
Urban Distribution System Planning: A Case Study
Anupam Arya, Kalpesh Chauhan, Sunil Verma, Gopal Gajjar

Asea Brown Boveri Limited, Vadodara

Abstract
Even today not many distribution sys-
tem are planned in India. A sci-
entifically planned system performs 
better than and cost less than an un-
planned system or systems planned 
using traditional thumb rules. With 
large numbers of urban infrastructure 
projects coming up, demand of better 
quality and reliable power to such com-
plexes is on rise. The paper presents a 
case study of urban power delivery in-
frastructure planning. The project con-
cerns planning of power delivery sys-
tem of a new area with very little initial 
power supply installations. The com-
plete planning procedure and the final 
plan is discussed in the paper. 

1. INTRODUCTION

metro city urban development corporation 
is  planning  to  built  an  area  of  about  7.5 

km2 into an urban center. The place will be occu-
pied  by  residential  and  commercial  complexes 
and other support structures as schools, hospitals, 
temples etc. The area does not have any large in-
dustries. The planned area is being marketed as 
an upmarket residential cum commercial district. 
The aim of the corporation is to provide highly 
reliable  power at  a reasonable cost.  It  is  envis-
aged that the corporation would build the distri-
bution system and hand over the operation and 
maintenance responsibility to the state electricity 
board at the end of construction.

A

Such  an  infrastructure  project  requires  a  time 
span of more than a decade. A perfect planning, 
therefore,  is  required  beforehand  to  have  a 
smooth co-ordinated project execution and for ar-
ranging the required resources.

A distribution system was planned according to 
the above requirements. Utmost care was taken to 
incorporate  high reliability  ease of  construction 
better  maintainability  and  above  all  least  cost. 
The two major planning criteria were defined as 
1) High reliability and 2) Low cost.

The  following  sections  discuss  in  details  the 
methods employed to reach the final design.

2. METHODLOGY

The basic steps involved in distribution planning 
are  load  forecasting,  substation  planning  and 
feeder layout planning. The substation planning 
and feeder layout planning are listed separately, 
but they are more or less interrelated tasks. The 
whole planning procedure revolves around these 
two steps. Many runs are made through the sub-
station planning and feeder layout planning dur-
ing  the  planning  procedure.  Moving  iteratively 
towards the planning goals like capacity utiliza-
tion, voltage drop, reliability and the most impor-
tant of them the cost reduction. 

We begin the planning by load forecasting.

2.1. Load Forecasting

The load forecasting is  first  and major step to-
wards distribution system planning. The distribu-
tion planning require a forecast which gives how 
much as well as where the load would grow. This 
is  useful  in  feeder  layout  and  substation  loca-
tions.

Two type of load forecast was performed for the 
given area.  One method  forecasts  the  total  ex-
pected maximum demand for the whole area. It is 
known as global load forecast. As the distribution 
system is to be planned for the area where none 
existed before, the load trending with help of past 
load demand cannot be applied. Under this con-
dition the load trends of similar neighbouring ar-

1



eas  were  used.  Consideration  was  given to  the 
fact  that  this  area is  going to reside the people 
with higher income with larger energy demands. 
It was estimated that final maximum demand of 
the area would be 150 MW, at 20 MW/km2 

Only global load forecast does not serve the pur-
pose of distribution system planning. It only acts 
as guideline while doing details calculations,  to 
keep the final load in focus.

A better load forecasting can be done using land-
use method []. The complete area is divided into 
many small areas, each area being identified from 
the  plot  areas  given  the  civil  planning  maps. 
These areas are classified according to their land-
use  into  residential,  commercial,  public  utility 
and social facility. Each customer class differs in 
how and when they use electricity.

The  connected  electrical  devices  of  each  cus-
tomer depend on the built up area of each one. In 
absence of other details it is reasonable to assume 
a linear relationship between built up area and the 
connected load of each customer.  Table 1 gives 
the values of connected load per unit area for dif-
ferent  consumer  classes.  These  values  were 
reached at  by comparison of similar  values  for 
neighbouring area.

Table 1

Connected Load Per Unit Area

Sr. 
No.

