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Executive Summary
The primary purpose of this project was to

e Determine the difference in energy consumptionr aests, and amounts of pollutants and
carbon dioxide emissions for Ground Source Heat@®BuiGHPs) as compared to
conventional Heating, Ventilation and Air Conditiog (HVAC) systems in Minnesota
residential, commercial and institutional buildingsed for heating and cooling air and
water heating, and;

¢ |dentify current installations of GHPs, availaktehcial incentives, manufacturers and
installers, economic development potential, andidrarto more widespread, cost effective
use of the technology in Minnesota.

The scope of this analysis allowed for a thorowshemw of best available data and studies to
develop representative rated capacity and perfazenahequipment. Although much of the data
and information used in these studies came froersgiecific evaluations, the scope of this project
did not allow for independent collection of datanfr individual systems operating in Minnesota.

Given that energy performance of heating and cg@ystems in buildings and resultant emissions
are highly dependant on the assumptions usedpcasturged in applying results to performance
of an individual system. A detailed literatureiesv of case studies and research was conducted,
and recently published research and evaluationestueere used to determine the assumptions
used. The project’'s comprehensive analysis reguitom use of these assumptions represents a
fair and reasonable comparison of systems.

Summary of Results

The first primary task of this study was to detewrthe difference in energy consumption, user
costs, and amounts of pollutants and carbon diocxmigsions for GHPs as compared to
conventional HVAC systems in Minnesota residentiainmercial and institutional buildings used
for heating and cooling air and water heating. [ddug models were constructed in DOE2 for
three Minnesota climate zones for the categorie®ofmercial, institutional, and residential
buildings. In each scenario, the monthly and aheleatric energy consumption, electric demand,
and natural gas consumption values were deternfamdabth the conventional HVAC system and
a GHP HVAC system. Energy results were used tergehe the economic and emissions results
for each case. All GHP systems modeled have @etihg and heating efficiencies of 14.1 EER
and 3.3 COP, respectively. Some GHP systems visyer@deled with a desuperheater, which
decreased annual energy costs, life-cycle costisaanual emissions in every case in which it was
applied. Results with the desuperheater optiorslaogvn in the main body of the report.

Commercial Results

Commercial buildings were analyzed using buildinrgdels for small and large office buildings.
The small office conventional system is a relayiveéxpensive packaged VAV system with
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cooling and heating efficiencies of 12.0 EER an#h88espectively provided from the packaged
rooftop unit and zone heating provided by an 80fleient gas heater in each space. The large
office conventional system is a VAV system with ater-cooled chiller with a 16.7 EER and a
boiler with 85% rated efficiency for the coolingdaheating, respectively. The comparisons
between these systems and the GHP systems arledi&&low.

Small Office, New Construction

The small office new construction building with t6&P HVAC system had lower summer
electrical demand, higher winter electrical demardi higher electrical energy consumption
values than the conventional HVAC system. The lsoffde new construction building with the
GHP HVAC system had higher electrical costs thanciinventional HVAC system but no
natural gas costs associated. The annual savogstiie GHP installation provided a net
increase In life cycle costs. The installatioraddHP system in a small office new construction
building reduces CO2 equivalent greenhouse gas (G@&sions approximately 5%, but
increases emissions of SO2, PM and Hg due to theased electric consumption. Simulation
values for the conventional and GHP systems aresimTable 1 through Table 3.

Table 1: Annual Demand and Energy Values for a SmhDffice New Construction Building

Conventional System GHP System Savings
Summer Summer Summer
City Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 55 138,340 7,413 51 167,125 0 4 -28,785 7,413
St. Cloud 54 143,369 6,540 51 168,733 0 3 -25,364 6,540
Minneapolis 55 145,332 6,260 51 169,434 0 4 -24,102 6,260

Table 2: Economics of Conventional and GHP HVAC Syems for a Small Office New Construction
Building, Including Simple Payback and Life Cycle sts

