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Abstract:	The	purpose	of	this	paper	is	to	find	a	sustainable	solution	to	the	increasing	homelessness	crisis	in	the	
U.K.	This	involved	creating	something	that	is	economically,	environmentally	and	socially	sustainable.	In	order	
to	achieve	this	a	 large	amount	of	research	was	undertaken	on	what	made	a	successful	sustainable	homeless	
shelter.	As	well	as	research	into	the	current	forms	of	supplying	the	homeless	with	shelter.		
This	 research	then	 informed	the	type	of	building	 that	should	be	designed.	This	was	an	offsite	manufactured	
tiny	home,	made	of	natural	or	 reused	materials	 that	could	be	used	 in	a	sustainable	urban	village.	Computer	
modelling	techniques	were	then	used	to	design	a	building	that	had	an	extremely	low	energy	load	and	could	be	
built	 at	 an	extremely	 low	cost.	With	 the	 resultant	design	being	a	homeless	 shelter	 that	performs	well	 in	 all	
three	pillars	of	sustainability.	

1. Introduction		
The	amount	of	homeless	people	in	the	United	Kingdom	in	2018	was	319,837	an	increase	of	
25,476	 from	 2016	 (Reynolds,	 2018)	 .	 This	 number	 includes	 people	 who	 are;	 living	 in	
temporary	 accommodation,	 in	 hostel	 spaces,	 rough	 sleepers	 and	 temporarily	 housed	
children.	 Clearly	 homelessness	 is	 an	 ever	 increasing	 humanitarian	 crisis	 which	 needs	
innovative	ideas	and	solutions.		

The	aim	of	this	project	is	to	create	a	sustainable	housing	shelter	for	homeless	people,	
using	state	of	the	art	research	to	inform	the	design	objectives.	Sustainability	contains	three	
pillars;	environment,	society	and	economy	as	shown	in	Figure	1.	Therefore,	this	report	will	
focus	on	how	homeless	shelters	perform	successfully	in	these	three	areas.	As	well	as	an	in-
depth	 review	of	 current	methods	of	housing	homeless	people	 and	how	 sustainable	 these	
practices	 are.	 This	 will	 then	 inform	 the	 design	 of	 a	 sustainable	 home	 for	 home	 for	 the	
homeless.			

	
Figure	1:	A	Venn	diagram	showing	the	three	pillars	of	sustainability	(Dundalk	Institute	of	Technolog)	
	
This	 project	 will	 explore	 the	 economic	 factors	 affecting	 homeless	 people	 and	 the	

charities	and	organizations	that	look	after	them.	What	social	environments	are	successful	in	
improving	 the	 lives	of	homeless	people.	How	 the	 living	environment	 for	homeless	people	



can	be	 comfortable	 and	environmentally	 friendly,	 and	which	 technologies	 can	be	used	 to	
achieve	 this.	 Research	 for	 this	 project	 also	 involved	 exploring	 the	 existing	 solutions	 for	
housing	the	homeless	and	their	current	issues.		

Extensive	 research	 informed	 the	 seven	 design	 requirement,	 which	 have	 been	
composed	 in	 order	 for	 the	 design	 of	 the	 building	 to	 best	 perform	 on	 the	 three	 pillars	 of	
sustainability.		
	

Table	1:	A	List	of	the	buildings	design	requirements	
Design	
Requirement	
Number	

Design	Requirement	 Type	of	Sustainability		

1	 The	 structural	 elements	 of	 the	 building	 (floor,	walls	 and	 roof)	
should	all	be	made	with	reused	or	natural	materials.	

Environmental	 and	
Economic		

2	 The	building	should	operate	in	a	temperature	above	20oC	for	all	
outdoor	weather	conditions	experienced	in	the	U.K.	

Social	

3	 The	 building	 should	 be	 low	 carbon,	 using	 active	 and	 passive	
forms	of	 energy	 gain	 to	 supply	 the	building	with	 the	 required	
amount	of	hot	water	and	electricity.		

