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Abstract:	This	work	focuses	on	the	energy	harvesting	potential	of	facades.		This	is	presented	in	the	context	of	
proposed	 office	 building	 for	 Derby	 City	 Council	 (UK),	 where	 the	 facades	 are	 considered	 to	 have	 significant	
energy	harvesting	potential.	Energy	harvesting	façades	can	be	a	valuable	step	to	achieving	targets	for	carbon	
emissions,	 increasing	autonomous	renewable	energy	production	and	carbon	footprint	reduction	of	individual	
buildings.	 Options	 considered	 for	 energy	 harvesting	 include	 Solar	 photovoltaic	 printed	 panels,	 tube-based	
algae	 photobioreactors	 and	 mini	 wind	 energy	 harvesters.	 	 The	 paper	 undertakes	 a	 draft	 literature	 review	
focusing	 on	 the	 identified	 technologies.	 	 These	 are	 further	 analysed	 using	 climate	 data,	 simulations,	 and	
theoretical	calculations	to	produce	a	bottom-line	comparison	of	energy	generated	annually.	This	is	compared	
with	existing	benchmarks	of	energy	consumption	to	assess	its	potential	to	be	a	net	zero	carbon	building.		
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1. Introduction		
Derby	City	Office	block	(DCO)	will	be	four-storey	high,	net	2500m2	rented	space,	employing	
200	staff.	An	estimated	259,200	kWh	annual	energy	consumption	(mainly	for	space	heating	
and	cooling)	requires	28%	reduction	and	22%	reduction	in	emissions,	(currently	at	108tCO2e)	
by	 2030	i,ii,iii.	 This	 paper	 proposes	 solar	 thermoelectric,	 printed	 photovoltaic	 panels,	 algae	
photobioreactors	(Kim	2013)	and	mini	wind	energy	harvesters,	analysed	using	climate	data,	
simulations,	and	theoretical	calculations	to	produce	a	bottom-line	comparison.	

2. The	Context	
Accurate	weather	data	 is	from	Birmingham	airport,	57	km	from	the	site,	 is	used,	giving	an	
annual	average	of	210	Wh/m2	per	hour	of	total	surface	solar	radiation.	Annual	average	daily	
wind	(calculated	monthly)	is	3.83	m/s	186o	of	North.	

Table	1:	Details	of	façade	areas	of	DCO	

 
Direction°	N	 Wall	m2	 Window	m2	

1	 57	 230	 213	
2	 132	 520	 505	
3	 147	 201	 192	
4	 161	 37	 34	
5	 222	 169	 158	
6	 251	 226	 215	
7	 312	 15	 11	
8	 327	 586	 570	
9	 341	 134	 126	

3. Draft	literature	review	
Various	 technologies	 to	 harvest	 renewable	 sources	 of	 energy	 -	 Sun,	 wind,	 water,	 earth’s	
magnetic	field,	residual	heat,	biomass,	biofuel	and	biogas	from	building	façades.		



3.1 Photovoltaics	
Organic	photovoltaic	cells	have	recently	reported	an	efficiency	of	as	high	as	22%.	Lower	in	
costs	efficiency	estimated	6-12%	are	printed	organic	photovoltaics.	Ongoing	research	aims	
to	develop	at	 least	2%	efficiency	with	5-6	years	 lifespan	to	make	these	cheaper	than	coal.	
The	photosensitive	coating	can	be	made	into	an	inkjet	cartridge,	so	that	they	can	be	printed	
off	from	a	lab-size	printer;	and	set	up	in	a	day	by	5	employees.	Their	current	life	is	6	months.	

3.2 Integrated	Thermoelectric	
Awareness	against	overheating	of	buildings	has	led	a	surge	in	research	towards	utilization	of	
waste	 or	 residual	 heat.	 Some	 of	 this	 is	 directed	 towards	 building	 integrated	 photovoltaic	
(BIP)	thermoelectric	(PV-TE)	capacity,	where	heat	lost	by	PV	is	converted	to	electricity	by	TE.	

