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Abstract:	Discovery	of	off-shore	hydrocarbon	deposits	 in	Guyana’s	coastal	waters	will	catalyse	proportionate	
growth	 of	 the	 country’s	 building	 sector.	 Expected	 growth,	 combined	 with	 extant	 inadequacies	 of	 housing	
provision,	without	appropriate	governance,	could	result	 in	further	housing	deficit	expansion.	Comprehensive	
understanding	of	Guyanese	vernacular	architecture	and	 interactions	 it	has	with	 the	environment	will	enable	
pragmatic	design	strategies	to	be	applied	in	future	design	and	development	to	moderate	anticipated	economic	
growth	in	an	environmentally	conscious	way,	tempering	consequences	of	anthropogenic	carbon	emission.	This	
paper	 explores	 feasibility	 and	 environmental	 potential	 of	 implementing	 a	 proprietary	 prefabricated	building	
system	as	an	alternative	building	typology	in	Guyana.	Comparative	life-cycle	carbon	footprint	and	buildability	
assessments	 of	 four	 building	 typologies	 were	 conducted	 and	 found	 that	 prefabrication	 provides	 not	 only	
environmental	 benefits	 through	 reduced	 life-cycle	 energy	 consumption	 and	 accessible	 construction	
methodology,	but	also	societal	benefits	through	removal	of	barriers	to	entry	for	marginalised	populations.		
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1. Introduction	and	background	
Guyana	 is	 approaching	 developmental	 bifurcation	 following	 discoveries	 of	 off-shore	
hydrocarbon	 deposits	 requiring	 practiced	 direction	 moving	 forward.	 Expected	 growth,	
combined	 with	 extant	 housing	 provision	 inadequacies,	 without	 appropriate	 governance,	
could	 result	 in	 further	 housing	 deficit	 expansion.	 Comprehensive	 knowledge	 of	 Guyanese	
vernacular	architecture	and	interactions	it	has	with	the	environment	aids	pragmatic	design	
strategies	 for	 future	 design	 and	 development.	 Guyana’s	 commitment	 to	 the	 Paris	
Agreement	 development	 goals	 requires	 diligent	 application	 to	 assuage	 housing	 deficit	
concerns.	

Government	 estimates	 identify	 a	 national	 need	 of	 at	 best	 52,000	 homes,	 with	 the	
present	housing	application	surfeit	being	25,000	(Seoraj,	2017).	The	formal	housing	sector	
has	generally	proven	to	be	financially	inaccessible	to	low-	and	no-income	households,	which	
comprise	 larger	 proportions	 of	 need	 in	Guyana.	Of	 216	 squatting	 areas	 countrywide,	 154	
under	 the	 regularisation	 program	 are	 being	 transformed	 into	 lawful	 housing	 schemes.	
Remaining	settlements	are	sited	on	unlawful	“zero-tolerance”	areas	(Gattoni,	2009).	

Environmental	 sustainability	 in	 the	 context	 of	 prefabrication	 –	 	 defined	 by	 off-site	
construction,	 division	 of	 monolithic	 building	 elements	 into	 smaller	 modules,	 and	
transportation	of	these	systems	to	construction	sites	for	final	assembly	(Mao	et	al.,	2013),	
permits	 flexible	 integration	 of	 energy-efficient	 systems	 and	 sustainable	 construction	
techniques	derived	from	vernacular	paradigms.		

This	 paper	 explores	 environmental	 potentials	 of	 implementing	 a	 novel	 proprietary	
building	 system	 typology	 in	 Guyana.	 Ethnographic	 and	 technical	 assessment	 of	 existing	
housing	types	will	address	the	following	research	questions:	1)	What	are	the	environmental	
impacts	of	existing	Guyanese	residential	buildings	as	compared	with	prefabricated	housing?	



2)	 What	 are	 the	 extenuating	 socio-economic,	 socio-political,	 and	 socio-environmental	
factors	influencing	housing	development	in	Guyana?	

