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Annex T2: Computation of  
Voltage Drop and Line Losses of  
Power Distributors

Introduction
This paper provides a convenient and simplified 
methodology for the computation of voltage drop and 
line losses for power distributors at medium and low 
voltages. The formulae presented can be used when 
there is no facility to use computerized network analysis 
software for power distribution networks. The networks 
can be modelled to a set of single line distributors and the 
formulae presented in this paper can be used to obtain the 
required values for the tail end voltage and line loss.

Single section power distributor
A short power line is represented by its resistance and 
reactance (with capacitance effects being minimal and 
neglected). In the case of a tail end load the situation is as 
represented by the following diagram and vector diagram:

Figure 22	 Representation of a single section power line:
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Figure 23	 Vector diagram of a single section power line
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The line end voltage drop phase to neutral is: 
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and power loss along a single conductor is:    
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We thus have the following representation for voltage 
drop and losses for three phase and single phase systems 
respectively:

Where:
K 	= �√3 for balanced three phase and 2 for single or  

dual phase
K

1
	= �3 for balanced three phase and 2 for single and  

dual phase
I 	 = line current
L 	 = line length
r 	 = resistance in Ohms per unit length
x 	= inductance in Ohms per unit length
Ɵ 	= power factor angle

Distributors
In practice however, a distribution line consist of a number 
of sections and branches and is loaded at various points 
along its length at irregular intervals. In such instances the 
power flow characteristics including line voltages at various 
points and line losses can only be accurately determined 
by using suitable computer programs that can address the 
solution by using iterative processes. However, a simplified 
methodology can be developed to obtain an approximate 
solution which will yield results well within acceptable 
accuracy limits.

The computation is made with the distributor modelled 
as a simple radial line with a number of equally spaced 
sections at the ends of which are applied loads of equal 
magnitude. The total load of the distributor will be equal 
to the total of the section loads and the total direct length 
of the distributor (omitting any branch lines) will be equal 
to the length of the model line. Experience has shown 
that it is very convenient to model distribution lines by 
this method ignoring the voltage levels of the branch lines 
as only the lowest voltage of the system is of relevance. 
Also the line losses of branches are often negligible in 
comparison with the losses in the main line which carries 
the main load. If any branch line is of significance it can 
be modelled separately while for the performance of the 
main network the total load of the branch line can be taken 
as acting at the branch point. The representative model is 
shown in figure 24 below:

Figure 24

n = No. of sections
l

s
/n = Load at each node 
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The current flowing along the sections, commencing with 
the start of the distributor will be:
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The	
  Power	
  loss	
  along	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K1	
  r	
  
!
!
  	
  [𝐼𝐼   !!!

!
]!	
  

	
  
Accordingly	
  summing	
  up	
  the	
  power	
  losses,	
  total	
  loss	
  of	
  distributor	
  is:	
  	
  

=	
  K1	
  r	
  
!
!
    	
  	
  I2	
  	
  [  ( !

!
)! +   ( !!!

!
)! +   ( !!!

!
)! + ⋯+ (!

!
)! + (!

!
)!]	
  

	
  
=	
  K1	
  r	
  

!
!
    	
  	
  I2	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n2	
  

	
  
=	
  (losses	
  of	
  an	
  equal	
  tail	
  end	
  load)	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n3]	
  

	
  
Using	
  the	
  above	
  relationships,	
  a	
  set	
  of	
  multiplying	
  factors	
  could	
  be	
  derived	
  to	
  convert	
  the	
  tail	
  end	
  load	
  
situation	
  (i.e.	
  entirety	
  of	
  the	
  load	
  to	
  act	
  at	
  end	
  of	
  line)	
  to	
  that	
  of	
  a	
  distributor	
  with	
  the	
  same	
  length	
  and	
  
sending	
  end	
  load.	
  The	
  following	
  table	
  presents	
  the	
  multiplying	
  factors	
  (MF)	
  that	
  could	
  be	
  used	
  to	
  
determine	
  the	
  line	
  end	
  voltage	
  drop	
  and	
  line	
  losses	
  of	
  a	
  distributor.	
  
	
  

No	
  of	
  line	
  
sections	
  

MF	
  for	
   MF	
  for	
  
	
  Volt	
  drop	
   Losses	
  

Voltage drop of distributor
The voltage drop in section (i+1) will be:
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The	
  current	
  flowing	
  along	
  the	
  sections,	
  commencing	
  with	
  the	
  start	
  of	
  the	
  distributor	
  will	
  be:	
  
	
  

𝐼𝐼  ,      I  
𝑛𝑛 − 1
𝑛𝑛

,        I  
𝑛𝑛 − 2
𝑛𝑛

,      I  
𝑛𝑛 − 3
𝑛𝑛

, ………… .    I  
𝑛𝑛 − 𝑖𝑖
𝑛𝑛

, … . .      I  
1
𝑛𝑛
	
  

	
  
	
  
Voltage	
  drop	
  of	
  distributor:	
  
	
  
The	
  voltage	
  drop	
  in	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K	
  I   !!!
!
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  

	
  
Accordingly	
  summing	
  up	
  the	
  voltage	
  drops	
  (ignoring	
  the	
  negligible	
  phase	
  angle	
  shift)	
  
Line	
  end	
  voltage	
  drop	
  is:	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  I	
  (!!  	
  +	
  

!!!
!   + !!!

!   + !!!
!   + ⋯	
  	
  	
  +	
   !!  )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  (1	
  +	
  2	
  +	
  3	
  +-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n)	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  ( !!! !

!!   )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  L  	
   !!!!!   	
  

=	
  (voltage	
  drop	
  of	
  an	
  equal	
  tail	
  end	
  load).  	
   𝒏𝒏!𝟏𝟏𝟐𝟐𝟐𝟐   	
  

	
  
Power	
  loss	
  of	
  distributor:	
  
	
  
The	
  Power	
  loss	
  along	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K1	
  r	
  
!
!
  	
  [𝐼𝐼   !!!

!
]!	
  

	
  
Accordingly	
  summing	
  up	
  the	
  power	
  losses,	
  total	
  loss	
  of	
  distributor	
  is:	
  	
  

=	
  K1	
  r	
  
!
!
    	
  	
  I2	
  	
  [  ( !

!
)! +   ( !!!

!
)! +   ( !!!

!
)! + ⋯+ (!

!
)! + (!

!
)!]	
  

	
  
=	
  K1	
  r	
  

!
!
    	
