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Independent	System	Operators	regulated	by	FERC	

Each	ISO	has	about	10	
individual	control	zones	
for	opera2ons.	
	
	
	
	
Complex	grid	network	
with	central	control	
system	for	dispatch	and	
pricing	of	power.	



Types	of	Fuel-fired	Power	Genera2on	Systems	

Steam	cycle	has	about	30%	steady-state	efficiency	
with	slow	start	capability.		Old	technology	but	s2ll	
commonly	used.	
	
0.7	to	0.9	tons	CO2	per	MWh	for	Natural	Gas/Oil	

Combus2on	turbines	range	in	steady-state	efficiency	from		
20%		up	to	40%	.		Can	ramp	up	rela2vely	fast	(10	minutes	
to	2	hours)	but	high	fuel	consump2on	and	NOx	emissions	
at	start-up	plus	efficiency	loss	at	less	than	full	load.	
	
0.6	to	1.2	tons	CO2	per	MWh	for	Natural	Gas/Oil	

Combined	cycle	can	have	up	to	60%	max	steady-
state	efficiency	but	only	moderate	ramp-up	
capability	(usually	1	or	2	hours)	and	long	period	of	
high	NOx	emissions	during	start-up.	
	
0.4	to	0.6	tons	CO2	per	MWh	for	Natural	Gas/Oil	



Energy	Sources	for	Power	Genera2on	in	New	England	

Natural	gas	is	dominant	fuel.		Nuclear	only	3300	MW	capacity	due	to	
re2rement	of	Pilgrim	sta2on	but	runs	24/7	as	base	load.		Oil-fired	
genera2on	has	substan2al	capacity	but	used	only	during	severe	grid	peak	
loads.		MSW	and	wood-fired	genera2on	significant	but	not	growing.		Solar	
PV	and	wind	power	growing	steadily	but	with	intermiGent	output.	
	

Long	way	to	go	for	solar	PV	
and	wind	power	to	displace	
natural	gas	in	marginal	
opera2on.	



Natural	Gas	Spot	Market	Price	Vs.	Outdoor	Temperature	

Pipeline	constraints	limit	natural	gas	availability	in	Northeast	during	cold	weather.	
Spot	market	prices	start	to	climb	at	about	30	deg	F.		Power	plants	required	to	
purchase	natural	gas	only	in	spot	market	not	via	firm	price	contracts.		Fuel	cost	
about	80%	of	LMP.		High	fuel	cost		=		high	electricity	cost.	



ISO	New	England	Example	Graph	of	Wholesale	Price	Vs.	Grid	Load	

Prices	determined	via	auc2ons	
at	1	hr	and	5	minute	intervals.	
	
All	generators	earn	same	
market	clearing	price	
determined	by	highest	
successful	bidder.	
	
Level	of		curve	beyond	5,000	
MW	depends	on	spot	market	
price	of	natural	gas.	
	

Slope	of	price	curve	becomes	steeper	at	higher	grid	load	due	to	lower	efficiency	
of	generator	at	margin	plus	short	dura2on	of	extreme	peaks	thus	greater	impact	
of	fuel	consump2on	during	start-up.	
	



ISO	New	England	Example	Hourly	Load	and	Price	Graphs	
	

Moderate	Cold	Weather	–	February	4,	2019	

Peak	grid	loads		=		peak	wholesale	prices	
	
Early	morning	and	evening	peaks	just	under	18,000	MW.		Peak	pricing	of	
just	under	$80	per	MWh.	
	
Exis2ng	peak	grid	loads	already	the	result	of	electric	hea2ng	and	range	
from	15,000	to	over	20,000	MW	during	the	winter.	



ISO	New	England	Weekly		Average	Prices	for	Wholesale	Power	

Highest	prices	occur	during	winter	months.	
	
Cumula2ve	sum	of	wholesale	prices	
determine	average	supply	charges	on	
customer	bills.	
	
Peak	power	prices	hidden	from	customers.	
	
Many	u2lity	and	State	agency	calcula2ons	
of	heat	pump	savings	use	average	annual	
prices	for	electricity	instead	of	monthly	
values.	
	