2. Literature	Review	
2.1 Environmental	impacts	of	informal	settlement	and	incremental	construction	
Informal	 settlement	 (squatting)	 is	 illegitimate	 occupancy	 of	 unoccupied	 land	 and/or	
buildings.	Departure	from	uniform	formal	settlement	is	often	associated	with	relaxation	of	
authority.	 Despite	 benefits	 of	 organic	 growth	 to	 impoverished	 societies,	 morphologically	
complex	settlements	existing	outside	government	control	pose	threats	to	political	ideology.	
In	 response,	 pressured	 governments	 relocate	 residents	 to	 government	 housing	 which	
rejects	socio-cultural	needs	of	tenants,	or	at	worst,	residents	remain	displaced.		

Government	initiatives	focus	on	providing	at	minimum,	surveyed	plots	of	land	for	self-
building,	 or	 intermediately,	 “serviced”	 sites	 with	 established	 utilities,	 infrastructure,	 and	
access	 to	 community-based	 organisation	 services	 (CBO).	 Such	 schemes	 benefit	 lower-
income	 groups	 if	 there	 are	minimal	 subsidy	 requirements.	 Subsidies	 though	 beneficial	 in	
short-term	are	difficult	to	replicate	in	long-term	large-scale	projects	resulting	in	inefficiency	
and	inequity,	and	are	better	suited	to	economically	developed	countries	(Mayo	and	Gross,	
1987).		

Approximately	 half	 of	 all	Greater	Georgetown	households	 suffer	 from	poor	 physical	
environments	 characterised	 by	 lack	 of	 formal	 physical	 and	 social	 infrastructure	 provision	
(Pelling,	1997).	Effectiveness	of	infrastructural	remediation	in	Guyana	is	particularly	affected	
by	weak	CBO	and	 institutional	mismanagement.	 Low-income	 families	 face	 greater	burden	
since	higher	income	households	can	transfer	impacts	of	environmental	hazard	from	health	
to	financial	loss,	while	low-income	families	are	inclined	to	fuel	poverty	and	disease	(Wolfe,	
2007).			

Guyana	 has	 a	 long	 history	 of	 squatting	 practice;	 initially,	 nationwide	 attention	 is	
gained	 via	 legitimate	 land	 owner	 complaints,	 then	 government	 intervenes	 resulting	 in	
transport	allotment	or	settlement	regularisation.	The	use	of	underdeveloped	 land	for	self-
help	 intervention	 is	 heavily	 contested.	 Implementation	 requires	 shareholder	 cooperation,	
advanced	legislation,	and	city-planning	that	seldom	reach	accord	in	upper	echelons	of	Latin	
American	and	Caribbean	central	governments	and	municipalities	(Greene	and	Rojas,	2008).	

Incremental	construction	provides	an	inexpensive	solution	to	provision	of	sustainable	
shelter.	 The	 process	 is	 undertaken	 in	 three	 phases:	 1)	 securing	 land	 for	 residential	
development,	2)	construction	of	basic	sanitation	and	habitation	areas,	3)	improvements	to	
initial	structures	with	added	disposable	household	income	(Greene	and	Rojas,	2008).		

3. Methodology	
To	 assess	 environmental	 benefits	 of	 prefabricated	 incremental	 housing	 in	 Guyana,	 a	
proprietary	 building	 system	 is	 used	 to	 compare	 conventional	 construction	 with	
prefabricated	methods.	 The	 conceptual	 system,	 “Autonohouse”,	 used	 as	 the	 basis	 of	 this	
work	 was	 developed	 for	 a	 national	 competition	 organised	 by	 the	 Ministry	 of	 Education,	
Innovation	Project	of	Guyana	(Percival,	2017).		

The	 system	 was	 conceptualised	 as	 an	 amalgamation	 of	 vernacular	 “body	
house”(Westmaas,	 1970)	 and	 incremental	 construction	 methodology.	 It	 exemplifies	
Habraken's	(1974)	theory	of	supports	which	 is	defined	by	design	combining	“support”	and	
“infill”.	 The	 support	 structure	 comprises	 a	 rigid	 framework	 based	 on	 predefined	 grid	
modules	whilst	infill	is	an	interchangeable	panelised	‘open-system’.	This	framework	forms	a	
building	system	methodology	rather	than	explicit	design	output.	