  	
  I2	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n2	
  

	
  
=	
  (losses	
  of	
  an	
  equal	
  tail	
  end	
  load)	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n3]	
  

	
  
Using	
  the	
  above	
  relationships,	
  a	
  set	
  of	
  multiplying	
  factors	
  could	
  be	
  derived	
  to	
  convert	
  the	
  tail	
  end	
  load	
  
situation	
  (i.e.	
  entirety	
  of	
  the	
  load	
  to	
  act	
  at	
  end	
  of	
  line)	
  to	
  that	
  of	
  a	
  distributor	
  with	
  the	
  same	
  length	
  and	
  
sending	
  end	
  load.	
  The	
  following	
  table	
  presents	
  the	
  multiplying	
  factors	
  (MF)	
  that	
  could	
  be	
  used	
  to	
  
determine	
  the	
  line	
  end	
  voltage	
  drop	
  and	
  line	
  losses	
  of	
  a	
  distributor.	
  
	
  

No	
  of	
  line	
  
sections	
  

MF	
  for	
   MF	
  for	
  
	
  Volt	
  drop	
   Losses	
  

Accordingly summing up the voltage drops (ignoring the 
negligible phase angle shift)
Line end voltage drop is:
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The	
  current	
  flowing	
  along	
  the	
  sections,	
  commencing	
  with	
  the	
  start	
  of	
  the	
  distributor	
  will	
  be:	
  
	
  

𝐼𝐼  ,      I  
𝑛𝑛 − 1
𝑛𝑛

,        I  
𝑛𝑛 − 2
𝑛𝑛

,      I  
𝑛𝑛 − 3
𝑛𝑛

, ………… .    I  
𝑛𝑛 − 𝑖𝑖
𝑛𝑛

, … . .      I  
1
𝑛𝑛
	
  

	
  
	
  
Voltage	
  drop	
  of	
  distributor:	
  
	
  
The	
  voltage	
  drop	
  in	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K	
  I   !!!
!
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  

	
  
Accordingly	
  summing	
  up	
  the	
  voltage	
  drops	
  (ignoring	
  the	
  negligible	
  phase	
  angle	
  shift)	
  
Line	
  end	
  voltage	
  drop	
  is:	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  I	
  (!!  	
  +	
  

!!!
!   + !!!

!   + !!!
!   + ⋯	
  	
  	
  +	
   !!  )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  (1	
  +	
  2	
  +	
  3	
  +-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n)	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  ( !!! !

!!   )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  L  	
   !!!!!   	
  

=	
  (voltage	
  drop	
  of	
  an	
  equal	
  tail	
  end	
  load).  	
   𝒏𝒏!𝟏𝟏𝟐𝟐𝟐𝟐   	
  

	
  
Power	
  loss	
  of	
  distributor:	
  
	
  
The	
  Power	
  loss	
  along	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K1	
  r	
  
!
!
  	
  [𝐼𝐼   !!!

!
]!	
  

	
  
Accordingly	
  summing	
  up	
  the	
  power	
  losses,	
  total	
  loss	
  of	
  distributor	
  is:	
  	
  

=	
  K1	
  r	
  
!
!
    	
  	
  I2	
  	
  [  ( !

!
)! +   ( !!!

!
)! +   ( !!!

!
)! + ⋯+ (!

!
)! + (!

!
)!]	
  

	
  
=	
  K1	
  r	
  

!
!
    	
  	
  I2	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n2	
  

	
  
=	
  (losses	
  of	
  an	
  equal	
  tail	
  end	
  load)	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n3]	
  

	
  
Using	
  the	
  above	
  relationships,	
  a	
  set	
  of	
  multiplying	
  factors	
  could	
  be	
  derived	
  to	
  convert	
  the	
  tail	
  end	
  load	
  
situation	
  (i.e.	
  entirety	
  of	
  the	
  load	
  to	
  act	
  at	
  end	
  of	
  line)	
  to	
  that	
  of	
  a	
  distributor	
  with	
  the	
  same	
  length	
  and	
  
sending	
  end	
  load.	
  The	
  following	
  table	
  presents	
  the	
  multiplying	
  factors	
  (MF)	
  that	
  could	
  be	
  used	
  to	
  
determine	
  the	
  line	
  end	
  voltage	
  drop	
  and	
  line	
  losses	
  of	
  a	
  distributor.	
  
	
  

No	
  of	
  line	
  
sections	
  

MF	
  for	
   MF	
  for	
  
	
  Volt	
  drop	
   Losses	
  

Power loss of distributor
The Power loss along section (i+1) will be:
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The	
  current	
  flowing	
  along	
  the	
  sections,	
  commencing	
  with	
  the	
  start	
  of	
  the	
  distributor	
  will	
  be:	
  
	
  

𝐼𝐼  ,      I  
𝑛𝑛 − 1
𝑛𝑛

,        I  
𝑛𝑛 − 2
𝑛𝑛

,      I  
𝑛𝑛 − 3
𝑛𝑛

, ………… .    I  
𝑛𝑛 − 𝑖𝑖
𝑛𝑛

, … . .      I  
1
𝑛𝑛
	
  

	
  
	
  
Voltage	
  drop	
  of	
  distributor:	
  
	
  
The	
  voltage	
  drop	
  in	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K	
  I   !!!
!
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  

	
  
Accordingly	
  summing	
  up	
  the	
  voltage	
  drops	
  (ignoring	
  the	
  negligible	
  phase	
  angle	
  shift)	
  
Line	
  end	
  voltage	
  drop	
  is:	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  I	
  (!!  	
  +	
  

!!!
!   + !!!

!   + !!!
!   + ⋯	
  	
  	
  +	
   !!  )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  (1	
  +	
  2	
  +	
  3	
  +-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n)	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  ( !!! !

!!   )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  L  	
   !!!!!   	
  

=	
  (voltage	
  drop	
  of	
  an	
  equal	
  tail	
  end	
  load).  	
   𝒏𝒏!𝟏𝟏𝟐𝟐𝟐𝟐   	
  

	
  
Power	
  loss	
  of	
  distributor:	
  
	
  
The	
  Power	
  loss	
  along	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K1	
  r	
  
!
!
  	
  [𝐼𝐼   !!!

!
]!	
  

	
  
Accordingly	
  summing	
  up	
  the	
  power	
  losses,	
  total	
  loss	
  of	
  distributor	
  is:	
  	
  

=	
  K1	
  r	
  
!
!
    	
  	
  I2	
  	
  [  ( !

!
)! +   ( !!!

!
)! +   ( !!!

!
)! + ⋯+ (!

!
)! + (!

!
)!]	
  

	
  
=	
  K1	
  r	
  

!
!
    	
