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Future-Proofing	Facili?es	Management	

"How can novel data 
gathering and 

analysis strategies 
help facilities 

managers deliver 
future-proofed 

energy efficiency 
improvements across 

the non-domestic 
buildings sector?" 



Occupancy	&	Energy	Efficiency	

HVAC	Opera?on	
•  Define	Occupied/

Unoccupied	Status	
•  Sensing	for	Demand	

Controlled	VenHlaHon	
•  PredicHon	of	Internal			

Loads	for	MPC	
strategies	

Es?mated	Savings	

Residen?al	 Commercial	

28%	 MoHon	sensors	
+	door	switch		
with	Deep	Set	
backs		

23%	 Unoccupied	
Setbacks	+	
Variable	air	
flow		

11%	 Nest	(MoHon	
Sensor)	for	
setbacks	during	
unoccupied	
periods		

14%	 Camera	
Network	for	
Variable	Air	
Flow		



Carbon	Dioxide	Sensors	

Passive	Infrared	Devices	

Ultrasonic	detecHon	
systems	

Image	detecHon	
systems	

sound	detecHon	
systems	

RFID	Tags	

Computer	AcHvity	Data	

Wireless	Sensor	
Networks	

Wi-Fi	Connected	Mobile	
Devices	

Access	Control	Data	
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How	well	do	ICT	data	sets		
measure	occupancy?	
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Computer	AcHvity	Data	 Wi-Fi	Connected	Mobile	
Devices	Access	Control	Data	



Commercially	Available	Occupancy	
Counters	
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Computer	AcHvity	
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AcHvity	Data	Metric	
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AcHvity	Data	Metric	

2017-06-05	 10	



Access	Control	Points	
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Access	Control:	Missing	Data	



Access	Control	Data	

Kernel	Density	
EsHmaHon	

	
Data:	Set	of	Historical	Entry	(Exit)	
Hmes	within	Hme	gap	
Kernel:	Gaussian	
Bandwidth:	Normal	Reference		
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Connected	Mobile	Devices	
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Device	Network	ConnecHvity	
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Results	&	Comparisons	
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Results	&	Comparisons	



Conclusions	

•  High	foot	fall	leads	to	large	accumulaHve	error	
for	the	commercial	counters	

• Wi-Fi	Connected	Mobile	Devices	and	
Repaired	Access	Control	Data	consistently	
report	values	within	the	accuracy	of	the	
commercial	counters	

•  Computer	Ac?vity	data	consistently	
underesHmates	occupancy	
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New	Insights	Since	PublicaHon		

•  Data	has	been	collected	for	18	Weeks		
•  Adjusted	ICT-derived	Occupancy	Values	
– Each	ICT	data	set	is	co-integrated	with	the	
measured	occupancy	values	

– Occupancy	esHmates	from	all	3	data	sets	within	
20%	of	measured	values	above	10%	occupancy	
threshold	

– Factors	can	be	esHmated	accurately	with	only	24	
hours	of	monitoring	
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Thank	you!	

Bianca	Howard,	PhD	
b.howard@imperial.ac.uk	


