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The Cold-Climate Zero Energy Problem
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Zero Energy construction is defined by a mix of |
efficiency and renewable generation, so that -
annual primary/source energy use is offset by

on-site production.

In cold climates:
* Very cold weather = High heating load

* High heating load = Efficiency gets expensive

* Lower solar resource = PV economics are
worse

* High solar generation in summer (poorly
aligned with winter energy demands) =
energy storage is not economically feasible

Key research question: Can geothermal resources cost-effectively support the
energy needs (electric and thermal) of a cold-climate community? If so, what

are the governing parameters—and technoeconomic limitations which could
be overcome—to enable this market for geothermal?
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All-Electric Load and Supply Diagram
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Electric + Thermal Supply and Load Diagram
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Research Process
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Suburban Community Design

Building Retail Strip Mall 1 Retail Strip Mall 2 Retail + Restaurant Retail Standalone Commercial
Area/Building (f2) 5,000 10,000 10,000 10,000 * 7 building archetypes
Count 1 1 1 1 (retall, fOOd, OffICE)
—_ |Area% 1.4% 2.9% 2.9% 2.9% Started with pre-built
'S |Electric Load (MWh/yr) 47.83 101.53 459.89 95.07 models from a NZE
% Electric Load % 1.8% 3.8% 17.4% 3.6% community cu rrently
5 in construction in
Denver, CO (climate
zone 5b)
Residential
* 5 building archetypes
Building Large Home Mid-Sized Home Small Home Duplex Townhome (deta_Che(_j' attaChed'
YA multifamily)
Area/Building (ft 3,024 2,016 1,020 2,040 9,000 . .
o & Starting point: IECC
unt 30 30 30 20 10
_ |Area% 26.1% 17.4% 8.8% 11.7% 25.9% 2012 — adopted code
= |Electric Load (MWh/yr) 425.36 389.95 291.63 330.38 499.27 in Idaho
S |Electric Load % 16.1% 14.8% 11.0% 12.5% 18.9% Optimized with
& BEopt to determine
net-zero energy
buildings’ energy
demand
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Suburban



								Descriptor		Name		id		Units/bldg		Buildings		Units		sqft/unit		sqft/building		Total Area		Residential Area [ft2]

						Residential		Small Det		na		na		1		30		30		1020		1020		30600		312,600		Total Area [ft2]

								Mid Det		na		na		1		30		30		2016		2016		60480				347,600

								Large Det		na		na		1		30		30		3024		3024		90720

								Townhome		na		na		5		10		50		1800		9000		90000		Residential Units

								Duplex		na		na		2		20		40		1020		2040		40800		180		Total Units

				~ Grocery store		Commercial		Standalone retail		Block_51_Retail_stand_alone__2020		5bca56266086124b76a7651e		1		1		1		10000		10,000		10,000		Commercial Area [ft2]		184

				~ Clubhouse/coffee				Strip mall		Block_11_Retail_strip_mall__2018		5bca56266086124b76a7656a		1		1		1		10000		10,000		10,000		35,000		Res:Com (by area)

				~ Retail shopping				Strip mall		Block_5_Retail_strip_mall__2019		5bca56266086124b76a76566		1		1		1		5000		5,000		5,000				8.93

				~ Food place				Food Service		Block_48_Retail_quick_service_restaurant_1_of_2_2019		5bca56266086124b76a76514		1		1		1		10000		10,000		10,000		Commercial Units

																										4





																				Res:Com (Area)		8.9314285714



										Electric [MWh]		Gas [MCF]

						Pocatello		Residential		200,083		929,701

								Commercial		111,426		395,758

								Ratio		1.7957		2.3492

						Cohorts		Residential		227,391		1,717,000

								Commercial		252,041		991,913

								Ratio		0.9022		1.7310

						Chubbuck		Residential		51,912		235,763

								Commercial		29,018		56,515

								Ratio		1.7890		4.1717

						Boise		Residential		822,698		4,458,800

								Commercial		853,909		2,559,700						Commercial (mmkWh)

								Ratio		0.9634		1.7419						6,543,000

						Idaho		Residential		6,905,000								Residential (mmkWh)

