
© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m

Decarbonization Briefing
May 7, 2021

The Path to 2050: Enabling an 

Affordable and Reliable Clean 

Energy Transition

Neva Espinoza
VP, Energy Supply & Low 
Carbon Resources,  EPRI
nespinoza@epri.com

Mike Rutkowski
SVP, R&TD, GTI
mrutkowski@gti.energy

R
eceived

R
ecords M

anagem
ent

05/06/21   14:17

State O
f W

A
SH

.
U

T
IL

. A
N

D
 T

R
A

N
SP.

C
O

M
M

ISSIO
N

http://www.epri.com/
https://www.linkedin.com/company/epri
https://www.facebook.com/EPRI/
https://twitter.com/EPRINews
mailto:nespinoza@epri.com
mailto:mrutkowski@gti.energy


© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m2

Our Role

“You can’t wipe out society 

and make a whole new 

society. You have to deal with 

the society that exists. But you 

have to figure out how you’re 

going to change it to 

something that’s better.” 

Chauncey Starr
EPRI Founder

http://www.epri.com/
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EPRI’s Role

Maximize 

member 

and societal 

value

Develop and evaluate 
energy system solutions 

through broad global 
engagement with 

technical partners and 
other stakeholders

Provide independent 

and objective 

information

Inform investment, policy, 
and regulatory decisions, 
deliver intelligence on the 
energy system, and train 
the industry workforce

Enable the future 

energy system

Conduct economy-wide 
technology, economic, and 

policy analyses and research 
to make an affordable, 

sustainable, and resilient 
energy future possible 

Accelerate 

technology 

innovation

http://www.epri.com/
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Transformation

Drive affordability of a clean and resilient energy 
system through digital transformation
• Power system modernization: pervasive sensors, 

monitoring, advanced analytics using AI
• Upgraded and expanded communications 

infrastructure and control systems

Transformation

Decarbonization

Accelerate economy-wide, low-carbon 
solutions

• Electric sector decarbonization

• Transmission and grid flexibility: 
storage, demand, EVs

• Efficient electrification

Achieve a net-zero clean energy system

• Ubiquitous clean electricity: 
renewables, advanced nuclear, 
CCUS

• Negative-emission technologies

• Low-carbon resources: hydrogen 
and related, low-carbon fuels, 
biofuels, and biogas

Resiliency

Mitigate climate impacts and 
cyber/physical risks

• System and asset hardening

• Improved response

• Faster recovery

• Cybersecurity

Future proof energy system design basis

• Resilient power system design

• Advanced asset design and strategic 
undergrounding

• Smart integration of energy carriers

ResiliencyDecarbonization

Making Energy More

AffordableClean Reliable

Reimagining the Future Energy System
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http://www.epri.com/
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GTI 80+ Year History of Turning Raw Technology into 
Practical Energy Solutions

SUPPLY CONVERSION DELIVERY UTILIZATION

FOR A BETTER ECONOMY AND A BETTER ENVIRONMENT

World-class piloting 

facilities headquartered 

in Chicago area
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Gas 

Cleanup

GTI sees a carbon-managed future where integrated energy 
systems leverage low-carbon fuels, gases, and infrastructure.

©2020 Gas Technology 

Institute. All rights reserved.

Deploying hydrogen, carbon-neutral fuels, and 

chemicals in ways that build on existing infrastructure 

and systems can reduce costs, lower risk, and provide 

pathways to economy-wide deep decarbonization 

that support growing economies worldwide.
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What does Deep Decarbonization Mean?

Net carbon emissions equal 
zero. Any emissions produced 
from operations are balanced 
by an equivalent amount of 
carbon removal or offsets. 

Entity, system, or set of 
resources that does not use 
fossil fuels or emit carbon. 

100% of electricity generated 
must come from renewable 
sources such as wind, solar, 
and hydro.

