JPRS: 2915
28 Jyne 1960

2
-
S O ‘g
=g
Q0
8=
S '© ,
T > | :
» 9_ a4 | FUNDAMENTAL PRINCIPLES OF TECHNICAL AND ECONOMIC
S D CALCULATIONS IN POWER ENGINEERING
c 2
m
- - USSR -
Eg
W o
E -4
o »
* g = E ‘3
0SS g |
y) 25 : &
°..<2'§ ; , |
§ g8 _ Y
D23
r£s0
o~ . '
g_’ 2' Photocapies of this report may bhe purchased from:
(= I PHOTGDUPLICATION SERVICE

LIBRARY OF CONGRESS
WASHINGTON 25, D.C,

. M S T 2 S O S W S S G T 0 M U GG S P D 0 A G U O 1 S8 0 SO6 W Gl S SO (R N U Y S Y D 950 658 S O O g £ 4 T S B o < ey

U.5. JOINT PUBLICATIONS RESEARCH SERVICE
205 EAST 42nd STREET, SUITE 300
NEW YOBK 17, N. Y.




-

[

JERS: 2915
080: 3926-N

 PUNDAMENTAL PRINOIPLES OF TEOHNICAL AND EOONOMIC
- CALCULATIONS IN POWER ENGINEERING

[Tois 18 a translation of an unsigned article
appearing in Promyshlennaya Energetika .
(Industrial Power Engineering), No. 2, Moscow
February 1960, pages 42-45.7 :

1. The purpose of technologioal and economic
calculations is the selection of the most economlcal
cariant for the solution of a ceritain problem in order to .
satisfy varlous national economlc requirements. :

The cost of production does_not glve a complete con-

' ception of its economy /fefficlency/, since it does not take
into accdount labor expenditures for the manufacture of the

product on behalf of soclety. Up to the present time,
there does not yet exist a generally accepted method for

1determining the cost of. productlon.

The economy of the variant must be evaluated by

' taking into account initial capital invesiments as well as

current expenditures. Therefore, for a comparative cost -
evaluation of .variants, we must now use the method of time,
during which the product pays for itself, which measures
capital expenditures together with future manufacturing

‘expenditures, i.e., with the cost of output.

Cost indices are the decisive factor in the techni-
cal and economic evaluation of variants,. The qualitative

‘properties of all the varlants that are being compared must
"be evaluated, as far as possible, from the cost angle.
‘Only if the latter is not fedsible, will 1t be necessary to
' resort to natural indices, of one type or another, for a

~ supplementary qualltative evaluatlon of the variants.

2, In evaluating the.comparative economy

;[Efficiencx7-of two or more varlants, each of the variants
. under comparlison must be analyzed, proceeding from the
conditions of its maximal economy. :

The variants under comparison must be compared with-

.




-in the given system of power 1nstallatiens, wilth the
premise of uniform power output by each of the variants.

3. The method of time, during whilch the installa-
- tlon pays for ltself,-consists of the comparison of the
difference in capital investments by variants with co t
economy according to the formula

- "?“‘f‘ —G: 0

'where Kj and Cq are the capital investments and the cost
of annual output, respectively, (annual produetion ex-
penditures) of the first variant; ‘

Ep and Cp - signify the same for the second variant.

Tﬁe time arrived at, during which the installation
peys for iteelf - T, expressed in years, is compared with
-the standard time during Which the installation is
anortized = T

If T equals Tn, then the variants under conparison

‘are of equal valuej

: if '7<7¥, then the second variant (Ko and C,) 1g
more economicaly 1l.e., 1t involves larger capital nvest-
. ments and smaller cost of production;
) ~Af '7>7.  the variant with smaller capital invest-
, ments, K3, and larger cost of produotion, C1, will be more
. economical,

.+ It is possible to interduce the value of the
~ standard amortization period T, &irectly into the calcula-
- tlon formuls '

~nza+Tn ‘ w

1 . Then that variant Will be regarded as ececnomical
"which has a smaller total value, i.e., conforms to the

condition L
C+"7";K”M£n:'mum. ' L .

