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Executive Summary 		 This	 report	 provides	 an	 analysis	 of	 the	 electrical	 systems	 of	 Houston	 Museum	 of	American	Art.	Analysis	includes	developing	the	electrical	systems	criteria	and	scope	of	work,	presenting	 the	 currently	designed	electrical	 system,	as	well	 as	 evaluation	and	suggestions	for	potential	changes.	Load	calculation	was	performed.	Information	regarding	 IBC,	 NEC	 code	 requirement,	 currently-designed	 electrical	 systems	 was	investigated.			Overall,	 the	 museum	 of	 American	 Art	 utilizes	 an	 integrated	 building	 system.	 The	control	 system	 for	 the	 building	 equipment	 operates	 using	 BMS	 via	 BACnet.	 The	current	electrical	design	 is	appropriate.	 In	 the	attempt	 to	achieve	LEED	gold,	well-thought	technology	and	equipment	choice	are	used	for	the	electrical	system	such	as	cogeneration	to	help	with	energy	reduction.																											
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Part 1 Develop the Electrical Systems Criteria and Scope of work 	
Preliminary	electrical	load	calculation		To	estimate	the	preliminary	electrical	load,	following	assumptions	are	made:		 Lighting:	1.1	W/SF	(ASHREA	90.1)	Receptacles:	1.0	W/SF	HVAC:	4.5	W/SF	Others:	1.0	W/SF		Demand	factors	are	listed	as	following:		 Lighting:	125%	Receptacles:	first	10kVA	100%,	rest	50%	HVAC	and	others:	100%		Based	on	the	assumptions	made	and	demand	factor,	the	preliminary	total	building	kVA	are	listed	as	following:		 		 Lighting:	245	kVA		 Receptacles:	116	kVA		 HVAC:	1,000	kVA		 Others:	222	kVA			
Power	company	and	preliminary	rate	schedule		The	museum	of	American	Art	shall	have	a	secondary	service	from	the	utility	company.	Con	Edison	is	the	main	power	company	that	supplies	power	for	New	York.	
	

Preliminary	building	utilization	voltage		The	 building	utilization	 voltage	 should	be	480Y/277V,	with	 lighting	 277V,	 receptacle	 120V,	HVAC	208V/480V,	and	special	equipment	including	elevators	208V,	3	phase,	audio	signal	processing	120	V,		information	technology	120V.	
	

Emergency	power	requirements		The	emergency	power	for	the	museum	of	American	Art	(A-3	occupancy)	should	be	provided	by	a	diesel	generator	at	480/277V.		
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	Based	on	IBC,	emergency	power	shall	be	designed	and	constructed	as	indicated	below:			 2702.2.1	Group	A	occupancies.	Emergency	power	shall	be	provided	for	emergency	voice/alarm	communication	systems	in	Group	A	occupancies	in	accordance	with	Section	907.5.2.2.4.				2702.2.2	Smoke	control	systems.	Standby	power	shall	be	provided	for	smoke	control	systems	in	accordance	with	Section	909.11.				2702.2.3	Exit	signs.	Emergency	power	shall	be	provided	for	exit	signs	in	accordance	with	Section	1011.5.3.				2702.2.4	Means	of	egress	illumination.	Emergency	power	shall	be	provided	for	means	of	egress	illumination	in	accordance	with	Section	1006.3.				2702.2.5	Accessible	means	of	egress	elevators.	Standby	power	shall	be	provided	for	elevators	that	are	part	of	an	accessible	means	of	egress	in	accordance	with	Section	1007.4.				2702.2.6	Accessible	means	of	egress	platform	lifts.	Standby	power	in	accordance	with	this	section	or	ASME	A	18.1	shall	be	provided	for	platform	lifts	that	are	part	of	an	accessible	means	of	egress	in	accordance	with	Section	1007.5.				2702.2.7	Horizontal	sliding	doors.	Standby	power	shall	be	provided	for	horizontal	sliding	doors	in	accordance	with	Section	1008.1.4.3.		 2702.2.19	Elevators.	Standby	power	for	elevators	shall	be	provided	as	set	forth	in	Sections	3003.1,	3007.7	and	3008.15.				2702.2.20	Smokeproof	enclosures.	Standby	power	shall	be	provided	for	smokeproof	enclosures	as	required	by	Section	909.20.6.2.			
Special	occupancy	requirements		Based	on	NEC	2011	chapter	5,	special	occupancy	requirements	may	be	needed	for	[520]	Theaters	
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for	the	theater	located	on	the	3rd	floor.	
	

