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1 Introduction 

This deliverable provides an English translation of procedures and forms developed in Poland 
to systematically and consistently evaluate the economics of potential energy efficiency 
projects. 

Tables 1 a, b and c provide a template for comparing various energy efficiency alternatives for 
buildings. The energy use calculations and resulting economic benefits, IRR, NPV of the 
project, etc. are calculated using the Energy Auditor Software developed by the National 
Energy Conservation Agency (NAPE). (Updates of the software were supported by USAID.) 
(Table 2 presents the Table 1 information in Polish.) 

The NAPE formulation shown in Table 1 is the standard method required by the Government 
of Poland to be used for applications for government loans under Poland's Thermorenovation 
Law. NAPE has taught these methods to over 100 Polish energy engineers through USAID- 
sponsored seminars. Two types of seminars were used: 

10-day energy auditlfinancial assessment courses, leading to certification as an energy 
auditor ; and 
3-day "enhancement" courses to update methods and identify new technologies for 
persons who had previously been certified as energy auditors. 

The course materials are covered in comprehensive textbooks (in Polish) which have 
previously been submitted to USAID. This memorandum provides a summary in English of 
the financial evaluation methods. 

2 Methods to Calculate Investment Efficiency 

Investment efficiency is an indicator of the relation of economic effects (i.e., cost of savings or 
production improvements) to the outlay of money invested to achieve these savings. 

The following sections describe some indicators of investment efficiency, giving an actual 
project as an example. (The example project is a replacement of municipal street lighting with 
high efficiency lighting.) 

To access the profitability of potential investment, we first must establish, for each alternative 
(project) the following: 

expected capital outlay (for the example it is 447,098 zl). 
size of expected savings or increased revenues, for each time period (months or years) 
of the project life. (See Table 3 .) 

2.1 Simple (Non-discounted) Methods 

With this data, we can use simple methods to calculate the efficiency of the investment. 
Simple payback time (SPBT) is the number of years until accumulated savings is equal to 
initial outlays. (See Table 4 and Chart 1 .) 

The payback can be expressed by the following formula: 

T, = I,, / C, 



where: 

T, - payback in years, 

C, - planned income (profit) received at the end o f t  year (adopted average), 

I, - beginning investment. 

T' = I, / C, = 447 098 / 127 247 = 3.51 years 

With this method, the payback for the example project (on condition that annual amounts 
are equal) amounts to 3.5 years. 

If we look at how much of the project costs will be paid directly with cash on hand 
("private funds") compared to how much will be borrowed ("foreign funds"), we know 
that the more that is borrowed, the higher the investment costs, due to interest. 

Thus, you must look at savings each month and invested costs (i.e., interest) each month 
to calculate actual cash flow. For the example project, there are 3 scenarios: 

Private Funds Foreign Funds 

Tables 5 (Pl) and 6 (P2) show the monthly cash flow for these 2 scenarios. Table 7 
(Chart 2) compares the payback for P1, P2, and P3. 

The payback for the above mentioned projects is: 

P1 - 6 years, 

P2 - 5 years, 

P3 - 7 years. 

Payback provides information about cash flow requirements (Chart 2). Making use of 
the chart, the return period can be calculated more precisely and therefore for project: 

P1 - 5.45 years, 

P2 - 4.75 years, 

P3 - 6.45 years. 

In spite of many virtues of this method, it does not take into consideration the cost of the 
time value of money. Discount methods are used for this. 

2.2 Discount Methods 
Discount methods are more realistic of the true cost of the project. The whole period of 
the project lifetime (functioning of the equipment to be installed) is taken into 
consideration. Detailed analysis using discount methods increases the accuracy of project 
assessment and improved the choice of investment directions. 
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The following are considered as discount methods: 

Net Present Value (NPV), 
Internal Rate of Return (IRR), 
Efficiency Factor. 

In the above methods, time is taken into consideration through the usage of discount 
techniques. The value of the investment depends not only on the amount of expected 
cash flows but also from the distribution of the outlays and savings time. 

