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1. Understanding the process of getting an old 
building to zero net energy

2. Design decisions and details
3. Preliminary performance analysis
4. Cost-effectiveness of building to zero net energy
5. Lessons learned
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 Energy Futures Group (EFG)
 Hinesburg-based energy consulting firm since 2010
 Ran out of room in former rental space

 Project Goals
 Stay in Hinesburg
 Private offices
 Room to grow
 Investment property
 Energy showcase building to match firm’s values and 

serve as an model for others
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 Vacant building
 Commercial use only
 Small lot (footprint + 10’)
 Deconstruction restrictions
 Eliminate on-site parking
 For sale with no permits
 Closed October 2016
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 Extensive permitting process
 May 2015 – October 2016 

 Integrated design approach
 Architect, builder, energy consultant, owner
 Weekly meetings with daily interactions (2600 emails)

 Construction process
 November 2016 – September 2017
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 All-electric
 Avoid the natural gas line that runs out front and all fossil fuels

 Model project:
 Tight: 1.0 ACH50 (440 CFM50) (vs. 4000+ CFM50 to start)
 R-5 windows
 R-20 foundation
 R-40 walls
 R-60 ceilings
 Cold climate heat pumps
 Energy recovery ventilation, high efficiency, EC motors
 On-site renewables
 Green, healthy and re-used materials

 Participate in Efficiency Vermont’s Commercial New 
Construction Program and achieve Net Zero standard
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 Equipment incentives 
 Energy charrette ($2500)
 Energy simulation (50% of cost)
 Energy monitoring equipment (50% of cost)
 Commissioning (25% of cost)
 Performance goals, standards & incentives (up to 

25% of equipment incentives, based on building 
operation for one year)

 Incentives worth > $7000 for EFG, but costs are 
quite a bit more (>$20,000) to achieve net zero

 Recognition Pre- and Post-occupancy



http://www.energyfuturesgroup.com/zero-
energy-project/
Or
https://vimeo.com/222866137

Building Movie

http://www.energyfuturesgroup.com/zero-energy-project/
https://vimeo.com/222866137
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 Design process based on client goals
 Integrated design process

 Involvement of the builder in the design and 
decision process 
 Slab foundation vs. basement or crawlspace
 Roof trusses vs. working with the existing rafters

 Challenges and opportunities

 Plans and specs…
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Design

First floor Second floor
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Construction Details
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 Wood vs. vinyl vs. fiberglass
 Performance

 Similar
 Cost

 $12k vs. $21k
 White vs. color

 Wood vs. sheetrock returns
 European, NY, ME
 Local availability and service
 Paradigm Windows

 Portland, ME
 U-.22
 SHGC .22
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Window Details
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 Zoned approach
 Heating and cooling
 All-electric cold climate heat pumps
 Ducted vs wall mount – cost difference and comfort 

difference and uncertainties
 Ducted System for new offices
 Wall-Mount system for new offices

 Cost Savings - $5k-$10k (mechanical + construction)
 Less transfer fan costs ~$400 x 6 = $2400
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Challenges with wall mount: 
 Heating and cooling offices with doors closed
 Comfort difference and uncertainties
 Transfer fan solution and uncertainties
 Peak loads driven by cooling in some rooms and 

heating in others



Heating and Cooling Transfer Fan
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 Very low peak loads
Btu/hour at -20F and 68F inside

EFG Office and Retail
Indoor and Outdoor Unit Loads
Outdoor unit number 1 2
Total Peak Load Heating 16,410      16,575   
Total Peak Load Cooling 8,880        16,627   
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 Can’t get small enough wall mount units

EFG -- Peak Heating and Cooling Loads -- First Floor 19-Apr-16

First Floor

Room

Retail 108 Bathroom 
106

Common hall 
/ kitchentte 

107

Office SE 
101

Office SW 
102

Office NW 
103

Work 
area/stair 

104
Heating 10,000      1,000     1,700            1,500            2,400            2,300       1,600       
Cooling 5,100        300         700                2,700            2,800            2,200       600          

Second Floor

Room

Office 
rental S 

207

Office 
rental N 

204

Office Rental 
circ, storage 

208/205

Office Rent 
Bath 206

EFG 
Common 200

Office SW 
201

Office NW 
220

Office NE 
203

Heating 2,300        2,300     500                200                2,300            1,800       1,800       1,100     
Cooling 2,100        1,000     200                200                2,600            2,100       2,100       900        


E10- takeoffs

																																								161027

		EFG Office and Retail		surface area						interior floor areas				sq.ft. int		sq.ft. ext		volume, cu.ft.		Window % of Wall												Interior floor areas						avg ceiling height		volume, cu.ft.				Upper floor

		Takeoffs for E-10 runs		4,024								Basement		- 0				- 0		12%						171.77		construction								sq.ft. int.								average height for up 7'9" for old and 8'4" for new 

												1st flr		1,230		1,438		9,840						17%		237.83								Basement		525		6.00		3,150				average 8'-1/2" for both old and new

		$   94.24		0.0641559618								2nd flr		1,230		1,438		9,840						14%										1st flr		1,230		7.54		9,276

		marvi $/sq.ft., tripane		15.5870159419								Total		2,460		2,876		19,680		2nd level														2nd flr		1,230		8.38		10,301				Lower floor

																																		Total		2,985				22,728				avg for new is 8'0" for new and 6'11' for old

				N		S		E		W		Total		R-value		UA		R-value		UA		R-value		UA								Total less basement				2,460				19,578				or average 7' 6-1/2"

		CEILING (sq.ft.)		1,317								1,317		60		22		60		22		80		16

		Gross walls, sq.ft.		948		948		406		406		2,708				100%		reduced area		100%				85%

		WALLS (sq.ft.)		860		802		329		255		2,247		40		56		40		56		40		56						5175

		WINDOWS, daylighting - Hi SHGC										- 0		4.5		0		5.7		0		5.4		0

		Windows other, low SHGC		81		115		32		64		292		5		58		6.5		45		6.5		38

		glass doors								40		40		2.5		16		5		8		5		8

		  E-10 -- 12 sq.ft. windows		6.8		9.6		2.7		5.3		12.2

		DOORS solid (sq.ft.)				21		42		42.0		63		3		21		3		21		5		13

		Window - door perimeter										713		17		41				41				41		assumes 3/4" foam

		Slab perimeter										78		0.25		20		0.25		19.5		0.25		19.5		Btu/hr-F per running ft of perimter

		foundation perim 										93		0.25		23										Btu/hr-F per running ft of perimter

		Height above grade																								Btu/hr-F per running ft of perimter

		Height below grade																																54,000		nominal Mitsubishi rated output						MXZ-8C48NAHZ 

		foundation area above grade		0		0		0		0		- 0		20																				% of rated at temp				capacity		capacityX2

		foundation area below grade		0		0		0		0		- 0		20																				100%		5		54,000		108,000

		INFILTRATION (Volume)										17,125				66				202				162										76%		-13		41,040		82,080

														TOTAL		324				416				355						240		V		66%		-18		35,640		71,280		guess

		Surface area										4,024				peak load				peak load				peak load						22		A

																28,551		Btu/hr		36,599				31,211						5280		W

		 12 sq.ft. windows equiv.		0		0		0		0		0				8.37		kW		10.72				9.14

																3.35

										in model						12		Btu/sq.ft.-hr		15				13

						PH		Code		Proposed						33,000				42,000				36,000

																8.37		kW with 15% pickup		12				11

						0.13		0.50		0.10		Natural ACH						Inside design		68

																		Outside design		-20

						290		290		290		peak cfm from ventilation						peak dT		88

						0.5		0.5		0.5		duty cycle

						145		145		145		average cfm from ventilation								54000		Btu/hr output of 8C48HZ Hyperheat

						0.65		0.65		0.74		HRV apparent effectiveness (from 0.4 to 0.8)								40500		output at -13F

						51		51		38		average effective cfm

						0.15		0.16		0.115		average ACH

						0.29		0.66		0.21		Total ACH for model

						0.60		2.25		0.45		ACH50						19680		volume, cu.ft.

						208		779		156		cfm50						0.60		ACH50

						0.14		0.50		0.036		cfm50/sq.ft.						197		cfm50



				Tin		Tout		apparent effectvnss		Tdel

				70		-20		0.67		40.3										ALPEN												ALPEN		average of casement and fixed

				70		-20		0.72		44.8														window		U		R						window values

																				Alpen casement NFRC 525-S 5L				0.24		0.19		5.3		argon fill				U		R		SHGC

																				Alpen casement NFRC 525-S 5H				0.38		0.20		5.0		argon fill		5L		0.18		5.7		0.27

								Window/door perimeter insulative value												Alpen fixed NFRC 525S LP 5L				0.3		0.16		6.3		argon fill		5H		0.19		5.4		0.43

								foam thick>>		0		0.5		0.75		1				Alpen fixed NFRC 525S LP 5H				0.48		0.17		5.9		argon fill

								section																										window values

								1		5.5		8.5		10		11.5				Alpen casement NFRC 725-S 5L				0.23		0.17		5.9		krypton fill				U		R		SHGC

								2		13		16		17.5		19				Alpen casement NFRC 725-S 5H				0.38		0.19		5.3		krypton fill		7L		0.16		6.5		0.26

								3		27		30		30		30				Alpen fixed NFRC 725S LP 5L				0.29		0.14		7.1		krypton fill		7H		0.18		5.7		0.44

								Average U		0.099		0.071		0.063		0.058				Alpen fixed NFRC 725S LP 5H				0.49		0.16		6.3		krypton fill

								Average R		10.1		14.1		15.8		17.3																		window values

																				Alpen casement NFRC 925-S 5L				0.18		0.15		6.7		krypton fill				U		R		SHGC

																				Alpen casement NFRC 925-S 5H				0.32		0.16		6.3		krypton fill		9L		0.13		7.7		0.21