Special	equipment		Based	on	NEC	2011	chapter	6,	a	list	of	potential	special	equipment	is	listed	below:	[620]	Elevators	[640]	Audio	signal	processing	[645]	Information	technology	equipment	[695]	Fire	pumps			
Priority	assessment		Reliability	-	Medium	Power	Quality	-	Low	Redundancy	-	Medium	Initial	Cost	(low	initial	cost)	-	Low	Long	Term	Ownership	Cost	-	Medium	Flexibility	-	High			
Optional	back-up	power		Loads	may	 desire	 optional	 back-up	 power	 for	 the	 project	 can	 be	 the	 lighting	 for	 the	mechanical	rooms.			
Special/communications	systems		Potential	special/communications	systems	for	the	building	are	listed	below:	Telephone/data	Fire	Alarm	CATV	Overhead	Paging/intercom	Access	control	Security	–	Intrusion	Detection,	Video	Surveillance		

Fire	Alarm	IBC	requirement:		A	manual	 fire	 alarm	system	 that	 activates	 the	occupant	notification	 system	 in	 accordance	with	Section	907.5	shall	be	installed	in	Group	A	occupancies	having	an	occupant	load	of	300	
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or	more.	Portions	of	Group	E	occupancies	occupied	for	assembly	purposes	shall	be	provided	with	a	fire	alarm	system	as	required	for	the	Group	E	occupancy.	Manual	fire	alarm	boxes	are	not	required	where	the	building	is	equipped	throughout	with	an	automatic	sprinkler	system	installed	in	accordance	with	Section	903.3.1.1	and	the	occupant	notification	appliances	will	activate	throughout	the	notification	zones	upon	sprinkler	waterflow.		Activation	of	the	fire	alarm	in	Group	A	occupancies	with	an	occupant	load	of	1,000	or	more	shall	 initiate	 a	 signal	 using	 an	 emergency	 voice/alarm	 communications	 system	 in	accordance	 with	 Section	 907.5.2.2.	 Where	 approved,	 the	 prerecorded	 announcement	 is	allowed	to	be	manually	deactivated	for	a	period	of	time,	not	to	exceed	3	minutes,	for	the	sole	purpose	 of	 allowing	 a	 live	 voice	 announcement	 from	 an	 approved,	 constantly	 attended	location.			
Other	building	services		Other	building	services	may	be	required	are	listed	below:	Telephone	Data	CATV			
Major	equipment		Potential	major	 equipment	 that	 should	 be	 used	 includes	 switchgear,	main	 transformer	 and	 step-down	transformers,	generator	(if	indoor),	ATS,	distribution	panelboards.																		
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Part 2 Understand and Describe the Electrical Systems as Currently Designed 	
Actual	connected	building	load		The	actual	connected	building	loads	were	calculated	and	summarized	in	the	following	tables:		 Table	1	Connected	building	loads	

Connected Building Loads (KVA) 

Lighting 179	
Receptacle 310	

HVAC 1,234	
Special Equipment 276	

Total loads 1,999		 Table	2	Connected	loads	for	special	equipment	
Connected Loads Special Equipment (KVA) 

BMS 8	
Dock Leveler 25	

Pavement & Gutter snow melting 70	
Kitchen appliance 127	
Shade controller 4	

UV sterilizer 4	
Mechanical Tools 38		

	

Power	company	and	rate	schedule		The	utility	company	for	the	project	is	the	Consolidated	Edison	Company	of	New	York.	The	service	is	feed	 to	 the	 switchgears	 located	 on	 the	 cellar	 level.	 The	 secondary	 service	 voltage	 is	 208Y/120V.	Information	about	the	rate	schedule	and	primary	service	voltage	were	requested	from	the	building	owner.		Figure	1	and	2	shows	the	service	entrance	detail.			
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Figure	6	E
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Receptacles	 used	 are	 standard	 duplex	 convenience	 receptacles	 that	 shall	 be	 specification	 grade	NEMA	5-15R,	5-20R,	2	pole,	3	wire,	grounded,	15	or	20	ampere	rated	for	devices	shown	on	a	15	or	20	ampere	circuit	respectively.		For	 switch	 and	 receptacle	 wall	 plates,	 plastics	 are	 used	 for	 all	 back-of-house	 devices	 and	architectural	metal	finish	are	used	for	all	others.	Additionally,	switches	are	“Decora”	style	“Paddle”	type.		Motors	are	TEFC	premium-efficiency	type	and	be	provide	with	variable	speed	drive.			UPS	are	75	KVA/64KW	at	0.9	power	 factor.	The	UPS	system	has	a	20	minutes	 life	and	an	on-line	double	conversion	system	with	wrap	around	maintenance	bypass	circuit.				
Optional	back-up	loads		As	mentioned	 in	 the	Emergency	 system	 load	section,	 there	 is	 an	optional	 emergency	distribution	panelboard	 EODP-C	 (208Y/120V,	 3	 phase,	 4	 wires)	 feeding	 power	 to	 sump	 pumps	 and	 ejector	pumps	which	 are	 all	 208V,	 3	 phase.	 The	 optional	 emergency	 distribution	 panelboard	 is	 directed	feed	by	the	emergency	switchboard.	Load	details	are	indicated	in	figure	below.		
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Part 3 Evaluation of Criteria vs. Current Design 

