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Abstract— The study attempts to examine the consumer 
demand pattern, Rooftop Solar PV (RTSPV) generation, DT 
load pattern etc to propose optimal battery size in a microgrid 
architecture and assess how it can help higher penetration 
levels of RTSPV penetration and the benefits for the electricity 
distribution ecosystem and stakeholders. 
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I. INTRODUCTION  
Rooftop Solar PV (RTSPV) is an important part of 175 

GW RE capacity addition target set by Govt of India. Of this 
target 40 GW shall be from RTSPV and is expected to come 
up across the country and across various categories of 
consumers. 

Factors such as supportive policy environment, falling 
prices, facilitation by agencies such as SECI and State Nodal 
Agencies, along with increasing consumer awareness etc are 
leading to faster adoption of RTSPV. Increasing levels of 
RTSPV penetration is expected to bring along new 
challenges and if, leveraged well, also certain unique 
benefits to the distribution network. To unlock the full 
benefits of RTSPV as a Distributed Energy Resource 
(DER), implementing a microgrid architecture within the 
existing distribution network is proposed. Perspective of 
various stakeholders and how Urban Microgrid benefits 
them is examined below: 

Key factors motivating RTSPV adoption are reduction in 
Electricity Bill or additional Revenue, Contribution to Clean 
Energy, Other monetary benefits such as subsidy, 
Accelerated Depreciation etc. 

The current network architecture and regulations require 
anti-islanding arrangement for interconnection of RTSPV. 
Whenever grid is not available, RTSPV has to stop 
generating electricity and remain unproductive. Grid 
reliability thus becomes an important point of concern in 
integrating RTSPV.  

RTSPV as DER takes advantage of the existing 
Distribution network and can deliver a higher quantum of 
power with the same infrastructure. The network reliability, 
which was only a load side issue till now, also becomes an 
evacuation concern due to RTSPV. It is not uncommon for 
RTSPV owners/developers/RESCOs to seek compensation 
for generation lost due to network outage. 

Lack of experience, technical concerns such as change in 
power flow direction, intermittency, lack of control over 
RTSPV, load pattern, ramp up/down requirements etc 
combined with negative impact on revenue leads to a 
conservative response from the Discoms to the RTSPV 
despite the various benefits of RTSPV as a Distributed 
Energy Resource. 

A solution in the form of Urban Microgrid implemented 
and controlled by Discom can help address various concerns 
cited above and help improve reliability thus facilitating 
higher levels of RTSPV penetration. 

Urban Microgrid architecture will help Discom to take 
control of the RTSPV, load patterns by controlling 
charge/discharge cycles of storage, and reduce 
intermittency, ramp up/down requirements and additionally 
help peak load shifting while providing highly reliable 
supply. 

Use Cases considered from such addition are blackout 
prevention, solar generation loss due to outage prevention; 



reduce sudden ramp down and sudden ramp up of net load 
on the distribution network, reduction in peak loading of the 
network leading to capital investment deferral. 

II. INTEGRATION OF BATTERY ENERGY STORAGE 
(BESS) AT  DISTRIBUTION TRANSFORMER LEVEL 

A. Distribution Transformer Load Curve  
Distribution Transformer (DT) is typically rated 

anywhere between 100 KVA to 1000 KVA in India 
transforming 11000 Volts primary distribution level to 3-ph 
400 volts or 1-ph 230 volts secondary distribution level. A 
1000 KVA DT supplies to nearly 300 households through 6 
to 8 secondary distribution lines. 

The load curve of a DT is an aggregation of all the 
consumers connected. While it is possible for the consumer 
to switch on devices in a random manner, the utilization of 
appliances is dependent on various factors such as income 
levels, season & weather conditions, electricity usage for 
various energy requirements (instead of alternatives such as 
gas) and in some cases linked to specific events such as 
sporting or political events.  

