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ABSTRACT 

This paper presents the results of a modeling study that 

assesses the potential of using distributed energy resource 

management systems (DERMS) to control the reactive 

power of distributed energy resources (DER) to improve 

hosting capacity. The baseline for comparison is fixed 

power factor control. This paper considers the ability of 

DERMS to apply locational and time-varying reactive 

power settings, and quantifies the resulting distribution 

hosting capacity benefits.  

INTRODUCTION 

Distributed energy resource management systems 

(DERMS) are control applications that are emerging to 

support utilities with the integration of DER. As described 

in a recent EPRI whitepaper [1], DERMS are expected to 

manage the many individual devices on distribution 

systems, aggregating their capabilities and integrating with 

upstream systems such as distribution management 

systems (DMS) and bulk system markets.  

International industry efforts have standardized the device-

level capabilities of smart inverters for solar photovoltaic 

(PV) and battery storage systems. In North America, grid 

codes based on the IEEE 1547-2018 [2] and CA Rule 21 

[3] are making these capabilities mandatory. Standards are 

also being developed for DER group-level services that 

apply at the DERMS to DMS interface, but there are not 

yet standards for the internal control strategies that a 

DERMS might employ to map these group-level services 

to device-level actions.  

This paper summarizes the results of a study performed to 
determine what impact DERMS may have on hosting 
capacity. Hosting capacity (HC) is the amount of DER that 
can be connected on a given circuit or feeder without 
causing problems such as overvoltage or reduced 
reliability.  This study focuses on the use of reactive power 
control to see whether or not a managed/dispatched 
approach produces hosting capacities that exceed those 
that are achievable with fixed settings. Separate, ongoing 
research is investigating active power control which has a 
more direct relationship to increasing the total nameplate 
ratings of DER that can be deployed. Not all utilities are 
interested or able to perform active power management, 
so, this study focuses specifically on reactive power.  
  
 
 

Potential Benefit Methods  

Increased hosting capacity 
• Active var control  

• Active Watt control 

Increased energy 

efficiency 

Improved conservation 

voltage reduction 

Reduced distribution 

losses 

Optimized reactive power 

production (time and 

location) 

Improved power quality 
Overall active volt and 

watt control 

Improved transmission 

system support 

Dispatchable aggregate 

reactive and active power 

control 

Providing new 

opportunities to customers 

to provide market services 

DERMS as service 

aggregator and dispatch 

platform 

Self-consumption and 

storage optimization 

DERMS as platform for 

price-based signaling 

 
Table 1. Example DERMS Methods for Specific 
Objectives 
 

METHODOLOGY 

In previous studies, fixed reactive power settings such as 

power factor and volt-var curves have been employed for 

the purposes of increasing hosting capacity. DERMS has 

the potential to provide further hosting capacity increases 

given its ability to manage locational and time-varying 

specific settings.  

 

In this analysis, DERMS dispatched control of reactive 

power is applied and compared with what can be achieved 

with a fixed power factor control. The objective in each 

analysis is to maximize hosting capacity for PV.  

Control Modes 

Fixed Power Factor: The reference for the evaluation is a 

fixed power factor setting, applied uniformly across all 

DER on the feeder (same value everywhere) and not time 

varying. These limitations are consistent with the 

approach taken by most utilities when there is no 

DERMS. Unique power factor settings for each DER site 

are not typically being considered due to the complexities 
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of determining the settings initially, tracking the records 

over time, and updating the unique settings as system 

conditions change and DER systems are maintained. The 

power factor setting was limited to the range of 0.9 

leading to 0.9 lagging.  

 

DERMS Control: For DERMS control, an example real-

world DERMS behaviour was emulated. The DER on each 

feeder were organized into three groups as described 

below. The reactive power levels were kept uniform (as a 

% of nameplate) within each group but allowed to differ 

from group-to-group.  

 

The maximum reactive power level for a single DER was 

limited to 44% of nameplate VA, consistent with the IEEE 

1547-2018 requirement.  Note that this results in the same 

reactive power level as the 0.9PF setting at full power.  In 

this way, the DERMS mode of control was not given an 

advantage in terms of the amount of reactive power flow it 

could produce.   

 

The methodology consists of: 

▪ Calculate remaining baseline HC assuming all PV 

operate at unity PF  

▪ Determine the maximum HC that can be achieved 

with fixed power factor control: 

- Step through the full range of PF values (0.9 leading 

to 0.9 lagging) and select the PF value that produces 

the best result.  

▪ Determine the maximum HC that can be achieved 

with DERMS control: 

- Each DER group is provided an optimal reactive 

power setpoint. The optimal value is determined by 

iteratively stepping the group reactive power levels 

from maximum-injected to maximum-absorbed, 

searching for the combination that produces the 

maximum HC.   

- In all cases, apply a DERMS control method that 

uniformly distributes the vars within each group (as 

a % of nameplate rating).   

