
primary hydroelectric : 2.39

primary coal : 17.73

primary biomass : 4.72

primary geothermal : 0.37

primary solar/pv : 0.71

primary natural gas : 28.33

primary wind : 2.99

primary nuclear : 8.34

primary petroleum : 36.19

electricity net imports (passthrough1) : 0.23

produced and distributed natural gas : 18.77
produced and distributed coal : 3.40

produced and distributed biomass : 4.37
produced and distributed solar/pv : 0.46

produced and distributed petroleum : 36.64

produced and distributed hydroelectric : 0.01

produced and distributed wind : 1.18

ghost quads : 8.45  Most of this energy doesn’t exist.  The pieces that come from Solar, Geothermal, 
Hydro and Wind are reverse calculated from the delivered electricity cost and don’t represent a true 
physical unit of energy.  The portion that comes from Nuclear is waste heat, but doesn’t include the large 
portion of fissile material that is not utilized for it’s potential energy.  In a world where we are not 
concerned with comparing or baselining these energy technologies against a “primary energy” metric 
that is more suitable for thinking about fossil fuels we do not need this energy to be considered in 
planning a US energy economy.

electricity : 30.05

produced and distributed geothermal : 0.21

industrial sector : 25.03

transportation sector : 27.65

residential sector : 11.34

commercial sector : 8.71

government sector : 0.94

electricity used in generation : 0.74 This is entirely reduced if sources are renewables and nuclear.

residential electricity loss : 5.65 This is the thermo-electric losses due to using inefficient 
combustion (and the Carnot limit) while burning fossil fuels.  If the future source is renewables and 
nuclear this number will not be meaningful and isn’t necessary.

coal net exports : 1.23 With total decarbonization we do not need this.

industrial electricity loss : 3.87 This is the thermo-electric losses due to using inefficient combustion 
(and the Carnot limit) while burning fossil fuels.  If the future source is renewables and nuclear this 
number will not be meaningful and isn’t necessary.

transportation electricity loss : 0.03 This is thermoelectric loss as above.
government electricity loss : 0.22 This is thermoelectric loss as above.

wastewater treatment : 0.10
water treatment : 0.13
municipal lighting : 0.19

coal stock change : 0.89 With total decarbonization we do not need this.

petroleum stock : 0.79 With total decarbonization we do not need this.

commercial electricity loss : 5.48 This is the thermo-electric losses due to using inefficient 
combustion (and the Carnot limit) while burning fossil fuels.  If the future source is renewables and 
nuclear this number will not be meaningful and isn’t necessary.

waste : 0.04

energy services : 0.20

industrial-coal : 1.43

industrial-natural gas : 10.95

industrial-petroleum : 1.39

industrial-electricity : 3.53

industrial-other : 7.11

non-highway : 4.07

highway : 21.29

transportation-related fuel consumption : 2.09

residential-kerosene : 0.02
residential-fuel oil : 0.59
residenital-propane/ lpg : 0.49

residential-natural gas : 4.69

residential-electricity : 4.39

commercial-fuel oil : 0.13
commercial-natural gas : 2.25
commercial-district heat : 0.34

commercial-electricity : 4.24

department of transportation : 0.01

department of veterans affairs : 0.03

department of the interior : 0.01

general services administration : 0.02

postal service : 0.04

national aeronautics and space administr... : 0.01

other u.s. government agencies : 0.04

department of agriculture : 0.01

department of defense : 0.73

department of energy : 0.03

department of health and human services : 0.01department of justice : 0.02

other municipal lighting : 0.04
airport lighting : 0.00traffic lighting : 0.01
municipal lighting (passthrough1) : 0.16

waste : 0.13

energy services : 0.32

manufacturing : 18.30

non-manufacturing : 5.89

agricultural equipment : 0.60
recreational equipment : 0.19

buses : 0.26commercial light trucks : 0.55
freight trucks : 5.52

light-duty vehicles : 14.97

industrial equipment : 0.35

water : 0.97

rail : 0.52

pipeline fuel natural gas : 0.87 With total decarbonization we do not need this.

