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EXECUTIVE SUMMARY 

 

This paper has examined a number of questions relating to estimating the Initial Asset Base 

(IAB) for PEXA for the implementation of price regulation on 1 July 2027, all of which relate 

to the “recovery of investment” approach.  My principal conclusions are as follows.  Firstly, 

the investments made by PEXA in the pre-viability period of 2011-19 (its net cash outflows) 

must be compounded forwards to 2019 using a rate that reflects both the cost of capital for 

PEXA in that period and the probability that it would fail to achieve viability.  Secondly, the 

resulting sum in 2019 must be further compounded forwards to 2027 using PEXA’s costs of 

capital and the net cash flows in these years.  Thirdly, IPART’s cross-check on its proposed 

approach fails to recognise that the compounding rate in the 2011-19 period must be raised to 

reflect the probability that viability would not be achieved, and therefore IPART’s proposed 

IAB in 2027 ($368m) is far too low.  Fourthly, PEXA’s proposed approach draws upon expected 

returns from venture capital projects conditional on them succeeding, so as to estimate the 

compounding rates in the 2011-19 period.  These conditional expected returns are appropriate 

in principle, but there are no reliable estimates for them and, even if there were, one would 

have to choose estimates from only venture-capital projects that were similar to PEXA in 

various ways including their probability of becoming viable.   

 

Fifthly, this paper proposes an alternative approach that instead requires only estimates of 

parameters relating to PEXA, including its probability of achieving viability.  Some of these 

parameters require a range of estimates, especially the probability that viability would be 

achieved, and this gives rise to conservative estimates for the IAB in 2027 from about $900m 

to $2,700m, with a point estimate of $1,564m.  This entire range is well above IPART’s 

proposed figure of $368m, because it explicitly allows for the significant risk of failure and 

IPART’s proposed figure doesn’t.  Sixthly, my IAB estimates for PEXA are all too low because 

the estimated cost of capital for PEXA in the 2011-2019 period is too low, because it does not 

reflect the effect of illiquidity and low diversification on PEXA investors in this period, due to 

not being able to reliably quantify these effects.  Allowing 2% for each of these two effects 

would raise the IAB estimate from $1,564m to $2,007m, and this increase alone exceeds 

IPART’s proposed $368m.  Finally, IPART’s proposed IAB for 2027 has implications not just 

for PEXA but for investors contemplating financing other projects that might, if successful, 

also be regulated.  If they do not feel that PEXA’s investors have been fairly compensated, 
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especially for the significant risk that the project would fail, they will be less inclined to invest 

themselves. 
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1. Qualifications and Experience 

 

This report has been prepared by Dr Martin Lally.  I am Director of Capital Financial 

Consultants Ltd, and I hold a Ph.D in financial economics from Victoria University of 

Wellington.  I was an academic from 1979 – 2014, and I retired as Associate Professor in 

Finance in the School of Economics and Finance at Victoria University.  My areas of academic 

expertise are WACC, Valuation, and Cost-Benefit Analysis, and most of my publications are in 

this area.  I have also been extensively involved in consulting work in these areas for the past 

40 years.  Much of this has been for regulatory bodies in New Zealand and Australia dealing 

with price or revenue capping of natural monopolies, from 2001, including the Commerce 

Commission, the AER, the QCA, the Essential Services Commission, and the Economic 

Regulation Authority of Western Australia.  I have also carried out work for regulated 

businesses, including the NZ Airports Association, Taswater, Gold Coast Water, and Qantas 

Airways Ltd. 

 

2. Statement of Independence and Reliance on PEXA 

 

I have been engaged by PEXA to prepare this report but I have done so as an independent 

expert.  I have never carried out any work for IPART or previously for PEXA, nor do I have 

any actual or potential conflicts of interest.  I have undertaken my own research and analysis, 

subject only to reliance upon PEXA for its actual and forecast net cash flows since its inception 

and some statements by PEXA that are identified as such in section 5.3. 

 

3. Introduction 

 

In 2011, PEXA was established to provide electronic conveyancing services in Australia. It was 

not certain that this project would succeed commercially but it subsequently did and so much 

so that IPART proposes to recommend that PEXA be subject to regulatory price setting (as of 

1 July 2027).  IPART’s proposed starting point in the latter exercise is an Initial Asset Base 

(IAB), as at 1 July 2027.  IPART proposed using a “recovery of investment” approach as a 

cross-check of the IAB.  This approach involves calculating the sum of the capital investments 

made and operating losses incurred up to the point that viability was attained, each compounded 

forwards from their date of incurrence to the viability point at an appropriate rate.  Adjustments 

would then be required from that point until regulation commences. 
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In its draft report IPART argues that, when determining the appropriate compounding rates to 

apply in PEXA’s case, venture capital expected rates of return are not relevant on the following 

grounds:1  

 

“First, venture-capital benchmark returns are portfolio returns. They reflect the 

performance of many investments, most of which return little or nothing, averaged with 

a small number of successes. The high average return compensates for the probability of 

failure across the portfolio, so applying it to a single investment that is known to have 

succeeded overstates the return that was required on that investment ex ante, because it 

applies the portfolio’s failure probability, with hindsight, to the surviving investment 

alone. 

 

Second, we consider that PEXA Exchange’s establishment did not carry the risk profile 

of an arm’s-length seed-stage venture.  The platform was established with government 

sponsorship and funding from major banks that were expected to be subscribers, which 

would be expected to reduce the probability of total failure, and to reduce adoption and 

stranding risk, relative to a typical seed-stage venture.” 

 

IPART’s proposed use of the recovery of investment cross-check, and its justification for not 

applying venture capital expected returns in particular, gives rise to a number of questions 

about this compounding rate(s) up to the time viability was attained, and the point at which 

viability is judged to have been attained.  In particular, PEXA has instructed me to consider 

and respond to the following questions: 

 

1. Do you agree that a single successful investment should have a lower ex-ante return 

assigned than an average of the portfolio? 

 

2. What are typical venture capital expected returns for successful projects for the period 

2011-2019 as per the latest academic and/or Australian and global benchmarks? 

 

 
1 See section 7.5.2 of IPART’s 2026 draft report: Electronic Lodgement Network Operator Service Fees, 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-

Operator-service-fees-3-July-2026-%281%29.PDF. 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
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3. Should ownership type (government and banks) change the expected return rate? 

 

4. Does the actual return of investors over the period serve as a relevant benchmark? 

 

5. From when (over the period of historical investment in PEXA) is the appropriate time 

to apply a regulatory WACC to PEXA?  What are the market conditions that would 

make it appropriate? 

 

6. What would be an appropriate transition path to the regulatory WACC? 

 

7. If the answers to 1-6 result in an IAB that is significantly different to IPART’s draft 

recommendation of $368m, please explain the differential. 

 

8. Is there an alternative methodology for obtaining the IAB that has not been advanced 

by IPART?  If so, please outline the methodology and results. 

 

This report seeks to address these questions by drawing upon relevant finance theory, published 

empirical work, stakeholder submissions, and material on the history of PEXA and electronic 

conveyancing.  I commence with finance theory. 

 

4. Finance Theory 

 

I start with a purposely simplified version of the actual situation.  At time 0, an amount A is 

invested in a project that may not attain commercial viability.  In one year (time 1), it will be 

clear whether or not viability has been achieved.  The probability of viability is p.  The expected 

rate of return on the amount A invested that just compensates for risk (“the equilibrium 

expected rate” or “the cost of capital”) is k.  If viability is attained, the investment will be 

regulated from that point (time 1) using an IAB equal to the amount invested of A compounded 

at some rate R for one year, which is A(1 + R).  So, the payoff in one year on the investment is 

either 𝐴(1 + 𝑅), which arises if the project is then viable, or zero if it is not viable.  The 

expectation of this distribution is 𝑝𝐴(1 + 𝑅).  The present value of it now requires discounting 

it back for one year at the cost of capital of k.  The value of R must be chosen so that the present 

value at time 0 of the payoff at time 1 is equal to the investment of A, i.e., the investment is 

‘recovered’: 
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                                                    𝐴 =
𝐸(𝑃𝑎𝑦𝑜𝑓𝑓)

1 + 𝑘
=

𝑝𝐴(1 + 𝑅)

1 + 𝑘
                                              (1) 

 

This process is much like conventional regulation, except that conventional regulation involves 

choosing the business’s allowed prices or revenues so that the present value of its future net 

cash flows equals the current asset base.  The value of R that solves equation (1) is 

 

                                                                    𝑅 =
1 + 𝑘

𝑝
− 1                                                              (2) 

 

and is determined by only two parameters: the probability that viability will be achieved (p) 

and the cost of capital (k).  Thus, the rate R is the rate k plus a margin to compensate for the 

probability that the investment fails to become viable.  If viability is certain (p = 1), then R is 

equal to k, as in conventional regulation.  However, if viability is not certain (p is less than 1), 

then R will exceed k to compensate for that.  For example, if k = 0.1 and p = 0.7, then equation 

(2) yields R = 0.57, which is the example presented by PEXA.2  As the viability probability p 

rises, R falls towards k.  For example, if p = 0.9, then R falls to 0.22.  The first column of Table 

1 shows the compounding rate R declining as p rises towards 1.  This reveals that, if viability 

will be determined in one year, the appropriate compounding rate R could be well above the 

cost of capital k even if the probability of viability were close to 1. 

