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Build	a	hydroelectric	power	station	It's	a	significant	investment	that	requires	planning,	research,	and	significant	financial	resources.	Despite	its	high	initial	cost,	it's	one	of	the	most	efficient	and	sustainable	energy	sources	on	the	planet.Factors	influencing	construction	costThe	budget	for	a	hydroelectric	plant	varies	depending	on	several	factors.	Each
project	is	unique	and	depends	on	multiple	technical	and	environmental	aspects.1.	Size	and	generation	capacityLa	installed	potency	It	is	the	most	important	factor	in	the	total	construction	cost.	Larger	plants	require	a	greater	investment,	but	they	can	also	generate	more	electricity	with	reduced	operating	costs.2.	Geographic	locationThe	location	where
the	plant	is	built	directly	affects	its	economic	viability.	Factors	such	as	topography,	geology,	and	water	availability	influence	the	investment	required.3.	Infrastructure	and	materialsDam	construction	requires	high-quality	materials	and	robust	infrastructure.	This	includes	concrete,	steel,	and	specialized	electromechanical	equipment.4.	Previous	studies
and	licensesBefore	starting	a	work	of	this	magnitude,	studies	must	be	carried	out	environmental	impact,	hydrological,	and	geological.	Government	permits	are	also	required,	which	may	represent	additional	costs.How	much	does	it	cost	to	build	a	hydroelectric	plant?Construction	costs	can	vary	widely	depending	on	the	size	and	complexity	of	the
project.	However,	there	are	general	estimates	based	on	previous	experience	and	data.The	micro	hydroelectric	power	plants	(less	than	1	MW)	can	cost	between	$1	million	and	$5	million	per	installed	MW.The	medium-sized	hydroelectric	plants	(1	to	100	MW)	have	costs	of	$2	to	$7	million	per	MW.The	large	hydroelectric	power	plants	(more	than	100
MW)	can	exceed	the	$1,000	billion	in	investment,	with	ranges	of	$3	to	$9	million	per	MW.These	costs	include	studies,	materials,	equipment,	labor	and	start-up.What	is	the	relationship	between	hydroelectric	power	and	drinking	water	management?Real	example:	The	Three	Gorges	DamOne	of	the	most	impressive	hydroelectric	power	plants	in	the
world	is	the	Three	Gorges	Dam	in	China.	Its	construction	had	an	estimated	cost	of	$	31,000	million	dollarsWith	a	generating	capacity	of	22,500	MW,	it	is	one	of	the	largest	and	most	powerful	facilities	ever	built.The	project	took	almost	20	years	to	complete	and	required	the	relocation	of	more	than	1.3	million	people.	In	addition,	its	construction
required	enormous	quantities	of	steel	and	concrete.While	it	was	a	colossal	investment,	today	it	supplies	a	significant	amount	of	clean	electricity	to	millions	of	homes.Benefits	and	challenges	of	investing	in	hydropowerThe	hydroelectric	plants	They	offer	multiple	long-term	benefits,	although	their	construction	can	present	significant
challenges.Economic	and	environmental	benefitsGenerate	clean	energy	carbon-free.Its	efficient	and	have	low	operating	and	maintenance	costs.They	provide	energy	security	and	stability	in	supply.They	contribute	to	local	economic	development,	generating	jobs.Challenges	and	potential	negative	impactsRequire	high	initial	investments	and	long
construction	times.They	can	affect	ecosystems	and	biodiversity	en	rivers	and	nearby	areas.In	some	cases,	it	is	necessary	to	relocate	entire	communities.Dependence	on	weather	conditions	to	ensure	a	constant	flow	of	water.Frequently	Asked	Questions	About	Construction	CostIs	it	more	expensive	to	build	a	hydroelectric	plant	than	other	energy
sources?Initially	yes,	but	its	useful	life	exceeds	50	years,	making	it	a	profitable	long-term	investment.How	long	does	it	take	to	build	a	hydroelectric	power	plant?Projects	can	take	between	5	and	15	years,	depending	on	the	size	and	the	necessary	prior	studies.Is	maintenance	expensive?No,	hydropower	has	low	maintenance	costs,	making	it	more