Individual consumer load curve might comprise of 
spikes and straight lines, however the aggregate load curve 
of a DT is a curve and varies from season to season as can 
be seen from Figure 1 – Load curve of a DT supplying 
residential consumption. This curve pertains to Scenario I 

 
Further it can be soon that the DT load curve shares 

certains characteristics of Utility load curve shown below as 
Figure -2 

 

B. Understanding the Concerns of various Stakeholders 
and Improvements expected : 
As can be seen from the load curve, the load varies in a 

long range across seasons, across days and across hours and 
then there are outages. The stakeholders at DT level are  

- Consumer 
- Distribution Utility (Discom) 
- RTSPV Owner or Prosumer (Consumer who has 

installed RTSPV) 
Concerns of these stakeholders and improvements 

expected are summarised in Table 1 below 

 

C. Use Cases envisaged : 
Considering the concerns of the various stakeholders and 

improvements expected, Use Cases have to be identified and 
optimization between the use cases has to be achieved.  

We would examine various benefits that BESS as a multi-
taskable network element (both as source and load) can 
provide including peak demand shaving, despatchable 
demand, support ever increasing Rooftop Solar PV 
(RTSPV) integration, providing reliable power supply etc.  

 

1. Urban Micro-grid / Community UPS 

• Consumers face outage due to upstream network 
failures or due to any failure at DT Substation 

• BESS along with microgrid controller will isolate the 
secondary distribution network from the distribution 
network and provide supply to the consumers. 
However such supply cannot be to the full extent but 
will be limited to lighting, ceiling fans, television and 
wi-fi routers. Air conditioners, washing machines, 
heaters, food processors, micro wave ovens etc are 
not supported under this arrangement for providing 
“No Black-out” solution for communities /  

• Such segregation could be achieved through manual 
switching off by consumer, load limiters installed at 
consumer level, segregated wiring already available 
for inverter operation. Such operation would need 
communication between the microgrid controller and 
consumers. Availability of smart meters can simplify 
this arrangement as smart meters have inbuilt 
communication facility and programming facility to 
isolate loads higher than set limits 

Stakeholder Concern Improvement Expected 
Consumer 1. Outages – Can’t consume when required - No Outages 

- At least no black outs
Discom 1. Outages – Loss of revenue, fall in 

Consumer satisfaction, meeting standards 
of performance 

2. Peak Demand – Overloading of 
equipment  

3. Low Demand – Under utilisation of 
equipment and in some cases loss from 
sale of surplus power at grid level 

4. Technical challenges with regard to 
higher penetration levels of RTSPV 

- Provide minimum required supply 
during outages 

- Reduce peak loading to reduce 
outages/failures/defer capex 

- Increase load factor of DT or 
utilisation level 

- Reduce under drawl related events at 
utility level and associated losses 

- Manage challenged from large scale 
RTSPV integration

RTSPV 
Owner / 
Prosumer 

1. Outages – Can’t consumer when required 
2. Outages – Loss of RTSPV generation due 

to anti-islanding 
3. Low Demand – Rejection from Discom to 

connect RTSPV due to technical 
challenges from high penetration levels of 
RTSPV

- No black outs 
- No loss of RTSPV generation 
- No denial from Discom to connect 

further RTSPV capacity to the grid 



• In case Diesel Generator set is available, the same 
shall be synchronized and outcome would be 
reduction in diesel consumption 

2. Peak Load Shaving and Capacity Addition (capital 
investment) Deferral:  

• As can be noted from the load curve, there is wide 
variance between peak load and off peak load. 
Capacity of the DT is planned based on the current 
peak loading and estimated load growth. Common 
practice is to install and additional DT or augment the 
capacity of DT considering the loading conditions 

• Such sizing leads to sub-optimal utilization of the 
assets. This can also be noted from the load factor, 
which the ratio between average load and maximum 
load. Load factor varies between “0 to 1” and at 1, the 
network is uniformly utilized and therefore 
improving load factor close to 1 is the desirable state.  

• Discharging BESS during peak loading hours would 
reduce the peak loading on the DT and network thus 
reducing/deferring the capacity requirement or 
capacity addition requirement. In certain cases where 
consumer load has already reached a mature 
equilibrium level, capacity addition/augmentation can 
be avoided perpetually through this solution. 

