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AAt lower blends, characteristics of the gas
are largely unchanged
AOdorants
AUpper and lower flammability limits
Aleaks

AHawaii Gas has 12% hydrogen blend with
natural gas equipment

ATown gas has been used for decades —
approx. 50% hydrogen

A1,600 miles of hydrogen piping exists in
the US today
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a) NW Notural®

Investigating Blue Hydrogen

Carbon Sequestration

* Investigating DOGAMI view of permitting, policies
* Black & Veatch high-level view of blue

* Technologies *  Cost of delivered hydrogen (including 45Q)
*  OPEX/CAPEX *  Overall opportunity

Blue hydrogen looks very attractive

* NW Natural has a competitive advantage through its Mist work

* Low cost

* Low carbon intensity (2kgCO2(e)/kgH2 or less)

* Existing technology, significant storage in saline formations (400-5,500 yrs.)
* Possible mechanism for rapid generation of thermal credits

* New business development opportunities through gathering and/or sequestration = ‘
. . . . . Onshore Basin Men Frofetion rcuee 1
of carbon for high-emission industries -

‘M""“’?;',"fm‘“ T W LOCATION OF ONSHORE AND
OFFSHORE SEDIMENTARY BASINS,
WASHINGTCIN AND OREGON
PROJECT PHASE I/USA

TTmmt et Golder Associates

EzmSaL ESRI P
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4§) NW Natural’

Piloting Blending

NW Natural gas line

Partnering with EWEB
and BEF on —_ 2 T SR TS L e s et 8|

Doc uTRAk .

seveltiBlvd .

methanation project

* 1-2 MW demonstration plant

* Generating hydrogen from EWEB oty 6T
power, blending up to 5% _ jezie i
e T : 3 ‘-'-_Ildl" _

|d M.r_}_\fing" i
A Te—

Looking at Short Mountain RNG
(EPUD/Lane County) PtG addition
w/biocatalyst

BPA transmission line
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Power To Gas Methanation Project > NW Noturar

T
Audi e-gas Plant

1272012 Audi
Elsctrotysis

Thies ciectrelyzars prworad by rencwasie

electimaty sphl veirter slo aeopgen and

hyelragen

Mathanation wnit

Elgcirieity supply L g
Elurtritily grariatid via ieesabls mﬂfgﬁixl“:;:‘g’aiﬁf};m
A B R e ieduct hordurdi - nsbbhana, of A ads ;

Hatural gus feed-on

- s corveyed from lere v
the publc ratural-gas network
e CNG sEatinng

Source: Science Direct

Wisster Center
Anpealing stop for vsitors

* Completedin 2013 ——

* Hydrogen is created on site and S S ek
combined with CO, (MAN chemical methanation) R

* Methane is then injected into the natural gas grid

Source: Green Car Congress
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R (‘) NW Natural’
Carbon Intensities of Energy Sources v
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Oregon 2019 Grid Mix Conventional NG - NW Methanated Hydrogen Hydrogen - EWEB Blue Hydrogen
Natural EWEB Electricity Electricity

Estimates using power to gas efficiencies, Oregon DEQ, & California LCFS data
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(a) NW Natural’

Preparing for Hydrogen

N e ]
o

Safety is Paramount :

* Material compatibility with pipes  * Different flammability : w
and components characteristics !

* Appliance compatibility * Training, standard procedures L

System and Customer Compatibility

* LNG * MIST * CNG

Energy Delivery

* Likely a maximum of 20% * Less with RNG
hydrogen (Wobbe) At 12% falls below gas quality
* Translates to about 8% carbon savings specification
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(§) NW Natural’

X

5% Blending at
Sherwood

* Testrig

Training town
Sherwood buildings
Customer trials
System Injection
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