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Abstract—Chile enjoys one of the largest solar irradiance
levels globally. Although large-scale photovoltaic (PV) plants have
flourished, the integration of medium-scale PV plants in medium-
voltage (MV) distribution networks, only account for a quarter
of Chile’s installed PV capacity. One of the main barriers for
its deployment is the sluggish connection assessment process. To
breach the gap, this paper presents a computational platform,
VisionDERRED, that leverages the capabilities of open-source
software Julia and OpenDSS, for the connection assessment of
distributed generation (DG) projects to MV networks, following
specific regulations from Chile. This contributes not only to
automating the connection assessment process, but also by
enabling finding the theoretical maximum admissible DG size
per MV node. This allows building a nodal hosting capacity map,
useful for project developers and policy makers. The capabilities
of the platform are demonstrated in a real MV feeder case study
in Osorno, Chile.

Index Terms—Computational Platform, Connection Assess-
ment, Distributed Generation, Distribution Networks, Hosting
Capacity.

I. INTRODUCTION

The integration of renewable distributed generation (DG)
is critical for moving towards a carbon-neutral future. DG,
particularly from renewable sources such as solar and wind,
can significantly reduce greenhouse gas emissions by de-
creasing reliance on fossil fuels. However, the development
and widespread adoption of DG face numerous challenges,
including technical, economic, and regulatory barriers [1].
Overcoming these challenges is crucial to fully leverage the
benefits of DG and support a sustainable energy transition.

The assessment and visualization of hosting capacity in real
distribution networks (DNs) is one of the major barriers to
overcome. Hosting capacity (HC) refers to the ability of a
DNs to accommodate additional distributed energy resources
(DER), in particular DG, without adversely impacting reliabil-
ity or quality of service. By evaluating the capacity of existing
DNs to host new DG projects, stakeholders can identify and
mitigate potential obstacles. Improved visualization tools can
provide clearer insights into network constraints and opportu-
nities, thereby lowering informational barriers that currently
hinder DG project development.

Various methodologies have been proposed for hosting
capacity (HC) analysis. [2] proposed a streamlined analysis
methodology to estimate the HC of photovoltaic (PV) DG,

aiding in screening new connection requests to approve, deny,
or require further review. In [3], a methodology is presented to
quantify the HC of DERs in UK feeders using Monte Carlo
analysis. In [4], a simplified methodology for analyzing the
hosting capacity of rooftop PV systems in Brazil is presented,
using iterative analysis and statistics to reduce the need for
detailed studies. In [5], a simplified method to estimate the HC
of DNs in Sweden, Germany, and the UK is presented, based
on the generation of synthetic and simplified network models,
and using a deterministic estimation approach. [6] proposes
a fast probabilistic HC analysis by leveraging multiparametric
programming, enabling analyze grid statistics without the need
for probabilistic characterization of uncertain parameters. In
[7], a two-stage methodology is proposed to estimate the HC
of rooftop PV systems for DNs in Chile. The results show
that the studied DNs can host almost 40 % of PV penetration
with respect to the distribution transformers’ capacity. [8]
presents a simplified method for calculating the HC of PV
systems aimed at distribution companies in Brazil. In [9], the
use of neural networks is proposed to calculate voltages in
distribution networks, reducing the time and complexity of HC
studies. [10] introduces a deep learning-based approach to HC
for DERs, addressing computational limitations in traditional
methods. Their model achieves real-time HC estimation with
enhanced accuracy. In [11], a new tool based on a practical
methodology to estimate the amount of small-scale DG is
presented. The tool reports the network total HC and provides
HC heat maps with results per medium-voltage feeder section,
distribution transformer, and low-voltage system.

In our previous work, we developed a computational
platform that enables the automated modeling of integrated
MV-LV distribution networks, and hosting capacity analysis,
specifically for the case of residential PV systems up to 10
kW addressing voltage and thermal issues [12]. In this work
we address the need for assessing the integration of larger dis-
tributed generation (DG) systems by introducing an enhanced
computational platform with new tools designed to quantify
the nodal hosting capacity of DG systems of sizes ranging
from 300 kW to 9 MW. This includes the consideration of
Chile’s statutory connection requirements, such as the impact
on short-circuit levels and the safety of protection equipment.
Both works are crucial building blocks for a larger online
platform under development, VisionDERRED. The new tool’s979-8-3503-9042-1/24/$31.00 ©2024 IEEE
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24Fig. 1: Computational platform to support the efficient inte-

gration of distributed energy resources.

performance is demonstrated using a real medium-voltage
distribution feeder.

