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New York State Energy Transformation 1990-2050

Transformation must comply with Laws of Physics

GHG Emissions

Intensive New York State Energy System Transformation EEm'SS'OgS Frfe
Energy Supply nergy supply

All Three Goals Are Inter-dependent
Emissions Reduction Drives the Others

Cannot reduce
GHG emissions
by 40% and 80%
with only 23%
reduction in
building energy use

100%

Cannot reduce
GHG emissions
by 40% and 80%

with systems that
are only 30%

cleaner burning

- 40%

Cannot reduce
GHG emissions 50%
by 80% with only
50% renewable
electric power

0%

1990 2015 2030 2050




New York State Energy Transformation 1990-2050
Emission Reduction Targets by Sector

Electric Power and
Industrial Sectors
Ahead of Plan 55E
But Back Tracking
with Natural Gas 200
, 175
Commercial Sector 150
Behind Needed Pace 125
Residential and 100
Transportation Sectors s
Need Significant >0
Corrective Action 25
0

mm Industrial

mm Commercial

mm E|ectric Power

mm Residential
Transportation

-e-Total CO2 / Goal

- E2a

-25%

208.7

Down 0.76%
per Year

168.5

1990 2000 2010 2015
20.0 17.5 9.9 9.8

27.2 32.2 24.3 22.8
64.2 56.7 38.1 29.2
33.5 39.0 31.4 35.2
63.8 67.0 /0.9 /1.4
208.7 212.6 174.6 168.5

Transportation mmResidential
= |Industrial

mm Commercial

2020
9.8
21.1
26.6
31.7
65.0

154.2

Down 1.4%
per Year

124.8

2030
8.9
16.3
25.1
22.5
52.0
124.8

mm Flectric Power
=9=Total CO2 / Goal

2040
6.3
9.4

20.5

14.5

32.4

83.1

Down 2%
per Year

42.0

2050
4.1
5.5
12.8
6.6
13.0
42.0
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Residential Sector Energy Transformation 1990-2050
Fuel Source Trends versus Reduction Targets

Other

EPA
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Million Metric Tons CO2 +
Methane Leakage CO2e

#wz Methane 2.5%
= Methane 1.4%
= Petroleum

== Natural Gas BAU
—e—Total CO2e
=@=Total CO2 (-80%)
—e—Total CO2 (BAU)

1990
5.2
6.4

15.0

18.4

45.0

33.4

33.4

2000
6.1
7.6

17.3

21.7

52.7

39.0

39.0

2010
5.9
7.4

10.2

21.2

44.8

31.4

31.4

mmm Natural Gas BAU = Petroleum
—o—Total CO2e

=®=Total CO2 (-80%)—e=Total CO2 (BAU)

Allocated -33%

2015 2020 2030 2040 2050
6.9 7.9 9.9 10.1 10.2
8.7 9.9 12.4 12.6 12.8
10.4 6.9 0.0 0.0 0.0
24.8 28.3 35.3 35.9 36.5
50.8 53.0 57.5 58.5 59.5
35.2 31.7 22.5 14.5 6.6
35.2 35.2 35.3 35.9 36.5

mm \Viethane 1.4%

man Methane 2.5%
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Natural Gas Approach
Cannot

Meet the 2030 or 2050

Emissions Reduction
Goals

% of Housing Units

25 Year Trend
Continues

Natural Gas
Heavily Advertised
and Subsidized

- Replacing Petroleum
84% to Natural Gas
16% to Electric

- Maximum Natural Gas
for New Construction

- Upgrade Old
Natural Gas with New



Residential Sector Energy Transformation 1990-2050
Housing Units by Heating Fuel Source - 2015

2015 Residential Housing Units
Heating Fuel Sources
% of # of NEEINEER
Fuel Source Housing Units Housing Units 4.1% Emissions Rising Faster
Electric 10.6% 766,772 Than The Petroleum
Being Reduced
Natural Gas 56.8% 4,108,738
Petroleum 28.5% 2,061,603 T°t2'ocfze I
Other 4.1% 296,581
Occupied 7,233,694 a Electric
Unoccupied 874,409 Natural Gas
Total 8,108,103 = Petroleum
Other

