installments are calculated as shown in Equation (2):

100% TMR TRF

P = AV, x + AV, x —— + AV, x —, (2)
n n

where P, represents the installment in period t; AV, represents the asset value in period t; n
represents the total number of periods; T MR represents the total management rate; and TRF
represents the total reserve fund.

In the next section, we will show a numerical example of a prepurchase financing pool and
its relation with the IRR and the AIRR.

The prepurchase financing pool, the IRR and the AIRR

To simulate the position of a participant in a prepurchase financing pool, we considered the
following situation:

¢ The value of the asset being financed is $200,000.00,

e The management rate in this pool is 8.00%,

e The reserve fund is 2.00%,

e There are 10 participants.

Based on Equation (2), the value of the installment will be $22,000.00 (200,000.00 x (%%% +
% + Oi—%z)) or each participant will pay 10 installments of $22,000.00 to be able to finance an
asset costing $200,000.00. Using these data, Table 1 presents the net cash flows for all partici-
pants in the prepurchase financing pool; that is, the people who will buy the underlying asset
in the all periods of the fund.

Taking into account data from Table 1 and Figure 2, we show that the IRR can be ambigu-
ous. Depending on the participant, the IRR can represent a return rate or a borrowing rate
(Hazen 2003). In other situations, the IRR cannot be calculated or can lead to multiple values.

Most recently, the use of AIRR as an alternative to the IRR has become popular. The AIRR
can be calculated as shown in Equation (3) (Magni 2010):

NPV(1+r)

AIRR = r +
r _D

3)
where NPV represents the net present value or ZLO x: (1 4 r)~*; r is the cost of capital or the
maximum attractive financing rate; and D represents the financed amount distributed to the
participants of the PPFP. It is important to emphasize that a positive denominator (D) means
that the project is an investment. On the other hand, a negative denominator means that the
project is a financing vehicle.

Magni (2010) states that the AIRR correctly points to the best project and helps the decision
maker decide between two or more mutually exclusive projects. As defined by Magni (2010),
the AIRR shows that for any investment stream of cash flows, the relationship between the
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IRR,
IRR (%)
IR,

Participants

Figure 2. IRRs of the numerical example.

average return, the established return rate, and investment outflows always reflects a real rate
of return.

The AIRR always follows the NPV, agreeing with its decision criterion. Other relevant
characteristics of the AIRR are that it is computationally simple, it solves the problem of com-
plex valued roots of polynomials, and it allows a direct economic interpretation.

In this article, we establish the financing flow as the distributed installments along the
financing period. This means that the total amount received by the participant in the pre-
purchase financing pool is the —D in Equation (3). After taking this into account, the IRR
and the AIRR are shown in Table 1.

Considering Table 1, there are

e Two cases of unique IRRs: Participant 1 (borrowing rate), participant 10 (return rate);

e Six cases of multiple IRRs: Participants 2, 3, 4, 7, 8, and 9; and

¢ No IRR in two cases: Participants 5 and 6.

It may be shown that that participants 2, 3, and 4 are borrowers according to the smaller
IRR (negative overall capital) and are lenders according to the greater IRR (positive overall
capital; see Hazen [2003] for the definition of net investment and net financing). The use of
an AIRR in this case indicates that the best option is first (Participant 1) and that the cost
of other options is related to the fact that each participant receives the total amount to buy
the underlying object at different dates. Results imply that an AIRR allows the comparison
of different participants (e.g., Participant 1 and Participant 10). An AIRR also identifies the
higher cost of operations as the date of distribution increases, which in turn is consistent with
the results using the NPV

Real-life prepurchase financing pool situations

In this section, two real-life prepurchase pool situations are shown. In the first situation, the
prepurchase financing pool is related to an apartment that costs R$ 250,000.00 (Brazilian cur-
rency). The total management fee is 17.5%, and the reserve fund is 5.16%. The total number
of installments is 200 and each installment is R$ 1,533.26. Taking these values into account,
in Table 2, we detail the first payment from each participant.
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Table 2. First real example.