										6		inches of EPS								Alpen fixed NFRC 925S LP 5L				0.23		0.11		9.1		krypton fill		9H		0.14		7.1		0.37

								slab edge												Alpen fixed NFRC 925S LP 5H				0.41		0.12		8.3		krypton fill

								path		R-ins		earth feet		R-earth		R1 total		UA, Btu/hr-F		R-earth, per inch

						3" height		1		22.2		0		0		22.2		0.011		0.25

								2		22.2		0		0		22.2		0.011

								3		22.2		0.2		0.6		22.8		0.011

								4		22.2		0.5		1.5		23.7		0.011

								5		22.2		0.7		2.1		24.3		0.010

								6		22.2		1.2		3.6		25.8		0.010

								7		22.2		1.8		5.4		27.6		0.009

								8		22.2		2.6		7.8		30		0.008

								9		22.2		3.5		10.5		32.7		0.008

						12" width		10		22.2		6.5		19.5		41.7		0.006

								11		22.2		7.5		22.5		44.7		0.006

								12		22.2		8.5		25.5		47.7		0.005

								13		22.2		9.5		28.5		50.7		0.005

								14		22.2		10.5		31.5		53.7		0.005

								15		22.2		11.5		34.5		56.7		0.004

								16		22.2		12.5		37.5		59.7		0.004

								17		22.2		13.5		40.5		62.7		0.004

								18		22.2		14.5		43.5		65.7		0.004

								19		22.2		15.5		46.5		68.7		0.004

								20		22.2		16.5		49.5		71.7		0.003

								21		22.2		17.5		52.5		74.7		0.003

								22		22.2		18.5		55.5		77.7		0.003

								23		22.2		19.5		58.5		80.7		0.003

								24		22.2		20.5		61.5		83.7		0.003

								25		22.2		21.5		64.5		86.7		0.003

								26		22.2		22.5		67.5		89.7		0.003

								27		22.2		23.5		70.5		92.7		0.003

								28		22.2		24.5		73.5		95.7		0.003

								29		22.2		25.5		76.5		98.7		0.003

								30		22.2		26.5		79.5		101.7		0.002

																sum		0.168







takeoffs

		EFG Office and Retail

						Gross wall area, sq.ft., outside dimensions

						New construction

						N		453

						S		453

						E		13

						W		441

						Renovation

						N		363

						S		372

						E		472

						W		173

						Total

						N		816

						S		825

						E		485

						W		614





Room loads

		EFG Office and Retail				02/28/19														VB area				$   304		$/sq.ft.		sq.ft/roll		cost/roll																								infiltration		ventilation net

		Design Load, by room										surface		4,380		5 surface		1317		2478				$   839		$   0.34		738		250		db+																		winter dT		summer dT		Btu/hr- cfm		Btu/hr- cfm

														6,159		6 surrface		1161						$   1,144		$   0.46		325		150		intello														1		VT		88		9		20		10

																																								Climate>>		VT		VT		2		MA		65		14		29		15

		Floor (B, 1 or 2)				1		1		1		1		1		1		1		2		2		2		2		2		2		2		2								Heating		Cooling		3		MD		59		16		31		16

		Room  Name 				Retail 108		Bathroom 106		Common hall / kitchentte 107		Office SE 101		Office SW 102		Office NW 103		Work area/stair 104		Office rental S 207		Office rental N 204		Office Rental circ, storage 208/205		Office Rent Bath 206		EFG Common 200		Office SW 201		Office NW 220		Office NE 203		Total		U-value		R-Value		Btu/hr		Btu/hr				Inputs

		Zone number																																						Climate>		1		1		1		8		Number of people

		CEILING (sq.ft.)				- 0														210		224		92		29		350		139		137		136		1,317		0.017		60		1,931		197		88		100		watts per person, 50% sensible

		Sloped ceiling				- 0																														0		0.017		60		0		0				300		Btu/sq.ft-hr incident solar for cooling loads

		Gross walls, sq.ft. (exterior)				697		89		57		94		181		185		147		312		259		30		36		188		176		172		86		2,708												0.55		glass SHGC

		WALLS (sq.ft.)				547		81		36		70		141		151		138		298		241		30		36		176		148		146		76		2,313		0.025		40		5,088		520				0.35		window SHGC

		WINDOWS south R-5				28						24		24						14								12		12						115		0.200		5		2,020		207				0.5		wsf lighting

		WINDOWS east R-5				32																														32		0.200		5		563		58				50		watts equipment and lights per person, peak

		WINDOWS north R-5				8		8								18		9				18										10		10		81		0.200		5		1,426		146						plug load watts peak cooling

		WINDOWS west R-5												16		16														16		16				64		0.200		5		1,126		115				50%		latent recovery efficiency of ERV																				X		grains		lbs-air		lbs water		1050 BTU		1.05		X-Btu

		WINDOWS south R-4																																		0		0.250		4		0						0.21		Design ACH heating

		WINDOWS east R-4																																		0		0.250		4		0						0.11		Design ACH cooling																						lb-air		cu.ft		7000 gr		lb water				cu.ft.

		WINDOWS north R-4																																		0		0.250		4		0

		WINDOWS west R-2.5 - glass doors				40																														40		0.400		2.5		1,408						75		Summer interior design temp

		Window + Door Perimeter (ft) [2]				135		31		50		54		70		64		33		41		47		- 0		- 0		39		59		56		35		713		0.059		17		3,690		377				70		Winter interior design temp

		DOORS (sq.ft.)				42				21																										63		0.333		3		1,848		189

		Floor over outdoors																																		0		0.020		50		0

		Slab perimeter, ft								7		11		21		22		17																		78		0.250				1,716		176																														ventilation latent load

		foundation perim , ft				82		11																												93		0.25				2,035																				design temps												total		net of ERV

		foundation area above grade, sq.ft																																		0																				Weather stations						winter, 99.6%		winter dT		summer, 1%		summer dT				gr/lb		Btu/hr- cfm		Btu/hr- cfm

		foundation area below grade, sq.ft.																																		0																						hdd		cdd		db				db				wb

		**crawl space (above gr), sq. ft.																																		0																				Burlington VT 		7900		489		-20		90		84		9		69		83.0		20		10

		crawl space perimeter, ft																																		0																				Worcester MA		5621		777		5		65		87		14		71

		INFILTRATION (Volume)				3,495		450		1,223		660		720		735		1,050		1,680		1,792		736		232		2,000		792		784		776		17,125				vent.+ inf sensible		5,830		298												NY NY		4848		1142		13		57		89		14		73		97.3		29		15

																																				Total Load				vent. latent				616												Harrisburg PA		5224		955		9				89				73

		Design Heating Load, by room																																		326				solar gain				12,054								`				Washington DC		5010		1560		15				92				76

		Btu/hr-F Total				99		10		17		15		24		23		16		23		23		5		2		23		18		17		11		326				internal gains sensible				2730												Baltimore MD		3807		1774		11		59		91		16		74		99.9		31		16

		Total w/15% pick-up				114		11		20		17		27		26		18		26		26		6		3		26		21		20		13		375				internal gains latent				1365				0.2032672973

		% of Total				30%		3%		5%		5%		7%		7%		5%		7%		7%		2%		1%		7%		6%		5%		3%		100%				Total		28,683		19,048

		Room-by-room loads				Retail 108		Bathroom 106		Common hall / kitchentte 107		Office SE 101		Office SW 102		Office NW 103		Work area/stair 104		Office rental S 207		Office rental N 204		Office Rental circ, storage 208/205		Office Rent Bath 206		EFG Common 200		Office SW 201		Office NW 220		Office NE 203		Check total				Total+15%		32,985		21,905		coincident cooling												Q=cfm*60*.018*dT				dT=Q/(cfm*60*.018)				Return Air						Excellent building

		heat -- no pickup				8,732		865		1,522		1,321		2,086		1,991		1,369		1,994		2,027		452		201		1,999		1,601		1,537		987		28,683																						100		cfm transfer

		heat with pickup		1		10,041		995		1,750		1,519		2,399		2,290		1,574		2,293		2,331		519		231		2,299		1,841		1,768		1,135		32,985																						2300								Inputs						Air tigthness

		                 cool - rough estimate		1		6,668		660		1,162		1,009		1,593		1,521		1,046		1,523		1,548		345		153		1,527		1,223		1,174		754		18,755												Window/door perimeter insulative value										21.2962962963		dT that results						drybulb		75				0.1		Natural ACH, winter

		Peak zone loads for cooling																																																																wetbulb		59.6				0.2		Peak heat ACH

		Zone number				1

		supply ventilation cfm				50						20		20		20				20		20						20		20		20		20		230																														RH		0.4				290		peak cfm from ventilation

		% window not shaded				90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		14																														altitude		100				0.5		duty cycle

		equipment and light watts 				150		50		50		50		50		50		50		50		50		50		50		50		50		50		50		850																														grains		52		gr/lb		145		average cfm from ventilation

		# people				4		- 0		1		2		2		2		1		2		2		- 0		- 0		4		2		2		2		26																														enthalpy		26.1		Btu/lb		0.74		HRV effectiveness

		Conductive sensible load				893		88		156		135		213		204		140		204		207		46		21		204		164		157		101		2,933																																				37.7		average effective cfm

		solar gain				2,333		- 0		- 0		1,750		1,750		1,166		- 0		1,021		- 0		- 0		- 0		904		1,166		1,166		- 0		11,256

		internal sensible gains 				3,445		171		321		2,220		2,220		1,637		321		1,491		471		171		171		1,675		1,637		1,637		471		18,057																														density		0.072		lbs/cu.ft.		0.11		average ACH

		Total sensible load				4,338		259		476		2,355		2,434		1,841		461		1,695		678		217		191		1,879		1,801		1,794		572		20,990																														Btu/cu.ft.		1.8812941589		Btu/cu.ft.		0.21		Total ACH for model, avg

		infiltration latent gain				126		16		44		24		26		26		38		60		64		26		8		72		28		28		28		616																																				0.3149390244		Total ACH for model, peak

		vent. latent				502		- 0		- 0		201		201		201		- 0		201		201		- 0		- 0		201		201		201		201		2,310												foam thick>>		0		0.5		0.75		1																0.4494409042		ACH50

		Total internal gains latent				600		- 0		150		300		300		300		150		300		300		- 0		- 0		600		300		300		300		3,900												section																								156		cfm50

		Total Latent load				726		16		194		324		326		326		188		360		364		26		8		672		328		328		328		4,516												1		5.5		8.5		10		11.5																0.036		cfm50/sq.ft.