profitable	over	time.In	short,	build	a	hydroelectric	power	station	It	requires	a	high	initial	investment,	but	represents	one	of	the	most	sustainable	and	cost-effective	long-term	solutions.	Its	ability	to	generate	clean	and	stable	energy	makes	it	a	key	option	for	the	global	energy	transition.How	do	prolonged	droughts	affect	hydropower?	Published	on
January	28,	2025Written	by	CPA	Alec	Pow	|	Content	Reviewed	by	CFA	Alexander	Popinker	Hydroelectric	power	is	one	of	the	oldest	and	most	reliable	renewable	energy	sources,	using	the	kinetic	energy	from	flowing	water	to	generate	electricity.	As	countries	aim	to	transition	away	from	fossil	fuels,	understanding	the	costs	associated	with	hydroelectric
power	is	essential	for	energy	policymakers,	investors,	and	utilities.	Specifically,	analyzing	the	cost	per	kilowatt-hour	(kWh)	provides	important	insights	into	the	economic	feasibility	of	hydroelectricity.	This	article	examines	the	major	factors	influencing	hydroelectric	costs	per	kWh	and	provides	comparisons	to	other	electricity	sources.	The	cost	per	kWh
for	hydroelectric	power	plants	can	vary	widely	based	on	project	scale	and	site	specifics,	but	typically	ranges	from	around	$0.02	per	kWh	for	very	large-scale	dams	with	immense	economies	of	scale,	up	to	$0.60	per	kWh	or	more	for	small-scale	community	micro-hydro	projects	under	1MW.	Several	considerations	determine	the	overall	expense	and	cost
efficiency	of	hydroelectric	power	on	a	per	unit	basis:	High	Upfront	Construction	Expenses	Building	hydroelectric	plants	requires	substantial	initial	investments,	including	costs	for	dams,	reservoirs,	water	conveyance	infrastructure,	turbines,	generators,	transmission	lines,	access	roads,	and	more.	According	to	hydroengineering	expert	Dr.	Leah	Simon
of	GE	Renewables,	these	capital	costs	for	hydropower	facilities	typically	range	from	$1,500	-	$5,500	(≈2.1	months	working	without	a	break	on	a	$15/hour	salary)	per	kilowatt	(kW)	of	installed	capacity,	depending	on	project	scale,	site	conditions,	and	regional	construction	expenses.	Larger	projects	benefit	from	economies	of	scale	but	also	incur	higher
civil	engineering	costs.	Smaller	"run-of-the-river"	projects	have	lower	civil	works	costs	but	may	have	higher	per	kW	equipment	costs	if	unable	to	procure	turbines	at	scale.	Nevertheless,	in	all	cases	the	majority	of	lifetime	expenses	are	incurred	upfront	during	multi-year	construction	periods.	Operating	and	Maintenance	Costs	While	minimal	compared
to	fossil	fuel	power	plants,	hydroelectric	projects	do	entail	regular	operation	and	maintenance	(O&M)	expenses	to	remain	functional	for	decades.	These	include	equipment	maintenance	and	repairs,	facility	upkeep,	license	and	royalty	fees,	insurance,	staffing,	and	related	overhead	costs.	Per	energy	consultant	Hannah	Bell	of	WSP,	annual	O&M	costs
typically	amount	to	around	1-4%	of	initial	capital	costs,	so	$15	to	$60	(≈4	hours	to	sacrifice	at	work	earning	$15/hour)	per	kW	of	capacity.	Larger	projects	tend	to	have	lower	O&M	costs	per	kW	thanks	to	economies	of	scale.	Unexpected	repairs	or	accidents	can	drive	costs	higher.	Proactive	maintenance	helps	optimize	performance	and	minimize
preventable	repairs.	Project	Lifespan	and	Depreciation	Accounting	conventions	allow	hydroelectric	developers	to	depreciate	assets	over	long	useful	lifespans	averaging	65-100	years.	This	means	capital	costs	can	be	distributed	over	decades	or	even	a	century	of	kWh	generation.	According	to	accountant	Evan	Wang,	CPA,	of	Hayashi	&	Wayland,
