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Outline

+ Intro and key takeaways
+ Industrial Electrification: policy mechanisms and cost effectiveness
+ Canthe NW electricity system both decarbonize and reliably meet growing loads?

4+ Conclusions
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Key Takeaways
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Key Takeaways

+ WA is relatively well positioned to with respect to industrial electrification
* Low electricity prices, high prevalence of low-temp heat needs, and large potential emissions savings from heat pumps.

+ The PNW electricity system must simultaneously decarbonize and grow to meet new loads.

* Without investment in renewables, storage, firm capacity, transmission and other supportive infrastructure, the

Northwest grid cannot reliably meet rising demand from industry, data centers, buildings, transportation and other
sources.

+ Electrification of industrial heating and EITE competitiveness will only be possible with well considered
policy and planning.

* Polices that improve the economics industrial electrification (e.g., clean heat PTC) AND planning that allows for
sufficient clean energy and firm capacity infrastructure to be developed to manage electric rate impacts.
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Industrial Electrification: policy
mechanisms and cost
effectiveness
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About the E3-CAELP Study

+ Commissioned by CAELP and conducted by E3, the Center for Applied
study evaluates the cost-effectiveness, emissions /.-,_—‘/‘ Environmlgrjltal
reduction potential, and policy options for Law and Policy
decarbonizing industrial indirect heat, with a focus on
electrification pathways.

* The Center for Applied Environmental Law & Policy (CAELP) is

a nonprofit that provides legal and policy expertise to support Decarbonizing Industrial Heat:
Measuring Economic Potential

and Policy Mechanisms

ambitious, science-based climate action in the U.S.

+ Key research questions

Prepared for the Center for Applied Environmental Law
and Policy

* Where is heat electrification already cost-effective?

* What factors drive or limit adoption (e.g., temperature,
capacity factor, energy prices)?

¢ How much GHG and NOx can be reduced?

E3, Decarbonizing
Industrial Heat:
Measuring Economic

@ Potential and Policy
Energy+Environmental Economics )
Mechanisms

* Which policies (e.g., carbon pricing, tax credits, low-cost
capital) are most effective in enabling deployment?
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Industrial emissions are hard to tackle, but indirect heat is a large
and actionable wedge within the industrial sector

+ Indirect heat—produced by boilers and CHP systems and delivered via steam or water—is a significant
(20% of national industrial gas demand) and actionable source of emissions in the industrial sector.

+ Unlike direct process heat, it can often be electrified with commercially available technologies like heat
pumps.

Manufacturing Thermal Gas Demand

. Feedstock

Oil & Gas Extraction & fia Process Heat & Other Combustion
2,000 TBtu 700 TBtu 4,400 TBtu

CHP& [ Al Total
Cogeneration Undetermined - 10,700
1,000 TBtu 1,200 TBtu TBtu

Boilers
1,100 TBtu

Y
Not covered in this study

PROCESS/DIRECT HEAT - heat is
directly applied to material (e.g.
concrete, steel, glass)

Sources:

Oil & Gas Extraction - EIA Natural Gas by End Use 2022

Ag & Construction - EIA Annual Energy Outlook 2023

Feedstock Use — EPA National GHG Inventory 2022

Process Heat & Other Combustion, Boilers, CHP & Cogeneration - E3/CAELP Database
End-Use Undetermined — Remainder from EIA SEDS 2022 industrial total after accounting for quantified end-uses
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I
Focus of this study

INDIRECT HEAT - heating air,
water, or steam, which is then
used for manufacturing process



The study examined several different technologies to decarbonize
indirect heat. Industrial heat pumps were most promising.

Technology

Temp Range

Maturity (TRL) Key Attributes

High efficiency (COP 2-6); Best

. PPN . _

Industrial Heat Pumps Up to ~200°C High (TRL 8-9) at low temps

Electric Resistance Boilers Up to ~1800°C High Simple and ma;c:L:)rSet; high operating

Electric Resistance + Thermal Up to ~1800°C Moderate Load shifting via storage; requires

Energy Storage low-cost renewables

Renewable Natural Gas (RNG) Alltemps Medium Drop-in f.uel;.hmlted avgllablllty;
price tied to credits

Green Hydrogen Alltemps Emerging High-temp capable; storage and

infra challenges
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We evaluated 2 types of policies that would increase the cost
effectiveness of low-carbon options relative to natural gas