		Total latent+ sensible				5,063		275		670		2,679		2,760		2,167		648		2,056		1,042		243		200		2,551		2,129		2,122		899		25,506												2		13		16		17.5		19

		Sensible fraction (sensible/total)				86%		94%		71%		88%		88%		85%		71%		82%		65%		89%		96%		74%		85%		85%		64%														3		27		30		30		30

		whole window SHGC		0.27																																												Average U		0.099		0.071		0.063		0.058

		latent ERV recovery rate		50%																								1.05																				Average R		10.1		14.1		15.8		17.3



						EFG -- Peak Heating and Cooling Loads -- First Floor														19-Apr-16

		First Floor

		Room				Retail 108		Bathroom 106		Common hall / kitchentte 107		Office SE 101		Office SW 102		Office NW 103		Work area/stair 104

		Outdoor Unit Number				1		1		2		2		2		2		2

		Zone Name				  1-1		  1-1		  2-1		  2-1		  2-1		  2-1		  2-1																														Sizse HP to 30,000 Btu/hr at design temp												Mitsubishi Hyper heat

		Heating				10,000		1,000		1,700		1,500		2,400		2,300		1,600

		Cooling				5,100		300		700		2,700		2,800		2,200		600																														Fujitsu:		outdoor unit				indoor unit						smaller 12, 18, 24

																																																model		AOU15RLS2H				ASU15RLS2H						Hyper heat larger series

		Second Floor																																																2.32		input kW								PUZHA		PKA36, indoor unit

		Room				Office rental S 207		Office rental N 204		Office Rental circ, storage 208/205		Office Rent Bath 206		EFG Common 200		Office SW 201		Office NW 220		Office NE 203																												Mitsubishi S 		P36NHMU		P48NHMU						nom cap		32		38

		Outdoor Unit Number				1		1		1		1		2		2		2		2																												cap at -5F		22400		30240		Btu/hr

		Zone Name				  1-2		  1-3		  1-3		  1-2		  2-2		  2-2		  2-2		  2-2																														1.9924		3.3184		input kW				F		% cap

		Heating				2,300		2,300		500		200		2,300		1,800		1,800		1,100																												Daikin										-4		0.87		0.87

		Cooling				2,100		1,000		200		200		2,600		2,100		2,100		900																												model size 48		PUMY48								-13		0.75		0.75



		EFG -- Peak Heating and Cooling Loads 														6/22/16

		Outdoor Unit Loads																Nominal heat

		Outdoor unit number				1		2		Total [1]						MXZ-3C24NA2		25000				average load		avg W		avg amps

		Total Peak Load Heating				16,300		16,500		32,800												16,400.00		4,805.16		20.02

		Total Peak Load Cooling				8,900		16,700		25,600		[1] Peak Cooling loads not coincident

						MXZ-3C24NA2																COP Min Out -15F		COP Max Out -15F		COP Min Out 5F		COP Max Out 5F		COP Min Out 47F		COP Max Out 47F		Maximum Capacity X°F		Temp at X coldest

																				MXZ-2C20NAHZ		2.09		1.98		2.29		2.07		3.59		4		19404		-13

		Zone Number				  1-1		 1-2		  1-3		  2-1		  2-2		Total [1]				MXZ-3C24NAHZ		2.09		1.83		2.29		1.92		3.59		4.25		22050		-13

		Zone Name				Retail		Rental Off. S.		Rental Off. N.		EFG 1st Flr		EFG 2nd Flr 

		Total Peak Load Heating				11,000		2,500		2,800		9,500		7,000		32,800								-15		5		47

		Total Peak Load Cooling				5,400		2,300		1,200		9,000		7,700		25,600								1.83		1.92		4.25

		Type of indoor unit				Wall Mount		Wall Mount		Wall Mount		Wall Mount		Wall Mount

		Indoor unit location				S. Wall between windows		on wall above workroom "print and storage"		on wall above hall to rental		above door		above door

																						windows

						EFG -- Peak Heating and Cooling Loads 																earthwise evolution

						Indoor HP Unit Location																marvin integrity

						Unit number		Unit Type		Area Served				Location								Shuco

						  1-1		Wall Mount		Retail				S. Wall

						  2-1		Wall Mount		EFG 1st Flr				above workroom closet

						  2-2		Wall Mount		EFG 2nd Flr				above hall to rental						 

						  3-1		Wall Mount		Rental Office S				above door

						  3-2		Wall Mount		Rental Office N				above door

								SEZ-KD12NA4

								Duct				Unit Size

								width		height		width		height		depth

								33.9		5.9		40.9		7.9		27.6

						388		200		area, sq. in.		24		add to width for clearance for service

						cfm		28.6		7		64.9		total with clearance

								20.0		10

								11.1		18

						SEZ-KD09NA4

						Duct				Unit Size

						width		height		width		height		depth

						26.0		5.9		33.1		7.9		27.6

						154		area, sq. in.		24		add to width for clearance for service

						317				57.1		total with clearance

						cfm

		Room Loads

		Room				Office SE 101		Office SW 102		Office NW 103				Office SW 201		Office NW 220		Office NE 203

		Outdoor Unit Number				2		2		2				2		2		2

		Zone Name				  2-1		  2-1		  2-1				  2-2		  2-2		  2-2						air flow, cfm		200		cfm

		Peak Heating Load (with 15%), Btu/hr				1,500		2,400		2,300				1,800		1,800		1,100						undercut, in.		1		in

		Peak Cooling Load, Btu/hr				2,700		2,800		2,200				2,100		2,100		900						velocity, fpm		823



		cfm to retain differential of X degrees F		F																q=1.08 dT cfm				dimater duct, in		6

		heating		10		139		222		213				167		167		102		cfm = q/(1.08 dT)				area, sq.ft.		0.20

		cooling		10		250		259		204				194		194		83						velocity, fpm		1,019

						Peak cooling load						 

						Office SE 101		Office SW 102		Office NW 103				Office SW 201		Office NW 220		Office NE 203

				SHGC whole window

				0.35		3,212		3,294		2,529				2,493		2,486		917

				0.27		2,694		2,776		2,183				2,147		2,140		917										in static

				0.21		2,305		2,387		1,924				1,888		1,881		917						fitting		50		0.04

																								grill?		5		0.02		?

																								duct		10		0.28

																								total		65

																								6" flex = 0.8"/100ft @ 180 cfm, 4%  little sag

																								0.8		with 4% sag

																								2.8		with 15% sag



MXZ-3C24NAHZ





-15	5	47	1.83	1.92	4.25	







blower

		LBL Blower Door Data/Average Infiltration Rate Correlation																x = logpress, y range = logflow

								4,380		sq.ft. surace area

						cfm50		963.567				1 Pa =		0.0040147		H2O

						35.3144548339		cu.ft./m^3																liters/sec		ft^3/liter		min/sec		cfm

						0.000472		(m^3/s)/cfm						0.04										0.15		0.0353		60.0		0.3177

		Window Test #:				6D2

		Fan Data										Flow												liters/sec-m^2		ft^3/liter		min/sec		sq.ft./m^2		cfm/sq.ft.		cfm/100sq.ft.@75

		PRESSURE				flow		LOGPRESS		LOGFLOW		predicted		DIFF		CFM								0.06		0.0353		60.0		10.76		0.012		1.2

		Pa		in H20		m^3/sec						m^3/sec																				cfm50/sq.ft.		cfm/100sq.ft.@50

		50		0.20		0.07351		1.6990		-1.1337		0.07575		2.96%		156																0.009		0.9

		40		0.16		0.06511		1.6021		-1.1864		0.06563		0.79%		138

		30		0.12		0.05670		1.4771		-1.2464		0.05454		-3.96%		120										Andy Perseley's study						0.86				Jerd House Blower Door Data

		20		0.08		0.04305		1.3010		-1.3660		0.04203		-2.44%		91										Persely, NY schools mean [1]						0.36

		10		0.04		0.02625		1.0000		-1.5808		0.02692		2.46%		56										VLS, less floor slab						0.22				Pa		Flow Pa		cfm

																																				50		350		1741		ERROR:#VALUE!

A satisfied Microsoft Office User: Formula failed to convert

												cfm		pressure, Pa		0.045										Energy crafted homes standard						0.18				40		255		1492		ERROR:#VALUE!

A satisfied Microsoft Office User: Formula failed to convert

						Predicted pressure for flow of :						100		23.95																						30		180		1260		ERROR:#VALUE!

A satisfied Microsoft Office User: Formula failed to convert

																										[1] with a range of 0.11 to 0.62										20		107		979		ERROR:#VALUE!

A satisfied Microsoft Office User: Formula failed to convert

		Extrapolated air flow				m^3/sec		log press		log flow		m^3/sec		cfm																						10		35		569		ERROR:#VALUE!

A satisfied Microsoft Office User: Formula failed to convert

		2				0.01		0.30		-2.02		0.01		20		20

		50				0.08		1.70		-1.12		0.08		161		208																				BD #2 with low flow plate on, no holes covered

		75				0.10		1.88		-1.01		0.10		208																						B-K House Blower door data

										C =		0.01		1.2978067821																						10		40		3101

		Volume		17,125						n =		0.64		0.7705307244		1.6843024438																				20		100		4783

				3668		bsmt				ELA=		0.01		sq.meters																						30		190		6480

				20,793		with bsmt'						9		sq.inches						1.8324772606																38		240		7237

		ACH @ 50Pa=				0.73				air density at 300K=				1.204097		kg/m^3																				CVCLTWindow 1B, net leakage, storms down

		CFM @ 50 Pa=				0.10																														Test date: 4/10/95

		ELA =		0.003		sq. m		4.2099973713		sq.in.				ach by divide by rule				0.04																		PRESSURE		FLOW		CFM

				Regression Output:										divide-by		13.0																				50				552

		Constant						-2.2129011856																												35				514

		Std Err of Y Est												building volume		17,125		ft^3																		25				442

		R Squared												surface area, above grade		4,380		ft^2																		17.5				384

														cfm50		156																				12.5				314

														avg ach, Oct - Apr		0.044										ft3		min		AC				AC		7.5				221

														equiv avg cfm		13										156		60		0.0000583959		=		0.5457093638

		X Coefficient(s)				0.6429055025								ELA equivalent		9										min		hr		ft3				hr

		Std Err of Coef.												ELA sq.in/100 sq.ft.		0.21

														cfm/sq.ft.@50Pa *		0.036

														cfm/sq.ft.@50Pa **		0.025

														ACH50		0.45

				LBL INFILTRATION CORRELATION										* above grade wall area not including slab

														** All surfaces including foundation walls and slabs

		0		0



		-		-		-		-		-		-

		4 Pa ELA		8.98		(in²)		(original uses cell D29)

				30		% of leakage area in ceiling						Terrain Paramters

				20		% of leakage area in floor						y		a

				50		% of leakage area in all 4 walls						0.10		1.30		Ocean or other body of water with at least 5 km of unrestriced expanse

		Ao		0.0058		total leakage area (m²)						0.15		1.00		Flat terrain with some isolated obstacles (e.g., buildings or trees well separated from each other)

		Ac		0.0017		leakage area in the ceiling (m²)						0.20		0.85		Rural areas with low buildings, trees, etc.

