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Improve Productivity, Reduce Emissions, Reduce Cost, 
Deliver Other Non-Energy Benefits, and Give Customers Control

Efficient Electrification – “Sustainable” Opportunities

Airport/Port Electrification Infrared HeatingElectric Vehicles

Advanced Manufacturing Hybrid Residential HeatingIndoor Agriculture

Presenter
Presentation Notes
Technology innovations are fundamentally changing the competition for energy end-use.You will learn more about each of these technologies from the later speakers.What they have in common is that for many customers, they can improve productivity, reduce emissions, reduce cost, enable more precise control and improve workplace safety.For society they can reduce CO2, improve air quality and reduce energy costs.For companies, can provide new flexible loads that can improve the efficiency of the grid.

http://www.epri.com/
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Electricity Use Has Grown Faster than Total Energy for More than 
A Century…           What Will Happen Next?   Or Could Happen?

Historic growth driven by efficiency, convenience, safety, and low cost

Presenter
Presentation Notes
ASK STUDENTS: Can someone here give us a definition of Electrification?For people in emerging economies or the 2 billion people who do not currently have electricity, electrification is gaining access to electricity to provide basic services -- light, refrigeration, communication and entertainment. In developed economies, like the US, it refers to expanded use of electricity either via new uses -- cellular phones, computers, server farms which one would barely dream of 40 years ago – or increasingly, through replacement of other fuels – such as electric vehicles replacing gasoline vehicles. We will focus on the US in this course and therefore, more on this substitution for other energy sources.You can see this change in the figure, which depicts the share of energy in residential, commercial, industrial and transport sectors supplied by electricity over the last 65 years.The units are kWh/final energy. Why do we talk about “final energy”? It is easy to talk about the % of cars that are electric or the % of heating that is electric or the % of steel smelters that are electric, but it is hard to add cars to heating systems to smelters … so most researchers use measures like final energy.Electricity’s role in the energy system has steadily increased for over a century. In 1950, electricity supplied 3% of final energy in the US. Today it supplies around 20%.Initially, electricity replaced other fuels – electric lights replaced kerosene lamps, electric motors replaced other means of manufacture.Later, new uses were found. Radios, televisions, household appliances, air conditioners drove the increase.Today, electricity use continues to be driven by new uses – computers, smart phones, data centers, bitcoin mining, and an array of other yet to be imagined wants/needs.In addition, we are beginning to see electricity replacing other fuels in transportation, heating, agriculture, and industry – not creating needed services, but providing new, better ways to do things.

http://www.epri.com/
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End Use (Final) Energy Use By Sector, 2016

• Excludes upstream and midstream energy use, e.g., power generation, oil and gas extraction, refining, and pipelines. 
Adapted from Energy Information Administration
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Presenter
Presentation Notes
Opportunities for efficient electrification can be found across the economy.One way to assess opportunity is to examine uses of non-electric energy.Combine this with an assessment of the cost/performance of electric technologies as well as other attributes: emissions, safety, productivity.

http://www.epri.com/
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EPRI’s U.S. National Electrification Assessment (USNEA)

 Economy-wide assessment:
− Residential
− Commercial
− Industrial
− Transport
 Customers have broad technology 

choices and control
 Customer choices integrated with 

detailed electricity supply model

For more information on EPRI’s Efficient Electrification Initiative: 
https://www.epri.com/#/pages/sa/efficient-electrification?lang=en-US

Presenter
Presentation Notes
[Follow the bullets on this slide.]The USNEA was released in April 2018. We have subsequently started much more in-depth studies in 13 states and in other countries, which will provide new insights in 2019-2020.Google “efficient electrification” to get a copy of this study, to learn about EPRI’s broader activities, and to get on a mailing list for our Efficient Electrification Newsletter.

http://www.epri.com/
https://www.epri.com/#/pages/sa/efficient-electrification?lang=en-US
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Efficient Electrification: Reference Scenario