With discount methods, we can compare the costs and benefits for the whole period, 
expressing this as a present value index. That is, the project alternatives can be ranked as 
to their relative economic attractiveness at the moment of execution of the project. 

2.2.1 Rate of Discount and Weighted Average Cost of Capital (WAC0 
The cost of capital and rate of discount are two concepts used equally. 
Nevertheless, for a firm there is a difference between the cost of capital and 
required rate of return for individual projects. 

Cost of capital for an enterprise is a rate used for discounting average 
income streams of a firm and defining their value. It is also a weighted 
average cost of capital taken from different sources. The average should be 
used for assessing the project on condition that the risk profile of a new 
project is just the same as the risk profile of the whole enterprise. 
Required rate of return for individual projects is a rate of discount used 
when the risk profile of an individual project differs from the firm's risk 
profile. 

WACC can be expressed by the following formula: 

k = VD/(VD + VE) *rD + VE/(VD + &J * Q  

where: 

k - rate of discount 

VD - value of debt 

VE - value of private capital 

rD - rate of debt 

r, - rate of private capital 

We assume that the considered projects are characterized by the same profile of 
risk as the enterprise, and are financed with a combination of debt and capital. 
These are optimal (target) financing structures. Assuming that WACC is the 
right rate of discount for individual projects (Table 8), it equals: 
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2.2.2 Rate of Return (R) 
The primary measure of income from investments is a rate of return. The rate 
of return within the investment is described by the following formula: 

R=(FV/  PV) - 1 
The annual rate of return is expressed by the following formula: 

R = (FV/PV)"* - 1  
where: 

R - rate of return 

FV - ending value 

PV- beginning value 

n - number of years. 

(beginning value is invested for n years according to the rate of return 21 with 
annual capitalization) 

Result: 

R = (1 088 844 / 257 643)''' - 1 = 22.86% 

2.2.3 Investment Profit Rate (Zi) 

Investment profit rate (Zi) reveals the level of engaged capital profit: 

zi = ct / 1, 

Project can be accepted, if Zi > 1, must be rejected if Zi < 1. 

Result: 

for PI,  P2 and P3 

Zi = 1 088 843.57 I 447 098.00 = 2,4354 (143.54%) 

2.2.4 Net Present Value (NPV) 
Net present value - allows you to answer the question of what the investment 
value of zo is, if at the end of the following years (periods) incomes C,, C,, . . 
C, are received. If NPV is positive, it means that the sum of present income 
value within the investment period is higher than the beginning outlay and the 
investment should be continued. Of course, a negative value means the 
investment is unprofitable. Changes in NPV for alternative P1 are shown in 
Table 9. NPV is calculated as: 

n 

NPV = [C, 1 (1 + r)t 1 - zo 
t=l  

-- . - -.- -----p.-..--.-.....-- 
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where: 

NPV- net present value 

C, - income received at the end o f t  year 

I. - beginning investment 

Y - rate of discount (%) 

n - number of years 

Result: 

NPV values for projects: 

P1 = 37 125 zlotych, 
P2 = 47 470 zlotych, 
P3 = 27 088 zlotych. 

Positive net present value of all projects proves the quality of the investment. 
Its absolute value describes the extent of profits and not the profitability level of 
alternative propositions of engaged capital. For assessment of the most effective 
amount to be financed, variant it is necessary to determine the net present value 
ratio - NPVR. 

2.2.5 Net Present Value Ratio (NPVR) 
NPVR - this ratio uses NPV to assess thepresent value of first investment 
outlays. 

NPVR = NPV / I, 

Result: 

NPVR for individual projects: 

NPVR shows project P2 has a greater efficiency of initial investment than PI or 
P3. 