  	
  I2	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n2	
  

	
  
=	
  (losses	
  of	
  an	
  equal	
  tail	
  end	
  load)	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n3]	
  

	
  
Using	
  the	
  above	
  relationships,	
  a	
  set	
  of	
  multiplying	
  factors	
  could	
  be	
  derived	
  to	
  convert	
  the	
  tail	
  end	
  load	
  
situation	
  (i.e.	
  entirety	
  of	
  the	
  load	
  to	
  act	
  at	
  end	
  of	
  line)	
  to	
  that	
  of	
  a	
  distributor	
  with	
  the	
  same	
  length	
  and	
  
sending	
  end	
  load.	
  The	
  following	
  table	
  presents	
  the	
  multiplying	
  factors	
  (MF)	
  that	
  could	
  be	
  used	
  to	
  
determine	
  the	
  line	
  end	
  voltage	
  drop	
  and	
  line	
  losses	
  of	
  a	
  distributor.	
  
	
  

No	
  of	
  line	
  
sections	
  

MF	
  for	
   MF	
  for	
  
	
  Volt	
  drop	
   Losses	
  

Accordingly summing up the power losses, total loss of 
distributor is: 
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The	
  current	
  flowing	
  along	
  the	
  sections,	
  commencing	
  with	
  the	
  start	
  of	
  the	
  distributor	
  will	
  be:	
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𝑛𝑛 − 1
𝑛𝑛

,        I  
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𝑛𝑛
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𝑛𝑛

, ………… .    I  
𝑛𝑛 − 𝑖𝑖
𝑛𝑛

, … . .      I  
1
𝑛𝑛
	
  

	
  
	
  
Voltage	
  drop	
  of	
  distributor:	
  
	
  
The	
  voltage	
  drop	
  in	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K	
  I   !!!
!
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  

	
  
Accordingly	
  summing	
  up	
  the	
  voltage	
  drops	
  (ignoring	
  the	
  negligible	
  phase	
  angle	
  shift)	
  
Line	
  end	
  voltage	
  drop	
  is:	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  I	
  (!!  	
  +	
  

!!!
!   + !!!

!   + !!!
!   + ⋯	
  	
  	
  +	
   !!  )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  (1	
  +	
  2	
  +	
  3	
  +-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n)	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  !
!
  	
  ( !!! !

!!   )	
  

=	
  K	
  (r	
  cosƟ	
  +	
  x	
  sinƟ)	
  	
  L  	
   !!!!!   	
  

=	
  (voltage	
  drop	
  of	
  an	
  equal	
  tail	
  end	
  load).  	
   𝒏𝒏!𝟏𝟏𝟐𝟐𝟐𝟐   	
  

	
  
Power	
  loss	
  of	
  distributor:	
  
	
  
The	
  Power	
  loss	
  along	
  section	
  (i+1)	
  will	
  be:	
  

=	
  K1	
  r	
  
!
!
  	
  [𝐼𝐼   !!!

!
]!	
  

	
  
Accordingly	
  summing	
  up	
  the	
  power	
  losses,	
  total	
  loss	
  of	
  distributor	
  is:	
  	
  

=	
  K1	
  r	
  
!
!
    	
  	
  I2	
  	
  [  ( !

!
)! +   ( !!!

!
)! +   ( !!!

!
)! + ⋯+ (!

!
)! + (!

!
)!]	
  

	
  
=	
  K1	
  r	
  

!
!
    	
  	
  I2	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n2	
  

	
  
=	
  (losses	
  of	
  an	
  equal	
  tail	
  end	
  load)	
  [(12+22+32+-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐+n2)/	
  n3]	
  

	
  
Using	
  the	
  above	
  relationships,	
  a	
  set	
  of	
  multiplying	
  factors	
  could	
  be	
  derived	
  to	
  convert	
  the	
  tail	
  end	
  load	
  
situation	
  (i.e.	
  entirety	
  of	
  the	
  load	
  to	
  act	
  at	
  end	
  of	
  line)	
  to	
  that	
  of	
  a	
  distributor	
  with	
  the	
  same	
  length	
  and	
  
sending	
  end	
  load.	
  The	
  following	
  table	
  presents	
  the	
  multiplying	
  factors	
  (MF)	
  that	
  could	
  be	
  used	
  to	
  
determine	
  the	
  line	
  end	
  voltage	
  drop	
  and	
  line	
  losses	
  of	
  a	
  distributor.	
  
	
  

No	
  of	
  line	
  
sections	
  

MF	
  for	
   MF	
  for	
  
	
  Volt	
  drop	
   Losses	
  

Using the above relationships, a set of multiplying factors 
could be derived to convert the tail end load situation  
(i.e. entirety of the load to act at end of line) to that of  
a distributor with the same length and sending end load.  
The Table 5 below presents the multiplying factors (MF) 
that could be used to determine the line end voltage drop 
and line losses of a distributor.
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It may be noted that for a perfectly uniformly distributed 
loading situation (n –> ∞) the multiplying factor for voltage 
drop is 0.5 and for losses is 0.333. Usually a distributor may 
be modelled by a 4 to 6 sections single line depending on 
the branches etc. and values to be used for voltage drop 
and losses can be in the range of 0.625 to 0.583 and 0.469 
to 0.421 respectively.

Alternative method
In some cases the distribution system is not easily 
amenable to be modelled as a network with equal loadings 
at equal distances. In many such networks there are only a 
few sections with irregular loading and distances. 

In such cases the multiplying factor (MF) can be 
determined by:

MF for voltage drop = [the sum of moments of (the section 
length x sum of downstream loads)] divided by [total 
length x total load]

MF for losses = [the sum of moments of (the section length 
x (sum of downstream loads)^2)] divided by [total length x 
(total load)^2]

No of line 

sections

MF for MF for

 Volt drop Losses

1 1 1

2 0.750 0.625

3 0.667 0.519

4 0.625 0.469

5 0.600 0.440

6 0.583 0.421

7 0.571 0.408

8 0.563 0.398

9 0.556 0.391

10 0.550 0.385

11 0.545 0.380

Infinite 0.500 0.333

Table 5	 Multiplying factors for voltage drop and line losses
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Annex T3 and T4: Power Flow Calculations for MV and LV Networks –  
Voltage Drop and Loss Calculations14

14) � Annex T3 and T4 can be downloaded at http://euei-pdf.org/thematic-studies/low-cost-on-grid-electrification-technologies 
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Annex	
  T3	
  -­‐Extract	
  of	
  Worksheet	
  1
Power	
  Flow	
  Calculations	
  for	
  MV	
  Networks	
  -­‐Voltage	
  drop	
  and	
  loss	
  calculations
The	
  workbook	
  can	
  be	
  downloaded	
  at	
  http://euei-­‐pdf.org/thematic-­‐studies/low-­‐cost-­‐on-­‐grid-­‐electrification-­‐technologies