Conventional System GHP System Savings
Annual Amnual Annua Amnual Snple
Tatal Installed |  Maintenance Energy LifeCyde | TotalInstalled | Mainterance Energy Life Cyde Annual Payback | Life Cyde %LCC
City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 2B80%6|$ 3473 $ 1688|$  4165%6|$ 30671 $ 33%|$ 1666|$ 443602|$ 5294 307 |$ (27,086 6%
St Coud $ 2B80%6|$ 3473|$ 16374 $  41200|$ 30671 $ 33%|$ N1815|$ 44501|$ 4637 HB1 |[$ (33FBY) -B1%
Mmegpolis | $  208,0%| $ 3473|$ 16113($  409424|$ 3671 $ 33%|$ 1581|$ 442534|$ 46100 B4 |[$ (33160 -81%
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Table 3: Annual Emissions Values for a Small Officé&lew Construction Building

CO2 SO2 NOXx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 317,172 616 576 112 0.0063 487,771
Duluth GHP 277,809 743 614 129 0.0074 459,477
Reduction 39,363 -128 -37 -17 -0.0011 28,295
% Change -12.4% 20.7% 6.5% 14.9% 17.2% -5.8%
Conventional 315,261 638 587 115 0.0065 488,946
st. Cloud GHP 280,482 750 620 130 0.0074 463,898
Reduction 34,779 -112 -33 -15 -0.0009 25,048
% Change -11.0% 17.6% 5.6% 12.7% 14.7% -5.1%
Conventional 315,230 647 591 117 0.0066 490,285
Minneapolis GHP _ 281,647 754 622 131 0.0075 465,825
Reduction 33,583 -107 -31 -14 -0.0009 24,460
% Change -10.7% 16.5% 5.2% 11.9% 13.7% -5.0%

* CO2 (carbon dioxide), SO2 (sulfur dioxide), NOx (Nitrogen Oxide) PM (Particulate Matter), CO2 Eq.
(equivalent CO2 greenhouse effect by combining the affects of CO2 and NOx emissions).

Small Office, Existing Building

The small office existing building with the GHP H\ZAsystem had lower summer electrical
demand, higher winter electrical demand, and higlestrical energy consumption values than
the conventional HVAC system. The small officeséirg building with the GHP HVAC system
had higher electrical costs than the convention&\8 system but no natural gas costs
associated. The annual savings from the instatigirovided a net increase in life cycle costs.
The installation of a GHP system in a small ofeissting building reduces CO2 equivalent GHG
emissions 6-8%, but SO2, PM and Hg emissionsaserelue to the increased electric
consumption. Simulation values for the conventi@mal GHP systems are shown in Table 4
through Table 6.

Table 4: Annual Demand and Energy Values for a SmaDffice Existing Building Retrofit

Conventional System GHP System Savings
Summer Summer Summer
City Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 68 170,395 10,723 64 204,576 0 4 -34,181 10,723
St. Cloud 71 182,051 9,098 66 209,463 0 5 -27,412 9,098
Minneapolis 71 184,512 8,881 66 210,829 0 5 -26,317 8,881

Pageiii



Table 5: Economics of Conventional and GHP HVAC Syems for a Small Office Existing Building Retrofit,
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cyde Annual Payback || Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 22102 $ 3473($ 22335($  489519|$  409639| $ 33%|$ 14204|$ 513047|$ 8209 230 |$ (B5W)| 4%
St Qoud $ 22102 $ 3473|$ 21558|$  483170|$  4096%9| $ 33%B($ 14617|$ 517995|$ 7019 269 [$ (8P| 7%
Mnnegpolis | $ 221,102 $ 3473|$ 21,3B0[$  481083|$  4096%9| $ 33%B($ 14364|$ 5149063|$ 7064 267 |$ (38| -7.0%

Table 6: Annual Emissions Values for a Small Offic&xisting Building Retrofit

CcO2 SO2 NOXx PM Hg CO2 Eq.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 409,398 758 725 139 0.0078 623,870
Duluth GHP 340,063 910 751 158 0.0090 562,441
Reduction 69,334 -151 -27 -18 -0.0012 61,430