								Commercial		6,543,000								6,905,000

								Ratio		1.0553								1.0553

						Average				1.4956		2.7506

						*Iterate through using the gas + electric homes to find the right ratio, otherwise residential electric will be really high





Pena Station (Urban)



								Descriptor		Name		id		Buildings		Units/bldg		Units		sqft/unit		sqft/building		Total Area		Residential Area [ft2]

						Residential		Small Det		na		na		0		1		0		1020		1020		0		798,480		Total Area [ft2]

								Mid Det		na		na		0		1		0		2016		2016		0				1,503,480

								Large		na		na		0		1		0		3024		3024		0

								Townhome		na		na		18		5		90		1800		9000		162000		Residential Units

								Multifamily		na		na		26		24		624		1020		24480		636480

								Duplex		na		na		0		2		0		1020		2040		0		714		Total Units

				~ Grocery store		Commercial		Standalone retail		Block_51_Retail_stand_alone__2020		5bca56266086124b76a7651e		2		1		2		10000		10,000		20,000		Commercial Area [ft2]		734

				~ Clubhouse/coffee				Strip mall		Block_11_Retail_strip_mall__2018		5bca56266086124b76a7656a		2		1		2		10000		10,000		20,000		705,000		Res:Com (by area)

				~ Retail shopping				Strip mall		Block_5_Retail_strip_mall__2019		5bca56266086124b76a76566		3		1		3		5000		5,000		15,000				1.13

				~ Food place				Food Service		Block_48_Retail_quick_service_restaurant_1_of_2_2019		5bca56266086124b76a76514		3		1		3		10000		10,000		30,000		Commercial Units

				~ Large Office				Office		Block_30_Office_2_of_2_2019		5bca56256086124b76a764b3		4		1		4		40000		40,000		160,000		20		MF:Office (by area)

				~ Mid Office				Office		Block_3_Office__2020		5bca56256086124b76a7650a		4		1		4		65000		65,000		260,000				1.29

								Office		Block_7_Office_1_of_2_2022		5bca56256086124b76a764ff		2		1		2		100000		100,000		200,000







														Pena		Our Com		Diff		Pena Norm		Our Com Norm		Diff

												MF Area [ft2]		2,548,200		636,480		1,911,720		0.44		0.42		0.01

												SF Area [ft2]		624,000		162,000		462,000		0.11		0.11		-0.00

												Office Area [ft2]		1,685,000		620,000		1,065,000		0.29		0.41		-0.12

												Com Area [ft2]		2,668,100		705,000		1,963,100		0.46		0.47		-0.01

												MF:Office area		1.51		1.29		0.22

												MF:SF area		4.08		3.93		0.15

												Res:Com area		1.19		1.13		0.06

												Total [ft2]		5,840,300		1,503,480		4,336,820





IDF Edits

				Gas WH		.82 Gas Eff				Electric - .95





Table-Com

				Commercial		Building		Retail Strip Mall 1		Retail Strip Mall 2		Retail + Restaurant		Retail Standalone

						Area/Building (ft²)		5,000		10,000		10,000		10,000

						Count		1		1		1		1						Com		5000		10000		10000		10000

						Area %		1.4%		2.9%		2.9%		2.9%						Res		90720		60480		30600		40800		90000

						Electric Load (MWh/yr)		47.83		101.53		459.89		95.07

						Electric Load %		1.8%		3.8%		17.4%		3.6%						Tot		347600







																				Elec Tot		2640.91







				Residential		Building		Large Home		Mid-Sized Home		Small Home		Duplex		Townhome

						Area/Building (ft²)		3,024		2,016		1,020		2,040		9,000

						Count		30		30		30		20		10

						Area %		26.1%		17.4%		8.8%		11.7%		25.9%

						Electric Load (MWh/yr)		425.36		389.95		291.63		330.38		499.27

						Electric Load %		16.1%		14.8%		11.0%		12.5%		18.9%













Table-Res

				Residential		Building		Large Home		Mid-Sized Home		Small Home		Duplex		Townhome

						Community		Urban

						Area/Building (ft²)		3,024		2,016		1,020		2,040		9,000

						Count		30		30		30		20		10

						Area %		26.1%		17.4%		8.8%		11.7%		25.9%

						Electric Load (MWh/yr)		425.36		389.95		291.63		330.38		499.27

						Electric Load %		16.1%		14.8%		11.0%		12.5%		18.9%













U vs SU

						Retail Strip Malls		Retail Standalone		Retail + Restaurant		Single-Family Detached		Single-Family Attached		Multifamily Apartment Units

