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WHY RENEWABLE?



=
PRODUCTIVE SOUND POLICY

and REAL PROGRESS

LOW EMISSIONS +
AFFORDABLE COSTS



WHY RENEWABLE PROPANE?



• Low carbon intensity

• Inexpensive feedstock

• Available feedstock

• Low energy conversion

• Final product competitively priced

• Available infrastructure



COMMERCIAL PRODUCTION OF RENEWABLE PROPANE
• Current production is directly linked to the amount of RHD 

produced.
• Carbon Intensity (CI) depends on feedstock

• Renewable propane CIs are the same as those for RHD under the 
California LCFS

• Conventional propane has a CI of 83g CO2/MJ in California





Renewable Propane, in commercial practice,  is 
identical to the fossil counterpart. That is, the 

chemical structure and physical properties are 
the same – they just come from different sources. 



RENEWABLE PROPANE COMPOSITION
Comparison with common specifications:



HOW DO WE MAKE RENEWABLE PROPANE?
RNP is hydrocarbons made from biological oils and fats 

(triglycerides) by hydrotreating.

Hydrotreating Reaction



VOCABULARY

• Hydrocarbons: molecules consisting only of carbon and 
hydrogen (i.e., no oxygen, sulfur, or other atoms)

• Hydrotreating: reacting molecules with hydrogen to remove 
atoms other than hydrogen or carbon

• Also called “hydro-deoxygenation” when oxygen is removed. A side 
effect is the removal of double bonds in the molecules (saturation)

• Isomerization: a process that rearranges the structure of a 
molecule without adding or removing atoms from the molecule

• Also called “hydro-isomerization” when hydrogen is used to facilitate



BIO-SYNFININGTM OVERVIEW



POTENTIAL GLOBAL BIOLPG PRODUCTION 
LONG TERM (MILLION TON/YEAR)



LONG TERM FEEDSTOCKS FOR RENEWABLE PROPANE



HYDROTREATING EXAMPLE
Glycerol to Renewable Propane



Criteria Pollutants from All 
Renewable Production is 

Important Too





Electric School Bus NOx Rate Calculation
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• 2017 Energy 
Information Agency 
annual data for power 
generation and NOx 
emissions by state

• Manufacturer claimed 
Type C electric school 
bus energy 
consumption:       1.4 
kWh / mile

• Massachusetts pilot 
project: 2.38 kWh / milehttps://www.eia.gov/electricity/data/state/

https://www.eia.gov/electricity/data/state/

Net_Generation_1990-2017 Final

		State Historical Tables for 2017
Released: September 2018
Next Update: November 2019

		YEAR		STATE		TYPE OF PRODUCER		ENERGY SOURCE

LMA: Coal includes anthracite, bituminous coal, subbituminous coal, lignite, waste coal, and synthetic coal.

Other includes non-biogenic municipal solid waste, batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, tire-derived fuels, and miscellaneous technologies.

Other Biomass includes biogenic municipal solid waste, landfill gas, sludge waste, agricultural byproducts, other biomass solids, other biomass liquids, and other biomass gases (including digester gases and methane). 

Other Gases includes blast furnace gas, propane gas, and other manufactured and waste gases derived from fossil fuels.

Petroleum includes distillate fuel oil (all diesel and No. 1, No. 2, and No. 4 fuel oils), residual fuel oil (No. 5 and No. 6 fuel oils and bunker C fuel oil), jet fuel, kerosene, petroleum coke, and waste oil.

Wood and Wood Derived Fuels includes paper pellets, railroad ties, utility poles, wood chips, bark, red liquor, sludge wood, spent sulfite liquor, and black liquor, with other wood waste solids and wood-based liquids.		GENERATION (Megawatthours)