Solar/Wind/
Hydro

CO2 Removal 
(BECCS)

Storage 
(Battery)

Nuclear

CCUS

Storage (H2)

NET ZERO CARBON FREE 100% RENEWABLES

http://www.epri.com/
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Energy Transformation to Enable Decarbonization

Commitments from electric, gas and 

end-use sectors to significantly 

reduce CO2 emissions by 2050

An economy-wide perspective is critical

4 key energy transformations needed to 

enable economy-wide 

decarbonization

Decarbonizing the energy economy will 

require technologies that are not 

scaled today

Time to develop and scale is typically 

greater than a decade

http://www.epri.com/
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http://www.epri.com/
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http://www.epri.com/
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Key to Lower Carbon: Expanded Charging Infrastructure to Support EV Adoption

160,000 gas stations

10,000

Level 2 Stations 
(Workplace 

and Public)

Fast 

Charging 

Stations

50,000

1,000,000 – 3,000,000

2018

2030*

2018

2030* 50,000 – 80,000

*Projections based on U.S. DOE Alternative Fuels Data Center EVI-Pro Lite tool and EPRI USNEA Progressive scenario

The Utility’s Role
▪ Charge-ready grid infrastructure and charging stations

▪ Rates to incentivize EV smart charging

▪ Energy storage infrastructure for fast charging

2018-2030 estimated 
installation cost of public 
and workplace charging 
infrastructure:

$4B-$30B

http://www.epri.com/
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Key to Lower Carbon: An Integrated Grid Efficiently Linking 
Resources and Active Demands

Connected, Smart 

Demand-Responsive 

Load

Smart and Fast 

Charging of EV

Grid-Integrated 

Energy Storage

Vehicle-to-Grid 

System Resource

Enabling Higher 

Penetration of 

EV/Solar/DER

http://www.epri.com/
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Accelerating to 3X Carbon Reduction

0%

-10%

-20%

-30%

-40%

-50%

-60%

-70%

-80%

-90%

-100%

2005 2020 2030 205020152010 2025 2035 2040 2045

In the U.S., annual energy-related 
carbon emissions declined 1 GT 
between 2005 and 2020.

2005-2020

Driving CO2 about 50% below 2005 
levels means tripling the rate of 
decarbonization – accelerating from 1 
GT over 15 years to 1 GT every five 
years (3X).

2020-2030

The U.S. is targeting net-zero 
emissions economy-wide by 2050.

2030-2050

Economy-Wide
https://www.youtube.com/watch?v=42UqxqCCYs4

http://www.epri.com/
https://www.youtube.com/watch?v=42UqxqCCYs4
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http://www.epri.com/
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Potential Range for 2030 Emissions Targets

Powering Decarbonization White Paper 

Scenarios for Electric Sector Emissions

Net Zero   
by 2035 →

80% by 2030

Net Zero 
by 2050 →

80% by 2035 →

66% by 2030

66% below 2005 by 2030 for electric sector →
~40% below 2005 economy-wide

Electrification and efficiency drive         
~20% reduction in non-electric emissions 
~10% increase in load

80% below 2005 by 2030 for electric sector →
~45% below 2005 economy-wide

What is required by 2030 to 

meet assumed emission 
target pathways?

Reference case

http://www.epri.com/
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Key Actions by 2030 in Electric Sector 

▪ Expand the grid to maintain reliability with high wind and solar and 

electrification of other sectors

– Ensure adequate backup capacity and load flexibility 

– Build associated transmission (intra-region essential, inter-regional valuable)

▪ Extend and uprate existing nuclear and hydro

▪ Manage coal retirements (community impacts, financial)

▪ Add new natural gas capacity to replace coal, balance renewables

▪ Develop technologies for clean firm capacity (CCUS, advanced nuclear, 

clean hydrogen, long-duration storage)

80% by 2030 target requires accelerated technology development and deployment

http://www.epri.com/
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Achieving economy-wide net zero emissions will require low-carbon energy resources

Worldwide Drivers of Economy-Wide Decarbonization

Commitments from electric & gas 
sectors to significantly 

reduce CO2 emissions by 2050

❑ Renewables and nuclear power 

generation, battery/grid storage, 

and energy efficiency to achieve 

significant reductions 

❑ Pathways may include carbon 

capture, utilization, and storage 

(CCUS); hydrogen (and other 

energy carriers); and 

negative carbon approaches

❑ Transitions are underway to 

incorporate bioenergy and 

renewable fuels, replace fossil fuels 

with alternate molecules, and 

deploy CCUS

❑ Consumers want options --

integrated primary and final energy 

systems could support the transition 

to a future energy economy

Decarbonizing the energy economy 

may require significant 

deployment of low-carbon fuels

WITH
CAPTURE

http://www.epri.com/
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Low-Carbon Generation, 