2.2.6 Internal Rate of Return (IRR) 
Internal rate of return - defines income (compared with invested capital) gained 
as a result of realization of a particular investment. IRR equals the value of the 
interest rate, when net present value equals zero (Tables 10 and 11). To define 
IRR the following equation must be solved: 

=-aw--~-_______._______.__-_~I____.______4~~___ - 

I)~.li\.erahic tor Polu~d. .%cti.;itp 2: f'innncial 411al!si.; Procedures and l't'mplato ti~r Fncrgy Eti'icicncy P r~ jcc t s  
22 ,\pril. 199'3 5 



where: 

IRR - internal rate of return 

C, - income received at the end o f t  year 

zo - beginning investment 

r - rate of discount (%) 

n - number of years 

Unlike NPV; which can be positive or negative (depending on the usage of rate 
of discount), IRR of the project is fixed once and for all and it does not depend 
on the rate of discount. 

For this reason, a decision rule based on IRR must take into consideration 
weighted average cost of capital (WACC) - that is k rate of discount: 

i f  IRR > k, project to be accepted, 
if IRR < k, project to be rejected. 

Result: 

ZRR = 25.53% 
The calculated internal rate of return of the example project is higher that the 
lost profit expense - WACC rate of discount. Bearing all this in mind, all 
projects (PI, P2, P3) can be accepted, but the one with the lowest WACC (P2) 
rate of discount is the most lucrative investment: 

P l  - WACC = 22.86% < IRR = 25.53% 
a P2 - WACC = 22.18% < IRR = 25.53% 
a P3-  WACC = 23.55% < IRR ~ 2 5 . 5 3 %  

Table 12 summarizes these results. 



Table l a  
ENERGY AUDIT REPORT 

Identification data: 
Order: 

Auditor: 

Building stock-taking: 

. The data the optimisation was made: 
F h q  1997 

Building data: 
Type of building: 
Municipal rsideatial building 
Localisation: 

Year of construction: 
1979 r. 
Technology: 
Sxz& form adopted by ,Miastoproj&- 

. G h <  

Size: 
Vc>huc ofhuildhg .......................... 33 646.8 m' 
Volull~r ofhated pan of building 27664.4 m' 
Ih~dding space: ................................ 7937.0 mi 
H w t d  smta-'s area : - m- 
Hated pan ofthe budding .............. 7237.0 m: 
L i i u g  &ape factor :AN= 0.33m'hnJ 

............................. N t u i w r  of s o n s  5 
N i u b a  of tlats ................................ 133 
Number of inmates ........................... 449 

Actual state of the buildina: 
Heat penetntion h c t o r  U: 
walls 1.64 1.6% 1.60 W/(~I'.K) 
attic iriiiug 0.9 1 w/(~ ' .K)  
bastmc~t c&g 0.94 W/(rn'~) 
rvmduws 3.0 W/(rn2.~) 
doors 5.6 W/(m2.K) 

Alr ventilation now. 19 950 m'h 

Hear systsnu eftiaency 
q. = 0.95 
qr = 0.93 
q, = 0.90 
q*= - 
Energy indicators 
q c z p a c l ~  =I 689.81 kW 
Q - - 5 274.47 GJla 
E = 178.92 kWw(mz-a) 
E, = 202.45 kWW(mz-a) 

- 
&a - 1.67 z~(m'-mouth) 
D,, = 0 zU(bui1diug.a) 

Emergetical and economical characteristics of the best buildings' - 
thermo~nodernisation variant- I 
and the scope of w r k  for a little worse variant (including the scope of 
w r k  for the best variant) - 

The best buildings' therrnomodernisation variant - I 
= vdcatiion of the peak beat power. 
=> building insulation by: 

attic &g insulation by hrsulatiw matainl with Rr1.8 (~'.K))/w (St)~otbm or 
rockwvol grmulote or rkotik), 
h a t  pearvation factor ofla insulation: U = 0.26 w/(~'.K). 
tltanai rvnU rmdpasugo c e i h g  innfation by msl~lntion matnial with R X . 7  - 
(m2.K)Iw. 
heat pmarntion faaor atta insllatiou: U = 0.27: 0.28: 0.30: 0.31 WI(~'.K). 