 

Table 1: Estimates of the Required Compounding Rate 

___________________________________________________________________________ 

 T = 1 T = 2 T = 3 T = 8 

___________________________________________________________________________ 

p = 0.5 1.20 0.56 0.39 0.20 

p = 0.7 0.57 0.31 0.24 0.15 

p = 0.9 0.22 0.16 0.14 0.11 

___________________________________________________________________________ 

 

 
2 See pp. 19-20 of PEXA’s submission to IPART: Submission to IPART Methodology Paper – Initial Asset Base 

for an Electronic Lodgement Network Operator 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-

11-May-2026-185557471.PDF.   

 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
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PEXA refers to this compounding rate R as a “cost of capital”.3  This is not standard 

terminology.  The cost of capital (or the equilibrium expected rate of return) is the discount rate 

k and the required compounding rate R is equal to k plus an allowance for the probability that 

viability is not achieved, as shown in equation (2). 

 

I now generalise this analysis to a situation in which viability is determined after an elapse of 

T years, with T taking any value.  In this case, on the right-hand side (RHS) of equation (1), 

the investment of A is compounded for T years and the expected payoff discounted for T years:4 

 

                                                    𝐴 =
𝐸(𝑃𝑎𝑦𝑜𝑓𝑓)

(1 + 𝑘)𝑇
=

𝑝𝐴(1 + 𝑅)𝑇

(1 + 𝑘)𝑇
                                              (3) 

The solution is 

                                                                   𝑅 =
(1 + 𝑘)

𝑝(
1
𝑇

)
− 1                                                            (4) 

 

which depends upon the time taken for viability to be determined (T) as well as the probability 

of viability (p) and the cost of capital for the investment (k).  As shown in Table 1, for a given 

value of p, as T rises, R falls towards k.  Also, for any given value of T, as p rises, R falls 

towards k.  Equation (4) is a generalisation of equation (2), to allow for cases when T is not 

equal to 1. 

 

I now consider the general situation in which viability is apparent only in T years and there are 

investments after the initial one but before viability is determined (𝐴0 invested now, 𝐴1 in one 

year, etc).  In this case, the investment of A on the left-hand side (LHS) of equation (3) must 

be augmented by further investments, with each discounted back at rate k to the time of the 

first investment (𝐴0 not discounted, 𝐴1 discounted for one year, 𝐴2 discounted for two years, 

etc).  In addition, the investment of A on the RHS of equation (3) must be augmented by the 

 
3 See page 16 of PEXA’s submission to IPART: 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-

11-May-2026-185557471.PDF.   

 
4 This formula does not imply that the probability of viability remains at the same level p throughout the period 

of T years preceding it being definitely established whether or not viability has been achieved.  It merely implies 

that the probability assessed now that viability will be attained in T years is p.  As time passes, and new information 

arrives, this probability will rise or fall.  Similarly, the probability assessed now that it will be raining at midnight 

has some value and this probability will rise or fall as new information arrives until midnight at which time it is 

observed whether or not it is raining. 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
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further investments, with each compounded forwards for the relevant period at rate R (with 𝐴0 

compounded for T years, 𝐴1 for T-1 years, etc), and then this expected payoff is discounted for 

T years at rate k.  For example, with investments of 𝐴0 now and 𝐴1 in one year, equation (3) 

becomes: 

                                        𝐴0 +
𝐴1

1 + 𝑘
=

𝑝[𝐴0(1 + 𝑅)𝑇 + 𝐴1(1 + 𝑅)𝑇−1]

(1 + 𝑘)𝑇
                                  (5) 

So 

                           (1 + 𝑅)𝑇 + (
𝐴1

𝐴0
) (1 + 𝑅)𝑇−1 =

(1 + 𝑘)𝑇 + (
𝐴1

𝐴0
) (1 + 𝑘)𝑇−1

𝑝
                     (6) 

 

Equation (5) or (6) is solved numerically for R.  In this case, the value of R depends upon the 

value of 𝐴1/𝐴0 as well as T, the probability of viability (p), and the cost of capital for the 

investment (k).  For example, suppose that 𝐴1/𝐴0  = 1, T = 2, k = 0.1 and p = 0.7.  The solution 

is R = 0.39, which is slightly larger than if the additional investment was not present (0.31, as 

per Table 1).  Equation (6) is a generalisation of equation (4), to allow for cases when there are 

investments in addition to the initial one, such as 𝐴1. 

 

Venture capital situations, in which many projects are financed on the basis that the successful 

ones will compensate for the failures, are similar in principle to PEXA’s situation.  Prima facie, 

venture capital situations can provide a direct estimate of R, as follows.  For example, suppose 

the viability of a venture capital project will be determined in a year, the probability of success 

is 𝑝𝑣, the investment is 𝐴𝑣, and the cost of capital is 𝑘𝑣.  To justify this investment, the expected 

rate of return on the project conditional on it succeeding (𝑅𝑣) must be such that the present 

value of the project is at least the investment of 𝐴𝑣: 

 

𝑝𝑣𝐴𝑣(1 + 𝑅𝑣)

1 + 𝑘𝑣
≥ 𝐴𝑣 

 

Competition between venture capitalists should drive down 𝑅𝑣 until the present value of the 

expected payoff is equal to the investment.  It follows that: 

 

𝑝𝑣𝐴𝑣(1 + 𝑅𝑣)

1 + 𝑘𝑣
= 𝐴𝑣 

The solution is 
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𝑅𝑣 =
1 + 𝑘𝑣

𝑝𝑣
− 1 

 

This rate 𝑅𝑣 will be the same as the appropriate regulatory compounding rate R in equation (1) 

if the costs of capital for PEXA and the venture capital comparator (k and 𝑘𝑣) are the same and 

the probabilities of viability for PEXA and the venture capital comparator (p and 𝑝𝑣) are the 

same.  However, this may not be the case.  Furthermore, as shown above, viability may not be 

determined until more than one year has elapsed and there may be further investments during 

these years.  If any of these four features differ between PEXA and the average of the proposed 

venture capital comparators examined, the average value of 𝑅𝑣 obtained from the venture 

capital comparators will not be equal to the value of R that is relevant to PEXA’s situation, and 

these proposed comparators will then be unsuitable.  This is similar to the issue of choosing 

suitable comparators for estimating the unlevered beta of a business. 

 

To illustrate this point, suppose that the investments by PEXA and the proposed comparators 

are each made only on the commencement dates of the projects and they all have the same cost 

of capital of 10%.  Table 1 would then be relevant to all of them.  Suppose also that PEXA’s 

project involved T = 8 and p = 0.7.  Table 1 shows that the appropriate compounding rate for 

PEXA would then be 0.15.  Suppose also that the average of the proposed comparator projects 

involved T = 2 and p = 0.5.  Table 1 shows that the appropriate compounding rate for these 

projects would be 0.56.  This is almost four times the rate for PEXA of 0.15, and therefore 

these proposed comparators would be totally unsuitable for PEXA.  So, if capital venture 

comparators are used, their average values for each of these parameters (p, k, T and the 

investment ratios) must be similar to PEXA’s situation.  This requires a considerable amount 

of data about not just PEXA but about potential comparators.  A simpler approach would be to 

estimate the values of each of these parameters (p, k, T and the investments) just for PEXA, 

and insert them into a generalisation of equation (5) to estimate the compounding rate that the 

regulator should use for PEXA.  This approach will be examined in section 7. 

 

5. Response to PEXA’s Questions 

  

I now turn to PEXA’s questions, starting in this section with those warranting shorter responses. 
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5.1 Do you agree that a single successful investment should have a lower ex-ante return 

assigned than an average of the portfolio? 

 

As noted above, in its draft report, IPART argues that venture capital rates of return are not 

relevant to PEXA, on the following grounds.5  

 

“First, venture-capital benchmark returns are portfolio returns. They reflect the 

performance of many investments, most of which return little or nothing, averaged with 

a small number of successes. The high average return compensates for the probability of 

failure across the portfolio, so applying it to a single investment that is known to have 

succeeded overstates the return that was required on that investment ex ante, because it 

applies the portfolio’s failure probability, with hindsight, to the surviving investment 

alone.” 