Consumer Class
Connected 
Load 

1 Commercial 150 W/m2

2 Residential 75 W/m2

3 Social Facility 75 W/m2

4 Public Utility 75 W/m2

While there can be large connected loads at each 
customers,  all  the  connected  loads  are  not 
switched on at a time, hence the maximum de-
mand of each customer is very small compared to 
the connected load. A term demand factor is de-
fined as the ratio of actual maximum demand to 
the connected load. Two demand factors were de-
fined for the study. The demand factor for com-
mercial  class  customers  was  taken  as  0.6.  and 
that for residential class customers was taken as 

0.4.  The  commercial  class  customers  have  a 
higher demand factor, because they have similar 
kind of type of demand throughout the day, and 
they try to utilize most of their connected equip-
ment.

The individual maximum demands of each cus-
tomer on plot wise basis are determined by this 
method.  The load details  once obtained are re-
viewed for any discrepancy, like any plot giving 
unrealistic load levels. The method based purely 
on built up area gives higher loads on social fa-
cilities like schools and hospitals, the load levels 
of  such  plots  has  to  be  rationalized  based  on 
practically observed levels.
The total maximum demand of the area was cal-
culated from the individual maximum demand by 
applying the diversity factor. The diversity factor 
is the sum of individual maximum demands of a 
group to the observed peak demand of the group. 
The diversity for different levels considered here 
are as given in []. Table 2 shows the break up di-
versity factors among different groups. 

Table 2

Diversity Factors for Different Groups

Sr. 
No.

Groups
Diversity 
Factor

1 Individual Users 2.0
2 Transformers 1.4
3 Substations 1.1

The  global  diversity  factor,  product  of  above 
three, comes out to be 3.08.

Using  the  ‘bottom  up’  approach  the  expected 
maximum  demand  is  calculated  using  the  de-
mand  factor  and  the  diversity  factor  as  above. 
This forecast is then compared to the earlier esti-
mate made through global load forecast. The total 
maximum  demand  forecasted  through  this 
method  comes  out  to  be  136  MW,  at  18.13 
MW/km2. This forecast is used for all the further 
studies.

2.2. Substation planning

A  good  distribution  system  plan  rests  on  the 
shoulders  of  a perfect  substation  planning.  The 
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substation planning starts from selection of volt-
age  levels  for  secondary  and  primary  distribu-
tions. The voltage selection was made with con-
sideration of factors like load density, load reach 
required,  type  of  substations  required  and  the 
general practice of the state electricity board. The 
higher  load  density  requires  that  higher  sec-
ondary  distribution  voltage  like  66  KV is  pre-
ferred, to reduce the long-term distribution loss-
es. But as, it was required to have indoor substa-
tions and the normal practice of the state electric-
ity was to have secondary distribution of 33 KV, 
it  was decided that  secondary distribution level 
would be 33 KV. The primary voltage levels of 
11 KV and the utilization voltage of 415 V were 
selected. 

So, two types  of substations  are required to be 
planned  1)  secondary  distribution  substation  of 
33 KV/ 11 KV. and 2) primary distribution sub-
stations of 11 KV/ 440 V. 

The substation planning includes decision on 1) 
the number of substation required, 2) the MVA 
capacity of each substation, 3) the number as ca-
pacity of transformers at each substation and 4) 
the location of each substation. 

Determination  of  number  of  substations  is  an 
economic  conflict  between  substation  size  and 
feeder layout. A large size substation would re-
quire lesser numbers, and hence less space. But at 
the same time it would mean long lower voltage 
feeder runs. In underground cable networks the 
long feeder length prove very costly, from point 
of  view  of  initial  investments  as  well  as  long 
term electrical losses.
  
The  load  density  map  as  prepared  during  load 
forecasting  was  used  to  determine  the  number, 
size and locations of the substations. Many dif-
ferent  options  for  numbers  of  substations  were 
tested on the load density plots, for demand satis-
faction,  contingency  support,  reliability,  load 
reach and feeder layouts. The best among all the 
tested options was selected in the final plan. To-
tal five numbers of substations were decided. The 
service  area  of  each  substation  was  selected 
based on perpendicular bisector rules given in [].

The size and number of transformers are selected 
as follows. A small numbers of large size trans-
formers do not provide good flexibility in initial 
building and future expansion, and large numbers 
of small size transformers reduces reliability and 
increases complexities in substation engineering 
and operations. It was decided that 16 MVA ca-
pacity transformers are to be used for 33 KV/11 
KV substations. The number of transformers per 
substation is decided based on load density.  

