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Conservation Voltage Reduction with Distributed 
Energy Resource Management System, Grid-Edge, 

and Legacy Devices

Abstract—Distribution utilities use conservation voltage 
reduction (CVR) to obtain energy savings and lower peak 
demand by reducing bus voltages. Traditionally, the CVR is 
accomplished by controlling the legacy assets such as load tap 
changers, voltage regulators, and capacitor banks. The 
deployment of the advanced distribution management system 
(ADMS) and distributed energy resource management system 
(DERMS) enables the integration of distributed energy 
resources into the distribution networks and provide the grid 
services including CVR. This paper studies the coordinated 
operation of an ADMS and a DERMS in achieving CVR and 
voltage regulation. A commercial ADMS uses legacy devices and 
Edge-of-Network Grid Optimization (ENGO) devices to obtain 
energy savings through CVR. A prototype DERMS dispatches 
the photovoltaic smart inverters based on real-time optimal 
power low to ensure voltage regulation across the feeder. The 
results show that the coordinated operation of ADMS and 
DERMS is effective in achieving CVR and voltage regulation. 
Specifically, energy savings of up to 4.7% are observed in the 
real utility distribution system used in this study. 

Keywords—Advanced distribution management system, 
conservation voltage reduction, distributed energy resource 
management system, optimal power flow, voltage regulation. 

I. INTRODUCTION 
The global concerns over climate change, government 

policies and incentives in support of distributed energy 
resources (DERs), and the dramatic price reduction of DER 
technologies are accelerating the growth of DER penetration 
levels in distribution networks [1]. As a result, increased 
numbers of DERs—such as photovoltaic systems (PV), 
battery energy storage systems (BESS), electric vehicles 
(EV), fuel cells, and wind turbines—are expected to be 
integrated with the distribution grids. The increased DER 
penetration levels can lead to issues including over/under 
voltages, reverse power flows, overloading, and protection 
miscoordination. Nevertheless, when suitable controls are 
exercised, the DERs can provide various benefits such as 
improved network reliability, resiliency, voltage profile, 
reduced demand charges, and network losses. 

State-of-the-art grid automation solutions such as 
advanced distribution management systems (ADMS) and 

distributed energy resource management systems (DERMS) 
[2], individually or in combination, can leverage the DERs to 
improve distribution grid operations. The ADMS offers the 
distribution operator advanced grid management functions 
such as Volt-VAR optimization (VVO), fault management, 
and outage management to improve situational awareness and 
optimize network operations [3]. The ADMS solutions 
typically control legacy devices such as load tap changers 
(LTC), voltage regulators (VRs), capacitor banks, and utility-
scale DERs. Traditionally, the ADMS solutions do not have 
the visibility of or control over the behind-the-meter (BTM) 
DERs [2]. By contrast, the DERMS solutions aggregate the 
small-scale BTM DERs to provide grid services including 
demand response, voltage regulation, and situational 
awareness. The ADMS and DERMS solutions can 
complement each other to provide additional benefits [3]. 

Conservation voltage reduction (CVR) and voltage 
regulation are two of the key drivers for the distribution 
utilities for the deployment of ADMS and/or DERMS. CVR 
refers to lowering the load energy consumption by reducing 
the bus voltages. Many distribution utilities including 
Bonneville Power Administration, BC Hydro, and Southern 
California Edison studied the benefits of CVR in obtaining 
energy savings and reducing the peak demand [4]. However, 
these works did not consider the impact of DERs on CVR. The 
studies that considered the impact of DERs [5], [6] did not 
consider the coordination with the existing enterprise controls 
such as ADMS. As the distribution grid operations are 
transitioning towards the integration of ADMS and DERMS, 
realistic studies are needed that consider real distribution 
feeder models and coordinated control with ADMS and/or 
DERMS to help the utilities in de-risking the deployment of 
such technologies in the field. The works reported that studied 
the ADMS-DERMS coordination [7]–[9] focused on 
demonstrating the voltage regulation only. 