Investment effectiveness 
C~st (nvs~  =I 442 755.0 Z! 
zUALMW =I 1 711 265.60 a 
zUAGJ =I 13.62 ZI 
Capaciq savings 37.5 % 
Energy savings 41.1 % 
Con savings 38.8 % 

Energy indicators Economical indexes 

q e p a d r ~ .  " 431.08 kW SPBT = 7.9 years 
Q =I 3 107.23 GJla NPV = 51 549.46 zl 
E = 105.41 kww(mZ-a) IRR - 10 % 
E. = 119.26 kww(mz.a) 
IG, = 1.02 z~(rn~-ruouth) 
D,, = 0 zU(building-a) 



Table Ib 

' I ' l i e ~ ~ ~ ~ ~ o t ~ ~ o d e ~ - l ~ i s a t i o ~ ~  w o r l u  leading to cae~.gy c o n s u ~ a l ) t i o ~ ~  decrease 

Es ln r t r l  
nrlb 

atl lc cc l l l ly  

present situntion 

I I - 1 - 1  I 1 - 1  - I - I - 1 - 1  - I - -  

bucurcul  
cc l l l ry  

683.81 5274.47 

~ L l l o n a  

171.92 202.45 1.67 0.00 
111c best build*' ~hcrntomo&ndaation\.ariant 

l 2 a  

FLIIIT~I IICYIII~ 
lrur'ull~'lurr 

qC.,.,,,, 
k 

Q 

CJ l r  

14 an 

14un 

cslrr n m r b  I c r d i q  to energy consumption decrc~rc 

E 
k!\ld(ma.u) 

l2uu 

I2cul 

I2 cm 
imulalion 
malerial 

with R4.7 
mr.K*W 

- 

14an 

I.luu 

14 cm 
bdal ion 

malsdal HI& 
R4.1mr.)(lW 

EI 

k\\'W(lu'.u) 

48% 

10% 

1.64 

1.52 

1.02 

A 

vmfindon of the 
,,ePt 

'I~L 

dm. 

8cm 
h t ~ e t i o n  

nlalaial mil l  
R-1-78 
m r ~ W  

KS .a. 

d( lua. 
l11111) 

0.00 

0.00 

0.00 

663.34 

619.16 

431.08 

5274.47 

4851.31 

1107.23 

rVACJ 

- 
- 

U-1.5 
dco- 
ua about 
IH3m' 

I .  
rll(hud. .a) 

0.00 

26,390.0 

442.755.0 

178.92 

164.57 

105.41 

Capru l l j  
srslngs Y. 

. 
rl 

202.45 

186.21 

1 19.26 

~'III Jirldd pud, 
~ulo,,,,lovn,,, 

a h L  

'" 
1 

Esagy  
r r sh~gs  % 

80.389.89 

51549.46 

431.08 

425.33 

341.69 

0 

373,538.1 

1,711,265:b 

Cast IYI~~~I  

% 

3.8% 

10.2% 

37.5% 

- 
4.16 

i3.62 

116.75 

113.22 

90.24 

3041.81 

2949.63 

2351.06 

1.01 

0.99 

0.80 

105.41 

102.22 

81.49 

SI'UT 

p, 

8.2 

9.5 

15.7 

- 
2.1 

7.9 

0.0% 

8.0% 
. . 

41'.1% 

NIB\' 
rl 

1.6% 

8.8% 

38.8% 

0.00 

0.00 

0.00 

34.253.15 

-34.576.13 

-477.912.52 

l K l l  '/. 

470,315.0 

561,705.0 

1.187.785. 

9% 

7% 

0% 

1.71 1,265.6 

2,019,599.4 

3.332.826.4 

42.3% 

44.1% 

55.4% 

14.04 

16.11 

27.09 

39.5% 

40.8% , 

52.3% 

37.5% 

38.3% 

50.5% 
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Table 1 compares the different project alternatives. Note that Variant-I, with Simple Payback 
time of 2.1 years and IRR of 48 % is the most attractive economically, but only saves 7 % of the 
energy and 9% of the costs. Its attractiveness is due to the lower investment needed. 
However, Variant-11, with a Simple Payback time of 7.9 years achieves a 39% cost savings 
(41 % energy savings) and still manages an IRR of 10%. For a building, which can afford the 
higher investment, Variant-I1 is preferred because it offers the greatest energy savings within a 
10 % IRR constraint. 