 

The first two sentences are true.  The third sentence is wrong.  The “average return” referred 

to is the expected return for the portfolio in toto, comprising the high expected returns on those 

investments that succeed and the -100% returns on those that fail.  So, the average is not high.  

It is the expected return on successful investments that is high.  So, the third sentence 

commences by confusing the average return with the expected return on the successful 

investments.  The sentence then objects to applying this allegedly high average to investments 

that succeed.  However, the average return is neither high nor should it be applied to anything.  

The principle instead is that successful investments must be expected to earn high returns in 

order to compensate for the fact that some investments will have returns of -100% because they 

fail, and these high expected returns should then be applied to projects like PEXA if they 

succeed and are then regulated.   

 

Consider a venture capital project where viability will be known in one year, the probability of 

success is 70% and the cost of capital for the project is 10%.  As with the example in the 

previous section, the expected rate of return on an investment that succeeds must then be at 

least 57%.  If successful projects are then regulated, the regulator should use this 57% rate to 

compound the initial investment for one year, to form the initial asset base under regulation.  If 

 
5 See section 7.5.2 of IPART’s 2026 draft report:  

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-

Operator-service-fees-3-July-2026-%281%29.PDF. 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
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the regulator allowed only (say) 10% instead, then successful investments would only earn 

10% instead of 57% and failures would still earn -100%, yielding an expected rate of return 

across the whole venture capital portfolio of -23% overall.  Venture capital would then dry up.  

Accordingly, my answer to Question 1 is no and furthermore that successful projects must have 

expected returns that are higher than the portfolio average. 

 

5.2 What are typical venture capital expected returns for the period 2011-2019 as per latest 

academic and/or Australian and global benchmarks? 

 

The relevant returns here are expected returns conditional on a project being ‘successful’.  In 

its submission in response to IPART’s Methodology paper, PEXA notes a number of studies 

that provide such estimates.6  Only the three most recent studies are accessible, by Equidam, 

Damodaran, and Manigart.7  In respect of the first two of these studies, the conditional expected 

returns presented are not accompanied by any derivation, which reduces their value.  In respect 

of the last of these studies, the expected returns presented are mean responses from a survey, 

with no derivations, which again reduces their value.  Both Equidam and Damodaran correctly 

note that these conditional expected returns depend inter alia upon the probability of the project 

becoming viable, but neither reveals their estimate of this probability nor shows how it affects 

the conditional expected returns.  Furthermore, as shown in section 4, estimates of these 

conditional expected returns from venture capital projects should be drawn from comparators 

who are on average similar to PEXA in respect of several parameters, which would require 

significant analysis of potential comparators.  In view of these two points, a simpler approach 

would be to estimate the relevant parameters just for PEXA and insert them into an equation 

like (5) to obtain the compounding rate R appropriate to PEXA.  This approach will be 

 
6 See Table 2 on page 20 of PEXA’s 2026 submission to IPART:  

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-

11-May-2026-185557471.PDF.   
 
7 These are Understanding the Venture Capital Method for Calculating Required Returns, Equidam, 2025, 

www.equidam.com/resources/equidam-vc-method-paper.pdf; Valuing Young, Start-Up and Growth Companies: 

Estimation Issues and Valuation Challenges, A. Damodaran, 2009, 

https://pages.stern.nyu.edu/~adamodar/pdfiles/papers/younggrowth.pdf; “Determinants of Required Returns in 

Venture Capital Investments: A Five Country Study”, S. Manigart, Journal of Business Venturing, vol. 17, 2002, 

pp. 291-312, https://www.sciencedirect.com/science/article/abs/pii/S0883902600000677. 

 

 
 

 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
http://www.equidam.com/resources/equidam-vc-method-paper.pdf
https://pages.stern.nyu.edu/~adamodar/pdfiles/papers/younggrowth.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0883902600000677
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examined in section 7.  So, my response to the question is that it is not possible to reliably 

estimate typical venture capital expected returns conditional on a project being ‘successful’. 

 

5.3 Should Ownership type change the Expected Return Rate? 

 

In its draft report, IPART argues that “The platform was established with government 

sponsorship and funding from major banks that were expected to be subscribers, which would 

be expected to reduce the probability of total failure, and to reduce adoption and stranding risk, 

relative to a typical seed-stage venture.”8  This statement was intended to reinforce their view 

that expected returns from venture capital projects were not relevant to PEXA.  I was instructed 

that, in order to establish PEXA Exchange, PEXA needed to overcome technological hurdles, 

these took from around 2011-2014 to deal with, and the first transaction was not completed on 

PEXA Exchange until 2014.  Support from government and banks could not address these 

problems.  I was further instructed that, once these problems were overcome, PEXA needed to 

overcome resistance to the new technology from solicitors who performed conveyancing.  

Funding from government and banks may have lessened resistance from this group, because 

funding from government may have been seen as a precursor to mandating if voluntary uptake 

was insufficient, and funding from banks may have been seen as a signal of confidence from a 

major group of potential users.  However, any such effects cannot have been very large because 

the resistance was overcome very slowly, as evidenced by the very slow growth in revenues in 

the first six years in which they were generated, of $1m, $4m, $11m, $38m, $108m and $154m 

in FY2015…FY2020.9  By contrast, funding from government and the banks was useful in 

overcoming the financing hurdle that all venture capital projects face, but this has no relevance 

to the compounding rate that a regulator should use in equation (5) because that rate reflects 

the probability that the venture would succeed if it was initiated, and financing facilitates the 

initiation of the project rather than raising the subsequent probability of success. 

 

In summary, despite the funding from government and banks, the PEXA project still faced 

major failure risks that would resemble those of many venture capital projects.  So, in principle, 

 
8 See section 7.5.2 of IPART’s 2026 report:  

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-

Operator-service-fees-3-July-2026-%281%29.PDF. 

 
9 Data were derived from the “Import” tab of “ELNO Services Fees Model-Draft Report for PEXA”, which was 

provided to me by PEXA. 

 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
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PEXA’s initial ownership mix is not grounds to disregard conditional expected returns from 

venture capital projects.  However, the previous section highlights two difficulties with this 

approach and proposes an alternative.  This alternative is examined in section 7 and the issue 

of differences between PEXA and typical capital venture projects is considered there.   

 

5.4 Does the actual return of investors over the period serve as a relevant benchmark? 

 

The issue here is whether the actual returns earned by investors are useful for estimating the 

IAB.  The IAB should be determined from PEXA’s cost of capital and the risk that it would 

fail.  The cost of capital is an equilibrium expected rate.  On any given investment, the actual 

rate earned could be substantially more or less, even over a long period of time.  However, the 

actual returns earned over a highly-diversified portfolio of investments over a long period 

provide useful evidence about the equilibrium expected rate on that portfolio.  The classic 

example of this is using the actual rate of return on the market portfolio (net of the risk-free 

rate) over a long period as an estimate of the market risk premium.  The widely used estimate 

of 6% for the latter parameter arises from such an approach.  However, this approach would be 

much less useful for estimating the expected rate of return for PEXA or even a portfolio of 

venture-capital projects because diversification is low and the time period is not very long.  For 

example, Burguet et al examines actual rates of return on a large set of venture capital backed 

businesses in the US over the period 2010-2022, and finds that the average return is 39% but 

the confidence interval is extremely wide, and therefore the estimate of 39% is quite 

unreliable.10  

 

5.5 From when (over the period of historical investment in PEXA) is the appropriate time to 

apply a regulatory WACC to PEXA?  What are the market conditions that would make it 

appropriate? 

 

Over some period following the initial investment in PEXA, it is appropriate to use a 

compounding rate that reflects the risk that the project would fail, followed subsequently by a 

‘regulatory’ cost of capital.  The end of the first such period arises when the viability of the 

project was apparent.  Both PEXA and IPART appear to agree that this is at the end of 

 
10 See Table 8 of F. Burguet, L. Marechal, and A. Mermoud, 2022.  “The New Risk and Return of Venture Capital”, 

https://technology-observatory.ch/wp-content/uploads/2022/11/The-new-risk-and-return-of-venture-capital.pdf. 

https://technology-observatory.ch/wp-content/uploads/2022/11/The-new-risk-and-return-of-venture-capital.pdf


 

15 
 

FY2019.11  This seems reasonable because the following market conditions prevailed at that 

time.  Firstly, revenues were growing rapidly at that point (from $11m in FY2017 to $38m in 

FY2018 and $108m in FY2019) and net cash flow turned positive from that point.12  Secondly, 

it was privatised shortly before this point, which was a sign of confidence among the buyers.  