		Af		0.0012		leakage area in the floor (m²)						0.25		0.67		Urban, industrial or forest areas

		R		0.5000								0.35		0.47		Center of large city (e.g., Manhattan)

		X		0.1000								Generalized Shielding Coefficients vs. Local Shielding

				20		height of the ceiling (ft)						C'

		H		6.096		height of the ceiling (m)						0.324		No obstructions or loac shielding whatsoever

		y		0.25		terrain parameter #1 (see table)						0.285		Light Local Obstructions with few obstructions

		a		0.67		terrain parameter #2 (see table)						0.240		Moderate local shielding, some obstructions within two house heights

		fT		0.696		terrain factor						0.185		Heavy shielding, obstructions around most of perimeter

		C'		0.24		sheilding coefficient (see table)						0.102		Very heavy shielding, large obstructions surrounding perimeter withing two house heights

		fW		0.1905		wind parameter

		f*W		0.1327		reduced wind parameter

		fs		0.4139		stack parameter

		Volume		17124.5		(ft^3)

		Volume		485.0		(m^3)

		Ti		70		Winter Indoor Avg. Temp. (°F)





				Qtot				Qtot		Qwind		Qstack

		Month		cfm		ACH		(m^3/sec)		(m^3/sec)		(m^3/sec)		v'		v*s		f*s		TiF		ToF		TiK		ToK

		-		-		-		-		-		-		-		-		-		-		-		-		-

		JAN		14		0.050		0.007		0.003		0.006		4.25		1.01186105		0.1864743906		70		17		294.3		264.9

		FEB		14		0.049		0.007		0.003		0.006		4.11		0.9925857409		0.1864743906		70		19		294.3		266.0

		MAR		13		0.045		0.006		0.003		0.005		4.20		0.8899689857		0.1864743906		70		29		294.3		271.5

		APR		11		0.039		0.005		0.003		0.004		4.16		0.7222122092		0.1864743906		70		43		294.3		279.3

		MAY		9		0.032		0.004		0.003		0.003		3.93		0.538305198		0.1864743906		70		55		294.3		286.0

		JUN		7		0.025		0.003		0.003		0.002		3.71		0.310790651		0.1864743906		70		65		294.3		291.5

		JUL		7		0.024		0.003		0.003		0.002		3.53		0.3093342942		0.1856005765		75		70		297.1		294.3

		AUG		7		0.023		0.003		0.003		0.002		3.31		0.3102056438		0.1861233863		72		67		295.4		292.6

		SEP		8		0.029		0.004		0.003		0.003		3.62		0.4609770311		0.1864743906		70		59		294.3		288.2

		OCT		10		0.035		0.005		0.003		0.004		3.84		0.6369312998		0.1864743906		70		49		294.3		282.6

		NOV		12		0.042		0.006		0.003		0.005		4.25		0.798435639		0.1864743906		70		37		294.3		276.0

		DEC		14		0.048		0.006		0.003		0.006		4.38		0.9528660924		0.1864743906		70		23		294.3		268.2



		Average Annual				0.037		0.005		0.003		0.004

		Oct-Apr Average				0.044		0.006		0.003		0.005



														cfm/m3-sec

		AVERAGE PREDICTED INFILTRATION RATES												2,119



				TEST DATE: 				34513.0



						Air Changes				Average

						per Hour				cubic ft/min.

		Average Annual				0.037				10

		Oct-Apr Average				0.044				13

						Wind-Driven				Stack-Driven				/rve97~~

		Average Annual				44%				56%				{R}

		Oct-Apr Average				39%				61%				/rvc97~~





mailto:cfm/sq.ft.@50Pamailto:cfm/sq.ft.@50Pa%20**

Air leak test

				MRL Blower Door Test Data

				Blower Door  Test Date		Measured Air  Leakage (cfm) at 50 Pa		Adjusted Measured Air Leakage (cfm) at 50 Pa		Target Air Leakage (cfm) at 50 Pa		Above  Grade Surface Area (sq.ft.)		Target cfm/sq.ft.		Actual cfm/sq.ft.

				5/11/17		5,319*		5,398**		1,071		13,557		0.079		0.41

				6/27/17		3,676		3,676**		1,071		13,557		0.079		0.27

				9/19/17		3,300		3,300**		1,071		13,557		0.079		0.24

																				Damper and Open Duct Air Flow Testing

																								cfrm air flow at 50 Pa (cfm50)

																				Test #		Test Description		Low value		High value		Average		Change due to opening		Comment

																				1		All louvers taped closed						3,300

																				2		With ERV-2 exhaust open		3,350		3,380		3,370		70		Check damper adjustment

																				3		With ERV-2 fresh air open		3,380		3,450		3,420		50		Check damper adjustment

																				4		With ERV-1 exhaust + elevator exhaust open 		3,400		3,597		3,500		80		Check damper adjustment

																				5		With ERV-1 fresh air open		3,516		3,600		3,560		60		Check damper adjustment

																				6		Firfeplace intake and MAU intake open		3,476		3,580		3,530		(30)		Essentially no leakage

																				7		Fireplace vertical front cover open		3,470		3,587		3,530		- 0		In the fireplace, the damper at the top of the flue is tight enough that opening the vertical front cover and the flue at the top of the firebox had little effect

																				8		Fireplace damper at top of firebox open		3,420		3,590		3,510		(20)

																				9		Woodstove top of flue damper open		3,420		3,580		3,500		(10)		The woodstove itself and flue and air intake are tight

																				10		Fireplace top of flue damper open		4,780		4,860		4,820		1,320		This flue top damper is doing a lot of work!

																				11		South kitchen hood open		4,850		4,960		4,910		90		These do not show expected high leakage when open

																				12		North kitchen hood open		4,800		4,960		4,880		(30)





Energy

																		10		peopole

				EFG Office and Retail		bsmt		0		sq.ft.								100		watts each				40.7

				28-Feb-19		1st flr		1,230										1000		watts 				37.444

						2nd flr		1,230										0.4		wsf		The lighting power and plug loads are both handled as internal gains in the space in the energy model.  I used EFG's current (very frugal) use of electricity in their present office and scaled it up by the number of expected occupants.  Lights and Plug loads are 1,450  and  3,737 kWh/yr respectively, for the NZ case in the model.  I can reduce the lighting power density in the description for the NZR case, but adjusting the energy use down would put it below plausible.  They presently use about 40 kWh/month per office.  There will now be 8 offices, and if we estimate the retail at 100 kWh/month (LED-only lighting in the lease) that comes to 5,040 kWh/yr lights and plug loads, which is quite close to what's in the model.



						Total		2,460		without bsmt

						surface area		4,024		sq.ft.																														45 day permiting								Full 10 year warranty

						volume		19,680		cu.ft.																														200 ft wiring allowed								$2,200 depost

																				0.2346095076																												credited to purchase

																				0.8089983022

						318.97898														0.1910016978

																																		All Sun Tracker				Annual output		Purchase								Lease				Avg cost		Purchase at

						E-10		E-10		E-10		E10		E-10 design		E-10 design		E-10		E-10				Peak heat		Lights, fans and other kWh/month								Series		Size, kW		kWh/yr				credit		state		net		Up front		Cost/kWh		per month		End of 5 yrs		Total paid

		Run		Description		heat load		heat load		cool load		Fan		heat load		cooling load		lights		other elec.		DHW load		load intensity										20		4.0		5,880		$   29,400		$   8,820		$   3,150		$   17,430		$   4,400		$   0.20		$   98		$   7,880		$   18,160

		Number				kWh/yr		MMBtu/yr		kWh/yr		kWh/yr [6]		kBtu/hr 		kBtu/hr 		kWh/yr		kWh/yr [7]		kWh/yr [2]		Btu/hr-sq.ft.										24		5.5		7,730		$   38,640		$   11,592		$   4,140		$   22,908		$   4,400		$   0.20		$   128		$   11,048		$   23,128

		1		160317 -- hi shgc south only		9,346		32		3,352		375		23		19		418		3,352		1,500		9.3		345								Fixed array

		2		160317 -- all low shgc		10,016		34		2,925		375		23		18		418.0		3,352		1,500		9.3		345										5.5		5,775		$   33,000		$   8,820		$   3,150		$   21,030

		3		160616 -- all low SHGC=0.27 (integrity)		8,942		31		6,855		375		36		26		1,450		5,686		1,500		14.6		626										7.0		7,350		$   42,000		$   12,600		$   5,250		$   24,150

		4		160620 -- code		23,814		81		3,767		1,309		47		27		1,450		5,686		1,500		19.1		704												Pintauro House

		5		160620 -- NZR		9,499		32		4,907		375		32		20		1,450		5,686		1,500		13.0		626				0.5195161028

		6		160628 -- code -- lower retail use		24,601		84		3,388		1,315		47		25		1,450		4,387		1,500		19.1		596												Cost to operate (electricity, heat and hot water), first year, no PV								Cost to operate (electricity, heat and hot water), first year with PV

		7		160628 -- NZR -- lower retail electricity use		10,222		35		4,356		375		31		19		1,450		4,387		1,500		12.6		518

		8		160701 -- code --  higher COP, DHW with standby + sump pump		24,402		83		3,481		1,512		47		26		1,450		4,712		1,500		19		640												ASHP		Propane						ASHP		Propane

		9		160701 -- NZR -- higher COP, no DHW standby + sump pump		10,039		34		4,490		575		31		20		1,450		4,712		1,147		13		561												no PV		no PV		no PV				with PV		with PV		with PV

		10		160707 -- NZR -- higher COP, no DHW standby + sump pump + lower EFG plug loads and 75% ERV+transfer fans		9,352		32		4,261		585		29		19		1,450		3,737		1,147		12		481												$   1,400		ERROR:#REF!		ERROR:#REF!				$   - 0		ERROR:#REF!		$   26,950

		11		  160912 -- code, updated internal schedules, fan on during occupied hours		25,608		87		3,283		1,489		47		30		1,339		4,180		1,147		19		584												$   1,400		ERROR:#REF!		ERROR:#REF!				$   - 0		ERROR:#REF!		$   - 0

		12		160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans		7,958		27		3,460		585		21		20		1,339		4,180		574		9		509												$   1,900		ERROR:#REF!		ERROR:#REF!				$   - 0		ERROR:#REF!		$   - 0



																						224

						Electricity usage				Other  		TOTAL		Energy				kW PV required		Area required

		Run		Description		heat [4]		cooling [4]		elec		electricity [5]		Intensity		Kbtu/sq.ft-yr		All elec		for PV		Heating load intensity

		Number				kWh/yr		kWh/yr		kWh/yr [3]		kWh/yr		kWh/sq.m-yr				kWp		sq.ft., approx		Btu/sq.ft.-yr		Btu/sq.ft.-yr-dday		ddays

		1		160317 -- hi shgc south only		3,595		602		5,645		9,842		43		14		8.6		552		12,967		1.7		7,700

		2		160317 -- all low shgc		3,852		525		5,645		10,023		44		14		8.7		562		13,896		1.8

		3		160616 -- all low SHGC=0.27 (integrity)		3,439		1,231		9,011		13,681		60		19		12		767		12,406		1.6

						gal propane

		4		160620 -- code		1,139		989		9,945		10,934		48				10		613		33,040		4.3

		5		160620 -- NZR		3,653		1,071		9,011		13,736		60				12		770		13,179		1.7

		6		160628 -- code -- lower retail use		1,176		753		8,652		10,581		46				9		623		34,131		ERROR:#DIV/0!

		7		160628 -- NZR -- lower retail electricity use		3,932		782		7,712		12,426		54				11		731		14,182		ERROR:#DIV/0!

						gal propane

		8		160701 -- code --  higher COP, DHW with standby + sump pump		1,167		914		9,174		11,255		186		59		9.8		662		33,855		ERROR:#DIV/0!

		9		160701 -- NZR -- higher COP, no DHW standby + sump pump		3,861		806		7,884		12,552		55		17		10.9		739		13,928		ERROR:#DIV/0!