				Suburban		2

				Urban		4
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Suburban



								Descriptor		Name		id		Units/bldg		Buildings		Units		sqft/unit		sqft/building		Total Area		Residential Area [ft2]

						Residential		Small Det		na		na		1		30		30		1020		1020		30600		312,600		Total Area [ft2]

								Mid Det		na		na		1		30		30		2016		2016		60480				347,600

								Large Det		na		na		1		30		30		3024		3024		90720

								Townhome		na		na		5		10		50		1800		9000		90000		Residential Units

								Duplex		na		na		2		20		40		1020		2040		40800		180		Total Units

				~ Grocery store		Commercial		Standalone retail		Block_51_Retail_stand_alone__2020		5bca56266086124b76a7651e		1		1		1		10000		10,000		10,000		Commercial Area [ft2]		184

				~ Clubhouse/coffee				Strip mall		Block_11_Retail_strip_mall__2018		5bca56266086124b76a7656a		1		1		1		10000		10,000		10,000		35,000		Res:Com (by area)

				~ Retail shopping				Strip mall		Block_5_Retail_strip_mall__2019		5bca56266086124b76a76566		1		1		1		5000		5,000		5,000				8.93

				~ Food place				Food Service		Block_48_Retail_quick_service_restaurant_1_of_2_2019		5bca56266086124b76a76514		1		1		1		10000		10,000		10,000		Commercial Units

																										4





																				Res:Com (Area)		8.9314285714



										Electric [MWh]		Gas [MCF]

						Pocatello		Residential		200,083		929,701

								Commercial		111,426		395,758

								Ratio		1.7957		2.3492

						Cohorts		Residential		227,391		1,717,000

								Commercial		252,041		991,913

								Ratio		0.9022		1.7310

						Chubbuck		Residential		51,912		235,763

								Commercial		29,018		56,515

								Ratio		1.7890		4.1717

						Boise		Residential		822,698		4,458,800

								Commercial		853,909		2,559,700						Commercial (mmkWh)

								Ratio		0.9634		1.7419						6,543,000

						Idaho		Residential		6,905,000								Residential (mmkWh)

								Commercial		6,543,000								6,905,000

								Ratio		1.0553								1.0553

						Average				1.4956		2.7506

						*Iterate through using the gas + electric homes to find the right ratio, otherwise residential electric will be really high





Pena Station (Urban)



								Descriptor		Name		id		Buildings		Units/bldg		Units		sqft/unit		sqft/building		Total Area		Residential Area [ft2]

						Residential		Small Det		na		na		0		1		0		1020		1020		0		798,480		Total Area [ft2]

								Mid Det		na		na		0		1		0		2016		2016		0				1,503,480

								Large		na		na		0		1		0		3024		3024		0

								Townhome		na		na		18		5		90		1800		9000		162000		Residential Units

								Multifamily		na		na		26		24		624		1020		24480		636480

								Duplex		na		na		0		2		0		1020		2040		0		714		Total Units

				~ Grocery store		Commercial		Standalone retail		Block_51_Retail_stand_alone__2020		5bca56266086124b76a7651e		2		1		2		10000		10,000		20,000		Commercial Area [ft2]		734

				~ Clubhouse/coffee				Strip mall		Block_11_Retail_strip_mall__2018		5bca56266086124b76a7656a		2		1		2		10000		10,000		20,000		705,000		Res:Com (by area)

				~ Retail shopping				Strip mall		Block_5_Retail_strip_mall__2019		5bca56266086124b76a76566		3		1		3		5000		5,000		15,000				1.13