Winter	prices	for	wholesale	power	will	con2nue	to	rise	with	added	thermal	loads.	
	
Everybody	pays	the	higher	prices.	
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February	4,	2019	

Grid	Load	MW	

Genera7on	MER	tons	CO2	
per	MWh	

Analysis	of	Biodiesel	Vs.	Cold-Climate	Heat	Pump	Performance	
	

Single	Family	Home	in	New	England	
	

Moderate	Winter	Day	
	

Simple-cycle	genera2on	during	peak	periods.	
	
Combined-cycle	genera2on	during	off-peak	periods.	
	



0	

0.2	

0.4	

0.6	

0.8	

1	

0	

5000	

10000	

15000	

20000	

25000	

0	 10	 20	 30	

To
ns
	C
O
2	
pe

r	M
W
h	

G
rid

	L
oa

d	
M
W
	

Hour	
	

ISO	New	England		
Hourly	Loads	and	Marginal	Emission	Rates		

January	21,	2019	

Grid	Load	MW	

Genera7on	MER	tons	
CO2	per	MWh	

Analysis	of	Biodiesel	Vs.	Cold-Climate	Heat	Pump	Performance	
	

Single	Family	Home	in	New	England	
	

Cold	Winter	Day	
	

Oil-fired	steam-cycle	genera2on	at	margin	during	evening	peak	of	about	21,000	MW.	
	
MER	shows	steps	from	gas-fired	combined	cycle	to	gas-fired	simple-cycle	to	oil-fired	
genera2on	then	back	to	gas-fired	simple-cycle.	
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Cold	Climate	Heat	Pump	
COP	

Analysis	of	Biodiesel	Vs.	Cold-Climate	Heat	Pump	Performance	
	

Single	Family	Home	in	New	England	

First	step		of	analysis	includes	determina2on	of	heat	pump	COP	vs.	outdoor	temperature.	
	
Data	above	are	based	on	mul2ple	field	tes2ng	studies	not	manufacturer	ra2ngs.	
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Hourly	CO2	Emission	Rates	lbs/hr	
Typical	Single	Family	Home	in	New	England	

February	4,	2019	
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Cold	Climate	Heat	
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Analysis	of	Biodiesel	Vs.	Cold-Climate	Heat	Pump	Performance	
	

Single	Family	Home	in	New	England	
	

Moderate	Winter	Day	
	

Heat	pump	carbon	intensity	approximately	the	same	as	B50	but	with	
varia2ons	due	to	peak	and	off-peak	power	genera2on	MERs.	
	
B100	s2ll	the	lowest	carbon	op2on	vs.	cold-climate	heat	pump.	
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Analysis	of	Biodiesel	Vs.	Cold-Climate	Heat	Pump	Performance	
	

Single	Family	Home	in	New	England	
	

Cold	Winter	Day	

Heat	pump	shows	higher	carbon	intensity	than	ULSD	except	during	
overnight	hours	due	to	lower	COPs	and	higher	genera2on	MER.	



ISO	New	England	–	Impact	of	Increasing	Grid	Load	

One	48,000	Btu/hr	cold-climate	
heat	pump	adds	about	6	kW	to	grid	
load	on	cold	winter	days.	
	
5,000,000	residen2al	heat	pumps	
in	New	England	would	add	30,000	
MW	to	the	peak	grid	load.	
	
One	heat	pump	would	consume	
about	10	MWh	of	electricity	per	
winter	or	about	7	MWh	during	
December	to	March.	

Increasing	grid	load	

Increasing	cost	of		electricity	
Renewable	genera2on	

Total		offshore	wind	power	produc2on	of	35	million	MWh	necessary	during		
December	to	March	to	provide	for	residen2al	heat	pump	opera2on.			
	
27,000	MW	of	offshore	wind	nameplate	capacity	necessary	at	45%	winter	capacity	
factor.		Several	2mes	higher	than	MA/CT/RI	offshore	wind	capacity	goals.	
	
Add	50%	for	commercial/industrial/ins2tu2onal	thermal	loads.		Problem	gets	worse.	