		2017		AK		Total Electric Power Industry		Total		6,497,466

		2017		AL		Total Electric Power Industry		Total		139,964,250

		2017		AR		Total Electric Power Industry		Total		60,775,298

		2017		AZ		Total Electric Power Industry		Total		105,851,721

		2017		CA		Total Electric Power Industry		Total		206,146,392

		2017		CO		Total Electric Power Industry		Total		53,844,006

		2017		CT		Total Electric Power Industry		Total		34,562,654

		2017		DC		Total Electric Power Industry		Total		66,871

		2017		DE		Total Electric Power Industry		Total		7,495,976

		2017		FL		Total Electric Power Industry		Total		238,413,149

		2017		GA		Total Electric Power Industry		Total		127,455,376

		2017		HI		Total Electric Power Industry		Total		9,812,050

		2017		IA		Total Electric Power Industry		Total		57,909,566

		2017		ID		Total Electric Power Industry		Total		17,396,024

		2017		IL		Total Electric Power Industry		Total		183,591,377

		2017		IN		Total Electric Power Industry		Total		98,929,818

		2017		KS		Total Electric Power Industry		Total		50,933,305

		2017		KY		Total Electric Power Industry		Total		73,179,196

		2017		LA		Total Electric Power Industry		Total		97,719,207

		2017		MA		Total Electric Power Industry		Total		32,204,364

		2017		MD		Total Electric Power Industry		Total		34,104,239

		2017		ME		Total Electric Power Industry		Total		11,264,280

		2017		MI		Total Electric Power Industry		Total		112,313,501

		2017		MN		Total Electric Power Industry		Total		58,748,841

		2017		MO		Total Electric Power Industry		Total		84,607,312

		2017		MS		Total Electric Power Industry		Total		59,727,637

		2017		MT		Total Electric Power Industry		Total		28,220,946

		2017		NC		Total Electric Power Industry		Total		128,468,235

		2017		ND		Total Electric Power Industry		Total		41,505,074

		2017		NE		Total Electric Power Industry		Total		35,407,047

		2017		NH		Total Electric Power Industry		Total		17,446,841

		2017		NJ		Total Electric Power Industry		Total		75,644,513

		2017		NM		Total Electric Power Industry		Total		33,597,413

		2017		NV		Total Electric Power Industry		Total		38,201,294

		2017		NY		Total Electric Power Industry		Total		128,065,103

		2017		OH		Total Electric Power Industry		Total		119,552,140

		2017		OK		Total Electric Power Industry		Total		73,731,764

		2017		OR		Total Electric Power Industry		Total		62,713,747

		2017		PA		Total Electric Power Industry		Total		213,639,299

		2017		RI		Total Electric Power Industry		Total		7,614,941

		2017		SC		Total Electric Power Industry		Total		93,080,948

		2017		SD		Total Electric Power Industry		Total		10,935,719

		2017		TN		Total Electric Power Industry		Total		79,046,397

		2017		TX		Total Electric Power Industry		Total		452,794,463

		2017		US-Total		Total Electric Power Industry		Total		4,034,268,431

		2017		UT		Total Electric Power Industry		Total		37,411,876

		2017		VA		Total Electric Power Industry		Total		90,417,351

		2017		VT		Total Electric Power Industry		Total		2,141,388

		2017		WA		Total Electric Power Industry		Total		115,912,028

		2017		WI		Total Electric Power Industry		Total		65,107,103

		2017		WV		Total Electric Power Industry		Total		73,357,080

		2017		WY		Total Electric Power Industry		Total		46,741,846



&"MS Sans Serif,Bold"&13Net Generation by State, Type of Producer and Energy Source	
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		Electric School Bus Energy Consumption (kWh/mi) →																														1.40

		YEAR		STATE		TYPE OF PRODUCER		ENERGY SOURCE

LMA: Coal includes anthracite, bituminous coal, subbituminous coal, lignite, waste coal, and synthetic coal.

Other includes non-biogenic municipal solid waste, batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, tire-derived fuels, and miscellaneous technologies.

Other Biomass includes biogenic municipal solid waste, landfill gas, sludge waste, agricultural byproducts, other biomass solids, other biomass liquids, and other biomass gases (including digester gases and methane). 

Other Gases includes blast furnace gas, propane gas, and other manufactured and waste gases derived from fossil fuels.

Petroleum includes distillate fuel oil (all diesel and No. 1, No. 2, and No. 4 fuel oils), residual fuel oil (No. 5 and No. 6 fuel oils and bunker C fuel oil), jet fuel, kerosene, petroleum coke, and waste oil.

Wood and Wood Derived Fuels includes paper pellets, railroad ties, utility poles, wood chips, bark, red liquor, sludge wood, spent sulfite liquor, and black liquor, with other wood waste solids and wood-based liquids.		GENERATION (Megawatthours)		State		Producer Type		Energy Source		CO2
(Metric Tons)		SO2
(Metric Tons)		NOx
(Metric Tons)		CO2
(g/kWh)		SO2
(g/kWh)		NOx
(g/kWh)		NOx
(lb/MWh)		NOx
(g/mile)

		2017		SD		Total Electric Power Industry		Total		10,935,719		SD		Total Electric Power Industry		All Sources		2,502,497		774		1,075		229		0.071		0.098		0.2		0.14

		2017		NH		Total Electric Power Industry		Total		17,446,841		NH		Total Electric Power Industry		All Sources		1,976,254		778		1,972		113		0.045		0.113		0.2		0.16

		2017		WA		Total Electric Power Industry		Total		115,912,028		WA		Total Electric Power Industry		All Sources		11,007,712		10,846		14,385		95		0.094		0.124		0.3		0.17

		2017		NJ		Total Electric Power Industry		Total		75,644,513		NJ		Total Electric Power Industry		All Sources		18,135,688		2,858		9,752		240		0.038		0.129		0.3		0.18