% Change -16.9% 20.0% 3.7% 13.2% 15.8% -9.8%
Conventional 409,655 810 752 147 0.0082 632,366
St. Cloud GHP 348,187 932 769 162 0.0092 575,876
Reduction 61,469 -121 -17 -14 -0.0010 56,489

% Change -15.0% 15.0% 2.2% 9.8% 11.8% -8.9%
Conventional 411,193 821 759 149 0.0083 635,987
. . |[GHP 350,457 938 774 163 0.0093 579,632
Minneapolis 2 i ciion 60,736 117 15 14 20.0009 56,355

% Change -14.8% 14.2% 1.9% 9.2% 11.2% -8.9%

Large Office, New Construction

The large office new construction building with t&&lP HVAC system had higher summer and
winter electrical demand and electrical energy aongion values than the conventional HVAC
system. The large office new construction buildiith the GHP HVAC system had higher
electrical costs but lower natural gas costs tharconventional HVAC system. The annual
savings from the installation provided a net desedn life cycle costs. The installation of a GHP
system in a large office new construction buildmgreases CO2 equivalent GHG emissions
approximately 1%, and SO2, PM and Hg emissiongas® due to the increased electric
consumption. Simulation values for the conventiamal GHP systems are shown in Table 7
through Table 9.

Table 7: Annual Demand and Energy Values for a Larg Office New Construction Building

Conventional System GHP System Savings
Summer Summer Summer
City Peak kW kWh Therms Peak kw kWh Therms Peak kW kWh Therms
Duluth 273 713,143 28,761 291 864,490 1,920 -18 -151,347 26,841
St. Cloud 278 754,653 25,212 295 886,603 1,812 -17 -131,950 23,400
Minneapolis 286 765,248 24,638 302 896,950 1,728 -16 -131,702 22,910
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Table 8: Economics of Conventional and GHP HVAC Syems for a Large Office New Construction
Building, Including Simple Payback and Life Cycle sts

Convertiondl System GHP System Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cyde Annual Payback || Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duuth $ 180L440( $ 1,100($ 74216| $ 2382494|$ 2139210 $ 8932 $ 56507|$ 2300844|$ 19886 17.0 $ 81650 34%
St Aoud $ 180L440| $ 11109|$ 73498|$ 23803/B|$ 2130210 $ 80R|$ 5805($ 2319233|$ 17,650 192 $ 61142 26%
Mnneapolis | $ 1,801,440 $ 11109|$ 75141 $ 2400119 $ 2130210 $ 89R|$ 60191|$ 2A5347|$ 17127 197 $ B2 2%

Table 9: Annual Emissions Values for a Large Officé&New Construction Building

CcO2 SO2 NOXx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,523,810 3,173 2,901 571 0.0321 2,382,472
Duluth GHP 1,459,615 3,845 3,194 668 0.0381 2,404,902
Reduction 64,195 -671 -293 -97 -0.0060 (22,430)
% Change -4.2% 21.2% 10.1% 16.9% 18.6% 0.9%
Conventional | 1,551,058 3,358 3,019 601 0.0338 2,444,543
St. Cloud GHP 1,495,102 3,943 3,274 685 0.0391 2,464,113
Reduction 55,956 -585 -255 -84 -0.0052 (19,570)
% Change -3.6% 17.4% 8.5% 14.0% 15.4% 0.8%
Conventional | 1,561,917 3,405 3,052 609 0.0343 2,465,253
Minneapolis GHP . 1,511,313 3,989 3,311 693 0.0395 2,491,328
Reduction 50,604 -584 -259 -84 -0.0052 (26,075)
% Change -3.2% 17.2% 8.5% 13.9% 15.2% 1.1%

Large Office, Existing Building

The large office existing building with the GHP HZAsystem had higher summer and winter
electrical demand and electrical energy consumpfgdunes than the conventional HVAC system.
The large office existing building with the GHP HZAsystem had higher electrical costs but
lower natural gas costs than the conventional H\é%€em. The annual savings from the
installation provided a net increase in life cyotests. The installation of a GHP system in a large
office existing building slightly increases equefati GHG emissions < 1%, and increases SOx, PM
and Hg emissions increase due to the increaseulieleensumption. Simulation values for the
conventional and GHP systems are shown in Tabtlarbigh Table 12.