Thirdly, mandating of the technology had commenced shortly before this point, which was a 

sign of confidence by government.13  Accordingly, from the end of FY2019, the viability of 

PEXA Exchange was apparent due to these market conditions. 

 

5.6 What would be an appropriate transition path to the regulatory WACC? 

 

PEXA examines a number of possible transition paths for the compounding rates that should 

be used by the regulator, based upon conditional expected returns from venture capital 

situations.14  I have been asked to assess which path is appropriate.  As I have argued in section 

5.2, these estimates of conditional expected returns are not accompanied by any derivations, 

which reduces their value, and they would have to be analysed in some detail to identify those 

relevant to PEXA.  It is therefore not possible to reliably estimate the transition path with this 

data.  Section 7 examines an alternative approach to estimating the compounding rate; this 

approach requires only one compounding rate and therefore a transition path is not relevant. 

 

6. Comparison with IPART’s IAB 

 

I now consider PEXA’s seventh question, involving explaining any differential between 

IPART’s draft recommendation for the IAB of $368m and PEXA’s recovery of investment 

estimates, with the latter after any adjustments arising from my responses to the previous 

 
11 See page 72 of IPART’s 2026 report (https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-

Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF), and section 3.4.4 of 

PEXA’s submission to IPART (https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-

Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF). 

 
12 The data supporting this appears in the “Import” tab of “ELNO Services Fees Model-Draft Report for PEXA”, 

which was provided to me by PEXA. 

 
13 The dates of privatisation and the commencement of mandating are noted in Table 3 of PEXA’s submission to 

IPART: https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-

suppressed-11-May-2026-185557471.PDF. 

 
14 See Table 4 of PEXA’s submission to IPART: 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-

11-May-2026-185557471.PDF. 

 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
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questions.  None of my responses to these questions warrant any adjustment to PEXA’s 

recovery of investment estimates of the IAB, but I favour an alternative approach to be 

explained in the next section.  So, I now explain the difference between IPART’s proposed IAB 

of $368m and the lowest of PEXA’s recovery of investment estimates of $1,400m.15   

 

This difference is unsurprising because the formulas are entirely different.  IPART’s $368m is 

the sum of capex over the 2011-2027 period, indexed to 2027 dollars and depreciated, plus 

opex over the 2011-2019 period (with the small revenues in this period ignored) amortised over 

15 years.  This is not a recovery of investment approach, and the errors here are as follows.  

Firstly, in respect of capex in the 2011-2019 period, the depreciation is unwarranted as it is a 

process for recovering the expenditure and there are no net revenues over this period that makes 

this possible.  For example, suppose PEXA incurred capex of $50m in 2011 and it was 

depreciated to zero by 2019.  IPART’s $368m would then have ignored this capex, but it was a 

cost of establishing the business.  Secondly, the amortisation of the opex is unwarranted, and 

especially so because amortisation would have eliminated most of it by 2026.  The opex in this 

period was a cost of establishing the business.  The unamortised amount should be included in 

the IAB and never amortised because it continues to benefit PEXA’s revenues indefinitely.  It 

is in principle no different to land.  Thirdly, compounding forward the undepreciated capex to 

2026 by an inflation index is incorrect.  The capex is an investment that must be recovered 

from future revenues and therefore must be compounded forwards using a rate that is at least 

the cost of capital and the cost of capital alone will be higher than an inflation rate.  Fourthly, 

over the 2011-19 period, this compounding rate must also incorporate an allowance for the ex-

ante probability that the business would not attain viability by 2019.  For all of these reasons, 

IPART’s figure of $368m is likely to be too low. 

 

As noted, IPART also performs a “cross-check” on this calculation of $368m.  This is a 

recovery of investment method, which starts with the first expenditures in 2011, compounds 

them up for one year, then deducts the net cash flow for 2012 to form a new closing balance 

for 2012, and repeats this process for each year until 2027.  IPART notes that the result is highly 

sensitive to the choice of compounding rates, and that only the highest set of rates considered 

 
15 See Chapter 7 of IPART’s 2026 report: (https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-

Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF), and page 23 of 

PEXA’s submission to IPART (https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-

Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF).  IPART’s figure is for 1 July 2027 whilst 

PEXA’s is for 1 July 2026, and the analysis in this section uses 1 July 2027. 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Draft-Report-Electronic-Lodgment-Network-Operator-service-fees-3-July-2026-%281%29.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
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by them yields a result greater than $368m, and then only marginally.  These compounding 

rates are 35% in 2011 linearly declining to a cost of capital of 4.6% in 2020, followed by costs 

of capital from there to 2027.  The implication is that the $368m is reasonable.  However, 

IPART offers no rationale for these upper bound compounding rates, other than to state that 

they are not venture capital rates.  It may be considered that the rates in the 2011-2019 period 

are sufficiently far above normal costs of capital that they must be generous.  However, as 

shown in section 4 of this paper, the appropriate compounding rates in the 2011-20 period are 

not costs of capital but costs of capital augmented by an allowance for the ex-ante probability 

that the business would not reach viability.  As also shown in section 4 of this paper, the 

appropriate rates may be well above the average of the upper bound values used by IPART 

(20%, by averaging over their values of 35% and 4.6%). 

 

By contrast, PEXA’s lowest recovery of investment estimates of $1,400m is determined by 

compounding forward the net cash flows in the 2011-27 period in the same way that IPART’s 

cross-check does, except that PEXA uses compounding rates in the 2011-19 period that are 

derived from venture capital projects.  PEXA examines a number of possibilities, of which the 

lowest involves a rate of 65% in 2011 declining linearly to a cost of capital in 2020, followed 

by costs of capital until 2026.  These minimum rates for 2011-19 are well in excess of IPART’s 

highest rates for the same period, and this leads to a much higher balance than IPART’s cross-

check method in 2019.  Even using the same costs of capital from that point would accentuate 

the difference in the 2027 balances because the costs of capital used from 2020-2027 are 

applied to higher balance figures in each year from 2020-27 resulting from PEXA’s higher 

earlier compounding rates.  To demonstrate this point, suppose that both PEXA’s and IPART’s 

calculations used the same cost of capital of 9% from 2020-27, and differ only in using a 

compounding rate of 35% in 2011 (IPART) or 65% in 2011 (PEXA), with linear decline to the 

rate of 9% in 2020.16  Table 2 shows the essential calculations, with the net cash flow (NCF) 

values drawn from Table 4, followed by the compounding rates and balances for IPART, and 

then the same for PEXA, with both to 1 July 2027.   

 

With the much higher compounding rates in 2011-19, PEXA’s balance is $1189m at the end of 

FY2019 compared to $716m for IPART’s cross-check.  After that, and using the same net cash 

 
16 The WACC values used by IPART and PEXA over the 2020-27 period differ from each other and by year, and 

the uniform rate of 9% is used here merely to demonstrate the effect of the 2019 balance on the 2027 result.  The 

uniform rate of 9% is similar to the average in the fifth column of Table 4. 
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flows and the same cost of capital of 9%, PEXA’s balance increases slightly to $1215m in 2026 

whilst IPART’s figure more than halves to $272m.  Thus, about half of the difference in the 

results in 2027 is due to the magnifying effect of the difference in 2020.  In effect, IPART’s 

balance in 2011 is so low that the cost of capital allowance of 9% from 2020-2026 is less than 

the effect of the positive net cash flows in that period, and therefore the balance in 2026 is 

lower than in 2019, whilst PEXA’s balance in 2019 is sufficiently high that the cost of capital 

allowance of 9% from 2020-2026 outweighs the effect of the positive net cash flow, and 

therefore the balance in 2026 is higher than in 2019.  By way of analogy, if two people (A and 

B) are each given $1m in 2005 to invest, and A earns 5% per year for the first ten years whilst 

B earns 10%, and neither makes any withdrawals, A will have $1.63m after ten years while B 

will have $2.59m.  If they each then earn 7% per year for the next ten years and make 

withdrawals of $0.17m per year, A’s balance will fall to $0.86m after ten years while B’s 

balance will grow further to $2.75m. 

 

Table 2: Estimated IABs Arising from IPART’s and PEXA’s Compounding Rates 

___________________________________________________________________________ 

Year NCF IPART IPART PEXA PEXA 

___________________________________________________________________________ 

2011 -$19m 0.35 $19m 0.65 $19m 

… … … … … … 

2019 -$7m 0.12 $716m 0.16 $1189m 

2020 $36m 0.09 $744m 0.09 $1260m 

2021 $85m 0.09 $726m 0.09 $1289m 

… … … … … … 

2027 $142m 0.09 $272m 0.09 $1215m 

___________________________________________________________________________

  

So, the key issue here is whose compounding rates in 2011-19 are more appropriate.  The rates 

from IPART are entirely arbitrary and reveal no recognition of the issue that PEXA’s initial 

investment might have failed and that the compounding rates for 2011-19 must reflect that.  

