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Net zero? No electric, wood heat 
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Presentation Notes
COMMENTARY clients to build well. I think that is good and then think of something of how they could protest or vote or other ways to participate.

commentary "The journey of a thousand miles begins beneath one's feet." "Even the longest journey must begin where you stand." Lao-tzu, The Way of Lao-tzu�Chinese philosopher (604 BC - 531 BC)    Small steps: Move from overwhelm to action: In allowing ourselves to see  this global challenge, it is nearly impossible for all of us to  avoid an  all encompassing feeling of powerlessness, resignation, and eventually despair that leads to avoidance,  denial, and inaction. In the midst of this mood of negativity, how can we find a path to the future that succeeds,  inspires, and ultimately transforms the future in a positive way? And is there a way that that design and construction can work together to support, nurture and encourage this positive future? And how can the this design and construction community work with others, including clients, developers, and the public in creating an physical infrastructure that support this positive future? How can one small architecture practice work with others to generate this future? The commitment and mission of Maclay Architects is to work with clients and stakeholders in generating a positive life affirming world and future for all in ways that promote function, health, beauty and value. 
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Judged to be 
“ irresponsible,  given the millions 
of unhoused in the world” 



















Dimetrodon 































Whiz Bang Quick City  1972 



Arcosanti- Paolo Solieri 













Solar Storage 





Green Lumber Framing 



Site Built Air Solar System 



Design Build 



Institute for Social Ecology 



Aspen House 



Skidompha House 



Solar Module 



Community Solar Module  



Stafford Passive House 







Roll Top House 





Rabbit house 



How do we 
insulate the 
meditation 

room? 
Our first experiment with rigid foam 
insulation (1992) 
• With insulation in the ceiling plane (cold attic) how are we 

going to prevent violations in thermal envelope?  
• Vapor barrier?  

• Ridge vent? 
• Eave vents? 



Vermont Healthy Homes 



Pogany Residence 



Stratton  Residence 2018 
- Underground 
- no concrete 
- earth bag construction 
-   net zero 
- natural materials 
- clay floors 





Otte Huling Residence  



Hindsight is  20/20. What we  now recognize  that  
we didn’t know 
 



Poor 
surface to 
volume 
ratio 





Compact Shape 

 



Airtight 
construction 
was not 
understood 



Airtightness is critical, and doable, and the 
best energy saving investment 



Daylight is great, but too much glazing leads to 
overheating as well as net heat loss 



How much south glazing makes sense? 



Much has changed in the last half century in 
our understanding of sustainabilty 
• Emphasis on opportunities for energy saving instead of renewable energy 

generation 
• Energy modeling  helps direct your dollars toward saving energy 
• Importance of the emergence of  critical building science- not only understanding  

the underlying science  of failures, but sharing the information 
• Airtightness is critical, and doable, and the best energy saving investment 
• With more efficient equipment, and the potential to send green energy over the 

electric lines, suddenly electric is no longer evil 
• Cost of PV’s comes way down, changing the limits of energy saving investments 
• Increased consciousness of global warming impacts of building materials vs 

energy use over time 



1. Shift from focus on Energy 
Savings Generation to energy 
saving 



2.Energy modeling  
helps direct your 
dollars toward 
saving energy 



3. Project Energy Tracking for Results 



Net Zero Lowers State Taxes 

20-Year Present Value of Operating and Additional  
Capital Cost for Energy Improvements 
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If possible make this just compare code and nzr and blow up 


Bennington 20-year Present Value Financial Analysis 
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20 -Year Present Value of Operating and Additional Capital Costs for Energy Improvements

Additional Construction Cost	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	0	0	370000	NPV of Operating Costs	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	6200000	4000000	2500000	



Profile

		Bennington Superior Cout House and State Office Building										cell means edit with new numbers

												cell means references edited cells

		Location:		Bennington, VT

		Description:		Existing Sick Building Transformation

		Project Scope:		Renovation & Addition



		Project Size:		65,000		 SF

		Project Cost:		$13,500,000.00

		Additional Cost above code:		$372,097.25

		Project cost CODE:		$13,127,902.75



				550000		est. kWh/yr with hot water, basedon first 11 months

		Existing EUI:		29		kBtu/SF

		Existing EUI:		91		kWh/sq.m.-yr

		Modeled EUI:		23		kBtu/SF



		Air Infiltration:



		Maintenance / year:				AS BUILT

						CODE COMPLIANT

						EXISTING

		Three comparrisons:		AS BUILT

				CODE COMPLIANT

				EXISTING

		Fuel:						Source:

		Electric 		0.17		(kWh)		$0.17 per kWh for electric, based on average spent at Bennington to this date

		Oil  		3.497		(gallon)		July 2013_VT fuel rate sheet

		Propane 		2.933		(gallon)		July 2013_VT fuel rate sheet

		Electric 						Source:

		As Built year total		445809		kWh		Model

		Code year total		727078		kWh		Model

		Existing		960000		kWh		??

		Oil  						Source:

		As Built year total				gal

		Code year total				gal

		Existing year total		30000		gal		client?

		Propane 						Source:

		As Built year total		264		gal

		Code year total		571		gal

		Existing year total		0		gal

		Financing						Source:

		Length of Bond		20		years		architect choice

		Interest Rate		3%				architect choice



				3%		Fuel escalation rate, low, above inflation

				6%		Fuel escalation rate, high, above inflation

				0%		Inflation rate

				0%		discount rate





EUI Chart (2)



				Energy Usage Intensity Comparison

								Net Zero Ready (modeled as built)		Code Compliant		Existing Facility		EIA National Ave. Existing Office



				Electricity		kBtu/yr		1,521,000		2,481,000		3,276,000		N/A

				Fossil Fuels		kBtu/yr		24,000		52,000		4,080,000		N/A

				Total		kBtu/yr		1,545,000		2,533,000		7,356,000		N/A



				EUI		kBtu/sf-yr		24		39		113		92

								Percent better than existing EUI:



								79%		66%		0%						0.741638796

												Source: Maclay Architects' File "BldgEnergyFinance"

				NOTES

				The average Vermont State Office Building is assumed to use 120 kBTU/sf-yr, per a 2009 email from Deborah Baslow





												% different

						existing sf=		60931.3382335783		64276

						SF = 		65,000		68568		0.9479640649

				Total Energy Consumed (efficiencies assumed in model)

				Electric						Source: 

				Net Zero Ready (modeled as built)		445,809		kWh						1,521,163		kBtu		494,822 kwh/yr		*Adam Kohler says model indicated / year

				Code Compliant		727,078		kWh						2,480,892		kBtu

				Existing Facility		960,000		kWh						3,275,654		kBtu



				Propane						Source:

				Net Zero Ready (modeled as built)		264		gal						24,182		kBtu

				Code Compliant		571		gal						52,304		kBtu

				Existing Facility		0		gal						0		kBtu



				Wood Pellets						Source:

				Net Zero Ready (modeled as built)				ton								kBtu

				Code Compliant				ton								kBtu

				Existing Facility				ton								kBtu



				Oil  

				Net Zero Ready (modeled as built)		0		gal						0		kBtu

				Code Compliant		0		gal						0		kBtu

				Existing Facility		30000		gal						4,080,000		kBtu





cap cost

						Difference in Cost between Energy "Code Compliant" and "Net-Zero Ready" Project 
at the Bennington Superior Court House and State Office Building								3/31/14



						Bennington Superior Cout House and State Office Building

						Building Component		1. Code Compliant Building		2. Net Zero Ready building/GSHP		Added           Cost		Added           Cost



				Envelope		Windows		Double-glazed windows		Triple-glazed windows		$30,557		$209,097

						Air/Vapor Barrier		Vapor barrier only		Combined air barrier and drainage plane		$39,000

						Insulation		Install 2" of rigid insulation under slabs		Install 4" of rigid insulation on exterior face of wall framing		$32,500

								Install 3" of rigid insulation on exterior face of wall framing		Install 4" of rigid insulation under slabs		$22,500

								Insulate seismic joint between new and existing wings to to R-9		Insulate seismic joint between new and existing wings to maximum R-value		$22,500

								Standard detailing of steel support for exterior sun shades		Custom  detailing of steel support for exterior sun shades to minimize thermal bridging		$8,000

								Standard detailing of steel relieving angles for brick veneer		Custom detailing of steel relieving angles for brick veneer to minimize thermal bridging		$14,000

								6" isocyanurate on the roof		9" minimum isocyanurate on the roof		$40,040

				Mechanical		Commissioning		NA		Full envelope commissioning & blower door testing		$27,000		$163,000		$372,097

						Solar Hot Water		Not a required system		Solar Hot Water System installed		$31,000

						HVAC		Standard HVAC Replacement 		High-efficiency Ground Source Heat Pump HVAC replacement		$105,000



												Total Added Cost		$372,097

												Added Envelope Cost Per Square Foot		$3.22

												Added Mechanical Cost Per Square Foot		$2.51

												Total Added Cost Per Square Foot		$5.72

												Total Added Cost As A Percentage Of Total Construction Cost		2.76%

														Source: Maclay Architects' File "BldgEnergyFinance"





















Capital Cost

				Difference in Cost between Energy "Code Compliant" and "Net-Zero Ready" Project                                                            at the Bennington Superior Court House and State Office Building						5/7/12



				Building Component		Code                                                                       Compliant		"Net-Zero Ready"                                                           (As Built)		Added           Cost

				Windows		Double-glazed windows		Triple-glazed windows		$30,557

				Insulation		Install 2" of rigid insulation under slabs		Install 4" of rigid insulation on exterior face of wall framing		$32,500

						Install 3" of rigid insulation on exterior face of wall framing		Install 4" of rigid insulation under slabs		$22,500

						Insulate seismic joint between new and existing wings to to R-9		Insulate seismic joint between new and existing wings to maximum R-value		$22,500

						Standard detailing of steel support for exterior sun shades		Custom  detailing of steel support for exterior sun shades to minimize thermal bridging		$8,000

						Standard detailing of steel relieving angles for brick veneer		Custom detailing of steel relieving angles for brick veneer to minimize thermal bridging		$14,000

						6" isocyanurate on the roof		9" minimum isocyanurate on the roof		$40,040

				Air/Vapor Barrier		Vapor barrier only		Combined air barrier and drainage plane		$39,000		$209,097

				Commissioning		NA		Full envelope commissioning & blower door testing		$27,000		$236,097

				Solar Hot Water		Not a required system		Solar Hot Water System installed		$31,000

				HVAC		Standard HVAC Replacement 		High-efficiency Ground Source Heat Pump HVAC replacement		$105,000

								Total Added Cost		$372,097

								Total Added Cost Per Square Foot		$5.72

								Total Added Cost As A Percentage Of Total Construction Cost		3.04%

				Notes:

				9% more for triple glazed windows than double glazed as of Accurate Dorwin

				Polyiso cost from Means - $1.82/sf per 3" thickness

				Vapor barrier only = 50% cost of combined air and vapor barrier

				Standard HVAC Replacement = High efficiency boiler and chiller for cooling

				Original Cost without Owner elected Change Orders = $12,246,000, or $188.40/SF

						MA fee proposal with ASHP		988250

						MA fee proposal with GSHP		909125

						Additional Design Engineering for GSHP		79125

						Additional Field Testing and CA for GSHP		72875

						Total GSHP system design and field work		152000

						Geothermal Well Design Costs		152000

						Geothermal well and pump installation original bid		223000

						Geothermal well change order work		80000

						Total for geothermal well design and system		455000



						DEW estimates that a conventional oil fired boiler system, with an exterior underground fuel oil tank, a chiller and cooling tower, with the interconnecting pumps and piping would cost the following:		350000

						Additonal cost for GSHP versus conventional equipment		105000

						Original Bid w/o Cos		12246000

						Cost per SF based on original bid		188.4

						Net-zero ready added cost		$372,097

						Cost per Sf for Net-zero Ready		$5.72

						Added cost of Net-zero Ready as % of total		3.04%

						4" in lieu of 3" rigid insulation		21437.3473127036





fuel escalation

				Fuel Prices without solar Plateau																		Fuel Prices with solar Plateau

				Cost of 		Electric 		Cost of 		Oil  		Cost of		Propane 								 Cost of 		Electric 		Cost of 		Oil  		Cost of 		Propane 