: The formuls for the ‘caleulatlon of the method of
~time, during which the product pays for i1tself, asccording
- %0 expression {1) can be utilized only for a comparison of
. varisnts in palrs. Formula (3) can be utilized for a
. conparison of any number of varlants and, therefore, is

. more convenlent in a number of cases.

The inverse value to the standard amortizetion time

-; ly designated as ‘the standard effectiveness coefficient

and is expressed by Pp. TFormula (3), then, will assume
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the followtngvform:
3-6-&--%;!( = C 4 p K == m‘m';"_.ufu )

M™iis value, further on, will be designated as cal-
culated expendltures. . : v S

4, The value of the standard amortlzatlon period
{or standard effectiveness coefficlent) must be taken as
wniform for all caleulations in the field of power
engineering and as equal, over the short term, to eight
years:(standard effectiveness coefficient - 12.5 percent).

5. In determining the calculation of expendlitures
according to formula (4), the following must be taken into
accounts

a) Cost ¢ (annual production expenditures) must
comprise: write~offs for amortization, raw materlal ex-
penditures, expenditures of fuel, power and other material
values, direct wages of workers and employees, current
repalr expenditures, genmeral shop and general plant ex-
penditures, money spent on soclal insurance, overhead, etc.

. b) Capital investments K must comprise: cost of the.

basic prejected object Kyggigs turncver funds Kqyrm and, in
certain cases, contiguous capital investments Kcont.

6., The determination of component expenditures must
be carried out by means of comparable prices. The cost of
installation for power plants, as well as expenditures of
‘raw materisl, fuel, power, and other materials, must be
ta?en into account in accordance with their listed sales
prices. o . ’
o At the existing system of price formatlouns, however,

prices do not fully reflect thelr natlonal economic value,
snd & utllization of prices in technical and -economic cal-
- gulations may lead to conslderable errors, distorting the
results. Therefore, in cases where ome ludividual type of
expenditure exerts a visible influence on the results of
~comparisons, list prices should be substituted by the cost
" of the produection engaged in and contiguous capital invest=-
ments should be taken into account in the sum of caplital
investments. (At caleculations according to price lists,
contiguous capital invesitments should be left out of
consideration.) -

7. GContiguous capital investments (Koont) consti-
tute capital investments in a branch of lndustry, the out-
put of which is utilized as technologlcal raw material in
the projected object, Contiguous capltal investments
shiould be determined only for industry branches, the out-
put of which is of considerable importance wlithin the
-framework of capital investments or of productlon cost of
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i_;ythe enterprise oontemplated., For the 1atter in&ustry
, . branches, in turn, capital investments in other branches

are required that are connected with the former.  However,
28 a rule; this csmnot be computed with a sufficient '
degree of exactitude.

» In technological and eeanomic caleulations in the

|| fleld of power englneering, contiguous cepital invegtments,

as a rule, must be transferred to /faccounted for in/ the

i fuel. industry and ‘the transportatlon of fuel and power %o
“the comsumer. -In doing so, current expenditures amust be
‘taken into account in aecordanoe with the cost of fuel and .
of transportation.

In determining the value of capital 1nvestments
one must take into consideration that, apart from capital
investments iIn basic productlon objects %Kbas ), invest-
ments for setting up current assets nmay be ca%led for (Keg)
ia the form of indispensable stocks of raw materlals, other

naterials, fuel, semi-manufactured products and other

.objects that make work performance possible.