		10		160707 -- NZR -- higher COP, no DHW standby + sump pump + lower EFG plug loads and 75% ERV+transfer fans		3,597		765		6,919		11,282		49		16		10		664		12,975		ERROR:#DIV/0!

						ccf natural gas

		11		  160912 -- code, updated internal schedules, fan on during occupied hours		1,121		730		8,155		10,005		187		59		8.7		589		35,528		ERROR:#DIV/0!

		12		160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans		3,061		769		6,678		10,507		46		15		9.1		618		11,041		ERROR:#DIV/0!

				avg heating ddays		7,700												3,000		203,049

				kWh HP/ heating-dday		0.40												- 0

				actual kWh/dday for   9/27/17 -1/4/18		1.23										Sanyo Panel size

				[2] DHW electricity usage, estimated

				[3] Lights, plug loads, miscellaneous and hot water, with electric resistance hot water																										Comparisons

				[4] Air source heat pump included in total												HIP-205BA3		model														Stone		Pintauro 925

				Air source heat pump		VT		NY		MD		VT adjusted				13.9		sq.ft. allowed per panel												sq.ft.		2,300		2,500

				avg heat COP		2.60		2.6		2.6		2.6				205		watts-peak (Wp) per panel												kWh/year, heat pump		7,700		10,000

				Avg cooling COP		5.6		4.0		4.0		4.5								14.8		w/sf								kWh/sq.ft.-year		3.3		4.0

				SEER		19.0						3.8		2015 code seER		PV performance: kWh/year per peak watt installed								VT						PV array size, kW		7		23

																   (assumes 0% shading)								1.15		kWh/yr-Wp

																						from PV-Watts

				[5] includes HRV fans, but no cooling																				canadian solar 310P						Fuel cost for heat				cost/MMBtu 

				[6] includes 200 kWh/yr for sump in 160707 and one previous																												$/unit		fuel		deliverd

				[7] plug and miscellaneous loads														Fitting PV panels on roof												Propane		$   3.50		$   38		$   43

																		Sanyo N series		210		watts each		310						electricity 		$   0.14		$   41		$   21

				York Heat pump estimted heating COP		1.8												32.5		32		inches high		76.93		high				oil		$   3.50		$   26		$   30

				York est cooling COP		3.5												63.25		62.75				38.7		wide

				Propane heat for code at 78% AFUE taken as efficiency														roof size		26		roof width		26		less 6' roof width						HRV fans

																				12.5		ft roof run		12.5		ft roof run, less 3 ft						Venmar EKO

																				325		area		325		area						40		watts

																		# wide		4.97		5		4.06		4						350		kWH/year

																		# up run		4.69		5		3.88		4						2		# units

																		# modules		25.0				16.0								701		total kWh/yr

																				5,125		array peak watts		4,960		array peak watts







																sump pump

																0.33		HP

																246.8		watts

																1000		hrs/yr

																247		kWh

																200		for model, kWH/yr

																cord wood				22		MMBtu/cord

																				0.55		effective efficiency

																				12.1		net MMBtu/cord

																				3,545		kWh per cord

																				1		number cords

						COP														3,545		fuel displacement



						OA, deg F		-15		5		47				Unisolar laminate on standing seam

						MXZ-5C42NAHZ		2.2		2.51		4.1				128		watts per panel

						MXZ-4C36NAHZ		2.12		2.41		3.95				23		sq.ft

																18		length, ft

																15.5		width, in

																18		width allowed (for standing seam)





																54		roof width

				 



																36		panel number wide

																4,608		watts peak





																4.6		kWp

																5.5		w/sf









-15	5	47	2.2000000000000002	2.5099999999999998	4.0999999999999996	-15	5	47	2.12	2.41	3.95	









occ-vent

		 		EFG Office and Retail																																										Vent rates		per sq.ft.		per person

				Ventilation																																										office		0.06		5

				for price estimating not for construction																																										retail		0.12		7.5

																																								Heat Pumps 

				EFG Office and Retail																		3-Apr-16																		for price estimating not for construction										24-Jun-15

				Ventilation

				Space 		Floor		sq.ft.		# people max > 1 hr		area vent		people vent		supply cfm calculated		supply cfm design		exhaust cfm design		Vent Zone						 												HP Indoor Unit  #		Location		# of people		Btu/hr heating, indoor unit		Outdoor unit number		Indoor unit type				Location		Alternate Single Head/Single Outdoor Unit Outdoor model		Alternate Single Head/Single Indoor Unit Indoor model		heating, nominal, outdoor unit		heating at -13F		cooling, nominal

				Whole Building								- 0		- 0		- 0										EFG Office and Retail										20-Apr-16

																										Ventilation														1		Conf-1 [1]		6		6,000		1		Wall mount				Conf-1 [1]		MUZ-FH09NA-1 [4]		MSZ-FE09NA-8		10,900		6,758		9,000

				Retail 		1		466		1		56		8		63		75				1				CFM by zone		peak cfm				Venmar 		watts high		watts low [2]		AVS X24ERV ECM		2		Conf-2 [1]		20		9,000		1		Wall mount				Conf-2 [1]		MUZ-FH09NA-1 [4]		MSZ-FE09NA-8		10,900		6,758		9,000

				Bathroom - 1		1		88		2		5		10		15				75		1				Zone		supply		exhaust								watts

				Common hall/kitchentte		1		60		0				- 0		- 0				70		2				1		150		150		AVS E15 ECM ERV		75		50		62		3		Conf-3 [1]		6		6,000		1		Wall mount				Conf-3 [1]		MUZ-FH09NA-1 [4]		MSZ-FE09NA-8		10,900		6,758		9,000

				Office SE - 1		1		88		2		5		10		15		20				2																		4		Finance				24,000		1		Wall mount				Finance		MUZ-FH15NA-1		MSZ-FE15NA-8		18,000		13,140		19,000

				Office SW - 1		1		96		2		6		10		16		20				2				2		140		140		AVS E15 ECM ERV		75		50		62		5		Office-1				24,000		1		Wall mount				Office-1		[5]		MSZ-FH18NA		18,000		13,140		19,000

				Office NW - 1		1		98		2		6		10		16		20				2																		6		Recept/Admin				12,000		2		Wall mount				Recept/Admin		MUZ-FH15NA-1		MSZ-FE15NA-8		18,000		13,140		19,000

				Work area/stairs		1		140		1		8		5		13				70		2																		7		Organ/Guides/Hotel1				18,000		2		Wall mount				Organ/Guides/Hotel1		MUZ-FH15NA-1		MSZ-FE15NA-8		18,000		13,140		19,000

				EFG Common-2		2		250		4		15		20		35		20				2				Total [1]		290		290				150		100		124

				Office SW-2		2		99		2		6		10		16		20				2

				Office NW-2		2		98		2		6		10		16		20				2										estimated

				Office NE-2		2		97		2		6		10		16		20				2				Total [1]						watts>>		150		100		124

				Office rental S		2		210		2		13		10		23		37				1										estimated								8		Hotel2				12,000		2		Wall mount				Hotel2		MUZ-FH15NA-1		MSZ-FE15NA-8		18,000		13,140		19,000

				Office rental N		2		224		2		13		10		23		38				1										hrs/year		2,500		2,500		2,500		9		Commons				36,000		2		Wall mount				Commons		MXZ-8C48NAHZ [2]		Two MSZ-GE24NA		54,000		27,900		62,800		each indoor unit nominal 27,600 Btuh heating

				Office rent circ		2		67		0		4		- 0		4						1										kWh/yr>>		375		250		310		10		Office-2				18,000		3		Wall mount				Office-2		MUZ-FH15NA-1		MSZ-FE15NA-8		18,000		13,140		19,000

				Office Rent Bath		2		29		0		2		- 0		2				75		1

																										[1] expect E15 to run at 140 cfm during occupied hours																				144,000		without conference rooms								  				Total [3]		106,740		176,800

																																								Total						165,000		nominal cap.		indoor units												sq.ft./ton		543

				Total				2,110		24		151		123		273		290		290						[2] low speed wattage not published -- estimated

										20		coincident																														[1] NO COOLING BELOW 23F OUTSIDE with  MXZ-8C48NAHZ 														[2] values for two 24K indoor units, subtracting Office-1 unit to get -13F heat capacity												ventilation peak cooling load				whole building

																																																								This unit is the only multi-head outdoor unit												commons				1125

								Panasonic transfer fans																																																[3] excluding conference rooms												450		cfm		0.5

								number		6																20				20		cfm																								[4] provide wind baffling for low ambient cooling for conference rooms												50%		indoor RH

								watts		44																90				(11)		out								Outdoor HP Units						Capacity, Btu/hr										[5] On Commons outdoor unit												75		F indoor		75

								total W		264																75				68		in								HP#						Nom Indoor		Nom outdoor		outdoor at -13F				cooling nominal				commons cooling load										28.25		Btu/lb		28.25

								days/yr		60																0.50				0.75		apparent sensible recovery effficiency								1		MXZ-8C48NAHZ 				69,000		54,000		41,040				48000				people		800								80%		outdoor RH		0.8

								hrs/day		5																(8)				59		temp rise								2		MXZ-8C48NAHZ 				78,000		54,000		41,040				48000				sun		12,600								85		outdoor T		85

								hrs/year		300																83				48		delivered air temp								3		MXZ-2C20NAHZ 				18,000		22,000		20,460				18000				other		10,000								43.7		Btu/lb		43.7

								kWh/yr		79.2																(162)				427		Btu/hr to get to room temp																										ventilation		14,898								15.45		delta-h		15.45

																										(243.0)																Total						130000		102,540				114000				total		38,000								29,796		Btu/hr		74,491

								Venmar																																																												0.5		Hx efficiency		0.5

								Venmar ERV Quattro 2.4																																																												14,898		net load		37,246

								watts		220																AVS X24ERV ECM														75		expected employees

								duty cycloe		0.5																cfm		W		calculated										87		max occupancy -- size for this

								kW/yr		964																64		21		21

																										117		43		43

																										170		83		83

																										145				62																										Suncommon ERV specs										24-Jun-15

																						y = 0.0032x2 - 0.1648x + 18.425 																																		for price estimating not for construction

																										cfm		effectiveness		calculated																												Maniufacturer		Model		Options		Location		Notes on controls

																										64		84		84																										ERV-1		Renewaire		HE1XINH		EC motors		over WC-1		run at design cfm on occupancy

																										117		76		77																										ERV-2		Renewaire		EV450IN		EC motors, CO2 control		over WC-2		ramp speed with Renewwaire CO2 sensor, 1100 ppm setpint

																										170		70		71																										ERV-3		Renewaire		EV200				Over storage/WC-2		run at design cfm on occupany of any of 3 conf rooms

