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Course Description:

Participate in developing the economics for a potential green energy project. An in-depth knowledge 
of economics or engineering is NOT required for this course. This course will review the Rocky 
Mountain Institute paper “The Economics of Battery Energy Storage” and develop a cost benefit 
analysis for a potential campus battery energy storage system. A battery energy storage system can 
generate financial benefits from regional transmission operator market services, utility services, and 
savings on electric rates. A battery energy storage system built into a future campus building addition 
or modification will enable a future campus microgrid. The initial module will review the project 
concept, battery energy storage technology, and the regional, local, & campus power grids. Additional 
modules will explore ways a battery energy storage system can save money on campus utility bills and 
generate income from participation in regional transmission & utility services markets. 



What is green energy?

US Environmental Protection Agency (EPA)

https://www.epa.gov/green-power-markets/what-green-power


US Energy Information Agency (EIA)

https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php


CO2 emissions to produce a Tesla Model 
3 battery: 2-16 metric tons. A gas-
powered car emits  1 metric ton per 
2500 miles.

An electric vehicle running on electricity 
generated by coal runs cleaner or about 
the same as as a gas- powered vehicle 
so the dirtiest electric vehicle looks like 
our best gasoline vehicles today
MIT Climate Portal

https://climate.mit.edu/ask-mit/how-much-co2-emitted-manufacturing-batteries


“Break Through Batteries Powering the Era of Clean Electrification"

https://rmi.org/insight/breakthrough-batteries/


100 Watts (W)= light bulb 

1000 Watts (W) or 1 kiloWatts (kW)= hair dryer 

10,000 Watts (W) or 10 kiloWatts (kW)= 2000 sq ft house (5 Watts/sq ft)

100,000 Watts (W) or 100 kiloWatts (kW)= 20,000 sq ft campus building (5 Watts/sq ft)

10,000,000 Watts (W) or 10,000 kiloWatts (kW) or 10 MegaWatts (MW)= portion of college campus

Wattage

https://en.wikipedia.org/wiki/James_Watt


A battery energy storage system (BESS) consists of pre-engineered, preassembled, and pretested battery, 
inverter,  transformer, and control modules connected to the power grid.

GE BESS BrochureUS National Renewable Energy Lab

https://www.gegridsolutions.com/products/brochures/services/energystorage-brochure-en.pdf
https://www.nrel.gov/docs/fy19osti/74426.pdf


GE BESS 4184 kWh Data Sheet

Total Installed Cost of $500/kWh x 4184kWh= $2 million

https://www.ge.com/renewableenergy/sites/default/files/related_documents/RSU-4000_Data%20sheet_0.pdf


Rocky Mountain Institute Institute (RMI)

Rocky Mountain Institute (RMI)

"Economics of Battery Energy Storage"

https://rmi.org/
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf


RMI is tackling the climate crisis by focusing on its main contributor: energy 
production and use, which represents 70% of global greenhouse gas emissions.



Rocky Mountain Institute “The Economics of Battery Energy Storage”

https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf


US National Renewable Energy Lab

https://www.nrel.gov/docs/fy19osti/74426.pdf


Transmission Grid (High Voltage)

Distribution Grid (Medium Voltage)





Public Utilities Regulatory Act (PURPA) PURPA is a federal law 
enacted in 1978 in reaction to the mid 1970s energy crisis and 
implemented by state public service commissions for rate-
regulated electric utilities. PURPA's goals are to encourage 
competition, conservation, reliability and efficiency in 
generating and delivering electricity.

https://www.congress.gov/bill/95th-congress/house-bill/4018


Regional Transmission Organizations (RTOs) & Independent System Operators (ISOs)

Federal Energy Regulatory Commision (FERC) created by the Federal Power Act in 1920 is an independent agency that 
regulates the interstate transmission of electricity, natural gas, and oil. FERC also reviews proposals to build liquefied 
natural gas (LNG) terminals and interstate natural gas pipelines as well as licensing hydropower projects.

FERC Order 888 in 1996 suggested the concept of an Independent System Operator as one way for existing power pools to 
satisfy the requirement of providing non-discriminatory access to transmission.  Several years later FERC Order 2000 
encouraged the voluntary formation of Regional Transmission Operators. 

https://www.ferc.gov/power-sales-and-markets/rtos-and-isos
https://www.ferc.gov/what-ferc
https://www.ferc.gov/industries-data/electric/industry-activities/open-access-transmission-tariff-oatt-reform/history-oatt-reform/order-no-888
https://www.ferc.gov/sites/default/files/2020-06/RM99-2-00K_1.pdf


PJM Territory and Members

PJM is authorized by FERC to oversee the grid in its region, bringing independence to operating and planning 
infrastructure that is built , owned, and maintained by transmission owners. The North American Energy Regulatory 
Corporation (NERC) oversees cyber & physical security.

https://www.nerc.com/Pages/default.aspx


PJM was founded in 1927 as a power pool of three utilities serving customers in Pennsylvania 
and New Jersey. In 1956, with the addition of two Maryland utilities, it became the Pennsylvania-
New Jersey-Maryland Interconnection, or PJM.