The volume of funds required for current operatlons
must be determined by taking into account the speed of
their turnover. -

9. Amortization write-effs take into account the
original cost of the object less ite ourrent value (cost

- of the values remaining after discontinuwation of utili-
‘zatlon of the object) and the expenditures for caplial re~

pairs. The term of service of the objeet, at determining
amortization write-offs, must be established by taking linto
4cc2%pt its physical and moral wear and tear /geterieran
tion/. ‘ . o o
Amportization write-offs are computed in certain per-

‘centages of the original cost of the object. In these

computations one must ablde by the standarde of amortiza-
tion write~offs for individmal types of equipment, set up
by taking into account the length of serviee and the
intensity of its utilization. In working out amortization
standards one should take inte consideration thet amorti-
zation wrilte~offs prior to the moment of thelr utilization
in & given enterprise can be utilized for an expanded re-
production in other sectors of the natlonal econony.

10. A compuitation of expenditures for electric
power, in.determining the cost of production, must be
carried out by taking into account the expenses for lts
transmission over the networks and, differentiated, by tak-

“ing account the fluctuatlion in its load ‘dlagrem of con-

sumers {Tmay) and the degree of one's /Itg/ participation
in the maximum load of the system (ky).
If the tariff does not correspond to the require-




ments, 1t is possible to determlne the éxpenditures’for
 onme killowatt hour of needed electrlc power by the follow-

ing formula:

3,=a+ -;ﬁ max.(b + K (]

- where a are the variable expendiﬁures of the electric

power system with reference to one kilowatt hour of
electric power output (approximately equal to the fuel
component); ’ ‘

where b are the constant annual expenditures of the
electric power system with reference to one kilowatdt of the
established power of the systen (approximately equal to
211 the experditures of the electric power system without
the expenditures for fuel): ' '

where kp is the coefficient showing the power reserve of

the system (kp = 1.15 - 1.20); .

shere Xo i1s the cost of one killowatt of the established
power of the electric power gystem. .

' .11. The cost of electric power that ensures
coverage of losses should also be taken into account, as
should be the expenditures for usefully employed electric
POWeTr.

12, If, in comparing the veriants, capital ex-
penditures take place at different times, the varients
should be compared with reference to the volume of saild
capltal expenditures. The expenditures of earlier years
Ko with reference to the moment of comparison must be

applied according to the standard coefficient of effect-

iveness of capital investments pp proceeding from the
compound interest formulas

K== Ky-(t + P.)’. . )

where K represents the sald expenditures over T years.

The terme of installation of the objJects and the
distribution of capital investments by years of con-
struction are computed by & summation of all the annual
volumes of capital investments reduced to the moment of the
termination of comstruction:

K=Kyl + 2~ + Kl 4 2024 ot
+ Kt +p0+ .K" M |

where X is the sum total of the stated capltal
invegtments; . :




I ” Whéfé gl;ikao%Q;;Kﬁ;lg'Kt are the capital invest-
; ments of the corresponding constructien year,

"4 1s the comstruction period of ‘the object |

The rum total of said capital investments K, :
srrived at byjthe¢Variants,-determines the calculated cost
of constructing the objeot and is utiliged in further cal-
culations for determining the ecoxomy [gfficiencz7 of the
given object By formulas (1) and (4). -

- 13. At a change of the productive capacity of the
. jobject as ‘time passes, for instance, at an lncrease of ‘the
‘output by it, at a growth of the power load of the electric
transmission line, etc., the.variants under comparison may
vary with respect to the volume and order. of realizatlon
of capltal investments as well as with respect to the
volume of annual production expenditures by individual
periods of utlllization.. ; Co o
: In that case, 1t 1s mnecessary to reduce the time=
varying capltal investments and annual expenditures to a
comparable form, recomputing them as. per the moment of
completion of the entire object according to the establish~
ed standard of national economic effegtiveness of caplital
investments Pn. proceeding from the formulae of compound
interest. - , . S o \
' 14, A determination of the economic expediency of
. making supplementary capital investments for repairs, .
modernization, or substitution of the 0ld installation. by
‘2 new one should preferably be made by way of comparing the
' expenditures, computed according to each varlant and re-
duced to an identical power effect. -
. Expenditures in conducting work with the old
rinstalla‘bion are ' '

| .3" = Coy + PaKer ®

i

~ Expenditures after the compietion of repairs or
. modernlzation are T

Oy )

