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Renewable	Energy	Resources	
Desing	&	Development	of	the	smart	grid	requires	modeling;	
•  Wind	
•  PV	
•  Solar	
•  Biomass	
•  Fuel	Cells	

Trend	is	deployment	of	Distributed	Energy	Resources	(DERs)	
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Sustainable	 energy	 is	 derived	 from	natural	 sources	 that	 replenish	 themselves	
over	 of	 )me.	 (They	 can	 be	 called	 «green	 power»,	 since	 they	 are	 sun,	 wind,	
hydro	etc.)	
	
Renewable	energy	op)ons	are	meant	to	provide	the	smart	grid	with;	
•  Remote	u)liza)on	and	storage	of	RER	output,	
•  Enhanced	Func)onality	of	grid-connected	RE	Systems	(RES)	

–  Facilita)ng	give	and	take	of	energy	from	the	system	
–  Redistribu)on	of	unused	power	from	grid	connected	RES	
–  Facilita)ng	energy	storage	
–  Tracking	interac)ons	for	billing	and	further	studies	

•  Enhanced	func)onality	for	electric	vehicles	
•  U)liza)on	of	e-car’s	ba^ery	packs	as	storage	devices	
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1.  Solar	Energy	
2.  Wind	Turbine	Systems	
3.  Biomass-Bioenergy	
4.  Small	and	Micro	Hydropower	
5.  Fuel	Cell	
6.  Geothermal	Heat	Pumps	
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1.  Solar	Energy	
It	has	no	emission,	it	is	reliable	and	it	requires	minimum	maintenance	
Harnessed	by	the	use	of	PV	cells	discovered	in	1839	by	French	physicist	Edmund	Becquerel.	
It	can	be;	

	Single	Panel		
	String	of	Panels	
	Paralel	Strings	of	Panels	

The	PV	system	considers;	
	 -Insola)on:	 	The	availability	of	solar	energy	 	conversion	to	electricity.	 (temp,	 light	

intensity,	posi)on	of	panels	etc)	
	-Emission:	PV	emission	levels	are	e-friendly.	

Several	materials	used	for	manufacturing;	
	-amorphoues	silicon	
	-polycrystalline	silicon	
	-cadmium	telluride	
	-microcrystalline	silicon		
	-copper	indium	selenide	

	
	
	
	
	



The	Common	RER	in	Smart	Grid	Networks	

April	25th,2017	Renewable	Energy	and	Storage	

		
1.  Solar	Energy	
Cost	of	installa)on	reduces	day	by	day.	
For	 modelling	 PV	 systems,	 there	 are	 some	 simula)on	 programs	 such	 as	 «PV-DesignPro»,	
which	takes	one	year’s	worth	of	hourly	global	direct	radiance,	temp	and	wind	speed	data	as	
input,	computes	the	power	output	for	different	kinds	of	PV	cells.	
The	I-V	char.	of	power	cell	is	modeled	by	belove;	
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1.  Solar	Energy	
Conversion	&	Power	Electronic	Tech:	
	Several	Inverter	systems	convert	or	transfrom	DC	into	AC	for	grid.	
	Mathema)cal	models	and	probability	density	used	 to	model	PV	
behaviour		include	Beta	and	Rayleigh	density	func)ons.	

	
	
	
	
	
	



The	Common	RER	in	Smart	Grid	Networks	

April	25th,2017	Renewable	Energy	and	Storage	

		
2.Wind	Turbine	System	
It	is	the	fastest	growing	RER	in	World	right	now.	
It	 is	 cheaper	 than	 Solar	 since	 it	 can	 be	 connected	 to	 grid	much	
more	easily.	
A	wind	türbine	consists	of;	

	-	a	rotor,	
	-	a	generator,	
	-	blades	
	-	driver	or	coupling	device.	

Although	turbines	produces	no	C02	and	very	very	e-friendly,	there	
is	a	big	drawback;	
-  No	 consistency,	 power	 is	 produced	 only	 when	 there	 is	

sufficient	wind.		
-  Output	power	cannot	be	controlled.	
-  Noise	pollu)on	
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2.	Wind	Turbine	System	
	

For	modelling	wind	turbines;	
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2.	Wind	Turbine	System	
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3.	Biomass-Bioenergy	
	

Energy	derived	from	organic	ma^ers	such	as;	
	 	-	Corn	

	-Wheat	
	-Soybeans	
	-Wood	

	
Biomass	plants’	power	ranges	between	0.5GW	to	3.0GW.	
In	 developing	 coun)res	 biomass,	 it	 is	 used	 domes)cliy	 for	 cooking	 and	
hea)ng.	
Biomass	is	not	so	green,	produces	C02	like	thermal	plants.	
	
