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The New Duke Energy 

• Electric Customers – 7.1 Million 

• Gas Customers – 500,000 

• Market Cap - $49 Billion 

• Employees – 29,250 

• Service Territory – 104,000 sq mi 

• Generation Capacity – 49,600 MW 

• Transmission Lines – 32,000 mi 

• Distribution Lines – 250,200 mi 

• Duke Energy International  
operates 4,300 MW’s of generation 



Demand Response Today 

• Demand Response is: “Changes in electric use by demand-side resources from their 
normal consumption patterns in response to changes in the price of electricity, or 
to incentive payments designed to induce lower electricity use at times of high 
wholesale market prices or when system reliability is jeopardized.”1 

 

Legacy Duke Energy’s demand response programs: 

• About 1,400 MW across 5 states 

• PowerManager® is a residential direct load control program 

• PowerShare ® is a non-residential curtailment program with four options 
– An emergency-only option utilizing load curtailment (PowerShare® Mandatory) 

– An emergency-only option using on-site generators (PowerShare® Generator) 

– A voluntary, economic-based option (PowerShare® Voluntary) 

– A hybrid emergency and economic option with increased notification time of events (PowerShare® 
CallOption) 

1. (FERC, Assessment of Demand Response and Advanced Metering, Feb. 2011, http://www.ferc.gov/legal/staff-reports/2010-dr-report.pdf) 
 



Rethinking Our Approach 

CURRENT STATE 

• Utility control of DR resources 

• Demand response = customer experiences 
discomfort or inconvenience in exchange 
for incentive payment 

• TOU/CPP creates financial penalty for 
using electricity during on-peak 

• Inclining block rates discourage add’l 
volumetric usage 

 

 

 

Utility pricing and customer service are 
similar to historical Bell telephone 

companies 

FUTURE STATE 

• Dynamic choreograph of customer 
demand and available supply 

• Optimization targets customer preferred 
level of comfort and convenience to 
achieve bill savings and/or utility avoided 
cost savings 

• Emphasis on providing value-added 
services, not just a commodity 

• Grid managed to meet customer demand 
– whenever and however they want to 
use it 

 

Utility pricing and customer service more 
akin to modern telecommunications 

companies 



Centralized vs Distributed 
Decision-Making 

Current State – Centralized Decision-Making Future State – Distributed Decision-Making 
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Traditional System = One-way operational management 

Two-Way Future-State Optimization 

Future-State = Two-way distributed operational management 

A distributed optimization 
engine should provide 
increased financial and 

customer benefits while 
improving safety and 

reducing outages. 
 

• Scheduling and dispatch 
• Reactive power and 

voltage control 
• Loss compensation 
• Load following 
• System protection 
• Energy imbalance 

Changes in Grid 
Optimization 



Smart Grid Field Test Area – An Inter-Related Ecosystem 
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• Solar PV 
• Energy Storage 
• Dist. Mgmt System 
• PMU (6) 
• Weather stations (7) 
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• Solar PV 
• Home Energy Manager 
• PEV  
• Charging Stations 
• Smart Appliances 
• Demand Response  
• In-home load monitoring 

• Line Sensors (200+) 
• Solar PV 
• CES, HES Energy Storage  
• Comm. Nodes (3,000) 
• Intelligent Switches 
• DERMS/DMS 
• AMI metering (14,000) 
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1 Node 
Deep Blue 

(1997) Super 
Computer 

McAlpine 
Test Area 

Ohio 
Deployment 

Watson 
(2011) Super 

Computer 

System-
Wide 

Units 1 N/A 3k 110k N/A 2.2MM 

MIPS 750 3MM 2.3MM 83MM 100MM 1.7Bn 

Memory 256 MB 64GB 768 GB 28.2 TB 16TB 563 TB 

The processing and memory capabilities of our smart grid 
compared to two notable super computers.  This demonstrates 
the considerable capabilities of a distributed intelligence system 

to solve complex optimization problems. 

Distributed Processing  
Capabilities 



• Smart grid technologies are enabling dynamic load optimization from 
utility generator to distributed energy resource to customer 
appliance. 

 

• No one is quite sure the size of the opportunity that can come from 
this new capability. 

 

• This project’s goal was to reasonably estimate the size of potential 
benefits from choreographing customer-level load and grid supply to: 
– Reduce utility costs (energy, capacity, T&D).  

– Improve customer satisfaction via control over their comfort and convenience 
relative to the size and volatility of their monthly bill. 