		2017		SC		Total Electric Power Industry		Total		93,080,948		SC		Total Electric Power Industry		All Sources		25,362,253		17,398		13,851		272		0.187		0.149		0.3		0.21

		2017		CT		Total Electric Power Industry		Total		34,562,654		CT		Total Electric Power Industry		All Sources		7,874,197		670		5,982		228		0.019		0.173		0.4		0.24

		2017		OR		Total Electric Power Industry		Total		62,713,747		OR		Total Electric Power Industry		All Sources		7,990,903		7,037		12,179		127		0.112		0.194		0.4		0.27

		2017		IL		Total Electric Power Industry		Total		183,591,377		IL		Total Electric Power Industry		All Sources		70,669,827		77,794		36,070		385		0.424		0.196		0.4		0.28

		2017		AL		Total Electric Power Industry		Total		139,964,250		AL		Total Electric Power Industry		All Sources		53,192,095		35,674		29,166		380		0.255		0.208		0.5		0.29

		2017		DE		Total Electric Power Industry		Total		7,495,976		DE		Total Electric Power Industry		All Sources		3,630,182		494		1,581		484		0.066		0.211		0.5		0.30

		2017		NY		Total Electric Power Industry		Total		128,065,103		NY		Total Electric Power Industry		All Sources		25,583,556		15,154		28,494		200		0.118		0.222		0.5		0.31

		2017		TN		Total Electric Power Industry		Total		79,046,397		TN		Total Electric Power Industry		All Sources		35,792,400		40,128		18,062		453		0.508		0.228		0.5		0.32

		2017		NV		Total Electric Power Industry		Total		38,201,294		NV		Total Electric Power Industry		All Sources		13,167,197		1,778		8,737		345		0.047		0.229		0.5		0.32

		2017		PA		Total Electric Power Industry		Total		213,639,299		PA		Total Electric Power Industry		All Sources		79,252,230		68,181		49,474		371		0.319		0.232		0.5		0.32

		2017		VT		Total Electric Power Industry		Total		2,141,388		VT		Total Electric Power Industry		All Sources		15,342		60		505		7		0.028		0.236		0.5		0.33

		2017		RI		Total Electric Power Industry		Total		7,614,941		RI		Total Electric Power Industry		All Sources		2,980,924		78		1,806		391		0.010		0.237		0.5		0.33

		2017		MS		Total Electric Power Industry		Total		59,727,637		MS		Total Electric Power Industry		All Sources		24,151,238		11,174		14,364		404		0.187		0.240		0.5		0.34

		2017		ID		Total Electric Power Industry		Total		17,396,024		ID		Total Electric Power Industry		All Sources		1,771,092		3,710		4,824		102		0.213		0.277		0.6		0.39

		2017		MA		Total Electric Power Industry		Total		32,204,364		MA		Total Electric Power Industry		All Sources		12,384,070		2,862		8,959		385		0.089		0.278		0.6		0.39

		2017		VA		Total Electric Power Industry		Total		90,417,351		VA		Total Electric Power Industry		All Sources		31,195,217		18,916		25,988		345		0.209		0.287		0.6		0.40

		2017		FL		Total Electric Power Industry		Total		238,413,149		FL		Total Electric Power Industry		All Sources		107,438,351		54,300		69,635		451		0.228		0.292		0.6		0.41

		2017		KS		Total Electric Power Industry		Total		50,933,305		KS		Total Electric Power Industry		All Sources		22,237,999		5,044		15,606		437		0.099		0.306		0.7		0.43

		2017		MD		Total Electric Power Industry		Total		34,104,239		MD		Total Electric Power Industry		All Sources		13,379,146		15,540		10,678		392		0.456		0.313		0.7		0.44

		2017		OK		Total Electric Power Industry		Total		73,731,764		OK		Total Electric Power Industry		All Sources		32,329,300		39,799		23,894		438		0.540		0.324		0.7		0.45

		2017		GA		Total Electric Power Industry		Total		127,455,376		GA		Total Electric Power Industry		All Sources		54,811,036		47,604		41,504		430		0.373		0.326		0.7		0.46

		2017		AZ		Total Electric Power Industry		Total		105,851,721		AZ		Total Electric Power Industry		All Sources		43,739,254		12,117		35,042		413		0.114		0.331		0.7		0.46

		2017		CA		Total Electric Power Industry		Total		206,146,392		CA		Total Electric Power Industry		All Sources		44,432,947		1,323		68,521		216		0.006		0.332		0.7		0.47

		2017		TX		Total Electric Power Industry		Total		452,794,463		TX		Total Electric Power Industry		All Sources		239,991,190		260,854		165,551		530		0.576		0.366		0.8		0.51

		2017		US-Total		Total Electric Power Industry		Total		4,034,268,431		US-TOTAL		Total Electric Power Industry		All Sources		1,849,749,972		1,656,849		1,505,762		459		0.411		0.373		0.8		0.52

