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Background

• The growing installation of DGs may put the grid at risk of having
inefficient and/or low-reliability supply.

• To determine the maximum amount of DG that a distribution grid
can accommodate the concept of hosting capacity is introduced.

• HC is the amount of new production or consumption that can be
connected to the grid without adversely impacting the reliability or
voltage quality for other users.
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Hosting Capacity

• It can further provide grid planners with the required insight on how
to build and upgrade the grid.

• The HC optimization determines the operating state in which the HC
is maximized without degrading the system performance.

• A system’s performance is considered degraded if:
• Its bus voltage magnitudes exceed associated limits.

• The power flow through components exceed their limits.
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Work Motivation
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• Previous works propose variety of
methods in calculating optimal HC.

• The nonlinear nature of the line
flow equations requires a long
computation time to find the
optimal solution.

• The computation time and
solution accuracy depend on the
DG size increments:
• Large increments are considered.

• Small increments are considered.
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Figure	1:	Iterative	HC	model



• There are two major drawbacks to iterative HC method:
• The spatial interdependency of DG deployments is ignored.

• The computation time is very long.

• The aim of this work is to address these two shortcomings by
linearizing the AC power flow equations and then finding the optimal
HC.

• The proposed method can consider the spatial interdependencies
and also find the solution in one instance instead of using many
iterations.
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Problem Formulation

• Objective:

• To maximize allowable DG capacity that can be hosted in the distribution 
system. 

• Subject to:

• Power balance equations.

• Line flows equations.

• Line flows limits.

• Voltage limits.
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Hosting Capacity Linearization

• Line flow equations are nonlinear:
• Second order terms.

• The multiplication of variables.

• Trigonometric terms.

• The proposed model uses the change in voltage magnitudes and 
angles with respect to the point of interconnection (POI):
• 𝑉𝑚 = 1.0 + ∆𝑉𝑚
• 𝜃𝑚 = 0 + ∆𝜃𝑚
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• Two assumptions are made to linearize the AC power flow equations:
1. The difference in voltage angles of adjacent buses is considered to be small and 

can be approximated.

2. The product of the change in voltage magnitudes and angles between 
connected buses is small and can be ignored.

• Based on these assumptions, a two-step process is performed to
resolve the remaining nonlinear term:
• Step 1: By ignoring losses, the nonlinear terms can be removed, and a set of 

linearized equations are derived (line losses would be zero). 

• Step 2: The  full power flow equations are solved by using the results obtained 
from the step 1 as a constant introduced to linearize the nonlinear terms.
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Linearized and Iteration HC Models

• The difference in number of required steps arises from the 
iterative loops.
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Numerical Results

• The effectiveness of the proposed linearized model is showcased on
the IEEE 33-bus test system.

• The results of the linearized algorithm are compared with the iterative
nonlinear HC algorithm.

• Both algorithms are initialized with the same parameters:
• Nodal loads

• Line flow limits

• Voltage limits
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Figure 3: The IEEE 33-bus distribution system.



The nonlinear HC algorithm 

• The traditional HC optimization approach is restricted by
computational requirements.

• To demonstrate this restriction, the resolution of the HC was
increased and the runtime was measured.

• Hosting capacity resolution can be increased in the iterative
approach by reducing the DG step size during each iteration.

• With reduced step size, more values of DG injection power are
sampled in a given range at the cost of requiring more iterations.
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• Figure 4 shows the relationship between accuracy and time using the
traditional iterative method.

• Four DG step sizes were chosen for this demonstration, 1 kW, 10 kW,
100 kW, and 1 MW.

• A trade-off emerges in which decreasing error causes an increase in
computation time and decreasing computation time causes an
increase in error.
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Figure 4: Tradeoff between speed and accuracy based on the iterative method.
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Accuracy Comparison

• The proposed model is compared with the iterative approach in terms
of computation time and solution accuracy.

• To avoid impractical computation times, DG generation was only
considered in one location at a time.

• The results are compared to the highest fidelity iterative optimization
executed (DG step size of 1 kW).
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Only one bus at a time is considered All buses are considered

Time required % of Error Time required % of Error

Proposed model 1.2 sec 0.32 4 sec 0.41

Iterative method 472 sec - 1032 hours -

Table 1: A comparison between the proposed method and the traditional iterative method.



Optimal Hosting Capacity Results
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• The optimal HC for each individual bus:

• The optimal HC when all buses are considered:
• The iteration method: a total of 8.518 MW.

• The proposed model: a total of 8.484 MW.
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Figure 5: The individual HC.



Conclusion

• HC optimization is used to determine the maximum DG capacity that
can be installed in a distribution system without negatively impacting
its operational performance.

• An efficient optimization method is developed, which linearizes the
power flow equations and leads to a dramatic reduction in
complexity.

• This increases the speed and robustness of the HC method, allowing
for real-time analysis of a radial distribution system.

• It is demonstrated that the proposed approach produces results
close to the traditional iterative method.

• The overall HC showed an agreement within 0.41% error, and the bus
voltage magnitudes agree within less than 0.07% of error.
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