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Introduction.
1) In a RAB funded capital investment, the original equity owners will invest an element of equity capital into the construction of the asset, with the remainder of the investment being funded by loan capital. The equity owners will then have at their disposal a series of reimbursement terms through the life of the asset, equal to the RAB reimbursements determined by the rules set by the regulator, less charges, (repayments of capital, and interest), on the loans. Define the equity transaction vector as the following sum: namely the vector of negative terms corresponding to the initial equity capital actually invested each year, plus the vector of positive terms corresponding to the reimbursements at the disposal of the equity owners each year. The equity transaction vector will normally be a classic transaction vector, of negative terms followed by positive terms, and in these circumstances will have a unique internal rate of return, (IRR), associated with it. This IRR of the equity transaction vector is the rate of return earned on the equity capital originally invested in the asset.

2) In a twist on this scenario, it will also be open to the original equity investors, at any point in the life of the asset, to capitalise the value of the remaining stream of equity returns. There are a number of ways they could do this: e.g., either by selling their equity stakes, or by borrowing against the future stream of returns, and then taking the value of the loan as a dividend payment. This will lead to a different, and shorter, equity transaction vector, which is denoted here the capitalised equity transaction vector. This capitalised transaction vector will also have a unique IRR attaching to it: this will normally be larger, and potentially much larger, than the original equity transaction IRR.
3)  The IRRs of the equity transaction vector and of the capitalised equity transaction vector will often be very different from the cost of equity assumed by the regulator in setting the reimbursement weighted average cost of capital (WACC) for the scheme. This note uses a simple RAB model to illustrate some of the main features which cause this to happen, and gives examples which help to quantify some of the potential effects. In particular, the returns earned on equity can be significantly larger than assumed by the regulator if the regulator has over-estimated the actual cost of loan finance: or if a smaller proportion of the capital investment is funded by equity than was assumed by the regulator. But even if the regulator has called these factors right, substantial returns on capitalised equity can still be earned if investors’ perceptions of the risks inherent in the project are lower at a later stage in the project life than at the outset. This in fact will normally be the case in any project where the risky construction phase is completed successfully.
4) This note concludes by listing some of the problems which these issues raise for the design of RAB projects. Many of these issues become more acute, the longer the life of the project. It is therefore very important that these issues are addressed in applying RAB to nuclear projects, given the very long asset lives involved in nuclear projects.

Base Case Model.
5) The following model of a RAB payments scheme is used here. This model shares some of the features which it is assumed will apply in a nuclear RAB project: but in other respects the model is simplified: for example, it is assumed that the initial investment of capital all takes place in a single year, rather than being spread over the build period of the asset. The assumptions of the base case model are as follows.
Initial capital investment: amount of 1 in year 0.

Build period: 7 years.

Plant operation life: 60 years.

Regulator’s assumptions on cost of capital: cost of loan finance, 3% real interest rate: return on equity, 8% real: proportion of capital funded by loan, 0.6: hence the real WACC is 0.6*3 + 0.4*8 = 5%.

(Note that this basic model simplifies by making no allowance for the difference in tax treatment between loans and equity.)

Inflation: illustrative rate of 2%
In the above assumptions, the build period has been set at 7 years, since this is about half the likely construction period for a new nuclear project, as set out in paragraph 63 of the Impact Assessment. What the model does, therefore, is give an indication of the returns which might be experienced on an “average” unit of capital investment, taking place about halfway through the build period of the project. 
5) It is also assumed here for illustrative purposes that when the plant becomes operational, at the end of the build period, then the major risks associated with the project will be regarded as having been successfully overcome. If the remaining stream of equity reward payments were then offered to a potential investor, this should be attractive to investors who are more risk averse, and therefore content with a lower target rate of return, than the original equity investors in the project.  For the purposes of the present example, it is assumed that the target rate of return of such secondary investors would be a real return of 5% per annum. In other words, in working out what the capitalised vector of equity returns would be, payments from year 8 onwards are discounted to year 8 values at a real discount rate of 5%.