																										145				74

																						y = 0.0004x2 - 0.2154x + 96.326















																												venitlation heat requirement

																																										0

																												ft^3		min		Btu		F		hr		% required  of heat		kWh		HP input

																												280		60		0.0180		50		24		35%		0.0002929974		0.4347826087		16.18

																												min		hr		ft^3-F				day				BTU		heat pump output

								This will reduce supply to other rooms temporarily

																HX efficiency				65%

																hrs/day				12

																days/wk				5

																effective cfm				- 0

																eff. ACH				- 0

																Nat ACH				0.04

																Total eff ACH				0.04



 AVS X24ERV ECM  W vs cfm



 W 	

64	117	170	21	43	83	







 effectiveness 	

64	117	170	84	76	70	







Bag test

				EFG Air Flow Testing for ERV

														Seconds to fill/deflate

				Space 		Floor		supply cfm design		exhaust cfm design		Vent Zone		supply		supply		supply		exhaust 		exhaust 		exhaust 		Avg Supply		Avg Exhaust		cfm Supply		cfm Exhaust		Supplyy % of design		Exhaust % of design

				Retail -1		1		38				1		3.8		3.8		3.5								3.7				76.3298504099				201%

				Retail-2		1		37						9		10		11								10				28.2420446517				76%

				Bathroom - 1		1				75		1								6.4		5.8		7				6.4				65				86%

				Common hall/kitchentte		1				70		2								4.5		3.9		4.5				4.3				70				100%

				Office SE - 1		1		20				2		11.5		12.3		12.1								12				24				118%

				Office SW - 1		1		20				2		13.3		15.7		15.6								15				19				95%

				Office NW - 1		1		20				2		15.1		15.5		15.4								15				18				92%

				Work area/stairs		1				70		2								5		5.4		5.4				5				57				82%

				EFG Common-2		2		20				2

				Office SW-2		2		20				2		13.8		16		13.8								15				19				97%

				Office NW-2		2		20				2		11.3		11.4		11								11				25				126%

				Office NE-2		2		20				2		10		9.2		10								10				29				145%

				Office rental S		2		37				1		34		27		31								31				9				25%

				Office rental N		2		38				1		34		30		30								31				9				24%

				Office Rent Bath		2				75		1								6.7		8.2		8.7				8				53				70%



				Total				290		290																				257		245		89%		84%



																												Total ERV-1		123		117		85%		81%

																												Total ERV-2		135		128		93%		88%







										cfm = 8.02* V-bag/t								Transfer fans				Test Number, seconds to fill

										bag volume:				cu.ft.								1		2		3		avg		cfm

												t= seconds						Office SE - 1				2.5		2		2.4		2.3		117

				bag height		36		in										Office SW - 1				2.7		2		2.4		2.4		114

				flat across		26		in										Office NW - 1				2.3		2.4		2.4		2.4		114

				volume		4.5		cu.ft.		33.5		gallons						Office SW-2				2		2		2		2.0		134

						seconds		flow rate										Office NW-2				2		2		2		2.0		134

						2		134		134								Office NE-2				2		2		2.4		2.1		126

						5		54		54

						10		27		27						268.9718538253		ERV Air flows at ERV

						20		13		13						38.4245505465						Test Data

																						Pa delta		in.H2O 		cfm		design cfm		cfm/design

																		ERV-1		Exhaust		158		0.63		130		145		90%

																		(Rental)		Supply		145		0.58		138		145		95%

																		ERV-2		Exhaust		150		0.60		135		145		93%

																		(EFG offices)		Supply		151		0.60		135		145		93%





ASHP eff.

				Mon		Tot		Clg		Htg		HPHtg		SHW		Fan		Aux		Proc		Lit		Rcp		Ext		User1		User2

				---		------		------		------		------		------		------		------		------		------		------		------		------		------

				Jan		11.297		0		8.725		0		0.757		0.247		0		0		0.408		1.159		0		0		0

				Feb		10.173		0		7.822		0		0.694		0.221		0		0		0.377		1.06		0		0		0

				Mar		7.77		0		5.222		0		0.781		0.148		0		0		0.429		1.191		0		0		0

				Apr		4.242		0.185		1.678		0		0.754		0.0587		0		0		0.415		1.151		0		0		0

				May		4.026		1.566		0		0		0.769		0.0974		0		0		0.419		1.175		0		0		0

				Jun		5.27		2.781		0		0		0.755		0.166		0		0		0.416		1.152		0		0		0

				Jul		7.148		4.531		0		0		0.769		0.255		0		0		0.419		1.175		0		0		0

				Aug		6.506		3.882		0		0		0.781		0.224		0		0		0.429		1.191		0		0		0

				Sep		3.828		1.414		0.0428		0		0.744		0.0861		0		0		0.405		1.136		0		0		0

				Oct		2.89		0.0571		0.451		0		0.771		0.0165		0		0		0.419		1.176		0		0		0

				Nov		6.367		0		4.007		0		0.732		0.113		0		0		0.394		1.121		0		0		0

				Dec		10.153		0		7.577		0		0.769		0.214		0		0		0.419		1.175		0		0		0

				Yr		79.671		14.416		35.525		0		9.076		1.847		0		0		4.947		13.86		0		0		0

														heater and 

														defrost adjusted

						% sun		ambient		Htg		COP						y = 0.0004x2 + 0.018x + 2.2691

								degF		------		unadjusted

				J		0.34		17		8.725		2.85		2.69

				F		0.43		19		7.822		2.91		2.76

				M		0.48		29		5.222		3.30		3.13

				A		0.47		43		1.678		3.97		3.78

				M		0.53		55		0

				J		0.59		65		0

				J		0.62		70		0

				A		0.59		67		0

				S		0.51		59		0.0428		4.92		4.72

				O		0.43		49		0.451		4.30		4.11

				N		0.25		37		4.007		3.66		3.48

				D		0.24		23		7.577		3.06		2.89

										35.525		3.14		2.60

						Defrost capacity derate																								Capacity

						F		capacity				pan heater 150W																-13		5		17		47

						43		1																MXZ-5C42NAHZ		Non-Ducted Indoor Units		36,000		48,000		48,000		48,000

						39		0.8																MXZ-4C36NAHZ		Non-Ducted Indoor Units		33,800		45,000		45,000		45,000

						36		0.82

						32		0.84																										Input kW

						28		0.87																MXZ-5C42NAHZ		Non-Ducted Indoor Units		4.80		5.61		4.87		3.43

						25		0.9																MXZ-4C36NAHZ		Non-Ducted Indoor Units		4.68		5.46		4.74		3.34

						21		0.93

						18		0.96																										COP, calculated, no defrost

						14		1																MXZ-5C42NAHZ		Non-Ducted Indoor Units		2.20		2.51		2.9		4.1

																								MXZ-4C36NAHZ		Non-Ducted Indoor Units		2.12		2.41		2.8		3.9

																																		defrost derate

																												1		1		0.95		1

																																		Capacity with defrost

																								MXZ-5C42NAHZ		Non-Ducted Indoor Units		36000		48000		45600		48000

																								MXZ-4C36NAHZ		Non-Ducted Indoor Units		33800		45000		42750		45000

																																		COP with defrost

																								MXZ-5C42NAHZ		Non-Ducted Indoor Units		2.20		2.51		2.74		4.10

																								MXZ-4C36NAHZ		Non-Ducted Indoor Units		2.12		2.41		2.64		3.95

																												pan heater		150		W

																																		COP with defrost and pan heater

																												-13		5		17		47

																										pan heater run time %, guessed		100%		70%		50%		10%

																								Non-Ducted Indoor Units		MXZ-5C42NAHZ		2.13		2.46		2.70		4.08

																								Non-Ducted Indoor Units		MXZ-4C36NAHZ		2.05		2.37		2.60		3.93

																												2.09		2.42		2.65		4.01

																										ASHP COP from "ColdClimateAir-SourceHeatPumpSpecificationListing-Updated5.19.16" adjusted for 

																										defrost and pan heater energy use, weighted by monthly load and COP at average monthly temperature









-15	5	47	2.2000000000000002	2.5099999999999998	4.0999999999999996	-15	5	47	2.12	2.41	3.95	







Avg COP Mitsu Hi 36 and 42 with nonducted units







-13	5	17	47	2.0906324171333917	2.4150605772789087	2.6516174138043125	4.006160748059072	







E-Sum

		 

				EFG Office and Retail																								8/23/16

				Energy Modeling Results

				Building		Natural Gas		Electricity		First Year Cost		Site Energy Usage				Fuel cost 2016		$/unit		Unit		Btu/unit				Vermont Gas

						ccf/yr		kWh/yr		$$		MMBtu/yr				Natural gas		$1.18		ccf		100,000				Daily Access Charge (per day)		$1.11

				Code		1,121		10,005		$   3,400		146						0.67		per day						Natural Gas Charge (per CCF)		$0.62

				Net Zero Ready		0		10,507		$   1,900		36				Electricity 		$   0.159		kWh		3,413				Distribution Charge (per CCF)		$0.45

																		$   0.61		per day						EEU Charge		$0.04

				First year savings of NZR over Code						$   1,500		110														Sales tax, 6%		$0.06

				Percent reduction in first year energy cost						44%		75%						$   222.65								Total cost/ccf		$1.18



																										 GMPElectricity

																										EEU charge, kWh		0.00928

																										GMP kWh charge		0.141

				Natural gas rate G1, from https://vermontgas.com/business/rates/																						tax, 6%		0.00846

				Electricity from GMP rates																						Total/kWh		0.15874

																										 





E-Sum2

																												160707

				EFG building lights and plug loads												EFG Model Results, Energy Usage, kWh/yr 

				actual now		150		kWh/month		3 or 4 EFG occupants								Heating		Cooling		Fans/Pump		Lights		Other		DHW		Total

						225				2x existing for new EFG						160701 -- code --  higher COP, DHW with standby + sump pump		31,285		914		1,512		1,450		4,712		1,500		41,373

				rental area, estimate		100		kWh/month		50 kWh/month-office						160620 -- NZR		3,653		1,071		375		1,450		5,686		1,500		13,736

				retail area, estimate		100		kWh/month								160628 -- NZR -- lower retail electricity use		3,932		782		375		1,450		4,387		1,500		12,426

																160701 -- NZR -- higher COP, no DHW standby + sump pump		3,861		806		575		1,450		4,712		1,147		12,552

				Total		425		total per month 								160707 -- NZR -- higher COP, no DHW standby + sump pump + lower EFG plug loads and 75% ERV+transfer fans		3,597		765		585		1,450		3,737		1,147		11,282

																160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans		3,061		769		585		1,339		4,180		574		10,507

						5100		total per year		5,187		in model				  160912 -- code, updated internal schedules, fan on during occupied hours		32,831		730		1,489		1,339		4,180		1,147		41,716





																[1] At the meter.  Propane use converted to kWh of energy in propane consumed

																Fans/pump includes ERV fans, transfer fans, and sump pump

																note: 160620 = June 20 2016		sump pump

																		0.33		HP

																		247		watts

																		1,000		hrs/yr

																		247		kWh

																		200		for model, kWH/yr

																		Heating		Cooling		Fans/Pump		Lights		Other		DHW		Total		0

																160701 -- code --  higher COP, DHW with standby + sump pump		31284.6153846154		913.8963846154		1512		1450		4712		1500		41372.5117692308		0

