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Good	morning,	Chairman	Bizzarro,	Representative	Hohenstein	and	members	of	the	
Committee.		I	am	Andrew	Place,	Director,	U.S.	State	Energy	and	Climate	Policy	at	the	Clean	
Air	Task	Force	(CATF).	It	is	a	pleasure	to	be	in	front	of	you	this	morning.		I	am	a	resident	of	
Greene	County.	Prior	to	joining	CATF	in	2020	I	served	as	a	commissioner	on	the	Public	
Utility	Commission,	having	been	nominated	by	Governor	Wolf.		Prior	to	my	tenure	on	the	
Commission,	I	was	Corporate	Director	of	Energy	and	Environmental	Policy	at	natural	gas	
producer	EQT,	as	well	as	formerly	holding	a	research	fellowship	in	Carnegie	Mellon	
University’s	Department	of	Engineering	and	Public	Policy,	with	a	particular	focus	on	energy	
system	innovation,	particularly	carbon	capture	and	sequestration.		
 
 
Why	CCS	
	
Carbon	capture	and	sequestration	CCS)	represents	a	powerful	tool	to	reduce	climate	
damaging	carbon	dioxide	(CO2)	emissions	in	Pennsylvania.		The	technology	can	remove	
CO2	from	the	emissions	of	power	plants,	industrial	facilities	and	create	near	zero-emission	
fuels,	Hydrogen,	ammonia	and	synthetic	jet	fuel,	for	example,	or	the	heavy	transportation	
and	other	sectors.		CCS	can	be	built	as	part	of	new	plants	or	added	to	existing	ones.		The	
technology	is	flexible	and	can	remove	emissions	from	combustion	or	process	steps.	
Sequestration	can	even	accompany	direct	removal	of	CO2	from	the	atmosphere	(Direct	Air	
Capture	or	DAC).	IEA	calls	CCS	“vital”	and	“essential,”	accounting	for	about	14%	of	the	CO2	
cuts	(6,000	million	tonnes)	in	2050	needed	to	avoid	temperature	increases	of	2	degrees	
Celsius.1	
	
My	testimony	will	focus	on	CCS	in	the	industrial	and	power	sectors.	I'll	also	describe	how	
CCS	can	help	establish	a	new	industry,	making	clean	hydrogen	available	alongside	
renewable	resources.		CCS	removes	90%	of	the	CO2	in	these	applications,	but	as	climate	
goals	increasingly	target	net-zero	emissions,	CCS	can	adapt	to	eliminate	over	99%	of	the	
CO2	from	these	emission	sources.		
	
CCS	combines	three	distinct	technologies:		1)	Carbon	capture,	which	separates	CO2	from	
flue	and	process	gases	and	compresses	it	to	a	liquid-like	state;	2)	Transportation,	which	
moves	the	compressed	CO2	often	through	dedicated	pipelines;	and	3)	Storage	that	injects	
the	compressed	CO2	deep	below	the	ground	surface	to	permanently	isolate	it	in	saline	
formations	or	aging	oil	fields	through	a	process	called	enhanced	oil	recovery	(EOR).	
	
I	will	begin	my	testimony	by	describing	where	CO2	is	most	likely	to	be	sequestered	in	the	
state.	That's	likely	to	be	in	the	western	half	of	the	Commonwealth	as	the	geology	(rock	
formations	containing	saline,	for	example)	is	more	favorable.		The	first	CCS	projects	will	
likely	be	close	to	storage	or	existing	pipeline	infrastructure,	so	as	to	limit	transportation	

	
1	International	Energy	Agency,	Energy	Technology	Perspectives	2015,	pages	207,	(2015),	available	at:	
https://www.iea.org/etp/etp2015/	
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costs,	implying	that	steel	mills,	power	plants,	cement	plants,	and	other	facilities	located	in	
Western	Pennsylvania	will	go	first.	I'll	describe	the	opportunities	and	challenges	these	
sources	face	and	how	building	out	a	network	of	pipelines	and	storage	sites	called	a	"hub"	
can	lower	costs.		Over	time,	this	hub	can	expand	so	that	sources	across	the	state	can	use	
CCS.	
	