Such a result is typical of energy efficiency projects; the first cm of insulation is always more 
cost effective that the additional cm of insulation, but to maximize future savings the project 
designer typically will use as much insulation as possible while still meeting the minimum IRR 
constraint. 



Table 2a 

Dane identyfikacyjne: 

Wvkonawca: 

Data opracowania: 15.08.1998 r. I 
Dane o obiekcie: 
Typ budynku: mieszkalny 

Rok budowy: 1974 r. 

Charakterystyb wspieranej inwestycji termomodernizacyjaej 
Wvbranv wariant 3 

Technologia: wiellcoplyto~va / Wspierans inwestycia termomodernizaryina 
WielkoiC: 
Kubatlm. opewan ej a t t i  budynku: 
Powienchnio utyrkowa micukui: 
Powimchnia ushrgowa porn ogrzcw.: 
Powimchnia Mows oenewvrej - 
czpici budynku: 2142 mZ 
Wspbiczynnik lUaaltu budynku AN 4 3 0  
Linba kondygnsji.,,, ......... ,., .... 5 + piwnice 

.............................. Liczba micszkvi 40 
Liczba micszkuic6w ....................... 110 

Stan istnieiacv budynku: 
\Vsp6IaynnM prrurIkanta ciepla U: 
icimy w /~= .K  
*op0dpCh W/m2.K 

. strop piwnicy W/mZ.K 
okna w / ~ * . K  
drrwi w/m2. K 

Stnunled powietna went m3h 

SprawnoSC aystcrnu ogrtewpnia w budynku - 09s 
q r  0,80 
qp 035 
T\w 0.75 

Wskainiki energetyane 
q ~ - =  189.53 k W  
Q= 2530,3 GJla 
E= 157.54 kwh/(m2-a) 
E r  29 0-93 kwh/(m2-a) 
%= 46,34 kwhl(mJ.a) 
E,= 85.64 k~h/(m'.a) 
r G r  2.05 zI/(mz. m-c) 

Wymiana kotla opalanego koksem na kocioi gazowy 
Modemizacja instalacji C.O. 

Ocieplenie stropodachu 

EfektwvnoSC 
Koszth- = 57400 zI 
K = 45000 ZI tj. 78 '10 
LLEs = 119 kwh//(mZ-a) 
ZYhMW = 2.78 mln zl 
ZYAGJ = 3,7 ZI 
Oszcz~dnoe mocy lo,% 
OszczeQoSC energii 40,7% 
OszczeQoSd koszt6w 34.0% 

Wskainiki energetyane 
q ~ = =  168.93 kW 
Q= 1500,4 GJ/a 
E= 139,22 kW(mz.a) 
E r  171,93 kwh/(mZ-a) 
&= 41,12 kwh/(m3-a) 
&=: 50.78 kwh/(m'-a) 

1 L= 1.35 zu (mz-m-c) 

Wskainiki ekonomiczne 
SPBT= 3,21 lat 
MJV = 95910 zl  
I R R =  51,774 
E f = 254 kWh/a 



Table 2b 

Oznaczenia: 
typ budynku 

rvrp6lcz~nnik 
kszialtu 
budynku 

stotunek pola powvienchni A wszystkich pnegr6d zewnptnnych ogrzewanej czpfci 
budynku (bcian zewnptrznych cvraz z oknarni i drzwiami balkonowymi, dach6w 
i stropodachbw, podlbg na gruncie lub slropbw nad piwnicq nie ogrze\vanqdo 
kubatury ogrzewvmej npfci  budynku. 

naklady inwedyc)jnc na tcrmomodcmizacj~ budynku 

kW 

GJh 
szn}towva moc grzewcza 

sezonowe zapotrzebotvanie na cieplo (energip ko6co1'q) do ogrzcwania w 
standardowvym sezonie ognervaym po uwzglpdnieniu sprawnofci sptenlu C.O. 