The PJM Interconnection operates a competitive wholesale electricity market and manages the 
reliability of its transmission grid. 

PJM provides open access to the transmission and performs long-term planning. In managing 
the grid, PJM centrally dispatches generation and coordinates the movement of wholesale 
electricity in all or part of 13 states. 

PJM’s markets include energy (day-ahead and real-time), capacity and ancillary services.

PJM became a fully functioning ISO in 1996 and, in 1997, it introduced markets with bid-based 
pricing and locational market pricing (LMP). PJM was designated an RTO in 2001.

Membership costs $5000 annually for participation in the PJM wholesale market. 

https://www.pjm.com/


PJM 2MW Energy Storage Demonstration Project

PJM has gained experience with storage technology on its campus. A 2-megawatt array of lithium-ion 
batteries (owned and operated by a subsidiary of The AES Corp., a PJM member) was stationed at PJM 
for years and demonstrated how it could change its output or electricity consumption in less than 1 
second to help PJM quickly balance short-term variations in electricity use.

This battery project allowed PJM and the storage industry to better understand the operational and 
market nuances of this new technology. As a result of this initial work more than 300 MW of battery 
energy storage systems have been developed across the PJM footprint.

https://learn.pjm.com/energy-innovations/energy-storage


PJM Value Proposition

https://www.pjm.com/about-pjm/~/media/about-pjm/pjm-value-proposition.ashx


PJM Energy Markets
 
Energy Market: The largest of the PJM markets is the Energy Market, making up the majority of wholesale electricity costs (62% in 2021). The 
Energy Market operates much like a stock exchange. PJM matches the demand for electricity with offers to provide it. As the market operator, 
PJM’s role is to balance the needs of buyers, sellers and other market participants while monitoring market activities to ensure open, fair and 
equitable access. 

The Energy Market is divided into the Day-Ahead and Real-Time markets. Both markets match offers from power suppliers with bids from 
power consumers to ensure that suppliers are ready to deliver at the right time and place. 

Capacity Market: While the Energy Market addresses near-term electricity needs, the Capacity Market prepares for future demand. PJM’s 
capacity market secures enough power supplies, three-years ahead, to ensure sufficient supply for peak demand. 

Each year, PJM holds a competitive auction to obtain these future power supplies at the lowest reasonable price. Capacity is the commitment 
by resources to deliver electricity or to lower consumption when needed, particularly in an emergency. 
 
The capacity market thus ensures reliable power in the future for the PJM region. In return, the capacity market provides a dependable flow of 
income to power resources. In all, the capacity market helps generators maintain existing capability, attracts investment in new resources, and 
encourages companies to develop new technologies and sources of electric power. 

https://learn.pjm.com/-/media/about-pjm/newsroom/fact-sheets/understanding-the-difference-between-pjms-markets.ashx


PJM Energy Markets (continued)

Ancillary Services Markets
 
Because electricity must be produced and consumed the instant it is needed, PJM dispatchers must continuously match the electricity flowing 
on the grid with customers’ demand for it. 

Key elements of this delicate balancing act are regulation resources and reserves, which are called ancillary services – a small but vital part of 
the electricity markets. 

Regulation is a reliability product that corrects short-term, unforeseen fluctuations in electricity use and supply that could affect the stability of 
the power system. Regulation providers are resources that have the ability to adjust output or consumption in response to an automated signal. 

Reserves are generation resources that can come online (or end-use consumers that can reduce consumption) within 10 or 30 minutes in the 
event of an unexpected loss in generation. These operating reserves also help balance the system in emergency situations. 

https://learn.pjm.com/-/media/about-pjm/newsroom/fact-sheets/understanding-the-difference-between-pjms-markets.ashx
https://learn.pjm.com/-/media/about-pjm/newsroom/fact-sheets/understanding-the-difference-between-pjms-markets.ashx


FERC Order 841 (February 2018) mandated all ISOs and RTOs create a market-participation model in which energy storage resources can 
provide all the market services that they are technically capable of offering. 

FERC Order 2222 (September 2020) will help usher in the electric grid of the future and promote competition in electric markets by 
removing the barriers preventing distributed energy resources (DERs) from competing on a level playing field in the organized capacity, 
energy and ancillary services markets run by regional grid operators.