Million Metric
Tons

Million
Metric Tons

) Subsidies and Advertising Are Encouraging
Petroleum to Natural Gas Conversions
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New York State Energy Transformation 2015-2050

2015 2050

Emissions Intensive Residential Space & Water Heating Emissions Free
Heat Heat

2 Superior
Heat Pump Choices: Heat Pump
Heating & Cooling System Efficiency
Both Better than

Combustion Systems

Furnace,

Petroleum

Water Air

Heater, F\l;\;gtz(ie’ Source '

Stove, Heater Heat 180% 380%
Dryer Pump

4.1 Million 2.1 Million

Fuel Trucks __

Petroleum Pipelines

Oil Wells

100% Clean, Efficient Heat Energy
Using Distributed Air & Ground
Heat Pumps (i.e. Heat Amplifiers)

Emissions Intensive, Inefficient Heat Energy

System Efficiency % = Grou nd

Thermal Efficiency % x Distribution Efficiency %




Residential Sector Energy Transformation 1940-2050
Beneficial Electrification Is the Right Solution

Natural Gas Strategy

_ , _ _ _ Is Driving Market in
NY Occupied Housing Unit Heating Fuel History Natural Gas WRONG Direction

1940 - 2016 Actuals and 2050 Projections Trend
100% 95.7%

83.8%

©
o
P

80% 73.7%

0
20% 66.2%

58.6% -~
60% -

50%

40%

30%

20%

10%

0%

Percent of Occupied Housing Units by Heating Fuel Type

1940 1950 1960 1970 1980 1990 2000 2010 2015 2016 2020 2030 2040 2050

Coal = = Other == Petroluem =—Petroleum + Electricity === Electricity
Natural Gas (-80% GHG) (-100% GHG)

— Natural Gas
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Residential Sector Energy Transformation 1990-2050
Residential Sector Energy Use — Trillion Btu (Tbtu) per Year 2015-2050

Lost Residential Energy
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® Renewable Electric ®mNon-renewable Electric mUsable Combustion Fuels
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Free Residential Energy

250
)
$ 200
)
2 150
(72}
2
m 100
- 9
9o
= 90 87
=

0 —3—
2015 2030 (-33%)
Free Thermal Energy

183

2050 (-80%)

220

2051 (-100%)

E On-site Solar

The Value of Beneficial Electrification

Total Energy - TBtu 1115.5

Benefit 2015 2030 (-33%) | 2050 (-80%) (2050 (-100%)

Loss Reduction

Energy Use Reduction -
Energy Efficiency 47%
% Renewable Electricity 22%

% Free Energy

NY-Geo Conference

1%

1023.8

21%
19%
54%
48%
17%

765.4

62%
51%
70%
79%
37%

612.2

90%
61%
90%
100%
43%




Residential Sector Energy Transformation 1990-2050
Residential Sector Energy Use — Terra-Watt Hours (TWh) per Year 2015-2050

h) per Year

Terra-Watt Hours (TWh) per Year

Lost Residential Energy
200
180 D
160 o 38
= 140 — 2 [ ]
E 120 90 = 60 R
© 100 . Z 50
5 80 ~ 40
—~ 60 12 5@ 30 64
= =g 54
g 40 83 - 38 £> 20
g 16 £ 10 1 25
= 2015 2030 (-33%) 2050 (-80%) 2050 (-100%) = 0 —f—
©
© 2015 2030 (-33%) 2050 (-80%) 2050 (-100%)
D Combustion Loss BNon-Renewable Electric Loss BRenewable Electric Loss o
= Free Thermal Energy  ®On-site Solar
Usable Residential Ener . . P .
o 9y The Value of Beneficial Electrification
140
120
100 20 Total Energy - TWh
28 Benefit 2015 2030 ( -33%) | 2050 ( -80%) 2050( 100%)
40 Loss Reduction 21% 62% 90%
20 Energy Use Reduction - 19% 51% 61%
0 Energy Efficiency 47% 54% 70% 90%
2015 2030 (-33%) 2050 (-80%) 2050 (-100%) % Renewable Electricity 22% 48% 79% 100%
mRenewable Electric mNon-renewable Electric ®mUsable Combustion Fuels % Free Energy 1% 17% 37% 43%
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Residential Sector Energy Transformation 1990-2050
Heat Pumps Value Compared to Alternatives by Equivalent TWh