– Enable greater customer control 

Project Mission Statement 



• Rise of third-party energy management as a bundled service 
with non-energy applications. 
– Cannibalize your business or someone else will do it to you 
– Demand gaming by 3rd parties could manage loads to raise utility 

costs but still collect windfall DR incentives 
– Upsets the traditional utility rate base model by spreading fixed 

costs over fewer and fewer kilowatt hours 
 

• Home/premise as a battery (pre-cool / pre-heat) 
– The more efficient a premise, the more value it has to the load 

manager as a distributed energy resource 
– Could be far cheaper than an investment in a real battery 
– Energy efficiency/DR becomes a (significant) value-creator 

 

 

Business Implications 



• Phase I (Feb-Jun 2012) 
– Optimization of individual Residential customers 
– Static pricing 

 
• Phase II (Aug-Nov 2012) 

– Optimization of individual Commercial and Industrial customers 
– Dynamic pricing 

 
• Phase III (Dec 2012-Mar 2013 estimated) 

– Choreographing optimization at transformer level (e.g. multiple 
homes / businesses together) 

– Includes additional physical limitations of load balancing at 
transformer 

COMPLETE 

BEGINNING 

COMPLETE 

Project Timeline 



Modeling Methodology - 
Residential 

• Appliance scheduling optimization (based on appliance 
survey data) using combinations of central A/C, clothes 
dryer, water heater, electric heat, and/or PEV. 
 

• Monte-Carlo simulation using 30 years of weather, rates 
and market prices, and average U.S. home efficiency rating. 
 

• Hourly arbitrage simulation (limited to 24hr look-ahead). 
 

• Optimization limited by customer preferences for pre-
heating and pre-cooling (e.g. 2o variation from set-point). 
 

• Two independent model runs: 
– Minimize customer bill (e.g. max customer benefit) 
– Maximize utility avoided costs (e.g. max utility benefit) subject 

to keeping customer bill constant 



Modeling Methodology – 
Commercial and Industrial 

• Load center scheduling optimization (based on Itron CEUS 
and DOE/EIA CBECS IBECS survey data) of motors, HVAC, 
lighting, process cooling process heating, refrigeration and 
other energy intensive end uses 
 

• System price, load and temperature data, including the 
region and unit specific supply stack for the DR system 
price response (price setter analysis)  
 

• Monte-Carlo simulation using 30 years of weather, rates 
and market prices 
 

• Hourly arbitrage simulation (limited to 24hr look-ahead) 



Modeling Methodology – 
Commercial and Industrial 

• Optimization limited by avoiding negative bill impacts and 
customer preferences for pre-heating and pre-cooling (e.g. 
2o variation from set-point) 
 

• Limits on the percent of total capacity reduced in any one 
hour and the requirement that all energy reduced in one 
hour must be made up within 3 hours for commercial 
refrigeration and all controlled industrial loads. 
 

• Multiple independent model run STRATEGIES: 
– Minimize customer bill (e.g. max customer benefit) 
– Maximize utility avoided costs (e.g. max utility benefit) 
– Maximize utility avoided cost subject to keeping customer bill 

constant 
– Reduce customer kWh consumption 



Peak Load Expanded 
By 10% EVs Adopted 

 EV Deferrals  
Smart Charging 

Appliance Dispatch / Storage 
AC (3 degrees), WH (4 Hour)  
and Plug Load Deferrals 

Subtract Pre Shape (Green) 
From Post Shape (Blue) 
= Mode 2 Savings Shape 
 (average KW  per hour) 

Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (+) (+) (+) (+) (-) (-) (-) 0

Representation of an Optimization Schedule 



Overview of Residential 
Results 

Minimum Maximum 

% Annual kWh 
Savings 

0% 28% 

% Annual kW 
Savings 

0% 47% 

% Avoided Cost 6% 35% 

% Customer Bill 
Reduction 

3% 25% 

Assumes average annual residential: 
• bill = ~$1,758 ($147/mo) 
• kWh consumption = 18,949 kWh (1,579 kWh/mo) 
• peak kW = 4.93 kW 

NOTE: Assumes each home can only be independently optimized (e.g. no benefit 
provided by scheduling two or more homes together). 



Key Takeaway: Dispatch around multiple objectives, careful attention to costs   

Overview of Commercial 
and Industrial Results 

• Comparing costs over a 24 hour period with baseline costs 
– Minimize kWh Savings 
– Minimize Customer Bill 
– Minimize Utility Cost of Service subject to keeping Customer Bill Constant 
– Minimize Utility Costs 

objective (for a 24 hour period) total tou bill amount total lmpcost to serve total kwh used 

baseline_load_setpoint=70  degrees  $                            15.10   $                                 2.18   $                27.52  

min_kwh_objective_without_bill_constraints_-3/+3_degrees  $                            21.34   $                                 1.85   $                22.92  

min_tou_objective_with_-3/+3_degrees  $                            10.13   $                                 2.11   $                30.40  

min_lmpcost_objective_with_bill_constraints_-3/+3_degrees  $                            15.10   $                                 1.74   $                26.34  

min_lmpcost_objective_with_bill_constraints_-1/+3_degrees  $                            15.10   $                                 1.74   $                26.03  

min_lmpcost_objective_without_bill_constraints_with_-3/+3_degrees  $                            21.42   $                                 1.69   $                26.11  

min_tou_bill_objective  $                            10.13  

min_lmpcost_objective  $                                 1.69  

min_total_kwh_objective  $                22.92  

starting indoor temp = 70 degrees, ending indoor temp = 70 degrees, therefore no snap-backs 



Overview of Commercial 
and Industrial Results 

Example Commercial Facility – Grocery Store 
• Assumptions 

– 25% energy reduction in refrigeration in any one hour with full energy 
recovery every three hours 

