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Summary:	In	past	few	decades,	many	tall	buildings	in	the	Kingdom	of	Saudi	Arabia	(KSA)	have	been	increasing	
due	to	the	rapid	development	of	the	oil-based	economy.	Today,	 large	cities	 in	KSA	such	as	Riyadh	are	 in	the	
process	 of	 transforming	 towards	 high	 density.	 Many	 of	 these	 towers	 appear	 to	 be	 motivated	 by	 self-
advertising,	 otherwise	 called	 ‘iconic’	 appearance,	 contributing	 little	 to	 the	 public	 good	 or	 to	 density	 but	
proclaiming	the	wealth	of	their	owners.	Tall	buildings	have	been	associated	historically	with	wasteful	energy	
performance.	 Future	 tall	 buildings	 may	 need	 to	 be	 designed	 in	 a	 more	 sustainable	 way,	 through	 their	
architectural	 and	 engineering	 potential,	 and	 through	 a	 future	 oriented	 vision	 of	 urban	 design,	 holistically	
addressing	economic,	social,	transport	and	environmental	 issues.	The	paper	discusses	high-rise	not	as	pieces	
of	 architecture	 and	 art,	 but	will	 emphasize	 their	 technological	 and	 significant	 qualities	 towards	 sustainable	
urbanization.	The	research	will	also	illustrate	some	facade	solutions	in	very	hot	climate.	
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1. Introduction		
Tall	buildings	are	considered	to	be	the	most	visible	icons	of	cities,	showcasing	themselves	as	
man-made	 wonders	 which	 challenge	 gravity	 by	 scraping	 the	 sky.	 Due	 to	 the	 increase	 in	
urban	population	and	rapid	development	with	the	passage	of	time,	high-rise	buildings	have	
been	 popping	 up,	 and	 growing	 in	 height,	 in	mega	 cities.	 During	 the	 twenty-first	 century,	
their	highest	development	is	in	Asia,	especially	in	the	Middle	East.	Tall	buildings	represented	
the	growth	of	urbanization	in	countries	and	they	purported	to	solve	the	issues	of	density,	in	
city	regions	which	have	the	most	rapid	economic	growth.	The	phenomenon	of	tall	buildings	
is	assumed	to	demonstrate	technological	and	economic	progress	in	the	modern	period.	 

Although	 many	 high-rise	 buildings	 symbolize	 the	 development	 of	 modernization,	
there	 are	 too	 many	 cases	 of	 tall	 building	 design,	 which	 have	 visual	 and	 environmental	
issues;	 these	do	not	 respond	to	 the	culture,	climate	or	context;	 they	require	great	energy	
consumption	 to	 enable	occupant	 comfort.	 The	 author	 is	 researching	 tall	 buildings	 around	
the	world	which	have	successful	sustainable	design	and	have	applied	environmental	design	
strategies.	 In	 the	context	of	KSA,	he	 is	motivated	 to	seek	opportunities	 to	 reduce	running	
and	embodied	energy	consumption,	to	apply	sustainability	as	a	first	priority,	instead	of	the	
contemporary	priority	of	unprincipled	economic	gain.	The	Kingdom	of	Saudi	Arabia	(KSA)	is	
considered	as	a	 ‘developing	country’,	which	has	proceeded	rapidly	 in	urban	development,	
including	 very	 tall	 buildings.	 Most	 contemporary	 tall	 buildings	 have	 evolved	 from	 US	
precedents,	which	do	not	respond	to	the	culture,	climate	or	context	of	KSA.	Environmental	
design	 strategies	 are	 not	 even	 considered	 seriously	 because	 oil	 has	 been	 so	 inexpensive.	
Thus,	 I	have	determined	to	conduct	my	research	in	Sustainable	Tall	Buildings	 in	KSA.	After	



investigating	 and	 exploring	 sustainable	 high-rise	 buildings	 worldwide,	 I	 realize	 that	 it	 is	
significant	 to	 learn	 from	 them	 to	 improve.	 However,	 variations	 in	 climate	 and	 context	
should	be	taken	into	account	whilst	transferring	concepts.		