I'll	also	talk	about	emerging	opportunities	to	use	carbon	capture	and	sequestration	to	
facilitate	the	emergence	of	a	new	industry	in	the	state:	turning	natural	gas	resources	into	
clean	hydrogen	to	fuel	buses,	heavy-duty	trucks,	and	feedstock	and	heat	used	in	industrial	
applications.		None	of	this	progress	can	occur	without	federal	and	state	policy	support,	so	I	
will	outline	the	needed	actions	both	in	DC	and	in	Harrisburg.			
	
	
Where	
	
Significant	carbon	storage	resources	exist	in	Pennsylvania’s	deep	subsurface.	The	
Appalachian	Basin	hosts	sedimentary	rock	formations	that	have	the	capacity	for	CO2	
sequestration,	including	deep	saline	formations	and	depleted	oil	and	gas	reservoirs.	The	
Midwest	Regional	Carbon	Sequestration	Partnership	(MRCSP)	Phase	I	study	indicates	that	
Pennsylvania	has	a	storage	capacity	of	approximately	75.6	gigatonnes	(Gt)	within	its	deep	
saline	formations,	with	additional	storage	potential	in	oil	and	gas	reservoirs	via	storage	
associated	with	enhanced	oil	recovery	(EOR).	The	primary	potential	deep	saline	reservoirs	
in	PA	are	the	Medina	Group,	Salina	Group,	and	Oriskany	Sandstone.	Storage	potential	in	
Pennsylvania	is	mostly	limited	to	western	counties	of	the	Commonwealth	due	to	geologic	
complexity	and	deformation	associated	with	the	Appalachian	Structural	Front	in	central	
and	eastern	PA,	as	seen	in	the	map	below.	
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Geographic	distribution	of	potential	geologic	storage	reservoirs	in	Pennsylvania	(source:	PA	DCNR)	

		
		
While	the	results	of	the	MRCSP	Phase	I	study	are	promising	in	terms	of	storage	potential	in	
PA,	significant	geologic	uncertainty	exists	in	the	region	and	detailed	characterization	
programs	must	be	executed	in	order	to	refine	storage	estimates	and	demonstrate	
feasibility	of	safe	storage.	The	MRCSP	estimate	of	75.6	Gt	storage	capacity	is	likely	overly	
optimistic	and	represents	a	first	pass	regional	assessment	of	storage	capacity	based	on	
existing	and	readily	available	data.	More	accurate	and	realistic	storage	estimates	must	be	
determined	via	site-specific	advanced	characterization	efforts	in	order	to	reduce	geologic	
uncertainty	and	evaluate	risk.	Pennsylvania’s	geologic	storage	resources	have	the	capacity	
to	mitigate	significant	amounts	of	CO2	emissions,	however	a	greatly	expanded	
decarbonization	market	may	require	additional	storage	options	outside	of	PA.	In	this	
scenario,	CO2	could	be	transported	out	of	state	to	geologic	storage	sites	that	have	additional	
capacity	such	as	offshore	mid-Atlantic.	
	
	
First	CCS	Projects	
	
The	map	below	illustrates	15	different	steel,	cement,	coal-fired,	and	gas-fired	power	plants	
that	might	be	good	candidates	for	CCS	projects	in	Western	Pennsylvania.			To	be	sure,	some	
of	these	sources	might	adopt	different	CO2	reduction	strategies,	but	together	these	sources	
released	41	million	tons	of	CO2	releases	in	2019,	so	their	size	makes	them	worthy	of	
consideration.		Also,	there	are	other	sources	not	on	the	map	that	could	be	good	CCS	
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candidates.		These	sources	are	likely	to	come	first	from	the	lightly	colored	counties	
indicated	on	the	map.			
	