				$0.17		(kWh)		$3.50		(gallon)		$2.93		(gallon)								$0.17		(kWh)		$3.50		(gallon)		$2.93		(gallon)

																						$0.34		Max Cost 		$6.99		Max Cost 		$5.87		Max Cost 		Escalation at inflation rate only over this price of oil per gallon or kWh of electricity

				3%		6%		3%		6%		3%		6%								3%		6%		3%		6%		3%		6%

		year		Low  Escalation		High  Escalation		Low Escalation		High  Escalation		Low Escalation		High Escalation								Low Escalation		High Escalation		Low Escalation		High Escalation		Low Escalation		High Escalation

		1		$0.17		$0.17		$3.50		$3.50		$2.93		$2.93								$0.17		$0.17		$3.50		$3.50		$2.93		$2.93

		2		$0.18		$0.18		$3.60		$3.71		$3.02		$3.11								$0.18		$0.18		$3.60		$3.71		$3.02		$3.11

		3		$0.18		$0.19		$3.71		$3.82		$3.11		$3.20								$0.18		$0.19		$3.71		$3.93		$3.11		$3.30

		4		$0.19		$0.20		$3.82		$3.93		$3.20		$3.30								$0.19		$0.20		$3.82		$4.16		$3.20		$3.49

		5		$0.19		$0.21		$3.94		$4.05		$3.30		$3.40								$0.19		$0.21		$3.94		$4.41		$3.30		$3.70

		6		$0.20		$0.23		$4.05		$4.17		$3.40		$3.50								$0.20		$0.23		$4.05		$4.68		$3.40		$3.93

		7		$0.20		$0.24		$4.18		$4.30		$3.50		$3.60								$0.20		$0.24		$4.18		$4.96		$3.50		$4.16

		8		$0.21		$0.26		$4.30		$4.43		$3.61		$3.71								$0.21		$0.26		$4.30		$5.26		$3.61		$4.41

		9		$0.22		$0.27		$4.43		$4.56		$3.72		$3.82								$0.22		$0.27		$4.43		$5.57		$3.72		$4.67

		10		$0.22		$0.29		$4.56		$4.70		$3.83		$3.94								$0.22		$0.29		$4.56		$5.91		$3.83		$4.96

		11		$0.23		$0.30		$4.70		$4.84		$3.94		$4.06								$0.23		$0.30		$4.70		$6.26		$3.94		$5.25

		12		$0.24		$0.32		$4.84		$4.98		$4.06		$4.18								$0.24		$0.32		$4.84		$6.64		$4.06		$5.57

		13		$0.24		$0.34		$4.99		$5.13		$4.18		$4.30								$0.24		$0.32		$4.99		$6.64		$4.18		$5.90

		14		$0.25		$0.36		$5.14		$5.29		$4.31		$4.43								$0.25		$0.32		$5.14		$6.64		$4.31		$6.26

		15		$0.26		$0.38		$5.29		$5.44		$4.44		$4.57								$0.26		$0.32		$5.29		$6.64		$4.44		$6.63

		16		$0.26		$0.41		$5.45		$5.61		$4.57		$4.70								$0.26		$0.32		$5.45		$6.64		$4.57		$6.63

		17		$0.27		$0.43		$5.61		$5.78		$4.71		$4.84								$0.27		$0.32		$5.61		$6.64		$4.71		$6.63

		18		$0.28		$0.46		$5.78		$5.95		$4.85		$4.99								$0.28		$0.32		$5.78		$6.64		$4.85		$6.63

		19		$0.29		$0.49		$5.95		$6.13		$4.99		$5.14								$0.29		$0.32		$5.95		$6.64		$4.99		$6.63

		20		$0.30		$0.51		$6.13		$6.31		$5.14		$5.29								$0.30		$0.32		$6.13		$6.64		$5.14		$6.63
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Solar needed

		Solar PV needed to reach net zero

		Solar Electric needed		AS BUILT

		Electric 		445809		(kWh)		1521100		kBTU		445809		kWh

		Oil  		0		(gallon)		0		kBTU		0		kWh

		Propane 		264		(gallon)		24182.4		kBTU		7		kWh

								1545283		Total kBTU		445816		Total kWh		23.8		kBTU/sf-yr



				1.1		kWh/yr-Wp

				405		kWp of photovoltaics

				0		$ / watt installed

				$   - 0		Total cost photovoltaics

		Assumptions:

		1 gallon oil 		136000		BTU

		1 gallon of propane 		91600		BTU

		1 kWh of electricity 		3412		BTU





NPV (Plateau)

				Bennington Courthouse Energy Data																		8/2/13		9:44 am



						AS BUILT				CODE COMPLIANT				EXISTING				NET-ZERO

						Energy Use		Cost ($)		Energy Use		Cost ($)		Energy Use		Cost ($)		Energy Use		Cost ($)

				Electric  (kWh)		445,809		$75,788		727,078		$123,603		960,000		$163,200		0		$0

				Oil   (gallon)		0		$0		0		$0		30,000		$104,910		0		$0

				Propane  (gallon)		264		$774		571		$1,675		0		$0		0		$0

				Total Energy Usage (kBTU)		1,547,500		$76,562		2,537,890		$125,278		7,415,520		$268,110

				EUI (kBTU/sf-yr)		24		$1.18		39		$1.93		114		$4.12



				Total Construction Cost		NA		$13,500,000		NA		$13,127,903		NA		NA		NA		$13,500,000

				Additional Construction Cost		NA		$372,097		NA		$0		NA		NA		NA		$372,097

				Maintenance Cost		NA		$0		NA		$0		NA		$0		NA

				Assumptions:

				$0.17 per kWh for electric, based on average spent at Bennington to this date

				Fossil fuel prices 		July 2013_VT fuel rate sheet

				Benchmark - Average kbtu/SF for a new building - 90.9 kBtu/SF - from Building Energy Data Book





				AS BUILT		3%		Fuel Escalation Rate												AS BUILT		6%		Fuel Escalation Rate

				Additional Capital Cost				$372,097												Additional Capital Cost				$372,097

				Year		Electric 		Propane 		Oil  		Annual Energy Cost		Net Position		Cumulative Position		-$372,097		Year		Electric 		Propane 		Oil  		Annual Energy Cost		Net Position		Cumulative Position

				1		$75,788		$774		$0		$76,562		-$323,381		-$323,381		$50,178		1		$75,788		$774		$0		$76,562		-$323,381		-$323,381		-$372,097

				2		$78,061		$798		$0		$78,859		$50,178		-$273,203		$51,683		2		$80,335		$821		$0		$81,156		$51,639		-$271,742		$51,639

				3		$80,403		$821		$0		$81,224		$51,683		-$221,520		$53,233		3		$85,155		$870		$0		$86,025		$54,737		-$217,004		$54,737

				4		$82,815		$846		$0		$83,661		$53,233		-$168,287		$54,830		4		$90,264		$922		$0		$91,186		$58,022		-$158,983		$58,022

				5		$85,300		$871		$0		$86,171		$54,830		-$113,457		$56,475		5		$95,680		$978		$0		$96,658		$61,503		-$97,480		$61,503

				6		$87,859		$898		$0		$88,756		$56,475		-$56,981		$58,170		6		$101,421		$1,036		$0		$102,457		$65,193		-$32,287		$65,193

				7		$90,494		$925		$0		$91,419		$58,170		$1,188		$59,915		7		$107,506		$1,098		$0		$108,604		$69,105		$36,818		$69,105

				8		$93,209		$952		$0		$94,161		$59,915		$61,103		$61,712		8		$113,956		$1,164		$0		$115,121		$73,251		$110,069		$73,251

				9		$96,005		$981		$0		$96,986		$61,712		$122,815		$63,564		9		$120,794		$1,234		$0		$122,028		$77,646		$187,716		$77,646

				10		$98,886		$1,010		$0		$99,896		$63,564		$186,379		$65,470		10		$128,041		$1,308		$0		$129,350		$82,305		$270,020		$82,305

				11		$101,852		$1,041		$0		$102,893		$65,470		$251,849		$67,435		11		$135,724		$1,387		$0		$137,111		$87,243		$357,264		$87,243

				12		$104,908		$1,072		$0		$105,979		$67,435		$319,284		$69,458		12		$143,867		$1,470		$0		$145,337		$92,478		$449,742		$92,478

				13		$108,055		$1,104		$0		$109,159		$69,458		$388,742		$71,541		13		$143,867		$1,558		$0		$145,425		$92,580		$542,322		$92,580

				14		$111,297		$1,137		$0		$112,434		$71,541		$460,283		$73,688		14		$143,867		$1,652		$0		$145,519		$92,689		$635,011		$92,689

				15		$114,635		$1,171		$0		$115,807		$73,688		$533,970		$75,898		15		$143,867		$1,751		$0		$145,618		$92,804		$727,815		$92,804

				16		$118,075		$1,206		$0		$119,281		$75,898		$609,869		$78,175		16		$143,867		$1,751		$0		$145,618		$92,804		$820,620		$92,804

				17		$121,617		$1,243		$0		$122,859		$78,175		$688,044		$80,520		17		$143,867		$1,751		$0		$145,618		$92,804		$913,424		$92,804

				18		$125,265		$1,280		$0		$126,545		$80,520		$768,564		$82,936		18		$143,867		$1,751		$0		$145,618		$92,804		$1,006,228		$92,804

				19		$129,023		$1,318		$0		$130,341		$82,936		$851,500		$85,424		19		$143,867		$1,751		$0		$145,618		$92,804		$1,099,033		$92,804

				20		$132,894		$1,358		$0		$134,252		$85,424		$936,924				20		$143,867		$1,751		$0		$145,618		$92,804		$1,191,837		$92,804

				Present Value		$2,036,439		$20,806		$0		$2,057,245						$888,208		Present Value		$2,429,470		$26,776		$0		$2,456,246						($45,582.06)

												$2,057,245		$936,924																$1,191,837

				CODE COMPLIANT		3%		Fuel Escalation rate												CODE COMPLIANT		6%		Fuel Escalation Rate

				Additional Capital Cost				NA												Additional Capital Cost				NA

				Year		Electric 		Propane 		Oil  		Annual Energy Cost								Year		Electric 		Propane 		Oil  		Annual Energy Cost

				1		$123,603		$1,675		$0		$125,278								1		$123,603		$1,675		$0		$125,278

				2		$127,311		$1,725		$0		$129,036								2		$131,019		$1,775		$0		$132,795

				3		$131,131		$1,777		$0		$132,907								3		$138,881		$1,882		$0		$140,762

				4		$135,065		$1,830		$0		$136,895								4		$147,213		$1,995		$0		$149,208

				5		$139,117		$1,885		$0		$141,001								5		$156,046		$2,114		$0		$158,161

				6		$143,290		$1,941		$0		$145,232								6		$165,409		$2,241		$0		$167,650

				7		$147,589		$2,000		$0		$149,588								7		$175,334		$2,376		$0		$177,709

				8		$152,016		$2,060		$0		$154,076								8		$185,854		$2,518		$0		$188,372

				9		$156,577		$2,122		$0		$158,698								9		$197,005		$2,669		$0		$199,674

				10		$161,274		$2,185		$0		$163,459								10		$208,825		$2,829		$0		$211,655

				11		$166,112		$2,251		$0		$168,363								11		$221,355		$2,999		$0		$224,354

				12		$171,096		$2,318		$0		$173,414								12		$234,636		$3,179		$0		$237,815

				13		$176,229		$2,388		$0		$178,616								13		$234,636		$3,370		$0		$238,006

				14		$181,516		$2,459		$0		$183,975								14		$234,636		$3,572		$0		$238,208

				15		$186,961		$2,533		$0		$189,494								15		$234,636		$3,786		$0		$238,422

				16		$192,570		$2,609		$0		$195,179								16		$234,636		$3,786		$0		$238,422

				17		$198,347		$2,687		$0		$201,034								17		$234,636		$3,786		$0		$238,422

				18		$204,297		$2,768		$0		$207,065								18		$234,636		$3,786		$0		$238,422

				19		$210,426		$2,851		$0		$213,277								19		$234,636		$3,786		$0		$238,422

				20		$216,739		$2,937		$0		$219,676								20		$234,636		$3,786		$0		$238,422

				Present Value		$3,321,266		$45,001		$0		$3,366,267								Present Value		$3,962,267		$57,913		$0		$4,020,180



