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Planning	for	renewable	energy:	
A	100%	renewable	energy	vision	for	Barbados	

Tom	Rogers	
	

Faculty	of	Science	&	Technology	
The	University	of	the	West	Indies	

Cave	Hill	Campus	

A	presentaEon	for	the:	
23rd	September	2016	

Presenta.on	overview	

•  Recap	of	Olav	Hohmeyer’s	100%	vision	

•  A	look	at	the	technology	opEons	
– Solar	PV	
– Wind	energy	
– Pump	storage	Hydro	

•  What	about	the	transport	sector?	
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A	100%	renewable	Barbados	
AND	lower	energy	bills	

Progress	to	date…	

Origin	of	this	scenario	

Available	to	download	from	www.brea.bb		

Professor	Olav	Hohmeyer	
Teaches	on	UWI’s	MSc	programme	
-  Energy	economics	
-  Shaping	energy	systems	

•  40	years	experience	in	RE	sector	
•  Lead	author	IPPC	report	on	renewable	energy	
•  Key	player	in	Germany’s	renewables	success	
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51	GWh	biomass	

1	GWh	PSH	 230	MW	wind	200	MW	solar	PV	

	
	

$0.22/kWh	
	
	

A	100%	renewable	scenario	for	Barbados	
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Levilised	cost	of	electricity	at	100%	renewables	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		

Demand	curve	for	Barbados	
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Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		
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Demand	curve	for	Barbados	

40MW	-	Steam	turbines	(HFO)	

113.5	MW	Low	speed	diesel	(HFO)	

86MW	Gas	turbines	(diesel	+	jet	fuel)	
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Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		

GeneraTon	from	wind	and	solar	
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Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		
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Wind	and	solar	combined	
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Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		

Over-	and	under-producTon	from	wind	and	solar	
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Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		
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Residual	load	curve	
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AddiTonal	generaTon	
necessary	from	storage	

OverproducTon.	Energy	
stored	for	later	use.	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		

Storage	opTons	

•  Power	to	gas	(to	power)	

•  Pump	storage	hydro	

•  Bacery	storage	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		
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Storage	opTons:	Power	to	gas	(to	power)	

Power	to	gas	(to	power)	
•  Appropriate	size	GWh	
•  Very	low	efficiency	
•  High	costs	
•  Not	a	mature	technology	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		

Storage	opTons:	Baceries	

BaYeries	
•  Easy	to	install	
•  High	efficiency	
•  Electricity	loss	over	Eme	
•  RelaEvely	expensive												

(US$500-600/kWh	storage)	

•  Too	small	for	Barbados					
(MWh	range	when	we	need	GWh	range)	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		
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Storage	opTons:	Pumped	storage	hydro	

Pumped	storage	hydro	
•  Appropriate	size	GWh	
•  Low	cost	per	MWh	storage	

(<US$100/kWh	storage)	

•  Major	construcEon	needed	
•  Needs	special	locaEons	with	

large	alEtude	differences	
•  Possible	for	Barbados	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		

51	GWh	biofuel	

1	GWh	PSH	 230	MW	wind	200	MW	solar	PV	

	
	

$0.22/kWh	
	
	

When	the	storage	is	depleted?	

•  Biomass	opEons	(biodiesel	or	biogas)	
•  AcracEon	of	keeping	diesel	generators	operaEonal	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		
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A	look	at	the	different	technologies	

Solar	PV	

EsTmated	cumulaTve	installed	solar	PV	capacity	
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PV	roo\op	esTmaTon	for	Barbados	
No. homes 80,000 
Average roof area 40m2 

No. other buildings 8,000 
Average roof area 100m2 

PV roof coverage 50% 
Roof area for 1kWp 8m2 

Total rooftop PV availability 280 MW 

Rough	calculaTon	of	distributed	roo\op	potenTal	

Plus	covering	car	parks?	

Air	gap	research	at	the	UWI	Cave	Hill	
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Results	

•  Air	gap	<30mm	=	increased	cooling	demand	

•  Air	gap	>30mm	=	decreased	cooling	demand	

•  Air	gap	>80mm	=	becer	performing	PV	system	

Source:	Julian	Maynard	and	Tom	Rogers	(The	UWI	Cave	Hill)	
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A	look	at	the	different	technologies	

Wind	

Why	wind?	
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Levelised	cost	of	energy	for	different	generaTon	opTons	in	Barbados	
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Past	experience	in	Barbados	

Past	experience	
•  One	wind	turbine	
•  Installed	in	St	Lucy	
•  Concrete	tower	
•  Stainless	steel	blades	
•  Operated	for	5	years	
•  Safety	concerns	
	

Modern	turbines	

•  Greater	power	output	

•  Quieter	

•  Longer	lifespan	

•  Wigton	wind	farm	provides	vital	
Caribbean	experience	

•  Able	to	survive	category	4-5	
hurricane	

How	much	wind	do	we	need?	