construction and mining equipment : 0.96

air : 1.71

single-family detached : 7.60
mobile homes : 0.47
apartments in 5 or more unit buildings : 0.88
apartments in 2-4 unit buildings : 0.69
single-family attached : 0.55

retail (other than mall) : 0.36

enclosed and strip malls : 0.65

office : 1.24

public assembly : 0.48

public order and safety : 0.13
religious worship : 0.17
service : 0.27

warehouse and storage : 0.43

food sales : 0.26

commercial-other : 0.28

vacant : 0.04

education : 0.84

food service : 0.51

healthcare-inpatient : 0.55
healthcare-outpatient : 0.17

lodging : 0.57

dod-renewables : 0.00

auto gas : 0.01

dist-diesel : 0.10

aviation gas : 0.00

jet fuel : 0.41

dod-other : 0.01dod-coal : 0.01

dod-natural gas : 0.06dod-petroleum : 0.02
dod-electricity : 0.09

municipal lighting (passthrough2) : 0.16

centerline lights : 0.00taxiway/runway edge lights : 0.00

billboards : 0.00parking lots : 0.02street lighting : 0.02
traffic signals : 0.01

turn arrows : 0.00pedestrian signals : 0.00

approach systems : 0.00touchdown lights : 0.00

waste : 1.85

energy services : 1.07

textile product mills : 0.03

plastics and rubber products : 0.29

miscellaneous : 0.06furniture and related products : 0.04

transportation equipment : 0.32

electrical equip., appliances, and compo... : 0.07

computer and electronic products : 0.16machinery : 0.17

fabricated metal products : 0.35

primary metals : 1.64

nonmetallic mineral products : 0.83

chemicals : 6.31

petroleum and coal products : 4.17

printing and related support : 0.09

paper : 2.09

wood products : 0.39

agriculture : 1.17
construction : 1.62
mining : 3.00

data centers : 0.24

food : 1.11

beverage and tobacco products : 0.10textile mills : 0.10

leather and allied products : 0.00apparel : 0.01

recreational boats : 0.24

class 3-6 trucks : 0.51

passenger : 0.05freight-rail : 0.47

general aviation : 0.13freight carriers : 0.14domestic carriers : 1.43

motorcycles : 0.02

light trucks : 2.61

cars : 2.37

water-freight : 0.73

class 7-8 trucks : 2.25
transit : 0.11school : 0.12

fossil mining equipment : 0.24 With complete decarbonization this will be nearly completely eliminated.

construction and other mining equipment : 0.72

eliminated by car electrification : 4.74 Moving to fully electrified cars (things like the Chevy BOLT, 
TESLA, FIAT 500e), we could eliminate about 2/3 of the energy currently consumed in this part of the 
transportation sector.

eliminated by light truck electrificatio... : 5.23 Moving to fully electrified light trucks (things like 
the F150), we could eliminate about 2/3 of the energy currently consumed in this part of the 
transportation sector.

eliminated by freight truck electrification : 2.76 Moving to fully electrified trucks we could 
eliminate about 1/2 of the energy currently consumed in this part of the transportation sector.

intercity : 0.03

single-family : 8.14

multi-family : 1.57
mobile homes (passthrough1) : 0.47

computing : 0.41

education (passthrough1) : 0.74

food sales (passthrough1) : 0.26

food service (passthrough1) : 0.50

healthcare-inpatient (passthrough1) : 0.52
healthcare-outpatient (passthrough1) : 0.15

lodging (passthrough1) : 0.52

retail (other than mall) (passthrough1) : 0.35

enclosed and strip malls (passthrough1) : 0.62

office (passthrough1) : 1.00

public assembly (passthrough1) : 0.45

public order and safety (passthrough1) : 0.12
religious worship (passthrough1) : 0.15service (passthrough1) : 0.26

warehouse and storage (passthrough1) : 0.38
commercial-other (passthrough1) : 0.24