The	 research	 paper	 will	 show	 some	 sustainable	 solutions	 whose	 lessons	 can	 be	
applied	to	the	future	high-rise	buildings	in	the	KSA,	considering	context	and	climate	of	each	
city	 without	 compromising	 the	 future	 life	 and	 regional	 culture,	 and	 to	 reduce	 the	
environmental	impact.	

2. Historical	Background:	Tall	Buildings	
Regarding	 the	history	of	high-rise	buildings,	 since	16th	century,	 the	 tall	buildings	of	Shibam	
(South	Yemen),	at	up	to	53	meters	high,	created	the	earliest	tall	man-made	structures	in	the	
southern	Arabian	peninsula,	using	stone	and	hardened	mud	(Figure	1).	The	British	Industrial	
Revolution	(1760-1840)	produced	many	vertical	fireproof	metal	frame	and	brick	factory	and	
dock	buildings.	Chicago’s	Home	Insurance	Building	was	the	first	high-rise	of	the	modern	era,	
built	in	1885,	arising	from	innovations	of	the	American	Industrial	Revolution	(1869-1901).	Its	
height	was	10	 storeys.	Although	 shorter	 than	 the	Eiffel	 Tower,	 it	was	 considered	as	 ‘tallest	
building’	 in	 the	 world	 because	 it	 contained	 occupied	 floors.	 The	 functionality	 of	 Home	
Insurance	was	 so	 evident	 that	 it	was	 extended	 to	 12	 storeys	 1890,	 (reaching	 to	 55m	 (180	
feet),	 enlarging	 the	 capacity	 20%,	 for	 zero	 land	 acquisition	 cost.	 The	 Home	 Insurance	
architect,	William	le	Baron	Jenney,	studied	architecture	in	Paris	with	the	young	Gustav	Eiffel.	
Economics,	land,	new	construction	methods	and	the	need	for	density	are	the	most	significant	
drivers	in	the	growth	of	tall	buildings.	During	the	Roman	period,	masonry	tenement	blocks	in	
Ostia	Antica,	(the	densely	populated	harbour	district	of	prosperous	ancient	Rome)	contained	
residential,	retail	and	work	space,	around	a	courtyard.	

		 		 	
Figure	 1.	 Tall	 buildings	 of	 Shibam	 in	 Yemen.	 Source:	 UNESCO.	 Figure	 2.	 Roman	 Buildings	 Insulae.	 Source:	
affordable	housing	institute.	Figure	3.	One	hundred	tallest	buildings	by	location,	1930-2012	

These	mixed	 insulae	buildings	were	‘tall’	with	regard	to	the	context	of	the	city	in	that	time.	
The	remains	of	these	can	still	be	visited.	The	late	19th	C	tall	buildings	resembled	a	vertically	
extended	 mix	 of	 insulae	 and	 the	 Florentine	 palazzo	 of	 17th	 C.	 They	 and	 early	 20th	 C	 tall	
buildings	(e.g.	New	York	Art	Deco)	had	a	predominantly	masonry	façade	on	a	steel	frame.	In	
the	 late	 20th	 century	 style,	 buildings'	 styles	 tended	 to	 become	 uniform	 glassy	 towers,	
disregarding	the	functions	within.	This	glassiness	limited	the	shape	of	buildings	and	different	
tall	 buildings	 paid	more	 attention	 to	 the	 visualization	 of	 architecture	 (Klotz	&	Donnell,	 R.,	
1990).	 	However,	 in	the	21st	century,	many	tall	buildings	are	‘mixed-use’	 in	functions,	their	
facades	more	 appropriate	 to	 their	 functions	with	 variations	 in	 composition,	 less	 glass	 and	
more	 shading.	 City	 governments	 and	developers	 are	 looking	 for	 sustainability,	 energy	 and	
population	targets	for	new	generation,	providing	incentives	for	such	ideas	as	green	planting,	
carbon	zero	technologies,	integration	with	transport.	We	can	also	see	the	significant	shift	in	
tall	building	activity	from	America	to	the	Middle	East	and	mostly	to	Asia	(Figure	3). Due	to	