- Note that DERMS settings can be time varying to 

mitigate a setting causing issues at other times 

 

Test Feeders 

Five actual feeder models are used in the analysis. The 

feeders are varied in their characteristics to provide a good 

sample for the study. Each feeder is set up with 100 

existing PV systems distributed across the feeder, as 

identified by the dots in the example in Error! Reference s

ource not found.. The total capacity of the existing PV is 

set to slightly less than the feeder peak load and is split 

evenly between the 100 PV systems on the feeder. These 

existing PV systems are assumed to have reactive power 

control available, either DERMS or constant power factor 

depending on the case being studied.  Additionally, it is 

assumed that a reactive power of 44% of VA is available 

even when maximum active power is being produced. 

With the base feeder scenario defined, the hosting capacity 

is then calculated for additional (future) PV. For efficiency 

in the hosting capacity calculations of this study, the future 

PV is assumed to be without reactive power capability and 

operating at unity power factor.  

 
Figure 1. Example Test Feeder with DER Locations and 
Grouping 

 

HOSTING CAPACITY 

Hosting capacity identifies the amount of DER that can be 

accommodated without infrastructure upgrades and 

without causing adverse issues. The hosting capacity value 

represents the threshold of DER deployment above which 

managed operation is required. As shown in Figure 2, 

hosting capacity is time varying as it depends on many 

impact factors such as load. These curves show 

overvoltage and thermal hosting capacity metrics but 

could also include additional voltage/protection metrics or 

could be analyzed to exclude either overvoltage or thermal. 

In this example, the thermal constraint dominates the 

overall hosting capacity for most of the period shown.   

 

 
Figure 2. Example Hourly Hosting Capacity Curve  

 

DER Grouping Approach 
A DERMS typically operates on organized groups of 

DER, presenting the capabilities of each group as a virtual 

resource and dispatching the services of the group as 

requested. Grouping can be done on any number of bases, 

including DER type, DER capability and DER ownership. 

The science of setting-up groups for optimal grid benefit 

is a research topic unto itself to be addressed in future 

research. For the present paper, grouping was based on the 
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X/R ratio at the point where each PV system is connected. 

Three groups were established for each feeder, based on 

the criteria in Table 2.  

Group Name X/R Ratio 

Group 1 >4 

Group 2 1.7 to 4 

Group 3 <1.7 

Table 2. DER Grouping by X/R Ratio 

Previous research has shown that the effectiveness of 

reactive power control is heavily influenced by the X/R 

ratio at the PV location [4]. The resulting locations of each 

PV system and identification by group are shown in 

Error! Reference source not found. for one of the f

eeders evaluated. Naturally, Group 1 members tend to be 

nearest the substation, Group 2 members along midpoints 

and Group 3 members toward the extremities of the 

feeders. However, it is noted that this grouping method 

does not result in strictly geographical boundaries, but 

rather includes members of the same group at various 

locations across the feeder. The yellow and orange triangle 

shows the location that the hosting capacity results will be 

shown for the feeder.  

Control Strategies 
DERMS reactive power control and fixed power factor 

control of the existing PV systems is examined in this 

work, with the results of fixed power factor control serving 

as the reference point for assessing the benefit of DERMS. 

In order to ensure that the best settings for each control 

strategy are being compared, an iterative approach is taken 

which calculates the hosting capacity for different reactive 

power settings. 

 

Analysis 1 

Best fixed 

settings 

Analysis 2 

Best DERMS 

control settings 

Mode of 

control 

Fixed power 

factor 

Reactive power 

dispatch 

Range of 

Settings 

Evaluated 

Device PF = -0.9 

(inductive) to 

+0.9 (capacitive) 

in 0.1 steps 

Group reactive 

power dispatch = 

from group var 

min to max in 

200kVar steps 

Locational 

Diversity 

None - Same PF 

setting for all 

DER 

By group - var 

level set by group, 

spread evenly 

among the DER 

within a group 

Time 

Diversity 

None - PF 

constant – set and 

forget 

 

By interval – 

DERMS var 

control assumed to 

vary with time as 

needed 

 

Criteria for 

Best 

Settings 

The best power 

factor setting is 

the one that 

results in the 

highest hosting 

capacity at the 

most constrained 

time of day but 

does not cause 

issues at other 

times of day. 

The best group var 

settings are those 

that result in the 

highest hosting 

capacity at the 

most constrained 

time of day. 

These settings are 

time-varying and 

do not cause issues 

at other times. 

Table 3. Summary of Control Strategies Analysed 

The DERMS control strategy utilized is the “uniform 

reactive power distribution as a percentage of capability” 

method, or “QGSPL - UDV” in the DERMS Reference 

Control MethodsError! Bookmark not defined.. With this control m

ethod, each DER group is sent a total group reactive power 

setpoint, which is distributed among the PV systems in that 

group based on their present capability.  