)

ExgenditureS‘after exchange of the old installation
for a new one are : : : :

3,=Cot Pt K=K} (0

. where Cold, Op, Cp signify the cost of annual output of

—— 6‘--



“ the relative variants,

Kold is the re~employable cost of the not-worn-

: . out part of the old installation;

Eps Kn 38 the supplementary capltal invesiment of

b the corresponding veriants;

K7 is the liquid fcurrent-asset/ cost. :

_ If fhe expenditures defined by formula (9) or (10)
will be less than the expenditures given in formula (8),
then the effectuatlon of one or ancther measure should be
-considered as economically expedient

xamples.of Caloulations

Eyample No. 1 (for point 12),

The requirement is to compare two construction
variants of one and the szme object, to be realized In
different p:riods and in a different order of capital
investment :

According to_the first variant of the executlon of
the execution of the work, the total time of 1ts comple-
tion 1 ig determined at four years. The estlmated cost
of congtruction is 20 milllion rublegs. The order of
investments is 5 million rubles amnually.

According to the second variant of the executlon of
the work, construction starts.one year later and is
complebed in three years. The estimated cost of counstruc-
tion is 21 million rubles.  The order of investment of
the funds by year is as follows: four, seven and ten
milllion rubles.

The effectlveness coefflcient is pp = 12.5 percent

the time during which the installation Will be paid for
is elght years).

. The above capital investments, by the time the
mnstallation is put into operation (calculated cost of
the object), determined sccording to formula (7), will
be:

Firgt variant

K=K p) T Kt
K 2 K B {1 01280 +
+5(1 40,1280 4851 +0, 125)+8==24 07 million

.

'Second variant

‘ | K“'Kiﬂ'}‘&f-'-{- K.(!-{-p' "".}.p('a
=41 40,1250 47 (1 +0,125) 4 10 = 22,94 million

ruble




The seocond variant appears to be more economical
despite the fact that its estimated cost ls higher by 1
million rubles. ,

Fxample No. 2 (for point 3). .

The teégulrement is to compare the economy of two

. varlisnts of one and the same object differing from each

 other as to capital investments and utilizatlion ex-
penditures. - . :
' . In the first variant (reduced to the time the
installsation 1s put into operation), capital investments
are equal to 10 million rubles, and annual utilization
expentiitures (computed by including amortization write-
offs) are 1 million rubles. :
~ Capltal investments according to the second variant

are equal to five million rubles, but annual utilization
expenditures come to 2 milllon rubles.
: . The stendard amortization perlod is elght years

{standard effectiveness coefficlent - 12,5 percent).
' ~ According to formula (1), the period of time re-
guired by the installatlon to pay for liself is:

K=Ky 10—5
Taﬁ:_—-c—:-m-mfs years

A comdarison of the time required to pay for it~
~self with the standard time of amortization polnts to the
econony of the first variant. :

The same result is arrived at by utilizing formula

(4). |
o -~ The caloulated expenditures of the first variant
are - ‘ _ . ' ‘ ' \
B C ot p K 401 102,25 million.
The caleculated expenditures of the second variant
are ‘ : ‘

. o s

Example No. 3 (for point 3).

-The requirement ls to compare the economy of four
variants of one and the same object, the capital invest-
ments and amnuval expenditures for which amount to:

Ky =20 mliven publes Gy 1.8 miflion rybles

Kgus,o “ ctlll 1,2 “

K;-S,O t C, L 0,8 “w

. KC-7|5 . ‘o C.”ﬁ.ﬁ )
— 8
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The standard amortization time 1s elght years
(stendard effectiveness coefficient -~ 12.5 percent).