To address the specified research gaps, this paper 
evaluates the performance of the coordinated operation of 
ADMS and DERMS in performing CVR while enforcing 
voltage regulation. Schneider Electric’s ADMS is interfaced 
with a prototype DERMS [10]–[12] using industry-standard 
protocols for this evaluation. The real-time optimal power 
flow algorithm developed in [10], which uses network 
information and voltage and power measurement feedback for 
the voltage regulation controls is used for the prototype 
DERMS. The detailed distribution network model developed 
based on the data from Xcel Energy is used in this study. This 
network includes Sentient Energy’s edge-of-network 
optimization (ENGO) devices [3] that act as the distributed 
controllable Volt-VAR resources to support CVR and voltage 
regulation.  
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The main contributions of this work are: 
1. Evaluation and demonstration of the coordinated operation 
of ADMS and prototype DERMS to accomplish CVR and 
voltage regulation in the presence of high PV generation 
(nearly 200% relative to minimum load). Co-simulations of 
real-world distribution feeder models, a commercial ADMS, 
and a DERMS are performed to keep the study realistic. 
2. Analyze and quantify the benefits of CVR based on 
simulation results, showing the advantages of using 
coordinated control of ADMS and DERMS for managing 
future grids with high renewables. 
3. Provide the distribution utilities with insights into the 
expected benefits of ADMS and DERMS deployments, 
especially in the presence of high levels of distributed PV.  

II. DISTRIBUTION NETWORK MODELING 
A. Distribution System Details 

A detailed distribution feeder model developed based on 
the data from the utility Xcel Energy is used for the 
demonstrations in this study. This is a 12.47-kV distribution 
network with a peak load of nearly 35 MW, located in 
Colorado within the service territory of the utility. The 
topology of the network is shown in Fig. 1. The legacy 
devices on this network for voltage regulation include a load 
tap changer at the substation and 13 switched capacitor banks 
installed as highlighted in Fig. 1. Each capacitor bank is rated 
for 1.2 Mvar. Further, there are 144 Edge-of-Network Grid 
Optimization (ENGO) devices [3] installed on this 
distribution network at the locations marked as grid-edge 
devices in Fig. 1. The ENGO devices are installed on the low-
voltage side of the service transformers and act as low-
voltage static compensators to regulate their terminal 
voltages. Based on the configurable voltage regulation 
setpoints, these devices provide dynamic reactive power 
compensation to improve the network voltage profile [3]. The 
loads are modeled as ZIP loads to account for the voltage 
dependency. The ZIP coefficients [0.24, 0.36, 0.4] are 
selected based on [13] and a pilot study conducted by another 
utility and are used for the load modeling. A realistic high PV 
penetration scenario is generated by distributing the PV 
systems randomly across the feeder with the PV sizes ranging 
from 1 kW to 10 kW. The PV profiles are created based on 
the solar irradiance information from the solar irradiance 
database recorded at NREL Flatirons Campus [14]. A subtree 
of the distribution network, encircled in red in Fig. 1, is 
modeled in OPAL-RT. 

 
Fig. 1. Topology of the distribution feeder. 

B. Volt-VAR-Watt Curve Settings and Emulation 
When the PV smart inverters are configured to function 

in autonomous local control mode (scenario S1 in Section 
IV), they are assumed to follow the Volt-VAR-Watt curve 
constituting the Volt-VAR and Volt-Watt curves shown in 

Fig. 2. The settings of IEEE 1547 Volt-VAR curve and 
California rule 21 Volt-Watt curve shown in Tables I and II 
are used for these curves. In the Volt-VAR-Watt mode, the 
PV smart inverter real and reactive power outputs are 
determined simultaneously by the Volt-VAR and Volt-Watt 
curves shown in Fig. 2. As the Volt-VAR-Watt smart inverter 
control function is not available in OpenDSS, we developed 
a Python function to implement this control.  

 
Fig. 2. (a) Volt-VAR curve, and (b) Volt-Watt curve. 

TABLE I  
VOLT-VAR CURVE SETTINGS 

Curve V1 Q1 V2 Q2 V3 Q3 V4 Q4 
Volt-VAR 0.92 0.44 0.98 0 1.02 0 1.08 -0.44 

 
TABLE II  

VOLT-WATT CURVE SETTINGS 
Curve V1 P1 V2 P2 V3 P3 
Volt-Watt 0.9 1 1.05 1 1.1 0 

 
C. Prototype DERMS 

A prototype DERMS based on the real-time optimal 
power flow algorithm (RT-OPF) [11], [15] is used in this 
work to control PV smart inverters. The details of the RT-
OPF formulation are provided in this section.  