Building	loads		The	total	actual	building	load	is	greater	than	the	estimated	load.	The	actual	lighting	loads	are	less	than	the	estimated	 lighting	 loads.	However,	receptacles,	HVAC	as	well	as	other	equipment	require	additional	 power	 than	 estimated.	 Larger	 HVAC	 loads	 may	 result	 from	 the	 rather	 large	 portion	glazing	of	the	facades.	To	differentiate	from	a	traditional	museum,	theta	museum	takes	up	a	modern	system	design.	Extra	loads	are	resulted	from	the	additional	equipment	implemented.		
 estimated 

kVA 
actual kVA

Lighting 245 179
Receptacles 116 310
HVAC 1,000 1,234
Others 222 276
Total 1,583 1,999		

Power	company	rate	schedule		Not	 sufficient	 information	 is	 obtained	 at	 the	 time	 of	 this	 report	 was	 written,	 thus	 no	 adequate	evaluation	can	be	made.			
Building	utilization	voltage		The	actual	building	utilization	voltage	is	208Y/120V	instead	of	the	proposed	480Y/208V	in	part	1.	480y/208V	 is	 the	more	 reasonable	 choice	with	 a	 building	 this	 size	 to	 reduce	 the	wire	 sizes	 and	power	 consumption.	 Exact	 reasoning	 behind	 the	 choice	 of	 208Y/120V	 over	 480Y/208V	 was	required	from	the	contractor.			
Emergency	power	system		The	actual	fuel	and	power	source	for	the	emergency	power	system	is	diesel,	same	as	expected.	The	size	of	 the	generator	 is	 sufficient	 for	 the	connected	building	 loads.	The	 loads	connected	meet	 the	IBC	emergency	requirements.		The	optional	back-up	loads	for	sump	pumps	and	ejector	pumps	were	not	expected,	but	make	sense	for	the	actual	design.					
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General	equipment		As	 mentioned	 in	 the	 building	 utilization	 voltage	 section,	 information	 is	 requested	 regarding	 the	choice	of	208Y/120V	instead	of	480Y/120V.	 	The	utilization	voltage	limited	the	equipment	choice	for	lighting,	HVAC,	and	other	equipment.			Aside	from	the	potential	problem	resulted	from	the	utilization	voltage,	the	overall	equipment	choice	to	 serve	 the	 building	 is	 appropriate	 and	 compatible.	 The	 choice	 for	 conductors,	 conduit,	 and	receptacles	 is	 industrial	 standard	 for	 this	 type	 of	 building.	 Because	 of	 the	 busy	 urban	 site	 of	 the	project,	 the	 choice	 of	 indoor	 electrical	 equipment	 is	 very	 reasonable.	 Spare	 spaces	 on	 the	panelboard	 and	 switchboard	 allow	 for	 flexibility	 and	 future	 expansion.	 The	 cogeneration	 system	implemented	is	energy	efficient	and	cost	saving.				
Optional	back-up	power	and	UPS	system		As	mentioned	 in	 the	emergency	power	system	section,	 the	current	design	 for	optional	back-up	 is	rather	 reasonable.	 The	 loads,	 feed	 by	 UPS	 system	 in	 case	 of	 power	 outage,	 are	 rather	 industrial	standard.	Thus,	the	optional	back-up	power	and	UPS	system	design	is	practical.				
Cost	reduction	techniques		Using	 higher	 quality	 equipment	may	 increase	 the	 initial	 cost	 and	 reduce	 the	 long	 term	 cost.	 As	discussed	 in	 part	 1,	 cost	 overall	 has	 a	 rather	 low	 propriety.	 However,	with	 higher	 efficiency	 and	long-lasting	equipment,	the	building	will	encounter	less	problems	in	the	future	and	also	save	cost	long	term.	
	

Systems	integration		The	entire	building	system	designed	 is	rather	 integrated,	operates	with	BMS	via	BACnet.	Building	system	equipment	such	as	ventilation,	 lighting,	power	systems,	 fire	systems,	and	security	systems	can	be	controlled	and	override	at	a	central	location.		
	

Energy	cost	savings	and	energy	reduction	techniques		The	building	uses	cogeneration	for	heat	and	power	generation	and	meets	LEED	power	consumption	requirement	in	attempt	to	achieve	LEED	gold.			As	 the	 building	 is	 located	 at	 a	 busy	 downtown	 area,	with	 tall	 buildings	 around,	 it	may	 not	 seem	worth	 to	use	PV	array	or	wind	generation.	As	a	public	museum,	 the	comfort-ability	of	 the	gallery	space	should	stay	rather	constant.	Demand	reduction	and	shifting	may	be	reasonable	in	spaces	such	as	open	office	areas	in	the	building.			
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