				EXISTING		3%		Fuel Escalation Rate												EXISTING		6%		Fuel Escalation Rate

				Additional Capital Cost				NA												Additional Capital Cost				NA

				Year		Electric 		Propane 		Oil  		Annual Energy Cost								Year		Electric 		Propane 		Oil  		Annual Energy Cost

				1		$163,200		$0		$104,910		$268,110								1		$163,200		$0		$104,910		$268,110

				2		$168,096		$0		$108,057		$276,153								2		$172,992		$0		$111,205		$284,197

				3		$173,139		$0		$111,299		$284,438								3		$183,372		$0		$117,877		$301,248

				4		$178,333		$0		$114,638		$292,971								4		$194,374		$0		$124,949		$319,323

				5		$183,683		$0		$118,077		$301,760								5		$206,036		$0		$132,446		$338,483

				6		$189,194		$0		$121,619		$310,813								6		$218,398		$0		$140,393		$358,792

				7		$194,869		$0		$125,268		$320,137								7		$231,502		$0		$148,817		$380,319

				8		$200,715		$0		$129,026		$329,741								8		$245,392		$0		$157,746		$403,138

				9		$206,737		$0		$132,897		$339,634								9		$260,116		$0		$167,211		$427,327

				10		$212,939		$0		$136,884		$349,823								10		$275,723		$0		$177,243		$452,966

				11		$219,327		$0		$140,990		$360,317								11		$292,266		$0		$187,878		$480,144

				12		$225,907		$0		$145,220		$371,127								12		$309,802		$0		$199,151		$508,953

				13		$232,684		$0		$149,577		$382,261								13		$309,802		$0		$199,151		$508,953

				14		$239,665		$0		$154,064		$393,729								14		$309,802		$0		$199,151		$508,953

				15		$246,855		$0		$158,686		$405,540								15		$309,802		$0		$199,151		$508,953

				16		$254,260		$0		$163,446		$417,707								16		$309,802		$0		$199,151		$508,953

				17		$261,888		$0		$168,350		$430,238								17		$309,802		$0		$199,151		$508,953

				18		$269,745		$0		$173,400		$443,145								18		$309,802		$0		$199,151		$508,953

				19		$277,837		$0		$178,602		$456,439								19		$309,802		$0		$199,151		$508,953

				20		$286,172		$0		$183,960		$470,133								20		$309,802		$0		$199,151		$508,953

				Present Value		$4,385,245		$0		$2,818,971		$7,204,216								Present Value		$5,231,593		$0		$3,363,030		$8,594,623

				NET-ZERO		3%		Fuel Escalation Rate												NET-ZERO		6%		Fuel Escalation Rate

				Additional Capital Cost				$372,097						*compared to CODE						Additional Capital Cost				$372,097						*compared to CODE

				Year		Electric 		Propane 		Oil  		Annual Energy Cost		Annual Cost Savings						Year		Electric 		Propane 		Oil  		Annual Energy Cost		Annual Cost Savings

				1		$0		$0		$0		$0		$125,278						1		$0		$0		$0		$0		$125,278

				2		$0		$0		$0		$0		$129,036						2		$0		$0		$0		$0		$132,795

				3		$0		$0		$0		$0		$132,907						3		$0		$0		$0		$0		$140,762

				4		$0		$0		$0		$0		$136,895						4		$0		$0		$0		$0		$149,208

				5		$0		$0		$0		$0		$141,001						5		$0		$0		$0		$0		$158,161

				6		$0		$0		$0		$0		$145,232						6		$0		$0		$0		$0		$167,650

				7		$0		$0		$0		$0		$149,588						7		$0		$0		$0		$0		$177,709

				8		$0		$0		$0		$0		$154,076						8		$0		$0		$0		$0		$188,372

				9		$0		$0		$0		$0		$158,698						9		$0		$0		$0		$0		$199,674

				10		$0		$0		$0		$0		$163,459						10		$0		$0		$0		$0		$211,655

				11		$0		$0		$0		$0		$168,363						11		$0		$0		$0		$0		$224,354

				12		$0		$0		$0		$0		$173,414						12		$0		$0		$0		$0		$237,815

				13		$0		$0		$0		$0		$178,616						13		$0		$0		$0		$0		$238,006

				14		$0		$0		$0		$0		$183,975						14		$0		$0		$0		$0		$238,208

				15		$0		$0		$0		$0		$189,494						15		$0		$0		$0		$0		$238,422

				16		$0		$0		$0		$0		$195,179						16		$0		$0		$0		$0		$238,422

				17		$0		$0		$0		$0		$201,034						17		$0		$0		$0		$0		$238,422

				18		$0		$0		$0		$0		$207,065						18		$0		$0		$0		$0		$238,422

				19		$0		$0		$0		$0		$213,277						19		$0		$0		$0		$0		$238,422

				20		$0		$0		$0		$0		$219,676						20		$0		$0		$0		$0		$238,422

				Present Value		$0		$0		$0		$0		$3,366,267						Present Value		$0		$0		$0		$0		$4,020,180





20-yr Cap & Op. Graph

				no solar plateau

						Additional Construction Cost		Maintenance costs*		NPV of Operating Costs		Total Owning and Operating

				EXISTING 3%"Fuel Escalation Rate		$0				$7,204,216		$7,204,216

				EXISTING 6%"Fuel Escalation Rate		$0

EB: EB:
It would not have been a zero c apital or maintenance cost to leae building as it was, due to many issues with the building.  Whgo knows how much it would have cost?
				$8,901,430		$8,901,430



				CODE COMPLIANT 3%"Fuel Escalation rate		$0				$3,366,267		$3,366,267

				CODE COMPLIANT 6%"Fuel Escalation Rate		$0				$4,593,082		$4,593,082



				AS BUILT 3%"Fuel Escalation Rate		$372,097				$2,057,245		$2,429,343

				AS BUILT 6%"Fuel Escalation Rate		$372,097				$2,809,279		$3,181,376



				NET-ZERO 3 %"Fuel Escalation Rate		$372,097				$0		$372,097

				NET-ZERO 6 %"Fuel Escalation Rate		$372,097				$0		$372,097

								*omitting for this scenario



















































				solar plateau

						Additional Construction Cost		Maintenance Costs*		NPV of Operating Costs		Total Owning and Operating

				EXISTING 3%"Fuel Escalation Rate		$0				$7,204,216		$7,204,216

				EXISTING 6%"Fuel Escalation Rate		$0				$8,594,623		$8,594,623



				CODE COMPLIANT 3%"Fuel Escalation rate		$0				$3,366,267		$3,366,267

				CODE COMPLIANT 6%"Fuel Escalation Rate		$0				$4,020,180		$4,020,180



				AS BUILT 3%"Fuel Escalation Rate		$372,097				$2,057,245		$2,429,343

				AS BUILT 6%"Fuel Escalation Rate		$372,097				$2,456,246		$2,828,343



				NET-ZERO 3 %"Fuel Escalation Rate		$372,097				$0		$372,097

				NET-ZERO 6 %"Fuel Escalation Rate		$372,097				$0		$372,097

								*omitting for this scenario

										round:

										-3

				solar plateau

						Additional Construction Cost		Maintenance Costs*		NPV of Operating Costs		Total Owning and Operating

				EXISTING 6%"Fuel Escalation Rate		$0				$6,182,000		$6,182,000

				CODE COMPLIANT 6%"Fuel Escalation Rate		$0				$2,891,000		$2,891,000

				AS BUILT 6%"Fuel Escalation Rate		$372,000				$1,766,000		$2,138,000

						Additional Construction Cost		Maintenance Costs*		NPV of Operating Costs		Total Owning and Operating

				EXISTING 6%"Fuel Escalation Rate		$0				$6,182,000		$6,182,000

				CODE COMPLIANT 6%"Fuel Escalation Rate		$0				$4,020,000		$4,020,000

				AS BUILT 6%"Fuel Escalation Rate		$372,000				$2,456,000		$2,828,000

						Additional Construction Cost		Maintenance Costs*		NPV of Operating Costs		Total Owning and Operating

				EXISTING 6%"Fuel Escalation Rate		$0				$6,200,000		$6,200,000

				CODE COMPLIANT 6%"Fuel Escalation Rate		$0				$4,000,000		$4,000,000

				AS BUILT 6%"Fuel Escalation Rate		$370,000		$0		$2,500,000		$2,800,000



Bennington Courthouse Energy Options

Additional Construction Cost	

NPV of Operating Costs	

Bennington Courthouse Energy Options (with Solar Plateau)

Additional Construction Cost	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	0	0	0	0	372097.25	372097.25	372097.25	372097.25	NPV of Operating Costs	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	7204216.1042405544	8594622.5461996458	3366266.8558416185	4020180.2830989729	2057245.366106153	2456246.1342084692	0	0	

Bennington Courthouse Energy Options

Additional Construction Cost	

NPV of Operating Costs	

Bennington Courthouse Energy Options (with Solar Plateau)

Additional Construction Cost	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	0	0	0	0	372097.25	372097.25	NPV of Operating Costs	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	7204216.1042405544	8594622.5461996458	3366266.8558416185	4020180.2830989729	2057245.366106153	2456246.1342084692	

20 -Year Present Value of Operating and Additional Capital Costs for Energy Improvements

Additional Construction Cost	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	0	0	372000	NPV of Operating Costs	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	6182000	2891000	1766000	20 - year Operating and Additional Capital Costs for Energy Improvements

Additional Construction Cost	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	0	0	0	0	372097.25	372097.25	NPV of Operating Costs	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	7204216.1042405544	8594622.5461996458	3366266.8558416185	4020180.2830989729	2057245.366106153	2456246.1342084692	20 -Year Present Value of Operating and Additional Capital Costs for Energy Improvements

Additional Construction Cost	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	0	0	372000	NPV of Operating Costs	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	6182000	4020000	2456000	

20 -Year Present Value of Operating and Additional Capital Costs for Energy Improvements

Additional Construction Cost	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	0	0	370000	NPV of Operating Costs	EXISTING 3%"Fuel Escalation Rate	EXISTING 6%"Fuel Escalation Rate	CODE COMPLIANT 3%"Fuel Escalation rate	CODE COMPLIANT 6%"Fuel Escalation Rate	AS BUILT 3%"Fuel Escalation Rate	AS BUILT 6%"Fuel Escalation Rate	NET-ZERO 3 %"Fuel Escalation Rate	NET-ZERO 6 %"Fuel Escalation Rate	6200000	4000000	2500000	



NZR_IRR (plateau)

		Bennington Courthouse								Net Zero Ready Building compared to Code Building												7-Feb-20

		Financial Projection																								change the PV's all to 20 year



				Financial Assumptions										Costs/Savings

				Interest Rate				5.0%		Not used				Increase building cost								$372,097.25

				Term				20		Not used				Oil  		Savings, yr 1		- 0		(gallon)

				Inflation Rate				0.0%						Electric 		Savings, yr 1		281,269		(kWh)

				Discount Rate				0.0%						Cost for PV system for net zero grid inter-tie system

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, solar system, other advanced systems

						low		high		Present cost				Added maintenance costs:				$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)				Propane 				307		gal

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)								2/24/13 11:42

				Propane		3.0%		6.0%		2.933 (gallon)

																		Re-run at $3.5/watt installed

				(spreadsheet taken from putney example)														100% pain factor (doubling)

		Cash flow and Present Value

				Net Zero Ready Building compared to Code Building

				Low Energy Escalation Rates										High Energy Escalation Rates

				Electtricity 		Oil		Propane		Added		Savings		Electtricity 		Oil		Propane		Added		Savings

				Savings		Savings		Savings		Maintenance				Savings		Savings		Savings		Maintenance

		Year										$   (372,097)										$   (372,097)