Calculation	
  of	
  Voltage	
  Drop Calculation	
  of	
  Inductance
Three	
  phase	
  = SQRT	
  3	
  *	
  I	
  *	
  L	
  *	
  (r	
  cosƟ	
  +	
  x	
  sin	
  Ɵ)	
   GMR	
  for	
  conductors Inductance,	
  X	
  = A	
  +	
  B
Single	
  Phase	
  = 2	
  *	
  I	
  *	
  L	
  *	
  (r	
  cosƟ	
  +	
  x	
  sin	
  Ɵ)	
   0.000358 x	
  Dia	
  for	
  6/1	
  strand	
  ACSR A	
  	
  = 0.1446	
  *	
  Log10	
  (1/GMR)

SWER	
  = I	
  *	
  L	
  *	
  (r	
  cosƟ	
  +	
  re	
  cos	
  Ɵ	
  +	
  x	
  sin	
  Ɵ)	
   0.000378 x	
  Dia	
  for	
  30/7	
  strand	
  ACSR B	
  	
  = 0.1446	
  *	
  Log10	
  (GMD)	
  
Where	
  re,	
  Earth	
  resistance	
  =	
  0.05	
  Ohms/km GMD	
  for	
  33	
  kV	
  lines	
  = 1227 mm and	
  0.1446	
  *	
  Log10	
  (De)	
  for	
  SWER	
  Lines

Note:	
  GMD	
  assumed	
  same	
  for	
  3	
  phase,	
  2	
  phase	
  and	
  S/Phase
De	
  	
  for	
  SWER	
  line	
  = 1470 meters

Distribution	
  Factors
MF	
  for MF	
  for

Conductor	
  characteristics SWER	
  react	
   Calculation	
  of	
  reactance 	
  Volt	
  drop losses
Conductor X-­‐section Resist/km React/km React/km Diameter GMR A B B	
  for	
  SWER 1 1 1

Goper	
  (ACSA25) 26.3 1.344 0.388 0.834 7.08 0.002535 0.376 0.013 0.458 2 0.750 0.625
Weasel	
  (ACSR30) 31.6 1.116 0.383 0.828 7.77 0.002782 0.370 0.013 0.458 3 0.667 0.519
Rabbit	
  (ACSR60) 61.7 0.667 0.366 0.811 10.1 0.003616 0.353 0.013 0.458 4 0.625 0.469
Hare	
  (ACSR122) 122.5 0.336 0.345 0.790 14.2 0.005084 0.332 0.013 0.458 5 0.600 0.440
Wolf	
  (ACSR194) 194.4 0.225 0.326 0.771 18.1 0.006842 0.313 0.013 0.458 6 0.583 0.421

SWER	
  Earth	
  resistance/km 0.05 7 0.571 0.408
How	
  to	
  use	
  the	
  spreadsheet: fully	
  dist 0.500 0.333
Choose	
  type	
  of	
  system:	
  3	
  phase,	
  2	
  phase,	
  single	
  phase	
  or	
  SWER
Enter	
  values	
  (overwrite	
  in	
  a	
  row	
  or	
  copy	
  out	
  a	
  new	
  row)	
  for:
	
  	
  	
  	
  	
  	
  	
  	
  	
  distance,	
  total	
  kWH,	
  power	
  factor,	
  conductor	
  resistance	
  and	
  reactance	
  (from	
  table	
  above)	
  and	
  distribution	
  factors	
  as	
  appropriate	
  to	
  the	
  line	
  
Result: Percent	
  voltage	
  drop	
  and	
  percent	
  power	
  loss
Note:	
  The	
  rows	
  already	
  entered	
  are	
  those	
  used	
  in	
  the	
  various	
  example	
  studied.	
  Any	
  row	
  can	
  be	
  used	
  with	
  corrections	
  for	
  the	
  line	
  under	
  study	
  

Line	
  voltage 33 kV Dist./n	
  Factor	
   ResistanceReactance Volt	
  drop Power	
  loss
Section Length,	
  km Load	
  kW Amps Cond	
  size volt	
  drop losses Ohms/km Ohms/km Cos	
   Sin Volts Percent kW Percent

Three	
  phase	
  33	
  kV	
  conventional	
  system
AB 15 2,000 36.88 ACSR	
  122 1 1 0.34 0.34 0.95 0.31 409 1.24 20.55 1.03
CD 25 670 13.81 ACSR	
  60 0.583 0.421 0.67 0.37 0.85 0.53 265 0.80 4.01 0.60

Two	
  phase	
  system
BE 40 350 12.48 ACSR	
  60 0.583 0.421 0.67 0.34 0.85 0.53 435 2.28 3.50 1.00
CF 35 400 14.26 ACSR	
  60 0.583 0.421 0.67 0.34 0.85 0.53 435 2.28 3.99 1.00

Single	
  phase	
  system
BE 20 350 21.59 ACSR	
  60 0.583 0.421 0.67 0.34 0.85 0.53 377 1.97 5.23 1.49
BG 40 265 16.34 ACSR	
  60 0.583 0.421 0.67 0.34 0.85 0.53 570 2.99 6.00 2.26

SWER	
  System
BE 20 350 21.59 ACSR	
  60 0.583 0.421 0.72 0.81 0.85 0.53 261 1.37 2.81 0.80
BG 40 265 16.34 ACSR	
  60 0.583 0.421 0.72 0.81 0.85 0.53 395 2.07 3.22 1.22

Line	
  
sections

http://euei-pdf.org/thematic-studies/low-cost-on-grid-electrification-technologies
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Annex	
  T3	
  -­‐Extract	
  of	
  Worksheet	
  2
Power	
  Flow	
  Calculations	
  for	
  MV	
  Networks	
  -­‐Distance	
  vs.	
  Power	
  Flow	
  for	
  given	
  voltage	
  drop
The	
  workbook	
  can	
  be	
  downloaded	
  at	
  http://euei-­‐pdf.org/thematic-­‐studies/low-­‐cost-­‐on-­‐grid-­‐electrification-­‐technologies
Calculation	
  of	
  Inductance
GMR	
  for	
  conductors Inductance,	
  X	
  = A	
  +	
  B
0.000358 x	
  Dia	
  for	
  6/1	
  strand	
  ACSR A	
  	
  = 0.1446	
  *	
  Log10	
  (1/GMR)
0.000378 x	
  Dia	
  for	
  30/7	
  strand	
  ACSR B	
  	