The remainder of this paper is structured as follows. Section
II describes the developed computational platform. Section
III describes the methodology for assessing the impact of
DG projects. Section IV presents the case study and, finally,
conclusions are drawn in Section V.

II. COMPUTATIONAL PLATFORM DESCRIPTION

The computational platform integrates Julia [13] and
OpenDSS [14], enabling automatic simulation configuration
and execution in OpenDSS through Julia scripts. Results are
then imported back into Julia for processing and analysis. This
setup allows for external automation in OpenDSS, facilitating
novel HC analysis and innovative strategies for integrating
distributed energy resources, particularly renewable DG. Julia
also supports the development of custom data visualization
tools for decision-making.

Fig. 1 illustrates the computational platform and its tools,
organized into modeling, analysis, and visualization modules.
Details on the modeling module and the network hosting
capacity estimation tool are found in [12]. The following
introduces tools for DG project integration.

The Distributed Generation Impact Assessment Tool auto-
mates connection studies for DG projects between 300 and
9000 kW according to Chilean regulations [15]. It performs
power flow simulations under normal operating conditions
and fault scenarios to assess network security and supply
quality, providing critical impact information for developers
and distribution companies.

The Nodal Hosting Capacity Estimation Tool evaluates DG
hosting capacity at selected nodes in an MV network. It

Fig. 2: Flowchart for DG connection studies.

uses the Distributed Generation Impact Assessment Tool iter-
atively to find the maximum DG capacity that meets network
constraints. The visualization of these results leverages the
features of the Julia package Cariomakie [16].

The next section explains the methodologies for connection
studies and DG nodal hosting capacity assessment under
Chilean regulations.

III. METHODOLOGY

This section is split in two subsections. III-A describes the
process for DG connection whilst III-B shows how the former
is applied recurrently to find the hosting capacity on selected
MV nodes.

A. Procedure for DG connection in Chile.

Fig. 2 shows the procedure for evaluating a new DG
project’s impact on the distribution network per Chilean regu-
lations [15]. The process starts with the developer submitting a
network connection request. For projects with power injection
(PIN) less than 1.5 MW, an Expedited Process Evaluation
(EPE) can be conducted (detailed in III-A1). If the EPE
indicates low impact, the regulator provides the connection
agreement. If the EPE indicates high impact, Technical Studies
(described in III-A2) are required unless the developer reduces
the power injection.

On the other hand, if the installed capacity exceeds 1.5
MW or if the developer chooses not to pursue the EPE, then
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the Technical Studies must be performed. If the project is
deemed to have a low impact by the Technical Studies then
the connection agreement document is given by the regulator.
In contrast, if the project is deemed to have a high impact
then the project developer have the option to invest in network
reinforcements to meet safety and supply quality standards. In
such a way, the DG project is able to obtain the connection
agreement document.

The procedure for evaluating the impact of a new DG
project requires technical information for the DG project
and the MV network model of the feeder where the studies
will be conducted. The loads in the network model must be
represented as three-phase loads connected to the secondary
terminals of each MV-LV transformer. The load demand
at each MV-LV transformer is equal to the transformer’s
weighting factor multiplied by the feeder’s minimum load
demand. The transformer’s weighting factor is the capacity of
the MV-LV transformer divided by the capacity of the feeder’s
transformer.

1) Expedited Process Evaluation (EPE): The Expedited
Process Evaluation consists of evaluating the maximum power
and maximum capacity of the DG project, namely Pmax and
Cmax respectively. The computation of Pmax is as follows.

First, using (1), the maximum power of the DG project
that does not cause a reverse power flow grater that feeder’s
minimum capacity at day and night, namely P day

max and P night
max

respectively, is calculated.

P day/night
max = C feeder

min + PD
min −

∑
i

PDGi
max (1)

In (1), C feeder
min is the feeder’s minimum capacity in MW

equals to the capacity of the network element upstream the
connection node with the lower design capacity, PD

min is the
total load demand downstream the same element considering
the minimum load demand scenario, and PDGi

max is the maximum
power in MW of the i-th DG downstream of the same element.

Then, P feeder
max is determined as shown in (2).