Table 10: Annual Demand and Energy Values for a Lage Office Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 350 902,099 38,064 374 1,093,608 1,920 -24 -191,509 36,144
St. Cloud 360 954,552 31,396 384 1,118,840 1,812 -24 -164,288 29,584
Minneapolis 365 967,632 31,895 386 1,130,397 1,728 -21 -162,765 30,167
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Table 11: Economics of Conventional and GHP HVAC Sstems for a Large Office Existing Building
Retrofit, Including Simple Payback and Life Cycle sts

Convertiondl System GHP System Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cyde Annual Payback || Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duuth $ 1876500| $ 1,100($ 95518| $ 2695883 |$ 23643%0( $ 892 $ 710/8|$ 2700676|$ 26617 183 $ 4813 -02%
St Aoud $ 1876500| $ 11109|$ R4M|$ 267186($ 236430| $ 89R|$ T72914|$ 27280|$ 21,756 24 $ (BLOB)| -19%
Mnneapolis | $ 1,876500( $ 11109|$ 96810 $ 2710646|$ 236430| $ 89R|$ T75607|$ 2755307|$ 22380 218 $ (44660 -16%

Table 12: Annual Emissions Values for a Large Offie Existing Building Retrofit

CcO2 SO2 NOx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,947,355 4,014 3,686 724 0.0407 3,038,412
Duluth GHP 1,840,473 4,864 4,035 845 0.0482 3,034,816
Reduction 106,882 -850 -349 -121 -0.0075 3,596
% Change -5.5% 21.2% 9.5% 16.7% 18.5% -0.1%
Conventional | 1,956,099 4,247 3,813 760 0.0428 3,084,824
St. Cloud GHP 1,881,145 4,976 4,127 864 0.0493 3,102,602
Reduction 74,954 -729 -313 -105 -0.0065 (17,778)
% Change -3.8% 17.2% 8.2% 13.8% 15.1% 0.6%
Conventional | 1,983,713 4,305 3,866 770 0.0434 3,128,103
Minneapolis GHP . 1,899,368 5,027 4,168 873 0.0498 3,133,144
Reduction 84,345 -722 -302 -103 -0.0064 (5,040)
% Change -4.3% 16.8% 7.8% 13.4% 14.7% 0.2%

Institutional Results

Institutional buildings were analyzed using buiggimodels for small and large schools. The small
school conventional system is a VAV system withagircooled chiller with a 12.0 EER and a
boiler with 85% rated efficiency for the coolingdaheating, respectively. The large school
conventional system is a VAV system with a wateoled chiller with a 20.8 EER and a boiler
with 85% rated efficiency for the cooling and hegtirespectively. The comparisons between
these systems and the GHP systems are detailed.belo

Small School, New Construction

The small school new construction building with @GP HVAC system had lower summer
electrical demand, higher winter electrical demardi higher electrical energy consumption
values than the conventional HVAC system. The lsssbol new construction building with the
GHP HVAC system had higher electrical costs butdonatural gas costs than the conventional
HVAC system. The annual savings from the instialfaprovided a net decrease in life cycle
costs. The installation of a GHP system in a ssadlbol new construction building reduces CO2
equivalent GHG emissions approximately 8%, but &,and Hg emissions increase due to the
increased electric consumption. Simulation vafoeshe conventional and GHP systems are
shown in Table 13 through Table 15.
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Table 13: Annual Demand and Energy Values for a SniiaSchool New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 167 416,169 29,617 164 473,843 9,737 3 -57,674 19,880
St. Cloud 180 436,106 26,491 175 476,223 9,175 5 -40,117 17,316
Minneapolis 187 446,072 25,423 181 497,547 8,726 6 -51,475 16,697

Table 14: Economics of Conventional and GHP HVAC Sstems for a Small School New Construction
Building, Including Simple Payback and Life Cycle sts

