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SUMMARY 
 

There are significant opportunities to provide customer and utility value by 1) implementing 

grid-edge distributed energy projects in coordination with 2) grid level balancing and 

contingency operations, including reducing energy delivery costs and customer bills, and 

improving reliability while avoiding costly infrastructure development projects.  These 

benefits can be achieved through the development and implementation of Distribution Level 

System Operation1 in which the optimal dispatch of DER’s and supply-side resources is 

determined based on customer preferences and utility needs.    

 

In this study, we simulate a service territory of approximately 8 to 12 million electric 

customers. We simulate dynamic distributed resource management (e.g. Distribution Level 

System Control). Distribution level control includes technologies that enable third-party 

control over customer load, possibly impacting costs and quality of service (i.e. Alexa, NEST, 

etc.). The benefits/risks from this new capability are not understood. The project’s goal was to 

reasonably estimate potential impacts to: 

• Utility costs (avoided energy, capacity, and T&D costs)  

• Load profile (kW, kWh) by customer class (residential, commercial, industrial) 

• Customer satisfaction 
 

The emphasis of this study is to identify technical and economic potential – by class then 

system total, limited by grid characteristics and cost-effectiveness (targeted IDSM – 

geographic and demographic). 
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1 Distribution Level System Control for the purpose of this report includes remote sensing, metering and active 
intelligence. Active intelligence refers to system balancing, switching or control capabilities resulting from 
distributed data sources and optimizations constrained by customer energy needs, utility sales goals, system 
power quality or reliability and/or other constraining factors such as customer satisfaction.  
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INTRODUCTION 

 

In this study, we simulate a service territory of approximately 8 to 12 million electric 

customers. The project provides the building blocks to determine how to hedge or expand 

customer centric energy services based on emerging technologies and capabilities. 

Specifically, in this project algorithms are tested to demonstrate: 

 

1) That uncontrolled price arbitrage (by third party aggregators) can lead to new peaks. 

We demonstrate how distributed utility (DSO) control can manage these peaks. The 

application is similar to the EV charging problem – to incentivize customers to charge 

at night, rather than in the afternoon when they return home from work.  

2) With respect to managing peak load from price arbitrage, demand charges are added to 

the optimization (in addition to delivery cost minimization), representing potential 

tariff or utility pricing mechanisms needed to control peak creation from price 

following activity.  

3) Peak load reduction is analyzed through the Willdan/Integral Analytics LoadSEER™, 

by identifying both the expected reduction in the need for capital expansion over time 

and risk of unexpected overloading due to extreme events, focused on circuit growth 

over the study horizon. 

The emphasis of this study is to identify technical and economic potential – by class then 

total, limited by grid characteristics and cost effectiveness (targeted IDSM – geographic and 

demographic). Optimization model estimates of system coincident peak load reductions for 

each customer class at three selected customer efficiency levels are show in the table below. 

 

 
 

Key Takeaway: Technical Potential for constrained optimization is approximately 2,900 

MW.  Targeting less efficient customers has significant upside. 

 

The assessment of economic potential involves two major sets of analyses.   

1) The use of Integral Analytics LoadSEER™ software to prepare spatial forecasts of 

load at the distribution substation level. The application of this model enables 

identification of those areas of the service area that are expected to require 

transmission and/or distribution system upgrades in the near future.  Those are the 

areas that will provide higher avoided costs (benefits) that can improve the cost-

effectiveness of the load reduction program implementation.2  

 
2 LoadSEER (Spatial Electric Expansion & Risk) is a spatial load forecasting system designed specifically for utility 
planners who face increasingly complex grid decisions caused by emerging micro-grid technologies, extreme 
weather events and new economic activity.   
In this project, LoadSEER was used to statistically represent the geographic, economic and weather diversity 
across the Duke Energy Carolinas (DEC) service territory, and to create a forecast of regional peak loads over 
the planning horizon. 
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2) The use of Integral Analytics DSMore™ software to perform the avoided cost 

valuations associated with investments in the load reduction program.   