	

	
	
	



The	Common	RER	in	Smart	Grid	Networks	

April	25th,2017	Renewable	Energy	and	Storage	

4.	Small	&	Micro	Hydropower	
	

Most	common	RER	in	the	World.	
Small	ones	vary	from	100kW	to	30MW	
Micro	ones	smaller	than	100kW	
	
	
Induc)on	motors	provide	a	generator	for	a	türbine	system,		
hydraulic	 türbine	 converts	 the	 water	 energy	 to	 mechanical	 rota)onal	
energy.	
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5.	Fuel	Cell	
	

Used	for	enchancing	power	delivery	in	the	smart	grid	
Fuels	from	Hydrogen,	Natural	Gas,	Methanol,	Gasoline.	
Fuel	Cells	are	e-friendly,	nearly	no	C-emission	but	more	expensive	than	the	
other	RER	
The	topology	of	a	fuel	cell	holds	the	electrodes	and	electroly)c	material.	
Good	for	enviroment	but	bad	for	high	power	demand	situa)ons	since	it	has	
high	capital	cost.	
Most	common	used	ones	are;	

	-	Phosphoric	acid	fuel	cells	(PAFC)	
	-	Proton	membrance	fuel	cells.	(operates	at	lower	temp,	no	chemicals)	
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6.	Geothermal	Heat	Pumps	
This	 form	 of	 power	 is	 based	 on	 accesing	 the	 underground	 steam	 or	 hot	
water	from	wells	drilled	several	miles	into	earth.	
	
Conven)onal	 steam	 turbines	 drive	 the	 electrical	 generator	 that	 produces	
power.	
There	are	several	types	of	it,	namely;	

	-	Dry	Stream,	
	-	Flash	Stream,	
	-	Binary	Cycle.	

	
Needs	significant	amount	of	investment	and	
explora)on	risk	must	be	calculated	
while	planing	geo-power	plants.	
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Monitoring	opera)ng	parameters	such	as	voltage,	angle,	and	frequency	of	system	
by	 real-)me	 sensors	 is	 very	 important	 for	 answering	 the	 changing	 condi)ons	 of	
electric-prices.		Demand	and	Response	(DR)	is	the	key	feature	of	the	smart	grid.	
	
DR	can	be	categorized	into	4	components	as;		
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Integra)on	of	e-cars	is	another	component	of	smart	grid	system.	
Vehichle-to-gird	 (V2G)	 power	 	 uses	 e-cars	 to	 provide	 elec)rc	 to	 the	 system	 at	
certain	)me	of	the	day.	
	
When	the	car	is	at	park	state,	and	there	is	demand	of	power	with	high	costs,	owner	
of	the	e-car	can	set	his/her	car	as	generator	make	profit	from	it.	
	
But	regula)ons	are	not	clear	and	the	tech.	behind	this	is	not	finished	yet.	
	
Very	e-friendly	as	no	CO2	emission	as	legacy	cars.	
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•  PHEV	will	 50%	of	 the	market	 end	
of	2025	in	USA	
•  Chargin	 ba^ery	 will	 increase	 the	
load	by	18%	in	USA	
•  	This	means	voltage	collapse	up	to	
96%	 	of	the	nominal	voltage	 level	
in	some	areas	of	USA	
•  Charging	 )me	 should	 be	 planned	
according	 to	 the	 peak-demand	
)mes	 in	 order	 to	 prevent	 voltage	
collapses.	
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Climate	 change	 is	 the	 term	which	 is	 commonly	 linked	 to	 global	 warming	 &	
cooling	(ice	age)	
Changes	in	long	period	of;	

	-	in	temperature	
	-	in	rainfall,	
	-	in	snow,	
	-	wind	pa^erns	

Main	causes	of	theese	changes	are;		
	-	natural	factors	(such	as	changes	in	the	sun’s	&	earth’s	orbit,	ocean	

circula)on,	acceptable)	
	-		human	factors	(	Co2	emission	with	burning	C-bases	fuels.)	



Storage	Technologies	
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Energy	 storage	 is	 important	 for	 u)lity	 load	 leveling,	 e-vehichles,	 solar	 energy	
systems.	
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Thank	you	for	Listening	