kosd uoszczpdzoncj szczytowcj mocy grzecvczej po docicplcniu 
bud~nku 

wskatnik sezonowcgo zapotrzebowania na cieplo (cnergic koicowvq) do ogrzcwania 
w standardo\vym sezonie ogncwczym do pola powienchni utytkowcj ogzewvancj 
czpfci budynku, gdy hS2.6rn lub do lm' kubntury ogrzewanej czpici budynku, gdy 
b 2 . 6 m  

kosd uoszczpdzoncj cncrgii kohcowej a cipgu IS letniego okreau 
eksploalacji budynku po \ykonaniu tmnomodcmizacji budynku klY71 /(cn2 . a) 

lub 
k l ~ h  l(m' - a )  

t v s k h i k  sczonowego zapotacbowvania na cieplo (energip kohcocvq) do ogrzewania 
z uwvzglpdnieniem sprawnofci systemu ogrzewania w budy~~ku w standardo\\yn~ 
sezonie ogrzewczym do pola powierzchni ut}lkowej ogrzewvanej czpici budynku, 
gdy l ~ S 2 . 6 n ~  lub do lmJ kubalury ogncwanej c z ~ j c i  budjnku, gdy 1 ~ 2 . 6 m  

SPTB 
kIl% l(m' .a) 

lub 
kl17h l(m' . a )  

wvyliczona oosn~dnoZd energii w standardowvyrn sezonic ognewczym .a) NPV 

IRR' kosh ogrrania w ciqgu miesiqca (w przelicreniu na I2 nicsipcy) jednego nrctra 
kwadralotvego powvicachni utylkowej ogrzewnnej czpdci budynku 

eCeklywno~6 ckonornicznq inweslycji termomodcrnizncyjncj okrcilo sip 
1% \VzoN EjC = (NPY I K ) * AE, 



Table 3 
Cost of electric energy and savings in 1997-2002 

1 

l zone 
II zone 

PRICE OF ELECTRIC ENERGY IN ZONES IZU 
1997 
0,18 
0,17 

2002 
0,35 
0,31 

2003 
0,39 
0,34 

1998 
0,21 
0,19 

2001 
0,31 

' 0,28 

1999 
0,24 
0,22 

2000 
0,27 
0,25 







Table 4 
Period of payback 

C 

Project 
Periods 

Year 

Cash flow 
within period 

End of period 
amount 

Period of 
payback 

Cash flow within period 
1 

0 

-447 098 

-447 098 

9 

2004 

240 450 

882 195 

4 years 

10 

2005 

267 560 

1 149 756 

2 

1997 

103 004 

-344 094 

11 

2006 

297 728 

1 447 484 

3 

1998 

I 18 228 

-225 866 

6 

2001 

172 266 

234 156 

7 

2002 

192 902 

427 058 

4 

1999 

134 863 

-91 003 

8 

2003 

214 687 

641 746 

5 

2000 

152 894 

61 891 



Table 5 
Sirnuiafion o f  credif repaymenf from savings (affer modernizafion) 

Private funds 
Foreign funds 

Annual credit interest 

Year 

1997 

24% 

Credit 
engagement 

z+ 
380 033 
380 033 
380 033 
380 033 
380 033 
380 033 
375 628 
377 919 
379 014 
378 894 
375 869 
371 640 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Savings 

zi 
12 407 
10 080 
9 630 
6 838 
5 578 
4 621 
5 080 
6 322 
7 558 
10 461 
11 605 
12 823 

Total: 

Interest 

zi 
7 458 
7 458 
7 458 
7 458 
7 458 
7 458 
7 372 
7 417 
7 438 
7 436 
7 376 
7 293 

89 081 103 004 

Savings after 
interest 

repayment 
zl 

4 949 
2 622 
2 172 
-620 

-1 880 
-2 837 
-2 292 
-1 095 
120 

3 026 
4 228 
5 530 
13 923 



2000 
3 780 
2 433 
3 162 
5 068 
7 002 

11 449 

May 
June 
July 
August 
September 
October 

Total: 