  = 0.1446	
  *	
  Log10	
  (GMD) 	
  	
  	
  and	
  0.1446	
  *	
  Log10	
  (De)	
  for	
  SWER	
  Lines

GMD	
  for	
  33	
  kV	
  lines	
  = 1227 mm
Note:	
  GMD	
  assumed	
  same	
  for	
  3	
  phase,	
  2	
  phase	
  and	
  S/Phase
De	
  	
  for	
  SWER	
  line	
  = 1470 meters

Conductor	
  characteristics SWER	
  react	
   Calculation	
  of	
  reactance
Conductor X-­‐section Resist/km React/km React/km Diameter GMR A B B	
  for	
  SWER

Goper	
  (ACSA25) 26.3 1.344 0.388 0.834 7.08 0.002535 0.376 0.013 0.458
Weasel	
  (ACSR30) 31.6 1.116 0.383 0.828 7.77 0.002782 0.370 0.013 0.458
Rabbit	
  (ACSR60) 61.7 0.667 0.366 0.811 10.1 0.003616 0.353 0.013 0.458
Hare	
  (ACSR122) 122.5 0.336 0.345 0.790 14.2 0.005084 0.332 0.013 0.458
Wolf	
  (ACSR194) 194.4 0.225 0.326 0.771 18.1 0.006842 0.313 0.013 0.458

SWER	
  Earth	
  resistance/km 0.05

Calculation	
  of	
  Voltage	
  Drop
Three	
  phase SQRT	
  3	
  *	
  I	
  *	
  L	
  *	
  (r	
  cos	
  Ɵ	
  +	
  x	
  sin	
  Ɵ)	
   	
  For	
  3	
  Phase,	
  	
  P= [(p.u.	
  voltage	
  drop)/k	
  *	
  VL^2]/[d	
  *	
  (r	
  +	
  x	
  tan	
  Ɵ)]
Single	
  Phase 2	
  *	
  I	
  *	
  L	
  *	
  (r	
  cos	
  Ɵ	
  +	
  x	
  sin	
  Ɵ)	
   For	
  duel	
  phase,	
  P= [(p.u.	
  voltage	
  drop)/k	
  *	
  VL^2]/2	
  [d	
  *	
  (r	
  +	
  x	
  tan	
  Ɵ)]
SWER	
  Line I	
  *	
  L	
  *	
  (r	
  cos	
  Ɵ	
  +	
  re	
  cos	
  Ɵ	
  +	
  x	
  sin	
  Ɵ)	
   For	
  S/Phase,	
  P= [(p.u.	
  voltage	
  drop)/k	
  *	
  Vph^2]/	
  2[d	
  *	
  (r	
  +	
  x	
  tan	
  Ɵ)]
Where	
  re,	
  Earth	
  resistance	
  =	
  0.05	
  Ohms/km For	
  SWER,	
  P= [(p.u.	
  voltage	
  drop)/k	
  *	
  Vph^2]/[d	
  *	
  (r	
  +re	
  +	
  x	
  tan	
  Ɵ)]

MV	
  Power	
  Flow	
  Capabilities	
  by	
  technology,	
  conductor	
  size	
  and	
  distance	
  for	
  distributed	
  loads
For	
  SWER

Dist	
  factor	
  (k)= 0.583 Power	
  factor 0.9 angle 0.451027 Extra	
  volt	
  drop	
  of	
  earthing	
  rods
p.u.	
  volt	
  drop= 0.05 Sin	
  = 0.436 in	
  kV in	
  p.u..

Power	
   is	
  given	
  in	
  kW Tan	
  = 0.484 0.035 0.001837
Line	
  voltage 33 kV 33 kV 19.05256 kV 19.05256 kV

dist. 	
  ACSR	
  60 ACSR	
  122 ACSR	
  194 	
  ACSR	
  60 ACSR	
  122 ACSR	
  194 	
  ACSR	
  60 ACSR	
  122 ACSR	
  194 	
  ACSR	
  25 	
  ACSR	
  30 	
  ACSR	
  60 ACSR	
  122 ACSR	
  194
km Power Power Power Power Power Power Power Power Power Power Power Power Power Power
40 2767 4644 6098 1383 2322 3049 461 774 1016 417 478 676 976 1156
50 2214 3715 4878 1107 1858 2439 369 619 813 334 383 541 781 925
60 1845 3096 4065 922 1548 2033 307 516 678 278 319 450 650 771
90 1230 2064 2710 615 1032 1355 205 344 452 185 213 300 434 514

100 1107 1858 2439 553 929 1220 184 310 407 167 191 270 390 462

3	
  Phase	
  Power Dual	
  Phase	
  Power Single	
  Phase	
  Power SWER	
  Power

Annex T3 – Extract of Worksheet 2:
Power Flow Calculations for MV Networks – Distance vs. Powerfor given voltage drop
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Annex T3 – Examples of Charts Power Transfer Capability:  
Three Phase Distributed loads for 5 % volt drop and power factor 0.9

Annex T3 – Examples of Charts Power Transfer Capability:  
Alternative technologies with 60mmsq conductor distributed loads for 5 %volt droop and power factor 0.9
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Annex T5: A comparison of costs of low cost technologies  
and standard three phase networks

Study S1 – MV network using SWER

Selected system Typical standard used

Section Distance 

(km)

Load 

kW 

section characteristic Rate in $/km Cost in $ section 

characteristic

Rate in $/

km

Cost in $

AB 15 No 

loads

3Ph 120         15,400  231,000 3Ph 120  15,400  231,000 

BC 20 50 3Ph 120  15,400         308,000 3Ph 120      15,400         308,000 

CD 25 670 2Ph 120         11,396         284,900 3Ph 120      15,400         385,000 

BE 20 350 SWER 25           5,344         106,878 3Ph 120      15,400         308,000 

BG 40 265 SWER 25           5,344         213,756 3Ph 120      15,400         616,000 

CF 35 400 SWER 120           6,834         239,189 3Ph 120      15,400         539,000 

CH 20 265 SWER 25           5,344         106,878 3Ph 120      15,400         308,000 

nos. 4 SWER Isolation TFs           7,800           31,200 

 Total cost     1,521,802     2,695,000 

Savings realized %  43.53 

The following are results of some case studies carried out at the two workshops in Arusha and Cotonou showing the costs 
of an appropriate low cost technology verses that of a standard three phase network development:
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Study S1 – using Single Phase lines instead of SWER

Section Distance 

(km)