vacant (passthrough1) : 0.03

office equipment : 0.17
municipal lighting (passthrough3) : 0.16

waste : 4.32

energy services : 3.65

veneer, plywood, and engineered woods : 0.26

light trucks and utility vehicles : 0.04automobiles : 0.03

semiconductors and related devices : 0.09

foundries : 0.21
nonferrous metals, except aluminum : 0.16
alumina and aluminum : 0.36
steel products from purchased steel : 0.06iron and steel mills and ferroalloys : 1.21

mineral wool : 0.03gypsum : 0.05lime : 0.10
cements : 0.30
glass products from purchased glass : 0.02glass containers : 0.06other pressed and blown glass and glassw... : 0.03flat glass : 0.06clay building material and refractories : 0.04

photographic film, paper, plate, and che... : 0.01pharmaceuticals and medicines : 0.14
phosphatic fertilizers : 0.04nitrogenous fertilizers : 0.71
artificial and synthetic fibers and fila... : 0.04

extraction : 0.32
materials handling : 0.26

beneficiation and processing : 0.59

oil and natural gas extraction : 1.83 No longer the need to extract oil and gas.

crops : 0.49
livestock : 0.30

construction of buildings : 0.22
heavy and civil engineering construction : 0.42
specialty trade contractors : 0.98

grain and oilseed milling : 0.42
sugar manufacturing : 0.17
fruit and vegetable preserving and speci... : 0.14
dairy product : 0.11
animal slaughtering and processing : 0.20

beverages : 0.09tobacco : 0.01

sawmills : 0.12

asphalt shingle and coating materials : 0.17

other wood products : 0.09

pulp mills : 0.26
paper mills, except newsprint : 0.75newsprint mills : 0.06
paperboard mills : 0.92

petroleum refineries : 3.37 This is the oil that is used to make diesel and gasoline.  It is replaced by 
electric transportation.

asphalt paving mixture and block : 0.43

aerospace product and parts : 0.09

other petroleum and coal products : 0.20

petrochemicals : 1.53
industrial gases : 0.20
other basic inorganic chemicals : 0.38
ethyl alcohol : 0.49cyclic crudes, intermediate and gum and ... : 0.04

other basic organic chemicals : 1.63

plastics materials and resins : 1.85synthetic rubber : 0.03

non-metallic mineral products : 0.15

other commodities : 1.02

gravel and crushed stone (excludes dolom... : 0.09
pulp, newsprint, paper, and paperboard : 0.09
meat, poultry, fish, seafood, and their ... : 0.09
waste and scrap : 0.10
basic chemicals : 0.10
other coal and petroleum products, not e... : 0.11
motorized and other vehicles (includes p... : 0.11

wood product transport : 0.09

plastics and rubber : 0.12
mixed freight : 0.15

agricultural products (excludes animal f... : 0.09

base metal in primary or semi-finished f... : 0.16
other prepared foodstuffs, and fats and ... : 0.28

unreported : 0.16auto-other : 0.03

social & recreational : 1.21
school/church : 0.22

family/personal business : 1.64
earn a living : 1.73

international shipping : 0.62
domestic shipping : 0.10

freight-rail coal : 0.23 No need to move no coal.

freight-rail other : 0.23

other-residential : 3.04

water heating : 2.30

space heating : 5.98

enclosed and strip malls (passthrough2) : 0.26

air conditioning : 1.29

education (passthrough2) : 0.24

food sales (passthrough2) : 0.07

food service (passthrough2) : 0.27

healthcare-inpatient (passthrough2) : 0.19
healthcare-outpatient (passthrough2) : 0.08

lodging (passthrough2) : 0.24

retail (other than mall) (passthrough2) : 0.17

refrigerators : 1.16

office (passthrough2) : 0.52

public assembly (passthrough2) : 0.14

public order and safety (passthrough2) : 0.05
religious worship (passthrough2) : 0.06service (passthrough2) : 0.09

warehouse and storage (passthrough2) : 0.17
commercial-other (passthrough2) : 0.13