																160707 -- NZR -- higher COP, no DHW standby + sump pump + lower EFG plug loads and 75% ERV+transfer fans		3596.9230769231		765.1858947368		585		1450		3737		1147.4144340747		11281.5234057346



EFG Offices and Retail Modeling

kWh/year



Heating	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	3060.7692307692305	Cooling	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	768.88888888888891	Fans/Pump	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	585	Lights	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	1339	Other	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	4180	DHW	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	573.70721703734728	

kWh/yr









EFG Offices and Retail Modeling

kWh/year



Heating	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	  160912 -- code, updated internal schedules, fan on during occupied hours	3060.7692307692305	32830.769230769227	Cooling	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	  160912 -- code, updated internal schedules, fan on during occupied hours	768.88888888888891	729.55555555555554	Fans/Pump	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	  160912 -- code, updated internal schedules, fan on during occupied hours	585	1489	Lights	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	  160912 -- code, updated internal schedules, fan on during occupied hours	1339	1339	Other	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	  160912 -- code, updated internal schedules, fan on during occupied hours	4180	4180	DHW	160823 -- NZR, updated internal schedules higher COP, Heat Pump DHW + sump pump + lower EFG plug loads + 75% ERV+transfer fans	  160912 -- code, updated internal schedules, fan on during occupied hours	573.70721703734728	1147.4144340746946	

kWh/yr











Code vs Proposed

				EFG Office and Retail								5/19/17				NZ program

				Building Enclosure -- 2015 Energy Code and Proposed						Effective R-value						30% below 2015 energy code annual energy

						Code		Proposed Net Zero Ready		Code		Proposed				site

				Roof, new and old 		R-49		18" cellulose, R-60		49		60

				Walls above grade		R-20		Existing Bldg:5.5" cellulose + 4" polyiso rigid, R-40; New 12" double-wall cellulose		19.6		40

				Sub slab, new construction		R-10 to 48" from edge of slab [3]		4" EPS 		F=0.48		F=0.16 for floor and edge								questions

				Slab edge, new construction		R-10 vertical, to 48" from top of slab [3]		4" EPS slab edge plus 2" vertical to footing		F=0.48										doors on west

				Basement Walls		R-10 vertical, to footing		Zero GWP Spray foam, taper from 6" at sill to 2" at floor		F=0.79 for walls and floor		F=0.30 for walls and floor								basement

				Basement Floor		no insulation		2" EPS continuous		no requirement

				Windows, R-value fixed [4]		2.8		R-5 tripane windows		2.8		5				0.36

				Windows, R-value operable [4]		2.3		R-5 tripane windows		2.3		5				0.43				59.2

				Window SHGC [4]		<=0.40		0.27		0.40		0.27

				Opaque doors (includes doors with some glass)		R-2.7 -- solid doors insulated		R-4.5 insulated door w/low-e glass and full glass storm with hard-coat low-e on inswing.  Outswing, R-3 (no storm door)		2.7		4.5				0.37



				Air leakage		0.50 cfm50/sq.ft.-shell;               0.47 Natural ACH;                        5.8 ACH50;                              2,200 cfm50		0.10 cfm50/sq/ft/ shell;                     0.09 Natural ACH;                         1.15 ACH50;                                 440 cfm50		equivalent to 0.47 natural ACH		equivalent to 0.09 natural ACH 

				Air leakage natural including 300 cfm ventilation at 0.65 ASRE code/0.74 ASRE NZR		.66 ACH (natural + ventilation)		.21 ACH (natural + ventilation)



				[1] Includes added blower-door/IR camera guided air sealaing effort

				[2] Includes air leakage and ventilation, with ventilation as noted in Systems description														60.40

				[3] either or vertical or horizontal; both not required

				[4] Whole window values -- all windows are operable



				Systems -- 2015 Energy Code and Proposed

						Code		Proposed Net Zero Ready										Code

				Heat		Warm air natural gas furnace, AFUE=0.78		VRF air-air HP with effective annual COP=2.3										SEER 13 required for VRF

				Cooling		SEER 13		SEER 19								check HP SEER		8.2 HSPF

				Hot Water		0.97 EF tank-type		Heat Pump Water Heater -- COP - 2

				Ventilation		heat recovery not required at 50% run time and low cfm for this building; however, modeled with ERV with 65% ASRE		74% apparent heat recovery; 70% sensible recovery efficiency; latent 46% [a]								note -- keep installed watts to <100 to avoid daylighting controls

				Lighting		0.82 wsf		0.82 wsf*

				* wattage will be lower than code, but internal gains + lighting is modeled based on existing low usage

				[a] extrapolated from published values to expected cfm

				Ventilation rates to meet ASHRAE 62 for both Code and NZR

				Thermostat setpoints 70F heating/76 cooling



												E15 ECM ERV		effectiveness

												cfm		sensible		apparent

												52		0.67		0.73		published

												65		0.67		0.72		published

												83		0.65		0.71		published

												122		0.62		0.67		published

														Calculated by extrapolation

												140		0.61		0.65

												145		0.60		0.65

												150		0.60		0.64

				What is documented in the OPR is the maximum occupancy used for ventilation design, and the occupancy schedule.  For modeling, only one person per office is assumed, and two for retail space, since that is the typical occupancy







E15 ECM ERV



sensible	52	65	83	122	0.67	0.67	0.65	0.62	apparent	52	65	83	122	0.73	0.72	0.71	0.67	



Effectiveness/efficiency













 specs

				EFG Office and Retail				19-Dec-14

				Assumptions



				Building Enclosure Upgrades

				Area		Construction

				Flat ceiling 		See code vs NZ Ready tables

				Existing walls above grade

				Slab edge

				Under slab

				Windows

				Doors existing, entries and basement

				Air leakage



				Systems and Equipment		NZR		Code

				Heat		Air source VRV heat pump [1]		90% gas furnaces

				Cooling		Air source VRV heat pump [1]		DX split system 

				Ventilation		One SEMCO FV-2000 + two small ERV;s for conference rooms		direct OA into each air system

				Lighting		High efficiency LED		T-8 and cfl

				Equipment		0.4 wsf		0.4 wsf

				Thermostat		See code vs NZ ready tables



				[1] Wall mount units 

						Heat Pump cost, ducted in EFG		$   30,000

						two duct mounted, 3 wall mounts

						Heat Pump cost, four wall mount units 		$   16,450

						(2@24 outside, @2@12kBtu/hr heads)

						6 transfer fans grills @$400

						should have 2 smaller heads in rental offices





summary

		EFG Office and Retail

		Summmary of energy modeling results and existing energy usage																18-Feb-14



						Peak heat, kBtu/hr				Propane		Elec Use						First Year Operating Cost [2]		PV's needed		CO2 lbs/yr with no PV

						heating		cooling		gallons		kWh/yr [3]								kW-p [1]

				Code		23		19		ERROR:#REF!		9,842						ERROR:#REF!		9		ERROR:#REF!

				Net Zero Ready		23		18		- 0		10,023						$   1,400		9		9,020



				Notes

				[1] fixed array, to equal annual electricity consumption,and does not cover gas use for existing building; 1.15 kWh/Wp

				[2] energy cost at current rates  -- assuming no PV																				kBtu//sq.ft.-yr

						per unit		efficiency		$$/MMBtu delivered		lbs CO2/unit										Code		14

				Propane gallon		$   3.08		0.9		$   34.22		19.4										Net Zero Ready		14

				kWh electricity		$   0.14		2.6		$   15.78		0.9		NE-ISO average



				[3] All electricity (not including porpane)







						Energy Usage in kWh

						heat		cooling		lighting		other elec		DHW		Total

				Code		8,411		602		418		3,352		1,500		12,783

				Net Zero Ready		3,852		525		418		3,352		1,500		8,148





Suncommon Energy Model       

heat	Code	Net Zero Ready	8411.4	3852.3076923076924	cooling	Code	Net Zero Ready	601.94863157894736	525.26842105263154	lighting	Code	Net Zero Ready	418	418	other elec	Code	Net Zero Ready	3352	3352	DHW	Code	Net Zero Ready	1500	1500	

kWh









DHW

		Water Use				Maximum Occupants				8		71%

						Average occupants				8		Occupancy

		6/10/11 14:03

		Total water use, indoors

		Fixture		Uses		Number		Duration		Water		Total		Fixture

				per day 		of people		(min. unless		volume/		Use		and

				per person				noted)		use, gal		gal/day		Notes

		Toilet		3		8		1 flush		1.6		38		typical toilet

		Lavatory		2		8		0.25		0.25		4		1		gpm aerator

		Shower		0.4		1		10		15		6		1.5		gpm

		Bath		0.000		1		1 tub		30		0.0

		Kitchen sink dishes		1		1		1 sink-full		5		5		30*30*20 sink, full once

		Dishwasher		0		1		1 load		5.5		0

		Cooking		0		3		1 cycle		5		5

		Laundry		0		1		1 cycle		5		0		1 load per dayy

												7.4		gal/person-day

		Total House Use 										59		gallons per day

		Annual Total House Use										15,337		gallons per year

				Does not include garden watering or other outside uses





		Hot Water Use and GFX Savings												Caroma 2-stage Toilets

																gpf		% of flushes				Toilet		38

								w/gfx						Full flush		1.6		33%				Lavatory		4

		Average Number of occupants		8										Half flush		80%		67%				Shower		6

		Number of Occupants		8				8														Bath		0

		Hot water temp		120				120						Average		1.06		used above				Kitchen sink + cooking		5

		Cold water temp, avg		50				50														Cooking		5

																						Laundry		0

		Showers		1.5		gpm		1.5

		Showers/person-day		0.4				0.4

		Shower length		10		minutes		10

		Shower temp		105		F		105

		GFX savings [1]						0%

		% of showers served by drainwater heat recovery'						100%

		Gallons per day hot		5				5



		Baths

		gallons per tub		30				30

		baths/day		0.00				0.00

		Gallons per day total		0				0

		Bath water temperature		106				106

		gallons per day hot		0				0



		Dishes

		gallons per load		5				5				Showers		5

		Loads of dishes per day		1				1				Baths		0

		Gallons per day total		5				5				Dishes		4

		Dish water temperature		100				100				Dishwasher		0.00

		gallons per day hot		4				4				Lavatories		3

												clothes washer		0.0

		Dishwasher

		gallons per load		5.5				5.5

		loads per day		0.00				0.00

		gallons per day hot		0.00				0.00



		Clothes washing

		gallons per load, hot		1				1

		loads per day/person		0.00				0.0

		Gallons per day total		0.0				0.0

		Avg  wash temperature		85				85.0

		gallons per day hot		0				0



		Lavatories		4.0		gal/day		4

		Lav water temperature		105				105

		gallons per day hot		3.1				3.1



		TOTAL  gallons of hot water		11.8		gal/day		12

		   Annual hot water load		3,067		gal/year		3,067										GFX savings

		Domestic Hot Water, Annual load and fuel use																2		MMBtu/yr

				Resistance		Heat Pump												26		gal propane if all propane

		Annual Load		1.8		1.8		MMBtu/yr										$77		value at $3/gal

		Annual Load, usage		524		524		kWh/yr										$39		if 2/3 of hot water and half cost from store