				~ Food place				Food Service		Block_48_Retail_quick_service_restaurant_1_of_2_2019		5bca56266086124b76a76514		3		1		3		10000		10,000		30,000		Commercial Units

				~ Large Office				Office		Block_30_Office_2_of_2_2019		5bca56256086124b76a764b3		4		1		4		40000		40,000		160,000		20		MF:Office (by area)

				~ Mid Office				Office		Block_3_Office__2020		5bca56256086124b76a7650a		4		1		4		65000		65,000		260,000				1.29

								Office		Block_7_Office_1_of_2_2022		5bca56256086124b76a764ff		2		1		2		100000		100,000		200,000







														Pena		Our Com		Diff		Pena Norm		Our Com Norm		Diff

												MF Area [ft2]		2,548,200		636,480		1,911,720		0.44		0.42		0.01

												SF Area [ft2]		624,000		162,000		462,000		0.11		0.11		-0.00

												Office Area [ft2]		1,685,000		620,000		1,065,000		0.29		0.41		-0.12

												Com Area [ft2]		2,668,100		705,000		1,963,100		0.46		0.47		-0.01

												MF:Office area		1.51		1.29		0.22

												MF:SF area		4.08		3.93		0.15

												Res:Com area		1.19		1.13		0.06

												Total [ft2]		5,840,300		1,503,480		4,336,820





IDF Edits

				Gas WH		.82 Gas Eff				Electric - .95





Table-Com

				Commercial		Building		Retail Strip Mall 1		Retail Strip Mall 2		Retail + Restaurant		Retail Standalone

						Area/Building (ft²)		5,000		10,000		10,000		10,000

						Count		1		1		1		1						Com		5000		10000		10000		10000

						Area %		1.4%		2.9%		2.9%		2.9%						Res		90720		60480		30600		40800		90000

						Electric Load (MWh/yr)		47.83		101.53		459.89		95.07

						Electric Load %		1.8%		3.8%		17.4%		3.6%						Tot		347600







																				Elec Tot		2640.91







				Residential		Building		Large Home		Mid-Sized Home		Small Home		Duplex		Townhome

						Area/Building (ft²)		3,024		2,016		1,020		2,040		9,000

						Count		30		30		30		20		10

						Area %		26.1%		17.4%		8.8%		11.7%		25.9%

						Electric Load (MWh/yr)		425.36		389.95		291.63		330.38		499.27

						Electric Load %		16.1%		14.8%		11.0%		12.5%		18.9%













Table-Res

				Residential		Building		Large Home		Mid-Sized Home		Small Home		Duplex		Townhome

						Area/Building (ft²)		3,024		2,016		1,020		2,040		9,000

						Count		30		30		30		20		10

						Area %		26.1%		17.4%		8.8%		11.7%		25.9%

						Electric Load (MWh/yr)		425.36		389.95		291.63		330.38		499.27

						Electric Load %		16.1%		14.8%		11.0%		12.5%		18.9%













U vs SU

						Retail Strip Malls		Retail Standalone		Retail + Restaurant		Single-Family Detached		Single-Family Attached		Multifamily Apartment Units

				Suburban		2

				Urban		4
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Suburban vs Urban Communities
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Suburban



								Descriptor		Name		id		Units/bldg		Buildings		Units		sqft/unit		sqft/building		Total Area		Residential Area [ft2]

						Residential		Small Det		na		na		1		30		30		1020		1020		30600		312,600		Total Area [ft2]

								Mid Det		na		na		1		30		30		2016		2016		60480				347,600

								Large Det		na		na		1		30		30		3024		3024		90720

								Townhome		na		na		5		10		50		1800		9000		90000		Residential Units

								Duplex		na		na		2		20		40		1020		2040		40800		180		Total Units

				~ Grocery store		Commercial		Standalone retail		Block_51_Retail_stand_alone__2020		5bca56266086124b76a7651e		1		1		1		10000		10,000		10,000		Commercial Area [ft2]		184

				~ Clubhouse/coffee				Strip mall		Block_11_Retail_strip_mall__2018		5bca56266086124b76a7656a		1		1		1		10000		10,000		10,000		35,000		Res:Com (by area)