vacant (passthrough2) : 0.02
municipal lighting (passthrough4) : 0.16

waste : 6.90

energy services : 7.79

reconstituted wood products : 0.10

automobiles (passthrough1) : 0.03

semiconductors and related devices (pass... : 0.09

foundries (passthrough1) : 0.12

nonferrous metals, except aluminum (pass... : 0.11
alumina and aluminum (passthrough1) : 0.25

steel products from purchased steel (pas... : 0.06
iron and steel mills and ferroalloys (pa... : 1.21

drilling : 0.07
blasting : 0.02

digging : 0.08
dewatering : 0.03
diesel equipment : 0.21
electric equipment : 0.05

crushing : 0.05
grinding : 0.49
separations : 0.05

major field crops : 0.28
vegetables and fruits : 0.08greenhouse and nursery : 0.02
beef and cattle ranching : 0.08

aquaculture and other : 0.02

dairy cattle and milk production : 0.04

hog and pig farming : 0.02poultry and egg production : 0.02cattle feedlots : 0.02

new single-family housing construction (... : 0.03

new multifamily housing construction (ex... : 0.00
new housing for-sale builders : 0.03
residential remodelers : 0.05

industrial building construction : 0.01

commercial and institutional building co... : 0.10

water and sewer line and related structu... : 0.06

oil and gas pipeline and related structu... : 0.05
power and communication line and related... : 0.05

land subdivision : 0.00

highway, street, and bridge construction : 0.22

other heavy and civil engineering constr... : 0.03

poured concrete foundation and structure... : 0.04

structural steel and precast concrete co... : 0.01framing contractors : 0.01

masonry contractors : 0.02

glass and glazing contractors : 0.01

roofing contractors : 0.04

siding contractors : 0.01

other foundation, structure, and buildin... : 0.01

electrical contractors and other wiring ... : 0.12
plumbing, heating, and air-conditioning ... : 0.19

other building equipment contractors : 0.02

drywall and insulation contractors : 0.08

painting and wall covering contractors : 0.03

flooring contractors : 0.01

tile and terrazzo contractors : 0.01

finish carpentry contractors : 0.03

other building finishing contractors : 0.01

site preparation contractors : 0.24

all other specialty trade contractors : 0.08

wet corn milling : 0.14

mineral wool (passthrough1) : 0.03

pharmaceutical preparation : 0.05

secondary smelting and alloying of alumi... : 0.02
aluminum sheet, plate and foils : 0.06other aluminum rolling, drawing and extr... : 0.02
nonferrous metal (except aluminum) smelt... : 0.05
iron foundries : 0.05nonferrous metal die-casting foundries : 0.02aluminum foundries, except die-casting : 0.01

aircraft : 0.02
aerospace product and parts (passthrough... : 0.07
light trucks and utility vehicles (passt... : 0.04

gypsum (passthrough1) : 0.05

grain and oilseed milling (passthrough1) : 0.28
sugar manufacturing (passthrough1) : 0.17
fruit and vegetable preserving and speci... : 0.14
dairy product (passthrough1) : 0.11
animal slaughtering and processing (pass... : 0.20

beverages (passthrough1) : 0.09tobacco (passthrough1) : 0.01

sawmills (passthrough1) : 0.12
veneer, plywood, and engineered woods (p... : 0.16
other wood products (passthrough1) : 0.04

pulp mills (passthrough1) : 0.25
paper mills, except newsprint (passthrou... : 0.75
newsprint mills (passthrough1) : 0.06

paperboard mills (passthrough1) : 0.92

asphalt paving mixture and block (passth... : 0.43
asphalt shingle and coating materials (p... : 0.17
other petroleum and coal products (passt... : 0.20

petrochemicals (passthrough1) : 1.53
industrial gases (passthrough1) : 0.20
other basic inorganic chemicals (passthr... : 0.37
ethyl alcohol (passthrough1) : 0.49
cyclic crudes, intermediate and gum and ... : 0.04