Consider that 𝒩𝒩 ≔ {1, … ,𝑁𝑁}  is the set of nodes in a 
distribution network, and 𝒩𝒩𝑃𝑃𝑃𝑃 ⊆ 𝒩𝒩 is the set of nodes where 
the smart PV inverters are connected. Let 𝑿𝑿𝑡𝑡 ≔ {𝑝𝑝𝑗𝑗𝑡𝑡,𝑞𝑞𝑗𝑗𝑡𝑡 , 𝑗𝑗 ∈
𝒩𝒩𝑃𝑃𝑃𝑃} be vector of actual active (𝑝𝑝𝑗𝑗𝑡𝑡) and reactive (𝑞𝑞𝑗𝑗𝑡𝑡) power 
outputs from 𝑗𝑗𝑡𝑡ℎ PV inverter at time t. Let 𝑆𝑆𝑗𝑗 be the 𝑗𝑗𝑡𝑡ℎ PV 
inverter rating. Then, the RT-OPF problem can be defined as: 

𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓(𝑿𝑿𝑡𝑡) = � 𝑤𝑤𝑝𝑝. (𝑝𝑝𝑗𝑗
𝑡𝑡,𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑝𝑝𝑗𝑗𝑡𝑡)2 +

𝑗𝑗∈𝒩𝒩𝑃𝑃𝑃𝑃

𝑤𝑤𝑞𝑞 . (𝑞𝑞𝑗𝑗𝑡𝑡)2 

(1a) 
𝑠𝑠. 𝑡𝑡.      0 ≤ 𝑝𝑝𝑗𝑗𝑡𝑡 ≤ 𝑝𝑝𝑗𝑗

𝑡𝑡,𝑚𝑚𝑚𝑚𝑚𝑚,  (1b) 
(𝑝𝑝𝑗𝑗𝑡𝑡)2 + (𝑞𝑞𝑗𝑗𝑡𝑡)2 ≤ 𝑆𝑆𝑗𝑗2,  (1c) 
𝑣𝑣𝑡𝑡 ≤ |𝑣𝑣𝑛𝑛𝑡𝑡| ≤ 𝑣̅𝑣𝑡𝑡 ,𝑛𝑛 ∈ 𝒩𝒩.  (1d) 

The first term in objective (1a) minimizes the active 
power curtailment and the second term minimizes the 
reactive power output from all the PV inverters. The weights 
𝑤𝑤𝑝𝑝 and 𝑤𝑤𝑞𝑞 set the relative weights of these two terms (𝑤𝑤𝑝𝑝 ≫
𝑤𝑤𝑞𝑞). The active power production by 𝑗𝑗𝑡𝑡ℎ PV inverter at time 
t is limited by 𝑝𝑝𝑗𝑗

𝑡𝑡,𝑚𝑚𝑚𝑚𝑚𝑚  based on the irradiance level. The 
constraint (1c) ensures the inverter power output remains 
within the apparent power rating and (1d) drives the node 
voltages to remain within the ANSI limits.  

Let V be the complex node voltages, |V| be the node 
voltage magnitudes, 𝒑𝒑𝑖𝑖𝑖𝑖𝑖𝑖 and 𝒒𝒒𝑖𝑖𝑖𝑖𝑖𝑖 be the active and reactive 
power injection vectors, respectively. Then, based on the 
linear power flow model proposed in [16], the linear 
approximation of V and |V| can be expressed as: 
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𝑽𝑽 = 𝑨𝑨𝒑𝒑𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑩𝑩𝒒𝒒𝑖𝑖𝑖𝑖𝑖𝑖 + 𝒌𝒌,  (2a) 
|𝑽𝑽| = 𝑪𝑪𝒑𝒑𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑫𝑫𝒒𝒒𝑖𝑖𝑖𝑖𝑖𝑖 + 𝒍𝒍,  (2b) 

where A, B, C, and D are the power coefficient matrices, and 
k and l are the constant vectors representing error terms. The 
RT-OPF problem (1) is solved by the primal-dual gradient 
algorithm with voltage measurement feedback. Let the 
Lagrangian function of problem (1) at time t be 
ℒ𝑡𝑡 �𝑿𝑿𝑡𝑡,𝝁𝝁�𝑡𝑡 ,𝝁𝝁𝑡𝑡� , where 𝝁𝝁�𝑡𝑡  and 𝝁𝝁𝑡𝑡  denote the Lagrangian 
multipliers for the upper and lower voltage limit constraints, 
respectively. Then the PV inverter power setpoints for the 
next control time window (t+1) can be solved as: 