Convertional System GHP System Savings
Amual Amnual Amua Annual Snple
Total Installed | Meintenance Energy LifeCyde | Tota Installed | Mairtenance Energy Life Cyde Annual Payback | Life Cyde %LOC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 1658736( % 20306($ 59193 $ 2201,32|$ 19609749| $ 16104|$ 439%6|$ 2101,371|$ 19439 160 $ 99,931 4.5%
St Aoud $ 1658736( % 20306|$ 57,711 $ 2189247|$ 19609,749| $ 16104|$ 4386|$ 2100831|$ 18087 17.2 $ 83416 4.0%
Mnnegpolis | $ 1658736 $ 20306($ 58913 $ 2205607 |$ 1969749 $ 16104| $ 46458|$ 2133207|$ 16656 187 $ 72400 3%
Table 15: Annual Emissions Values for a Small Schbdlew Construction Building
Co2 SO2 NOX PM Hg COZ Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,040,226 1,853 1,819 343 0.0191 1,578,556
Duluth GHP 902,214 2,108 1,836 373 0.0211 1,445,546
Reduction 138,012 -255 17 -30 -0.0020 133,010
% Change -13.3% 13.8% 0.9% 8.6% 10.7% -8.4%
Conventional | 1,036,590 1,941 1,861 356 0.0199 1,587,521
St. Cloud GHP 899,558 2,118 1,839 374 0.0212 1,443,846
: Reduction 137,032 -177 22 -18 -0.0013 143,674
% Change -13.2% 9.1% -1.2% 5.1% 6.7% -9.1%
Conventional | 1,040,592 1,985 1,887 363 0.0203 1,599,256
Minneapolis GHP _ 929,722 2,213 1,913 390 0.0221 1,495,887
Reduction 110,869 -228 -25 -27 -0.0018 103,369
% Change -10.7% 11.5% 1.3% 7.5% 9.1% -6.5%

Small School, Existing Building

The small school existing building with the GHP HZAystem had lower summer electrical
demand, higher winter electrical demand, and higlestrical energy consumption values than
the conventional HVAC system. The small schoadting building with the GHP HVAC system
had higher electrical costs but lower natural getcthan the conventional HYAC system. The

annual savings from the installation provided adeirease in life cycle costs. The installation of
a GHP system in a small school existing buildinduees CO2 equivalent GHG emissions around

8%, but SOx, PM and Hg, emissions increase dukgdntreased electric consumption.

Simulation values for the conventional and GHPesystare shown in Table 16 through Table 18.
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Table 16: Annual Demand and Energy Values for a SniaSchool Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 201 516,434 34,989 198 593,181 9,737 3 -76,747 25,252
St. Cloud 216 538,793 29,077 211 586,148 9,175 5 -47,355 19,902
Minneapolis 221 550,976 28,759 215 614,149 8,726 6 -63,173 20,033

Table 17: Economics of Conventional and GHP HVAC Sstems for a Small School Existing Building
Retrofit, Including Simple Payback and Life Cycle sts

Convertional System GHP System Savings
Amnual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cyde Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 2004306| $ 20306|$ T7L45|$ 2684241 $ 2315319 $ 16104| $ 52336|$ 2547384|$ 23H1| 133 |$ 13680 51%
St Qoud $ 2004306| $ 20306($ 674%($ 2647376|$ 2315319| $ 16104 $ 51483|$ 2538183|$ 20215( 154 |$ 109188 41%
Mnneapolis | $ 2004306 $ 20306|$ 69875|$ 2676470|$ 2315319] $ 16104| $ 54772|$ 2578424|$ 19305( 161 |$ B0 3™

Table 18: Annual Emissions Values for a Small Schb&xisting Building Retrofit

CcO2 SO2 NOXx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,270,094 2,299 2,240 424 0.0236 1,933,004
Duluth GHP 1,100,587 2,639 2,274 465 0.0263 1,773,641
Reduction 169,507 -340 -34 -40 -0.0027 159,362
% Change -13.3% 14.8% 1.5% 9.5% 11.6% -8.2%
Conventional | 1,237,708 2,398 2,264 437 0.0244 1,907,766
St. Cloud GHP 1,082,285 2,607 2,242 459 0.0260 1,746,063
Reduction 155,424 -209 21 -22 -0.0016 161,703
% Change -12.6% 8.7% -0.9% 5.0% 6.4% -8.5%
Conventional | 1,254,219 2,452 2,305 446 0.0250 1,936,597
Minneapolis GHP . 1,123,548 2,732 2,341 480 0.0272 1,816,461
Reduction 130,671 -280 -36 -34 -0.0023 120,136
% Change -10.4% 11.4% 1.5% 7.6% 9.1% -6.2%