Fig.	1	SketchUp	Make	/	OpenStudio	model	of	conventional	(left)	and	prefabricated	(right)	geometries.	
Differing	surface	shading	denote	different	building	material	properties. 

Fig.	2	Summary	of	Typologies	

Description A) Traditional Colonial
Expanded Body House

B) Sites and Services 
Core House

C) Housing Solutions 
Elevated Duplex (Single Unit)

D) Proprietary System
AUTONOHOUSE

Construction Type Conventional Timber Hybrid Timber/Concrete 
(Incremental)

Conventional Concrete 
(Turn-key)

Prefabricated Panelised 
(Incremental)

Occupancy & Equipment

Schematic Design
Sources: A) Westmaas, R. 
(1970); 
B) Gattoni, G. (2009); 
C) Central Housing & 
Planning Authority, Guyana 
2016

Compactness Ratio, 
m3/m2 1.77 1.75 1.79 0.81

Roof Type Corrugated zinc sheeting Corrugated GalvAlum sheeting Trapezoidal GalvAlum sheeting Integrated PV; foil insulated 
standing-seam

Foundation Type Masonry block, timber pile on 
masonry block

Reinforced concrete; cast-in-
place slab-on-grade/pad 
footings

Reinforced concrete; cast-in-
place footings

Screw-pile; (w/ optional 
concrete reinforcement)

Structural Framing Timber framed
Timber Frame (initial); 
unreinforced hollow CMU 
(typical expansion)

Unreinforced hollow CMU Timber framed; cold-formed 
steel joints

Flooring Type Timber joists; tongue-in-groove 
boards

Timber joists; tongue-in-groove 
boards

Timber joists; tongue-in-groove 
boards (reinforced concrete 
slab in wet areas)

Insulated panel (OSB or cement 
board)

Interior Partitions Timber framed; timber boarding None Timber Framed; gypsum wall 
board

Insulated panel (OSB or cement 
board)

Exterior Walls Timber tongue-in-groove 
boards, painted

Timber tongue-in-groove 
boards, painted

Hollow CMU w/ cement plaster 
render Insulated panel w/ rainscreen

Window Type Single glazed; wood frame Glass louvre; Aluminium frame Single glazed; aluminium frame Integrated wood frame; single 
glazed, solar film

Solar Protection "Demerara" shutter (wooden) Roof overhang Roof overhang Vertical & horizontal types

Continuous, 4-person occupancy using 4 W/m2 lighting and 3.8 W/m2 equipment. ZoneHVAC:IdealLoadsAirSystem @ 2300W.

A B C D

	
	
	
	
	
	
	
	

	
Fig.	 2	 summarises	 the	 typology	 profiles	 assessed	 in	 this	 paper.	 A	 single	 model	 of	

identical	thermal	zone	area	–	31m2	(Fig	1,	left)	was	used	to	assess	the	performance	of	types	
A,	B	and	C	by	average	compactness	ratio.	The	total	floor	area	considered	(including	exterior	
spaces)	is	45m2.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

3.1 Assessment	Framework	
Building	geometry	was	simplified	in	SketchUp	utilising	the	OpenStudio	plug-in	and	exported	
to	 .idf	 (EnergyPlus	 Input	Data	File)	 format	then	simulated	 in	EnergyPlus	v8.9.0	(Fig.1).	 (U.S	
Department	 of	 Energy,	 2018).	 Weather	 data	 for	 Boa	 Vista,	 Brazil	 –	
“BRA_Boa.Vista.820220_SWERA.epw”	proxies	absent	Georgetown,	Guyana	weather	data.	