Transmission & Distribution

WITH
CAPTURE

Direct 

Electrification

Electrolysis

OH-

Indirect 

Electrification

Hydrogen

Ammonia

Synthetic 
Hydrocarbons

Low-Carbon 

Fuels*

O2-H+

Low-Carbon Fuels Pathway from the Electric Sector

*Representative of one of several pathways

http://www.epri.com/
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Low-Carbon Fuel Use Across the Economy

Low-carbon fuels 
becoming a key part of 

the decarbonization 
pathway

net-zero emissions by 2050

climate neutral by 2050

carbon neutral concrete by 
‘2050 at the latest’

carbon neutral by 2050

carbon neutral by 2050

*Visual Representation of potential future scenario

Low-carbon 

fuels 

http://www.epri.com/
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Low-Carbon Energy Ecosystem

Primary Energy Energy End-Use

Buildings

Conversion Storage and Delivery

Industry

On-Road

Refining

Renewables

Nuclear

Natural Gas

Petroleum & 
Coal

Bioenergy & 
Waste

Electricity 
Storage

Hydrogen 
Production

Electricity 
Generation

Fuel 
Synthesis

Distributed Resources

Co-Gen/CHP

Bio-Refining

Ammonia Synthesis

Gas 
Storage

Transportation

Non-Road

Liquid Fuels

Natural Climate 
SolutionsDirect Air Capture

Conventional
Synthetic
Biofuel

Re-Fueling 
Infrastructure

Capture

Electricity

Hydrogen

Ammonia

RNG
SNG

Captured CO2

Rev. Dec. 8, 2020

http://www.epri.com/
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VALUEFOCUS

The Low-Carbon Resources Initiative (LCRI) is a five-year R&D commitment focused 

on the advancement of low-carbon technologies for large-scale deployment 

across the energy economy. This initiative is jointly led by EPRI and GTI. 

Technologies for hard-to-
decarbonize areas of the 
energy economy

Affordable, reliable, and 
resilient integrated energy 
systems for the future

Production 

Pathways
Integrated 

Energy Systems

Storage & 

Delivery

End Use 

Applications

Hydrogen Ammonia
Synthetic/

Derivative Fuels
BiofuelsMultiple options and 

solutions to establish viable 
low-carbon pathways 

NH3

Syn

H2

RESEARCH AREAS
Independent, objective 
research leveraged by global 
engagement and 
collaboration

Comprehensive value chain 
approach across adjacent 
sectors

High-impact results 
that accelerate technology 
time to market

http://www.epri.com/
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LCRI Sponsorship

http://www.epri.com/


© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . l o w c a r b o n L C R I . c o m23

Hydrogen | Ammonia | Synfuels | Biofuels | CCS

2020 2030 2050+

Beyond 2030 How might value chains incorporate low-carbon energy carriers?

H2

LCRI

Focus:

Hydrocarbon-

Based 

Processes

Renewable 

Fuels
Delivery & 

Storage

Power 

Generation

Transportation, 

Industry, 

& Buildings

Safety and 

Environmental 

Aspects 

Integrated 

Energy 

System 

Analysis

Electrolytic 

Processes

http://www.epri.com/
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Current Priority Research Areas

Renewable Fuels

▸Biochemical processes 
▸Renewable natural gas
▸Biofuel feedstocks and conversion
▸Methane capture, Green Hydrogen 

Hydrocarbon-Based 

Processes

▸Hydrogen production from steam-methane 
reformation, gasification

▸Hydrogen production from methane cracking
▸Fischer Tropsch and Haber-Bosch low-carbon 

alternatives
▸Carbon capture and utilization, DAC

Storage & Delivery

▸Gas and liquid fuel infrastructure, storage and 
distribution (e.g., pipeline blending)

▸Metal hydrides, liquid organic hydrogen carriers
▸Safety and codes/standards
▸Underground & aboveground storage

Power Generation

▸ Low-carbon fuels (pure or blended forms)
▸Gas turbines, boilers, RICE, fuel cells 
▸ Integrated plant impacts

Transportation, Industrial 

& Buildings

▸ Light duty, medium/heavy duty, off-road, aviation, 
maritime, rail

▸Combustion and heating applications
▸Feedstocks for chemicals and processing

Safety and 

Environmental Aspects 

▸ Lifecycle environmental impact assessments
▸Safety standards and protocols
▸Decision support tools

Integrated Energy 

Systems Analysis

▸Economic model to understand 
decarbonization pathways across the energy 
ecosystem

