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1. Notation and Conventions
Let 
n (years) be the life of a capital asset:


i  (as a fraction) = target real rate of return:


r  (as a fraction) = annual rate of inflation:
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 = corresponding nominal rate of interest: so  
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It is assumed, for simplicity, that capital is borrowed at the end of the year in which investment takes place: and repayments of interest and capital are made at the end of each of the succeeding n years.

2. Definition of Payment Schemes.
We are interested in comparing the implications of different payment schemes for charging for capital. In each case, the internal rate of return, (IRR), of the payment scheme is 
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. The three payment schemes considered are as follows.

a) Conventional loan finance.
In this case, a capital investment of C in a given year gives rise to a payment of




[image: image4.wmf]j)]

-

1

(n

 

 

[1

n

C

+

+

q

 in each of the succeeding j years, for j = 1…n.

b) Current cost charging, standard version.

In this case, a capital investment of C in a given year gives rise to a payment of
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 in each of the succeeding j years, for j = 1…n.

This is the standard version of current cost charging for capital as used by the regulators in most UK utilities.

c)  Current cost charging: mortgage version.
In this case, a capital investment of C in a given year gives rise to a payment of
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 in each of the succeeding j years, for j = 1…n.

This alternative option for current cost charging was introduced for rail capital investment by the Office of Rail Regulation, (ORR), a few years ago. It is now the version almost universally employed for rail capital charging.

3. Profiles of Payment Through Time.
We now consider the specific case of n=25, and 
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 = 0.06, (typical parameters used by ORR for rail capital investment), and r = 0.05, (the current rate if RPI inflation.) This corresponds to a nominal interest rate of 11.3%. Table 1 shows the payment profiles for the three schemes, resulting from an initial single investment of 1 in year zero. 
[image: image8.emf]Table 1:payment profiles from initial 

investment of 1 in year 0

year  historic cost current cost cc mortgage

1 0.153 0.105 0.082

2 0.148 0.108 0.086

3 0.144 0.110 0.091

4 0.139 0.113 0.095

5 0.135 0.115 0.100

6 0.130 0.118 0.105

7 0.126 0.120 0.110

8 0.121 0.123 0.116

9 0.117 0.125 0.121

10 0.112 0.128 0.127

11 0.108 0.130 0.134

12 0.103 0.132 0.140

13 0.099 0.134 0.148

14 0.094 0.136 0.155

15 0.090 0.138 0.163

16 0.085 0.140 0.171

17 0.081 0.141 0.179

18 0.076 0.142 0.188

19 0.072 0.144 0.198

20 0.067 0.144 0.208

21 0.063 0.145 0.218

22 0.058 0.145 0.229

23 0.054 0.145 0.240

24 0.049 0.144 0.252

25 0.045 0.144 0.265

sum 2.469 3.270 3.920


Chart 1 graphs these payment profiles: note how standard current cost charging, and even more, the mortgage version of current cost charging, give profiles which are very much more skewed to the later years of the asset’s life than conventional loan finance.
[image: image9.emf]Chart 1. Payment Profiles from single investment of 1 in year zero: 6% real rate of return; 5% 

inflation.

Nominal interest rate 11.3% in each case.
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Table 2 shows the calculation of the net present values of these payment streams, discounted at a discount rate of 11.3%. In each case, the net present value of the discounted payment stream, at year zero prices, is 1: this confirms the assertion made above that each of the three payment streams indeed has the same IRR of 11.3%.

[image: image10.emf]Table 2: payment profiles discounted at 11.3%

year  disc fac historic cost current cost cc mortgage

1 0.898 0.137 0.094 0.074

2 0.807 0.120 0.087 0.070

3 0.725 0.104 0.080 0.066

4 0.652 0.091 0.074 0.062

5 0.585 0.079 0.068 0.058

6 0.526 0.069 0.062 0.055

7 0.473 0.059 0.057 0.052

8 0.425 0.052 0.052 0.049

9 0.382 0.045 0.048 0.046

10 0.343 0.039 0.044 0.044

11 0.308 0.033 0.040 0.041

12 0.277 0.029 0.037 0.039

13 0.249 0.025 0.033 0.037

14 0.223 0.021 0.030 0.035

15 0.201 0.018 0.028 0.033

16 0.180 0.015 0.025 0.031

17 0.162 0.013 0.023 0.029

18 0.146 0.011 0.021 0.027

19 0.131 0.009 0.019 0.026

20 0.118 0.008 0.017 0.024

21 0.106 0.007 0.015 0.023

22 0.095 0.006 0.014 0.022

23 0.085 0.005 0.012 0.020

24 0.077 0.004 0.011 0.019

25 0.069 0.003 0.010 0.018

sum 1.000 1.000 1.000

discounted


4) Steady State Payments
Suppose now that a constant real amount of investment is undertaken every year, starting with a real investment of 1 in year zero: so the nominal amount of investment in year j is 
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After 25 years, the system will have settled down to a steady state, and the same real payment for capital will be made each year, consisting of contributions arising from each of the preceding 25 years of investment.
So

Nominal payment in year 25 = 
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Substituting into equation (1) the appropriate expressions from 2(a), (b), and (c) respectively gives the following expressions for the total nominal payment in year 25:-

Conventional loan finance
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Current cost charging, standard version.
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Current cost charging: mortgage version.
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Table 3 shows the individual terms in each of these sums, for the case i = 0.06, r = 0.05, (and therefore, 
[image: image20.wmf]113

.

0

=

q

). Also shown are the relevant sums, (that is, the total nominal payments in year 25), and the ratios of the total payments under the two current cost charging schemes to the total payment under conventional loan finance.

[image: image21.emf]Table 3: components of total nominal payment 

in year 25, arising from unit real investment each year.

year j historic cost current cost cc mortgage

1 0.045 0.144 0.265

2 0.051 0.152 0.265

3 0.059 0.160 0.265

4 0.067 0.168 0.265

5 0.076 0.176 0.265

6 0.086 0.184 0.265

7 0.096 0.192 0.265

8 0.107 0.200 0.265

9 0.119 0.209 0.265

10 0.132 0.217 0.265

11 0.146 0.225 0.265

12 0.161 0.233 0.265

13 0.177 0.241 0.265

14 0.195 0.249 0.265

15 0.213 0.257 0.265

16 0.234 0.265 0.265

17 0.255 0.274 0.265

18 0.278 0.282 0.265

19 0.303 0.290 0.265

20 0.330 0.298 0.265

21 0.358 0.306 0.265

22 0.388 0.314 0.265

23 0.421 0.322 0.265

24 0.456 0.331 0.265

25 0.493 0.339 0.265

sum 5.248 6.028 6.623

ratio cc/hc 1.149 1.262


As can be seen from Table 3, in the steady state, the standard current cost charging method will lead to an annual payment which is 14.9% greater than the payment under conventional loan finance: while the annual payment under the mortgage version of current cost charging will be 26.2% higher than conventional loan finance.

For completeness, Table 4 shows the corresponding ratios of current cost to conventional loan finance charging, again for 
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= 0.06, but this time for r = 0.025 and 0.075 as well, (corresponding to nominal interest rates of 8.76% and 13.95% respectively.)
Table 4: Steady State Ratios of Current Cost Annual Charges to Conventional Loan Finance.
	Inflation
	Standard current cost
	Current cost mortgage

	2.5%
	1.081
	1.187

	5%
	1.149
	1.262

	7.5%
	1.206
	1.324


As can be seen, the ratios increase sharply as inflation rises.
Note
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