𝑿𝑿(𝒕𝒕+𝟏𝟏) = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �𝑿𝑿𝒕𝒕 − 𝛼𝛼𝑥𝑥.∇𝑥𝑥ℒ �𝑿𝑿𝑡𝑡,𝝁𝝁�𝑡𝑡 ,𝝁𝝁𝑡𝑡��.  (3) 

where 𝛼𝛼𝑥𝑥 is the constant step size, and ∇𝑥𝑥ℒ is the gradient. 
The Lagrangian multipliers are updated as: 
𝝁𝝁�𝑡𝑡 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃�𝝁𝝁�(𝑡𝑡−1) + 𝛼𝛼𝜇𝜇� .∇𝜇𝜇�ℒ�𝒗𝒗(𝑡𝑡−1)|𝑿𝑿(𝑡𝑡−1)��, (4a) 
𝝁𝝁𝑡𝑡 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �𝝁𝝁(𝑡𝑡−1) + 𝛼𝛼𝜇𝜇 .∇𝜇𝜇ℒ�𝒗𝒗(𝑡𝑡−1)|𝑿𝑿(𝑡𝑡−1)��, (4b) 

where 𝛼𝛼𝜇𝜇�  and 𝛼𝛼𝜇𝜇  are the constant step sizes, ∇𝜇𝜇�  and ∇𝜇𝜇  are 
the gradients which can be computed based on the voltage 
measurement feedback vector 𝒗𝒗(𝑡𝑡−1)  at previous time step. 
The gradient ∇𝑥𝑥ℒ is a function of 𝑿𝑿(𝑡𝑡−1), 𝝁𝝁�(𝑡𝑡−1), 𝝁𝝁(𝑡𝑡−1), A, B, 
C, and D. The gradient descent algorithm is used to solve the 
optimization. The equations (3) and (4) are solved iteratively. 

III. EXPERIMENTAL SETUP 
The schematic of the experimental setup used for this 

study is shown in Fig. 3. It consists of Schneider Electric 
ADMS, the distribution network modeled in OpenDSS and 
OPAL-RT, the RTOPF algorithm implemented in Python, a 
real-time automation controller (RTAC), and the test bed 
coordinator software implemented in Python. In our setup, the 
ADMS runs the Volt-VAR Optimization (VVO) at every 5-
minute intervals to compute the optimal voltage regulation set 
point for LTC and on/off statuses for all the medium-voltage 
capacitor banks. The ADMS VVO is a model-based multi-
objective constrained optimization procedure, with user-
definable optimization criteria and constraints. The ADMS 
VVO objectives include customer voltage improvement 
(voltage regulation) and CVR. In this work, the CVR is 
selected as the VVO objective. The medium voltage lower and 
upper constraints are selected as 116 V and 126 V, 
respectively on a 120 V base. The ADMS VVO tries to 
maintain the bus voltages on the primary distribution network 
within these voltage limits with a deadband of 0.6 V. The low 
voltage lower and upper constraints are 114 V and 126 V, 
respectively. These voltage limits are applicable to the bus 
voltages in the low-voltage secondary distribution network. 

 
Fig. 3. Schematic of the experimental setup. 

 The distribution network power flow is solved in 
OpenDSS and OPAL-RT together at each time step as 
described in [3]. The time step resolution is selected as 5-
second. The measurements from the power flow are 
communicated to the ADMS as simulated SCADA at each 5-
second interval via RTAC. These measurements include real 
power, reactive power, line currents at the feeder head, 
reactive power injection, and the terminal voltages of the 
ENGO devices. The simulated SCADA measurements are 
used by the ADMS to estimate the network status through 
state estimation. The RTAC acts as a substation gateway to 
establish the communication between ADMS and OpenDSS. 
It performs the UDP to DNP3 protocol translation to pass the 
measurement data from OpenDSS to ADMS because 
OpenDSS can only support UDP. Further, the ADMS sends 
the LTC and capacitor bank set points to OpenDSS at 5-
minute intervals through RTAC. The RTAC performs DNP3 
to UDP protocol translation for this.  
 A co-simulation manager developed in Python referred to 
as the test bed coordinator, is used to perform the co-
simulations. The test bed coordinator is responsible for 
implementing the simulated device set points in OpenDSS 
such as the LTC and ENGO device voltage regulation set 
points and capacitor bank on/off statuses based on the signals 
received from ADMS, setting the simulated PV smart inverter 
powers based on the set points computed by RTOPF. 