		2017		NC		Total Electric Power Industry		Total		128,468,235		NC		Total Electric Power Industry		All Sources		48,704,747		39,336		49,202		379		0.306		0.383		0.8		0.54

		2017		MN		Total Electric Power Industry		Total		58,748,841		MN		Total Electric Power Industry		All Sources		28,344,485		21,564		25,264		482		0.367		0.430		0.9		0.60

		2017		WI		Total Electric Power Industry		Total		65,107,103		WI		Total Electric Power Industry		All Sources		42,893,441		24,602		28,195		659		0.378		0.433		1.0		0.61

		2017		MI		Total Electric Power Industry		Total		112,313,501		MI		Total Electric Power Industry		All Sources		58,413,900		75,905		50,346		520		0.676		0.448		1.0		0.63

		2017		CO		Total Electric Power Industry		Total		53,844,006		CO		Total Electric Power Industry		All Sources		35,719,638		14,098		24,882		663		0.262		0.462		1.0		0.65

		2017		IA		Total Electric Power Industry		Total		57,909,566		IA		Total Electric Power Industry		All Sources		30,661,462		30,862		27,092		529		0.533		0.468		1.0		0.65

		2017		AR		Total Electric Power Industry		Total		60,775,298		AR		Total Electric Power Industry		All Sources		33,321,791		55,803		30,993		548		0.918		0.510		1.1		0.71

		2017		MT		Total Electric Power Industry		Total		28,220,946		MT		Total Electric Power Industry		All Sources		15,911,336		11,694		15,156		564		0.414		0.537		1.2		0.75

		2017		ME		Total Electric Power Industry		Total		11,264,280		ME		Total Electric Power Industry		All Sources		2,097,632		5,990		6,068		186		0.532		0.539		1.2		0.75

		2017		WV		Total Electric Power Industry		Total		73,357,080		WV		Total Electric Power Industry		All Sources		64,987,884		36,114		39,941		886		0.492		0.544		1.2		0.76

		2017		OH		Total Electric Power Industry		Total		119,552,140		OH		Total Electric Power Industry		All Sources		79,917,231		108,956		65,391		668		0.911		0.547		1.2		0.77

		2017		MO		Total Electric Power Industry		Total		84,607,312		MO		Total Electric Power Industry		All Sources		68,644,800		97,634		47,343		811		1.154		0.560		1.2		0.78

		2017		NE		Total Electric Power Industry		Total		35,407,047		NE		Total Electric Power Industry		All Sources		22,290,487		46,593		20,145		630		1.316		0.569		1.3		0.80

		2017		KY		Total Electric Power Industry		Total		73,179,196		KY		Total Electric Power Industry		All Sources		63,251,719		54,652		44,110		864		0.747		0.603		1.3		0.84

		2017		IN		Total Electric Power Industry		Total		98,929,818		IN		Total Electric Power Industry		All Sources		81,929,466		58,751		70,276		828		0.594		0.710		1.6		0.99

		2017		LA		Total Electric Power Industry		Total		97,719,207		LA		Total Electric Power Industry		All Sources		49,960,621		111,441		70,970		511		1.140		0.726		1.6		1.02

		2017		ND		Total Electric Power Industry		Total		41,505,074		ND		Total Electric Power Industry		All Sources		30,042,550		37,484		31,527		724		0.903		0.760		1.7		1.06

		2017		WY		Total Electric Power Industry		Total		46,741,846		WY		Total Electric Power Industry		All Sources		44,272,504		34,640		37,423		947		0.741		0.801		1.8		1.12

		2017		UT		Total Electric Power Industry		Total		37,411,876		UT		Total Electric Power Industry		All Sources		27,697,636		10,012		31,759		740		0.268		0.849		1.9		1.19

		2017		NM		Total Electric Power Industry		Total		33,597,413		NM		Total Electric Power Industry		All Sources		22,999,709		8,203		34,741		685		0.244		1.034		2.3		1.45

		2017		HI		Total Electric Power Industry		Total		9,812,050		HI		Total Electric Power Industry		All Sources		7,124,347		17,011		16,114		726		1.734		1.642		3.6		2.30

		2017		AK		Total Electric Power Industry		Total		6,497,466		AK		Total Electric Power Industry		All Sources		3,531,514		2,559		20,871		544		0.394		3.212		7.1		4.50

		2017		DC		Total Electric Power Industry		Total		66,871		DC		Total Electric Power Industry		All Sources		36,975		0		296		553		0.000		4.426		9.8		6.20

				https://www.eia.gov/electricity/data/state/
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Propane vs. Electric School Bus NOx
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Electric emissions based on electric school bus energy 
consumption of 1.4 kWh per mile

Average of actual WVU Road Tests
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