	
Source:		CATF	based	on	EPA	GHG	FLIGHT	data	

	
While	the	benefits	of	complete	sequestration	of	CO2	from	the	atmosphere,	from	multiple	
large	industrial	sources	are	extremely	significant	to	the	climate,	a	barrier	these	projects	
currently	face	in	implementing	CCS	is	cost.		Each	capture	project	is	different,	and	costs	
depend	on	several	factors,	including	the	concentration	of	CO2	in	the	emissions,	how	many	
other	pollutants	must	be	removed	to	protect	the	capture	system’s	solvent,	and	the	ease	
with	which	equipment	can	be	added	to	an	existing	site.		For	first	projects	with	favorable	
characteristics,	the	capture	costs	can	vary	for	the	industries	shown	in	the	map	between	$40	
and	$65	per	metric	ton	of	CO2.2	
	
The	costs	of	CCS	also	include	transportation	and	storage	at	secure	geologic	sites.		These	
costs	can	vary	depending	upon	several	factors.		Transportation	costs	generally	decrease	
with	quantity	(the	more	CO2,	the	lower	the	unit	costs),	distance	(shorter	is	cheaper),	and	
terrain.		Storage	also	depends	on	quantity	(generally,	unit	costs	decrease	with	more	CO2),	
but	costs	also	depend	on	the	quality	of	the	geology.	As	a	first	estimate,	it’s	not	unrealistic	to	
think	transport	and	storage	costs	for	CO2	in	the	state	could	be	around	$25	per	metric	ton	of	
CO2.		Of	course,	the	costs	could	be	higher	or	lower.		But	it	implies	as	a	first	approximation	
that	the	incentives	needed	for	the	combined	cost	of	capture	and	transport/storage	in	the	
state	might	need	to	be	in	the	vicinity	of	$85	per	metric	ton	of	CO2.			
	
For	these	reasons,	creating	a	network	of	pipelines	and	storage	sites,	called	a	hub,	can	reach	
economies	of	scale	that	lower	costs.		One	example	of	a	hub	is	the	Permian	Basin	in	Texas.		
Since	the	1970s,	aging	oil	fields	in	Texas	have	injected	CO2	underground	as	part	of	EOR	
operations.		The	pipelines	and	EOR	fields	form	a	hub	that	minimizes	transportation	costs.		

	
2	Transport	Infrastructure	for	Carbon	Capture	and	Storage,	Great	Plains	Institute		
and	the	University	of	Wyoming,	
https://www.betterenergy.org/wpcontent/uploads/2020/06/GPI_RegionalCO2Whitepaper.pdf 
page	A5.	
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Creating	a	similar	hub	for	saline	storage	would	help	Western	Pennsylvania	lower	costs	for	
CO2	mitigation	purposes.	Once	established,	it	is	easier	to	connect	CO2	sources	outside	of	
Western	Pennsylvania	to	the	hub,	making	it	possible	to	reduce	CO2	emissions	from	sources	
in	the	eastern	part	of	the	state.	
	
	
Hydrogen	
	
Many	current	uses	of	fossil	fuels	could	be	transitioned	over	time	to	hydrogen	which	–		
because	it	does	not	contain	carbon	–	emits	no	carbon	dioxide	when	burned.	Or,	if	blended	
with	carbon	containing	fuels,	for	example	natural	gas	in	utility	distribution	systems,	results	
in	much	reduced	CO2	emissions.	These	current	uses	include	diesel	fuel	in	heavy	trucking,	
fuel	oil	in	marine	shipping,	natural	gas	in	industry,	and	coal	in	ironmaking.	While	hydrogen	
is	not	a	direct	substitute	for	fossil	fuels	in	all	cases,	the	technology	to	use	hydrogen	is	
entering	the	commercial	market.	Heavy	trucks	with	hydrogen	fuel	tanks,	fuel	cells,	and	
electric	drivetrains	are	being	tested	at	the	Port	of	Los	Angeles	and	other	places.	The	Los	
Angeles	testing	is	sponsored	in	part	by	the	California	Air	Resources	Board	because	the	
trucks	are	zero-emitting	at	the	tailpipe,	which	is	of	immediate	benefit	to	the	local	
community.		
	