Looking	to	the	Future	

CO2	Emissions	(tons	per	year)	for	a	Typical	Single	Family	Home	

	 	 	2020 	2030 	2040 	2050	
	
ULSD 	 	 	8.0	 	8.0	 	8.0	 	8.0		
	
B20 	 	 	6.8	 	6.6	 	6.5 	6.4	
	
B50 	 	 	4.8 	4.6 	4.4 	4.0	
	
Cold-Climate	Heat	Pump 	5.0	? 	??? 	??? 	1.0	?	
	
B100 	 	 	1.6 	1.2 	0.8 	0.0	
	
B50	and	heat	pumps	compe22ve	during	next	ten	to	fikeen	years	.	
	
Cold-climate	heat	pump	CO2	emissions	dependent	on	hourly	grid		Marginal	Emission	
Rates	plus	achievement	of	high	levels	of	new	renewable	genera2on	capacity.	



Biodiesel-fired	Boilers	and	Electric	Heat	Pumps		
Typical	NOx	Emission	Factors	lbs	per	MMBTU	Delivered	Heat	

	 	Steady-state 	4	hr	Peak	Load	
	
Combined	Cycle 	0.02	lb	per	MMBTU 	0.15	lb	per	MMBTU 		
w/SCR	and	OC	
(5	ppm	@	15%	O2)	
	
Combus2on	Turbine 	0.03	lb	per	MMBTU 	0.25	lb	per	MMBTU	
w/SCR	and	OC	
(5	ppm	@	15%	O2)	
	
B20	–	B100	Boiler 	0.10	lb	per	MMBTU 	0.10	lb	per	MMBTU	
(<100	ppm	@	3%	O2)	
	
Combus2on	Turbine 	0.16	lb	per	MMBTU 	0.25	lb	per	MMBTU	
w/DLN	or	H2O	
(30	ppm	@	15%	O2)	
	
Steam	Cycle		Gas/Oil 	0.25	lb	per	MMBTU 	0.30	lb	per	MMBTU	
(200	ppm	@	3%	O2)	
	
Combus2on	Turbine 	0.80	lb	per	MMBTU 	1.00	lb	per	MMBTU	
w/o	emissions	control	
(150	ppm	@	15%	O2)	

	 	 		
	
	



Conclusions	
B50	and	cold-climate	heat	pumps	can	have	similar	carbon	intensity	during	moderate	
winter	condi2ons.	
	
Cold-climate	heat	pumps	can	show	higher	carbon	intensity	than	ULSD	under	severe	cold	
winter	condi2ons	but	can	achieve	about	40%	carbon	savings	over	the	en2re	hea2ng	
season	though	with	significant	nega2ve	impact	on	grid	opera2ons	and	electricity	cost	for	
all	classes	of	electric	ratepayers.	
	
B100	can	achieve	80%	carbon	savings	thus	double	the	benefit	of	cold-climate	heat	pumps.	
	
B100	remains	the	lowest	carbon	op2on	for	hea2ng.	
	
Thermal	load-weighted	ISO	New	England	grid	Marginal	Emission	Rates	during	winter	are	
significantly	higher	than	figures	used	by	many	policymakers	for	analysis	of	heat	pump	
carbon	savings.	
	
Heat	pump	opera2on	during	winter	peak	periods	can	result	in	higher	total	NOx	emissions	
than	individual	fuel-fired	hea2ng	systems.		One	350	MW	combined-cycle	unit	(e.g.,	GE	
Series	7	HA	Frame	with	HRSG)	could	heat	60,000	homes	but	would	emit	NOx	equal	to	
about	120,000	natural	gas/Bioheat-fired	home	hea2ng	systems	during	2	hr	start-up	
period.		Widely	dispersed	low-level	area	sources	become	Major	point	source	re:	USEPA	
Title	5	Clean	Air	Act	emissions	standards.		Possible	environmental	jus2ce	concerns	due	to	
high	local	emissions	in	low-income	neighborhoods	adjacent	to	power	plants.	



Ray	Albrecht,	P.E.	
	