Load kW section  

characteristic

Rate in $/km Cost in $ section 

characteristic

Rate in  

$/km

Cost in $

AB 15 No loads 3Ph 120  15,400 231,000 3Ph 120  15,400 231,000 

BC 20 50 3Ph 120  15,400 308,000 3Ph 120  15,400 308,000 

CD 25 670 2Ph120  11,396 284,900 3Ph 120  15,400 385,000 

BE 20 350 S/Ph 60  9,930 198,606 3Ph 120  15,400 308,000 

BG 40 265 S/Ph 60  9,930 397,211 3Ph 120      15,400 616,000 

CF 35 400 S/Ph 120         11,396 398,860 3Ph 120      15,400 539,000 

CH 20 265 S/Ph 60           9,930 198,606 3Ph 120      15,400 308,000 

 Total cost 2,017,183 2,695,000 

Savings realized % 25.15 

Study S2 – Ntenjeru Example from Uganda

A to P1 22.3 1275 3Ph120 15,400 343,420 3Ph 120      15,400        343,420 

P1 to P305 22.2 700 Sw60 5,988 132,923 3Ph 120      15,400 341,880 

nos. 2 SWER Isolation TFs 7,800 15,600 

Total cost 491,943 685,300 

Savings realized % 28.21 
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Study S2 – using Single Phase lines instead of SWER

1 to 11 22.3 360 S/Ph 60           9,930         221,445 3Ph 60      13,371         298,169 

1 to 8 22.2 160 S/Ph 60           9,930         220,452 3Ph 60      13,371         296,832 

Total cost         441,898         595,002 

Savings realized %             25.73 

Study S3 – Wolita example from Ethiopia

SS to 2 9.8 480 Sw 60           5,988           58,678 3Ph 60      13,371         131,034 

2 to 10 79.4 480 Sw 60           5,988         475,409 3Ph 60      13,371     1,061,643 

SS to 2 9.8 300 Sw 60           5,988           58,678 3Ph 60      13,371         131,034 

2 to 14 33.3 300 Sw 30           5,344         177,952 3Ph 60      13,371         445,248 

nos. 2 SWER Isolation TFs           7,800           15,600 

Total cost         786,317     1,637,926 

Savings realized %             51.99 
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Study S4 – Hosaina example from Ethiopia

Selected system Typical standard used

Section length 

in km

Load 

in 

kVA

section characteristic Rate in $/km Cost in $ section 

characteristic

Rate in $/

km

Cost in $

1 to 11 9.8 360 SWER 25 mm2           5,344           52,370 3Ph 60      13,371         131,034 

1 to 8 33.8 160 SWER 25 mm2           5,344         180,624 3Ph 60      13,371         451,934 

nos. 2 SWER Isolation TFs           7,800           15,600 

Total cost         248,594         582,968 

Savings 

realized %

            57.36 

Study S4 – using Single Phase lines instead of SWER

1 to 11 9.8 360 S/Ph 60           9,930           97,317 3Ph 60      13,371         131,034 

1 to 8 33.8 160 S/Ph 60           9,930         335,644 3Ph 60      13,371         451,934 

Total cost         432,960         582,968 

Savings realized %             25.73 
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Annex T6: Cost Comparison of  
the use of Single Phase vs.  
Three PhaseMV Distribution

A cost comparison of the use of three phase trans
formers requiring three phase MV and long LV networks 
versus the use of single phase transformers with single 
phase MV and minimal LV conductors was carried out at 
the two workshops using typical examples. Three load 
dispersion arrangements were presented for study and the 
network development for the two possible alternatives 
examined. The main details of the three cases  
and the results of the studies are presented below.

Example 1: This example has a common road junction 
with four LV supply areas each of 1 km distance spreading 
out from the junction. A MV line is passing through the 
junction along one of the roads. A distributed load of 20 
kW is present in each line. In the three phase alternative a 
single 3 phase 100 kVA transformer can feed the network 
with four 1 km LV lines of AAC 60 mm² (and 25 mm² 
neutral). For the single phase alternative, four 10 kVA 
transformers will be used per km (16 nos in all). In addition, 
two MV single phase extensions of 1 km each will be 
required for the road where the MV line is not present. ABC 
duplex conductor is used for the LV reticulation, estimated 
as 60 % of the total length of that needed for the three 
phase LV network. The reduction of the LV network is due to 
the fact that the single phase transformers are placed near 
housing clusters thus requiring only a portion of the length 
required for the three phase alternative where the line has 
to be extend from the transformer to the last house. In 
practice, a much lower LV length can be achieved. In this 
example the single phase alternative works out to 94 % of 
the cost of the three phase alternative.
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Example 2:  This example has three supply areas along a 
road, each of 2 km with a distance of 5 km between each 
supply area. The nearest MV supply point is 5 km from 
the first LV supply area. Each supply area has a distributed 
load of 20 kW per km. In the three phase alternative, a 
three phase line is drawn along the road and three 50 kVA 
double pole mounted transformers placed at the centre of 
each supply area. The LV line is three phase AAC 50 mm². 
In the single phase alternative, 8 nos 10 kVA transformers 
are used per supply area (24 nos in all) and a single phase 
MV line is drawn along the road to supply all three areas. 
As before ABC duplex is used for the LV network where 
required. In this example the single phase alternative works 
out to 74.2 % of the cost of the three phase alternative.

Example 3:  This example is similar to example 2 with 
each LV supply area increased from 2 km to 3 km, the load 
density remaining at 20 kW/km. The distance between 
supply areas remain the same at 5 km. In this case a 100 
kVA transformer will be needed per supply area for the 
three phase alternative and the LV line will need to be 100 
mm² conductor. In the single phase alternative we will have 
12 nos 10 kVA transformers per supply area (36 nos in all). 
In this example the single phase alternative works out to 
76.9 % of the cost of the three phase alternative.

It may also be noted that as the distance between supply 
areas increases, the advantages of the single phase system 
development is enhanced. When the MV network is 
already present in the area to be supplied as in example 
1 and the load density is high enough to use three phase 
transformers, the difference in costs would be marginal. 
In contrast large cost savings will occur when the loads at 
each transformer location is small (say less than 50 kW) 
and the overall area to be served by the MV network is 
large. 
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Annex T7: Economic and  
Financial Analyses

Both economic and financial analyses of prospective 
projects need to be carried out to demonstrate the 
viability of a project. Furthermore, it is also important 
to carry out such analyses for different supply options 
which may involve different technology applications or 
different network configurations. Such a comparison 
of alternative developments15 will facilitate making an 
informed choice. The economic analysis will demonstrate 
the viability in terms of the entire economy while the 
financial analysis will demonstrate its viability in terms of 
the power company finances. The analysis is based on a 
comparison of costs and benefits computed on a life time 
basis and discounted to Present Value (PV) to represent the 
‘time value of money’. The results can be presented in in a 
number of ways such as:

15)  Each conforming to the required technical standards

1)	 Benefits to cost ratio (B/C ratio): the ratio of the 
present value of the stream of benefits to the present 
value of the stream of costs.