Fig.	3	Comparative	life	cycle	carbon	flow	summary.	Modified	from	Monahan	and	Powell	(2011) 

3.1.1 Life-cycle	Carbon	Footprint	Assessment	(LCCF)	
Conventional	 construction	 techniques	 contribute	 significant	 detrimental	 effects	 to	 natural	
environments	 (Jaillon	 and	 Poon,	 2008).	 LCCF	 was	 conducted	 to	 compare	 environmental	
impacts	 of	 conventional	 construction	 with	 that	 of	 a	 prefabricated	 building	 system.	 LCCF	
follows	 the	 life-cycle	 assessment	 framework	 outlined	 in	 ISO	 14040	 (ISO,	 1997).	 Scope	 of	
study	 focuses	 on	 material	 extraction,	 assembly,	 and	 operation	 phase	 energies	 of	 the	
proprietary	building	system	identified	in	Fig.2	as	compared	to	existing	typologies.	

Assessment	 calculations	 are	 based	 on	 Greenhouse	 Gas	 Protocol	 Stationary	
Combustion	Tool	v4.1	and	the	University	of	Bath,	Inventory	of	Carbon	and	Energy	–	Bath	ICE	
v2.0	datasets	(Hammond	and	Jones,	2011).	Due	to	the	notional	nature	of	this	assessment,	
field	data	for	construction	energy	and	fuel	use,	and	waste	was	unavailable.	These	inputs	are	
calculated	as	a	portion	of	total	embodied	energy.	A	30-year	building	lifespan	is	assumed.	

3.1.2 Buildability	Benchmarking	
This	 paper	 adopts	 Buildable	 Design	 Appraisal	 System	 (BDAS)	 and	 Buildability	 Assessment	
Method	 (BAM)	 rubrics,	 with	 labour-saving	 indices	 prescribed	 by	 the	 Code	 of	 Practice	 on	
Buildability	(BCA,	2015),	and	as	described	by	Lam	and	Wong	(2009).	Typologies	are	scored	
based	on	the	following	attributes:	structural	features,	enclosure	systems,	finishing	systems,	
building	features,	building	services,	and	innovation.	Site	specific	features	are	excluded.	

4. Results	and	Discussion	
4.1 LCCF	Interpretation	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
A	positive	 return	 to	 scale	exists	over	 the	 life	of	prefabricated	units	 relative	 to	other	units	
under	 investigation.	 Energy	 consumption	 is	 significantly	 higher	 for	 prefabricated	 units	
during	the	raw	material	acquisition	phase	(15.8%	>	timber).	However,	low	embodied	carbon	
and	 operational	 efficiency	 made	 prefabrication	 more	 environmentally	 sustainable	 than	



conventional	 concrete	 and	hybrid	 houses	 by	 61.3	 and	 3.8%	 respectively.	Data	 also	 shows	
that	the	timber	house	produces	the	least	carbon	emissions	over	its	life-cycle	(78900	kgCO2e)	
but	 proves	 untenable	 as	 an	 overarching	 solution	 to	 environmental	 sustainability	 and	
housing	 deficit	 due	 to	 restrictions	 on	 timber	 products	 instituted	 by	 Low	 Carbon	
Development	Strategy	forestry	agreements	and	financial	barriers	to	entry	(GOG,	2009).	

Though	 not	 evident	 in	 this	 research,	 timber	 prices	 are	 extremely	 high	 relative	 to	
building	materials	of	prefabricated	units.	There	is	no	definitive	motive	for	this	phenomenon,	
but	 literature	 suggests	 high	 production	 costs,	 environmental	 protection	 initiatives	 and	
international	 market	 demand	 for	 timber	 play	 a	 major	 role	 in	 local-market	 price	
determination	(Guyana	Forestry	Commission,	2013).	It	was	also	found	that	in	the	absence	of	
a	domestic	factory,	importation	of	raw	materials	increases	to	1.61	metric	tonnes	of	carbon	
emission,	 more	 than	 double	 its	 initial	 output.	Weight	 and	 distance	 travelled	 significantly	
affect	amounts	of	emission	produced	during	transportation.		

4.2 Buildability	Benchmarking		
Summation	of	BAM	and	BDAS	sub-scores	find	that	the	prefabricated	house	is	most	buildable	
with	scores	of	85	and	116	respectively,	exceeding	published	benchmarks	of	73	–	80	 (BCA,	
2015).	 Timber	 construction	 misses	 BAM	 by	 one	 point	 but	 proves	 acceptable	 in	 BDAS	
allotment	with	scores	of	72	and	94.	Concrete	construction	fails	to	meet	both	requirements	
with	scores	of	57	and	64	respectively.		