1. Policies that reduce upfront capital costs 2. Policies that reduce operating costs

A A
[ | [ |

e Tax credit e Capital costs can e Improves relative e Annual tax credit
available in year 1 be financed at economics of low for 10 years for
relative to % of lower rate than carbon alternative each unit of heat
heat pump capital investment by pricing produced, scaled
cost discount rate emissions, down from

including on nominal value by
upstream electric % reduction in
system heating emissions
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Policies that impact operational costs move the needle more than

policies that reduce investment cost

Existing Gas Consumption for -
Manufacturing Indirect Heat, <200°C (TBtu)
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| S NoPolicy
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relative to 1600 TBtu total market potential...

3% 50% ITC

]
30% ITC 2%

4% financing
7% financing

Can be cost competitively replaced by heat pumps

30%

24%

$98/tCO,

- $5.00/mmBtu
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I No Policy NN No Policy
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Low cost financing

Investment Tax Credit
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Carbon Price Production Tax Credit

*This graphic compared HPs to existing gas equipment
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Carbon pricing raises the cost of natural gas relative to electricity,
but could result in carbon leakage for EITEs

Existing Gas Consumption for ..
Can be cost competitively replaced by heat pumps
Manufacturing Indirect Heat, <200°C (TBtu) = P yrep y pump
500 ¢ 30%
Percentage cost-effective at highest level
relative to 1600 TBtu total market potential...
400 F 24%
300 F
200 F
$98/tCO, -
100 F
i $5.00/mmBtu
304 50% ITC . 4% financing
30% ITC 2% __ 7% financ|ng $50/tCO, | | $2-50/mmBtu
o L NN NoPolicy Sy NoPolicy sy NoPolicy | NS No Policy
Investment Tax Credit Low cost financing Carbon Price Production Tax Credit
Note. The most recent
auction clearing price for
WA was $58.51/tC0O2
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A clean heat production tax credit could be similarly effective, but

carries implementation challenges and requires a funding source

Existing Gas Consumption for .
Manufacturing Indirect Heat, <200°C (TBtu)
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13



Washington’s industrial sector is relatively well situated with
respect to industrial electrification.

Includes GHGRP & non-GHGRP facilities Data labels show average
electricity/gas price ratios under
% of Gas Demand Cost Competitive for Heat Pump Replacement Reference Prices

+ Washington ranks among the top states where heat

Relative to Replacement Gas Equipment

pumps are most cost-competitive, due to: L S e e .
90%
* Low electricity prices (from hydro and renewables). 80%
70%
« Strong industrial presence in pulp & paper and food & 60%
beverage—sectors with high shares of low-temperature 50%

heat needs. 40%

30%

|
|
|
|
|
|
|
|
|
|
|
|
|
]
+ In Washington: 2% (.
10% 1
. . . . . I
¢ ~61to 13 Tbtu of industrial gas demand is potentially cost- o TWATA oo ™ N Wi N oM M P A L co ™ oA
effectively addressable by heat pumps if replacing aging | : relativ to Exstng Gas Equipment
eqUIpment On burnOUt' 100% 27 i 3.2 3.7 39 3.6 4.3 4.8 4.1 4.4 4.7 4.7 4.0 4.3 4.5 6.7
90%
— Industrial gas demand in WA was ~87 Tbtu in 2022 80% i
. . . . 70% I
* Equivalent to CO, emissions savings of ~5 to 12 MMT over - :
20 years 50% E
. - : . . 40% l
* Additional emissions savings may be possible via 30% |
strategies such as low-carbon fuels, or other forms of 20% I
. . 10% 1
electric heating. v Lom E — -

! WAJ VA GA TN NC Wi NY OH Ml PA 1A IL co X CA

m Cost Competitive - Reference Prices Cost Competitive - High Gas Prices Not Cost Competitive
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Can the NW electricity system
both decarbonize and reliably
meet growing loads?
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The Northwest electric system already has a significant capacity deficit -
PNUCC projects 10 GW by 2030

Forecasted Peak Capacity Surplus (Deficits) in 2019-2023 Forecasts

0 | : — — ;
winter 1-hr peak deficit, 2023 Forecast
(2,000)
% (4,000)
2
2
= (6,000)
summer 1-hr peak deficit, 2023 Forecast
(8,000) Winter Shortfall
>7.5 GW by 2030
) Summer Shortfall
>9.5 GW by 2030
(12,000)