		1		$47,816		$0		$900		$0		$48,716		$47,816		$0		$900		$0		$48,716

		2		$49,250		$0		$927		$0		$50,178		$50,685		$0		$954		$0		$51,639

		3		$50,728		$0		$955		$0		$51,683		$53,726		$0		$1,012		$0		$54,737

		4		$52,250		$0		$984		$0		$53,233		$56,949		$0		$1,072		$0		$58,022

		5		$53,817		$0		$1,013		$0		$54,830		$60,366		$0		$1,137		$0		$61,503

		6		$55,432		$0		$1,044		$0		$56,475		$63,988		$0		$1,205		$0		$65,193

		7		$57,094		$0		$1,075		$0		$58,170		$67,828		$0		$1,277		$0		$69,105

		8		$58,807		$0		$1,107		$0		$59,915		$71,897		$0		$1,354		$0		$73,251

		9		$60,572		$0		$1,141		$0		$61,712		$76,211		$0		$1,435		$0		$77,646

		10		$62,389		$0		$1,175		$0		$63,564		$80,784		$0		$1,521		$0		$82,305

		11		$64,260		$0		$1,210		$0		$65,470		$85,631		$0		$1,613		$0		$87,243

		12		$66,188		$0		$1,246		$0		$67,435		$90,769		$0		$1,709		$0		$92,478

		13		$68,174		$0		$1,284		$0		$69,458		$90,769		$0		$1,812		$0		$92,580

		14		$70,219		$0		$1,322		$0		$71,541		$90,769		$0		$1,921		$0		$92,689

		15		$72,326		$0		$1,362		$0		$73,688		$90,769		$0		$2,036		$0		$92,804

		16		$74,495		$0		$1,403		$0		$75,898		$90,769		$0		$2,036		$0		$92,804

		17		$76,730		$0		$1,445		$0		$78,175		$90,769		$0		$2,036		$0		$92,804

		18		$79,032		$0		$1,488		$0		$80,520		$90,769		$0		$2,036		$0		$92,804

		19		$81,403		$0		$1,533		$0		$82,936		$90,769		$0		$2,036		$0		$92,804

		20		$83,845		$0		$1,579		$0		$85,424		$90,769		$0		$2,036		$0		$92,804



		Net Present		$1,284,827		$0		$24,195		$0		$1,309,021		$1,532,797		$0		$31,137		$0		$1,563,934

		Value



										IRR		14.522%								IRR		16.76%











NPV (No Plateau)

				Bennington Courthouse Energy Data																		8/2/13		9:44 am



						AS BUILT				CODE COMPLIANT				EXISTING				NET-ZERO						Cost for PV for AS BUILT

						Energy Use		Cost ($)		Energy Use		Cost ($)		Energy Use		Cost ($)		Energy Use		Cost ($)				$   3.50		per peak watt installed ($/Wp)

				Electric  (kWh)		445,809		$75,788		727,078		$123,603		960,000		$163,200		0		$0				1.1		kWh/yr-Wp

				Oil   (gallon)		0		$0		0		$0		30,000		$104,910		0		$0				405		kWp required

				Propane  (gallon)		264		$774		571		$1,675		0		$0		0		$0				$   1,418,483		cost for PV

				Total Energy Usage (kBTU)		1,547,500		$76,562		2,537,890		$125,278		7,415,520		$268,110

				EUI (kBTU/sf-yr)		24		$1.18		39		$1.93		114		$4.12



				Total Construction Cost		NA		$13,500,000		NA		$13,127,903		NA		NA		NA		$13,500,000

				Additional Construction Cost		NA		$372,097		NA		$0		NA		NA		NA		$372,097

				Maintenance Cost		NA		$0		NA		$0		NA		$0		NA

				Assumptions:

				$0.17 per kWh for electric, based on average spent at Bennington to this date

				Fossil fuel prices 		July 2013_VT fuel rate sheet

				Benchmark - Average kbtu/SF for a new building - 90.9 kBtu/SF - from Building Energy Data Book





				AS BUILT		3%		Fuel Escalation Rate												AS BUILT		6%		Fuel Escalation Rate

				Additional Capital Cost				$372,097												Additional Capital Cost				$372,097

				Year		Electric 		Propane 		Oil  		Annual Energy Cost		Net Position		Cumulative Position				Year		Electric 		Propane 		Oil  		Annual Energy Cost		Net Position		Cumulative Position above code

				1		$75,788		$774		$0		$76,562		-$323,381		-$323,381				1		$75,788		$774		$0		$76,562		-$323,381		-$323,381

				2		$78,061		$798		$0		$78,859		$50,178		-$273,203				2		$80,335		$821		$0		$81,156		$51,639		-$271,742

				3		$80,403		$821		$0		$81,224		$51,683		-$221,520				3		$85,155		$845		$0		$86,000		$54,709		-$217,033

				4		$82,815		$846		$0		$83,661		$53,233		-$168,287				4		$90,264		$871		$0		$91,135		$57,962		-$159,071

				5		$85,300		$871		$0		$86,171		$54,830		-$113,457				5		$95,680		$897		$0		$96,577		$61,409		-$97,662

				6		$87,859		$898		$0		$88,756		$56,475		-$56,981				6		$101,421		$924		$0		$102,345		$65,062		-$32,600

				7		$90,494		$925		$0		$91,419		$58,170		$1,188				7		$107,506		$951		$0		$108,458		$68,934		$36,334

				8		$93,209		$952		$0		$94,161		$59,915		$61,103				8		$113,956		$980		$0		$114,936		$73,037		$109,371

				9		$96,005		$981		$0		$96,986		$61,712		$122,815				9		$120,794		$1,009		$0		$121,803		$77,385		$186,756

				10		$98,886		$1,010		$0		$99,896		$63,564		$186,379				10		$128,041		$1,040		$0		$129,081		$81,993		$268,749

				11		$101,852		$1,041		$0		$102,893		$65,470		$251,849				11		$135,724		$1,071		$0		$136,795		$86,876		$355,625

				12		$104,908		$1,072		$0		$105,979		$67,435		$319,284				12		$143,867		$1,103		$0		$144,970		$92,051		$447,676

				13		$108,055		$1,104		$0		$109,159		$69,458		$388,742				13		$152,499		$1,136		$0		$153,636		$97,536		$545,212

				14		$111,297		$1,137		$0		$112,434		$71,541		$460,283				14		$161,649		$1,170		$0		$162,820		$103,348		$648,560

				15		$114,635		$1,171		$0		$115,807		$73,688		$533,970				15		$171,348		$1,205		$0		$172,554		$109,508		$758,069

				16		$118,075		$1,206		$0		$119,281		$75,898		$609,869				16		$181,629		$1,241		$0		$182,871		$116,037		$874,106

				17		$121,617		$1,243		$0		$122,859		$78,175		$688,044				17		$192,527		$1,279		$0		$193,806		$122,956		$997,061

				18		$125,265		$1,280		$0		$126,545		$80,520		$768,564				18		$204,079		$1,317		$0		$205,396		$130,289		$1,127,350

				19		$129,023		$1,318		$0		$130,341		$82,936		$851,500				19		$216,323		$1,357		$0		$217,680		$138,060		$1,265,410

				20		$132,894		$1,358		$0		$134,252		$85,424		$936,924				20		$229,303		$1,397		$0		$230,700		$146,296		$1,411,706

				Present Value		$2,036,439		$20,806		$0		$2,057,245								Present Value		$2,787,889		$21,390		$0		$2,809,279

												$2,057,245

				CODE COMPLIANT		3%		Fuel Escalation rate												CODE COMPLIANT		6%		Fuel Escalation Rate

				Additional Capital Cost				NA												Additional Capital Cost				NA

				Year		Electric 		Propane 		Oil  		Annual Energy Cost								Year		Electric 		Propane 		Oil  		Annual Energy Cost

				1		$123,603		$1,675		$0		$125,278		$48,716						1		$123,603		$1,675		$0		$125,278

				2		$127,311		$1,725		$0		$129,036		$50,178						2		$131,019		$1,775		$0		$132,795

				3		$131,131		$1,777		$0		$132,907		$51,683						3		$138,881		$1,828		$0		$140,709

				4		$135,065		$1,830		$0		$136,895		$53,233						4		$147,213		$1,883		$0		$149,097

				5		$139,117		$1,885		$0		$141,001		$54,830						5		$156,046		$1,940		$0		$157,986

				6		$143,290		$1,941		$0		$145,232		$56,475						6		$165,409		$1,998		$0		$167,407

				7		$147,589		$2,000		$0		$149,588		$58,170						7		$175,334		$2,058		$0		$177,392

				8		$152,016		$2,060		$0		$154,076		$59,915						8		$185,854		$2,120		$0		$187,973

				9		$156,577		$2,122		$0		$158,698		$61,712						9		$197,005		$2,183		$0		$199,188

				10		$161,274		$2,185		$0		$163,459		$63,564						10		$208,825		$2,249		$0		$211,074

				11		$166,112		$2,251		$0		$168,363		$65,470						11		$221,355		$2,316		$0		$223,671

				12		$171,096		$2,318		$0		$173,414		$67,435						12		$234,636		$2,386		$0		$237,022

				13		$176,229		$2,388		$0		$178,616		$69,458						13		$248,714		$2,457		$0		$251,171

				14		$181,516		$2,459		$0		$183,975		$71,541						14		$263,637		$2,531		$0		$266,168

				15		$186,961		$2,533		$0		$189,494		$73,688						15		$279,455		$2,607		$0		$282,062

				16		$192,570		$2,609		$0		$195,179		$75,898						16		$296,222		$2,685		$0		$298,908

				17		$198,347		$2,687		$0		$201,034		$78,175						17		$313,996		$2,766		$0		$316,761

				18		$204,297		$2,768		$0		$207,065		$80,520						18		$332,835		$2,849		$0		$335,684

				19		$210,426		$2,851		$0		$213,277		$82,936						19		$352,806		$2,934		$0		$355,740

				20		$216,739		$2,937		$0		$219,676		$85,424						20		$373,974		$3,022		$0		$376,996

				Present Value		$3,321,266		$45,001		$0		$3,366,267		$1,309,021		$936,924				Present Value		$4,546,819		$46,263		$0		$4,593,082



				EXISTING		3%		Fuel Escalation Rate												EXISTING		6%		Fuel Escalation Rate

				Additional Capital Cost				NA												Additional Capital Cost				NA

				Year		Electric 		Propane 		Oil  		Annual Energy Cost								Year		Electric 		Propane 		Oil  		Annual Energy Cost

				1		$163,200		$0		$104,910		$268,110		$191,548						1		$163,200		$0		$104,910		$268,110

				2		$168,096		$0		$108,057		$276,153		$197,295						2		$172,992		$0		$111,205		$284,197

				3		$173,139		$0		$111,299		$284,438		$203,213						3		$183,372		$0		$114,541		$297,912

				4		$178,333		$0		$114,638		$292,971		$209,310						4		$194,374		$0		$117,977		$312,351

				5		$183,683		$0		$118,077		$301,760		$215,589						5		$206,036		$0		$121,516		$327,553

				6		$189,194		$0		$121,619		$310,813		$222,057						6		$218,398		$0		$125,162		$343,560

				7		$194,869		$0		$125,268		$320,137		$228,719						7		$231,502		$0		$128,917		$360,419

				8		$200,715		$0		$129,026		$329,741		$235,580						8		$245,392		$0		$132,784		$378,177

				9		$206,737		$0		$132,897		$339,634		$242,647						9		$260,116		$0		$136,768		$396,884

				10		$212,939		$0		$136,884		$349,823		$249,927						10		$275,723		$0		$140,871		$416,594

				11		$219,327		$0		$140,990		$360,317		$257,425						11		$292,266		$0		$145,097		$437,363

				12		$225,907		$0		$145,220		$371,127		$265,147						12		$309,802		$0		$149,450		$459,252

				13		$232,684		$0		$149,577		$382,261		$273,102						13		$328,390		$0		$153,933		$482,324

				14		$239,665		$0		$154,064		$393,729		$281,295						14		$348,094		$0		$158,551		$506,645

				15		$246,855		$0		$158,686		$405,540		$289,734						15		$368,980		$0		$163,308		$532,287

				16		$254,260		$0		$163,446		$417,707		$298,426						16		$391,118		$0		$168,207		$559,325

				17		$261,888		$0		$168,350		$430,238		$307,379						17		$414,585		$0		$173,253		$587,839

				18		$269,745		$0		$173,400		$443,145		$316,600						18		$439,461		$0		$178,451		$617,911

				19		$277,837		$0		$178,602		$456,439		$326,098						19		$465,828		$0		$183,804		$649,632

				20		$286,172		$0		$183,960		$470,133		$335,881						20		$493,778		$0		$189,318		$683,096

				Present Value		$4,385,245		$0		$2,818,971		$7,204,216		$5,146,971						Present Value		$6,003,408		$0		$2,898,021		$8,901,430