2)	 Net present value (NPV): The present value of the 
stream of benefits less the present value of the 
stream of costs

3)	 Internal rate of return (IRR): The interest rate which 
will make the present value of the stream of benefits 
= the present value of the stream of costs

The cost stream consists of investment costs, operations 
and maintenance (O&M) costs, and the cost of losses16.
The benefits stream usually consists of electricity sales over 
the years17. 
The annual discount factors applicable to each of the above 
items are as follows:

16)  The cost of losses is of secondary importance in rural schemes

17) � System reliability benefits can also be included in the analysis 

particularly when comparing alternative developments.  

However, this is more relevant to urban systems where system  

outage rates are more important 
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Table 6  Annual discount factor to be used 

 
The analysis may be simplified if a constant annual 
growth rate for sales is assumed leading to ‘Present Value 
Factors’ (PVF) which will convert the first year’s value to 
the discounted value for a given number of years. Some 
examples are provided in the tables below for typical values 
of 10 % discount rate and 5 % sales growth rate: 

Discount factor Legend Comment

Investment costs and 

constant benefits

r… discount rate Each years’ cost being brought back to the previous year

Sales g… growth rate Sales increase each year by (1+g) as load grows

Losses g… growth rate

r… discount rate

Losses increase each year by the square of the growth rate,  

as they are proportional to the square of the current
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Annex	
  T7:	
  	
  ECONOMIC	
  AND	
  FINANCIAL	
  ANALYSES	
  	
  	
  

Both	
  economic	
  and	
  financial	
  analyses	
  of	
  prospective	
  projects	
  need	
  to	
  be	
  carried	
  out	
  to	
  demonstrate	
  the	
  
viability	
  of	
  a	
  project.	
  Furthermore,	
  it	
  is	
  also	
  important	
  to	
  carry	
  out	
  such	
  analyses	
  for	
  different	
  supply	
  
options	
  which	
  may	
  involve	
  different	
  technology	
  applications	
  or	
  different	
  network	
  configurations.	
  Such	
  a	
  
comparison	
  of	
  alternative	
  developments20	
  will	
  facilitate	
  making	
  an	
  informed	
  choice.	
  The	
  economic	
  
analysis	
  will	
  demonstrate	
  the	
  viability	
  in	
  terms	
  of	
  the	
  entire	
  economy	
  while	
  the	
  financial	
  analysis	
  will	
  
demonstrate	
  its	
  viability	
  in	
  terms	
  of	
  the	
  power	
  company	
  finances.	
  The	
  analysis	
  is	
  based	
  on	
  a	
  comparison	
  
of	
  costs	
  and	
  benefits	
  computed	
  on	
  a	
  life	
  time	
  basis	
  and	
  discounted	
  to	
  Present	
  Value	
  (PV)	
  to	
  represent	
  
the	
  ‘time	
  value	
  of	
  money’.	
  The	
  results	
  can	
  be	
  presented	
  in	
  in	
  a	
  number	
  of	
  ways	
  such	
  as:	
  

1. Benefits	
  to	
  cost	
  ratio	
  (B/C	
  ratio):	
  the	
  ratio	
  of	
  the	
  present	
  value	
  of	
  the	
  stream	
  of	
  benefits	
  to	
  
the	
  present	
  value	
  of	
  the	
  stream	
  of	
  costs.	
  

2. Net	
  present	
  value	
  (NPV):	
  The	
  present	
  value	
  of	
  the	
  stream	
  of	
  benefits	
  less	
  the	
  present	
  value	
  
of	
  the	
  stream	
  of	
  costs	
  

3. Internal	
  rate	
  of	
  return	
  (IRR):	
  The	
  interest	
  rate	
  which	
  will	
  make	
  the	
  present	
  value	
  of	
  the	
  
stream	
  of	
  benefits	
  =	
  the	
  present	
  value	
  of	
  the	
  stream	
  of	
  costs	
  

The	
  cost	
  stream	
  consists	
  of	
  investment	
  costs,	
  operations	
  and	
  maintenance	
  (O&M)	
  costs,	
  and	
  the	
  cost	
  of	
  
losses21.	
  

The	
  benefits	
  stream	
  usually	
  consists	
  of	
  electricity	
  sales	
  over	
  the	
  years22.	
  	
  

The	
  annual	
  discount	
  factors	
  applicable	
  to	
  each	
  of	
  the	
  above	
  items	
  are	
  as	
  follows:	
  

Table	
  1	
  Annual	
  discount	
  factor	
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Both	
  economic	
  and	
  financial	
  analyses	
  of	
  prospective	
  projects	
  need	
  to	
  be	
  carried	
  out	
  to	
  demonstrate	
  the	
  
viability	
  of	
  a	
  project.	
  Furthermore,	
  it	
  is	
  also	
  important	
  to	
  carry	
  out	
  such	
  analyses	
  for	
  different	
  supply	
  
options	
  which	
  may	
  involve	
  different	
  technology	
  applications	
  or	
  different	
  network	
  configurations.	
  Such	
  a	
  
comparison	
  of	
  alternative	
  developments20	
  will	
  facilitate	
  making	
  an	
  informed	
  choice.	
  The	
  economic	
  
analysis	
  will	
  demonstrate	
  the	
  viability	
  in	
  terms	
  of	
  the	
  entire	
  economy	
  while	
  the	
  financial	
  analysis	
  will	
  
demonstrate	
  its	
  viability	
  in	
  terms	
  of	
  the	
  power	
  company	
  finances.	
  The	
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  is	
  based	
  on	
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of	
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  on	
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  life	
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  basis	
  and	
  discounted	
  to	
  Present	
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  to	
  represent	
  
the	
  ‘time	
  value	
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  money’.	
  The	
  results	
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  in	
  in	
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  ways	
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  electricity	
  sales	
  over	
  the	
  years22.	
  	
  

The	
  annual	
  discount	
  factors	
  applicable	
  to	
  each	
  of	
  the	
  above	
  items	
  are	
  as	
  follows:	
  

Table	
  1	
  Annual	
  discount	
  factor	
  to	
  be	
  used	
  	
  
	
   Discount	
  factor	
   Legend	
   Comment	
  

Investment	
  
costs	
  and	
  
constant	
  
benefits	
  

1
1 + 𝑟𝑟

  	
   r…	
  discount	
  rate	
   Each	
  years’	
  cost	
  being	
  
brought	
  back	
  to	
  the	
  previous	
  
year	
  

Sales	
   1 + 𝑔𝑔
1 + 𝑟𝑟

	
  
g…	
  growth	
  rate	
   Sales	
  increase	
  each	
  year	
  by	
  

(1+g)	
  as	
  load	
  grows	
  

Losses	
   1 + 𝑔𝑔 !