PEXA’s rates obtained from venture capital data reflect that issue but, as described in section 

5.2, are subject to the problems of choosing suitable venture capital comparators and then 

obtaining reliable estimates of their expected returns conditional on a project being successful. 
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In summary, IPART’s proposed IAB of $368m is much less than even the lowest of PEXA’s 

recovery of investment results ($1,400m) because IPART’s proposed figure is not determined 

by a recovery of investment method.  Furthermore, even where IPART does use a recovery of 

investment method as a cross-check and obtains a similar result to $368m, the primary cause 

is that IPART’s compounding rates used in the 2011-2019 period are much lower than PEXA’s, 

and are not based upon any recognition that PEXA’s initial investment might have failed.   

 

7. An Alternative Approach 

 

I now consider the last question raised by PEXA, as to whether there is an alternative 

methodology for estimating the IAB in 2027 that has not been advanced by IPART.  There is 

such an approach, differing only from IPART’s cross-check method and PEXA’s recovery of 

investment method in the compounding rates used from 2011-19.  The investment commenced 

in FY2011.  As discussed in section 5.5, IPART and PEXA agree (and it seems reasonable) that 

viability was attained at the end of FY2019.  The net cash flows up to then are shown in Table 

4, and are all negative.17  These  net expenditures incurred in the 2011-19 period must be 

compensated for by subsequent net cash flows, which are those in FY2020-27 (before price 

regulation) plus those that will arise from FY2027 after price regulation has been implemented. 

 

The process consists of two steps.  The first step is for the regulator to compound up these 

investments in the 2011-19 period using some rate R to achieve a compounded sum at the end 

of FY2019, 𝑉19, which the regulator permits compensation of from subsequent net cash flows 

(but only if viability is attained): 

 

                                    𝑉19 = $19𝑚(1 + 𝑅)6 + $18𝑚(1 + 𝑅)5 + ⋯ + $7𝑚                               (7) 

 

As before, PEXA’s cost of capital in this 2011-19 period is denoted k and the probability that 

viability is achieved is denoted p.  Since the probability that this benefit of 𝑉19 will arise is only 

p, then the expected benefit is 𝑝𝑉19, which is discounted back to 2011 using the rate k to obtain 

the present value of the benefit.  The regulator should choose R so that the present value in 

2011 of this future benefit is equal to the present value in 2011 of the net expenditures in the 

 
17 The figures are derived from the “Import” tab of “ELNO Services Fees Model-Draft Report for PEXA”. 
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2011-19 period, which means the investors in PEXA are compensated in present value terms, 

i.e., they recover their investment: 

 

                                           $19𝑚 +
$18𝑚

1 + 𝑘
+ ⋯ +

$7𝑚

(1 + 𝑘)8
=

𝑝𝑉19

(1 + 𝑘)8
                                    (8) 

 

This equation, with the present value of the net expenditures over 2011-19 on the LHS and the 

present value of the benefit on the RHS, is a version of equation (5), extended to reflect 

additional investments in the pre-viability stage.  To estimate k, I use the standard version of 

the Capital Asset Pricing Model (or CAPM), which is used by all Australian regulators.18  This 

model specifies the cost of equity capital as the sum of the risk-free rate (𝑅𝑓) plus a premium 

equal to the product of the market risk premium (∅) and the systematic risk of equity (𝛽𝑒): 

 

                                                                    𝑘𝑒 = 𝑅𝑓 + ∅𝛽𝑒                                                             (9) 

 

All of these Australian regulators use estimates of the market risk premium of around 6%, and 

I use this figure.19  The appropriate risk-free rate here is the eight-year rate at the beginning of 

the 2011 year (June 2010), and the value is 5.19%.20  In respect of PEXA’s systematic risk 

(beta) over the 2011-19 period, which corresponds to the period when PEXA was equivalent 

to a venture capital project, estimates for such projects are complicated by the scarcity of 

valuation data.  Cochrane uses valuation data from 1987-2000 on venture capital investments 

from funding rounds and exits (via an IPO, being acquired or closing down) to estimate the 

 
18 The model was developed by W. Sharpe, “Capital Asset Prices: A Theory of Market Equilibrium Under 

Conditions of Risk”, Journal of Finance, vol. 19, 1964, pp. 425-442, and J. Lintner, “The Valuation of Risky 

Assets and the Selection of Investments in Stock Portfolios and Capital Budgets”, Review of Economics and 

Statistics, vol.47, 1965, pp.13-37.  Examples of regulatory use in Australia are the AER, Rate of Return Instrument 

Explanatory Statement, 2022 (https://www.aer.gov.au/industry/registers/resources/guidelines/rate-return-

instrument-2022), and IPART, Review of Our WACC Method, 2018 

(https://www.ipart.nsw.gov.au/sites/default/files/documents/final-report-review-of-our-wacc-method-february-

2018_0.pdf). 

 
19 For example, IPART uses 6% for its long-term rate 

(https://www.ipart.nsw.gov.au/sites/default/files/documents/final-report-review-of-our-wacc-method-february-

2018_0.pdf) and the AER uses 6.2% (https://www.aer.gov.au/industry/registers/resources/guidelines/rate-return-

instrument-2022) 

 
20 This rate is interpolated from the values of 4.97% and 5.33% for five and ten-year Australian government bonds 

respectively, with both averaged over June 2010 (the month immediately preceding the commencement of 

FY2011): see Table F2 on the RBA’s website at https://www.rba.gov.au/statistics/historical-data.html. 

 

https://www.aer.gov.au/industry/registers/resources/guidelines/rate-return-instrument-2022
https://www.aer.gov.au/industry/registers/resources/guidelines/rate-return-instrument-2022
https://www.ipart.nsw.gov.au/sites/default/files/documents/final-report-review-of-our-wacc-method-february-2018_0.pdf
https://www.ipart.nsw.gov.au/sites/default/files/documents/final-report-review-of-our-wacc-method-february-2018_0.pdf
https://www.ipart.nsw.gov.au/sites/default/files/documents/final-report-review-of-our-wacc-method-february-2018_0.pdf
https://www.ipart.nsw.gov.au/sites/default/files/documents/final-report-review-of-our-wacc-method-february-2018_0.pdf
https://www.aer.gov.au/industry/registers/resources/guidelines/rate-return-instrument-2022
https://www.aer.gov.au/industry/registers/resources/guidelines/rate-return-instrument-2022
https://www.rba.gov.au/statistics/historical-data.html
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overall (unlevered) beta of these investments at 2.04.21  This sample is biased towards better 

performers, and Cochrane therefore models the returns for the other investments, leading to a 

lower overall estimate of beta of about 1 (ibid, Table 7).  Burguet et al applies this methodology 

to a much larger, more recent, and seemingly more accurate data set (2010-2022) and estimates 

the beta of venture capital activities at 1.37 in aggregate and 1.81 for the “Tech” industry.22  

They also estimate the beta of a VC Index (a portfolio of listed assets that approximately 

mimics the returns on the VC industry) at 1.56.  A plausible estimate for PEXA’s unlevered 

beta in the 2011-19 period is therefore 1.37 – 1.81.  Substituting these parameter values of 𝑅𝑓 

= 0.0519, ∅ = 0.06, and 𝛽𝑒 = 1.37 – 1.81 into equation (9) yields estimates for PEXA’s 

unlevered cost of capital of 0.134 to 0.161, with a midpoint of 0.148.23 

 

In respect of the appropriate value for p (the ex-ante probability that viability would be attained 

by PEXA), venture capital studies provide a starting point.  The results here are quite variable, 

‘success’ is not defined for the large proportion of projects that typically have not exited the 

private equity market by the end of each study, and ‘success’ is not even clear when the business 

is purchased by another company because the purchase price may be sufficiently low that the 

return on the investment is negative.  For example, of 20,961 venture-backed startups in the 

US in 1987 that were studied by Hall and Woodward over the following 20 years, 10% exited 

via an IPO, 25% were acquired by another company, 15% were zero-value terminations, a 

further 19% were defacto zero-value terminations (because their last financing round was over 

five years before the end of the study), and the remaining 31% had not exited by the end of the 

study.24  So, judging all IPOs to be successes, of those who exited, 14% – 51% were successes.  

By contrast, among 7,765 venture-backed startups in the US over the 1987-2000 period studied 

by Cochrane, 25% were IPOs or registered for this, 20% were acquired, 9% ceased business, 

 
21 See Table 3 of J. Cochrane, “The Risk and Return of Venture Capital”, NBER Working Paper 8066, 2001, 

https://www.nber.org/system/files/working_papers/w8066/w8066.pdf. 