Equity returns assuming Base Case assumptions hold .
6) It is perhaps useful to go through the detailed calculation of equity returns in one case. This is done here in the specific case when the regulator’s assumptions on cost of finance and proportion of capital financed by debt are assumed to hold, and with inflation stable at 2% per annum. In line with the footnote to paragraph 60 of the Impact Assessment, it is assumed that there is a constant real RAB reimbursement each year. At a real WACC of 5%, this implies that the annual real reimbursement will be [image: image2.png]0.05[1 — 1.05(7¢7]1



 = 0.05198. Assuming that loan charges occur on a similar real payment scheme, then the annual real cost of a loan of 0.6 at a real interest rate of 3% would be  [image: image4.png]0.6 * 0.03[1 — 1.03(7¢7)]1



 = 0.02088 
Assuming inflation at 2% per annum, then this leads to the nominal vectors of RAB reimbursements and loan charges shown in the first two columns of the Annex. The difference between these two vectors is then the equity transaction vector, shown in the third column. The IRR of this equity transaction vector is shown at the foot of the column. This nominal equity IRR is 9.88%: this is equivalent to an annual real return on equity of 7.72%. (This is close to, but not exactly equal to, the real return of 8% on equity implied by the formula for WACC: note that, other than in certain special cases, IRRs implied by WACC calculations will differ, usually slightly, from exact calculations of IRR.)
The next column in the Annex shows the discount factor for deflating equity returns after year 8 to year 8 prices, at a real discount rate of 5%, (in line with the above assumption about the target rate of return of secondary investors.) The next column shows the discounted equity rewards, leading to the capitalised equity return vector in the final column. The IRR of the capitalised return on equity is 13.86% nominal: this corresponds to a real rate of return on capitalised equity of 11.63%.
7) In fact, given the special properties of the model considered here, real rates of return on equity and capitalised equity are independent of the rate of inflation, provided inflation is stable. So this note will from now on concentrate on real, rather than nominal, rates of return.
The striking thing about the above results is that, even in the case where the regulator’s assumptions are met about cost of loan finance, and proportion of capital financed by debt, equity investors can still substantially increase their returns if they capitalise their future payment streams. In the above example, from a real return of just under 8% per annum, to one of almost 12%.
Variant 1: Real cost of debt less than that assumed by regulator.

8)  Clearly, if the actual cost of debt is less than that assumed by the regulator, then the difference will be available to enhance the returns on equity investment. This is illustrated here by looking at the effects if the real cost of debt is 2% per annum, rather than 3%. If all other assumptions remain as in the Base Case, then the effect is to increase the real IRR on equity to 8.88%: and the real IRR of capitalised equity to 14.05 %. In other words, the effect of this single change is to increase the real return on equity by just over 1 percentage point: but the real return on capitalised equity by almost 2.5 percentage points compared to the base case.
Variant 2: Increase in proportion of capital funded by debt.
9) If a larger proportion of capital is funded by debt rather than equity, as compared with the regulator’s assumption, then the equity holders will benefit from the cost differential between equity and debt on this portion. This is illustrated here by considering what happens if the proportion of capital funded by debt is increased from 0.6 to 0.8, with all other assumptions being as in the Base Case. The effects are considerable: the real IRR on equity increases to 12.06%, and the real IRR on capitalised equity to 19.85%. Again, the effects of this single change are much larger on capitalised equity as compared to equity: the increase in the return on equity is just over 4 percentage points, but that on capitalised equity is almost 8 percentage points.
Variant 3: both variant 1 and variant 2 changes apply simultaneously.
10) The final variant assumes that the conditions of variants 1 and 2 apply simultaneously: in other words, that the real cost of debt is 2%, and the proportion of capital funded by debt is 0.8. The combined effect of these changes leads to very large returns on equity. Equity itself now has a real IRR of 15.10%: and capitalised equity the extremely large real return of 24.57%. As before, the effect on the return on capitalised equity has been larger than that on plain equity. Under the circumstances of this variant, the equity owners can gain almost an additional 10 percentage points on their real annual rate of return by deciding to capitalise. They would thus find themselves under intense pressure to capitalise.
It is also interesting to consider the capital sum the equity owners would receive in year 8 if they did capitalise: for their initial investment of 0.2, they would receive in year 8 a real capital sum of 0.62: in other words, they would have tripled their original investment, in addition, of course, to receiving reimbursements in years 1 to 7.