Environmental	 and	
Economic		

4	 The	building	should	be	able	to	be	assembled	within	one	day.		 Social	and	Economic		
5	 The	building	should	include	all	the	occupants’	basic	needs	such	

as	 a	 bed,	 light	 (natural	 and	 electrical	 lighting),	 electricity,	
cooking,	water,	shower	and	toilet.	

Social	

6	 The	total	costs	of	the	building	shall	be	less	than	£10,064.		 Economic	
7	 The	 house	 should	 be	 well	 built	 and	 durable.	 As	 well	 as	 be	

designed	to	last	for	a	long	period	of	time.		
Environmental,	 Social	
and	Economic			

	

2. Methodology	
Research	into	natural	and	reused	insulation	and	structural	materials	will	be	used	to	inform	
the	 use	 of	 materials	 in	 this	 project.	 With	 the	 materials	 that	 have	 the	 best	 thermal	
performance	whilst	also	being	economically	viable	chosen.	The	building	will	be	designed	to	
be	 constructed	 using	 offsite	 manufacture,	 using	 sandwich	 panels.	 Sandwich	 panels	 have	
been	chosen	as	they	are	simple	to	manufacture,	design	and	construct.	The	size	of	the	tiny	
home	 has	 also	 been	 set	 to	 3.0	 x	 4.0	 x	 2.0	meters.	 This	 size	 has	 been	 chosen	 as	 it	 is	 the	
smallest	size	the	building	could	be	but	also	meet	all	the	basic	needs	of	occupant.		

In	order	to	decipher	the	ideal	geometry	of	building	for	a	low	heating	load,	three	design	
concepts	 will	 be	 modelled	 in	 IES	 Virtual	 Environment	 and	 their	 annual	 heating	 loads	
calculated.	 	The	best	design	concept	geometry	will	 then	be	the	geometry	used	 in	the	final	
design.	 Four	 south	 facing	window	 configurations	will	 then	 be	 tested	 in	 order	 to	 decipher	
which	design	creates	the	 lowest	heating	 load.	This	will	 test	whether	 increasing	the	glazing	
size	increases	the	solar	gain	more	than	the	increased	fabric	loss	of	the	larger	window.	The	
building	will	be	modelled	in	London,	U.K.	Figure	2	shows	the	three	design	geometries	tested	
and	Figure	3	the	four	window	configuration	tested.	
	



	
Figure	2:	The	three	building	geometries	to	be	modelled		

	
	

	
	
	
	
	
	
	
	
Figure	3:	The	four	window	configurations	to	be	modelled	(i:	3.0	x	0.9	m,	ii	3.0	x	1.5	m,	iii	3.0	x	0.7	m,	iv	2	x	1.0	x	

1.0	m)	
	

The	hot	water	and	electricity	of	the	best	design	will	then	be	calculated.	This	will	then	
inform	the	size	of	 the	P.V	arrays	and	solar	collector	 that	will	be	placed	on	the	roof	of	 the	
building.	Then	the	cost	of	each	component	of	the	building	will	be	complied	to	give	the	total	
cost	of	the	building.		

3. Results	
Research	and	testing	into	natural	and	reused	materials	found	that	the	most	economic	and	
environmentally	sustainable	construction	for	the	sandwich	panels,	would	be	to	use	reused	
wood	as	the	finish	material	on	both	side	of	the	panel.	As	well	as	using	300	mm	of	cellulose	
(recycled	newspaper)	insulation,	using	a	more	insulation	was	found	to	not	be	cost	effective.		

The	computer	modelling	of	proposed	building	geometries	and	window	configurations	
found	that	the	best	forming	geometry	was	geometry	A.	A	monoslope	structure	with	the	roof	
facing	south.	And	the	best	performing	window	configuration	being	iii	(3.0	x	0.7	m).		