the	 rapid	 development	 of	 cities	 and	 technology,	 the	 skyscrapers	 of	 the	 20th	 and	 21st	
centuries	are	becoming	more	well-known	than	great	historical	efforts.	London’s	Shard	stands	
at	310	meters,	but	 it	 looks	small	by	the	world’s	 tallest	building,	Duabi’s	Burj	Khalifa,	which	
reaches	 nearly	 828	metres.	 Both	 of	 these	 tall	 buildings	 will	 be	 left	 in	 the	 shadow	 of	 the	
Jeddah	Tower	in	KSA;	it	was	planned	by	architect	Adrian	Smith	of	Smith	Gill	to	stand	at	1,600	
meters,	but	trimmed	back	to	a	more	affordable	height.	The	tower	is	now	likely	to	reach	one	
kilometre	high.	To	sum	up,	it	could	be	seen	that	the	impacts	were	in	increased	demand	and	
progress	 in	technology	 in	the	early	historical	development	of	tall	buildings,	but	 in	the	early	
21st	century,	the	growth	of	tall	buildings	realized	the	need	of	sustainable	vertical	urbanism	
meeting	requirments	of	density,	and	allied	to	mass	transport	systems.	The	discussion	moves	
on	 to	 the	 next	 chapter	 with	 some	 good	 aspects	 which	 should	 be	 considered	 at	 the	 early	
design	stage:	economics,	sociology	and	culture,	but	word	count	causes	the	author	to	trim	the	
aspects	mainly	to	one:	the	environmental	aspect.	

3. Why	Do	We	Want	or	Need	Tall	Buildings?		

3.1 Environmental	aspect	
In	the	early	20th	century,	high-rise	buildings	have	been	constructed	in	many	various	places,	
even	when	climate	zone	was	quite	different	–	Riyadh	 (desert)	and	Hong	Kong	 (island)	are	
almost	 on	 the	 same	 latitude,	 but	 similar	 looking	 buildings	 can	 be	 found	 in	 each	 city.	 As	
discussed,	the	development	of	tall	buildings	is	a	method	to	meet	the	requirement	for	large	
density	either	living	or	working	in	city.	There	are	critics	who	argue	justifiably	that	the	build	
mode	of	tall	buildings	does	not	take	the	surrounded	environment	into	account.	They	believe	
that	the	purpose	of	design	and	build	of	tall	buildings	 is	for	prestige	and	iconic	purity	or	to	
create	 higher	 economic	 benefits.	 Some	 developers	 just	 want	 a	 build	 that	 gives	 the	most	
profit,	while	for	architects	the	most	important	goal	may	be	making	a	remarkable	feat	of	art	
and	 engineering.	 Who	 is	 considering	 the	 environmental	 aspects?	 Consequently,	 these	
buildings	may	disregard	the	negative	effect	on	the	environment	(Rodrigo,	2012).	The	built	
environment	 uses	 about	 forty	 percent	 of	 universal	 power	 and	 made	 around	 1/3	 of	
greenhouse	 gas	 emission	 in	 whole	 world	 (UNEP,	 2009)	 and	 similarly	 in	 the	 USA	 (Seeed	
College,	 2016).	 Commercial	 and	 residential	 buildings	 consume	 respectively	 18%	 and	 21%.	
Greenhouse	 gas	 emissions	 do	 not	 come	 from	 tall	 buildings	 directly,	 but	 from	 their	 high	
electrical	energy	demand,	that	cause	emissions	in	a	distant	fossil	fuel-based	power	stations:	
gas	is	bad	enough,	but	coal	is	extremely	harmful.	In	addition,	lighting,	cooking,	heating	and	
cooling	 all	 lead	 to	 the	 burning	 of	 fuels	 unless	we	 use	 alternative	 energy.	 A	 cluster	 of	 tall	
buildings,	 restricting	urban	ventilation	and	emitting	hot	air	 from	HVAC,	exacerbates	 ‘Heat	
Island	Effect’.	 In	the	building	fabric,	 the	excessive	use	of	glass	curtain	walls	 in	modern	tall	
buildings	 and	 consequent	 air-conditioning	 demand	 causes	 high	 energy	 consumption	
(Crichton	et	al,	2009).	These	wrongful	design	strategies	exacerbate	greenhouse	gas	emission	
and	high	energy	consumption.	Alternative	energy	strategies	should	be	applied	in	the	future	
such	as	using	renewable	electricity,	gas	CCHP	in	the	building,	enhancing	natural	daylight	and	
ventilation,	 using	 passive	 design	 strategies	 such	 as	 thermal	 mass,	 shading	 devices,	
introducing	green	nature	etc.	Architects	should	search	for	every	passive	design	strategy	that	
could	replace	a	large	amount	of	energy	use	in	tall	buildings.		