 

Results and Key Takeaways 

The results and key takeaways are shown below.  

 

Key Takeaway: Spatial T&D system analysis and planning (i.e. LoadSEER) can be used 

to identify areas with potential reliability risk given projected load growth and capacity 

utilization. Risks are mitigated through distributed optimization technologies.  

 

Using the projected loads for each service area, the capacity of each service area can be 

checked to assess when the load growth could be creating a reliability risk. The assessment 

occurred at two levels for loads and distribution capacity.   

• First, peak loads were examined at a normal level (50% level) and at an extreme level 

(90% level) using the analysis of load research data previously discussed.  The 90% 

level represents a 1 in 10 year level of occurrence.   

• And second, the distribution system capacity was computed at a normal level and at a 

maximum level.  

 

The service territory planning areas were placed into five categories according to the 

following definitions: 

• Those needing additional capacity – loads today at the 50% level exceed the normal 

capacity and loads at the 90% level exceed 90% utilization of the max capacity 

• Those needing additional capacity by 2020 (5 years) – loads in 2020 at the 50% level 

exceed 90% of the capacity utilization at normal capacity and loads at the 90% level 

exceed 90% capacity utilization at max capacity 

• Those needing additional capacity by 2025 (10 years) – loads in 2025 at the 50% level 

exceed 80% of the capacity utilization at normal capacity and loads at the 90% level 

exceed 80% capacity utilization at max capacity 

• Those needing additional capacity by 2030 (15 years) – loads in 2030 at the 50% level 

exceed 50% of the capacity utilization at normal capacity and loads at the 90% level 

exceed 50% capacity utilization at max capacity 

• Those not needing additional capacity by 2030 – loads at the 90% level never exceed 

50% of the max capacity utilization 

 

The results of the spatial assessment of capacity utilization are shown in the following chart. 

Red areas face the highest projected capacity utilization. 

 

Key Takeaway: Areas with high capacity utilization can be targeted first for deployment 

of distributed optimization. 

 

 

Cost Effectiveness Results  

DSMore was used to estimate the economic potential associated with the application of a 

distributed optimization engine approach to managing customer loads. DSMore allows one to 

estimate the benefits in terms of avoided costs achieved through the optimization of customer 

loads.  The optimization of the customer loads enables the opportunity to delay capital 

equipment investment as well as extend the life of existing assets.  The estimated avoided 
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costs represent the value created that can be compared to the costs to implement the 

optimization approach. 

 

DSMore was used to develop the total capacity avoided costs (generating capacity plus 

transmission and distribution (T&D) capacity costs). For the T&D avoided capacity costs, two 

levels were examined.   

• Avoided T&D costs including investment spending on smart grid capabilities.  This is 

referred to as the High T&D avoided cost scenario in the results.   

• Avoided T&D costs, excluding investment spending on smart grid capabilities.  This is 

referred to as the Base T&D avoided cost scenario in the results.   

In addition, multiple levels of costs were developed using the historical distribution of the 

Companies T&D costs per kW-year.  Eleven (11) levels were established centered on the 

medium value for both the High and Base T&D avoided cost estimates. 

 

Additional scenarios were evaluated as follows: 

• Since details on the equipment cost and life were not available, the model was run using 

three levels of equipment life, 5 years, 10 years, and 15 years. 

• To capture differences in customer efficiency, three (3) levels were studied: high – 5th 

percentile, medium -50th percentile, and low – 95th percentile. 

• Avoided cost estimates were prepared for each of the thirteen customer types 

• The combination of customer types, T&D avoided costs, equipment lives, and customer 

efficiency levels produces two sets of 1,287 DSMore™ analyses.    

• The avoided cost values represent the amount that can be spent on program 

implementation for each of the specific scenarios. 