+32% 
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Presenter
Presentation Notes
One of the most striking results is our projection under Reference assumptions that final energy will decline substantially despite continued economic growth and a 50% increase in the demand for energy services (e.g., square feet of heated/cooled space, vehicle miles travelled).Left graph:US Department of Energy, Energy Information Administration’s Annual Energy Outlook 2017 (AEO 2017) projected a doubling of the economy by 2050. If the energy system remained unchanged, it too would double.Structural changes – the shift of the economy from steel to Apple, Microsoft, Google and the shift of economic growth to warmer climates – projected by EIA have energy service demands growing 50%.We overlaid EPRI technology assumptions to provide these services. Energy efficiency gains outweigh the increased service demands. The efficiency gains are seen across all technologies, electric and non-electric.Right graph: Driven by efficiency, traditional electric loads decline (these are total loads and do not differentiate grid-delivered electricity from self-generation). In our Reference scenario, a substantial move to electrify transportation combined with some electrification in buildings and industry leads to a 32% increase in load by 2050.

http://www.epri.com/
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Efficient Electrification: Transformation (tight carbon target)
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Presenter
Presentation Notes
Adding a carbon price does not significantly impact the transportation story, but does lead many consumers to choose electric technologies in buildings and industry. Combined, they add up to a 52% increase in load by 2050.This increase may sounds large, but it represents a 1.2% increase per year – which would have been considered small in the 1990s, but is substantial compared to the last decade.

http://www.epri.com/
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U.S. National Electrification Assessment (USNEA) – Results

Presenter
Presentation Notes
This figure summarizes a few key outputs from the analysis. In all cases:Final energy use goes downElectric load goes up, although some will be self-generatedNatural gas use goes up. In the Reference case, the increase is driven by increase gas combined cycles to meet load growth and a large increase in industrial applications, replacing fuel oil. In the Transformation case, natural gas for electricity generation increases … assuming the viability of CCS; this growth offsets a significant decline in gas use in buildings.CO2 emissions go down. The 67% reduction from 2015 level is approximately 73% from 2005 level so this scenario approaches the 80% reduction targets that are often discussed in policy circles.

http://www.epri.com/
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Texas 2015 Load Profiles by End-Use
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How Will Sectoral Loads Change Over Time?

GW
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Texas 2050 Reference Reflects Efficiency and 
Electrification Gains
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Texas 2015 Aggregate Load Profile

Winter Peak

Summer Peak

How Will Aggregate Load Change Over Time?

GW

http://www.epri.com/
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Texas 2050 Aggregate Load Profile

Winter Peak Summer Peak
2015

2015

Winter Peak Grows to Match Summer Peak

GW

http://www.epri.com/
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Technology Improvement:
Cost + Performance

Analyzing Customer 
Choice

Policy and Market Design:
An Economy-wide View

Infrastructure 
Investment

Fundamental New Options: 
Autonomous/Shared Mobility

Overcoming Non-
Economic Barriers

Electrification is not a Given:
Opportunities and Challenges Abound

Presenter
Presentation Notes
Many people around the world are talking about electrification like the job is already done and we can just sit back and relax.Unfortunately, the job has only begun.Substantial continued advances are needed in technologies; policies and markets will have to reform to keep pace with technology, infrastructures for charging vehicles and supporting smart technologies will need to be built, we have to understand customer choices better and be able to overcome incumbency bias.And we need to develop and understand the emerging technologies of the future such as autonomous mobility.As you participate in the following sessions, think about these needs, how your job and life may be affected by these changes and what the efficient electrification trend might mean for you. 

http://www.epri.com/
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Informing Standards:
Incompatible DC Charging Plugs Hamper EV Deployment

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

# EV 
models 
with DCFC

1 1 3 3 6 7 8 11 13 19 29 48 50

CHAdeMO

SAE Combo
Coupler 
System

(CCS)

Tesla

Charge Port Used By

GM, Ford, 
Chrysler Honda, 
KIA, Hyundai, 
BMW, 
Mercedes, 
Porsche, Audi

Nissan, 
Mitsubishi

Tesla

Name

EPRI’s Roles. Convene Infrastructure Working Council. 