	
Figure	1:	Schematic	of	the	Integrated	PV-TE	hybrid	power	system	(Li.	et	al	(2014))	

3.3 Mini	wind	energy	harvesters	(MWEH)	
Big	 powerful	 wind	 turbines	 and	 installation	 of	 world-wide	 farms	 have	 made	 us	 acutely	
aware	of	their	shortcomings.	Several	mini	wind	harvesting	technologies	are	being	developed,	
which	 resemble	 a	 façade	 built	 with	 flexible	 spikes,	 converting	 wind	 energy	 to	 electricity.	
They	 can	 power	 low	wattage	 equipment	 in	 the	 building	 such	 as	 sensors,	 light	 bulbs	 and	
equipment	without	significant	transmission	loss.	Storage	in	a	battery	required	for	future	use.		

3.4 Photobioreactors	
Algal	biomass	can	bridge	the	energy	gap.	Photobioreactors	are	not	yet	viable.	Yet:	

1) Known	from	another	industry	adapted	to	prototype	buildings.	
2) Architecturally	provides	a	balance	of	sun	and	shading	for	spaces.	
3) Purifies,	adds	oxygen,	cools	the	air	flowing	through.	
4) Insulates	and	potentially	can	help	deter	the	overheating	issue	to	some	extent.	
5) It	is	scalable.	
6) Algal	protein	can	be	extracted	for	food	supplements.	
7) Biogas	and	biofuel	are	possible	by-products.	
8) Algal	biomass	is	a	renewable	source	of	energy,	using	carbon	sequestration.	

4. Methodology	
A	block	model	of	the	DCO	proposal	was	made	in	Designbuilder	with	façades	marked	out	as	
BIP	for	simulation.	External	CFD	for	average	and	maximum	wind	velocities	undertaken.	



	
Figure	2:	Block	model	of	DCO	and	surrounding	area	in	Designbuilder	

A	 combination	 of	 simulations	 and	 theoretical	 calculations	 has	 been	 attempted.	
Simulations	need	excessive	data	built	in	to	be	accurate,	and	more	intricate	the	data,	higher	
the	 system	 requirements,	 making	 it	 nearly	 impossible	 to	 reach	 the	 level	 of	 detail	 it	 is	
thought	to	be	capable	of	achieving	in	the	first	place.	

4.1 Photovoltaics	
Designbuilder	simulation	provided	basic	generation	data	and	an	estimate	of	 the	building’s	
energy	consumption	as	per	current	benchmarks	making	this	a	useful	comparison.	

4.2 Integrated	Thermoelectric	
Based	on	 theoretical	 research	 (Li.	 et	 al	 2014),	 the	potential	 of	 an	 Integrated	photovoltaic	
and	thermoelectric	system	is	derived	from	calculated	photovoltaic	potential.	

4.3 Mini	wind	energy	harvesters	(MWEH)	
Using	 results	 from	 experimental	 data	 and	 current	 research,	 a	 theoretical	 estimate	 is	
calculated	for	DCO,	for	a	specific	type	or	combinations	of	MWEH,	selected	for	efficiency.	

4.4 Algal	photobioreactors	
Published	data	about	‘solar	leaf’	photobioreactors	by	Arup,	has	been	used	for	calculations.	

	
Figure	3	

5. Calculations	

5.1 Photovoltaic	and	Thermoelectric	generation	of	electricity	
The	 solar	 data	 was	 generated	 using	 an	 IWEC	 epw	 file	 in	 Climate	 Consultant.	 Electricity	
generation	figures	were	obtained	using	Designbuilder.	The	facades	were	modelled	with	BIP	
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12%	efficiency	 to	mimic	organic	 polymer	photovoltaics.	 Integrated	PV-TE	 systems	provide	
31-34%	efficiency	by	adding	a	heat	and	cold	store	for	heating	and	cooling,	taking	electricity	
generation	figures	up	by	283%	(Li	et	al,	2014).	Results	in	Figure	3.	