IV. RESULTS AND DISCUSSION 
The coordinated ADMS-DERMS operation for CVR is 

demonstrated using three scenarios summarized in Table III. 
In the baseline scenario, the legacy devices, i.e., the LTC and 
the capacitor banks are in the local control mode. The ENGO 
units are disabled and all the PV systems are set to operate in 
the unity power factor mode. In the S1 scenario, the set points 
for the legacy devices and the ENGO devices are issued by the 
ADMS. The PV smart inverters are configured to work in 
Volt-VAR-Watt control mode with the curves shown in 
Fig. 2. In S2, the PV smart inverters are dispatched by the 
RTOPF. The legacy devices and the ENGO units receive the 
set points from the ADMS. Based on the historical SCADA 
data, a day having the minimum load with excessive PV 
generation is selected for the simulations in this study. In this 
section, the results in each scenario for the minimum load day 
are discussed in detail. 

TABLE III  
SIMULATION SCENARIOS 

Scenario Legacy Devices ENGO units PV Smart Inverters 
Baseline Local control - Unity power factor 
S1 ADMS ADMS Local Volt-VAR-Watt 

control mode 
S2 ADMS ADMS RTOPF 

The performance of the coordinated operation of ADMS 
and DERMS in performing the CVR and the voltage 
regulation controls is evaluated using the following metrics: 
1. Energy delivered by substation (MWh): This is the total 

energy delivered by the substation. 
2. Energy delivered by PV (MWh): This is the total energy 

export from all the PV systems to the feeder. 
3. Energy savings (in MWh and %): This is the energy 

savings observed in S1 or S2 compared to the baseline, 
expressed in MWh and as a percentage of energy 
delivered by the substation in the baseline. 

4. Voltage exceedances, Tex (in node-hours): The voltage 
magnitude of a bus being outside of the ANSI voltage 
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range of 0.95 p.u. – 1.05 p.u. is referred to as voltage 
exceedance. A bus can have multiple phases and each 
phase is considered a node. Thus, a three-phase bus has 
three nodes, and a single-phase bus has one node. The 
number of nodes exceeding the ANSI limits is multiplied 
by duration of exceedances and expressed as node-hours. 

A. Baseline Scenario Results 

The results from the baseline scenario are shown in Fig. 4. 
The bus voltages shown in Fig. 4(a) indicate that there are 
many buses experiencing overvoltage issues due to high PV 
generation, specifically during the time period from time 8:00 
to 14:00. The fast voltage variations due to the PV generation 
variabilities are also observed during this period. The peak PV 
generation is approximately 30 MW from the total PV 
generation plot in Fig. 4(b). More than 10 MW of reverse 
power flow is observed at the substation in Fig. 4(c) due to the 
high PV generation. The capacitor statuses are shown in Fig. 
4(d) in which the ‘on’ status is marked by the blue bar. For 
example, Cap 5 is on during the initial few hours, and Cap 4 
is on throughout the simulated day. The LTC tap position 
remained fixed at position 0 throughout the day (not shown). 

 
                         (a)                                                      (b) 

 
                         (c)                                                     (d) 

Fig. 4. Baseline results: (a) bus voltages, (b) total PV generation, (c) 
substation demand, and (d) capacitor bank statuses. 

B. S1 Scenario Results 
 In the S1 scenario, the LTC and the ENGO units follow 
the same voltage regulation set points received from the 
ADMS. The voltage regulation set point changes on the 120 V 
base and the corresponding LTC tap position changes are 
shown in Fig. 5(a). The ADMS lowered the set point to nearly 
120 V at around time 3:00 for reducing the system voltages to 
exercise CVR. As a result, the LTC tap position is lowered to 
- 6. The bus voltages shown in Fig. 5(b) indicate that the 
voltages are reasonably restricted to the lower ANSI band of 
0.95 p.u. – 1.0 p.u. during the period when high PV generation 
is not present. Additionally, the overvoltages above 1.05 p.u. 
are resolved primarily due to the ADMS lowering the LTC tap 
position. The total reactive power injection from all 144 
ENGOs is shown in Fig. 5(c). The ENGOs injected nearly 
1,350 kvar reactive power during the initial 3 hours of the 
simulation. The reactive power output from the ENGO 
devices dynamically varied to compensate for the voltage 
dynamics due to the PV power variabilities. The capacitor 
bank statuses, shown in Fig. 5(d), indicate that many capacitor 
banks compared to the baseline are turned on by the ADMS. 
 

    
                         (a)                                                      (b) 

 
                         (c)                   (d) 
Fig. 5. S1 results: (a) LTC set point and tap changes, (b) bus voltages, 
(c) total reactive power output ENGO units, and (d) capacitor bank statuses. 