1 Gross total: 1 874 1561 01 321 5401 552 616 A 

November 
Decem ber 

8 2801 229 3121 4 500 

2001 

152 8941 
20 750 
16 858 
16 105 
11 436 
9 329 
7 728 
8 496 

10 573 
12 640 
17 496 
19 408 
21 446 

172 266 
23 236 
18 877 
18 035 
12 806 
10 447 
8 654 
9 514 

11 840 
14 154 
19 592 
21 733 
24 015 

192 902 j 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

4 426 
4 378 
4 316 
4 217 
4 079 

6 859 
7 540 
9 384 

11 218 
15 528 

I 53 0091 99 885 

3 8551 13 371 
3 5921 15 442 

225 532 
223 099 
219 937 
214 869 
207 867 

17 226 
19 034 

167 606 
150 144 
136 233 
122 801 
113 776 
106 679 
101 044 
94 532 
85 813 
74 858 
58 831 
40 578, 

Total: 

196 418 
183 047 

epaymer, 

2002 

3 289 
2 947 
2 674 
2 410 
2 233 
2 094 
1 983 
1 855 
1 684 
1 469 
1 155 

796 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

17 461 
13 911 
13 432 
9 026 
7 096 
5 635 
6 513 
8 718 

10 956 
16 027 
18 253 
20 649 

Total: 1 

147 677 
22 845 
18 877 
18 035 
12 806 
10 447 
8 654 
9 514 

11 840 
14 154 
19 592 
21 733 
24 015 

192 511 

1 24 588 
19 928 391 

0 
I 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

I 391 



Table 6 
Simulation of credit repayment from savings (affer modernization) 

Private funds 30% 134 129 
Foreign funds 70% 312 969 

Annual credit interest 24% 

1999 

April 
May 
June 
July 
August 
September 
October 
November 
December 

Total: ( 134 8631 1 437121 91 151 

8 953 
7 304 
6 050 
6 651 
8 278 
9 895 

13 697 
15 194 
16 789 

194 864 
189 735 
186 155 
183 758 
180 713 
175 982 
169 540 
159 170 
147 100 

3 824 
3 724 
3 653 
3 606 
3 546 
3 454 
3 327 
3 124 
2 887 

2 624 
2 304 
2 055 
1815 

133 197 
117 395 
104 736 
92 497 

January 
February 
March 
April 

5 f29 
3 580 

2 397 
3 045 

. . . 4 731 
6 442 

10 370 
12 070 
13 903 

15 803 
12 658 
12 239 
8 335 

18 417 
14 962 
14 294 
10 150 





Table 7 
Period of payback for individual projects (cost of gaining foreign capital added) 

Project 
Periods 

Year 

Cash flow within period 

P I  

Cash flow within 
period 

End of period 
amount 

Period of 
payback 

Cash flow within 

11 
2006 

297728 -- 

1 125 944 -- 

9 
2004 

240450 

560 655 

I 
0 

-447098 

-447 098 

10 
2005 

267560 

828 216 

6 years 

7 
2002 

192511 

105 518 

2 
1997 

13923 

-433 175 

8 
2003 

214687 

320 206 

3 
1998 

35405 

-397 770 

4 
1999 

63215 

-334 555 

5 
2000 

99885 

-234 670 

6 

2001 

147677 

-86 993 



Table 8 
Weighted average cost of capital (WACC) 