‘ At a larger number of variants, it is more _
convenient to utilize formula (4) for caleulations. The
results of determining the calenlated expenditures will
be as folleoise

3= Cy + poKy =184 0,125.20 = 208 million bl
By=Cod p o= 124+ 015.30'= 157 & |
3, =Cy+ p K, =08+40,12550=142 E
3,=Cot pK=08+0125-75=154. u |

The most ecomomical variant is the third,

When applying formula (1), the calculations will
e more complex. Here variants can be compared only in
This is & comparison of the first and second
variant: '

Ke— K 3—2 . o
Tl-—?‘C:_.C,‘l,a-l.2‘l'as\lnr<r' 8 years!

The second variant is more economical.

This is a coumparison of the second and third

variantbe '
v K;""Kt 5'_3
Tos=Cy—C, 1,2—0,8

wa § qeirs < B years

he third variant is more economical. ,
This 1s a comparison of the third and fourth
varliant: ’ ’ »

K‘—" Kl_' 705""5

Ty4™=C,—C, o,s...o,s“_lﬁ.-" yean>> 8 years'

The third variant is more economical.

The resulits of the calculations have, of course,
coincided, but it is much more convenlent %o carry out
calculations by means of formula (4).

Exomple No. 4 (for point 13). v

The requirement is to compare two variants of the
construction of the object that vary, as to tone, in
their volume of capital investments and of annual pro-~
duction expenditures. It is known that after t years
the productive power of this object must be doubled.
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‘Two varients are available for the solution of this

problen., » .
. First variant. For the beginning, the utilization
of the object is undertaken only in a volume required for
putting into operatlon the potential necesgery during the
first period. Toward the beginning of the second period
(after t years), new structures are added to the object
for its expansion to 2 volume requlred for putiing into
operation the supplementary potential.,

Second varianit. The object is constructed from
the start fer 1ts entire productive power. Baslc capital
investments in the object are made at the start of the
Lirst period of utilization; at the start of the second
perlod of utilizatlion, only ninor supplementary capltal
investments are necegsary. '

Let us desigunate the capital investuents made at

_the start of the utllization of the object according to

the first veriant as Xj, and according to the second
veriant as Kb, Capital investments made prior to the
start of the second period of utilization will be de-
signated as KY and KA. The corresponding utilization ex-
penditures during thé first period of utilization will be
designated as €] and C}, and during the second period of
utilization as &i and 8".

The variants should be compared by including in
the second period a determination of the calculated
annuel expenditures during the secxmd period of utiliza-
tlion by taking into account all the previously incurred
one~time and annual expenditures.

For the case on hand, the calculated annual ex-
penditures of the second period are determlned by
variants by means of the followling formula:

3 =C) + P K+ K%

5=+ n KK+ [(x;-— K+
+ Cz;c; ][(] +p.)‘-— l]}

The saaller volume of expenditures points to the
most economlical variant, ,

Let us assume that the varlants are characterigzed
by the followlng datba: '

Plrst variant

K: == 10 millien publes K:' = 10 million publes
’ ) *” .
C. e | ] Cl = v
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K’:ﬂ|7 Il’ ”6.. Knal m”o» "“M‘-S
C;-l I nan. pyS; Cg"‘ ’M-I’mrvi!q

. The 1nerease of the objectls potential mnst be
accomplished in five years.
4 determination of the calcula'ted expenditures
P = 0,125 produces the following result
First variant -

d

#—m+mwm+m=ummm@

Second variant o _
s 3” - l,9+0.l25{l7 $14 [u'l-—w).*. ‘6‘!‘5‘]
X l(l +° l”)'-— l]}-4 92 willion rvblq

The first variant proves to be suitable from the
economy angle despite the fact that 1t requires more

over-all capital investments and greater production er

pendibures during the second period of utilization.

’ «

END

#1985 11

. Seeond variant : . I T
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