What are distributed energy resources?
DERs are small-scale power generation or storage technologies (typically from 1 kW to 10,000 kW) that can provide an alternative to or an 
enhancement of the traditional electric power system. These can be located on an electric utility’s distribution system, a subsystem of the 
utility’s distribution system or behind a customer meter. They may include electric storage, intermittent generation, distributed generation, 
demand response, energy efficiency, thermal storage or electric vehicles and their charging equipment.

What does Order No. 2222 do?
This rule enables DERs to participate alongside traditional resources in the regional organized wholesale markets through aggregations, 
opening U.S. organized wholesale markets to new sources of energy and grid services. It will help provide a variety of benefits including: 
lower costs for consumers through enhanced competition, more grid flexibility and resilience, and more innovation within the electric 
power industry.

This rule allows several sources of distributed electricity to aggregate in order to satisfy minimum size and performance requirements that 
each may not be able to meet individually.

https://www.ferc.gov/media/order-no-841
https://www.ferc.gov/media/ferc-order-no-2222-fact-sheet


FERC 2222 Explainer

https://www.ferc.gov/ferc-order-no-2222-explainer-facilitating-participation-electricity-markets-distributed-energy




Electric Utility: a corporation, person, agency, authority, or other legal entity or instrumentally aligned 
with distribution facilities for delivery of electric energy for use primarily by the public. Included are 
investor-owned electric utilities, municipal and State utilities, Federal electric utilities, and rural electric 
cooperatives. A few entities that are tariff based and cooperatively align with companies that own 
distribution facilities are also included.

Pennsylvania Public Utilities Commission (PA PUC) the mission of the Pennsylvania Public Utilities 
Commission is to balance the needs of consumers and utilities; ensure safe and reliable utility service at 
reasonable rates; protect the public interest; educate consumers to make independent and informed 
utility choices; further economic development; and foster new technologies and competitive markets in 
an environmentally sound manner.

Duquesne Light Company (DLC) is a leader in the transmission and distribution of electric energy 
in the Pittsburgh region and has been for more than 140 years. We consistently rank among the 
most reliable utilities in the state and part of that reliability is our commitment to upgrading our 
infrastructure. That includes nearly $2 billion in investments between 2022-2026. Our employees 
are dedicated to ensuring equal access to safe, resilient, reliable and affordable energy while also 
enabling our region’s clean energy future. DLC Tariffs (Rates)

https://www.eia.gov/tools/glossary/index.php?id=Electric%20utility
https://www.puc.pa.gov/about-the-puc/
https://www.duquesnelight.com/docs/default-source/pdf-library/company-fact-sheet-2022.pdf?sfvrsn=9b80a942_10
https://www.duquesnelight.com/docs/default-source/default-document-library/currenttariff.pdf?v=52


• DLC Riazzi 138kV Transmission Substation

https://newsroom.duquesnelight.com/duquesne-light-company-unveils-new-substation-in-oakland


Rocky Mountain Institute “The Economics of Battery Energy Storage”

https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf


Rocky Mountain Institute “The Economics of Battery Energy Storage”

https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf


DLC rates CMU currently pays
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GE Energy Storage Unit RSU-4000 is rated 1,300,000 Watts/ 4,184,000 Watt-hours 

CMU Demand Curve
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GE Energy Storage Unit RSU-4000 is rated 1,300,000 Watts/ 4,184,000 Watt-hours 

CMU Demand Curve



CMU 4160 Volt Point of Connection (POC)



CMU Battery Energy Storage System (BESS) Cost Benefit Analysis as of 20FEB23

Point of Connection (POC) CMU 4160 Volt Grid

BESS Maximum Power (kW) 1300

BESS Energy Capacity (kWh) 4184

BESS Total Installed Cost per RMI ($/kWh) 500

Number of charges & discharges per day 1

CMU Contracted Supply Charge ($/kWh) 0.036

Demand Charges ($/kW)

DLC Tier 2 15.68

DLC PA EEA 0.33

Supply Charge Unforced Capacity 1.6

Supplier Transmission 5.33

Supplier TEC 0.16

DLC Standby Charge ($/kW) 3.09

DLC Interconnection Cost ($) TBD

PJM Interconnection Cost ($) 0

Annual O&M Cost ($/kW) 20

PJM Services Benefit $/year Project Costs $

Energy Arbitrage TBD BESS Total Installed Cost (RMI) 2,092,000 

Frequency Regulation TBD Total 2,092,000 

Spin/Non SpinReserves TBD

Voltage Support TBD

Black Start TBD Grant/endowment 2,092,000 

Duquesne Light Services Benefit

Resource Adequacy 0

Distribution Deferral 0

Transmission Congestion Relief 0

Transmission Deferral 0

CMU Benefits

Time of Use Bill Management 0

Increased PV Self Consumption 0

Demand Reduction 312,156 

Back UP Power 0

Sub Total 312,156 

Annual O&M Cost 20 

Total 312,136 