51	GWh	biomass	

1	GWh	PSH	 230	MW	wind	200	MW	solar	PV	

	
	

$0.22/kWh	
	
	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		
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A	desktop	study	of	wind	potenTal	for	Barbados	

WindPRO	3.0	

Inputs	
•  Weather	data	
•  Terrain	data	
•  Surface	roughness	data	
•  Wind	turbine	selecEon	
and	locaEon	

Outputs	
•  Energy	yield	predicEon	
•  Financial	modeling	
•  Electrical	integraEon	modeling	
•  Noise	maps	
•  Shadow	flicker	maps	
•  Photomontages	
	Link:	hcp://www.emd.dk/windpro/	

Enercon	E-58	
Hub	height	-		67m	

Blade	length	-	 	29m	

Total	height	-	 	96m	

Rated	capacity	-	1MW	(at	12m/s	wind	speed)	

Wind	turbine	selecTon	

A	1MW	wind	turbine	can	power	
~1,200	homes	in	Barbados	
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Considera.on	of	loca.on	
	
T&C	Planning	input	
1.5	Emes	height	from	roads/buildings	
	
Noise	levels	–		55dB(A)	dayEme	

	 	 	45dB(A)	nighrme	
	 	 	[Secled	on	350m]	

	
Anything	over	75u	passed	by	BCAD	
	
The	process		
Satellite	imagery	used	to	determine	key	
locaEons	for	wind	turbines,	with	
followup	by	site	visits…	
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224.7	

73.2	

1,143.6	

Current	Barbados	electricity	
demand	is	~950	GWh/year!	
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1	
M
W
	 1	 9.4	 48	 48	 5.1	 174.3	 41.5%	 3,632	

2	 9.2	 42	 42	 4.6	 166.0	 45.1%	 3,953	
3	 9.4	 35	 35	 3.7	 135.3	 44.1%	 3,864	
4	 7.0	 51	 51	 7.3	 231.4	 51.8%	 4,537	
5	 7.9	 38	 38	 4.8	 138.7	 41.7%	 3,651	
6	 16.2	 76	 76	 4.7	 224.7	 33.7%	 2,956	
7	 5.2	 27	 27	 5.2	 73.2	 30.9%	 2,710	

64.2	 317	 317	 5.1	 1,143.6	 41.2%	 3,607	

3	
M
W
	 1	 9.4	 19	 57	 6.1	 226.0	 45.3%	 11,895	

2	 9.2	 24	 72	 7.9	 270.4	 42.9%	 11,267	
3	 9.4	 24	 72	 7.7	 262.3	 41.6%	 10,930	
4	 7.0	 16	 48	 6.9	 196.3	 46.7%	 12,267	
5	 7.9	 16	 48	 6.1	 170.2	 40.5%	 10,634	
6	 16.2	 40	 120	 7.4	 361.0	 34.3%	 9,026	
7	 5.2	 13	 39	 7.5	 107.5	 31.5%	 8,268	

64.2	 152	 456	 7.1	 1,593.7	 39.9%	 10,485	

Next	steps	for	turning	technical	potenTal	into	reality	

1.  More	detailed	wind	resource	assessment	

2.  Wind	power	electrical	integraEon	study	

3.  IncorporaEon	of	wind	into	the	next	PDP	

4.  Radar	system	at	GAIA	

5.  Public	involvement	in	the	ownership	and	benefits	of	wind	
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Involve	the	local	community…	

Community	wind	

7 good reasons for local ownership 
1.  Results in more installed wind capacity 

2.  Creates local dialogue and acceptance 

3.  Helps raise public awareness about wind 

4.  Solves problems and conflicts 

5.  Local turbines are democratic 

6.  Local production makes sustainable development understandable 

7.  Gives people opportunity to act for sustainable development 

Source:  http://www.middelgrunden.dk/middelgrunden/?q=en 
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Make	them	a	tourist	aYracTon!	

Wind	turbines	
with	special	

viewing	playorms	

Mt	Poyer.	Looking	west	across	St	Lucy	

1MW	wind	turbines	
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Mount	Poyer.	Looking	southeast	towards	Mt	Gilboa	

1MW	wind	turbines	

Mount	Poyer.	Looking	southeast	towards	Mt	Gilboa	

3MW	wind	turbines	
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What	about	offshore	wind?	
Average	annual	wind	speed	(80m	agl)	

AnimaTon	of	wind	turbines	located	in	Zone	1	-	St	Lucy	
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A	look	at	the	different	technologies	

Pumped-hydro	storage	

Sea	as	the	lower	lake?	

•  Examples	include	this	scheme	in	Japan	

•  Corrosive	seawater	means	more	expensive	turbines	and	equipment	

•  Environmental	risk	if	seawater	in	upper	lake	were	to	leak	
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News	in	Barbados	

•  Williams	Ind.	Emera	Caribbean	+	Stantec	
invesEgaEng	suitable	sites.	

•  1GWh	equals	two	1,200,000	m3	lakes	

•  Roughly	250m	by	250m,	and	20m	deep	

One	possible	site…	
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What	about	the	transport	sector?	

What	about	the	transport	sector?	

Transport	
48%	

Electricity	
(DomesTc)	

14%	

Electricity	
(Commercial

)	
28%	

Other	
10%	

•  Transport	sector	accounts	for	48%	of	
primary	energy	consumpEon	on	
Barbados.	

•  Electric	vehicles	offer	a	way	to	
decarbonise	this	transport	sector	

•  Also	provide	lower	running	costs	
•  ()	

•  Could	help	with	grid	management	
using	vehicle-to-grid	services.	
PotenEally,	eventually,	negaEng	the	
need	for	backup	generaEon	from	LSD	
plants	
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What	about	the	transport	sector?	

Source:	Homeyer,	O.	(2014).	100%	renewable	Barbados.	See	www.brea.bb		

Conclusions	
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Conclusions	

•  Shiu	to	renewable	will	increase	Barbados’s	energy	security	

•  Any	investment	should	come	from	domesEc	investors	

•  Onshore	wind	the	cheapest	source	for	foreseeable	future	

•  Barbados	has	a	good	onshore	wind	power	potenEal	

•  CiEzen/community	wind	ownership	should	be	explored	
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Register	at	www.brea.bb	

Thank	you!	

Address: 	Faculty	of	Science	&	Technology	
The	University	of	the	West	Indies	
Cave	Hill	Campus	

Email: 	thomas.rogers@cavehill.uwi.edu	
Landline:	417	4158		(or)		417	4000	