 
22 See Table 8 of F. Burguet, L. Marechal, and A. Mermoud, “The New Risk and Return of Venture Capital”, 2022,  

https://technology-observatory.ch/wp-content/uploads/2022/11/The-new-risk-and-return-of-venture-capital.pdf. 

These estimates are against the S&P500 index, which proxies for the US market index.  The authors find lower 

beta estimates against the Nasdaq and Russell 2000 indexes but these are less satisfactory proxies for the US 

market portfolio than the S&P500. 

 
23 PEXA had no debt in the 2011-19 period, so its unlevered cost of capital is also its overall cost of capital in 

this period (WACC). 

 
24 See section 3.1 of R. Hall, and S. Woodward, “The Burden of the Nondiversifiable Risk of Entrepreneurship”, 

NBER working paper 14219, 2008, https://www.nber.org/system/files/working_papers/w14219/w14219.pdf. 

 

https://www.nber.org/system/files/working_papers/w8066/w8066.pdf
https://technology-observatory.ch/wp-content/uploads/2022/11/The-new-risk-and-return-of-venture-capital.pdf
https://www.nber.org/system/files/working_papers/w14219/w14219.pdf
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and 46% had not exited by the end of the study.  So, of those who exited, 46% - 83% were 

successes.25  If one examines returns rather than types of exits, and defines failure as a return 

less than the cost of capital, this is still only determinable for projects that exited during the 

study period (through an IPO, acquisition by another company, or write-off).  Upon examining 

5,400 venture capital investments in North America and Europe over the 1980-2005 period, 

Achleitner et al estimated the median return for those that exited as -14%; the 50% of cases 

below this median would all be failures plus a further indeterminate percentage of the rest 

(those with returns below their cost of capital).26  

 

These variable and imprecise results suggest an estimate for the probability of success of a 

typical venture capital project of about 0.5, with adjustment to reflect factors specific to PEXA.  

As discussed in section 5.3, IPART argues that the involvement of government and banks 

warranted a higher probability for PEXA.  However, as discussed there, any such effect was 

mild at most.  Furthermore, as also discussed there, PEXA faced both technological hurdles 

and resistance from solicitors involved in conveyancing, and these dual hurdles may have 

imparted a higher risk of failure to PEXA than a typical venture capital project.  In addition, 

PEXA notes that two previous attempts (in Victoria by ECV and across Australia by NECO) 

failed.27  These earlier failures strongly suggest that the project faced unusually significant 

difficulties, implying that the probability of PEXA succeeding was below that of a typical 

venture capital project, and therefore that an estimate below 0.5 would be warranted for PEXA. 

 

This information from venture capital studies along with the two previous fails could be 

formally analysed using a Bayesian approach, in which the venture capital results provide a 

“prior” probability distribution for p, the two “fails” are the sample results (from binomial 

trials), and they modify this prior distribution to a “posterior” distribution, with the point 

estimate for p being the mean of the distribution.  The natural statistical choice for the prior 

 
25 See Table A of J. Cochrane, “The Risk and Return of Venture Capital”, NBER Working Paper 8066, 2001, 

https://www.nber.org/system/files/working_papers/w8066/w8066.pdf. 

 
26 See Table 3, Panel A, of A. Achleitner, N. Engel, and U. Reiner, “The Performance of Venture Capital 

Investments: Do Investors Overreact?”, 2012, working paper, 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2033762. 

 
27 See page 21 of PEXA’s submission to IPART: 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-

11-May-2026-185557471.PDF). 

 

https://www.nber.org/system/files/working_papers/w8066/w8066.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2033762
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF


 

23 
 

distribution is the beta distribution, which is a family of distributions that model a parameter 

whose value lies between 0 and 1, and the posterior distribution would then also be a beta 

distribution.  Such distributions have two parameters denoted α and β.28  The variable and 

imprecise results from venture capital studies suggests that the spread in the prior distribution 

(represented by the standard deviation) should be significant and plausible values for the mean 

should lie within a wide band around 0.5.  I therefore consider values for the prior mean of 0.3 

– 0.7 and values for the prior standard deviation of 0.2 – 0.288.29  For example, if the prior 

distribution had a mean of 0.5 and a standard deviation of 0.25, the relevant beta distribution 

would have parameters of α = 1.5 and β = 1.5, and the two “fails” would then produce a 

posterior beta distribution with parameters of α = 1.5 and β = 3.5, which has a mean of 0.30.  

So, the two fails would reduce the point estimate of p from 0.5 to 0.3.  Table 3 shows the 

posterior means for a range of values for the prior mean (𝜇𝑝) and the prior standard deviation 

(𝜎𝑝).  The range of values for the posterior mean is from 0.13 to 0.48.30 

 

Table 3: Estimates of the Posterior Mean for the Probability that PEXA would Succeed 

___________________________________________________________________________ 

 𝜇𝑝 = 0.3 𝜇𝑝 = 0.5 𝜇𝑝 = 0.7 

___________________________________________________________________________

𝜎𝑝 = 0.20 0.20 0.36 0.48 

𝜎𝑝 = 0.25 0.16 0.30 0.38 

𝜎𝑝 = 0.288 0.13 0.25 0.30 

___________________________________________________________________________ 

 

This Bayesian analysis implicitly assumes that PEXA’s probability of success was the same as 

that facing its predecessors in each of the previous two attempts.  This is not true because PEXA 

will have learned some things from its predecessor’s attempt (ECV) and ECV also from its 

predecessor’s attempt.  This implies that the probability of PEXA succeeding was larger than 

suggested by the posterior means shown in Table 3.  However, PEXA did not possess any 

 
28 The use of the word “beta” to describe such distributions and the name of one of their parameters is unrelated 

to the use of the same word “beta” to describe systematic risk. 

 
29 The upper limit on the standard deviations examined is 0.288 because any higher value would lead to a prior 

distribution in which the probability was higher at both ends of the distribution than elsewhere, which would not 

be appropriate here.   

 
30 Appendix 1 illustrates how these calculations are done, for the middle entry in the last row (0.25). 
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decisive advantage over its predecessors, such as mandating; mandating was not prescribed by 

ARNECC and ARNECC explicitly denied any intention to do so.31  All three attempts faced 

considerable resistance to change from solicitors engaged in conveyancing.  So, a plausible 

point estimate for the probability of PEXA succeeding is greater than the mean in Table 3 

(0.28), but not by a substantial margin and not more than 0.5 because this was the “prior” 

estimate.  This suggests a range of 0.3 – 0.5 with a point estimate of 0.4.  This is consistent 

with the earlier informal analysis, in which the venture capital studies suggested an estimate 

for p of 0.5 followed by some reduction for PEXA to reflect the two earlier failed attempts. 

 

In summary, the plausible range of values for k is 0.134 – 0.161, and that for p is 0.3 – 0.5, with 

point estimates of k = 0.148 and p = 0.4.  Substituting the latter two estimates into equation (8) 

yields 𝑉19 = $1,490m, i.e., this value multiplied by 40% yields an expected value of $596m, 

and discounting this at 14.8% for eight years yields $198m, which equals the LHS of equation 

(8) and is the present value in 2011 of the investment expenditures over the period 2011-19.  

So, investors in PEXA invested amounts over the first eight years, with a present value in 2011 

of $198m, but with only a 40% probability of the project being viable, so the regulator would 

have to allow recovery of $1,490m in 2019 if viability was achieved in order to justify the 

investment of $198m.  Substitution of this $1,490m into equation (7) would yield the 

compounding rate of R = 39.1%.  So, expressed equivalently, the regulator would have to apply 

a compounding rate of 39.1% to the investments made in 2011-19 in order to justify these 

investments being made.  This is shown in Table 4.  Alternatively, using k = 0.134 and p = 0.5 

in equation (8) yields 𝑉19 = $1,130m and therefore R would be 32%. Alternatively, using k = 

0.161 and p = 0.3 in equation (8) yields 𝑉19 = $2,087m and therefore R would be 48%.  So, the 

range of values for 𝑉19 is from $1,130m to $2,087m, with a point estimate of 𝑉19 = $1,490m. 