5.2 Choosing	the	right	mini	wind	energy	harvester	and	calculating	the	energy	harvesting	
potential	from	it	

MWEHs	(Matiko	2013,	Liya	2015)	can	be	1)	piezo-electric,	2)	electro-magnetic,	or	3)	electro-
static.	They	may	collect	wind	mechanically	by	1)	rotation	or	2)	aeroelasticity.	The	aeroelastic	
mechanism	may	be	vortex-induced	or	movement-induced.	They	may	be	macro	(larger	than	
75	mm)	or	micro	(less	than	or	equal	to	75	mm).	(Nabavi	et	al,	2016)	For	working	range	of	
windspeeds	 from	 1m/s	 –	 7m/s,	 [required	 for	 building	 façades]	 the	most	 efficient	 are	 the	
electromagnetic	 MWEH,	 of	 the	 type	 with	 magnet-across-coil	 transducer.	 It	 can	 generate	
41.2	μW	from	speeds	as	low	as	1.5m/s	(Sun	2017).	

	
Figure	5:	Average	wind	speeds	around	DCO	block	

Figure	4:	Average	wind	speeds	at	0.89,	6.92,	10.26	and	18.81m	height	at	186oN	and	3.83m/s	



Brunelli	(2017)	has	proposed	a	highly	efficient	MWEH,	which	is	63mm	in	size,	and	can	
generate	 up	 to	 10mW,	 from	 speeds	 as	 low	 as	 4.4m/s.	 Various	 others	 proposed	 by	 Perez	
et.al.	Zhu	et	al	mentioned	by	Nabavi	et.al.	(2016)	can	generate	95	μW	from	1.5m/s,	470	μW	
from	2.5m/s	 and	1.6mW	at	 5m/s.	 CFD	analysis	 in	Designbuilder	 for	 average	 annual	wind,	
clearly	demonstrates	 the	 reduction	 in	 speed	as	over	urban	blocks.	The	average	wind	 flow	
around	DCO	1.46	–	3.0	m/s.		

	
Figure	6	Algal	photobioreactor	annual	energy	harvesting	potential	

The	highest	wind	speeds	around	DCO	are	in	January	from	2.5	-	6.89	m/s.	Considering	
wind	harvesting	walls	optimised	using	speed-appropriate	MWEH	type	on	each	façade,	50%	
area	 for	 openings,	 and	 8.3mW	 average	 power	 at	 26%	 efficiency	 annual.	 (Brunelli	 2017)		
Using	these	numbers	with	the	façade	areas	in	Table	1	leads	to	an	impressive	1549537.191	
kWh	annual	electricity	generation	potential	annually	from	the	DCO	block.	

5.3 Energy	harvested	using	algal	photobioreactors	(APB)	
The	algal	photobioreactors	 take	up	window	space	and	purify	and	cool	air	 flow	ventilation	
into	the	building	through	them,	adding	oxygen.	Using	Arup	Solar	Leaf	manufacturer	data:	

Façade	Window	 2023.927	 m2	 GHR	 28000	 kWh/m2	

	   
Absorbed	 14000	 kWh/m2	

algal	heat	 2266798	 kWh	 heat	 5600	 kWh/m2	

	   
biomass	 1120	 kWh/m2	

Biogas	 1813439	 kWh	 biogas	 896	 kWh/m2	
bio-electricity	(43%)	 779778.6	 kWh	

	   
6. Conclusion	
There	is	great	energy	generation	potential	in	Derby	Council	Office	Block.	With	proper	design	
and	optimisation,	 it	 is	 possible	 for	 the	building	 to	 be	 a	 net	 zero	 carbon	building	using	 an	
efficient	combination	of	different	energy	harvesting	technologies.	The	maintenance	aspect	
and	 sunk	 carbon	 of	 these	 technologies	 will	 need	 to	 be	 looked	 at	 in	 a	 future	 whole	 zero	
carbon	project	analysis.	(See	Figures	7	and	8)	
	



	
Figure	7	

Figure	8	(i)	(ii)	
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