Large School, New Construction

The large school new construction building with @idP HVAC system had higher summer and
winter electrical demand and electrical energy aongion values than the conventional HVAC
system. The large school new construction buileity the GHP HVAC system had higher
electrical costs but lower natural gas costs tharconventional HVAC system. The annual
savings from the installation provided a net deseda life cycle costs. The installation of a GHP
system in a large school new construction buildeduces CO2 equivalent GHG emissions
around 2%, but SOx, PM, and Hg, emissions incrdaseo the increased electric consumption.
Simulation values for the conventional and GHPe&ystare shown in Table 19 through Table 21.

Page viii



Table 19: Annual Demand and Energy Values for a Lage School New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 774 2,284,108 222,536 920 2,845,109 98,487 -146 -561,001 124,049
St. Cloud 829 2,387,581 200,758 994 2,872,144 92,804 -165 -484,563 107,954
Minneapolis 855 2,428,273 194,870 1,028 3,048,907 88,257 -173 -620,634 106,613

Table 20: Economics of Conventional and GHP HVAC Sstems for a Large School New Construction
Building, Including Simple Payback and Life Cycle sts

Convertiondl System GHP System Savings
Amnual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cyde Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duuth $ 92718721 $ 30406|$ 377526| $ 11855476 | $ 11010348 $ 31251 $ 206568|$ 11571409| $ 89113 196 $ 284067 24%
St Aoud $ 92718721 $ 30406|$ 364082| $ 11734169 | $ 11,010348( $ 31251 $ 2068B|$ 11585764|$ 75338 233 $ 148405 1%
Mnneapolis | $ 9,271,872 $ 30405|$ 363238| $ 11,794763| $ 11,010348| $ 31251 $ 311748|$ 11,772075| $ 64645 271 $ 268 0%

Table 21: Annual Emissions Values for a Large Schodlew Construction Building

CO2 SO2 NOx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 6,414,903 10,171 10,570 1,927 0.1062 9,543,558
Duluth GHP 5,888,044 12,658 11,414 2,268 0.1277 9,266,532
Reduction 526,858 -2,488 -844 -340 -0.0215 277,026
% Change -8.2% 24.5% 8.0% 17.7% 20.3% -2.9%
Conventional | 6,330,692 10,630 10,736 1,991 0.1102 9,508,626
St. Cloud GHP 5,866,125 12,778 11,457 2,284 0.1287 9,257,509
Reduction 464,567 -2,149 -721 -293 -0.0186 251,117
% Change -7.3% 20.2% 6.7% 14.7% 16.9% -2.6%
Conventional | 6,329,063 10,810 10,828 2,018 0.1118 9,534,143
Minneapolis GHP . 6,106,461 13,564 12,062 2,417 0.1364 9,676,794
Reduction 222,602 -2,754 -1,234 -399 -0.0246 (142,651)
% Change -3.5% 25.5% 11.4% 19.8% 22.0% 1.5%

Large School, Existing Building

The large school existing building with the GHP HE¥Aystem had higher summer and winter
electrical demand and electrical energy consumpfgdunes than the conventional HVAC system.
The large school existing building with the GHP H¥Aystem had higher electrical costs but
lower natural gas costs than the conventional H\é%€em. The annual savings from the
installation provided a net decrease in life cydets. The installation of a GHP system in a large
school existing building results in approximatetynh a 2% reduction to a 1% increase in CO2
equivalent GHG emissions, but SOx, PM, and Hg eomssncrease due to the increased electric
consumption. Simulation values for the conventi@mal GHP systems are shown in Table 22
through Table 24.
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Table 22: Annual Demand and Energy Values for a Lage School Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 926 2,896,605 281,242 1,045 3,764,656 98,487 -119 -868,051 182,755
St. Cloud 982 3,035,195 240,152 1,117 3,721,404 92,804 -135 -686,209 147,348
Minneapolis 1,039 3,090,630 237,229 1,195 3,923,150 88,257 -156 -832,520 148,972

