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Overview of Findings

ÅCurrent US power grid has many locations where 
significant delivery capacity exists (clearly at the 
distribution level)

ÅSmart utilization of emerging technologies (EVs, PV, 
wind power, other DG resources) require real time 
sensor data fed to intelligent control

ÅStrong financial incentives exist during peak periods 
to increase load factor of utility assets

ÅBusiness case exists for investing in such intelligent 
approaches to increase asset utilization
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Background: US, PJM, ACE

ÅHistoric and current US power grid approach to 
business is:  

Monitor ĄDesign ĄOperate & Maintain ĄBuild as 
Required ĄMonitor Ą etc.

ÅUS Grid has very high reliability: 99.97%

ÅDelivery assets become increasingly underutilized 
the closer we get to the end-use customer 

ÅCurrent business built around demand-following 
mantra, i.e.; customer is always to be served
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PJM (Areas Dispatched by RTO)

PJM RTO dispatches 17% of US Peak Load



PJM (Annual Load Served)
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PJM (Load Duration Curves)
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Base Load Generation ςlowest  marginal cost

Intermediate Generation

Peaking Generation ςhighest cost

PJM dispatches according to marginal price of next unit



PJM & ACE (Load Duration Curves)
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61.3% Load Factor

45.6% Load Factor

As we move closer to customer ςload factor declines



Current Utilization
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Table 1 ς Utility Generation Capacity:  Effective Load Duration Curve Statistics  (2009)  

     Peak Demand  Average Demand           Utilization  

Region           (MW)      (MW)  Average (%)     Min*(%)  

All of US (Contiguous States)**      744,151    468,965        63.0%   n.a.      

PJM         126,805      77,713        61.3% 39.2% 

Large PJM Utility (PSE&G)          9,687        5,122        52.9% 34.7% 

Small PJM Utility (ACE)           2,707        1,261        46.6% 29.3% 

Smallest PJM Utility (Rockland)              371           168        45.1% 27.1% 

* - Lowest hourly demand during year / peak demand, Source: [PJM 2009] 

**  - US Data is for 2008, Source: [EIA 2010] 

However, the generation story is not the same as delivery ςgrid is FIXED



¢ƘŜ ΨCƛȄŜŘ !ǎǎŜǘǎΩ ƻŦ DǊƛŘ
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When we look at the fixed assets graphically it is astounding

Table 2 ς US Distribution Transformer Capacity Estimates and Annual Utilization (2008) 

      Capacity    Ratio to Peak  Equipment Annual Utilization 

Data Source:      (MVA)        (MVA:MW)       NCP Peak    Peak    Average Min* 

Bureau of Economic Analysis**  3,176,431 3.14           23.7%      23.4%      14.8%   9.5% 

USDOE ς Shipments (2007-2035)** 4,290,000 4.25           17.5%      17.3%      10.9%     7.0% 

Leonardo Energy Org Study (2005)*** 3,000,000 2.97           25.1%      24.8%      15.6%   10.0% 

 

Average of Sources              3,488,810 3.45           21.6%      21.3%      13.4%    8.6% 

* - Assumes US Min/Ave Load Ratio is same as PJM 

* * - Source: BEA data from author calculations based on [EERE 2002] Figure 9.3.1 / USDOE shipment estimates in [EERE 2002] 

***  - Source: [Leonardo 2005] 



ACE Distribution Utilization
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Generation Capacity

Peak Demand

Distribution Feeder Capacity

Transmission X-frmr Capacity

Distribution X-frmr Capacity
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Min Load



Grid Challenges: Today

ÅThe electric power industry is the largest user of 
electricity in the United States ςusing or losing 
approximately 12% to 15% of the electricity produced 

ÅHalf of US electricity is still produced by burning coal, a 
rich domestic resource, but a major contributor to 
global warming

ÅObama administration has called for reducing CO2
emissions to 1990 levels by 2020, with a further 80% 
reduction by 2050

ÅSince 1982 growth in peak demand for electricity ς
driven by population, etc. ςhas exceeded transmission 
growth by almost 25% every year.
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Challenges: DG, Renewables, EVs