				~ Retail shopping				Strip mall		Block_5_Retail_strip_mall__2019		5bca56266086124b76a76566		1		1		1		5000		5,000		5,000				8.93

				~ Food place				Food Service		Block_48_Retail_quick_service_restaurant_1_of_2_2019		5bca56266086124b76a76514		1		1		1		10000		10,000		10,000		Commercial Units

																										4





																				Res:Com (Area)		8.9314285714



										Electric [MWh]		Gas [MCF]

						Pocatello		Residential		200,083		929,701

								Commercial		111,426		395,758

								Ratio		1.7957		2.3492

						Cohorts		Residential		227,391		1,717,000

								Commercial		252,041		991,913

								Ratio		0.9022		1.7310

						Chubbuck		Residential		51,912		235,763

								Commercial		29,018		56,515

								Ratio		1.7890		4.1717

						Boise		Residential		822,698		4,458,800

								Commercial		853,909		2,559,700						Commercial (mmkWh)

								Ratio		0.9634		1.7419						6,543,000

						Idaho		Residential		6,905,000								Residential (mmkWh)

								Commercial		6,543,000								6,905,000

								Ratio		1.0553								1.0553

						Average				1.4956		2.7506

						*Iterate through using the gas + electric homes to find the right ratio, otherwise residential electric will be really high





Pena Station (Urban)



								Descriptor		Name		id		Buildings		Units/bldg		Units		sqft/unit		sqft/building		Total Area		Residential Area [ft2]

						Residential		Small Det		na		na		0		1		0		1020		1020		0		798,480		Total Area [ft2]

								Mid Det		na		na		0		1		0		2016		2016		0				1,503,480

								Large		na		na		0		1		0		3024		3024		0

								Townhome		na		na		18		5		90		1800		9000		162000		Residential Units

								Multifamily		na		na		26		24		624		1020		24480		636480

								Duplex		na		na		0		2		0		1020		2040		0		714		Total Units

				~ Grocery store		Commercial		Standalone retail		Block_51_Retail_stand_alone__2020		5bca56266086124b76a7651e		2		1		2		10000		10,000		20,000		Commercial Area [ft2]		734

				~ Clubhouse/coffee				Strip mall		Block_11_Retail_strip_mall__2018		5bca56266086124b76a7656a		2		1		2		10000		10,000		20,000		705,000		Res:Com (by area)

				~ Retail shopping				Strip mall		Block_5_Retail_strip_mall__2019		5bca56266086124b76a76566		3		1		3		5000		5,000		15,000				1.13

				~ Food place				Food Service		Block_48_Retail_quick_service_restaurant_1_of_2_2019		5bca56266086124b76a76514		3		1		3		10000		10,000		30,000		Commercial Units

				~ Large Office				Office		Block_30_Office_2_of_2_2019		5bca56256086124b76a764b3		4		1		4		40000		40,000		160,000		20		MF:Office (by area)

				~ Mid Office				Office		Block_3_Office__2020		5bca56256086124b76a7650a		4		1		4		65000		65,000		260,000				1.29

								Office		Block_7_Office_1_of_2_2022		5bca56256086124b76a764ff		2		1		2		100000		100,000		200,000







														Pena		Our Com		Diff		Pena Norm		Our Com Norm		Diff

												MF Area [ft2]		2,548,200		636,480		1,911,720		0.44		0.42		0.01

												SF Area [ft2]		624,000		162,000		462,000		0.11		0.11		-0.00

												Office Area [ft2]		1,685,000		620,000		1,065,000		0.29		0.41		-0.12

												Com Area [ft2]		2,668,100		705,000		1,963,100		0.46		0.47		-0.01

												MF:Office area		1.51		1.29		0.22

												MF:SF area		4.08		3.93		0.15

												Res:Com area		1.19		1.13		0.06

												Total [ft2]		5,840,300		1,503,480		4,336,820





Table-Com

				Commercial		Building		Retail Strip Mall 1		Retail Strip Mall 2		Retail + Restaurant		Retail Standalone