P feeder
max = min(P day

max, P
night
max ) (2)

Afterward, the maximum power by the DG project to
prevent permanent voltage deviations outside the permitted
ranges, namely PRT

max, is computed as follows:

PRT
max =

P farthest
sc

K1
−
∑
i

CDGi
max (3)

where P farthest
sc is the short-circuit power at the farthest point

downstream from connection node, K1 is a parameter equals
to 20, and CDGi

max is the i-th DG installed capacity in the feeder.
Next, the maximum power by the DG that not cause a

voltage variation that exceed 6 % is calculated as follows:

PV
max =

0.06 · P node
sc

cos(δ − ϕ)
(4)

where δ is the angle of the equivalent impedance of the
network at the connection node in radians without considering

the DG under evaluation, ϕ is the angle between the current
and voltage of the DG in radians considering the connection
of the DG project, and P node

sc is the short-circuit power at the
connection node without considering the DG.

Then, the maximum power of the DG project is defined as
follows:

Pmax = min(P feeder
max , PRT

max, P
V
max) (5)

Next, the computation of cmax is as follows. First, the max-
imum install capacity that prevents deviations of unacceptable
voltage in the feeder at the moment of synchronization of the
DG, namely CVD, is calculated as follows:

CVD =
S3p

sc

K2 ·K3
(6)

where S3p
sc represents the three-phase short-circuit power at

the connection node in MVA without considering the DG
under analysis, K2 is either 4 or 6 for doubly fed generators
or directly connected generators, respectively. And K3 is
the constant for maximum synchronization voltage variation,
equals to 16.

Then, the maximum install capacity that allows maintaining
the impact on the short-circuit levels below 0.1, namely CSC,
is computed as follows:

CSC =
(0.1× S3p

sc −
∑n

i=1 ni × SDGi
max )

nDG
(7)

where SDGi
max is the nominal apparent installed capacity of the i-

th DG connected and/or planned to be connected to the feeder,
and ni is the short-circuit contribution factor corresponding
to i-th DG. ni can be 1, 6, or 8 if the DG has an inverter,
is an asynchronous generator, or is a synchronous generator,
respectively.

Then, the maximum capacity for the DG project is com-
puted as follows:

Cmax = min(CVD, CSC) (8)

Finally, the maximum power injection and the maximum ca-
pacity, respectively defined in (5) and (8) must not be exceeded
by the DG project under evaluation if it aims for obtaining the
connection agreement document without performing technical
studies. If not, the project must undergo through technical
studies.

2) Technical Studies: According to current Chilean regula-
tions, all technical studies must be evaluated under a scenario
of minimum demand and maximum power injection in order to
assess the worst-case operational condition for a DG project.

The technical power flow study aims to evaluate if the nodes
voltage deviate from 1 ± 0.06 per unit (pu) and found if trans-
formers and lines violate their thermal limits. Additionally,
this study verifies if the DG project does not cause congestion
in case of reverse power flow at the header of the feeder.

Next, the short-circuit study allows evaluating for single-
phase, two-phase, three-phase, and two-phase-to-ground faults
if the short-circuit levels exceed 85 % of the breaking capacity
of any feeder’s protection device.
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Subsequently, the protection study is carried out, during
which the feeder’s protection system is evaluated to ensure its
coordination, in terms of sensitivity and speed, against faults at
various nodes along the feeder. The protection study verifies
that the coordination time between over-current curves is at
least 100 ms for adjacent protection devices.

Finally, the electrical losses study is conducted to verify that
the DG project does not cause an increase in annual losses of
more than 10 % compared to the case without the project. To
evaluate the annual losses, the number of hours to be evaluated
can be reduced by employing a scenario reduction technique.
Nevertheless, at least twenty representative days per year must
be considered.

B. Nodal Hosting Capacity Estimation

To estimate the hosting capacity of Distributed Generation
(DG) at selected nodes within a medium-voltage network, we
use an algorithm that leverages the Distributed Generators
Impact Assessment Tool to evaluate DG projects with varying
installed capacities. This algorithm identifies the maximum
DG capacity that remains within the safety and quality con-
straints defined in (III-A1) and (III-A2).