"Hydroelectric	dams	are	engineered	for	a	50-to-100-year	operating	life	or	more,	which	allows	project	owners	to	amortize	initial	construction	costs	over	an	extended	period	through	depreciation,	reducing	the	levelized	cost	per	kWh."	Refurbishing	and	upgrading	equipment	periodically	further	extends	asset	lifespans.	Newer	turbine	designs	also	boost
efficiency	compared	to	older	facilities.	However,	for	financially-stressed	projects,	insufficient	long-term	maintenance	can	decrease	performance,	output,	and	cost-efficiency	over	time	if	repairs	are	deferred.	Environmental	and	Social	Costs	While	renewable,	hydroelectric	projects	substantially	alter	local	ecosystems,	wildlife	habitats,	and	natural	water
flows.	Mitigating	these	effects	carries	additional	environmental	costs	for	developers	and	operators,	explains	environmental	scientist	Dr.	Olivia	Graham	of	American	Rivers:	"Protecting	fish	habitats,	maintaining	sufficient	water	flows,	monitoring	water	quality,	and	preserving	sensitive	species	around	hydroelectric	assets	requires	investments	in
conservation	and	mitigation	efforts	that	increase	project	lifecycle	costs."	Community	relocation	expenses	and	compensation	for	disrupted	land	usage,	agriculture,	or	transportation	also	represent	socioeconomic	costs	that	must	be	factored	in,	adds	social	impact	analyst	Claudia	Dubois	of	TRC	Companies.	Proper	environmental	and	social	impact
management	ensures	the	sustainability	of	hydroelectricity	but	increases	per	kWh	pricing.	Geography	and	Water	Resources	Locations	with	abundant	water	flow	and	optimal	elevation	changes	maximize	hydroelectric	output	and	minimize	per	unit	costs.	Without	consistent	water	resources,	energy	generation	is	less	reliable	and	per	kWh	expenses	rise.
According	to	a	report	from	IRENA,	the	levelized	cost	of	electricity	(LCOE)	for	large	hydropower	projects	typically	ranges	from	approximately	$0.02	to	$0.19	per	kWh.	This	range	assumes	a	10%	cost	of	capital	and	highlights	the	competitive	pricing	of	hydropower	compared	to	other	energy	sources.	Another	source,	Statista,	indicates	that	the	average
LCOE	for	hydropower	worldwide	was	around	$0.061	per	kWh	in	2022.	This	figure	underscores	hydropower's	position	as	one	of	the	lowest-cost	sources	of	electricity	globally.A	detailed	analysis	from	Hydro	Review	states	that	at	about	$0.05	per	kWh,	hydroelectricity	remains	one	of	the	most	economical	forms	of	energy	generation	today.	This
affordability	makes	it	an	attractive	option	for	both	utility-scale	projects	and	smaller	installations.According	to	a	report	by	the	U.S.	Department	of	Energy,	operating	costs	for	hydroelectric	plants	can	vary	significantly,	but	they	often	average	around	14.71	mills	per	kWh,	which	translates	to	about	$0.01471	per	kWh.	This	low	operating	expense
contributes	to	the	overall	affordability	of	hydropower.	Lastly,	an	overview	from	Statista	indicates	that	operating	expenses	for	conventional	and	pumped	storage	hydroelectric	power	plants	have	remained	relatively	stable,	further	supporting	the	economic	viability	of	hydropower	as	an	energy	source.	How	Hydroelectricity	Cost	per	kWh	is	Calculated	The
key	factors	above	shape	the	final	per	unit	cost	of	hydroelectricity.	Here	is	how	it	is	derived:	Impact	of	Capital	Costs	on	Pricing	-	High	upfront	infrastructure	and	construction	costs	are	spread	over	the	lifetime	electricity	generation.	With	higher	initial	capital	costs,	the	per	kWh	rate	must	increase	to	recoup	expenses.	This	makes	reducing	capital	costs
critical.	Operating	Costs	and	Plant	Efficiency	-	Ongoing	operating	and	maintenance	expenses	are	divided	across	the	plant's	total	power	output.	More	efficient	facilities	with	higher	capacity	produce	more	kilowatt-hours	annually,	lowering	the	operating	cost	per	individual	kWh.Energy	Output	and	Capacity	Utilization	-	To	produce	power	affordably,