1 + 𝑟𝑟
	
  

r…	
  discount	
  rate	
  

g…	
  growth	
  rate	
  

Losses	
  increase	
  each	
  year	
  by	
  
the	
  square	
  of	
  the	
  growth	
  
rate,	
  as	
  they	
  are	
  proportional	
  
to	
  the	
  square	
  of	
  the	
  current	
  

	
  

The	
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Table 7  Present value factor for sales benefits

Table 8  Present value factor for losses

Discount rate = 10 %; Growth rate = 5 %

Year 1 2 3 4 5 6 7

Discount rate 1 0.909 0.826 0.751 0.683 0.621 0.564

Sales growth rate 1 1.050 1.103 1.158 1.216 1.276 1.340

Discount factor for Sales

row 1 x row 2
1 0.955 0.911 0.870 0.830 0.792 0.756

Present Value Factor is obtained by summing up the discount factors for each year

PVF for 7 years 6.115

PVF for 10 years 8.184

PVF for 15 years 11.050

Discount rate = 10 %; Growth rate = 5 %

Year 1 2 3 4 5 6 7

Discount rate 1 0.909 0.826 0.751 0.683 0.621 0.564

Loss growth rate 1 1.103 1.216 1.340 1.477 1.629 1.796

Discount factor for Losses

row 1 x row 2
1 1.002 1.005 1.007 1.009 1.011 1.014

Present Value Factor is obtained by summing up the discount factors for each year

PVF for 7 years 7.048

PVF for 10 years 9.960

PVF for 15 years 13.994
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Value of sales: Sales are computed on the basis of kWh 
of units sold to consumers. For an economic analysis, 
the sales benefits should be computed at the rate of 
the economic value of a kWh of consumption which 
will vary among consumer categories. For industrial and 
commercial consumers the economic value will be quite 
high depending on factors such as lost production or loss 
of business. A suitable proxy for the economic value is the 
cost (per kWh) of alternative supply such as by standby 
generators. For domestic consumers the economic value 
will be the benefits foregone or alternative costs of supply 
using kerosene oil lamps etc. The economic value to be 
used for different class of consumers as well as the average 
value to be used in a study can be achieved by carrying out 
socio-economic surveys and related studies. Another proxy 
is the ‘willingness-to-pay’ for an electricity supply which 
will vary among different class of consumers. For a financial 
analysis the value of sales will be the average tariff rate as 
this is what the utility will gain from the sale of electricity. 
Various studies carried out in different countries indicate 
that the economic value is considerably higher than the 
tariff rate, often in the range of 5 or even 10 times the tariff 
rate. 

If the value of losses is also taken into account it could be 
computed based on the long range marginal cost (LRMC) of 
producing and transporting a unit of energy to that area for 
both the economic and financial analysis. Investment costs 
can also be differentiated to economic and financial terms 
but this is often of secondary importance and neglected in 
a distribution system development study.

To summarize: the costs and benefits of a distribution 
development can be worked out as given below to compute 
B/C ratio, NPV or IRR of a proposed investment in both 
economic and financial terms 

Costs       = �Discounted value of investment stream + 
discounted value of O&M costs each year + 
(kWh losses yr. 1) x (PVF for losses) x  
(LRMC for distribution) 

Benefits = �(kWh sales yr. 1) x (PVF for sales) x  
(value of kWh)
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ABC 	 areal bundled conductors

ABERME 	� Agence béninoise d’électricité rurale et de 
maitrise d’énergie

AC	 alternating current

ACSR	 Aluminium conductor steel-reinforced

ADMD 	 After Diversity Maximum Demand

AEEP 	 Africa-EU Energy Partnership

AEI 	 Africa Energy Initiative

ARE 	 Alliance for Rural Electrification

BIL 	 Basic Insulation Level

CLUB-ER 	� the Club of African agencies and structures 
in charge of rural electrification

CNC 	 computer numeric control

DC 	 direct current 

DDLO	 Drop Down Lift Off

DSP 	 digital signal processor 

EPR 	 Earth potential Rise 

ERT II 	� Second Energy for Rural Transformation 
(World Bank Project)

ESCOM 	 Electricity Supply Commission (South Africa)

EUEI PDF 	� EU Energy Initiative – Partnership Dialogue 
Facility

ft 	 foot (0.3048 m)

GIS 	 Geographic Information System 

GIZ 	� Deutsche Gesellschaft für Internationale 
Zusammenarbeit

GMD 	 Geometric Mean Distance

GMR 	 Geometric Mean Radius

GPS 	 Geographic Positioning System

HV 	 High Voltage

Hz 	 Hertz

IEA 	 International Energy Agency

IRR 	 internal rate of return

km 	 kilometre

KPLC 	 Kenya Power Lighting Company

kVA 	 kilovolt-amps

kW 	 kilowatt

kWh 	 kilowatt-hour

LRMC 	 long-range marginal cost

LV 	 Low Voltage

MCB 	 Miniature Circuit Breaker

MCM 	 Miles de Circular Mil

MF 	 multiplying factor

Abbreviations
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mm²	 millimetre square

MV 	 Medium Voltage

NGO 	 Non-Governmental Organisation

NPV 	 net present value

NRECA 	� National Rural Electric Cooperative 
Association

O&M 	 operation and maintenance

OLTC 	 On Load Tap Changer

OPGW 	 optical ground wire

Ph-N 	 Phase-Neutral

Ph-Ph 	 Phase-Phase

PVC 	 Polyvinyl chloride

PVF 	 present value factor

PWF 	 Present Worth Factor 

RBS 	 rated breaking strength 

REN21 	� Renewable Energy Policy Network for the 
21st Century

R-L 	 Resistor-Inductor

SBEE 	 Société Béninoise d’Energie Electrique

SCADA 	 System Control And Data Acquisition

SHS 	 Solar Home System

STS 	 Standard Transfer Specification

SWER 	 Single Wire Earth Return

SWL 	 Shield Wire Line

SWS 	 Shield Wire Systems

USD 	 US Dollars 

USDA 	 U.S. Department of Agriculture
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Figure 25  Particpants at the Workshop on Low Cost  
Grid Electrification Technologies in Arusha, Tanzania;  
September 2013
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