 

 
 

 

The results of the cost effectiveness analysis are shown in the following table. First twelve 

scenarios assume total retail service area.  Last four reflect valuations under a timed or staged 

implementation. 
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Key Takeaway:  Considerable value found.  Lowest value is above $4 B. 

 

 

Per customer valuations reflect the avoided costs available to offset implementation costs. 

These are shown in the following table.  

 
 

Key Takeaway: Targeting lower efficiency customers can bring a 40+% upside. 

 

 

The results shown in the previous two tables are in addition to the energy arbitrage benefits 

demonstrated in phase II of this project. The phase II energy benefits are shown in the 

following table.  

 

Total System Minimum Maximum Average

% Annual kWh Savings 0% 28% 28%

% Annual kW Savings 0% 47% 47%

% Avoided Cost 6% 35% 35%

% Customer Bill Reduction 10% 65% 47%

Scaled NPV (10yr, 7.09% 

discount) of Avoided Cost
 $334MM  $3,712MM  $1,300MM 

Scaled NPV (10yr, 7.09% 

discount) of Bill Reduction
$242MM $2,442MM $1,001MM
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Key Takeaway:  An additional $1 B in energy benefits are expected from distribution 

level DER control and dynamic load shifting. 

 

Lessons Learned 

The following lessons were learned from this project. 

 

1) Comprehensive integration of distributed energy resources (DER) with existing 

systems enables much greater benefits than can be achieved as “standalone” 

programs only. Greater benefits are achieved through identification and targeting of 

customer preferences, deferral of specific distribution and transmission capital costs, 

better modeling of the covariance of weather, loads and prices on program risk and 

opportunity, and optimization of DER interactive systems at the planning and operational 

stages. 

2) Distributed energy resources can integrate at several levels with the existing 

infrastructure. Distributed intelligence can effectively provide energy and ancillary 

services (regulation, spinning and non-spinning), transmission deferral and congestion 

mitigation, integration and stabilization of renewable and distributed generation 

technologies, T&D system optimization and capital project deferrals and consumer 

targeting of energy services.    

3) Distributed sensing and metering are necessary to capture greater DER benefits as 

existing AMI and meter-data-management systems (MDM) are insufficient to 

rapidly interact with T&D operations or with the dispatch of service crews in 

responding to outages.  Distributed sensing and metering can reduce inefficiencies by 

rapidly identifying excess or deficient capacity, faults, imbalances, degradation, aging and 

changes over time.  

4) The lack of direct interaction between smart meters and control of distributed 

energy resources or energy managing devices further limit DER effectiveness.  A lack 

of “behind the meter” services and siloed systems for information technology (IT) and 

operational technology (OT) has slowed the integration of smart meter data and smart grid 

devices.    

5) New DER and smart grid capabilities increasingly require multiple data sources that 

have not previously been combined, such as supply data, distribution data, customer 

data, customer preferences and wholesale grid data. The harnessing of dynamic 

resources and capabilities, enabled by enhanced IT and OT, can enable and leverage much 

greater competitive advantage for the utility.  When load-flows can be combined with 

DER and customer data additional major benefits can be captured. 

6) The harnessing of dynamic resources and capabilities, enabled by enhanced IT and 

OT, can enable and leverage much greater competitive advantage for the utility. 

Specific processes can enable dynamic efficiencies, especially with expected new utility 

business models that “innovate at the speed of the market”, such as through cospecialized 

assets that integrate and combine optimal services.  

7) A comprehensive method is needed to capture distributed benefits including value-

of-service (VOS) differences among customers.  The best practices include targeting of 

specific customers, targeting of specific DER applications on the distribution and 

transmission systems, and bounding the uncertainty of key variables such as weather, 

loads, and prices through distributed optimization.  
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Key Takeaway: This project provides a business case analysis of the financial benefits 

for the utility and its customers by optimizing specific distributed energy and supply 

resources that are likely to occur in a future-state electric grid.   

 

 
 


