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The major differences in:
•	 An	electrical	resistance	element
•	 A	solar	collector	or	solar	water	heating	system
•	 A	heat	pump
are	that	the	element	uses	electricity;	the	solar	collector	uses	the	sun’s	
energy	directly	to	transfer	heat	while	a	heat	pump	draws	heat	from	
ambient	air	and	then	moves	this	heat	through	a	heat	exchanger.	

Electrical resistance element

An	electrical	resistance	element	is	very	basic	technology.	When	it	is	
fitted	inside	a	geyser,	the	heat	it	generates	is	transferred	directly	from	
the	element	to	the	water.	It	is	also	very	light	(about	300	g),	relatively	
cheap	 (±R150)	 and	 readily	 available.	 All	 these	 factors	 mean	 that,	
should	it	stop	working,	it	can	be	easily	repaired	by	just	one	person,	
typically	an	electrician,	with	minimum	fuss.	However,	it	is	expensive	
to	heat	water	using	a	resistive	type	element.

Solar water heating system

The	solar	water	heating	system	is	made	up	of	a	solar	geyser	(tank)	
and	collector	(panel),	which	is	traditionally	mounted	on	the	roof	to	
harvest	the	sun’s	rays.	The	most	common	type	of	solar	water	heating	
system	operates	using	a	natural	convection	process	known	as	the	
thermosiphon	principle.	This	relies	on	the	facts	 that	dark	surfaces	
absorb	heat	and	hot	water	rises.	For	a	thermosiphon	system	to	work,	
the	solar	geyser	must	be	situated	above	the	solar	collector.	Imagine	
a	solar	collector	 is	filled	with	cold	water.	When	 the	sun	heats	 the	
collector,	the	hot	water	in	the	collector	moves	upwards	into	the	solar	
geyser	mounted	above.	This	movement	displaces	the	colder	water,	
which	drops	to	the	bottom	of	the	collector.	The	sun	again	heats	the	
water,	and	the	cycle	continues.	The	hotter	the	sun,	the	faster	the	flow	
of	hot	water	to	the	solar	geyser	and	when	the	sun's	heat	is	no	longer	
present,	the	thermosiphon	circulation	stops.	In	a	direct	system,	the	
water	in	the	collector	mixes	directly	with	the	water	in	the	geyser.	In	

an	indirect	system,	Glycol	or	anti-freeze	circulates	between	the	solar	
collectors	and	a	heat	exchanger	built	into	the	solar	geyser.	This	heat	
exchanger	 acts	 like	 a	 'solar	 element'	 and	 transfers	 captured	 heat	
energy	into	the	potable	water	within	the	geyser.	Solar	water	heating	
systems	can	cost	between	R5	000	and	R35	000	depending	on	the	size	
of	the	collector	and	the	tank,	and	the	quality	of	the	workmanship.	
They	are	relatively	heavy	and	must	be	installed	by	trained	technicians.	

However,	depending	on	the	quality,	direct	collector	systems	re-
quire	little	to	no	maintenance	for	20	-30	years	while	in-direct	systems	
may	require	you	to	top	up	the	anti-freeze	levels	from	time	to	time.	The	
supplier/manufacturer	guidelines	should	be	read	and	obeyed.	Water	
quality	may	also	play	a	part,	but	essentially,	a	solar	water	heating	
system	should	require	minimal	maintenance.

Heat pump

In	contrast	to	these	two	systems	which	create	heat,	an	air-source	heat	
pump	uses	smart	engineering	to	warm	water	by	transferring	heat	
from	the	air	into	the	water	in	the	geyser.	This	is	achieved	by	moving	
a	refrigerant	in	a	continuous	cycle	that	boils	and	condenses.	Boiling	
the	refrigerant	absorbs	the	heat	from	the	air,	condensing	it	transfers	
the	heat	into	the	water.	In	much	the	same	way	as	the	parts	of	an	air	
conditioner	are	contained	in	a	‘box’,	so	too	are	the	parts	of	a	heat	
pump.	These	include	an	electric	fan,	a	small	electric	gas	compressor	
and	a	small	electric	water	pump;	an	evaporator,	an	expansion	valve	
and	a	heat	exchanger,	and	of	course,	 the	refrigerant	that	changes	
from	liquid	to	gas	and	back	again	in	a	continuous	cycle.	