The primary substations have somewhat different 
planning criteria. The practice in overhead distri-
bution system is to design with smaller capacity 
of  transformer  in  range  of  100  KVA  and  200 
KVA,  and  single  transformer  (usually  pole 
mounted)  per  substation.  But  in  a  system with 
underground cables and indoor substations, larg-
er  capacity  transformers  are  utilized  and  many 
times  a  substation  have  more  than  one  trans-
former.  630  KVA  and  500  KVA  transformers 
were selected for 11 KV/440 V substations. The 
primary substations are designed to be very sim-
ple in construction, and operation. So the primary 
transformers don’t have any tap changers for sec-
ondary voltage regulation. The voltage rating of 
11 KV/440 Volts  was selected so that  the cus-
tomer  at  the  farthest  end  also  receives  power 
within the standard declared voltage range. Most 
of  the  design  was  made  with  two transformers 
per substations, for economic and reliability rea-
sons. 

The procedure for substation design is difficult to 
describe in formal mathematical way. Many sim-
ilar designs can be found out which satisfy most 
of the design criteria, the selection of best design 
is more of an art then science. The method pro-
gresses  in  iterative  manner.  A  given  design  is 
checked for all the criteria one by one and the de-
sign is improved in steps.

The final accepted design is with five secondary 
substations  with  total  installed  capacity  of  224 
MVA,  with  total  of  14  numbers  of  16  MVA 
transformers. 
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The electrical layout and transformer connections 
were selected so as to provide good balance be-
tween flexibility of operation and cost of installa-
tion. Fig. 1 gives electrical  layout of 33 KV/11 
KV substation. 

2.3. Feeder Planning

The feeder design involves, decision on type of 
construction,  topology,  size  of  conductors  and 
routing of the conductors.  The feeder design is 
highly influenced by size and locations of substa-
tion.  Feeder  design in  turn influence  operation, 

maintenance and reliability of the system. Most 
of the system losses occur in the feeder system, 
hence there is a great opportunity to control and 
reduce,  within  economically  possible  level,  the 
electrical losses. 

Underground  cable  distribution  was  selected, 
considering  higher  reliability  requirements. 
Moreover,  hume  pipes  and  underground  cable 
trenches were selected for 33 KV and 11 KV ca-
ble.  The  415  V primary  distribution  was  done 
through direct  buried underground cable.  Cable 
trenches give better esthetics and reduces possi-
bility of dig-in faults.   

The 33 KV and 11 KV secondary distribution is 
done through loop feeder topology, as shown in 
Fig. 2. 33 KV cables form a ring that loops over 
all the secondary substations. Similar rings were 
adopted  for  11  KV  cables  also.  Each  primary 
substation  is  fed  from  two  independent  cables 
running on different paths. The operation of these 

11 KV rings is in open condition. At any given 
time  all  the  primary  substation  receive  power 
from a single feeder, but in case of contingency 
there is provision of receiving power from alter-
nate feed.  The switching operation required for 
rerouting the power from alternate paths are quite 
simple  and fast,  hence customer  outage time is 
very small. It can be said that secondary feeders 
are built as rings but operated as radial feeders. 

SF6 insulated Ring Main Units (RMU) specially 
designed for protection and switching operations 
of underground cable rings are used to segment 
the 11 KV rings. The RMUs are used for termi-
nating 11 KV cables to provide tapping for 11 
KV/  440 V transformers.  Compact  size,  safety 
and modular  design makes RMU ideally  suited 
for indoor type primary substations. Its commu-
nication capability helps for SCADA installations 

in the distribution system, for remote monitoring 
and control.

The conductor selection was based on cost eco-
nomics and losses. It was tried to balance the cost 
of cables against the long-term profit that can be 
obtained form low feeder losses. The cable size 
was also selected such that full utilization of ring 
topology can be made. A cable should be able to 
feed the total load of a ring even when it is sup-
plied from a single side. The voltage drop in the 
cable should also be maintained within limit even 
under the contingency conditions. 
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Fig. 2  33 KV and 11 KV rings



The primary feeders of 415 V levels are arranged 
in  radial  topology,  with  many  interconnection 
points between neighbouring feeders at different 
locations.  This  gives  meshed  topology  nature, 
even though the  supply at  any time  is  through 
single path only. The supply restoration time dur-
ing 415 V cable faults can be reduced to just the 
time taken for couple of switching operations.

Finally the cable routing was done based on the 
civil  layout  maps.  Complete  network  was 
planned along roads and pathways.  Such routes 
were selected for each cable, such that the trench 
length required for the system is minimized.

With this the basic planning of the distribution is 
over, the measures taken for having higher relia-
bility are discussed in the next section.  