NBB	Technical	Representa2ve	for	Northeast	US	region	
	
Member	of	ISO	New	England	Planning	Advisory	CommiGee	
	
rayalbrechtpe@gmail.com	
	
(315)	382-6044		cell	

Biodiesel		-		protec2ng	our	environment	for	future	genera2ons	
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Biodiesel	Feedstocks	for	the	Northeast	

•  Recycled	cooking	oil		
•  Brown	grease		
•  Soybean	oil	and	

Canola	
•  Pennycress	and	other	

winter	cover	crops	
gaining	interest	in	
agriculture	

•  U2lize	exis2ng	wastes	
•  Improve	market	value	

for	under-u2lized	co-
products	and	
byproducts	

•  Diversity	helps	
sustainability	



Co-products	of	Food	Produc7on	

•  Protein	meal	for	
livestock	feed	is	the	
driver	for	soybean	
produc7on	and	pricing	

•  BeVer	u7liza7on	of	the	
oil	co-product	can	
reduce	the	price	of	the	
protein	meal.		





Fuel Specifications – ASTM Standard D6751 

•  B100 specifications originally published in 1999 
•  23 subsequent revisions 
•  Over 20 minimum properties required for biodiesel vs 14 properties 

for diesel fuel 

23	



7.7
9.3

17.7

36.4

4.5 3.9

15.5

25.7

0

10

20

30

40

Agriculture Crushing Conversion Total

Th
o
u
sa
n
d
s	
B
tu
/g
al
	o
f	
B
D

Sheehan	et	al.

Updated

36

38

35

36

37

38

39

Yield

B
u
/a
cr
e

	
Energy	Characteris2cs	of	Biodiesel	Produc2on	

	
Con2nuing	Improvements	in	Biodiesel	Produc2on		

		
Total	Life-cycle	Energy	Requirements	for	Soy-based	Biodiesel		

25,000	Btu	of	energy	input	
yields	about	127,500	Btu	
output	per	gallon	
	
About	80%	carbon	savings	



Biodiesel	is	Advanced	Biofuel	
Authoring	
Agency	

Year	
Published	

GHG	reduc2on	compared	to	
baseline	petroleum	

Argonne	Na2onal	
Lab.	

2017	 66-72%	

CARB	 2015	 50%	
USDA	 2012	 76%	
CARB	 2011	 12%	

Argonne	Na2onal	
Lab.	

2011	 73-90%	

USEPA	 2010	 57%	
Argonne	Na2onal	

Lab.	
2008	 66-94%	

USEPA	 2008	 22%	
Nat.	Renewable	
Energy	Lab.	

1998	 78%	

25	

USEPA	and	CARB	independently	confirm	LCA	values	for	biodiesel	
including	indirect	land	use	change.		GHG	reduc2ons	will	increase	with	
further	improvements	in	agriculture	(e.g.,	no-2ll	plan2ng)	also	use	of	
solar/wind	power	for	processing	and	biodiesel	for	transport.	



Argonne	Na2onal	Laboratory	Life-cycle	Analysis	of	Biodiesel	

Carbon	savings	of	about	80%	and	66-72%	total	GHG	savings	depending	
on	feedstock	and	including	indirect	land-use	change	(ILUC)	based	on	
current	prac2ces.	



B100-fired Boilers – Opportunity for 100% Renewable Heating 
	

B20	blend	is	a	drop-in	fuel	for	residen2al	and	commercial	boilers	
	
B100	can	be	implemented	through	basic	technical	modifica2ons	





Biodiesel	–	Pathway	to	a	Sustainable	Energy	Future	

						Providence	Resolu2on	
	
September	2019	
	
Industry	Commitment	to	Renewable	Fuel	
	
Transi2on	to	B20	by	2023	will	achieve	15%	
GHG	savings	
	
B50	by	2030	will	achieve	40%	GHG	savings	
	
Carbon-neutral	by	2050	will	achieve	greater	
than	80%	GHG	savings	
	
	



GE	Power	–	Emissions	Test	Results	for	Biodiesel		
	

Blends	with	Oil	and	Co-firing	with	Natural	Gas	

Lowest	Nox	levels	achieved	by	co-firing	with	natural	gas	and	biodiesel/water	emulsion	



Biodiesel-fired	power	genera2on	in	same	general	range	
of	carbon	intensity	as	other	renewable	energy	sources	

Perspec2ves	on	Renewable	Power	Genera2on	