Tall	 buildings	 of	 the	 last	 135	 years	 have	 gone	 through	 a	 sequence	 of	 generational	
changes	since	1884;	these	changes	are	defined	by	Oldfield	et	al,	(CTBUH	2009)	as	it	is	shown	
(Figure	4).		



 
Figure	4.	Five	Energy	generations	of	tall	buildings.	Source:	Oldfield	et	al,	(CTBUH	2009).	Modified	by	author.	

	
In	 this	 classification,	 the	 5th	 generation	 uses	 technology	 and	 design	 to	 achieve	 high	

energy	efficiency.	 There	 could	be	a	6th	 generation,	 including	5th	 gen.	 technology,	but	 also	
bringing	green	nature	into	facades	and	skycourt	levels	of	skyscrapers.	These	design	concepts	
could	reduce	greenhouse	emissions,	develop	energy	efficiency	and	reconnect	with	nature.	It	
is	 important	 to	 build	 sustainable	 tall	 buildings	 employing	 energy-efficient	 technology	 that	
could	reduce	CO2	emissions	(Ali	at	el,	2012).	Any	rise	in	emissions	causes	harmful	impacts	to	
the	climate.	Architects	and	developers	can	use	alternative	sources,	such	as	wind	and	solar	
energy.	According	to	Commission	for	Environmental	Cooperation	(2008),	insulation,	thermal	
mass	and	shading	improvements	in	high-rise	buildings	may	save	more	than	1.7	gigatonnes	
(Gt)	of	CO2	emission,	lighting	improvement	may	contribute	to	save	up	to	0.4	Gt,	and	the	use	
of	 solar	 thermal	 energy	 for	 water	 heaters	 reduced	 about	 0.5	 Gt.	 Annually.	 The	 new	
generation	of	green	skyscrapers	can	try	to	aim	for	environmental	sustainability	with	green	
“carbon	zero”	buildings.	With	additional	energy	conserving	and	generating	measures,	some	
buildings	might	make	more	energy	more	than	they	consume.		

Aspect	Ratio	does	not	 favour	 tall	buildings	 for	 solar	 capture.	With	 tall	buildings,	 the	
roof	 is	 the	 smallest	 part	 of	 the	 external	 surface.	 In	 equatorial	 or	 tropical	 climates,	 for	
example,	 the	dominant	 solar	 angle	 is	 above,	 east	 and	west	of	 the	building;	 for	which	 the	
façade	 has	 less	 solar	 capture	 than	 the	 roof.	 In	 northern	 latitudes,	 the	 Commission	 for	
Environmental	 Cooperation,	 (2008),	 in	 a	 study	 by	 a	 Swedish	 power	 utility,	 finds	 that	 if	
buildings	now	turn	to	low-energy	lighting	and	develop	solar	façade	and	insulation	systems,	
they	 can	 save	 money	 and	 cut	 large	 amounts	 of	 greenhouse	 gas	 emissions	 by	 2030.	 All	
published	studies	show	that	green	tall	buildings	could	decrease	greenhouse	gas	emissions,	
and	their	resultant	climate	change	effect.	