▸ Impact assessment of low-carbon energy on 
reliability 

▸Scenarios and sensitivities covering energy 
usage, economic considerations, 
environmental aspects, and consumer 
preferences

PRODUCTION DELIVERY & END USE CROSS-CUTTING

Electrolytic Processes

▸Power-to-X technologies
▸Technology integration with renewable and 

nuclear energy systems

http://www.epri.com/
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Beyond 2030 - Hydrogen/Clean Electricity Production

H2 Production H2 Delivery H2 End-Use

Advanced 
Nuclear

Next Gen 
Electrolysis

Existing 
Clean 
Generation

Natural 
Gas CCS

Boiler

Shipping and Trucking

Utilize Existing Natural Gas Pipeline 
through Blending

Heavy Duty 
Transportation

Electric Generation Advanced
Fuel Cell

Large Industry Chemical Process

http://www.epri.com/
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Metering 

Calibration

Leakage & 

Monitoring

Compression & 

Underground Storage

Impacts on Pipeline Applications

http://www.epri.com/
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Impacts on End Use Applications

Industrial Scale 

Gas Turbines

Natural Gas Vehicles/ 

HD Trucks

Residential / 

Commercial 

Appliances

http://www.epri.com/
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30 MW electrolyzer installation 

– scale up to ~700MW plan

integrated with offshore wind  

Japan-Australia
Hydrogen Economy 

Supply Chain

Advanced Clean 

Energy Storage

Largest integrated 

energy storage hub 

with integrated 

generation

Magnum Power Plant

450 MW combustion 

turbine on 100% blue H2

by 2023 with planned 

transition to green H2

A few selected low-carbon fuels projects around the world 

20% hydrogen blending in 

gas pipeline at Keele

University

International 

end-to-end 

supply chain 

demonstration

http://www.epri.com/
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Example Technology Cost Insight

Source: EPRI analysis, based on data from: IEA, “The Future of Hydrogen” (2019); EPRI, “Prospects for Large-Scale Production of Hydrogen by Water Electrolysis” (2019); commodity price data. 

Energy Cost (USD/MMBTU and USD/kgH2eq.) Initial calculations. For discussion purposes only. 

$/MMBTu

Hydrogen H2

Hydrogen 

ELECTROLYSIS

STEAM METHANE 
REFORMING

With 90% CCS

Without CCS

2020 costs

Future – low cost power

$0 $10 $20 $30 $40 $50 $60
$/MMBTu

$0 $1.14 $2.27 $3.41 $4.54 $5.68 $6.82
$/kgH2 equivalent

Hydrogen 

Hydrogen 

Gasoline 

Natural Gas 
$100/ton 
CO2 penalty

http://www.epri.com/
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Power Generation and 

Industrial Fuels Use

Pilot & demonstration project opportunities will be determined by research area 

Potential Pilot & Demonstration Projects

“Green” Hydrogen Production Natural Gas Pipeline 

Integration/Conversion

Transportation and Stationary 

Fuels Use

Power Generation and 

Industrial Carbon Capture

http://www.epri.com/
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Transformation

Drive affordability of a clean and resilient energy 
system through digital transformation
• Power system modernization: pervasive sensors, 

monitoring, advanced analytics using AI
• Upgraded and expanded communications 

infrastructure and control systems

Transformation

Decarbonization

Accelerate economy-wide, low-carbon 
solutions

• Electric sector decarbonization

• Transmission and grid flexibility: 
storage, demand, EVs

• Efficient electrification

Achieve a net-zero clean energy system

• Ubiquitous clean electricity: 
renewables, advanced nuclear, 
CCUS

• Negative-emission technologies

• Low-carbon resources: hydrogen 
and related, low-carbon fuels, 
biofuels, and biogas

Resiliency

Mitigate climate impacts and 
cyber/physical risks

• System and asset hardening

• Improved response

• Faster recovery

• Cybersecurity

Future proof energy system design basis

• Resilient power system design

• Advanced asset design and strategic 
undergrounding

• Smart integration of energy carriers

ResiliencyDecarbonization

Making Energy More

AffordableClean Reliable

Reimagining the Future Energy System
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Integrated Energy Systems Analysis