		Annual load, standby and piping losses		623		623		kWh/yr

		Annual Load, Total		1,147		1,147		kWh/yr

				Resistance		Heat Pump

		COP of water heating		1.00		2.0		COP

		Annual Consumption		1,147		574		kWh/yr



																		tank loss

				Resistance		Heat Pump

		Annual Consumption		1,147		574		kWh/yr										120		water

		Savings of Heat Pump over Resistance				574		kWh/yr										60		surrounding

		PV's required for added kWh for Resistance				499		Wp of PV										2		ft height

		Cost per watt, net				$   2.00												1		radius

		Add cost for PV for Resistance DHW				$   1,000						2		3.75		7.52511375		18.84		area

																		15		R value

																		193

												$100				$66.00		pipes

																		20		feet

																		8		W/m at 120 - 50F

		Daily load		0.005		MMBtu/day		0.005										430		kWH/yr

				2		MMBtu/yr		2

		fuel		propane				propane										623		total standby loss

		efficiency (equip and line efficiency)		85%				85%

		gallons propane per year		23				23



		fuel cost, propane		$3.75		 $/gallon		$3.75

		Annual cost		$84				$84



		Savings per year						$0



Showers	Baths	Dishes	Dishwasher	Lavatories	clothes washer	5.0510204081632644	0	3.5714285714285716	0	3.1428571428571428	0	



Toilet	Lavatory	Shower	Bath	Kitchen sink + cooking	Cooking	Laundry	38.400000000000006	4	6.4285714285714279	0	5	5	0	





PV

						roof width:		32

						roof run		19

		Area												How much capacity on New Building roof?														electrical plug loads

		panel		req'd space										32		ft wide												office

		Sanyo		205		watts-p								19		ft up slope on south												50		hrs/week

		52		54		inches								608		sq.ft, Available roof												40		watts per office

		35.2		37.2		inches								portrait														7		offices

		12.7		14.0		sq.ft.								Sanyo		Suntech		Two possible panels										50		wks/yr

														4.2		3.6		number up roof, not rounded										700		kWh/yr

														4.0		3.0		number can fit up roof

														10.3		12		number can fit width, not rounded

														10		12		number can fit up roof

														41		36		number panels possible on roof

														8.5		6.7		kW installed on roof possible

														9,311		7,326		kWh/year possible on roof if completely covered

		Area

		panel		req'd space										landscape orientation

		Suntech		185		watts-p								Sanyo		Suntech		Two possible panels

		62.2		64		inches								6.1		7.1		number up roof, not rounded

		29.8		32		inches								6		7		number can fit up roof

														7.1		6.0		number can fit width, not rounded

		12.9		14.2		sq.ft.								7		6		number can width of roof

														42		42		number panels possible on roof

														8.6		7.8		kW installed on roof possible

														9,471		8,547		kWh/year possible on roof if completely covered
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Wall Mount 
Heat Pump, 1st Flr



Wall Mount Heat Pump, 2nd Flr
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Final Heat Pump System
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 Wall mount in retail and rental offices
 Wireless remote thermostats

 Vs. hand-held remotes

 Fix air direction vanes on wall mount units
 Set indoor unit fans to run only on call for heat/cool
 Transfer fans in closed EFG offices

 With thermostats 
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Ventilation System
34

 ERV to reduce summer humidity and 
increase winter humidity

 Dedicated ductwork for ventilation
 Broan ERV140TE (was Venmar)
 One for EFG office; one for rental 

spaces
 Run on 7-day schedule from ERV 

controller



Code Proposed Net Zero Ready
Roof, new and old R-49 R-60  18" cellulose, 
Walls above grade R-20 R-40                                              

Existing:5.5" cellulose + 4" polyiso 
rigid New 12" double-wall cellulose

Under slab R-10 to 48" from edge of slab in new R-18 4" EPS 

Slab edge R-0  No slab edge insulation 
required

R-18     4" EPS slab edge plus 2" 
vertical to footing

Basement Walls R-10 vertical, to footing R-24     Zero GWP Spray foam
Basement Floor R-0  no insulation R-20     4" EPS continuous

Windows, R-value fixed R-2.8 R-5     tripane windows
Windows, R-value operable R-2.3 R-5     tripane windows
Window SHGC 0.40 0.27
Opaque doors (includes doors 
with some glass)

R-2.7 -- solid doors insulated R-4.5 insulated w/low-e glass and 
glass storm with hard-coat low-e                                                  
R- 3 Outswing (no storm door)

Air leakage 0.50 cfm50/sq.ft.-shell;             
2,200 cfm50                                    6 
ACH50

0.10 cfm50/sq.ft.-shell                       
440 cfm50                                            
1.3 ACH 50  (actual 0.45 ACH50)

Air leakage natural + ventilation .66 ACH (natural + ventilation) .21 ACH (natural + ventilation)

EFG Office and Retail
Building Enclosure -- 2015 Energy Code and Proposed
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Energy Modeling Assumptions

Code Proposed Net Zero Ready
Heat Warm air natural gas furnace, 

AFUE=0.78
Cold climate heat pump with       
COP=2.3

Cooling SEER 13 SEER 19

Hot Water 0.97 EF tank-type Heat Pump Water Heater -- COP - 2

Ventilation HRV with 65% ASRE ERV with 74% ASRE latent 46%

Lighting 0.82 wsf 0.82 wsf*

EFG Office and Retail
Systems -- 2015 Energy Code and Proposed
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Domestic Hot Water

 12 gallons/day average

Domestic Hot Water, Annual load and fuel use
Resistance Heat Pump

Annual Load 1.8 1.8 MMBtu/yr
Annual Load, usage 524                 524           kWh/yr
Annual load, standby and 
piping losses 623                 623           kWh/yr
Annual Load, Total 1,147              1,147        kWh/yr

Resistance Heat Pump
COP of water heating 1.00                2.0 COP
Annual Consumption 1,147              574           kWh/yr
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Domestic Hot Water Choice

Resistance Heat Pump
Annual Consumption 1,147              574           kWh/yr
Savings of Heat Pump over Resistance 574           kWh/yr
PV's required for added kWh for Resistance 499 Wp of PV
Cost per watt, net 2.00$        
Add cost for PV for Resistance DHW 1,000$       
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Energy Modeling to Achieve Net Zero
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Photovoltaics

# of 
panels

Watts / 
panel

Total 
watts KWH/yr

South facing 
roof 20 310 6200 7440

West facing 
roof 4 310 1240 1240

East facing 
roof 10 310 3100 3100

Totals 34 10,540 11,780
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Photovoltaics



The Construction Process42
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Commissioning



Moisture 
Content 8% -
10% at Inside 
of Exterior 
Sheathing in 
Both Wall 
Types
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eGauge Data
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63
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Modeled vs. Usage
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Modeled         
Average year

Actual "clean data" 
period *

Heat Pump heating usage, kWh 3,061                   2,662                      
Avg Heating Degree-Days 7,700 2,456
Heat Pump kWh / Heating-DDay 0.40                     1.08                         

Implied Annual HP Heating usage, kWh 3,061                   8,347                      

* clean data period with no cooling or anomalies
11/01/17 start
12/04/17 end
12/08/17 start
01/04/18 end
01/15/18 start
01/17/18 end

EFG Offices and Retail
Preliminary modeled vs actual Heat Pump Heating Usage
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Heat Pump Issues
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 Mysterious cycling under low loads
 Sometimes temp in some spaces too high
 Apparent heat pump heating COP -- PRELIMINARY

 Predicted COP – 2.6 overall for winter
 Measured ASHP and resistance heat kWh usage

 ASHP: 0.035 kWh/hr-degree temp difference
 Reistance Heat: 0.057 kWh/hr-degree temp difference
 Implies a COP of ~1.6 for “clean data period”

 Other methods estimate higher heating COP



Energy Balance, Inc. 
High Performance Buildings 

Heat Pump Performance
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 “Co-Heating Test”
 Turn off heat pumps and run electric resistance heat 

instead – to compare energy used by heat pumps 
 Wide range of outdoor temperatures for each
 Consistent indoor temps and scheduling
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Co-Heating Test Set-up
67

1500 W Space 
Heater w/ Fan

Thermostat

Hobo Data Logger

CT Clamp
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Co-Heating Test Results
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Heat Pump Energy 
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ASHP & Resistance Watt
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COP vs. Temp Diff
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Preliminary Test Results
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Tout 
Avg COP

No sun 
COP

Rated 
COP Time

51 3.4 3.7 4.8 11/1-11/28 no MHK, setback, 100% ERV

21 2.9 2.8 3.0 12/8-12/30 - MHK, setback, ERV cycling

22 2.8 2.6 3.1 1/1-4, 1/15-31 - no setbacks, ERV cycling

38 3.0 2.9 3.5 all since 11/01/17
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Construction Cost
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Code Net Zero Ready Net Zero with PV
Construction Cost 529,000$         568,000$             582,000$              
Cost per sq.ft. 192$                207$                   212$                    
Cost Increment 7% 10%

Code cost estimated based on actual NZ construction costs

Based on energy modeling

Code Net Zero Ready Net Zero with PV
First Year Enegy Cost 3,400$             1,900$                220$                    

1st Year Enegy Cost Savings 1,500$                3,200$                 
Added Mortgage Cost 0 3,367$                4,654$                 
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Cost Effectiveness
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 $-

 $1,000

 $2,000

 $3,000
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 $5,000
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EFG Building 
Cost per year for Added Mortgage Cost + Energy

Code Net Zero Ready Net Zero with PV

2% fuel escalation, mortgage 3.5%/15 yrs, based on modeling
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Cost Effectiveness
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Code Net Zero Ready Net Zero with PV

EFG Building 
30-yr Present Value of Operating + Added Mortgage Costs

2% discount rate, based on modeling
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Lessons Learned
76

 Building to zero net energy standards in 
Vermont is achievable and cost-effective

 High-performing buildings are comfortable, 
resilient…

 And can also be beautiful
 Getting it right takes a lot of time, thought, 

effort and collaboration
 Real-time data is really helpful
 Heat pumps can be mysterious



Q&A

Richard Faesy
Energy Futures Group
www.energyfuturesgroup.com

David Pill 
Pill-Maharam Architects
www.pillmaharam.com

Andy Shapiro
Energy Balance
andy@energybalance.us

Chuck Reiss
Reiss Building and Renovation
www.reissbuilding.com
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