ÅThe growth in renewable power generation ς
particularly wind (and increasingly PV) is 
unprecedented in US history

ÅIntermittent nature of those resources leads utility 
ǇƭŀƴƴŜǊǎ ǘƻ ǎŀȅΥ ά²Ŝ ƴŜŜŘ ƳƻǊŜ ƎŜƴŜǊŀǘƛƻƴ ŦƻǊ ōŀŎƪ-up 
ŀƴŘ ǿŜ ƴŜŜŘ ǎǘƻǊŀƎŜέ

ÅBusiness as usual approach to electric vehicles (EV) 
would cause serious problems for utilities taking on 
significant penetration of EVs without controls

ÅOPPORTUNITY:  these challenges could lead to higher 
distribution asset utilization with smart controls
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USDOE: Smart Grid Initiative

ÅModernizing US electrical grid. While it is running. Full-tilt. 
Renewable sources of energy like solar, wind and geothermal 
Ƴǳǎǘ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ƴŀǘƛƻƴΩǎ ƎǊƛŘΦ 

ÅWithout appropriate enabling technologies linking them to the 
grid (i.e., sensors), their potential will not be fully realized

Å DOE lists five fundamental technologies that will drive the Smart 
Grid:

ï Integrated communications, connecting components to open architecture 
for real-time information and control

ïSensing and measurement technologies, to support faster and more 
accurate response enabling time-of-use pricing and demand-side 
management

ïAdvanced components to apply the latest research
ïAdvanced control methods to monitor essential components enabling 

rapid diagnosis
ï Improved interfaces and decision support, to amplify human decision-

making, transforming grid operators and managers quite literally into 
visionaries when it come to seeing into their systems
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Sensors: Smart Grid Needs
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Table 3  ς Measurements Supporting the Smart Grid  

Smart Grid Characteristic    Example Measurement  

Enable active consumer participation  Power consumption, Environmental conditions 

Accommodate generation/storage options Monitor status of PV, geothermal, EV systems 

Enable new products/services/markets 

Provide power quality    Monitor disturbances 

Optimize assets and efficiency   Monitor duty cycles and operating efficiency 

Anticipate/respond to disturbances  Integrate measurements with simulation models 

Operate resiliently against attack  Monitor sources of disturbances 

 



The Need for Sensors Standards 

Å US National Institute for Standards and 
Technology (NIST) prepared a report that 
outlined many of the available standards that 
could contribute to making the Smart Grid an 
open architecture [NIST 2010]

Å ANSI/ASHRAE 135-2008/ISO 16484-5 BACnet. 
Provides the means for multiple devices to form 
a building communication system that can also 
be scaled to multiple buildings.

Å ANSI C12.21/IEEE P1702/MC1221. Defines 
methods to communicate measurement data 
over telephone networks.

Å IEC 60870-6/TASE.2. Defines messages sent 
between control centers of different utilities.

Å IEEE 1588/IEC 61588. Defines a precision time 
protocol for synchronizing network-based 
devices.

Å OpenHAN. Describes a home area network 
(HAN) specification to support interface to 
advanced metering system including device 
communication, measurement, and control. 
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Block diagram of an IEEE 1451.1 Smart Sensor



Quantifying the Opportunity

ÅThe shorter the distance from generation to end-use, 
ǘƘŜ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘΣ ŜŎƻƴƻƳƛŎŀƭ ŀƴŘ άƎǊŜŜƴέ ƛǘ ǿƛƭƭ ōŜΦ

ÅIt is estimated that tens of billions of dollars will be 
saved through reducing losses alone

ÅDemand management programs can provide 
measurable, persistent savings and require no human 
intervention or behavior change

ÅReduced need to build power plants and transmission

ÅPower outages and interruptions cost US at least $150 
billion each year
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Quantifying the Opportunity

ÅThe opportunity for Load Management is significant: 
ïat present less than 4% of the US peak load is able to be reduced

ÅThermal load management can provide measurable, 
persistent savings and produce no reduction in service levels 
to customers ςacting as an inexpensive energy storage 
technology for electric utilities