Figure	4	shows	the	electrical	load	of	the	building	for	each	month	of	the	year.	Table	2	
shows	the	total	cost	of	the	building,	with	Figure	5	showing	an	image	of	the	final	design.		
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Total	Annual	Electrical	Load	=	0.941	MWh	

Figure	4:	Electrical	load	for	building	throughout	the	year	
	

In	order	to	meet	the	electrical	and	hot	water	requirements	of	the	building,	a	flat	plat	
solar	 collector	 and	 a	 P.V	 array	 will	 be	 placed	 on	 the	 roof	 of	 the	 building.	 Calculations	
concluded	that	the	required	size	of	the	flat	plate	collector	and	P.V	array	would	be	2.03	m2	
and	11.718	m2	respectfully.		
	

Table	2:	Different	components	and	total	cost	of	the	build	
Component		 Total	Cost	(£)	
Reused	Wood		 2305.00*	
Cellulose	Insulation	 1219.00	
Lighting		 25.00	
Fridge		 89.00	
Cooker	 159.00	
Kitchen	Sink	 55.00	
Shower	 225.00	
Toilet	 259.00	
Hand	basin		 40.00	
Heater	 40.00	
Window	 326.00	
Flat	Plate	Collector	 267.47	
Water	Tank	 65.00	
P.V	Array	 1678.18	
Battery	 1756.00	
Total		 8,508.65	
*	Based	on	a	price	of	£14.81	per	m2	
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Figure	5:	Image	of	final	design	of	homeless	shelter		

4. Conclusion	
The	 design	 of	 the	 building	 managed	 to	 meet	 design	 requirements	 1-6.	 With	 all	 the	
construction	materials	being	reused	and/or	natural.	With	renewable	sources	of	solar	energy	
being	 able	 to	 provide	 all	 of	 the	 occupants	 needs,	 including	 being	 kept	 a	 comfortable	
temperature.	 Use	 of	 solar	 panels	 means	 that	 the	 outer	 structure	 will	 be	 able	 to	 be	
assembled	 within	 one	 day.	 Furthermore,	 the	 building	 will	 cost	 less	 than	 the	 budget	 of	
£10,064.	It	is	difficult	to	conclude	the	quality	of	build	of	the	design	(design	requirement	7)	at	
this	point	 in	 the	design	process,	although	the	simplicity	of	 the	design	will	make	this	more	
achievable.	

This	 research	 highlights	 a	 method	 of	 creating	 a	 socially,	 economically	 and	
environmentally	 sustainable	 building	 in	 order	 to	 be	 used	 in	 a	 tiny	 house	 village	 for	 the	
homeless.	 Providing	 people	 in	 need	with	 a	 safe,	warm	 and	 comfortable	 place	 to	 live	 can	
dramatically	improve	their	quality	of	life.	This	building	could	give	formally	homeless	people	
the	 space	 to	 improve	 their	 health,	 relationships	 and	 economic	 situation.	 Furthermore,	
having	a	permanent	 address	 allows	people	 to	 receive	money	 they	are	entitled	 to	 such	as	
disability	or	unemployment	benefits.	This	research	also	shows	that	 it	 is	possible	to	build	a	
home	that	will	be	able	to	provide	housing	for	homeless	people	for	decades	for	less	than	the	
cost	of	allowing	a	person	to	be	homeless	for	six	months.	Further	highlighting	the	economic	
benefits	 of	 this	 design.	 The	 building	 is	 also	 designed	 to	 be	 built	 from	 reused	 and	 natural	
materials,	as	well	as	all	the	hot	water	and	electricity	being	supplied	by	renewable	resources.	
The	building	design	displays	that	is	possible	to	build	an	environmentally	sustainable	building,	
that	 is	 low	 cost	 and	 provides	 a	 better	 life	 for	 homeless	 people	 and	 the	 community	 as	 a	
whole.	Highlighting	the	fact	that	a	building	can	be	designed	in	order	to	be	successful	 in	all	
three	pillars	of	sustainability.		

Climate	change	and	the	housing	crisis	are	two	of	the	biggest	challenges	facing	the	U.K	
in	 2019.	 This	 report	 offers	 a	method	 of	 trying	 to	 fight	 both	 of	 these	 challenges.	 Through	
innovative	 ideas	 and	 technologies	 a	 truly	 sustainable	 tiny	 house	 has	 been	 designed	 that	
could	help	improve	the	lives	of	people	when	they	are	most	at	need.		
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