				NET-ZERO		3%		Fuel Escalation Rate												NET-ZERO		6%		Fuel Escalation Rate

				Additional Capital Cost				$372,097												Additional Capital Cost				$372,097

				Year		Electric 		Propane 		Oil  		Annual Energy Cost		Annual Energy Savings above code						Year		Electric 		Propane 		Oil  		Annual Energy Cost		Annual Energy Savings above code

				1		$0		$0		$0		$0		$125,278						1		$0		$0		$0		$0		$125,278

				2		$0		$0		$0		$0		$129,036						2		$0		$0		$0		$0		$132,795

				3		$0		$0		$0		$0		$132,907						3		$0		$0		$0		$0		$140,709

				4		$0		$0		$0		$0		$136,895						4		$0		$0		$0		$0		$149,097

				5		$0		$0		$0		$0		$141,001						5		$0		$0		$0		$0		$157,986

				6		$0		$0		$0		$0		$145,232						6		$0		$0		$0		$0		$167,407

				7		$0		$0		$0		$0		$149,588						7		$0		$0		$0		$0		$177,392

				8		$0		$0		$0		$0		$154,076						8		$0		$0		$0		$0		$187,973

				9		$0		$0		$0		$0		$158,698						9		$0		$0		$0		$0		$199,188

				10		$0		$0		$0		$0		$163,459						10		$0		$0		$0		$0		$211,074

				11		$0		$0		$0		$0		$168,363						11		$0		$0		$0		$0		$223,671

				12		$0		$0		$0		$0		$173,414						12		$0		$0		$0		$0		$237,022

				13		$0		$0		$0		$0		$178,616						13		$0		$0		$0		$0		$251,171

				14		$0		$0		$0		$0		$183,975						14		$0		$0		$0		$0		$266,168

				15		$0		$0		$0		$0		$189,494						15		$0		$0		$0		$0		$282,062

				16		$0		$0		$0		$0		$195,179						16		$0		$0		$0		$0		$298,908

				17		$0		$0		$0		$0		$201,034						17		$0		$0		$0		$0		$316,761

				18		$0		$0		$0		$0		$207,065						18		$0		$0		$0		$0		$335,684

				19		$0		$0		$0		$0		$213,277						19		$0		$0		$0		$0		$355,740

				20		$0		$0		$0		$0		$219,676						20		$0		$0		$0		$0		$376,996

				Present Value		$0		$0		$0		$0		$3,366,267						Present Value		$0		$0		$0		$0		$4,593,082





NZR_IRR (no plateau)

		Bennington Courthouse								Net Zero Ready Building compared to Code Building												7-Feb-20

		Financial Projection																								change the PV's all to 20 year



				Financial Assumptions										Costs/Savings

				Interest Rate				5.0%		Not used				Increase building cost								$372,097.25

				Term				20		Not used				Oil  		Savings, yr 1		- 0		(gallon)

				Inflation Rate				0.0%						Electric 		Savings, yr 1		281,269		(kWh)

				Discount Rate				0.0%						Cost for PV system for net zero grid inter-tie system

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, solar system, other advanced systems

						low		high		Present cost				Added maintenance costs:				$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)				Propane 				307		gal

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)								2/24/13 11:42

				Propane		3.0%		6.0%		2.933 (gallon)

																		Re-run at $3.5/watt installed

				(spreadsheet taken from putney example)														100% pain factor (doubling)

		Cash flow and Present Value

				Net Zero Ready Building compared to Code Building

				Low Energy Escalation Rates										High Energy Escalation Rates

				Electtricity 		Oil		Propane		Added		Savings		Electtricity 		Oil		Propane		Added		Savings

				Savings		Savings		Savings		Maintenance				Savings		Savings		Savings		Maintenance

		Year										$   (372,097)										$   (372,097)

		1		$47,816		$0		$900		$0		$48,716		$47,816		$0		$900		$0		$48,716

		2		$49,250		$0		$927		$0		$50,178		$50,685		$0		$954		$0		$51,639

		3		$50,728		$0		$955		$0		$51,683		$53,726		$0		$983		$0		$54,709

		4		$52,250		$0		$984		$0		$53,233		$56,949		$0		$1,013		$0		$57,962

		5		$53,817		$0		$1,013		$0		$54,830		$60,366		$0		$1,043		$0		$61,409

		6		$55,432		$0		$1,044		$0		$56,475		$63,988		$0		$1,074		$0		$65,062

		7		$57,094		$0		$1,075		$0		$58,170		$67,828		$0		$1,106		$0		$68,934

		8		$58,807		$0		$1,107		$0		$59,915		$71,897		$0		$1,140		$0		$73,037

		9		$60,572		$0		$1,141		$0		$61,712		$76,211		$0		$1,174		$0		$77,385

		10		$62,389		$0		$1,175		$0		$63,564		$80,784		$0		$1,209		$0		$81,993

		11		$64,260		$0		$1,210		$0		$65,470		$85,631		$0		$1,245		$0		$86,876

		12		$66,188		$0		$1,246		$0		$67,435		$90,769		$0		$1,283		$0		$92,051

		13		$68,174		$0		$1,284		$0		$69,458		$96,215		$0		$1,321		$0		$97,536

		14		$70,219		$0		$1,322		$0		$71,541		$101,988		$0		$1,361		$0		$103,348

		15		$72,326		$0		$1,362		$0		$73,688		$108,107		$0		$1,402		$0		$109,508

		16		$74,495		$0		$1,403		$0		$75,898		$114,593		$0		$1,444		$0		$116,037

		17		$76,730		$0		$1,445		$0		$78,175		$121,469		$0		$1,487		$0		$122,956

		18		$79,032		$0		$1,488		$0		$80,520		$128,757		$0		$1,532		$0		$130,289

		19		$81,403		$0		$1,533		$0		$82,936		$136,482		$0		$1,578		$0		$138,060

		20		$83,845		$0		$1,579		$0		$85,424		$144,671		$0		$1,625		$0		$146,296



		Net Present		$1,284,827		$0		$24,195		$0		$1,309,021		$1,758,930		$0		$24,873		$0		$1,783,803

		Value



										IRR		14.522%								IRR		17.35%











NZ_IRR (plateau)

		Bennington Courthouse								Net Zero Building compared to Code Building												7-Feb-20

		Financial Projection																								change the PV's all to 20 year



				Financial Assumptions										Costs/Savings

				Interest Rate				5.0%		Not used				Increase building cost								$372,097.25

				Term				20		Not used				Oil  		Savings, yr 1		- 0		(gallon)

				Inflation Rate				0.0%						Electric 		Savings, yr 1		727,078		(kWh)

				Discount Rate				0.0%						Cost for PV system for net zero grid inter-tie system

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, solar system, other advanced systems

						low		high		Present cost				Added maintenance costs:				$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)				Propane 				571		gal

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)								2/24/13 11:42

				Propane		3.0%		6.0%		2.933 (gallon)

																		Re-run at $3.5/watt installed

				(spreadsheet taken from putney example)														100% pain factor (doubling)

		Cash flow and Present Value

				Net Zero Building compared to Code Building

				Low Energy Escalation Rates										High Energy Escalation Rates

				Electtricity 		Oil		Propane		Added		Savings		Electtricity 		Oil		Propane		Added		Savings

				Savings		Savings		Savings		Maintenance				Savings		Savings		Savings		Maintenance

		Year										$   (372,097)										$   (372,097)

		1		$123,603		$0		$1,675		$0		$125,278		$123,603		$0		$1,675		$0		$125,278

		2		$127,311		$0		$1,725		$0		$129,036		$131,019		$0		$1,775		$0		$132,795

		3		$131,131		$0		$1,777		$0		$132,907		$138,881		$0		$1,882		$0		$140,762

		4		$135,065		$0		$1,830		$0		$136,895		$147,213		$0		$1,995		$0		$149,208

		5		$139,117		$0		$1,885		$0		$141,001		$156,046		$0		$2,114		$0		$158,161

		6		$143,290		$0		$1,941		$0		$145,232		$165,409		$0		$2,241		$0		$167,650

		7		$147,589		$0		$2,000		$0		$149,588		$175,334		$0		$2,376		$0		$177,709

		8		$152,016		$0		$2,060		$0		$154,076		$185,854		$0		$2,518		$0		$188,372

		9		$156,577		$0		$2,122		$0		$158,698		$197,005		$0		$2,669		$0		$199,674

		10		$161,274		$0		$2,185		$0		$163,459		$208,825		$0		$2,829		$0		$211,655

		11		$166,112		$0		$2,251		$0		$168,363		$221,355		$0		$2,999		$0		$224,354

		12		$171,096		$0		$2,318		$0		$173,414		$234,636		$0		$3,179		$0		$237,815

		13		$176,229		$0		$2,388		$0		$178,616		$234,636		$0		$3,370		$0		$238,006

		14		$181,516		$0		$2,459		$0		$183,975		$234,636		$0		$3,572		$0		$238,208

		15		$186,961		$0		$2,533		$0		$189,494		$234,636		$0		$3,786		$0		$238,422

		16		$192,570		$0		$2,609		$0		$195,179		$234,636		$0		$3,786		$0		$238,422

		17		$198,347		$0		$2,687		$0		$201,034		$234,636		$0		$3,786		$0		$238,422

		18		$204,297		$0		$2,768		$0		$207,065		$234,636		$0		$3,786		$0		$238,422

		19		$210,426		$0		$2,851		$0		$213,277		$234,636		$0		$3,786		$0		$238,422

		20		$216,739		$0		$2,937		$0		$219,676		$234,636		$0		$3,786		$0		$238,422



		Net Present		$3,321,266		$0		$45,001		$0		$3,366,267		$3,962,267		$0		$57,913		$0		$4,020,180

		Value



										IRR		36.548%								IRR		39.35%











FINALGraph_Cash Flow



Cumulative energy (and financing) costs for 

Net Zero Ready vs. Code Compliant Buildings

Net Zero Ready	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	372097.25	448659.092	529814.64451999997	615839.53019119997	707025.90900267195	803683.47054283228	906140.48577540228	1014744.9219219264	1129865.6242372422	1251893.5686914767	1381243.1898129655	1518353.7882017435	1663691.0224938481	1809116.4493071509	1954635.3601929238	2100253.3641955149	2245871.3681981061	2391489.3722006972	2537107.3762032883	2682725.3802058795	2828343.3842084706	Financed Net Zero Ready	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	101572.6219535954	207738.95442719079	318774.62005198619	434971.77881705359	556640.12031080935	684107.91549697472	817723.13159709424	957854.61386600533	1104893.3382738354	1259253.7393489194	1421375.1176912927	1591723.1319369928	1762159.3387038908	1932689.0295432589	2103317.8134994451	2273946.5974556315	2444575.3814118179	2615204.1653680042	2785832.9493241906	2956461.733280377	Code Compliant	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	125278.00300000001	258072.68618000002	398835.05035080004	548043.15637184808	706203.74875415897	873853.97667940857	1051563.2182801731	1239935.0143769835	1439609.1182396025	1651263.6683339789	1875617.4914340177	2113432.5439200588	2351438.3461394487	2589646.3430761886	2828068.6664133193	3066490.98975045	3304913.3130875807	3543335.6364247114	3781757.9597618422	4020180.2830989729	Years from project start



Cumulative Costs



NZReadyCF_Finance (plateau)

		Bennington Courthouse						Financed		Net Zero Ready Building Cash flow														7-Feb-20

		Financial Projection



				Financial Assumptions										Costs/Savings								Additional $

				Interest Rate				5.0%		Not used				Increase building cost								$372,097.25

				Term				20		Not used				Oil  		costs, yr 1		- 0		(gallon)

				Inflation Rate				0.0%						Electric 		costs, yr 1		445,809		(kWh)

				Discount Rate				0.0%						Propane 		costs, yr 1		264		(gallon)

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, PV system, other advanced systems

						low		high		Present cost				Added maintenance costs:				$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)								2/24/13 11:42

				Propane		3.0%		6.0%		2.933 (gallon)

																		Re-run at $3.5/watt installed

																		100% pain factor (doubling)

		Cash flow and Present Value

				Net zero ready low fuel escalation																				Net zero ready high fuel escalation