other basic organic chemicals (passthrou... : 1.63

plastics materials and resins (passthrou... : 1.85
synthetic rubber (passthrough1) : 0.03
artificial and synthetic fibers and fila... : 0.03
nitrogenous fertilizers (passthrough1) : 0.71
phosphatic fertilizers (passthrough1) : 0.04
pharmaceuticals and medicines (passthrou... : 0.09photographic film, paper, plate, and che... : 0.01

clay building material and refractories ... : 0.04
flat glass (passthrough1) : 0.06
other pressed and blown glass and glassw... : 0.03
glass containers (passthrough1) : 0.06glass products from purchased glass (pas... : 0.02
cements (passthrough1) : 0.30
lime (passthrough1) : 0.10

0-5 miles : 0.48
50+ miles : 1.28
20-50 miles : 1.38
5-19 miles : 1.81

lighting : 1.56

washing : 0.53
electronics : 0.46
cooking : 1.13

other appliances : 1.40
ventilation : 0.79

municipal lighting (passthrough5) : 0.16

waste : 10.70

energy services : 16.85

energy materials in products : 4.53 Very likely we will still use oil and natural gas in products such 
as asphalt, plastics, and others, but a lot will also be replaced by biologically sourced equivalents.

eliminated by high COP heat pumps : 5.37 Reasonable electric heat pumps of COP 3 could 
conservatively eliminate half of the energy in refrigeration, airconditioning, and water and space heating 
without changing temperatures, behaviors or building designs.

boiler fuel : 2.55

process energy : 4.48

nonprocess energy : 0.53

end use not reported : 5.64

eliminated by leds : 1.35 With ubiquitous LED’s and their inherent efficiency we save a lot of energy.

waste : 12.40

energy services : 22.49

process heating : 2.68

process cooling and refrigeration : 0.16

machine drive : 1.02
electro-chemical processes : 0.16other process use : 0.21

chp and/or cogeneration process : 1.77

facility lighting : 0.08other facility support : 0.05onsite transportation : 0.04
conventional electricity generation : 0.01other nonprocess use : 0.01

conventional boiler use : 0.77
facility hvac : 0.31

waste : 12.87

energy services : 27.59

geothermal energy production : 0.22

petroleum net imports : 8.49

renewable fuels and oxygenate plant net ... : 2.00

petroleum processing gain : 1.89
petroleum adjustments : 0.62
natural gas net imports : 0.96

natural gas production (dry) : 27.87supplemental gaseous fuels : 0.06

coal production : 17.62waste coal supplied : 0.19

total biomass energy production : 4.72

total petroleum field production : 23.18

Ap
pr

ox
im

at
e 

U
S 

En
er

gy
 E

co
no

m
y 

: 1
01

.1
5 

Q
ua

dr
ill

io
n 

BT
U

solar/pv energy production : 0.55

hydroelectric energy production : 2.39

wind energy production : 1.82

nuclear production : 8.34
electricity net imports : 0.23

SUPER SANKEY SCENARIOS
With powerful tools and comprehensive data we make it simple to model 
and imagine new energy economy scenarios and the impacts of 
deployment of one or more existing or emerging technologies.

EXAMPLE SCENARIO: Massive Decarbonization 
by electrification.
This scenario looks at how to deliver all of the existing services of the US economy. This requires no behavior 
change, just the shift to electric technology. This eliminates the approximately 10% of the energy economy 
that currently exists to find, produce, and deliver fossil fuels, and replace it with nuclear and widely 
distributed renewables. Thermoelectric losses go to almost zero; we see a huge decrease in energy 
requirements in the transportation sector; heat pumps and improved compressors help enormously in 
commercial and residential buildings. Surprisingly we only need about 40% of the “primary energy” we use 
today to deliver the same lifestyle Americans enjoy today, but with far less air polution, noise polution, and 
close to zero carbon dioxide emissions - improving the lifestyles of all.

There is still waste that can be targeted through efficiency 
technologies, but we see electrification has the bigger impact. 

The whole economy is now around 40 quads, and the useful energy 
services around 30.  That’s a big discount from 100.