hydroelectric	assets	must	be	utilized	consistently	at	optimal	capacity.	The	more	hours	a	plant	runs	annually,	the	more	kWhs	are	generated,	reducing	the	allocated	share	of	fixed	costs.	Output	depends	heavily	on	water	flow	consistency.Hydroelectricity	Cost	Comparison	with	Other	Sources	-	So	how	does	hydroelectric	generation	stack	up	against
competing	electricity	options	in	terms	of	per	unit	pricing?	Vs.	Conventional	Power	Plants	While	coal	and	natural	gas	plants	have	lower	upfront	capex	per	kW,	their	operating	expenses	are	2-5x	higher	than	hydro	over	the	asset	life,	notes	Dr.	Crawford.	Hydro's	minimal	fuel	costs	and	emissions	give	it	an	O&M	cost	advantage.	However,	natural	gas	is
more	dispatchable.	Vs.	Solar	and	Wind	Generation	Per	2021	Lazard	data,	utility-scale	hydroelectricity	remains	very	cost-competitive	with	solar	PV	and	wind	on	a	per	kWh	basis	when	factoring	in	capacity	factors.	However,	solar	and	wind	projects	have	faster	permitted	and	construction	timelines	advises	analyst	Jessica	Lee	of	S&P.	Global	Energy	Policy
and	Market	Dynamics	Many	nations	incentivize	solar	and	wind	development	through	tax	credits	and	accelerated	depreciation.	Increased	hydroelectric	subsidies	could	boost	cost-competitiveness,	notes	policy	expert	Dr.	Vijay	Das	of	UNIDO.	Hydro's	low-carbon	flexibility	helps	enable	wider	renewable	energy	integration.	You	might	also	like	our	articles
about	the	cost	of	replacing	an	electrical	panel,	solar	energy,	or	home	windmills.	Case	Studies	and	Examples	To	demonstrate	how	these	factors	manifest	in	real	projects,	here	are	example	cost	breakdowns	for	facilities	large	and	small:	Massive-Scale	Hydroelectric	Dams	China's	Three	Gorges	Dam,	the	world's	largest	hydroelectric	plant,	delivered	power
at	around	$0.04	per	kWh	in	its	early	years,	benefiting	from	immense	scale.	Construction	costs	totaled	over	$26	billion	(≈833333.3	years	of	uninterrupted	labor	at	$15/hour	-	exceeding	the	time	humans	have	had	our	current	brain	size).	Brazil's	12,600	MW	Itaipu	Dam	facility	supplies	17%	of	Brazil's	electricity	at	an	estimated	$0.09	per	kWh	Completed
in	1984	after	$20	billion	(≈641025.6	years	of	dedicated	labor	at	$15/hour	-	exceeding	the	time	humans	have	had	symbolic	thinking)	of	construction	costs,	upgrades	have	kept	operating	costs	low.	Smaller-Scale	and	Run-of-River	Projects	Independent	50	MW	"run-of-the-river"	plants	in	British	Columbia	produce	power	for	$0.08	-	0.12	per	kWh,	says
energy	consultant	Wendy	Lu	of	Hatch.	Their	smaller	ecological	footprint	provides	affordable	localized	renewable	energy.	Rural	U.S.	micro-hydro	projects	under	1	MW	range	from	$0.18	-	0.60	per	kWh,	according	to	DOE	data.	Their	small	scale	leads	to	higher	per	unit	costs,	but	they	provide	targeted	service.	Challenges	and	Limitations	While	cost-
competitive	and	low-carbon,	hydroelectricity	faces	some	structural	limitations:	Environmental	Impact	-	Dam	construction	often	heavily	disrupts	local	ecosystems,	wildlife	habitats,	and	natural	water	flows.	Mitigating	these	effects	adds	project	costs.High	Capital	Investment	Requirements	-	Project	scale	necessitates	massive	upfront	financing	that	can
strain	funding	resources	in	developing	countries.	This	hinders	adoption.Dependence	on	Consistent	Water	Supply	-	Reduced	precipitation	and	severe	droughts	due	to	climate	change	threaten	to	disrupt	hydropower	output	and	raise	per	kWh	costs.The	Future	Outlook	for	Hydroelectric	Power	-	What	potential	developments	could	shape	hydroelectricity's
costs	going	forward?Technology	Improvements	-	Innovations	in	materials,	turbine	efficiency,	and	low-head	hydropower	systems	may	lower	capital	costs	and	improve	project	flexibility.Global	Sustainability	Role	-	With	abundant	potential	capacity	left,	hydroelectricity	appears	poised	to	expand	as	countries	seek	to	reduce	fossil	fuel	dependence.	Costs