11) This simple model has illustrated how very large returns on the equity capital actually invested in a RAB project can readily arise from a number of different factors: and also how there are considerable incentives on the original equity owners to capitalise their returns, and extract them from the project. This, however, is not just a hypothetical situation. All of the factors analysed here have been very evident in historic applications of RAB: for example, in the water industry in England and Wales.  Despite what were no doubt the best efforts of regulators, this led to a level of profit for investors in the water companies which was clearly excessive, and very out of line with international norms. For example, a report produced by Lobina and Hall for the Public Services Research Unit in 2001 noted 
“Profit margins in the UK are typically three or even four times as great as the margins

of water companies, private and public, in France, Spain, Sweden or Hungary. The profit

margins of the greatest water multinationals – Suez-Lyonnaise and Vivendi – worldwide,

also show a much lower return than enjoyed by the UK companies.“

Issues.
12) In the light of the analysis in this note, the following is a list of issues which, it is suggested, require to be addressed in designing a RAB scheme for nuclear projects. As already noted, many of these issues are potentially particularly acute for the nuclear application of RAB because of the very long time scales involved in nuclear projects, which greatly enhances the capitalisation profit to be derived from any long term excess built into the reimbursement for equity. 
i) Given the scale of returns for the original equity owners which can so readily arise, it is not enough to simply state the regulatory assumptions on the planned return on equity. Surely different scenarios should be analysed and publicised, outlining the potential returns on equity invested, and on capitalised equity, under a range of possible departures from the base assumptions.
ii)Any generosity on the part of regulators is liable to be severely punished by the extraction of large windfall profits. How can the over-generosity which has characterised many past implementations of RAB be guarded against?
iii) The greater the perceived reduction in the risk attaching to the project once construction is successfully completed, the larger the potential returns will be to the original equity investors if they capitalise. This reduction in perceived risk is a standard feature of projects involving the construction of a capital asset, like many PFI projects and major utility schemes. In other words, the profile of risk in a major project is likely to be heavily weighted towards the early years of the project. This then raises the question: if part of the allowed return on equity in a RAB scheme is compensation for taking risk, should this allowance be spread evenly over the life of the project: or should it in some sense be tailored to the actual profile of risk? In a sense, spreading it evenly just means that the risk allowance is liable to be capitalised and extracted from the project as a windfall profit. This may be fine for the original equity investors: but do they really need to be compensated with this type of windfall to persuade them to invest in the first place?

iv) One respect in which the model considered in this note is oversimplified is that the RAB WACC is assumed fixed for the period of the asset life: while in practice, regulators periodically review their WACCs. Periodic review could be one mechanism for tailoring the allowance for risk implicit in the WACC to the actual profile of risk in the project, (see the previous point.) But would this be effective? And what other issues would it raise?
v) Given that equity holders have considerable scope for manipulating some of the factors which can lead to windfall returns, (like the proportion of capital investment actually funded by equity), should their scope for doing this be limited, and, if so, how?
vi) As has been seen, there is likely to be a very large incentive for the original equity owners to capitalise their equity returns: so this is likely to be the outcome in any successful RAB project. In the light of this, what steps should be taken:-

a) to prepare the public, and the charge payer, for the publicity which will surround large extractions of windfall profits.

b) to ensure that any windfall capitalisation benefits are shared equitably between the public and equity investors.

c) to protect the long term resilience of the project from being, for example, over-burdened with debt.

vii) Given that every unit of RAB investment is likely to yield a significant windfall profit to the original equity investor, what steps can be taken to prevent equity owners seeking to inflate the RAB base? With a long construction period for nuclear projects, the equity owners will be in a particularly strong position to pressurise for an increase in RAB, since by the middle of the construction period there will be a very considerable amount of government credibility sunk into any project.
Note
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equity discounted capitalised