Cost of individual 
elements Project 

Share in 
creating 

capital cost 

Financial 
sources 

Collected 
capital 

2,85% 

20,02% 

22,86% 

5,6g0/6 

1 6,4g0A 

22,18% 

O,OO% 

23,55% 

23,55% 

. P I  
WACC 

P2 
WACC 

P3 
WACC 

Per cent 
fraction 

Private I 67 0651 15% 1 18.97% 

Debt 

Private 

Debt 

380 033 

134 129 

312 969 

85% 

30% 

Private 

Debt 

23,55% 

18,97% 

70% 1 23.55% 

O/ 0% 

447 0981 100% 

18,97% 

23,55% 



Table 9 
Net presenf value - NPV for P I  

Rate of discount = 22,86% 
Year I1 Flows 11 

April 1 10 1501 -168 699 zt 
Mav 82801 - 1 6 4 8 7 9 ~ 1  

January 
February 
March 

18417 
14962 

-187620zt 
-180316zC 

142941 -173469zt 



NPV value at the end of ind. period 37 125 z# 



' Table 10 
IRR caicuiation using NPV, where N P V 4  

ftate of discount = 24.6 1 % Rate of discount = 25,53% 
I - G q ) I m y l  

1 -447 0981 
I 12 407 1 -434 949 zI 

- -  -- . - -~ 

2003 I --:--- 216 0901 0 
IRK 24,61% 

Februa 

/ June I 46211 -400865zIl 

August 1 6 3221 -391 1% zt] 
September ( 7 5581 -384 886 zt 
October I 1046If -376411 zt 
November I 1 1 605 1 -367 206 zt 
December I 12 8231 -357 245 d 

January I 14 241 1 -346 414 zt 
F e b r u a ~  I 11 5701 -337 798 ZI 
March 1 1 053 1 -329 739 zt 
April 7 849 ( -324 135 zt 

1 May 6 403 1 -31 9 659 zt] 
1398 

- 
September 1 8 675 
October I 12 008 

June 
July 
Auaust 

-301 782 zt 
-294 226 zI 

November 
December 

Total: 

October I 13 6971 -221 304 zl 
November I 15194) -214033zt 

5304 
5831 

-286 01 9 zt 
-277140zt 

13 320 
14718 

. 

(December 1 1 6 78T-206 165 zt 
~otal:]  134 863 1 - .  

-316028~1 
-312119zt 

I 

I l l  
. - - -. . . . - .  - - -  

Januarv 184171 -197715zl 

7 2571 -307 357 zt 

-267 543 zt 
-259 909 zl 

118 228 
January 
Februarv 
March 
April 
Mav 

I 

February 149621 -190993zt 
March 142941 -184704~4 

16 245 
13 198 

April I 10150j -180332~1 
Mav 8 280 1 -1 76 840 zt 

12 608 
8 953 
7 304 

August I 9 3841 -1 67 242 zl/ f 
L., 

"C 
, ,' 

-252 768 zI 
-247 803 ZI 
-243 837 Z+ 



N W  value at the end of ind.period 
' - 

-0 zt 

Internal rate of return IRR 25.53% 



Table I I 
Internal rate of return - IRR for Pf, P2, P3 

2002 
2003 

March I 9 6301 -68,45% 1 
Aoril 6 8381 -58.31561 

- 
January 
February 

~ l - : ~ z d  .., , -  92:9371 . . 20,5294 
--: -21.6.0901 24,61% 

I 
,- - - - .  

May 1 5 5781 -50.50% 

IRR 24,61% 

1997 June -4449% 
-38,75016 

August 6 322 -33.21 O h  

. . . --- 
12 407 
10 080 

October I 10 461 1 -23,59% 
November I 1 1  6051 -19.89% 

-97,22% 
-83,53Oh 

February 1 1 1  5701 -12,62% 
March I 1 1  0531 -1 1.24% 
April 7 849) -1 0,35% 
Mav 6 4031 -9.67% 

July I 6 651 -2,41% 
August 8 278 -2.20% 

February 1 14 962 -0.64Oh 
March I 14 294 -0,46% 
April 10 1501 -0,34% 1 - 
May 8 2801 -0,25% 1 

1 June I 6 8591 -0.18%; 

August 
September 
October 

9 3841 -0,01% 
1 1  2181 0.09% 
15 5281 0.22% 

November 
December 

17 2261 0,36% 
19 0341 O.5O0h 



Internal rate of return (months) 2,13% 

Internal rate of return (years) 