4. Shading	System:	The	influence	of	integrating	shading	devices	
Solar	control	and	shading	can	be	integrated	in	the	external	surfaces	to	avoid	direct	sunlight	
and	heat	gain.	Shading	systems	should	be	located	either	inside	the	cavity	(if	there	is	one)	or	
directly	on	the	exterior	facade.	In	a	sense,	the	shaded	façade	is	a	double	skin,	but	the	outer	
skin	 is	made	 of	 shading	mechanisms,	 not	 glass.	 Double-skin	 configurational	 ideas	 such	 as	
Box,	Shaft,	Corridor	and	All-over	can	be	applied	to	a	shaded	façade.	Shaders	can	be	fixed	or	
motorised,	and	 there	are	many	design	questions	about	orientation,	 reflectivity,	automatic	
versus	user	operability.		



4.1 Modelling	of	façade	with	movable	shading	systems	in	Riyadh	and	Jeddah	
Façades	with	shading	devices	show	the	result	of	an	architectural	design	development	by	the	
author,	using	IES-VE.	Assume	that	the	building	function	is	a	generic	office	or	workspace,	of	
the	sort	that	would	always	normally	be	air-conditioned	in	the	KSA.	Residential	properties	in	
the	KSA	are	also	all	air	conditioned,	but	there	are	many	variables	for	modeling;	room	sizes	
vary,	 balconies	 cast	 shade,	 the	 users	 can	 adjust	 blinds,	 lifestyle,	 furniture,	 windows,	 and	
clothing.	 The	 IES-VE	model	 demonstrates	many	 advantages	 for	 applying	 shading	 devices,	
such	 as	 consuming	 less	 energy	 for	 heating	 and	 cooling,	 avoiding	 direct	 sunlight	 and	
overheating	in	summer,	allowing	sunlight	in	winter.	The	model,	first	constructed	in	Sketch-
up	for	illustration,	has	also	been	constructed	physically	with	lasercutting,	for	heliodon	study.	
It	is	important	to	find	the	solutions	for	technical	facades	in	arid	and	humid	climates,	hence	
the	simulation	in	both	Riyadh	and	Jeddah.	

4.1.1 Setting	the	model	in	Riyadh	with	IES-VE	
The	testing	attempts	to	make	comparisons	of	indoor	thermal	performance	of	the	room	with	
and	without	 shading	 system;	 to	 show	 the	 difference	 in	 the	 solar	 gain	 results	 and	 the	 air	
temperature	inside	the	room.	The	data	in	figure	(5)	shows	the	solar	gain	(kW)	in	the	room	
with	and	without	shading	system.	The	data	is	measured	for	each	hour	for	the	peak	day	of	
Riyadh	city	which	is	21st	of	July.	It	showed	the	solar	gain	without	shading	devices	reaches	up	
to	5.5	kW,	whilst	gain	with	shading	became	0.9	kW.	It	can	be	seen	in	figure	(6)	that	there	is	a	
difference	 in	 result	of	air	 temperature	 inside	 the	 room.	 In	comparison	between	 the	 room	
with	and	without	shading	system,	 the	 result	 showed	the	air	 temperature	without	shading	
system	 ranging	 between	 19.2°C-23.5°C,	whilst	 the	 air	 temperature	with	 shading	 device	 is	
fluctuating	between	19°C-21°C.	This	case	with	shading,	air	temperature	inside	the	room	has	
improved	and	became	reduced	(more	comfortable).	

									 	
Figure	 5.	 Solar	 gain	 on	 21st	 July	 shows	 differences	 with	 and	 without	 shading	 system.	 Figure	 6.	 It	 shows	
differences	 in	 the	 air	 temperature	 inside	 the	 room	 for	 the	 whole	 month	 of	 September	 with	 and	 without	
shading	system.		