3. CONTINGENCY PLANNING

The aim of  contingency planning  is  to  prevent 
consumers  from effects  of  electrical  equipment 
failures. Electrical  outages occur due to various 
reasons  including  planned  maintenance.  The 
electricity supply of the end consumer should not 
be cut by any of the electrical outages. 

Having cable trenches and ducts helps in prevent-
ing the usual dig-in faults in the cable networks. 
Most of the contingency problems of substation 
can be solved by having spare capacities in trans-
formers  and good circuit  breaker  arrangements. 
A  regular  maintenance  reduces  possibilities  of 
surprise faults in substation equipment. A design 
with enough contingency support simplifies  the 
maintenance  procedures.  The  above  steps  only 
reduce  number  of  outages.  Inclusion  of  proper 
automation in substation and feeders reduce the 
customer  outage  duration.  The  communicable 
RMUs used in feeders and SCADA for all sec-
ondary and primary substations are suggested for 
complete automations.

4. DESIGN VALIDATION

The basic system once designed has to be validat-
ed through power system analysis. The usual dis-
tribution system analyses include load flow, short 

circuit,  and contingency analysis.  All the above 
analyses  were  performed  on  the  system  using 
software designed by ABB, CALPOS. The soft-
ware  facilitates  distribution  system  analysis 
through  useful  GUI  that  allows  a  background 
map.  Exact  representation of network with line 
lengths,  and  accurate  line  impedance  can  be 
made  on the  map.  The  load  flow analysis  and 
other analyses can be performed, with geographi-
cal  context.  CALPOS also have special  facility 
for clubbing loads in  different  network groups. 
Each network group can be assigned different di-
versity factor. This gives the user huge flexibility 
to run the load flow under various scenarios, to 
check the design thoroughly. 

For load flow analysis,  individual consumers at 
each plot were modeled and constant power load 
model  was  considered.  The individual  constant 
power factor was taken as 0.85 lagging. It  was 
assumed that all the 33 KV/11 KV transformers 
were operated at their nominal tap ratio. Appro-
priate  maximum current  rating  for  cables  were 
taken  as  per  general  practice  recommended  by 
cable  manufacturers.  The  ONAN  transformer 
MVA rating was considered. 

The global diversity factor of three was applied 
to the system while analyzing for the base case. 
The base condition describe the system with all 
the load connected and all equipment in service is 
healthy condition. The analysis was performed at 
peak load condition, when there is highest possi-
bility of equipment load going beyond limit, and 
high voltage drop in feeders. 
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The result obtained shows that, under base condi-
tion, every equipment i.e. transformer and cable 
is loaded below 80 % of its rated capacity.  The 
worst voltage drop is 4.5 % of the declared volt-
age to consumer 415 V. This is within the limits 
prescribed in the Indian electricity rules, 1956. 

Fig. 3 shows the voltage at each 11 KV bus, un-
der base condition. The upper line shows voltage 
during 90 % peak load and the lower line shows 
the voltage during 110 % of peak load condition. 
The voltage fluctuations between peak load and 
off peak load is below 0.2 %. The loading condi-
tion  of  33 KV/11 KV transformers  under  peak 
demand condition is shown in Fig. 4. It can be 
seen that the peak loading is below 80 %, provid-
ing ample spare capacity for contingency condi-
tion. The system losses under base case condition 
were about 3 % of the load served.    

The system was tested for various contingencies 
like failure of a transformer in a substation,  or 
breakdown of a 33 KV and 11 KV cable. It was 
found that the worst case overloading of a trans-
former was 110 %.  The maximum cable loading 
was 98.5 %.    

The short circuit studies were also performed to 
check the short circuit ratings of cables and sub-
station equipment. 

The accuracy of load flow result depends on the 
details up to which the system is modeled. It was 
not considered prudent that we model the system 
up to level of service line. Yet with modeling of 
415 V level up to each load group of 20 KW, the 
results can be considered as benchmarks against 
which the actual system performance should be 
judged. 

5. CONCLUSION

A state  of the art  system has been designed to 
provide the consumers  good quality and highly 
reliable  power  supply.  The  system  has  been 
planned systematically taking into consideration 
the  electricity  consumption  pattern  of  the  con-
sumers it serves. The design is fully validated us-
ing sophisticated tools like CALPOS. Finally it 
can be said that the planned system provide for 
low system losses, good voltage profile and high 
reliability  at  reasonable  cost,  through  proper 
planning. 
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Fig. 4  33 KV/11 KV transformer loading