				Low Energy Escalation Rates												cumulative						Net-zero ready cash flow with financing low fuel escalation		High Energy Escalation Rates												cumulative				Net-zero ready cash flow with financing high fuel escalation

				Electricity 		Oil		Propane		Added		Bond Payment				cash flow		energy savings				Cash flow		Electricity 		Oil		Propane		Added		Bond Payment		cost		cash flow		energy savings		Cash flow

				cost		cost		Costs		Maintenance		cost		total costs		costs		above code				bond payment minus savings		Costs		Costs		Costs		Maintenance		cost				energy upgrade		above code		bond payment minus savings

		Year																$0		$   - 0												$   - 0		$   - 0		$0

		1		$75,788		$0		$774		$0		$25,011		$101,573		$101,573		$47,816		$   126,583		$101,573		$75,788		$0		$774		$0		$25,011		$101,573		$101,573		$47,816		$101,573

		2		$78,061		$0		$798		$0		$25,011		$103,869		$205,442		$49,250		$   255,464		$205,442		$80,335		$0		$821		$0		$25,011		$106,166		$207,739		$50,685		$207,739

		3		$80,403		$0		$821		$0		$25,011		$106,235		$311,677		$50,728		$   386,710		$311,677		$85,155		$0		$870		$0		$25,011		$111,036		$318,775		$53,726		$318,775

		4		$82,815		$0		$846		$0		$25,011		$108,672		$420,349		$52,250		$   520,392		$420,349		$90,264		$0		$922		$0		$25,011		$116,197		$434,972		$56,949		$434,972

		5		$85,300		$0		$871		$0		$25,011		$111,182		$531,531		$53,817		$   656,585		$531,531		$95,680		$0		$978		$0		$25,011		$121,668		$   556,640		$60,366		$556,640

		6		$87,859		$0		$898		$0		$25,011		$113,767		$645,298		$55,432		$   795,363		$645,298		$101,421		$0		$1,036		$0		$25,011		$127,468		$   684,108		$63,988		$684,108

		7		$90,494		$0		$925		$0		$25,011		$116,430		$761,728		$57,094		$   936,803		$761,728		$107,506		$0		$1,098		$0		$25,011		$133,615		$   817,723		$67,828		$817,723

		8		$93,209		$0		$952		$0		$25,011		$119,172		$880,900		$58,807		$   1,080,986		$880,900		$113,956		$0		$1,164		$0		$25,011		$140,131		$   957,855		$71,897		$957,855

		9		$96,005		$0		$981		$0		$25,011		$121,997		$1,002,897		$60,572		$   1,227,994		$1,002,897		$120,794		$0		$1,234		$0		$25,011		$147,039		$   1,104,893		$76,211		$1,104,893

		10		$98,886		$0		$1,010		$0		$25,011		$124,907		$1,127,804		$62,389		$   1,377,911		$1,127,804		$128,041		$0		$1,308		$0		$25,011		$154,360		$   1,259,254		$80,784		$1,259,254

		11		$101,852		$0		$1,041		$0		$25,011		$127,903		$1,255,707		$64,260		$   1,530,826		$1,255,707		$135,724		$0		$1,387		$0		$25,011		$162,121		$   1,421,375		$85,631		$1,421,375

		12		$104,908		$0		$1,072		$0		$25,011		$130,990		$1,386,697		$66,188		$   1,686,827		$1,386,697		$143,867		$0		$1,470		$0		$25,011		$170,348		$   1,591,723		$90,769		$1,591,723

		13		$108,055		$0		$1,104		$0		$25,011		$134,170		$1,520,867		$68,174		$   1,846,007		$1,520,867		$143,867		$0		$1,558		$0		$25,011		$170,436		$   1,762,159		$90,769		$1,762,159

		14		$111,297		$0		$1,137		$0		$25,011		$137,444		$1,658,311		$70,219		$   2,008,462		$1,658,311		$143,867		$0		$1,652		$0		$25,011		$170,530		$   1,932,689		$90,769		$1,932,689

		15		$114,635		$0		$1,171		$0		$25,011		$140,817		$1,799,129		$72,326		$   2,174,291		$1,799,129		$143,867		$0		$1,751		$0		$25,011		$170,629		$   2,103,318		$90,769		$2,103,318

		16		$118,075		$0		$1,206		$0		$25,011		$144,292		$1,943,420		$74,495		$   2,343,593		$1,943,420		$143,867		$0		$1,751		$0		$25,011		$170,629		$   2,273,947		$90,769		$2,273,947

		17		$121,617		$0		$1,243		$0		$25,011		$147,870		$2,091,291		$76,730		$   2,516,474		$2,091,291		$143,867		$0		$1,751		$0		$25,011		$170,629		$   2,444,575		$90,769		$2,444,575

		18		$125,265		$0		$1,280		$0		$25,011		$151,556		$2,242,846		$79,032		$   2,693,040		$2,242,846		$143,867		$0		$1,751		$0		$25,011		$170,629		$   2,615,204		$90,769		$2,615,204

		19		$129,023		$0		$1,318		$0		$25,011		$155,352		$2,398,199		$81,403		$   2,873,403		$2,398,199		$143,867		$0		$1,751		$0		$25,011		$170,629		$   2,785,833		$90,769		$2,785,833

		20		$132,894		$0		$1,358		$0		$25,011		$159,262		$2,557,461		$83,845		$   3,057,677		$2,557,461		$143,867		$0		$1,751		$0		$25,011		$170,629		$   2,956,462		$90,769		$2,956,462



		Net Present Value		$2,036,439		$0		$20,806		$0		$500,216		$2,557,461								$24,843,127		$2,429,470		$0		$26,776		$0		$500,216		$2,956,462











NZReadyCF (plateau)

		Bennington Courthouse						Lump Sum		Net Zero Ready Building Cash flow														7-Feb-20

		Financial Projection



				Financial Assumptions										Costs/Savings								Additional $

				Interest Rate				5.0%		Not used				Increase building cost								$372,097.25

				Term				20		Not used				Oil  		costs, yr 1		- 0		(gallon)

				Inflation Rate				0.0%						Electric 		costs, yr 1		445,809		(kWh)

				Discount Rate				0.0%						Propane 		costs, yr 1		264		(gallon)

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, PV system, other advanced systems

						low		high		Present cost				Added maintenance costs:				$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)								2/24/13 11:42

				Propane		3.0%		6.0%		2.933 (gallon)

																		Re-run at $3.5/watt installed

																		100% pain factor (doubling)

		Cash flow and Present Value

				Net zero ready low fuel escalation																		Net zero ready high fuel escalation

				Low Energy Escalation Rates										cumulative						net-zero ready cash flow low fuel escalation 		High Energy Escalation Rates										cumulative		net-zero ready Cash flow  high fuel escalation

				Electricity 		Oil		Propane		Added		cost		cash flow						cumulative		Electricity 		Oil		Propane		Added		cost		cash flow		savings

				cost		cost		Costs		Maintenance				energy upgrade		SAVING		CASH FLOW		energy cost		Costs		Costs		Costs		Maintenance				energy upgrade		above code

		Year										$   (372,097)		($372,097)				($372,097)		$372,097										$   (372,097)		($372,097)		$372,097.25

		1		$75,788		$0		$774		$0		$76,562		($295,535)		$48,716		($295,535)		$448,659		$75,788		$0		$774		$0		$76,562		($295,535)		$448,659

		2		$78,061		$0		$798		$0		$78,859		($216,677)		$50,178		($216,677)		$527,518		$80,335		$0		$821		$0		$81,156		($214,380)		$529,815

		3		$80,403		$0		$821		$0		$81,224		($135,452)		$51,683		($135,452)		$608,742		$85,155		$0		$870		$0		$86,025		($128,355)		$615,840

		4		$82,815		$0		$846		$0		$83,661		($51,791)		$53,233		($51,791)		$692,403		$90,264		$0		$922		$0		$91,186		($37,169)		$707,026

		5		$85,300		$0		$871		$0		$86,171		$34,380		$54,830		$34,380		$778,574		$95,680		$0		$978		$0		$96,658		$   59,489		$803,683

		6		$87,859		$0		$898		$0		$88,756		$123,136		$56,475		$123,136		$867,331		$101,421		$0		$1,036		$0		$102,457		$   161,946		$906,140

		7		$90,494		$0		$925		$0		$91,419		$214,555		$58,170		$214,555		$958,749		$107,506		$0		$1,098		$0		$108,604		$   270,550		$1,014,745

		8		$93,209		$0		$952		$0		$94,161		$308,716		$59,915		$308,716		$1,052,911		$113,956		$0		$1,164		$0		$115,121		$   385,671		$1,129,866

		9		$96,005		$0		$981		$0		$96,986		$405,703		$61,712		$405,703		$1,149,897		$120,794		$0		$1,234		$0		$122,028		$   507,699		$1,251,894

		10		$98,886		$0		$1,010		$0		$99,896		$505,598		$63,564		$505,598		$1,249,793		$128,041		$0		$1,308		$0		$129,350		$   637,049		$1,381,243

		11		$101,852		$0		$1,041		$0		$102,893		$608,491		$65,470		$608,491		$1,352,686		$135,724		$0		$1,387		$0		$137,111		$   774,159		$1,518,354

		12		$104,908		$0		$1,072		$0		$105,979		$714,471		$67,435		$714,471		$1,458,665		$143,867		$0		$1,470		$0		$145,337		$   919,497		$1,663,691

		13		$108,055		$0		$1,104		$0		$109,159		$823,630		$69,458		$823,630		$1,567,824		$143,867		$0		$1,558		$0		$145,425		$   1,064,922		$1,809,116

		14		$111,297		$0		$1,137		$0		$112,434		$936,063		$71,541		$936,063		$1,680,258		$143,867		$0		$1,652		$0		$145,519		$   1,210,441		$1,954,635

		15		$114,635		$0		$1,171		$0		$115,807		$1,051,870		$73,688		$1,051,870		$1,796,064		$143,867		$0		$1,751		$0		$145,618		$   1,356,059		$2,100,253

		16		$118,075		$0		$1,206		$0		$119,281		$1,171,151		$75,898		$1,171,151		$1,915,345		$143,867		$0		$1,751		$0		$145,618		$   1,501,677		$2,245,871

		17		$121,617		$0		$1,243		$0		$122,859		$1,294,010		$78,175		$1,294,010		$2,038,204		$143,867		$0		$1,751		$0		$145,618		$   1,647,295		$2,391,489

		18		$125,265		$0		$1,280		$0		$126,545		$1,420,555		$80,520		$1,420,555		$2,164,750		$143,867		$0		$1,751		$0		$145,618		$   1,792,913		$2,537,107

		19		$129,023		$0		$1,318		$0		$130,341		$1,550,896		$82,936		$1,550,896		$2,295,091		$143,867		$0		$1,751		$0		$145,618		$   1,938,531		$2,682,725

		20		$132,894		$0		$1,358		$0		$134,252		$1,685,148		$85,424		$1,685,148		$2,429,343		$143,867		$0		$1,751		$0		$145,618		$   2,084,149		$2,828,343



		Net Present Value		$2,036,439		$0		$20,806		$0		$2,057,245								$27,404,905		$2,429,470		$0		$26,776		$0		$2,456,246











CodeBLDGcash flow (plateau)

		Bennington Courthouse								Code Building Cash Flow														7-Feb-20

		Financial Projection



				Financial Assumptions										Costs/Savings								Additional $

				Interest Rate				5.0%		Not used				Increase building cost								$0.00

				Term				20		Not used				Oil  		cost, yr 1		- 0		(gallon)

				Inflation Rate				0.0%						Electric 		cost, yr 1		727,078		(kWh)

				Discount Rate				0.0%						Propane 		cost, yr 1		571		(gallon)

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, PV system, other advanced systems

						low		high		Present cost				Added maintenance costs:				$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)								2/24/13 11:42

				Propane		3.0%		6.0%		2.933 (gallon)

																		Re-run at $3.5/watt installed

																		100% pain factor (doubling)

		Cash flow and Present Value

				Code cash flow low fuel escalation												Code Cash flow high fuel escalation

				Low Energy Escalation Rates										cumulative		High Energy Escalation Rates										cumulative