2030 (-40%)

2030 (-80%) 2030 (-100%)

Szzii:é:‘i:;c;u:;r 2.7 Million Heat Pumps 5.7 Million Heat Pumps 6.9 Million Heat Pumps
= 4 TWh =183 TB 64 TWh =220 TBtu
20% ASHP, 80% GSHP 25 TWh = 87 TBtu 5 83 TBtu

Equivalent
Fuel QOil
Heating Energy
At $2.65/ Gallon

$3.25 Billion / Year

$1.5 Billion / Year
25 TWh = 0.6 Billion Gallons 54 TWh = 1.3 Billion Gallons

$.95 Billion / Year $2 Billion / Year $2.4 Billion / Year
25 TWh = 84 Billion Cubic Feet 54 TWh = 177 Billion Cubic Feet 64 TWh = 213 Billion Cubic Feet

$4.6 Billion /
Year
25 TWh =Top 20
Generators

$4 Billion / Year
64 TWh = 1.6 Billion Gallons

Equivalent
Natural Gas
Heating Energy
At 11.20 / Mcf

Equivalent Natural
Gas Generators

$11.8 Billion / Year
64 TWh = More than
All 248 Generators

$10 Billion / Year
54 TWh = Top 69

Ener
9y Generators

At $0.185 / KWh

Equivalent Nuclear o
$11.8 Billion / Year

Generators
Energy
At $0.185 / KWh

$4.6 Billion / Year
Indian Point #2 & #3: 17 TWh
9 Mile #2: 8.7 TWh

$10 Billion
More than All Generators
40.7 TWh Total

More than All Generators
40.7 TWh Total

4/18/2018 NY-Geo Conference www.nyserda.ny.gov/~/media/files/publications/energy-analysis/Table-4-1a.xlsx



Residential Sector Energy Transformation 1990-2050
Residential Sector Energy Cost $Billion per Year 2015-2050

$18
$16
$14
S $12
>_
g $10
c
= $8
& $6
$4
$2
$0 Revenue
2015 2030 2050 2051 Neutral
m Total $17.6 $17.4 $16.2 $16.9 Down 0.7 $B
m Combustion Fuel Cost $8.1 $5.5 $1.6 $0.0 Down 8.1 $B » Consumption
m Electricity Cost $9.4 $11.9 $14.6 $16.9 Cost Down 0.6
Free Thermal Energy Value $0.10 $4.8 $10.1 $12.1
mTotal mCombustion Fuel Cost mElectricity Cost = Free Thermal Energy Value Net Up 10.7 $B Net Value of

Free Thermal
Energy
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Residential Sector Energy Transformation 1990-2050
Space Heating and Hot Water — Yearly Emissions by Fuel Source - 2015

@ O

Move to Zero Emissions
Renewable Electric ASAP -

The More Complete Story About
Residential Natural Gas Use

10 Added Methane Leakage CO2e
9
8 Health-harming
) Co-pollutants:
= 7 Particulate
T Matter and SOXx.
S8 6
o > Reference
T 5 5 .
% 8 lllllll
=0 4 s 2
32 3
oo
os 1
g 00
()
z Petroleum Natural Gas Air-Source Geothermal Heat Pumps
(Heat + Stove Heat Pump with Heat Pump with with Zero
and Dryer) Natural Gas Natural Gas Emissions
Electric Electric Electric
m Natural Gas Electric (Indirect) mSpace Heat & Hot Water CO2 = Stove and Dryer
m Total Natural Gas BEPA 1.4% 2 Other 2.5%

Natural Gas
Does Not
Meet
Emissions

Reduction

[l " "
Goals ;-;.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'::-'.-:-'.-:-'::-'::-'::-'::-'.-:-‘.-:-‘:;

Sources: EIA Data Browser & US Census Bureau
2015 American Community Survey
EPA Power Plants Data - 2012
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i Add Stove and Dryer Use i
- m z and Natural Gas Use CO2 Is
D m :: 20% Higher Than Petroleum 3

--.--.--.--.--.--.--.--.--.--.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-._