BM
S

DC
PE
V

Tractio
n

Battery
Charger
AC/DC

12
V

DC 
Charge 

Port

DC
EVSE

3-ph
AC

Service

208/480V

http://www.epri.com/


© 2019 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m15

 Local energy storage with EV DC fast 
charging infrastructure could:
– help to reduce T&D infrastructure cost
– provide grid services as well
– provide customer resiliency service
– decrease customer operational cost (rates)
– be situated in disadvantaged customer locations 

to encourage adoption of EV
– augment grid solutions to increase PV hosting and 

voltage/var, resiliency, etc.
 Energy Storage Paired with Electric Vehicle 

DC Fast Charging: Demonstration and 
Analysis in Hawaii
– 12 kWh battery coupled to 23 kW limited DC fast 

charger

Exploring Grid Technologies:
Emerging DC Fast Charging Technology

EPRI’s Role. Model cost/benefit and nationwide test DC fast charging and 
storage integration project.

http://www.epri.com/
https://www.epri.com/#/pages/product/000000003002012710/?lang=en-US
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Demonstration Projects to Understand Cost and Benefits:
Addressing Retrofit Challenges – The Cost Stack

6

Electric distribution 
upgrades

Additional 
Construction 

Costs

Panel 
Capacity

Equipment 
Cost

• Opportunity to integrate 
EV programs with building 
electrification programs

• Do any panel or 
distribution upgrades 
once

• If customer upgrades can 
be rate based, do it once 
and get buildings 
“Electrification Ready”

http://www.epri.com/
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Developing New End-Use Capabilities:
Next-Generation Hybrid Heating System 

Opportunity for EPRI to work with manufacturers to develop                                                 
more efficient, resilient and flexible hybrid heating system of the future 

Opportunity for Innovation

Efficiency: Adds combination mode, can utilize 
heat pump concurrently with gas/electric backup. 

Resiliency: Next-gen system with optimized DC 
fan/solenoid and small energy storage can 
provide heating during power outage.

Flexibility: Current system lacks integrated smart 
connectivity to automate flexible operation 
based on cost/emissions/other criteria. Next-gen 
system enables demand response across electric 
and gas systems.

http://www.epri.com/
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Informing Electrification Program Design:
Electrification Benefit/Cost Assessment Objectives

 Critically assess standard energy 
efficiency cost-effectiveness tests; 
identify gaps to electrification 
analysis

 Design robust cost-effectiveness 
framework: Total Value Test

 Apply framework to initial set of use 
cases

 Publish report (Summer 2019)

 Promulgate framework to 
stakeholders

 Build database of use cases

Initial Use Cases

Presenter
Presentation Notes
In undertaking this exercise, here is what we did:Closely assessed the standard EE cost-effectiveness testsIdentify their strengths, drawbacks, and gaps w/r/t electrificationDeveloped comprehensive inventory of b’s and c’sDesign a frameworkApply the framework in use casesNext step: build database of use casesEach use case / example is hypotheticalNot meant to be directly applied as a “deemed savings”Rather, can serve to illustrate how the framework can be appliedCan apply to your own circumstance

http://www.epri.com/
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Integration of Interdependent Energy Resources Enabled by Advances in Digitization, 
Information and Communication Technologies

Source: 
EPRI 3002009917 

February 2017

…to Best Serve the Customer

Development of an Integrated Energy Network … Smart. 
Connected. Increasingly Electrified ….

Presenter
Presentation Notes
To start a conversation today about resilience, we have to recognize “what” needs to be  resilient.In 2017, EPRI published a report described the Integrated Energy Network.  The Integrated Energy Network is the integration of many different interdependent energy systems to ensures customer have safe, reliable, affordable and cleaner energy optionsWe are clearly moving from today’s disaggregated pieces to a “system-of-systems” that can be optimized both individually, locally and regionally to provide customers with the flexibility to use, produce, and manage their energy more efficiently.  …and it is this newly formed energy system for the context of resiliency. 

http://www.epri.com/
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Communication: Bringing Together Many Perspectives

http://www.epri.com/
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Together…Shaping the Future of Electricity

http://www.epri.com/
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