In	the	marine	shipping	industry,	internal	combustion	engines	burning	ammonia	have	been	
developed	and	are	being	evaluated	for	pilot	routes	over	the	next	several	years.	Ammonia	is	
derived	from	hydrogen	and	nitrogen	in	the	air,	and	like	hydrogen	it	creates	no	CO2	when	
burned.	Direct	reduction	of	iron	ore	with	hydrogen	is	being	tested	at	significant	scale	in	
Europe,	and	replacement	of	some	coke	(a	product	of	coal)	with	hydrogen	in	existing	blast	
furnaces	appears	possible.	Industrial	burners	in	chemical	manufacturing	plants	already	use	
high	levels	of	hydrogen	in	some	cases	and	this	practice	could	be	expanded	to	reduce	CO2	
emissions.		
	
These	applications	and	others	are	expected	to	grow	rapidly	over	the	coming	decades	and	
analysts	such	as	Bloomberg	New	Energy	Finance	and	the	International	Energy	Agency	have	
concluded	that	hydrogen	might	provide	10	–	20%	or	more	of	global	energy	by	mid-century	
across	disparate	sectors.	The	Fuel	Cell	and	Hydrogen	Energy	Association	estimates	that	
hydrogen	could	be	a	$140	billion	per	year	industry	in	the	U.S.	alone	by	2030,	and	$750	
billion	per	year	by	2050.	
	
Pennsylvania	is	well-positioned	to	capitalize	on	this	opportunity.	Our	hydro	resources	are	
already	being	explored	for	their	hydrogen	production	potential	using	electrolysis	
technology,	and	Pennsylvania’s	wind	resources	are	stronger	than	in	some	neighboring	
states.	Our	substantial	natural	gas	endowment	is	probably	our	greatest	asset	for	hydrogen	
production,	however.	These	resources	are	vast,	are	additional	to	renewable	electricity	
supplies	needed	for	grid	decarbonization,	and	through	reforming	technologies	with	deep	
carbon	capture	and	sequestration	can	likely	produce	hydrogen	at	substantially	lower	cost	
than	renewable	pathways	today,	at	least	where	natural	gas	is	inexpensive.	From	a	system	
perspective,	reforming	Pennsylvania’s	natural	gas	with	CCS	to	produce	hydrogen	could	
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allow	us	to	remain	a	keystone	of	energy	supply	in	the	region,	while	sequestering	the	
associated	CO2	locally	instead	of	releasing	it	to	the	atmosphere	where	fuels	are	consumed.	
	
Development	of	hydrogen	production,	transportation,	storage,	and	distribution,	and	end-
use	applications	and	markets,	will	take	resources.	Fortunately,	some	of	these	appear	to	be	
increasingly	available	from	the	federal	government.	There	are	many	proposals	in	
Washington,	D.C.	currently	to	establish	tax	credits	for	production	of	hydrogen	that	meets	
overall	clean	criteria	(which	would	include	CCS).	Just	as	importantly	in	the	near	term,	the	
Energy	Infrastructure	Act	moving	in	the	U.S.	Senate	Energy	and	Natural	Resources	
Committee	would	provide	up	to	$8	billion	in	federal	funding	for	development	of	“clean	
hydrogen	hubs,”	each	including	both	production	and	end-uses.	Hubs	such	as	these	are	
under	consideration	in	Los	Angeles	and	Houston	in	the	U.S.,	and	Edmonton,	Rotterdam,	and	
Singapore	overseas,	often	associated	with	port	activities.		
	
If	enacted,	a	federal	law	supporting	clean	hydrogen	hubs	could	provide	the	funding	needed	
to	kick-start	hydrogen	in	Pennsylvania	and	enable	us	to	maintain	our	energy	leadership	
while	supporting	significant	carbon	dioxide	reductions	at	the	same	time.	The	Pittsburgh	
area	and	the	Delaware	River	port	complex	area	would	be	obvious	candidates	for	hydrogen	
hub	development.	Some	exploratory	work	is	already	underway,	including	a	recent	high-
profile	MOU	between	U.S.	Steel	and	the	Norwegian	firm	Equinor	that	would	include	both	
clean	hydrogen	and	CCS.	
	