Table 23: Economics of Conventional and GHP HVAC Sstems for a Large School Existing Building
Retrofit, Including Simple Payback and Life Cycle sts

Convertional System GHP System Savings
Amnual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cyde Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 11208512 $ DAB|$ 47B877| $ 14858555 | $ 12941,983] $ 31251 $ 3B7634|$ 142%588|$ 126348) 138 | $ 62967 4%
St Qoud $ 11208512 $ 0405| $ 445995| $ 14575552 $ 12941983] $ 31251 $ 36345 $ 14194937|$ 100724 174 |$ 330615| 26%
Mnnegpolis | $ 11,208512( $ 0405 $ 465516| $ 14695019 | $ 12941,983] $ 31251 $ 372000($ 1442588|$ 916700 191 |$ 20121| 18%

Table 24: Annual Emissions Values for a Large Scho&xisting Building Retrofit

CcO2 SO2 NOXx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 8,123,704 12,898 13,395 2,443 0.1346 12,088,517
Duluth GHP 7,416,591 16,748 14,791 2,977 0.1682 11,794,642
Reduction 707,113 -3,850 -1,396 -533 -0.0335 293,875
% Change -8.7% 29.8% 10.4% 21.8% 24.9% -2.4%
Conventional | 7,870,668 13,512 13,501 2,520 0.1397 11,866,889
St. Cloud GHP 7,277,835 16,555 14,576 2,939 0.1661 11,592,379
Reduction 592,833 -3,043 -1,075 -419 -0.0264 274,510
% Change -7.5% 22.5% 8.0% 16.6% 18.9% -2.3%
Conventional | 7,928,428 13,759 13,676 2,560 0.1420 11,976,426
Minneapolis GHP 7,559,700 17,452 15,272 3,091 0.1749 12,080,350
Reduction 368,729 -3,694 -1,597 -531 -0.0328 (103,924)
% Change -4.7% 26.8% 11.7% 20.7% 23.1% 0.9%

Residential Results

Residential buildings were analyzed using buildimgdels for small and large houses. The small
and large house conventional systems are spligrsyatlr conditioners with a 14 SEER with 92%
rated high-efficiency furnaces for the cooling deeting, respectively. The comparisons between
these and the GHP systems are detailed below.
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Small House, New Construction

The small house new construction building with @t¢P HVAC system had equal or lower
summer electrical demand, higher winter electdeshand, and higher electrical energy
consumption values than the conventional HVAC syst&he small house new construction
building with the GHP HVAC system had higher el@etircosts than the conventional HVAC
system but no natural gas costs. The annual safnogn the installation provided a net increase
in life cycle costs. The installation of a GHPtsys in a small house new construction building
increases CO2 equivalent GHG emissions approxignd@lo, and increases SOx, PM, and Hg
emissions due to the increased electric consumptmulation values for the conventional and
GHP systems are shown in Table 25 through Table 27.

Table 25: Annual Demand and Energy Values for a SniiaHouse New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 5 11,341 1,341 5 26,649 0 0 -15,308 1,341
St. Cloud 6 12,032 1,142 6 25,705 0 0 -13,673 1,142
Minneapolis 5 12,436 1,083 5 25,292 0 0 -12,856 1,083

Table 26: Economics of Conventional and GHP HVAC Sgtems for a Small House New Construction
Building, Including Simple Payback and Life Cycle sts

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cyde Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 9900( $ A1 2441 % 40113 $ 250( $ 22($ 184 % 0936| $ 59| 265 |$ 177 04%
St Qoud $ 9900( $ 25418 251 $ 38219 $ 250( $ 22($ 1810\ $ 9167| $ 403 362 |$ (49| -25%
Mnneagpolis | $ 9900( $ A8 2214| $ 3B6E21| $ 250( $ 22|1$ 170 $ 338802| $ 46| 325 |$ (18D -05%