RAB loan transaction discount  equity equity

year reimbursements charges vector factor returns transaction

0 -1 -0.6 -0.4 -0.4

1 0.0530 0.0213 0.0317 0.0317

2 0.0541 0.0217 0.0324 0.0324

3 0.0552 0.0222 0.0330 0.0330

4 0.0563 0.0226 0.0337 0.0337

5 0.0574 0.0231 0.0343 0.0343

6 0.0585 0.0235 0.0350 0.0350

7 0.0597 0.0240 0.0357 0.0357

8 0.0609 0.0245 0.0364 1 0.0364 0.7241

9 0.0621 0.0250 0.0372 0.9337 0.0347

10 0.0634 0.0255 0.0379 0.8718 0.0330

11 0.0646 0.0260 0.0387 0.8140 0.0315

12 0.0659 0.0265 0.0394 0.7600 0.0300

13 0.0672 0.0270 0.0402 0.7097 0.0285

14 0.0686 0.0276 0.0410 0.6626 0.0272

15 0.0700 0.0281 0.0419 0.6187 0.0259

16 0.0714 0.0287 0.0427 0.5777 0.0247

17 0.0728 0.0292 0.0435 0.5394 0.0235

18 0.0742 0.0298 0.0444 0.5036 0.0224

19 0.0757 0.0304 0.0453 0.4702 0.0213

20 0.0772 0.0310 0.0462 0.4391 0.0203

21 0.0788 0.0316 0.0471 0.4100 0.0193

22 0.0804 0.0323 0.0481 0.3828 0.0184

23 0.0820 0.0329 0.0490 0.3574 0.0175

24 0.0836 0.0336 0.0500 0.3337 0.0167

25 0.0853 0.0343 0.0510 0.3116 0.0159

26 0.0870 0.0349 0.0520 0.2909 0.0151

27 0.0887 0.0356 0.0531 0.2716 0.0144

28 0.0905 0.0364 0.0541 0.2536 0.0137

29 0.0923 0.0371 0.0552 0.2368 0.0131

30 0.0942 0.0378 0.0563 0.2211 0.0125

31 0.0960 0.0386 0.0575 0.2065 0.0119

32 0.0980 0.0394 0.0586 0.1928 0.0113

33 0.0999 0.0401 0.0598 0.1800 0.0108

34 0.1019 0.0409 0.0610 0.1681 0.0102

35 0.1039 0.0418 0.0622 0.1569 0.0098

36 0.1060 0.0426 0.0634 0.1465 0.0093

37 0.1081 0.0434 0.0647 0.1368 0.0089

38 0.1103 0.0443 0.0660 0.1277 0.0084

39 0.1125 0.0452 0.0673 0.1193 0.0080

40 0.1148 0.0461 0.0687 0.1114 0.0076

41 0.1171 0.0470 0.0700 0.1040 0.0073

42 0.1194 0.0480 0.0714 0.0971 0.0069

43 0.1218 0.0489 0.0729 0.0907 0.0066

44 0.1242 0.0499 0.0743 0.0846 0.0063

45 0.1267 0.0509 0.0758 0.0790 0.0060

46 0.1292 0.0519 0.0773 0.0738 0.0057

47 0.1318 0.0530 0.0789 0.0689 0.0054

48 0.1345 0.0540 0.0804 0.0643 0.0052

49 0.1372 0.0551 0.0821 0.0601 0.0049

50 0.1399 0.0562 0.0837 0.0561 0.0047

51 0.1427 0.0573 0.0854 0.0524 0.0045

52 0.1456 0.0585 0.0871 0.0489 0.0043

53 0.1485 0.0596 0.0888 0.0457 0.0041

54 0.1514 0.0608 0.0906 0.0426 0.0039

55 0.1545 0.0621 0.0924 0.0398 0.0037

56 0.1576 0.0633 0.0943 0.0372 0.0035

57 0.1607 0.0646 0.0961 0.0347 0.0033

58 0.1639 0.0659 0.0981 0.0324 0.0032

59 0.1672 0.0672 0.1000 0.0303 0.0030

60 0.1705 0.0685 0.1020 0.0282 0.0029

61 0.1740 0.0699 0.1041 0.0264 0.0027

62 0.1774 0.0713 0.1061 0.0246 0.0026

63 0.1810 0.0727 0.1083 0.0230 0.0025

64 0.1846 0.0742 0.1104 0.0215 0.0024

65 0.1883 0.0756 0.1126 0.0200 0.0023

66 0.1921 0.0772 0.1149 0.0187 0.0022

67 0.1959 0.0787 0.1172 0.0175 0.0020

sum 0.7241

IRRs 7.10% 5.06% 9.88% 13.86%
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