This	refrigerant	has	a	far	lower	boiling	temperature	than	water,	
which	means	that	it	changes	from	a	liquid	into	a	gas	far	more	readily	
than	water	would	making	it	a	far	more	efficient	heat	energy	‘collector’.	
The	closer	the	heat	pump	to	the	geyser,	and	the	warmer	the	ambient	
temperature,	the	more	effective	the	system.	The	type	of	gas	being	
used	in	the	heat	pump	also	has	an	impact	on	efficiencies.	For	many	
people,	knowing	just	these	facts	is	sufficient.	For	those	who	want	to	
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know	how	the	heat	pump	functions	in	greater	detail,	this	is	how	the	
continuous	cycle	works:
•	 The	cold	refrigerant	liquid	and	gas	mixture	enters	the	evaporator.	
•	 The	air	blown	by	the	fan	over	the	evaporator	causes	the	refriger-

ant	to	gain	heat	energy	from	the	air.	
•	 This	 boils	 the	 refrigerant,	 changing	 it	 from	 liquid	 to	 gas,	 and	

continues	to	add	heat	to	the	gas.	
•	 The	gas	absorbs	heat	from	the	air	and	is	compressed,	a	process	

which	further	raises	its	temperature.	
•	 The	refrigerant	–	now	in	a	hot,	high-pressure	gaseous	form	–	is	

then	moved	through	the	system	to	the	heat	exchanger.	
•	 Here,	the	water	absorbs	the	heat	energy,	and	the	refrigerant	loses	

heat	energy.
•	 The	water	pump	feeds	cold	water	into	one	side	of	the	heat	ex-

changer,	and	the	water	is	heated	typically	by	about	5°C,	to	return	
to	the	geyser.	

•	 Now	being	cooler,	the	refrigerant	becomes	liquid	again,	though	
still	at	a	high	pressure.	

•	 The	high	pressure	 liquid	passes	 through	 the	expansion	valve,	
changing	to	a	low	temperature,	low	pressure	liquid	and	vapour	
mixture.	

Because	a	heat	pump	is	a	system	and	weighs	about	60	kgs,	instal-
lations	 and	 maintenance	 are	 more	 complex	 than	 for	 an	 electrical	
resistive	element.	It	can,	however,	be	installed	by	a	team	comprising	
an	electrician	and	a	plumber;	repairs	are	typically	carried	out	by	an	
air-conditioning	technician.	It	also	costs	around	R15	000	-	before	the	
rebate	currently	being	offered	by	Eskom.	

Cost of heating water using electricity 

According	to	Karin	Kritzinger	of	*Green	Cape,	as	a	rule	of	thumb,	we	
need	3	KWh	of	electricity	to	heat	100	litres	of	water	by	25	degrees.	So,	
you	would	need	6	KWh	to	heat	200	litres,	and	9	KWh	to	heat	300	litres.

You	also	have	to	account	for	standing	losses,	that	is,	the	electricity	
needed	to	keep	the	geyser	water	hot	all	day.	This	averages	at	around	
2	KWh	per	day,	but	can	be	significantly	higher	if	the	thermostat	is	set	
at	a	very	high	temperature.

At	11	KWh	a	day,	a	household	uses	330	KWh	for	hot	water	per	
month.	At	a	price	of	R1,57	per	KWh	(City	of	Cape	Town	domestic	tariff	
from	1	July	2012),	the	monthly	bill	to	heat	the	water	used	amounts	
to	R520	a	month	from	July	2012.	So,	the	potential	estimated	saving	
from	a	heat	pump	or	a	solar	water	heater	is	around	R360.	Table 1 
shows	the	investment	value	of	a	solar	water	heater	or	a	heat	pump	
installed	in	June	2012.	It	was	compiled	using	a	conservative	value	of	

200	KWh	saving	each	month	and	electricity	prices	were	again	taken	
as	R1,57	a	KWh	in	the	first	year	and	increased	by	10%	every	year	after	
that.	In	this	scenario,	the	technology	has	paid	for	itself	in	four	years.	

Year to 

June

Capital 

cost of the 

technology

Capital cost 

less Eskom 

rebate

Annual 

electricity 

saving 

Accumulated 

electricity 

saving

2013 R	18	000 R	13	000 R	3	768 R	3	768,00

2014 R	4	144,80 R	7	912,80

2015 R	4	559,28 R	12	472,08

2016 R	5	015,21 R	17	487,29

2017 R	5	516,73 R	23	004,02

2018 R	6	068,40 R	29	072,42

2019 R	6	675,24 R	35	747,66

2020 R	7	342,77 R	43	090,43

2021 R	8	077,04 R	51	167,47

2022 R	8	884,75 R	60	052,22

Table 1: Value of electricity savings achieved by installing a SWH.

This	very	conservative	scenario	demonstrates	that	there	are	sound	
financial	reasons	for	investing	in	a	SWH	or	heat	pump.	

Conclusion

Ideally,	you	should	make	predominant	use	of	solar	water	heating,	with	
the	back-up	heating	done	with	a	heat	pump.	Whichever	investment	
you	choose,	your	finances	and	your	world	will	receive	a	great	return.

* Green Cape is a government-funded, industry-led initiative to 
support the development of renewable energy in the Western Cape.
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