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• Began working at a demonstration house 
for renewable energy in 1995 at HSU’s 
campus

• Science teacher (‘02-05’)
• Development Project Manager (’05-’11)
• Redwood Energy with Michael Winkler 

(2011-Present) and Staff
• International Leadership in Electrification + 

ZNE Scale Solar
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Sean Armstrong
Managing Principal
at Redwood Energy



“The horse has become 
unprofitable. He is too costly 
to buy and too costly to 
keep.”—Munsay Magazine, 
late 1800s

The Analogy of a Previous Methane Emitting 
Technology: Disease, pollution, housing, 
infrastructure, land use and operating costs.



Nation-wide Electrification Trend Dates from 1993, 
Accelerating Since 2010 with New “Cold Climate” Heat 
Pumps
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lf = linear foot
Costs are the marginal cost ($) of gas over all-electric
*see analysis in Appendix B
**Domestic hot water – heat pump water heater equal in cost to on demand gas water heating
***Aliso Canyon leaked 4.62 Billion cubic feet and alone cost $1.014 billion shared by 5.6 million meters - $181/meter (Reuters, Aug 6, 2018) 

0.3% - 0.9% 
leak

(LBNL, 2018)

0.3% - 0.9% 
leak

(LBNL, 2018) $16,567
Meter + Lateral

(PG&E, 2016)

$16,567
Meter + Lateral

(PG&E, 2016)

$745k-$1.9M/mile
Low pressure 
distribution
(PG&E, 2016)

$745k-$1.9M/mile
Low pressure 
distribution
(PG&E, 2016)

Furnace
$1,000-$3,000

(Navigant, 2018)

Furnace
$1,000-$3,000

(Navigant, 2018)
DHW $0
(Navigant, 

2018)

DHW $0
(Navigant, 

2018)

Dryer $100+
(Navigant, 2018)
Dryer $100+
(Navigant, 2018) Stove $120+ 

(Appendix B)
Stove $120+ 

(Appendix B)

0.31% leak
residential meter

(CEC, 2017)

0.31% leak
residential meter

(CEC, 2017)

$7 million per well
(EIA, 2016)

$7 million per well
(EIA, 2016)

0.02% leak, not 
including Aliso 
Canyon (CEC, 2017)

0.02% leak, not 
including Aliso 
Canyon (CEC, 2017)

0.68% leak
Distribution

(CEC, 2017)

0.68% leak
Distribution

(CEC, 2017)

$3.2 million/mile
high pressure 
transmission

(PG&E, 2016)

$3.2 million/mile
high pressure 
transmission

(PG&E, 2016)

$85.4 million/mile
Very high-pressure 

transmission 
(CPUC, 2018)

$85.4 million/mile
Very high-pressure 

transmission 
(CPUC, 2018)

Extraction

Storage

Storage

California's Natural Gas Leaks at 2.4%-4.3% and 
Adds ~$40,000/House in Construction Costs

1.0-2.9% 
Extraction 

leak (Wentworth, 
2018)

1.0-2.9% 
Extraction 

leak (Wentworth, 
2018) 0.07% leak

transmission
(CEC, 2017)

0.07% leak
transmission

(CEC, 2017)
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California’s CEC, CPUC, and CAISO Commissioners Agree: All-Electric 
construction and infrastructure is better for developers and tax payers
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Extra Gas Costs, Including Infrastructure, Can Be More 
than $40,000 per residence



Getting Rid of the Last 15-27 
EDRs of Gas in the Code



• Started with CMHC’s Equilibrium Initiative in 
2007

• 54000 C ( 97000 F) Heating Degree Days 
• -340 C (-290 F)  Design Temperature  

Do We Need Gas: COLD Climate Habitat Studio NetZero Energy 
Houses completed by 2015

Riverdale NetZero

Mill Creek NetZero

Belgravia NetZero
Parkland NetZero

LEED Platinum

South Windsor Park 
NetZero

Holyrood Near NetZero 
Retrofit



Google Campus Methane 
Infrastructure Costs



Facebook Campus 
Methane Infrastructure



All-Electric LAX 
International Terminal 
Saves Hundreds of 
Thousands of Dollars



High performance Electric DHW is similar in cost to 
modestly efficient Gas Water Heaters

370% Efficient 
Electric Tanks

67% and 90% Efficient
Gas tanks and tankless
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Heat Pumps are Cheaper 
Compared to AC + Furnace, but 
More Expensive than Just a 
Furnace



Gas Venting Costs Make Gas More Expensive

Cost of Venting Gas Exhaust: $270-$850 per Appliance



Electrification Provides Cost Effective Efficiency
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HVAC Electrification Retrofit Saved Construction Costs at 
Ethan Terrace Apts, Sacramento



Transformative Technology: 
Retrofit Ready Cold Climate 
Packaged Terminal Heat Pumps 
(PTHPs)



Transformative Technology: Retrofit-ready hot water 
heat pumps



Heat Pumps are 
Ready for Most 
Industrial Processes
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Higher End Cooking Solutions



Heat Pumps for Hot Tubs 
and Swimming Pools

Sizing Tip: 4 BTU/Hr to 6 BTU/Hr per gallon of 
pool water
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Questions?