 

These estimates of 𝑉19 are conservative because the estimates for k (from 0.134 to 0.161) are 

conservative for two reasons.  Firstly, the use of the CAPM to estimate k does not allow for the 

inferior liquidity of an investment in PEXA in the 2011-19 period relative to that of the highly 

liquid government bonds and listed equities that are used in the CAPM in equation (9) to 

estimate k; recognition of this point would raise k.  Secondly, the use of the CAPM to estimate 

k also does not allow for the poor diversification of investors in private equity because such 

 
31 See page 21 of PEXA’s submission to IPART: 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-

11-May-2026-185557471.PDF). 

https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
https://www.ipart.nsw.gov.au/sites/default/files/cm9_documents/Online-Submission-PEXA-Name-suppressed-11-May-2026-185557471.PDF
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assets are typically held in large chunks (due to the high cost of assessing such projects, arising 

from the lack of publicly available information) whilst the CAPM implies that all investors 

hold all risky assets in their (well-diversified) market proportions; recognition of this point 

would also raise k.32  Consistent with these points, Burguet et al estimates the expected returns 

on venture capital projects at 0.39 across all industries and 0.44 for the “Tech” industry, and 

these expected returns are well in excess of the rates of 0.134 and 0.161 implied by their betas.33 

 

Table 4: Estimating the IAB in 2027 

___________________________________________________________________________ 

Year NCF R 𝑅𝑓 WACC IAB 

___________________________________________________________________________ 

2011 -19 0.391  

2012 -18 0.391    

2013 -39 0.391 

2014 -44 0.391 

2015 -54 0.391 

2016 -49 0.391 

2017 -64 0.391 

2018 -48 0.391 

2019 -7 0.391   1,490  

2020 36  0.010 0.062  

2021 85  0.003 0.055  

2022 124  0.005 0.057 

2023 101  0.029 0.081 

2024 116  0.039 0.091 

2025 135  0.040 0.092 

2026 147  0.033 0.085  

2027 142  0.045 0.097 1,564  

___________________________________________________________________________ 

 
32 Both points are raised by J. Cochrane, “The Risk and Return of Venture Capital”, NBER Working Paper 8066, 

2001, page 2, https://www.nber.org/system/files/working_papers/w8066/w8066.pdf. 

 
33 See Table 8 of F. Burguet, L. Marechal, and A. Mermoud, “The New Risk and Return of Venture Capital”, 2022,  

https://technology-observatory.ch/wp-content/uploads/2022/11/The-new-risk-and-return-of-venture-capital.pdf. 

The standard deviations on these estimates of 0.39 and 0.44 are at least as large as the estimates and therefore the 

estimates are not very reliable. 

 

https://www.nber.org/system/files/working_papers/w8066/w8066.pdf
https://technology-observatory.ch/wp-content/uploads/2022/11/The-new-risk-and-return-of-venture-capital.pdf
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The second step in this process is to use the estimate for 𝑉19 to deduce the IAB on 1 July 2027, 

denoted 𝑉27.  These two values are linked by the net cash flows for 2020-27 and the costs of 

capital for 2019-26, as follows: 

 

𝑉19(1 + 𝑘19) − 𝐶𝐹20 = 𝑉20,   𝑉20(1 + 𝑘20) − 𝐶𝐹21 = 𝑉21, … , 𝑉26(1 + 𝑘26) − 𝐶𝐹27 = 𝑉27 

                                                                                                                                              (10) 

 

For example, the first of these equations starts with the amount received by PEXA investors in 

2019 that would compensate them for their earlier investment, which is 𝑉19, and converts this 

into an equivalent amount one year later (𝑉20) by raising 𝑉19 by the cost of capital for one year 

and then deducting the net cash flow received in FY2020.  The net cash flows appear in Table 

4.  In respect of the cost of capital, PEXA had some debt finance in this 2020-27 period, so its 

cost of capital here is a weighted average over debt and equity (WACC).  In respect of the cost 

of debt (𝑘𝑑), this is the risk-free rate (𝑅𝑓) plus a debt margin.  The Reserve Bank of Australia 

(RBA) provides estimates for A and BBB-rated bonds, for various terms up to ten years.  I 

consider ten-year BBB bonds would be appropriate and the average premium over ten-year 

government bonds over the 2020-2026 period is 1.9%.34  So the cost of debt is 

 

                                                                  𝑘𝑑 = 𝑅𝑓 + 0.019                                                          (11) 

 

In respect of the cost of equity 𝑘𝑒, using the CAPM in equation (9) and the standard conversion 

formula of the equity beta 𝛽𝑒 to an unlevered beta 𝛽𝑢 with leverage L, which is 𝛽𝑒(1 − 𝐿) =

𝛽𝑢, the cost of equity is: 

                                                   𝑘𝑒 = 𝑅𝑓 + ∅𝛽𝑒 = 𝑅𝑓 + ∅ (
𝛽𝑢

1 − 𝐿
)                                          (12) 

 

Using equations (11) and (12), with weight L on 𝑘𝑑 and weight (1 – L) on 𝑘𝑒, the WACC is 

 

                                    𝑊𝐴𝐶𝐶 = 𝑘𝑒(1 − 𝐿) + 𝑘𝑑𝐿 = 𝑅𝑓 + ∅𝛽𝑢 + 0.019𝐿                            (13) 

 
34 The average of monthly yields for ten-year government bonds from July 2019 to June 2026 is 3.01%: see the 

RBA’s Table F2 at https://www.rba.gov.au/statistics/tables/.  The average for ten-year BBB bonds over the same 

period is 4.90%: see the RBA’s Table F3 at https://www.rba.gov.au/statistics/tables/.  The difference is 1.90%. 

 

https://www.rba.gov.au/statistics/tables/
https://www.rba.gov.au/statistics/tables/


 

27 
 

 

The market risk premium is ∅ = 6% as before.  In respect of the unlevered beta, PEXA has 

been viable since 2019 and therefore subject to the risks of a viable business rather than the 

significantly heightened risk during the earlier venture capital stage.  Damodaran provides 

estimates of industry unlevered betas for various industries in the US, and the closest 

comparators to PEXA seem to be “Business and Consumer Services”, “Computer Services”, 

“Information Services”, and “Real Estate Operations and Services”, with unlevered beta 

estimates of 0.77, 0.93, 0.74, and 0.81.35  The average is 0.81 (about half of that for the 2011-

19 period), and is used as the estimate for PEXA.  Finally, in respect of the appropriate leverage 

for PEXA (L), its own leverage cannot be used lest it incentivise management to alter it.  The 

appropriate comparators are the same industries used to estimate its unlevered beta and 

Damodaran also provides estimates for these: 0.17, 0.20, 0.25, and 0.20.  The average is 0.20, 

which is also applied to PEXA.36  Substituting these estimates for ∅, 𝛽𝑢, and L of 0.06, 0.81 

and 0.20 into equation (13), the estimated WACC over the 2019-27 period is then 

 

                                                             𝑊𝐴𝐶𝐶 = 𝑅𝑓 + 0.0524                                                     (14) 

 

The risk-free rates are the two-year rates reported by the RBA averaged over the month (June) 

immediately preceding the year in question, as the one-year rates appropriate to the one-year 

compounding exercises here are not provided.37  These rates are shown in the fourth column of 

Table 4.  Substituting these risk-free rates into the WACC equation (14) then produces the 

WACC values shown in the fifth column of Table 4.   

 

 
35 See A. Damodaran, Betas by Sector (US), 2026, 

https://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/Betas.html. 

 
36 By comparison, both IPART and PEXA favour similar comparators for estimating PEXA’s WACC once price 

regulation commences, and their resulting estimates of leverage and the equity beta are 0.06 and 1.01 (PEXA) and 

0.12 and 1.02 (IPART): see the “WACC” tab of “ELNO Services Fees Model-Draft Report for PEXA”.  

Converting these equity betas to unlevered betas using the standard gearing formula yields asset betas of 0.95 for 

IPART and 0.90 for IPART.  Substitution of these values and their leverage estimates into (13) along with my 

estimate for the market risk premium of 0.06 yields a WACC margin over the risk-free rate of 0.0581 for PEXA 

and 0.0563 for IPART.  Both are slightly above my estimate of 0.0524 despite their estimates being WACC values 

for PEXA under price regulation whilst mine is for PEXA in the period 2020-26 when it was subject to a much 

less restrictive form of regulation (as discussed in sections 2.1 and 3.4 of IPART’s draft report). 

 
37 See Table F2 at https://www.rba.gov.au/statistics/tables/.  The difference between one and two-year rates would 

typically be very small. 

https://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/Betas.html
https://www.rba.gov.au/statistics/tables/
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So, if k = 0.148 and p = 0.4, in which case 𝑉19 = $1,490m as shown previously, then use of 

equations (10) yields 𝑉27 = $1,564m.  The latter figure is also shown in Table 4.  Alternatively, 

if k = 0.134 and p = 0.5, in which case 𝑉19 = $1,130m as shown previously, then use of equations 

(10) yields 𝑉27 = $910m.  Alternatively, if k = 0.161 and p = 0.3, in which case 𝑉19 = $2,087m 

as shown previously, then use of equations (10) yields 𝑉27 = $2,651m.  These values for 𝑉27 

from about $900m to $2,700m with a point estimate of $1,564m are all too low because k is 

too low for reasons given earlier that cannot be reliably quantified (illiquidity and low 

diversification resulting from investments into PEXA in the 2011-19 period).  For example, if 

k were raised from 0.148 to 0.188 in recognition of these two points and p remains 0.4, then 

𝑉27 would rise from $1,564m to $2,007m; the potential underestimation of 𝑉27 is then 

substantial.  The regulator should use the value for 𝑉27 as the IAB to initiate the regulatory 

process in 2027, through setting the allowed revenues for FY2028 and later, so that the present 

value of the resulting net cash flows after 2027 is equal to 𝑉27.   