2018 2020 2022 2024 2026 2028 2030 2032

Source: Northwest Regional Forecast of Power Loads and Resources. PNUCC. May 2023. Page 10.
https://www.pnucc.org/wp-content/uploads/2023-PNUCC-Northwest-Regional-Forecast-final.pdf
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Data centers, Al and electrification are creating significant new

demand for electricity

<+ US and Washington electricity

demand could more than double
by 2050

<+ Data centers are competing with
utilities and other load-serving
entities for both existing and new
resources

+ Electrification of buildings,
transportation and industry will
drive additional resource needs.
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E3 National Load Growth Projections
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Renewables and storage could reliably meet growing loads most of the time,
but firm resources are needed for critical periods (New England example)

Imports, Hydro, Biomass, Nuclear

Wind

Solar mmmStorage Discharge mm Curtailment == CT/CCGT/ST = =Load + Reserves + Charging ——Load + Reserves

w B (" <)) ~ -]
o o o o o o

Load and Generation (GW)

N
o

10

Critical Week Hourly Dispatch

Average Hourly Generation by Week

Winter Spring
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Summer Autumn Winter

ethree.com/wp-content/uploads/2020/11/E3-EFI_Report-New-England-Reliability-Under-Deep-

Decarbonization_Full-Report_ November 2020.pdf

During low
renewable
conditions, 32
GW of thermal
peaking
generation is
dispatched for
reliability

During favorable
conditions, clean
generation is
more than
sufficient to meet
load
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The Northwest electric system will need to expand to meet

decarbonization goals

+ Under baseline load growth,
without electrification and data
centers, the installed capacity
on the NW energy system would
need to increase by ~80% to
meet clean energy policies.

+ Capacity must more than double
to meet electrification loads,
provided that firm resources can
be built to cover critical periods.

+ Absent firm resources, an
infeasible amount of renewables
and storage would need to be
built.
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2045 Northwest Resource Mix

Total Installed Capacity (Gigawatts)

250
225 Without new firm
capacity, an
200 infeasible amount of
wind, solar and
175 . .
storage IS reqwred
150
125 —
_
|
75
A ey
50
25
0
100% Clean Zero Emissions; Zero Emissions;
Retail Sales; Electrification Electrification
Baseline Load Load Forecast Load Forecast &
Forecast No New Gas

New
Resources

Existing
Resources

Advanced Energy Efficiency
B Demand Response
M Pumped Hydro Storage
M Battery Storage
Customer PV
Solar
Wind (offshore)
B Wind (onshore)
Nuclear
B Geothermal
MW Hydro
W Biomass
= New Dual Fuel (Natural Gas + Hydrogen)
Existing Natural Gas > Hydrogen Retrofits

B Natural Gas

E3, BPA Lower Snake River Dams Power

Replacement Study
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Costs have risen substantially since the preceding studies were conducted,
increasing the challenge of expanding the grid to accommodate electrification.

+ Solar and wind PPAs are now Solar and Wind PPA Price Index: North America (LevelTen)

$50-60/MWh
* More than double pre- o
H Wind
pandemic levels i s
. . Blended
<+ Price pressures will 60 £0.63
continue due to: _ 5 il
« Competition from tech % "
industry g $45
« Land, labor, equipment, o
interconnection, tariffs i
$30
+ Gas CT costs at or above
$25
$2000/kW
: o8003 DDA BEDDOODODD
* Also 2x pre-pandemic levels EEEEEEEEEREESCEEEESEEEEEEREE R

Source: LevelTen Energy (www.leveltenenergy.com/ppa)
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Key Takeaways

+ WA is relatively well positioned to with respect to industrial electrification

* Low electricity prices, high prevalence of low-temp heat needs, and large potential emissions savings from

heat pumps.

+ The PNW electricity system must simultaneously decarbonize and grow to meet new loads.

* Without investment in renewables, storage, firm capacity, transmission and other supportive
infrastructure, the Northwest grid cannot reliably meet rising demand from industry, data centers,
buildings, transportation and other sources.

+ Electrification of industrial heating and EITE competitiveness will only be possible with well
considered policy and planning.

* Polices that improve the economics industrial electrification (e.g., clean heat PTC) AND planning that
allows for sufficient clean energy and firm capacity infrastructure to be developed to manage electric rate
impacts.
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Thank You

dan@ethree.com
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