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Introduction

The amount of solar energy falling to the Earth far exceeds current human consumption.
Assuming 300 W/m2 irradiation for 12 hours a day, which is average for the Southwest United
States, about 100 quadrillions BTU (~10720 J) — the amount of energy consumed annually in
the U.S. - can be collected from an approximately 100 x 100 mile square. The problem with
utilizing renewable energy, however, is its highly dispersed nature. Solar and wind energy is
distributed over large areas at a relatively low density. With the above irradiation assumptions,
collecting 30 kW power to move a small car would require an area of 10x10 meters. Unlike oll
and gas where only a small wellhead installation on the surface enables extraction of large
amounts of energy, wind and solar necessarily have to be collected over large swaths of land.
To be economically viable this should be low utilization land such as deserts or mountains,
generally far removed from populated areas where the energy is ultimately consumed. The
clean energy challenge, therefore, is not in finding energy - wind and solar alone far exceed
human needs - the challenge is in converting the energy into a form suitable for consumption,
accumulating it and delivering it to the consumer on demand and at competitive cost.

Present day energy carriers

Figure 1 shows the energy flow diagram for the United States. Currently, solar and wind energy
are utilized almost exclusively as electricity, and other than via electrified transportation do not
make inroads into the transportation fuel market. Yet electricity accounts for only about 18% of
energy delivered to consumers (12.71 out of total of 72.86 quads consumed by all sectors
combined). While large investments directed in increasing the use of electricity in the industrial
and transportation sectors have been made, complete replacement of natural gas and
petroleum carriers by electricity (even if technologically feasible) would require nearly 5-fold
increase in the electrical grid capacity, an extremely large and costly undertaking.




Shifting the paradigm: Synthetic liquid fuels offer vehicle for monetizing wind and solar energy

Written by Maxim Lyubovsky
Friday, 20 October 2017 00:00

. P . H Lawrence Liverms
Estimated U.S. Energy Consumption in 2015: 97.5 Quads Maticnal | Ao

Net Eloctricity 0,08

Solar Imports
0532 028

12.8
Electricity

Nuclear Generation
8.34 38.0 254
Hyciro Reje
2.39 e - Ene
: | Residential
! S 59
Wind . S i 1.3
1.82 ; . f
Geothermal 463 3.05 _—
0.224 g | Commercial -
8.71
5.66
Natural Gas
283
Industrial
245

15.7
Biomass
4.72

Petroleum
354

Transportation
27.7

NOE/ETR MET {2015
werk was porf
and sclar) t

mat ba giman to the Lawrancs Ti
v sales snd docs not inslude salf-g

renswable reea
waloulaled s Lhe
e

e., hycra, wind,
il elecloic

2/5



Shifting the paradigm: Synthetic liquid fuels offer vehicle for monetizing wind and solar energy

Written by Maxim Lyubovsky
Friday, 20 October 2017 00:00

Gull af Mealas
-

*

— Ercing Sea 3
] h : i Wi iy
N i o ot il om0 Coromos i 8 10 1 e [ =
oo 3 7 i, ey
J ) GO - ! I | | | | LML o SEPFEFL B D BRI DL PGB F PP DR
e s S L FEF PP PRI EFE TR EEEEE
a 250 £ - T T . 125 50 50 TE 1,000 é
— m— — — =
oz D 11 © Dalavuasl ) mcn s o | B E— e — =
JUTC FEL® T N GILOATA® '

3/5



Shifting the paradigm: Synthetic liquid fuels offer vehicle for monetizing wind and solar energy

Written by Maxim Lyubovsky
Friday, 20 October 2017 00:00

The average wind spedds ndcated on this map ane model-denned \
esbmaies that may nol represant the inuse wind nsource g1 any
e locaticn, Smal terrain features, vegalaton, bulldings, and
atmeaphanc effects may cause the wind speed ta depart from the
ap sstamaies. Experl advice should be soughl in plding wind
BUERTHS AN RSIMAELng i BNgy production

E

Source: Wind resource estimates developed by AWS T
LLC. Web: hitp:iwww.awstruepower.com, Map develo
MREL. Spatial resolution of wind resource data: 2.0 kn
Projection: Albers Equal Area WGSE4.

i aws Truepower- TINR)
“aett. ruepower *5?

.0 Where science delivers perfarmance. AT

® NaralGas
Soar ®coa
® oner

4/5


https://en.wikipedia.org/wiki/Heat_of_combustion#Lower_heating_value
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https://www.hydrogen.energy.gov/pdfs/14004_h2_production_cost_pem_electrolysis.pdf
https://www.hydrogen.energy.gov/pdfs/14004_h2_production_cost_pem_electrolysis.pdf
http://www.energy.gov/sites/prod/files/2015/08/f25/2014-Wind-Technologies-Market-Report-8.7.pdf
https://www.netl.doe.gov/research/energy-analysis/search-publications/vuedetails?id=720