Add Methane Leakage
and Natural Gas Use CO2e Is
64% to 98% Higher Than Petroleum

Natural Gas Electric Is
CO2 Emissions Intensive

Phase Out
Subsidies & Advertising for

Natural Gas, Petroleum, & Wood
They Cannot Meet Goals




Residential Sector Energy Transformation 1990-2050
Heat Pump Conversions to Meet Emissions Reduction Goals

10,000,000
8,277,227
9,000,000 8,108,103 Assumes Minimum 8% Unoccupied> No Reason to
Slow Down
8,000,000 7,549,137

Go for 98.5%

Emissions
Reduction

N L d

1 &
rd
% Growth per Year> Natural Gas CO2 _-
W'17A P Down 22.5 mmt ,a"
””
"

7,000,000
6,000,000 /233,694

Electric Systems

Number of Zero Emissions

5,000,000 Petroleum CO2 Down 10.4 mmt ’,a"’ 6,499,156
4,000,000 Natural Gas CO2 Down 2.3 mmt == Natural Gas CO2

Down 15.9 mmt
3,000,000

3,490,241
2,000,000
Scale Is Enormous
1,000,000 Total Transformation
9 766,772

— AN
< 9
88
—-33% by 2030, -80% by 2050 2
Projected Occupied Housing Units

=== -33% by 2030, -100% by 2050
Projected Total Housing Units

Pace Is Fast

Heat Pump Conversions Pace 1990 - 2015 20%_2303830 20:(3_%0;850 2(2-3908.5202;30
Conversions Total 202,429 2,723,470 3,008,915 4,058,896
Must Be 13 to 22 Per Year 8,097 181,565 150,446 202,945
Times Greater Than Per Month 675 15,130 12,537 16,912
the Past 25 Years Per Work Day (250) 32 726 602 812
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Residential Sector Energy Transformation 1990-2050
Additional Renewable Electricity Needed for Heat Pumps
Terra-Watt Hours per Year (TWh) 2015-2050

Terra-Watt Hours (TWh)
Demand Growth for Heat Pumps

50
45
40
35
30
25
20
15

22

18

10 14

——100% ASHP —-100% GSHP -e-50% ASHP, 50% GSHP

46

37

29

Assumption:
All Heat Pump Demand Growth

is Met with Zero Emissions Electric

% Renewable Electric

Terra-Watt Hours per Year

100
90
80
70
60
50
40
30
20
10

®Non-Renewable Electric ® Renewable Electric
= Heat Pump Driven Growth

2015
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Residential Sector Energy Transformation 1990-2050
Housing Unit Heating Systems Efficiency

Heating Systems Efficiency Comparison
COP =4 [ENOZ

350%

300%

250%

COP =2 plegs

150%
100%
69%
50% I I I I I I I I I Per EIA Data
0%
Ground Air Source Baseboard Natural Fuel QOil Propane
Source . Gas
Heat Pump Electric Furnace Furnace
Heat Pump Furnace
m Thermal Efficiency 400% 200% 100% 95% 95% 95%
m Distribution Efficiency 80% 100% 100% 73% 73% 73%
System Efficiency 320% 200% 100% 69% 69% 69%
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Residential Sector Energy Transformation 2015-2050
Housing Unit Average Yearly Heating Systems Energy Use

Reduce Building Energy Use by 23%

Less Heating Systems
Energy Required

Heat Pumps

Purchased Energy

Significantly Reduce 70 -66% 68.9 MMBtu
Energy Required 60
For Housing Unit g 50 Useful Energy
Heating Needs = 40 47.6 MMBt
=
s 30
() \ 4
> 20
o
2 10 i
=
m 0 o o o
S S S
= -10 I Net |
= .20 | Lost |
L_Energy_I
80 T Ground Natural
roun Air Source Baseboard atura Fuel Oil Propane
Source . Gas
Heat Pump  Electric Furnace Furnace
Heat Pump Furnace
mAverage Input MMBtu / Yr 14.9 23.8 47.6 68.9 68.9 68.9
Average Output MMBtu / Year 47.6 47.6 47.6 476 476 476
OGain (+) / Loss (-) 32.7 23.8 0.0 1-223  -213__  -213 1
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