						Area/Building (ft²)		5,000		10,000		10,000		10,000

						Count		1		1		1		1						Com		5000		10000		10000		10000

						Area %		1.4%		2.9%		2.9%		2.9%						Res		90720		60480		30600		40800		90000

						Electric Load (MWh/yr)		47.83		101.53		459.89		95.07

						Electric Load %		1.8%		3.8%		17.4%		3.6%						Tot		347600







																				Elec Tot		2640.91







				Residential		Building		Large Home		Mid-Sized Home		Small Home		Duplex		Townhome

						Area/Building (ft²)		3,024		2,016		1,020		2,040		9,000

						Count		30		30		30		20		10

						Area %		26.1%		17.4%		8.8%		11.7%		25.9%

						Electric Load (MWh/yr)		425.36		389.95		291.63		330.38		499.27

						Electric Load %		16.1%		14.8%		11.0%		12.5%		18.9%













Table-Res

				Residential		Building		Large Home		Mid-Sized Home		Small Home		Duplex		Townhome

						Area/Building (ft²)		3,024		2,016		1,020		2,040		9,000

						Count		30		30		30		20		10

						Area %		26.1%		17.4%		8.8%		11.7%		25.9%

						Electric Load (MWh/yr)		425.36		389.95		291.63		330.38		499.27

						Electric Load %		16.1%		14.8%		11.0%		12.5%		18.9%













U vs SU



								Retail Strip Malls		Retail Standalone		Retail + Restaurant		Office Space		Single-Family Detached		Single-Family Attached		Multifamily Apartment								Descriptor		Buildings		Units/bldg		Units		sqft/unit		sqft/building		Total Area		Residential Area [ft2]

						Suburban		4.8%		2.9%		2.9%		0.0%		52.3%		37.6%		0%								Small Det		0		1		0		1020		1020		0		798,480		Total Area [ft2]

						Urban		2.3%		1.3%		2.0%		41.2%		0%		10.8%		42.3%								Mid Det		0		1		0		2016		2016		0				1,503,480

																												Large		0		1		0		3024		3024		0

																												Townhome		18		5		90		1800		9000		162000		Residential Units

																												Multifamily		26		24		624		1020		24480		636480

								Retail Strip Malls		Retail Standalone		Retail + Restaurant		Office Space		Single-Family Detached		Single-Family Attached		Multifamily Apartment								Duplex		0		2		0		1020		2040		0		714		Total Units

						Suburban		4.8%		2.9%		2.9%		0.0%		52.3%		37.6%		0.0%								Standalone retail		2		1		2		10000		10,000		20,000		Commercial Area [ft2]		734

						Urban		2.3%		1.3%		2.0%		41.2%		0.0%		10.8%		42.3%								Strip mall		2		1		2		10000		10,000		20,000		705,000		Res:Com (by area)

																												Strip mall		3		1		3		5000		5,000		15,000				1.13

																												Food Service		3		1		3		10000		10,000		30,000		Commercial Units

								Suburban		Urban																		Office		4		1		4		40000		40,000		160,000		20		MF:Office (by area)

				Commercial		Retail Strip Malls		5%		2%																		Office		4		1		4		65000		65,000		260,000				1.29

						Retail Standalone		3%		1%																		Office		2		1		2		100000		100,000		200,000

						Retail + Restaurant		3%		2%

						Office Space		0%		41%

				Residential		Single-Family Detached		52%		0%

						Single-Family Attached		38%		11%

						Multifamily Apartment		0%		42%

																																Residential		Commercial

																														Suburban		89.9%		10.6%

																														Urban		53.1%		46.9%

																																Suburban		Urban

																														Residential		89.9%		53.1%

																														Commercial		10.6%		46.9%



Residential	Suburban	Urban	0.89930955120828537	0.53108787612738451	Commercial	Suburban	Urban	0.10552204422317885	0.46891212387261555	
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Geothermal Electric LCOE (S/kWh)
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Results: Levelized Cost of Energy
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Geothermal Power/Heat (kW)

Dispatch Examples
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Grid Impacts — Annual Import/Export Comparison
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Grid Impacts — Annual Import/Export Comparison