C. S2 Scenario Results 
 The LTC set point changes from the ADMS in the S2 
scenario, shown in Fig. 6(a), are similar to those in the S1 
scenario. The ADMS lowered the LTC set point to nearly 
119 V at the beginning of the simulation and the LTC tap 
reduced to -6. The tap stayed at this position for the rest of the 
simulation period, except for a brief period at around 18:00. 
As a result, the bus voltages shown in Fig. 6(b) are mostly 
confined to the lower ANSI band during the hours when 
significant PV generation is not present. The overvoltage 
issues are also resolved in this scenario.  

 
                         (a)                                                      (b) 
Fig. 6. S2 results: (a) LTC set point and tap changes, and (b) bus voltages. 

The capacitor bank statuses in S2 are shown in Fig. 7(a). It 
is evident that the ADMS kept many capacitor banks on in S2 
also compared to the baseline. The total PV generation in the 
three scenarios is shown in Fig. 7(b). Note that the negative 
reactive power represents the reactive power absorption. It is 
observed that the active power curtailment in both scenarios 
S1 and S2 is negligible. The reactive power absorption of up 
to 3.5 Mvar by the PV smart inverters is observed in S2. 

 
                         (a)                                                       (b) 
Fig. 7. (a) capacitor bank statuses in S2, and (b) comparison of total PV 
generation in different scenarios. 

D. Metrics 
The metrics computed for the minimum load day are 

shown in Fig. 8. In Fig. 8(a), the energy delivered by the 
substation is observed to be the highest at 231.99 MWh in the 
baseline scenario despite having full active power export from 
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the PV systems. This is due to the lack of CVR control by the 
ADMS in the baseline. The total energy export from the PV is 
188.2 MWh in this scenario. In S1, the total energy delivered 
by the substation is 223.34 MWh which is less than that in the 
baseline. This reduction can be attributed to the lower power 
consumption by the loads due to lower bus voltages compared 
to the baseline, i.e., CVR energy savings. The energy export 
from the PV in S1 is the same as that in the baseline. In S2, 
the total energy export from the PV is observed to be the 
lowest at 187.74 MWh due to some PV curtailment which is 
0.25% energy curtailment compared to the baseline. However, 
the total energy delivery from the substation is the lowest at 
221.06 MWh in S2 since the bus voltages are lower than the 
other scenarios in S2 longer. The energy savings and the 
voltage exceedances observed on the minimum load day are 
shown in Fig. 8(b). The energy savings in S1 are 3.73% and 
those in S2 are 4.71%. Additionally, the voltage exceedances 
in the baseline are very high at 3178 node-hours compared to 
the other scenarios. The voltage exceedances in S1 and S2 are 
18.5 and 15.25 node-hours, respectively. In the case of S1, 
they occurred during the initial few minutes of the simulation. 

 
                                                 (a)  

 
                                                 (b) 
Fig. 8. Metrics for minimum load day. 

V. CONCLUSIONS 
In this paper, we evaluated the coordinated operation of an 

ADMS and a prototype DERMS in achieving CVR while 
ensuring voltage regulation in a distribution network with high 
PV penetration. Different from most of the existing studies, 
this study uses a realistic experimental setup with a 
commercial ADMS, actual distribution network models from 
a utility partner, industry-standard communication interfaces, 
and co-simulations to replicate the utility control room 
environment as closely as possible. Our findings show that the 
ADMS lowers system voltages to achieve CVR by lowering 
the LTC taps which reduce the feeder head voltage. To prevent 
the resulting voltage drop across the network below the lower 
ANSI limit, the ADMS turns on the capacitor banks and also 
relies on the dynamic reactive power support from ENGO 
devices. The DERMS complements the ADMS in ensuring 
the voltage regulation through active and reactive power 
control of the PV smart inverters which have faster response 
time compared to LTC and capacitor banks in resolving the 
voltage issues. Energy savings of up to 4.7% with a significant 
improvement in the voltage profile and minimal PV energy 

export curtailment (0.25%) are observed in the studied system 
with these controls. As the utility industry is marching toward 
the deployment of ADMS and DERMS controls, the results of 
our study will provide them with insights into the expected 
benefits of such deployments. Our setup is flexible to study 
the performance of different ADMS, DERMS, and DER 
mixes. We will study the impact of other types of DERs as 
part of future work. 
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