				Electtricity 		Oil		Propane		Added		cost		cash flow		Electtricity 		Oil		Propane		Added		costs		cash flow

				cost		cost		Costs		Maintenance						cost		cost		Costs		Maintenance

		Year										$   - 0		$   - 0										$   - 0		$   - 0

		1		$123,603		$0		$1,675		$0		$125,278		$   125,278		$123,603		$0		$1,675		$0		$125,278		$   125,278

		2		$127,311		$0		$1,725		$0		$129,036		$   254,314		$131,019		$0		$1,775		$0		$132,795		$   258,073

		3		$131,131		$0		$1,777		$0		$132,907		$   387,222		$138,881		$0		$1,882		$0		$140,762		$   398,835

		4		$135,065		$0		$1,830		$0		$136,895		$   524,116		$147,213		$0		$1,995		$0		$149,208		$   548,043

		5		$139,117		$0		$1,885		$0		$141,001		$   665,118		$156,046		$0		$2,114		$0		$158,161		$   706,204

		6		$143,290		$0		$1,941		$0		$145,232		$   810,349		$165,409		$0		$2,241		$0		$167,650		$   873,854

		7		$147,589		$0		$2,000		$0		$149,588		$   959,938		$175,334		$0		$2,376		$0		$177,709		$   1,051,563

		8		$152,016		$0		$2,060		$0		$154,076		$   1,114,014		$185,854		$0		$2,518		$0		$188,372		$   1,239,935

		9		$156,577		$0		$2,122		$0		$158,698		$   1,272,713		$197,005		$0		$2,669		$0		$199,674		$   1,439,609

		10		$161,274		$0		$2,185		$0		$163,459		$   1,436,172		$208,825		$0		$2,829		$0		$211,655		$   1,651,264

		11		$166,112		$0		$2,251		$0		$168,363		$   1,604,535		$221,355		$0		$2,999		$0		$224,354		$   1,875,617

		12		$171,096		$0		$2,318		$0		$173,414		$   1,777,949		$234,636		$0		$3,179		$0		$237,815		$   2,113,433

		13		$176,229		$0		$2,388		$0		$178,616		$   1,956,566		$234,636		$0		$3,370		$0		$238,006		$   2,351,438

		14		$181,516		$0		$2,459		$0		$183,975		$   2,140,541		$234,636		$0		$3,572		$0		$238,208		$   2,589,646

		15		$186,961		$0		$2,533		$0		$189,494		$   2,330,035		$234,636		$0		$3,786		$0		$238,422		$   2,828,069

		16		$192,570		$0		$2,609		$0		$195,179		$   2,525,214		$234,636		$0		$3,786		$0		$238,422		$   3,066,491

		17		$198,347		$0		$2,687		$0		$201,034		$   2,726,248		$234,636		$0		$3,786		$0		$238,422		$   3,304,913

		18		$204,297		$0		$2,768		$0		$207,065		$   2,933,314		$234,636		$0		$3,786		$0		$238,422		$   3,543,336

		19		$210,426		$0		$2,851		$0		$213,277		$   3,146,591		$234,636		$0		$3,786		$0		$238,422		$   3,781,758

		20		$216,739		$0		$2,937		$0		$219,676		$   3,366,267		$234,636		$0		$3,786		$0		$238,422		$   4,020,180



		Net Present Value		$3,321,266		$0		$45,001		$0		$3,366,267				$3,962,267		$0		$57,913		$0		$4,020,180









Code cash flow low fuel escalation	0	125278.00300000001	258072.68618000002	398835.05035080004	548043.15637184808	706203.74875415897	873853.97667940857	1051563.2182801731	1239935.0143769835	1439609.1182396025	1651263.6683339789	1875617.4914340177	2113432.5439200588	2351438.3461394487	2589646.3430761886	2828068.6664133193	3066490.98975045	3304913.3130875807	3543335.6364247114	3781757.9597618422	4020180.2830989729	Code Cash flow high fuel escalation	0	125278.00300000001	254314.34609000001	387221.77947269997	524116.43585688097	665117.93193258741	810349.47289056506	959937.96007728204	1114014.1018796004	1272712.5279359885	1436171.9067740683	1604535.0669772904	1777949.1219866092	1956565.5986462075	2140540.5696055936	2330034.7896937616	2525213.8363845744	2726248.2544761118	2933313.7051103953	3146591.1192637072	3366266.8558416185	NZBldg_low fuel escalation	106114.99462500002	215413.43908875002	327990.83688641252	443945.55661800492	563378.91794154514	686395.28010479151	813102.13313293527	943610.19175192341	1078033.4921294812	1216489.4915183657	1359099.1708889166	1505987.1406405843	1657281.7494848019	1813115.1965943461	1973623.6471171766	2138947.3511556918	2309230.7663153624	2484622.6839298233	2665276.3590727183	2851349.6444699001	NZBldg_high fuel escalation	106114.99462500002	219171.77917875006	339604.10776451259	467872.27713297203	604464.73476311669	749899.78389363503	904727.39133582637	1069531.1042493065	1244930.0824330952	1431581.2530782763	1630181.595345644	1841470.5625740341	2052154.4969780433	2262220.9700649413	2471657.5238367347	2680224.5045215678	2887895.8249268322	3094644.6152441404	3300443.1995708542	3505263.0717272554	Net zero ready low fuel escalation	-372097.25	-295535.408	-216676.71074000001	-135452.25256220001	-51791.06063906601	34379.967041762022	123136.12555301489	214554.96881960536	308716.37738419353	405702.62820571935	505598.46655189095	608491.18004844768	714470.67494990118	823629.55469839822	936063.20083935023	1051869.8563645307	1171150.7115554668	1294009.9924021307	1420555.0516741946	1550896.4627244205	1685148.116106153	Net zero ready high fuel escalation	-372097.25	-295535.408	-214379.85547999997	-128354.96980879994	-37168.590997327919	59488.970542832438	161945.9857754024	270550.42192192655	385671.12423724215	507699.06869147671	637048.68981296534	774159.28820174327	919496.52249384788	1064921.9493071507	1210440.8601929233	1356058.8641955142	1501676.8681981051	1647294.872200696	1792912.8762032869	1938530.8802058778	2084148.8842084687	



Graph_Cash Flow_code



Cash Outflow- Energy Savings (solar Plateau included)

net-zero ready cash flow low fuel escalation 	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	372097.25	448659.092	527517.78925999999	608742.24743780005	692403.43936093408	778574.46704176208	867330.62555301492	958749.46881960542	1052910.8773841937	1149897.1282057196	1249792.9665518913	1352685.680048448	1458665.1749499014	1567824.0546983986	1680257.7008393505	1796064.356364531	1915345.211555467	2038204.492402131	2164749.5516741951	2295090.9627244212	2429342.6161061539	net-zero ready Cash flow  high fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	372097.25	448659.092	529814.64451999997	615839.53019119997	707025.90900267195	803683.47054283228	906140.48577540228	1014744.9219219264	1129865.6242372422	1251893.5686914767	1381243.1898129655	1518353.7882017435	1663691.0224938481	1809116.4493071509	1954635.3601929238	2100253.3641955149	2245871.3681981061	2391489.3722006972	2537107.3762032883	2682725.3802058795	2828343.3842084706	Net-zero ready cash flow with financing low fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	101572.6219535954	205442.09916719078	311677.33729858615	420349.30917531555	531531.11680973903	645298.05527458736	761727.67849477322	880899.86701295676	1002896.8977880779	1127803.516087845	1255707.0095379972	1386697.2843930461	1520866.9440951385	1658311.3701896858	1799128.8056684618	1943420.4408129931	2091290.5016132526	2242846.3408389119	2398198.5318427333	2557460.9651780613	Net-zero ready cash flow with financing high fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	101572.6219535954	207738.95442719079	318774.62005198619	434971.77881705359	556640.12031080935	684107.91549697472	817723.13159709424	957854.61386600533	1104893.3382738354	1259253.7393489194	1421375.1176912927	1591723.1319369928	1762159.3387038908	1932689.0295432589	2103317.8134994451	2273946.5974556315	2444575.3814118179	2615204.1653680042	2785832.9493241906	2956461.733280377	Code cash flow low fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	125278.00300000001	254314.34609000001	387221.77947269997	524116.43585688097	665117.93193258741	810349.47289056506	959937.96007728204	1114014.1018796004	1272712.5279359885	1436171.9067740683	1604535.0669772904	1777949.1219866092	1956565.5986462075	2140540.5696055936	2330034.7896937616	2525213.8363845744	2726248.2544761118	2933313.7051103953	3146591.1192637072	3366266.8558416185	Code Cash flow high fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	125278.00300000001	258072.68618000002	398835.05035080004	548043.15637184808	706203.74875415897	873853.97667940857	1051563.2182801731	1239935.0143769835	1439609.1182396025	1651263.6683339789	1875617.4914340177	2113432.5439200588	2351438.3461394487	2589646.3430761886	2828068.6664133193	3066490.98975045	3304913.3130875807	3543335.6364247114	3781757.9597618422	4020180.2830989729	Years from project start



Cash Outflow - Energy Costs
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Cash Outflow- Energy Savings (solar Plateau included)

net-zero ready cash flow low fuel escalation 	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	372097.25	448659.092	527517.78925999999	608742.24743780005	692403.43936093408	778574.46704176208	867330.62555301492	958749.46881960542	1052910.8773841937	1149897.1282057196	1249792.9665518913	1352685.680048448	1458665.1749499014	1567824.0546983986	1680257.7008393505	1796064.356364531	1915345.211555467	2038204.492402131	2164749.5516741951	2295090.9627244212	2429342.6161061539	net-zero ready Cash flow  high fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	372097.25	448659.092	529814.64451999997	615839.53019119997	707025.90900267195	803683.47054283228	906140.48577540228	1014744.9219219264	1129865.6242372422	1251893.5686914767	1381243.1898129655	1518353.7882017435	1663691.0224938481	1809116.4493071509	1954635.3601929238	2100253.3641955149	2245871.3681981061	2391489.3722006972	2537107.3762032883	2682725.3802058795	2828343.3842084706	Net-zero ready cash flow with financing low fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	101572.6219535954	205442.09916719078	311677.33729858615	420349.30917531555	531531.11680973903	645298.05527458736	761727.67849477322	880899.86701295676	1002896.8977880779	1127803.516087845	1255707.0095379972	1386697.2843930461	1520866.9440951385	1658311.3701896858	1799128.8056684618	1943420.4408129931	2091290.5016132526	2242846.3408389119	2398198.5318427333	2557460.9651780613	Net-zero ready cash flow with financing high fuel escalation	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	101572.6219535954	207738.95442719079	318774.62005198619	434971.77881705359	556640.12031080935	684107.91549697472	817723.13159709424	957854.61386600533	1104893.3382738354	1259253.7393489194	1421375.1176912927	1591723.1319369928	1762159.3387038908	1932689.0295432589	2103317.8134994451	2273946.5974556315	2444575.3814118179	2615204.1653680042	2785832.9493241906	2956461.733280377	Years from project start



Cash Outflow - Energy Costs



existing_cash flow (plateau)

		Bennington Courthouse								Existing Building Cash Flow														7-Feb-20

		Financial Projection



				Financial Assumptions										Costs/Savings								Additional $

				Interest Rate				5.0%		Not used				Increase building cost								$0.00

				Term				20		Not used				Oil  		cost, yr 1		30,000		(gallon)

				Inflation Rate				0.0%						Electric 		cost, yr 1		960,000		(kWh)

				Discount Rate				0.0%						Propane 		cost, yr 1		0		(gallon)

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, PV system, other advanced systems

						low		high		Present cost				Added maintenance costs:				$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)								2/24/13 11:42

				Propane		3.0%		6.0%		2.933 (gallon)

																		Re-run at $3.5/watt installed

																		100% pain factor (doubling)

		Cash flow and Present Value

				Existing cash flow low fuel escalation												Existing Cash flow high fuel escalation

				Low Energy Escalation Rates										cumulative		High Energy Escalation Rates										cumulative

				Electtricity 		Oil		Propane		Added		cost		cash flow		Electtricity 		Oil		Propane		Added		costs		cash flow

				cost		cost		Costs		Maintenance						cost		cost		Costs		Maintenance

		Year										$   - 0		$   - 0										$   - 0		$   - 0

		1		$163,200		$104,910		$0		$0		$268,110		$   268,110		$163,200		$104,910		$0		$0		$268,110		$   268,110