Net cash flow of participants($)

Period 1 2 3 4 5 6 7 8 e 200

0

1 248,466.74 (1,533.26) (1,53326) (1,533.26) (1533.26) (1,533.26)  (1,533.26)  (1,533.26) (1,533.26)
2 (1,533.26) 248,466.74 (1,533.26) (1,533.26) (1,53326) (1,533.26)  (1,533.26)  (1,533.26) (1,533.26)
3 (1,533.26)  (1,533.26) 248,466.74 (1,533.26) (1,533.26) (1,533.26) (1,533.26)  (1,533.26) (1,533.26)
4 (1,533.26)  (1,533.26) (1,533.26) 248,466.74 (1,533.26) (1,533.26) (1,533.26)  (1,533.26) (1,533.26)
5 (1,533.26)  (1,533.26) (1,533.26) (1,533.26) 248,466.74 (1,533.26) (1,533.26)  (1,533.26) (1,533.26)
6 (1,533.26)  (1,533.26) (1,533.26) (1,533.26) (1,533.26) 248,466.74 (1,533.26) (1,533.26) (1,533.26)
7 (1,533.26)  (1,533.26) (1,533.26) (1,533.26) (1,53326) (1,533.26) 248,466.74 (1,533.26) ---  (1,533.26)
8 (1,533.26)  (1,533.26) (1,533.26) (1,533.26)  (1,533.26) (1,533.26) (1,533.26) 248,466.74 --- (1,533.26)
9 (1,53326) (1,533.26) (1,533.26) (1,533.26) (1,533.26) (1,533.26) (1,533.26)  (1,533.26) (1,533.26)
10 (1,533.26)  (1,533.26) (1,533.26) (1,533.26) (1,53326) (1,533.26)  (1,533.26)  (1,533.26) (1,533.26)
200 (1,53326) (1,533.26) (1,533.26) (1,533.26)  (1,533.26) (1,533.26) (1,533.26) (1,533.26) --- 248,466.74
IRR* 0.21% 0.22% 0.22% 0.22% 0.22% 0.23% 0.23% 023% ... —0.21%

@ All IRRs are presented in Table 4.

In Table 3, we show only the first 8 periods and the first eight participants chosen in the
lottery. A second example takes into account a car that costs R$ 100,000.00. This amount is
received by each participant when chosen in the lottery. This PPFP has a management fee of
20% and a reserve fund of 2.5%. The total number of installments is 180 and the value of each
one is R$ 680.56. Table 3 shows the first payments of each participant.

The first situation was simulated based on a product from a private prepurchase financing
pool company. In this article, we cannot publish the name of the company to avoid violating
any copyrights. We simulated using data from a public bank that offers the prepurchase
financing pool for vehicles in the second situation. In a similar way, these two situations
(Tables 2 and 3) show the same problem identified earlier in Table 1. In other words, as shown
in Tables 4 and 5, we calculate the IRR for all participants in both situations and the following
cases were identified: (i) some participants have one IRR, (ii) some participants have multiple
IRRs, and (iii) some participants do not have IRRs. It would also be emphasized that only

Table 3. Second real example.

Net cash flow of participants

Period 1 2 3 4 5 6 7 8 e 180

0

1 99,319.44 (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56) (680.56)
2 (680.56) 99,319.44 (680.56) (680.56)  (680.56)  (680.56)  (680.56)  (680.56) (680.56)
3 (680.56)  (680.56) 99,319.44 (680.56) (680.56)  (680.56)  (680.56)  (680.56) (680.56)
4 (680.56)  (680.56)  (680.56) 99,319.44 (680.56)  (680.56)  (680.56)  (680.56) (680.56)
5 (680.56)  (680.56)  (680.56)  (680.56) 99,319.44 (680.56)  (680.56)  (680.56) (680.56)
6 (680.56)  (680.56)  (680.56)  (680.56)  (680.56) 99,319.44  (680.56)  (680.56) (680.56)
7 (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56) 99,319.44  (680.56) (680.56)
8 (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56) 99,319.44 (680.56)
9 (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56) (680.56)
10 (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56) (680.56)
180 (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56)  (680.56) ---  99,319.44
IRR? 0.24% 0.24% 0.24% 0.24% 0.25% 0.25% 0.25% 026% --- —0.23%

@ All IRRs are presented in Table 5.
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IRRs greater than —100% are shown in Tables 4 and 5 and that in these real-life cases the IRR
notion completely collapses.

Conclusions

After analyzing the examples given in the previous section and studying both IRR and the
prepurchase financing pools, one realizes that it is not possible to calculate the effective cost of
this type of financing using the IRR methodology. The main reason is that the pool has many
participants, and each one has a different likelihood of having the money at a given period
t. This means that the prepurchase financing pool method presents various sign changes in
cash flows that imply multiple IRRs or even the impossibility of calculating an IRR because of
the large number of periods and participants.

Therefore, because this financing method is extremely popular in Brazil, in future studies,
we intend to suggest that the AIRR approach should be deeply analyzed as a potential solution
for measuring the effective cost of prepurchase financing pools.
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