– 20% energy reduction in lighting in any one hour, no energy recovery 
– 3 degree HVAC cycling band around set point 
– 5% increase above baseline permitted in any one hour 

    Percent of Total Facility Load 

  +/- 3 degree 0.09 0.521 0.241 0.004 

month savings pct heating_cooling refrigeration lighting water heating 

1 5.49% 0.11% 0.17% 5.21% 0.01% 

2 5.69% 0.20% 0.29% 5.20% 0.01% 

3 7.09% 1.37% 0.58% 5.13% 0.02% 

4 13.74% 7.06% 1.73% 4.92% 0.05% 

5 14.97% 9.14% 1.53% 4.25% 0.05% 

6 12.30% 6.45% 1.37% 4.45% 0.04% 

7 13.36% 7.95% 1.42% 3.96% 0.04% 

8 13.61% 8.11% 1.37% 4.10% 0.04% 

9 14.68% 8.50% 1.52% 4.62% 0.04% 

10 9.05% 3.21% 0.90% 4.91% 0.03% 

11 6.57% 0.60% 0.80% 5.14% 0.03% 

12 6.01% 0.24% 0.56% 5.19% 0.02% 



Overview of Commercial 
and Industrial Results 

Several commercial and industrial facility types were modeled 
based on existing customer mix, including: 

– Commercial 
• School 
• Office 
• Grocery 
• Retail Small 
• Retail Large 
• Hospital 

 

– Industrial 
• Automotive Manufacture 
• Steel Manufacture 
• Paper Manufacture 
• Chemical Manufacture 
• Food Processing 

 
 
 
 



Overview of Commercial 
and Industrial Results 

• Controllable end uses by facility type are then aggregated 
into a system level controllable resource 

• Both price-taker and price-setter assumptions are tested 
 

 

 

 

Baseline System Cost

month 50th_lmp_cost( old load * old price ) new_load * old price savings_2 new_lmp_cost (new load * new price ) savings_1

1 175,524,583.27                                            171,418,901.99            2.34% 167,590,297.74                                                 4.52%

2 116,263,795.64                                            113,414,809.04            2.45% 111,920,748.30                                                 3.74%

3 163,441,088.14                                            159,450,075.88            2.44% 154,466,279.77                                                 5.49%

4 240,018,811.44                                            230,335,804.47            4.03% 231,903,214.83                                                 3.38%

5 162,612,023.81                                            157,198,651.67            3.33% 153,980,119.82                                                 5.31%

6 256,503,041.08                                            249,999,232.14            2.54% 301,564,139.71                                                 -17.57%

7 262,917,246.54                                            256,332,907.96            2.50% 304,874,036.62                                                 -15.96%

8 270,078,690.55                                            261,219,309.78            3.28% 326,329,648.42                                                 -20.83%

9 229,240,300.53                                            222,881,749.06            2.77% 249,684,488.01                                                 -8.92%

10 311,621,825.86                                            302,081,277.15            3.06% 261,328,578.20                                                 16.14%

11 365,709,489.90                                            355,370,380.41            2.83% 310,791,399.91                                                 15.02%

12 212,396,415.81                                            207,344,319.33            2.38% 204,890,943.83                                                 3.53%

Price Taker Price Setter 

Key Takeaway: Without utility level control of DR aggregation, new price 
spikes and system peaks can be created 

 
 
 
 



Overview of Commercial 
and Industrial Results 

Aggregate control of facility end use loads without additional controls 
at the system/transformer/substation and the appropriate price 
signals can create potential for new price spikes and peak loads 
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Lessons Learned 

• Jointly optimizing supply and demand can create significant 
benefits not otherwise attainable from independent optimization 

 

• Rates and costs must align at same frequency as optimization 
choices can be made 

 

• Premise-level optimizations are promising but not sufficient. 
Aggregate (distributed) optimization at the network level is also 
necessary 

 

• Focus on reducing energy without considering price / avoided cost 
impacts will lead to sub-optimal outcomes  



• Using traditional DR, limits in coincident peak savings exist based on customer 
tolerance for number and duration of events 

 

• Program design, smart grid technology, and appropriate incentives can effectively 
stretch the limits of DR 

 

• Portfolio-level and marginal cost effectiveness of DR related to the coincident peak 
impact it provides can be assessed and used in program design 

 

• Dispatch of DR can be reviewed at different price points, as uncertain reliability 
events occur throughout the year to maximize overall benefit (subject to the 
assurance that DR will still be available for all system emergency or coincident peak 
events) 

 

This framework allows continual assessment and identification of the 
most effective programs to improve program design and provide 

dispatch flexibility while maintaining participant satisfaction. 

Lessons Learned 
(continued) 



• This study provides useful insights into common issues facing 
DR program design and implementation as utilities increasingly 
adopt smart grid technologies.  

 

• The results can be directly applied to long term resource 
planning, regulatory policy, customer engagement, smart grid 
technology, and program design efforts.  

 

• The study highlights the interaction between supply and 
demand and uncertainty in implementation due to weather, 
operations, customer preference, and performance risk.  

 

Conclusions 