The algorithm implements an iterative bisection search over
an initial searching interval from 0.3 MW to 9 MW. At
each iteration, the algorithm proceeds as follows. First, a DG
connection study is performed to assess the impact of the
project, considering its capacity equals the midpoint capacity
of the searching interval (i.e., 4.65 MW at the first iteration).
Then, if the impact is determined to be low, the algorithm
sets the new lower bound of the searching interval equal
to the current midpoint. Conversely, if the impact is high,
the algorithm sets new the upper bound of interval equal
to such midpoint. Thus, the searching interval is reduced in
each iteration and the algorithm continues until the difference
between the upper and lower bounds is less than 1%.

IV. CASE STUDY

The capabilities of the developed tools are demonstrated in
a real medium-voltage network from Osorno, Chile.

The Automated Distribution Network Modeling tool de-
scribed in [12] was used to generate an OpenDSS model
for the longest MV-LV feeder in Osorno, using network data
from SAESA electricity company. Subsequently, the model
was reduced to the MV feeder only, as established by Chilean
regulations for the assessment of DG projects connected to
this voltage level.

For a selected 200 nodes of the medium-voltage network,
hosting capacity for a DG project was found using the tool
described in (III-B), considering at first only the restrictions
from (III-A1) and then, performing the full set of technical
studies as in (III-A2), with the exception of the protections
coordination and the losses constraints. The former was not
considered due to a lack of access to protection settings, and
the latter due to being currently under development for process
speed-up. The results are presented in sections (IV-A) and
(IV-B).

A. Expedited Process Evaluation (EPE) Results
The results of hosting capacity for DG projects at the 200

selected nodes, estimated solely using the constraints described
in (III-A1), indicate that each evaluated node can host a DG
project with capacity greater than 1.5 MW. This means that
if a DG project developer wishes to connect a project of 1.5
MW or less, the project could follow an expedited connection
process.

B. Technical Studies Results
The hosting capacity results, estimated solely using the

constraints for technical studies described in (III-A2), are
shown in the nodal DG hosting capacity heat map of the
modeled MV distribution network in Fig. 3. The minimum
nodal hosting capacity was found to be 4.04 MW, represented
by the orange-colored nodes that can be found in the upper
left part of the map, while the maximum installed capacity
found was 9 MW, equal to the upper evaluation limit. This
occurred for the nodes closest to the header of the feeder, as
can be seen in the map.

In Table I, the technical study results for 5 of the studied
nodes are presented, considering the following constraints:
maximum voltage (pu), minimum voltage (pu), maximum line
utilization (pu), maximum transformers utilization (%), power
flow through the main transformer (MW), and the maximum
breaking capacity (%) reached by any protection device in the
short-circuit study. As shown in the table, overvoltage was the
limiting factor for most nodes. However, for node “9136805”,
the capacity of DG projects was limited by line overutilization.
Notably, the short-circuit impact on the breaking level nearly
restricted capacity, especially for node “561857”. Additionally,
for all nodes, installing a project equal to its hosting capacity
would cause reverse flows in the main transformer but would
not lead to overutilization issues.

V. CONCLUSIONS

This work presents recent advancements within a devel-
oping computational platform, VisionDERRED. Among these
developments are tools for conducting connection studies and
estimating nodal hosting capacity for DG projects in medium-
voltage networks, in compliance with Chilean regulations.
Through a case study, the outcomes demonstrate the capa-
bilities of these tools, providing valuable insights for utility
companies and DG project developers.

Moving forward, feature development will prioritize the
creation of a tool aimed at streamlining the assessment of
mitigation measures. This tool will provide project owners
with crucial information regarding grid reinforcement strate-
gies necessary to ensure their projects meet network safety
and supply quality standards effectively.
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Fig. 3: Nodal DG hosting capacity heat map.

TABLE I: Technical studies constraints results for 5 nodes.

Node HC Max. node Min. node Max. line Max. transf. Head transf. Max. breaking
ID (MW) voltage (pu) voltage (pu) utilization (pu) utilization (%) power flow (MW) capacity (%)

561857 9.000 1.0544 0.9976 0.5717 24.81 -5.707 84.01
13681266 7.368 1.0602 0.9974 0.7751 17.65 -4.061 83.76
14562065 6.417 1.0607 0.9974 0.6231 17.06 -3.127 83.46
29003799 5.431 1.0603 0.9969 0.5830 17.05 -2.081 83.37

9136805 4.004 1.0535 0.9972 1.0659 16.82 -0.748 83.26
Limits 9 1.06 0.94 1 100 -23 85
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