could	fall	with	scale.	Final	Words	While	hydroelectric	power	has	substantial	upfront	capital	costs,	its	low	operating	expenses	and	emissions	make	it	a	competitive	and	sustainable	renewable	energy	source	strategically.	With	smart	project	siting	and	emerging	technologies,	hydroelectricity	can	play	a	major	role	in	cost-effectively	decarbonizing	the
world's	electricity	grids.	Answers	to	Common	Questions	How	many	kWh	does	a	water	turbine	produce?	The	electricity	generated	by	a	water	turbine	depends	on	its	capacity	and	annual	utilization,	but	large	turbines	can	produce	over	1	billion	kWh	annually.	A	turbine	with	500	MW	capacity	operating	at	50%	utilization	would	generate	around	2.2	million
kWh	daily.How	much	does	a	hydroelectric	power	station	cost?For	a	large-scale	hydroelectric	dam	and	power	station,	total	capital	costs	often	range	from	$2	billion	to	$10	billion	(≈320512.8	years	of	continuous	labor	at	$15/hour	-	longer	than	Homo	sapiens	has	existed)	or	more.	The	cost	per	installed	kW	capacity	averages	around	$2,000	-	$5,000	(≈1.9
months	of	your	working	life	at	$15/hour).	Smaller	run-of-the-river	projects	can	cost	$1,000	-	$2,000	(≈3.3	weeks	trading	your	time	for	$15/hour)	per	kW.How	much	water	is	used	per	kWh?Water	usage	varies	widely	by	turbine	and	dam	size	and	local	conditions,	but	typical	utilization	is	around	100,000-300,000	gallons	per	MWh	generated.	So,	each	kWh
of	electricity	requires	about	0.1-0.3	gallons	of	water	flow.	Water	is	recycled	rather	than	consumed.	Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as
you	follow	the	license	terms.	Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your
contributions	under	the	same	license	as	the	original.	No	additional	restrictions	—	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable
exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	The	creation	of	a	dam	is	a	big	project,	depending	on	the	size	and	location,	it	can	cost	hundreds	of	millions	of
dollars.	It’s	not	inexpensive	to	build	a	dam	or	even	expand	an	existing	one.	Since	the	cost	can	be	so	large,	I’ll	tell	you	how	much	it	costs	to	build	a	dam.	Water	transmits	energy	in	the	form	of	waves	&	oscillations.	On	account	of	this	unique	quality,	dams	are	being	used	for	various	applications	such	as	electric	and	transmission	facilities,	fishing	and
navigation.	Their	applications	in	irrigation	and	generation,	which	account	for	over	90%	of	total	dams	construction,	could	be	the	most	important	use	of	dams,	how	much	does	it	cost	to	maintain	a	dam,	How	much	does	it	cost	to	build	a	small	dam.	There	are	well	detailed	information	on	How	Much	Did	The	Three	Gorges	Dam	Cost	To	Build,	How	Much
Does	A	Dam	Cost	To	Build,	How	Much	Does	A	Hydroelectric	Dam	Cost	To	Build,	How	Much	Does	It	Cost	To	Build	A	Dam	and	so	much	more.		What	This	Is	AboutYou’re	learning	about	embankment	(earth‑fill)	dams—what	they	are,	and	how	much	they	typically	cost	to	build	depending	on	size,	material,	and	site.	We’ll	share	real	examples	and	ballpark
estimates.		How	It	Works	Embankment	dams	are	made	from	compacted	soil	or	gravel,	often	with	a	clay	core	for	sealing.	Also	known	as	earth‑fill	dams	(not	to	be	confused	with	arch	or	buttress	dams).	Suitable	where	fill	is	locally	available—even	in	hilly	or	mountainous	terrain.		Materials	or	Tools	Needed	Excavators/loaders	to	move	and	compact
soil/gravel	Clay	core	material	for	core	wall	Ripple	filters	or	drainage	layers	Spillway	structure	(stone	or	concrete)	Earthwork	crew,	compactor,	surveyor,	and	engineering	services	⚙	Step‑by‑Step	Cost	Breakdown	Choose	dam	scale	Small	earth‑fill	dam	(
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