 

This approach satisfies the present value test, which is that the present value in 2011 of all net 

cash flows after 2019 is equal to the present value in 2011 of the net cash flows over 2011-19 

(the latter are all negative).  This means that recovery would be achieved in present value terms.  

For example, if p = 0.4 and k = 0.148, then 𝑉27 = $1,564m.  Substitution of the latter into 

equations (10) yields 𝑉19 = $1,490m.  Substitution of this into equation (8) along with k = 0.148 

and p = 0.4 satisfies that equation.  So, if k = 0.148 and p = 0.4, setting 𝑉27 = $1,564m will 

allow the original investors in PEXA to recover their investment.   

 

In summary, there is an alternative methodology for estimating the IAB in 2027 that has not 

been advanced by IPART, and is a recovery of investment approach.  It involves estimating 

both the ex-ante probability that viability would be attained and PEXA’s cost of capital for 

2011-19.  Substitution of these parameters into equation (8) yields 𝑉19, and substitution of this 

into equations (10) along with PEXA’s net cash flows and WACC values in the 2020-27 period 

yields 𝑉27, which is the IAB for the regulatory process. 

 

8. Conclusions 

 

This paper has examined a number of questions relating to estimating the IAB for PEXA for 

the implementation of price regulation on 1 July 2027, all of which relate to the recovery of 
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investment approach.  The principal conclusions are as follows.  Firstly, the investments made 

by PEXA in the pre-viability period of 2011-19 (its net cash outflows) must be compounded 

forwards to 2019 using a rate that reflects both the cost of capital for PEXA in that period and 

the probability that it would fail to achieve viability.  Secondly, the resulting sum in 2019 must 

be further compounded forwards to 2026 using PEXA’s costs of capital and the net cash flows 

in these years.  Thirdly, IPART’s cross-check on its proposed approach fails to recognise that 

the compounding rate in the 2011-19 period must be raised to reflect the probability that 

viability would not be achieved, and therefore IPART’s proposed IAB in 2027 ($368m) is far 

too low.  Fourthly, PEXA’s proposed approach draws upon expected returns from venture 

capital projects conditional on them succeeding, so as to estimate the compounding rates in the 

2011-19 period.  These conditional expected returns are appropriate in principle, but there are 

no reliable estimates for them and, even if there were, one would have to choose estimates from 

only venture-capital projects that were similar to PEXA in various ways including their 

probability of becoming viable.   

 

Fifthly, this paper proposes an alternative approach that instead requires only estimates of 

parameters relating to PEXA, including its probability of achieving viability.  Some of these 

parameters require a range of estimates, especially the probability that viability would be 

achieved, and this gives rise to conservative estimates for the IAB in 2027 from about $900m 

to $2,700m, with a point estimate of $1,564m.  This entire range is well above IPART’s 

proposed figure of $368m, because it explicitly allows for the significant risk of failure and 

IPART’s proposed figure doesn’t.  Sixthly, my IAB estimates for PEXA are all too low because 

the estimated cost of capital for PEXA in the 2011-2019 period is too low, because it does not 

reflect the effect of illiquidity and low diversification on PEXA investors in this period, due to 

not being able to reliably quantify these effects.  Allowing 2% for each of these two effects 

would raise the IAB estimate from $1,564m to $2,007m, and this increase alone exceeds 

IPART’s proposed $368m.   Finally, IPART’s proposed IAB for 2027 has implications not just 

for PEXA but for investors contemplating financing a different project that might, if successful, 

also be regulated.  If they do not feel that PEXA’s investors were fairly compensated, especially 

for the significant risk that the project would fail, they will be less inclined to invest themselves. 
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APPENDIX 

 

This Appendix provides an example of the mechanics for revising a prior distribution for a 

success probability (p), to account for two attempts at doing so that both failed.  It corresponds 

to the middle entry in the last row of Table 3. 

 

The simplest distribution for p is the unform distribution, in which the probability of p lying 

between any interval with the same width is the same across the entire range of possible values 

for p (from 0 to 1), i.e., the probability of p lying between 0 and 0.1 is the same as it lying 

between 0.4 and 0.5, 0.6 and 0.7, etc.  The probability density function is 𝑓(𝑝) = 1, which has 

an expectation of 0.5 and a standard deviation of 0.288.  The Bayesian process for revising this 

density function given the data (the two failed attempts) is as follows (Mood et al, 1974, pp. 

339-342):38 

                                               𝑓(𝑝|𝑑𝑎𝑡𝑎) =
𝑃𝑟𝑜𝑏(𝑑𝑎𝑡𝑎|𝑝)𝑓(𝑝)

∫ 𝑝𝑟𝑜𝑏(𝑑𝑎𝑡𝑎|𝑝)𝑓(𝑝)𝑑𝑝
1

0

                                     (15) 

 

The process by which the data is generated, involving two attempts at success with each having 

probability p of succeeding, is binomial.  Since each attempt has probability (1 – p) of failing, 

the probability of both failing is 

 

𝑃𝑟𝑜𝑏(𝑑𝑎𝑡𝑎|𝑝) = (1 − 𝑝)2 

 

Substituting this and 𝑓(𝑝) = 1 into equation (15) yields 

 

𝑓(𝑝|𝑑𝑎𝑡𝑎) =
(1 − 𝑝)2

∫ (1 − 𝑝)2𝑑𝑝
1

0

= 3(1 − 𝑝)2 

 

This is the revised density function, with most of the probability below 0.5.  The expectation 

is 0.25: 

𝐸(𝑝) = ∫ 𝑝𝑓(𝑝)𝑑𝑝 = ∫ 3𝑝(1 − 𝑝)2𝑑𝑝 = 0.25
1

0

1

0

 

 
38 See pp. 339-342 of A. Mood, F. Graybill, and D. Boes, 1974.  Introduction to the Theory of Statistics, 3rd edition, 

McGraw-Hill, New York. 
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The estimate for p is the expectation of the distribution.  So, in this example, the estimate of p 

is lowered from the initial value of 0.5 to 0.25 upon observing the two fails. 

 



  E  ( p ) =   ∫ 0 1  p f  ( p ) d p =   ∫ 0 1  3 p   ( 1 − p ) 2 d p = 0 . 25
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                                                                                        $ 19 m +   $ 18 m  1 + k + … +   $ 7 m     ( 1 + k ) 8 =   p   V 19     ( 1 + k ) 8                                                                         ( 8 )


  p   V 19


    V 19


                                                                            V 19 = $ 19 m   ( 1 + R ) 6 + $ 18 m    ( 1 + R ) 5 + … + $ 7 m                                                               ( 7 )


    V 19


    R  v


    p  v


    k  v


    R  v


    R  v =   1 +   k  v    p  v − 1


      p  v   A  v ( 1 +   R  v )  1 +   k  v =   A  v


    R  v


      p  v   A  v ( 1 +   R  v )  1 +   k  v ≥   A  v


    A  v


    R  v


    k  v


    A  v


    p  v


    A 1


    A 1 /   A 0  


    A 1 /   A 0


                                                          ( 1 + R )  T +  (     A 1    A 0 )   ( 1 + R )  T − 1 =     ( 1 + k )  T +  (     A 1    A 0 )   ( 1 + k )  T − 1  p                                           ( 6 )


                                                                                    A 0 +     A 1  1 + k =   p  [   A 0   ( 1 + R )  T +   A 1   ( 1 + R )  T − 1 ]    ( 1 + k )  T                                                                     ( 5 )


    A 1


    A 0


    A 1


    A 0


    A 2


    A 1


    A 0


    A 1


    A 0


                                                                                                                                        R =   ( 1 + k )    p  (  1  T ) − 1                                                                                                                         ( 4 )


                                                                                                          A =   E ( P a y o f f )    ( 1 + k )  T =   p A   ( 1 + R )  T    ( 1 + k )  T                                                                                             ( 3 )


                                                                                                                                          R =   1 + k  p − 1                                                                                                                             ( 2 )


                                                                                                          A =   E ( P a y o f f )  1 + k =   p A ( 1 + R )  1 + k                                                                                             ( 1 )


  p A ( 1 + R )


  A ( 1 + R )