Renewable Fuels

Hydrocarbon-Based Processes

Electrolytic Processes

Storage, Delivery, & Transport

End Use Applications

Power Generation

Safety

Environmental Aspects

Learn More About LCRI

LCRI Introductory Videos
▪ LCRI Advisory Structure
▪ LCRI Roadmap Approach
▪ LCRI Technology Pipeline
▪ LCRI Roadmap Reviews
▪ Colors of Hydrogen
▪ Who is EPRI – Who is GTI

LCRI General Info
▪ LCRI 1 Pager
▪ LCRI Scope
▪ LCRI FAQ

Quick Links & 

Information

Technical Areas
LCRI@epri.com

Email

www.LowCarbonLCRI.com

Public Webpage

LCRI Launch Document Low-Carbon Fuels White Paper

LCRI References

http://www.epri.com/
https://urldefense.proofpoint.com/v2/url?u=https-3A__epri.box.com_v_LCRIadvisory&d=DwMFAw&c=YFYuafCCopBdR2aI1UDiwKbQTSrP7gdpddSkt1TYoDc&r=nEha_pHaOq_0bARcc3fR661-orN98QWA2GEuZNzQobQ&m=zIHeGcUBW_dWKeUT2cLSSuFXZP2LSOZY4VDXcc96fMg&s=rThh3tnbCvn0X0jseRYLxa8QA6gHCbN51KSREEG229c&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__epri.box.com_s_sqx40zmiygz0mdgrnf793benen43q05t&d=DwMFAw&c=YFYuafCCopBdR2aI1UDiwKbQTSrP7gdpddSkt1TYoDc&r=nEha_pHaOq_0bARcc3fR661-orN98QWA2GEuZNzQobQ&m=zIHeGcUBW_dWKeUT2cLSSuFXZP2LSOZY4VDXcc96fMg&s=VOcsAUiD2rNQ0f8IUeCdl80ojSV_08b536oqPlLo6ZU&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__epri.box.com_s_scau8j47mum9mue6qmmarz4eeh2g6pbb&d=DwMFAw&c=YFYuafCCopBdR2aI1UDiwKbQTSrP7gdpddSkt1TYoDc&r=nEha_pHaOq_0bARcc3fR661-orN98QWA2GEuZNzQobQ&m=zIHeGcUBW_dWKeUT2cLSSuFXZP2LSOZY4VDXcc96fMg&s=44EqgAwqcW6O8-VL_mSIhLPWMfHKKHDbxYmkWaUzns8&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__epri.box.com_s_lggxwvptltyhrk5u7udm8f1arujesrim&d=DwMFAw&c=YFYuafCCopBdR2aI1UDiwKbQTSrP7gdpddSkt1TYoDc&r=nEha_pHaOq_0bARcc3fR661-orN98QWA2GEuZNzQobQ&m=zIHeGcUBW_dWKeUT2cLSSuFXZP2LSOZY4VDXcc96fMg&s=9Hj0zTIGKDWPZ-vGs67AYSWilbe4Y6OksgN9x3a_jIU&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__epri.box.com_s_mu94jsgoslfcs2acaas8lcfhpetz1amd&d=DwMFAw&c=YFYuafCCopBdR2aI1UDiwKbQTSrP7gdpddSkt1TYoDc&r=nEha_pHaOq_0bARcc3fR661-orN98QWA2GEuZNzQobQ&m=zIHeGcUBW_dWKeUT2cLSSuFXZP2LSOZY4VDXcc96fMg&s=v0YcMfiLS8Dgf1ikwRWtsR8axR6FV4sMxjyFyUJL3Lc&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__epri.box.com_s_okbwcdmw51b5fc1y03qns6kb08uvd78n&d=DwMFAw&c=YFYuafCCopBdR2aI1UDiwKbQTSrP7gdpddSkt1TYoDc&r=nEha_pHaOq_0bARcc3fR661-orN98QWA2GEuZNzQobQ&m=zIHeGcUBW_dWKeUT2cLSSuFXZP2LSOZY4VDXcc96fMg&s=Er3zQhDLgbupsLNB35jqlP41Y5vdv2sWwE-OEDyZVw4&e=
https://custom.cvent.com/0C2B71276B454075AA018365A85CB80E/files/event/0ad54abcc3f24d5d9ab6a47e35b9de80/c6535f7227ec4b309a38d78191c7040d.pdf
mailto:LCRI@epri.com
http://www.lowcarbonlcri.com/
https://membercenter.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000003002019841
https://www.epri.com/research/products/000000003002020041
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Together…Shaping the Future of Electricity

http://www.epri.com/