• Benefits of this application are capital investment 
avoidance/deferral, increase in the life of DT (or 
conversely reducing the exponential reduction of 
useful life of DT due to overloading) and reduction in 
technical losses 

3. Renewable Integration Support:  

• Anticipated challenges in integrating RTSPV in 
distribution network are as following: 

 Sudden drop in net load and sudden rise in net 
load leading voltage variations 

 Inability to integrate RTSPV beyond the 
capacity of DT 

 RTSPV going out of generation into anti-
islanding mode due to grid outages 

 RTSPV going out of generation due to voltage 
variations from the grid 

• BESS can support RE integration by drawing charge 
during the RTSPV generation ramp up and by 
discharging during the ramp down.  

• Further BESS along with microgrid controller allow 
RTSPV to continue generating and also supply to 
load during outages. 

• Similarly BESS along with microgrid controller can 
minimize voltage variations and thus reduce RTSPV 
inverter tripping voltage fluctuations 

 

III. MODELING BATTERY CHARGING AND DISCHARGING 
AND CHOOSING THE OPTIMAL SIZE OF THE BATTERY  

Step1: Monthly data collection of different rating of 
Distribution Transformers (DT) 

• Selection of a DT with load curve having 
variations 

• Annual loading data analysis of the DT 

Step2: Month wise outage analysis of Distribution 
transformer carried out for determination of 
following 

• Total Outage Duration 

• Outage occurrence 

• Loss of Energy due to outages 

• Maximum power loss due to outages at a single 
instance 

Step3: 30-minute interval analysis of DT load curve 

Table 1 

Battery Solar PV1

Scenario-I No No

Scenario-II No Yes

Scenario-III Yes No

Scenario – IV Yes Yes

 

For the above scenarios, we have calculated: 

• Daily Net Load curve of DT based upon 
half an hour interval 

• Overloading analysis: 

o Reduction in overloading hours of DT 

Step4: Selection criteria for charging and discharging of 
battery: 

• Band determination based upon average and 
standard deviation of load curves for reduction 
of Min-Max range 

• Criteria for charging / discharging/ no action 
based upon load curve beyond band limits 

o If load is above upper band limit, then 
battery discharges 

o If load is below lower band limit, then 
battery charges 

o If load is within the band, no action 

Step5: Determination of battery size in kVAh / kW 

• Area above the upper band limit is calculated 
for KVAh discharging 

• Area below the lower band limit is calculated 
for KVAh charging 

• Band is selected by varying the standard 
deviation factor in such a way that both 
charging and discharging kVAh are nearly 
equal 

• Battery efficiency considered as 90% 
                                                           

1 Solar Data Captured : http://pvwatts.nrel.gov/India/pvwatts.php 



Step6: Optimization of Battery Sizing 

• State of charging (SOC) is determined 
based upon charging / discharging of the 
battery 

• SOC is kept within limits of 10% to 100% 
charging state 

• Based upon SOC limits, battery size is 
optimized 

Step7: Peak load shaving to flatten the DT load curve 

o Final DT load curves are drawn to analyze 
the effect of battery 

o DT load curve is flattened with the help of 
optimal battery sizing 

o Over Loading Hour’s on DT is reduced by 
40 Hrs. 

o Based upon reduction in the peak load of 
DT, it is envisaged that capex on DT 
augmentation may be deferred for 5 years 
assuming 5% load growth year on year 
basis. The Rs. 10 lacs investment to be 
done immediately has got deferred to year 
6. This translates into 38% saving or Rs. 
3.8 lacs in capital investment considering 
cost of capital @ 10% p.a 

IV. LOAD CURVES FOR SCENARIOS II TO IV 
Scenario II 

 

Scenario III 

 

 
Scenario IV 

 

CONCLUSION 
As can be noted from the net load curves, the outages 

have been supported by BESS thus eliminating balck outs 

Further the variances induced by Solar PV generation 
during lower load periods during the day have been utilized 
by BESS for charging thus reducing the variation in load 
during the day 

The peak load on the DT has been reduced by nearly 
20% thus allowing deferral of capex by 5 years and saving 
on nearly 38% 

The real cost benefit can be estimated only after 
availability of BESS on a commercial basis in India. 

) 
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