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The increasing integration of rooftop solar photo-voltaic (PV) systems in residential

prosumers is posing a significant challenge in low-voltage distribution networks (LVDNs),

particularly in terms of voltage rise, unbalance and congestion, which ultimately limit

hosting capacity. These problems are worsened by the temporal mismatch between

midday solar PV generation and evening residential peak demand, as well as by

uncertainties in load demand and PV output. Thus, a data-driven two-stage robust

hosting capacity assessment framework proposed for linearized three-phase unbalanced

LVDNs that integrates sizing and placement of one or more community energy storage

(CES) systems. Uncertainty in load demand and PV generation is modeled using

asymmetric deviations derived from historical data quantiles and controlled by a data-

driven uncertainty budget. The two-stage robust mixed integer linear programming

problem separates planning decisions from operational and is solved using a column-

and-constraint generation algorithm to capture worst-case operating conditions. The

proposed approach is validated on 906-nodes European low-voltage networks using

realistic residential load and PV profiles.
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• Case 1:Deterministic based HC without  and with CES (120KW/240kWh) 

Background

Challenges in Low Voltage Distribution Networks

▪ CES placement strategies

Fig.1. Low voltage distribution network (LVDN)

Optimization based hosting capacity  assessment frameworks

Data driven uncertainty modeling

• PV generation

• Load demand

Conclusion

• Larger (906-nodes) networks need multiple CES
• Small networks need an optimally placed and sized CES
• Allow more rooftop PV integration from 13% to 60%
• Placing CES near to prosumers improve hosting capacity---enabling higher rooftop 

PV integration without network upgrades
• Small multiple CES has equivalent hosting capacity improvement 
• More equitable PV integration opportunities for prosumers

▪ Robust optimization  considering the uncertainty

▪ Hosting capacity =

s.t

• Power balance

• Operational limit of PV 

• Voltage limit

• Thermal limit (branch 
currents)

• Phase voltage unbalance limit

• CES capacity, placement, 
operation  and SoC 

▪ AC OPF–non-linear, computationally 

heavy

▪ Linearized model: LinDist3Flow

Fig.3. A 2-bus three–phase branch power 

flow  

Fig. 2: Data-driven budget-controlled uncertainty set

activation and modeling

Voltage sensitivity factor (VSF).

Four CES placement strategies:
• Substation 

1 CES
• An optimal location with  highest VSF

1 CES

• Optimal locations with topological based VSF
3 CES equivalent to one 1 CES capacity

• Multiple locations with top ranked  VSF buses
4 CES equivalent to one 1 CES capacity

Fig.4. European Low voltage distribution 
network (LVDN)

• Case 2:Two-stage robust HC with CES (200kW/kWh)

• 200kW/400kWh placed at 
substation

• Placed at bus 899
• 3 CES each 40kW/kWh placed at 

three zones of most VSF buses
• 4 CES each 30kW/kWh placed the 

most 4 sensitive buses
• PV hosting capacity
• Phase voltage unbalance 

ration(PVUR)
• Thermal loading
• PV allocation fairness

▪ Voltage fluctuations

▪ Uncertainty

▪ Thermal overloading

▪ Limited hosting capacity
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