Ease	 of	 assembly	 and	 construction	 in	 buildings	 ultimately	 corresponds	 to	 ease	 of	
disassembly	through	systematic	deconstruction	sequences	encouraging	reuse	and	recycling	
of	 construction	 materials.	 Assembly	 and	 disassembly	 become	 a	 similar	 process,	 utilising	
similar	 labour	 inputs,	 in	 contrast	 to	 traditional	 constructions	 which	 require	 large	 inputs	
during	assembly	phases	and	very	little	at	end	of	life	(Crowther,	1999).		

A	 standardised	 design	 with	 repetitive,	 interchangeable	 components	 can	 achieve	
greater	buildability	to	improve	efficiency	and	reduce	environmental	and	financial	costs.	The	
necessity	of	quantifying	relationships	between	LCCF	and	buildability	may	become	apparent	
through	statistical	analysis	of	larger	cohorts.		

Prefabrication	 successfully	 incorporates	 these	 features	 and	 contributes	 to	 highly	
buildable	 structures.	 Expected	benefits	 include	 expedited	 construction	 completion,	 higher	
quality	 finishes	 and	 robust	 installations	 to	 reduce	 future	 maintenance	 expenditure	 and	
additional	 embodied	 energy	 inputs	 from	 retrofit	 and	 renovation.	 Prefabricated	 systems	
additionally	provide	local	jobs	by	reducing	reliance	on	highly	skilled	foreign	labour	for	large-
scale	development	projects.			

5. Conclusion	
This	 paper	 evaluated	 the	 environmental	 potential	 of	 prefabricated	 design	 in	 Guyana	
through	life-cycle	carbon	footprint	and	buildability	benchmarking	assessment.	Comparative	
assessment	 suggests	 that	 prefabricated	 construction	 reflects	 energy	 performance	 and	
efficiency	 attributed	 to	 vernacular	 constructions	 developed	 in	 response	 to	 oppressive	
tropical	 climate	 using	 predominantly	 natural,	 locally	 sourced	 materials.	 The	 system	
outperforms	both	 the	conventional	 concrete	and	hybrid	 constructions	by	61.3%	and	3.8%	
respectively.		

The	 high	 buildability	 score	 associated	 with	 prefabrication	 indicates	 ease	 of	
construction	by	 unspecialised	 labour	which	 reduces	 the	 likelihood	of	 shoddy	 construction	
eliminating	needless	remediation	and	added	embodied	energy	inputs.	More	productive	and	
safer	 worksites	 will	 emerge	 through	 use	 of	 standardised	 lightweight	 components	 with	



simple	assembly	connections,	and	reduced	use	of	heavy	equipment.	Site	waste	will	 lessen	
improving	 greenhouse	 impacts	 through	 decreased	 landfill	 material,	 transportation	 costs,	
and	emissions.		

The	prefabricated	system	absorbs	some	of	the	burden	experienced	by	governments	in	
developing	 countries	 through	 annexation	 of	 basic	 services	 and	 facilities	 homeowners	
require	before	occupying	traditionally	constructed	Sites-and-Services	homes.	The	expected	
benefits	of	incremental	construction	via	prefabrication	are	faster,	healthier	construction	and	
return	on	investment	stemming	from	factory	production,	elimination	of	on-site	construction	
waste	and	site	disturbance	to	improve	energy	efficiency,	and	design	flexibility.		

There	 is	 an	 implication	 of	 social	 equity	 when	 considering	 sustainable	 development.	
Prefabricated	systems	provide	impetus	to	elevate	ideas	of	self-built	dwellings	and	increase	
sustainable	markets.	This	allows	greater	access	to	all	social	classes	and	reduces	the	burden	
to	 low-income	 populations	 in	 providing	 themselves	 with	 shelter	 that	 is	 acceptable	 by	
government	policy,	and	environmentally	suitable	for	both	occupant	and	ecosystem.	
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