Electric+Gas Utility, with Direct Use
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Summary of Findings

All-Electric Community

At ZNE community sizes above 1,100-homes,
geothermal is more cost-effective than rooftop PV

* With excellent reservoir conditions, geothermal
power can be competitive at smaller delivered
capacities

Grid Impacts

 Geothermal power supply is a much better match
to energy demands of a community, reducing
impacts on power grid

Electric+Direct Use Community

Geothermal is still challenged to compete

with natural gas for building heating

If gas supply is not available, geothermal

cogeneration can be very cost-
competitive

Community sizes above 2,200 still show
benefit from using geothermal power and

thermal generation, vs. rooftop PV

Thermal energy storage is beneficial for

reducing well sizes

NREL | 14
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BEopt Efficiency Optimization: All-Electric

Energy Related Costs, Annualzed [$hr
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BEopt Efficiency Optimization: Dual Fuel

Energy Related Costs, Annualzed [$hr|
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PV Capital Cost
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Geothermal Electric Plant and Well Cost

Total Installed Cost (S/kWe)
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Geothermal Direct Use Plant Cost
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Geothermal Plant O&M Cost

1,000
800
600
400

200

Fixed O&M Cost (S/kW/yr)

0 2,000 4,000 6,000 8,000 10,000
Net Power (kW)

NREL | 22



Q
)
(qV)
a'e
O
—
i
O
D
LL]
©
O
-
()
&
&
O
O
. -
D
=
O
ol
O
i -
(O
©

Tiered Energy Usage Charge Structure

?

e
=
~
.
oy
w
bt
cCn M~ <
VW~~~
/O OV WwWM
o O i s M
nwoWwow
oSl Ol- O
ol e e
| Ol D
(LT
¥ oo
= - Nlo
X O N ™= M
Mm....137.9
n <t n o
OO O <
"SS9 o
xZ|lo oo o
Pes
[74]
=
c
s
()]
o
[gn ]
[7)]
=
will &l 2
N=s===
e |l NN N
[, 10
V
o
o
3
o o
s(S |3
= N o~
| =
QL
=] N|v~ N
o
o
{ o
[0
ol o~

wdzy
we ||

Jan gl R B S b el plle) B gl kol b el g i (e il ps) B B il nE pksl b B

Feb gy bl Sl (0] jill el ) 5y 0 (ol (il ol (sl il B T ot ) (S R (s ) R B

Mar 51 bl Bl B b Bl Bl il e il bl el s s s G s il B e bl B A B

Apr oX bl el il i e pll) ol el e b e Ll ) il o el e il (Ll ) el B

¢ EP T NIRRT RS S S A B Bl e el e ) B B

Oct S s B sl il

Nov gl gl B il il ol ol B iy ol nd) el i B (| il o) ) iy ol R el il

Dec ol eha i gl bl ol Bl il L il billa el el iy ool s s Bl i B o Bl il B

NREL | 23



Q
)
(qV)
e
O
o
e
O
K
LL]
©
i
C
()
O
(Vp)
D
oc
-
Q
=
O
(ol
O
-
(qV)
O

{f

Adjustments $/kWh

0.0161998
0.0168595
0.017596
0.015969

0.0162793
0.0166381

?

Rate $/kWh

0.086901
0.104494
0.124132
0.080746
0.08902

0.098588

{4

Max Usage Units

kWh
kWh

kWh
kWh

kWh
kWh

7

2000

2000

2

2

Period | Tier | Max Usage

FHEEEE -

wd y Y EIREIRE -
wd ¢ \EIEREER -

wd 7
wd |
wd 7|
we ||
weQl
we g

EEEEE -
EERIEK -
EEEEE -
EEREE -
EEEEE -
EIEIEIEE -

: P Wi S I P RS P NS B S P B RS I D S S T N [ M T e

Jul

NREL | 24



Cost Breakdown Comparison: All Electric

PV All-Electric Base Life Cycle Cost Breakdown
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Cost Breakdown Comparison: Electric+Gas

PV Life Cycle Cost Breakdown
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