		2		$168,096		$108,057		$0		$0		$276,153		$   544,263		$172,992		$111,205		$0		$0		$284,197		$   552,307

		3		$173,139		$111,299		$0		$0		$284,438		$   828,701		$183,372		$117,877		$0		$0		$301,248		$   853,555

		4		$178,333		$114,638		$0		$0		$292,971		$   1,121,672		$194,374		$124,949		$0		$0		$319,323		$   1,172,878

		5		$183,683		$118,077		$0		$0		$301,760		$   1,423,432		$206,036		$132,446		$0		$0		$338,483		$   1,511,361

		6		$189,194		$121,619		$0		$0		$310,813		$   1,734,245		$218,398		$140,393		$0		$0		$358,792		$   1,870,153

		7		$194,869		$125,268		$0		$0		$320,137		$   2,054,383		$231,502		$148,817		$0		$0		$380,319		$   2,250,472

		8		$200,715		$129,026		$0		$0		$329,741		$   2,384,124		$245,392		$157,746		$0		$0		$403,138		$   2,653,610

		9		$206,737		$132,897		$0		$0		$339,634		$   2,723,758		$260,116		$167,211		$0		$0		$427,327		$   3,080,937

		10		$212,939		$136,884		$0		$0		$349,823		$   3,073,581		$275,723		$177,243		$0		$0		$452,966		$   3,533,903

		11		$219,327		$140,990		$0		$0		$360,317		$   3,433,898		$292,266		$187,878		$0		$0		$480,144		$   4,014,047

		12		$225,907		$145,220		$0		$0		$371,127		$   3,805,025		$309,802		$199,151		$0		$0		$508,953		$   4,523,000

		13		$232,684		$149,577		$0		$0		$382,261		$   4,187,286		$309,802		$199,151		$0		$0		$508,953		$   5,031,953

		14		$239,665		$154,064		$0		$0		$393,729		$   4,581,014		$309,802		$199,151		$0		$0		$508,953		$   5,540,906

		15		$246,855		$158,686		$0		$0		$405,540		$   4,986,555		$309,802		$199,151		$0		$0		$508,953		$   6,049,858

		16		$254,260		$163,446		$0		$0		$417,707		$   5,404,261		$309,802		$199,151		$0		$0		$508,953		$   6,558,811

		17		$261,888		$168,350		$0		$0		$430,238		$   5,834,499		$309,802		$199,151		$0		$0		$508,953		$   7,067,764

		18		$269,745		$173,400		$0		$0		$443,145		$   6,277,644		$309,802		$199,151		$0		$0		$508,953		$   7,576,717

		19		$277,837		$178,602		$0		$0		$456,439		$   6,734,084		$309,802		$199,151		$0		$0		$508,953		$   8,085,670

		20		$286,172		$183,960		$0		$0		$470,133		$   7,204,216		$309,802		$199,151		$0		$0		$508,953		$   8,594,623



		Net Present Value		$4,385,245		$2,818,971		$0		$0		$7,204,216				$5,231,593		$3,363,030		$0		$0		$8,594,623











NZcash flow finance (plateau)

		Bennington Courthouse								Net Zero Ready Building Cash flow with financing																7-Feb-20

		Financial Projection

																										*assumes 20 year bond duration

				Financial Assumptions										Costs/Savings										Additional $		interest rate of bond						2/24/13 11:42

				Interest Rate				5.0%		Not used				Increase building cost										$   372,097		3%

				Term				20		Not used				Oil  		costs, yr 1				- 0		(gallon)								see solar needed tab>>		Re-run at $3.5/watt installed

				Inflation Rate				0.0%						Electric 		costs, yr 1				- 0		(kWh)										100% pain factor (doubling)

				Discount Rate				0.0%						Propane 		costs, yr 1				0		(gallon)

				Oil  		cost / 1st yr		$3.50		(gallon)

				Electric 		cost / 1st yr		$0.17		(kWh)

				Energy Escalation Rates (above inflation)										Wood pellet fired boiler, PV system, other advanced systems

						low		high		Present cost				Added maintenance costs:						$0		per year

				Fuel Oil 		3.0%		6.0%		3.497 (gallon)

				Wood Pellets		1.0%		5.0%		  $190/ton

				Electricity		3.0%		6.0%		0.17 (kWh)

				Propane		3.0%		6.0%		2.933 (gallon)

		Cash flow and Present Value

				Net zero low fuel escalation												savings net-zero above net-zero ready low fuel escalation		savings net-zero above code low fuel escalation		Net zero high fuel escalation												savings net-zero above net-zero ready high fuel escalation		savings net-zero above code high fuel escalation

				Low Energy Escalation Rates										cumulative						High Energy Escalation Rates										cumulative

				Electricity 		Oil		Propane		Added		Financing cost		cash flow						Electricity 		Oil		Propane		Added		cost		cash flow

				cost		cost		Costs		Maintenance		Bond payment		Bond payment - energy savings						Costs		Costs		Costs		Maintenance		Bond Payment		Bond payment - energy savings

		Year										$   18,605				$   - 0		$0										$   18,605				$   - 0		$0

		1		$0		$0		$0		$0		$19,163		$   106,115		$76,562		$125,278		$0		$0		$0		$0		$19,163		$   106,115		$76,562		$125,278

		2		$0		$0		$0		$0		$19,738		$   215,413		$155,421		$379,592		$0		$0		$0		$0		$19,738		$   219,172		$157,717		$383,351

		3		$0		$0		$0		$0		$20,330		$   327,991		$236,645		$766,814		$0		$0		$0		$0		$20,330		$   339,604		$243,742		$782,186

		4		$0		$0		$0		$0		$20,940		$   443,946		$320,306		$1,290,931		$0		$0		$0		$0		$20,940		$   467,872		$334,929		$1,330,229

		5		$0		$0		$0		$0		$21,568		$   563,379		$406,477		$   1,956,048		$0		$0		$0		$0		$21,568		$   604,465		$431,586		$   2,036,433

		6		$0		$0		$0		$0		$22,215		$   686,395		$495,233		$   2,766,398		$0		$0		$0		$0		$22,215		$   749,900		$534,043		$   2,910,287

		7		$0		$0		$0		$0		$22,882		$   813,102		$586,652		$   3,726,336		$0		$0		$0		$0		$22,882		$   904,727		$642,648		$   3,961,850

		8		$0		$0		$0		$0		$23,568		$   943,610		$680,814		$   4,840,350		$0		$0		$0		$0		$23,568		$   1,069,531		$757,768		$   5,201,785

		9		$0		$0		$0		$0		$24,275		$   1,078,033		$777,800		$   6,113,063		$0		$0		$0		$0		$24,275		$   1,244,930		$879,796		$   6,641,394

		10		$0		$0		$0		$0		$25,003		$   1,216,489		$877,696		$   7,549,234		$0		$0		$0		$0		$25,003		$   1,431,581		$1,009,146		$   8,292,658

		11		$0		$0		$0		$0		$25,753		$   1,359,099		$980,588		$   9,153,770		$0		$0		$0		$0		$25,753		$   1,630,182		$1,146,257		$   10,168,275

		12		$0		$0		$0		$0		$26,526		$   1,505,987		$1,086,568		$   10,931,719		$0		$0		$0		$0		$26,526		$   1,841,471		$1,291,594		$   12,281,708

		13		$0		$0		$0		$0		$27,322		$   1,657,282		$1,195,727		$   12,888,284		$0		$0		$0		$0		$27,322		$   2,052,154		$1,437,019		$   14,633,146

		14		$0		$0		$0		$0		$28,142		$   1,813,115		$1,308,160		$   15,028,825		$0		$0		$0		$0		$28,142		$   2,262,221		$1,582,538		$   17,222,792

		15		$0		$0		$0		$0		$28,986		$   1,973,624		$1,423,967		$   17,358,860		$0		$0		$0		$0		$28,986		$   2,471,658		$1,728,156		$   20,050,861

		16		$0		$0		$0		$0		$29,855		$   2,138,947		$1,543,248		$   19,884,073		$0		$0		$0		$0		$29,855		$   2,680,225		$1,873,774		$   23,117,352

		17		$0		$0		$0		$0		$30,751		$   2,309,231		$1,666,107		$   22,610,322		$0		$0		$0		$0		$30,751		$   2,887,896		$2,019,392		$   26,422,265

		18		$0		$0		$0		$0		$31,674		$   2,484,623		$1,792,652		$   25,543,635		$0		$0		$0		$0		$31,674		$   3,094,645		$2,165,010		$   29,965,601

		19		$0		$0		$0		$0		$32,624		$   2,665,276		$1,922,994		$   28,690,227		$0		$0		$0		$0		$32,624		$   3,300,443		$2,310,628		$   33,747,359

		20		$0		$0		$0		$0		$33,602		$   2,851,350		$2,057,245		$   32,056,493		$0		$0		$0		$0		$33,602		$   3,505,263		$2,456,246		$   37,767,539

		Net Present Value		$0		$0		$0		$0		$   533,522								$0		$0		$0		$0		$0









Low Energy Escalation Rates	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	106114.99462500002	215413.43908875002	327990.83688641252	443945.55661800492	563378.91794154514	686395.28010479151	813102.13313293527	943610.19175192341	1078033.4921294812	1216489.4915183657	1359099.1708889166	1505987.1406405843	1657281.7494848019	1813115.1965943461	1973623.6471171766	2138947.3511556918	2309230.7663153624	2484622.6839298233	2665276.3590727183	2851349.6444699001	High Energy Escalation Rates	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	106114.99462500002	219171.77917875006	339604.10776451259	467872.27713297203	604464.73476311669	749899.78389363503	904727.39133582637	1069531.1042493065	1244930.0824330952	1431581.2530782763	1630181.595345644	1841470.5625740341	2052154.4969780433	2262220.9700649413	2471657.5238367347	2680224.5045215678	2887895.8249268322	3094644.6152441404	3300443.1995708542	3505263.0717272554	



Net Zero Supports Public School Bond Votes 
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Net Zero sustains affordable housing 
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4. Net zero is possible. Cost of PV’s comes way 
down, changing the limits of energy saving 
investments. 



15 year payback 



5.Continuous and 
Airtight Insulation 
is the most cost 
effective energy 
saving measure. 
(Requiring New 
Construction 
Detailing) 



6. Importance of 
the emergence 
of  critical 
building science- 
not only 
understanding  
the underlying 
science  of 
failures, but 
sharing the 
information 
 



7. With more efficient equipment, and the 
potential to send green energy over the electric 
lines, suddenly electric is no longer evil 



Electric heating is 
no longer a “crazy” 
option 

Vermont Fuel Report, 2016 



Public Domain 

8. Net Zero: Fuel Mileage for Buildings? 
 

Energy Use Intensity (EUI) 
Photo by Reinraum Photo by  Bull-Doser / public domain 
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R-
40

 

R-20 

R-5 
Windows 

SITE 10-25 EUI kBTU/sf 
*without process loads 

0.1 cfm/sf 
above grade 
surface area@ 
50 Pascals 

Net Zero Building Metrics 

Performance Metrics Prescriptive Metrics 

Net Zero/Positive 
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Blower Door Testing for reliable results 

Passive House (PHIUS +2018) air sealing requirements  

0.06 cfm50/sf gross envelope 

13 completed Maclay Architects’ Projects 

0.02-0.06 cfm50/sf gross envelope 
 



Envelope and MEP Commissioning 



LIVING  
BUILDING  
CHALLENGE 

9. Certifications Accelerate the Process 



10. Thinking affects outcomes 

The four-color, four-quadrant graphic and Whole Brain® are registered trademarks of 
Herrmann Global, LLC. © 1985-2017 Herrmann Global, LLC. Whole Brain Thinking 

Logic 
Invention 

Mammalian Brain 
Emotions 

Reptilian 
Brain 
Survival 
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MONEY = SURVIVAL 

95 



Paradigm Shift 

CASH 
FLOW 

PAYBACK 



Increased 
consciousnes
s of global 
warming 
impacts of 
building 
materials vs 
energy use 
over time 



Town of Wellesley Town Office Annex 



“Negative results are just what I want. They’re just as valuable to me as 
positive results. I can never find the thing that does the job best until I 
find the ones that don’t.” 
― Thomas A. Edison  



What was the 
most beneficial 
aspect of being 
involved in the 
design and 
construction of 
the  innovative 
projects 40-50 
years ago? 
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