4.1.2 Setting	the	model	in	Jeddah	with	IES-VE	
In	21th	of	July,	the	solar	gain	without	shading	devices	reaches	up	to	2.5	kW	at	12:30	pm,	whilst	gain	
with	shading	became	1.4	kW.	The	shading	devices	help	to	avoid	direct	sunlight	in	summer,	but	in	
winter	the	shading	system	allows	sunlight	and	daylight	into	the	room	due	to	low	solar	angle.		

4.2 Summary	
The	studies	emphasize	the	benefit	of	well	designed	shading	systems,	reducing	solar	gain	and	
air	temperature	in	rooms	on	the	south-west	side.	The	use	of	user-movable	shading	devices	
has	many	advantages,	and	significantly,	offers	 long	 term	energy	 saving,	 reducing	HVAC	 to	
achieve	the	same	comfort	level.	



5. Conclusion		
High-rise	buildings	have	a	negative	impact	when	buildings	are	designed	without	considering	
a	future-oriented	vision	of	urban	design,	addressing	cultural,	economic	and	environmental	
issues.	 People,	 architects	 and	 developers	 should	 improve	 their	 design	 to	 avoid	 negative	
effects.	Based	on	Philip	Oldfield’s	analysis,	 (2009),	 fifth	generation	 is	 the	one	of	 the	most	
recent	 generations,	 looking	 for	 less	 negative	 impacts.	 The	 term	 "Green	 Skyscrapers"	 has	
shown	a	way	to	develop	energy	efficiency.		

After	simulating	and	analysing	façade	design	technologies	in	hot	climate,	it	would	be	
viable	 for	KSA	to	enforce	more	rigorous	strategies	and	regulations,	applicable	 to	all	urban	
buildings,	especially	tall	buildings,	which	have	major	lasting	impact,	far	beyond	our	lifetime.	
These	 strategies	 should	 apply	 to	 new	 projects	 as	 a	 means	 by	 the	 Saudi	 government	 to	
protect	 future	 generations.	 Economic	 incentives,	 such	 as	 lower	 property	 tax	 and	 tougher	
design	 standards	 can	 promote	 technological	 innovation	 and	 improve	 sustainable	
environmental	 qualities.	 Incorporating	 greenery	 for	 shading	 is	 a	 smart	design	 strategy	 for	
tall	buildings,	 for	example,	Oasia,	 the	plant-covered	Singapore	hotel	 skyscraper	by	WoHa,	
which	 has	 landscaping	 in	 the	 atriums	 and	 the	 external	 facade	 to	 refresh	 the	 air.	
Incorporating	greenery	helps	to	minimize	CO2,	especially	in	places	where	there	are	a	lack	of	
green	areas	in	the	urban	sector	like	KSA.	Recently,	there	have	been	manifestations	of	many	
ways	of	dynamic	facades	to	protect	high-rise	buildings	from	the	sun.	We	can	be	inspired	by	
Al-Bahar	Towers	in	UAE,	which	has	the	dynamic	solar	facade.	The	shading	elements	respond	
to	the	sun’s	movement	to	decrease	heat	gain	and	air-cooling	demand.	In	hot	climate,	there	
is	no	reason	not	to	use	shading	systems.	Although	they	cost	a	lot,	they	repay	their	cost	for	
decades	later.		

Finally,	 I	 understood	 that	 it	 is	 important	 to	 learn	 from	 others	 to	 improve	 the	 built	
environment.	 However,	 differences	 in	 climate,	 culture,	 social	 and	 context	must	 be	 taken	
into	consideration	whilst	transferring	ideas,	especially	when	US	or	other	Western	architects	
are	 practising	 in	 the	 region	 of	 KSA.	 SOM,	 Aedas	 and	 Fosters	 have	 been	 conspicuously	
successful	 in	 achieving	 this.	 Climate,	 Culture	 and	Context	 are	 supremely	 important,	 along	
with	a	good	concept.		
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