ÅRenewable power inverters can provide local generation, 
dynamic voltage regulation, VAR creation, fault ride 
through, ultimately islanding potential for critical loads

ÅVehicle to Grid (V2G) technology already has proven the 
benefits EVs can offer to the grid as generators and power 
quality enhancing technologies 

Å/ǳǊǊŜƴǘ [ƻŎŀǘƛƻƴŀƭ aŀǊƎƛƴŀƭ tǊƛŎƛƴƎ ƻƴ ƳŀǊƪŜǘ ōŀǎŜŘ w¢hΩǎ 
provide significant financial incentive at present
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Modeling & Next Steps
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Modeling Financial Benefits

ÅAnalysis of Locational Marginal Pricing Data from PJM 
and ACE subarea revealed these values over the last 
two summers (2008 and 2009):

ÅPJM Benefits average $2.2B/yr for only top 400 hrs
ï2008: $6.8B vs. $3.5B Ą Yield Benefit of $3.3B/yr

ï2009:  $2.9B vs. $1.7B Ą Yield Benefit of $1.1B/yr

ÅACE Benefits average $79M/yr for only top 400 hrs
ï2008:  $209M vs. $64M Ą Yield Benefit of $145M/yr

ï2009:  $46M vs. $34M Ą Yield Benefit of $12M/yr
Å NOTE:άLƴ нллфΣ ŜƴŜǊƎȅ ǇǊƛŎŜǎ ŦŜƭƭ прΦм҈Σ ƭƻŀŘ ŦŜƭƭ пΦп҈ ŀƴŘ ŎƻƴƎŜǎǘƛƻƴ 

also declined by 66% percent. The decrease in prices was the result of a 
ŘŜŎǊŜŀǎŜ ƛƴ ŦǳŜƭ Ŏƻǎǘǎ ŀƴŘ ƛƴ ƭƻŀŘΦέ (PJM 2010)
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Quantifying Financial Benefits
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Summary for top 400 hours in 2008

PJM top 400 hrs ACE top 400 hrs

PJM 2009 ACE 2009PJM 2009 ACE 2009

Average LMP $/MWh 148 227 145 232

Peak LMP $/MWh 483 509 483 509

Total Energy (MWh) 45935835 901670

Value (US$) 6815724216 209336395

Ave 2008 Cost (US$) 3267415940 64135804

Opportunity (US$) 3548308276 145200591

Summary for top 400 hours in 2009
PJM top 400 hrs ACE top 400 hrs

PJM 2009 ACE 2009PJM 2009 ACE 2009

Average LMP $/MWh 67 76 47 53

Peak LMP $/MWh 212 237 145 160

Total Energy (MWh) 43445711 863033

Value (US$) 2889652560 46138229

Ave 2008 Cost (US$) 1696555015 33701426

Opportunity (US$) 1193097546 12436804

2-year Average (US$)2370702911 78818697



Next Steps

ÅThe Center for Sustainable Design Team at Rowan 
¦ƴƛǾŜǊǎƛǘȅΩǎ {ƻǳǘƘ WŜǊǎŜȅ ¢ŜŎƘƴƻƭƻƎȅ tŀǊƪ ǿƛƭƭ ŎƻƳǇƭŜǘŜ ǘƘŜ 
dynamic MATLAB model integrating:
ïPJM and ACE LMP and Load data
ïWith Concurrent Renewable Energy Hourly Generation

ïSouth Jersey Technology Park PV Systems
ïAtlantic County Utility Authority: NJ Wind Farm
ïNJ Offshore Wind Farm Modeling 

ïVehicle to Grid modeling (From U. Del) for SNJ saturation of EVs 

ÅDetermine Smart Sensor Portfolio Requirements
ÅOptimize Distribution System Asset Schemes with ACE
ÅDevelop Business Plan for Smart Grid Utility (ACE Test Case)
ÅUse Modeling to Develop Optimal V2G Standards for PJM
ÅRecommend Optimal Levels of Load Mgmt for NJ RPS
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