	
What	Policies	are	Needed	for	CCS?	
	
Congress	is	considering	two	sets	of	policies	that	would	address	the	current	lack	of	
sufficient	incentives	for	rapid	CCS	development,	which	in	turn	would	drive	down	the	cost	
for	deployment	going	forward.		First,	several	bills	would	raise	the	value	of	45Q	tax	credits	
from	$50	per	metric	ton	of	CO2	stored	in	saline	formation	to	$85	per	metric	ton.		This	is	
important,	because	as	I	testified	earlier,	the	total	cost	of	CCS	might	be	in	this	range.		If	
Congress	increases	the	value	of	this	incentives	and	makes	other	changes	that	include	
“direct	pay,”	extending	the	commence	construction	window,	and	eliminating	size-based	
eligibility	thresholds,	it	would	send	a	strong	signal	to	the	state’s	power	and	industrial	
sectors,	supporting	the	adoption	of	CCS	technologies.	
	
Another	bill	before	Congress	is	the	SCALE	Act.	It	would	provide	nearly	$5	billion	in	grants	
to	drive	regional	transport	and	storage	networks.		This	legislation,	in	combination	with	
45Q	enhancements,	could	establish	wide-scale	CCS	in	the	state,	and	remove	much	of	the	
uncertainty	about	federal	support	for	the	technology’s	costs.	
	
Of	course,	the	state	can	also	take	measures	to	drive	CCS.		I	particularly	draw	your	attention	
to	the	value	of	Pennsylvania	adopting	a	Clean	Energy	Standard.		Ten	States	have	standards	
for	eliminating	CO2	emissions	from	the	power	sector	by	midcentury	–	with	Arizona	and	
Oregon	joining	the	list	in	June	and	Illinois	appearing	to	be	in	final	deliberations	to	do	the	
same.		Illinois’s	draft	language	is	particularly	of	salutary	value	in	its	consideration	of	
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economic	justice,	environmental	justice,	employment,	rate	modernization	and	ratepayer	
impacts.			
	
Eliminating	CO2	emissions	from	the	Commonwealth’s	power	sector	by	2050	–	net-zero	by	
2050	–	while	ensuring	economically	just	and	readily	dispatchable	power,	will	most	
certainly	include	power	derived	with	carbon	capture.		Existing	nuclear	will	need	to	be	
retained	as	will	profound	investments	in	grid-scale	renewables,	and	transmission,	both	
intra	and	inter-state.		CATF	undertook	to	model	this	decarbonized	energy	system	–	through	
an	expansion,	both	in	scale	and	scope,	of	Pennsylvania’s	Alternative	Energy	Portfolio	
Standard.		The	results,	illustrated	in	the	graphs	below,	make	clear	the	scale	and	sources	of	
generation	within	the	Commonwealth	in	a	fully	decarbonized	energy	system	–	including	
that	Pennsylvania	would	remain	a	robust	exporter	of	power	to	its	neighbor	states.		
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In	closing,	I	hope	that	I	have	provided	insight	into	the	necessity	to	deploy	and	
commercialize	CCS	if	the	Commonwealth	is	to	fully	decarbonize	its	power	system	in	a	
manner	that	is	economically	just;	as	well	as	the	related	value	and	necessity	of	zero-carbon	
fuels	for	decarbonizing	the	economy	as	a	whole.		

Clean	Air	Task	Force	remains	committed	to	proffering	analysis	to	inform	the	economic	and	
technology	debates	required	to	meet	the	dual	obligations	for	system	decarbonization	and	
affordable	and	reliable	power	for	the	Commonwealth’s	citizens	and	commerce.		

Thank	you.	I	would	be	happy	to	address	any	of	your	questions.	
	