The reactive power levels for each group were varied in 

steps of 200 kvar from maximum capacitive to maximum 

inductive in different group orders and the best solution 

(defined here as the highest achieved hosting capacity) 

selected. As described previously, the maximum group 

reactive power levels were constrained to +/-44% of the 

VA capacity so that the total vars possible was the same 

with DERMS control as with fixed PF control. Since 

DERMS has the capability of varying settings with time, 

the resulting best settings could change between the 

maximum load and minimum load analyses. 

RESULTS 

In two of the five feeders analysed, the DERMS mode of 

control was able to achieve a higher level of hosting 

capacity.  The reason for the increase in both cases was 

that with fixed power factor control, the maximum reactive 

power level could not be applied because it created 

undervoltage events during on-peak periods. This gave the 

DERMS mode of control the advantage because with time-

varying settings, it was able to apply the maximum 

reactive power level when needed, then reduce the reactive 

power level at other times.  On the other three feeders 

analysed, the hosting capacity was the same for DERMS 

and fixed PF control, with the fixed PF control operating 

at -0.9 continuously.  

 

Figure 3. Hosting Capacity Improvement with DERMS 

 shows the HC comparison at a reference location on one 

of the feeders evaluated.  At this point, the DERMS mode 

of reactive power control was able to support 0.55MW 

whereas only 0.2MW was possible using an optimized 

fixed power factor setting.  
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Figure 3. Hosting Capacity Improvement with DERMS 

 

The amount of hosting capacity increase varied by 

location, as summarized in Figure 4.  Note that while 

increases occurred at most locations on the feeder, there 

were some nodes, including those with the highest X/R 

ratios, where no increase occurs.  

 

 
Figure 4. Hosting Capacity Increase for all Nodes 

 

Exhaustive (brute-force) algorithms were used throughout 

the analysis to select the optimal fixed PF and DERMS 

settings.  In other words, for both cases, the values used 

were the best possible for that control method in terms of 

maximizing HC.  As an example, the settings that 

produced the hosting capacity results shown in Figure 3 

are summarized in Figure 5.  The top row shows the 

optimal values calculated for minimum load and the 

bottom row the optimal values calculated for maximum 

load.  The three color bars represent the three DER groups. 

This illustrates both the time and locational varying nature 

of the DERMS control.  During the minimum load period, 

when HC is typically determined, the reactive power levels 

of all DER (all members of all three DER groups) were set 

to the maximum available reactive power level.  During 

the maximum load period, the DERMS control used 

different settings, eliminating vars in DER group 1 and 

reducing vars in the other groups as possible.    

The fixed power factor mode of control was not allowed to 

differ with time nor location, so the reactive power levels 

are a value less than maximum for both minimum and 

maximum load.   

 
Figure 5. Optimal Reactive Power Settings by DER 

Group 

 

Analysis was also performed with the fixed power factor 

limited to values less aggressive than 0.9.  This is useful to 

help understand what benefit exists with DERMS control 

for scenarios where the high reactive power flow 

associated with a fixed 0.9 PF setting is not acceptable. As 

shown in the example results of Figure 6, if the fixed PF 

function is constrained to values closer to unity, the 

hosting capacity benefit of a time-varying DERMS mode 

of control increases.  
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Figure 6. Limitation of Fixed PF Value 

 

CONCLUSION 

The results of this study indicate that reactive power 

control using DERMS can provide hosting capacity 

increases over fixed power factor control in some 

scenarios. This increase is dependent on the feeder, the 

existing DER deployment, and the location being 

evaluated. It is also dependent on how aggressive the fixed 

power factor settings that the utility is willing to utilize.  

HC Benefit Observed from DERMS Time-

Varying Control 

DERMS ability to vary settings over time can result in 

increased hosting capacity. This was noted in two ways: 

1. In two of the five feeders, the fixed power function 

could not be held at the full -0.9 value because this 

setting caused undervoltage conditions during peak 

load. The ability of DERMS to back off during these 

peak load times allowed DER operation at the full 

inductive reactive power level when needed, 

resulting in an increase in hosting capacity. 

2. In all feeders studied, if the utility’s is not willing to 

operate a power factor function at constant reactive 

power levels as high as those that a DERMS may 

dynamically produce, then there is a hosting capacity 

increase with the DERMS mode of control.  

No HC Benefit Observed from Location-Varying 

Control  

None of the five feeders evaluated in this study had a 

hosting capacity benefit as a direct result of the DERMS 

ability to apply different reactive power levels for each 

DER group. In all cases studied, the optimal settings for 

hosting capacity involved setting inductive reactive power 

at the maximum level (-0.9 PF) for all three DER groups.  

Additional Benefits Observed 

Although not quantified in this study, it was noted that 

lower reactive power levels are needed when not at 

minimum load and that time-varying DERMS control 

could result in substantially lower annual average reactive 

levels.  
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