Table 27: Annual Emissions Values for a Small Housdew Construction Building

CcO2 SO2 NOXx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 34,628 51 54 10 0.0005 50,614
Duluth GHP 44,298 119 98 21 0.0012 73,266
Reduction -9,670 -68 -44 -11 -0.0006 (22,652)
% Change 27.9% 134.6% 81.2% 110.9% 119.9% 44.8%
Conventional 33,436 54 55 10 0.0006 49,630
St. Cloud GHP 42,729 114 94 20 0.0011 70,671
Reduction -9,293 -61 -40 -10 -0.0006 (21,041)
% Change 27.8% 113.4% 72.5% 95.7% 102.5% 42.4%
Conventional 33,413 55 56 10 0.0006 49,886
Minneapolis GHP . 42,042 112 93 20 0.0011 69,535
Reduction -8,629 -57 -37 -9 -0.0005 (19,650)
% Change 25.8% 103.1% 66.9% 87.6% 93.6% 39.4%
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Small House, Existing Building

The small house existing building with the GHP HVAgtem had equal or lower summer
electrical demand, higher winter electrical demamd] higher electrical energy consumption
values than the conventional HVAC system. The ldmoaise existing building with the GHP
HVAC system had higher electrical costs than theveational HYAC system but no natural gas
costs. The annual savings from the installatimviplled a net decrease in life cycle costs. The
installation of a GHP system in a small house Exgdbuilding increases CO2 equivalent GHG
emissions approximately 39%, and increases SOxaRiVHg emissions due to the increased
electric consumption. Simulation values for thevamtional and GHP systems are shown in
Table 28 through Table 30.

Table 28: Annual Demand and Energy Values for a SnilaHouse Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 6 11,802 1,711 6 29,360 0 0 -17,558 1,711
St. Cloud 6 12,713 1,397 6 28,091 0 0 -15,378 1,397
Minneapolis 6 13,223 1,367 6 27,911 0 0 -14,688 1,367

Table 29: Economics of Conventional and GHP HVAC Sgtems for a Small House Existing Building Retrofit,
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cyde Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 10440| $ 24|16 2918| $ 45679] $ 23040( $ 22($ 207 $ 2697| $ 83| 162 |$ 298| 65%
St Qoud $ 10440| $ 24|$  2605| % 425341 $ 23040( $ 22($ 193 $ 2674] $ 55| 230 |$ 80| 20%
Mnneagpolis | $ 10440( $ 24|16 2676| $ 434421 $ 23040( $ 22|$ 198($ 21372] $ 60| 199 |$ 2070 48%

Table 30: Annual Emissions Values for a Small HousExisting Building Retrofit

CcO2 SO2 NOX PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 39,748 53 59 10 0.0006 57,244
Duluth GHP 48,805 131 108 23 0.0013 80,719
Reduction -9,057 -78 -49 -12 -0.0007 (23,475)
% Change 22.8% 148.3% 82.4% 118.2% 129.5% 41.0%
Conventional 37,568 57 60 11 0.0006 55,198
St. Cloud GHP 46,695 125 103 22 0.0012 77,231
Reduction -9,127 -68 -44 -11 -0.0006 (22,033)
% Change 24.3% 120.6% 73.2% 99.8% 107.7% 39.9%
Conventional 38,063 59 61 11 0.0006 56,165
) .. |GHP 46,396 124 102 22 0.0012 76,736
Minneapolis 2 i ciion 8,333 65 a1 10 ~0.0006 (20,570)
% Change 21.9% 110.8% 67.6% 91.9% 99.2% 36.6%
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Large House, New Construction

The large house new construction building with@t¢P HVAC system had equal or lower
summer electrical demand, higher winter electdeshand, and higher electrical energy
consumption values than the conventional HVAC syst&he large house new construction
building with the GHP HVAC system had higher el@etircosts than the conventional HVAC
system but no natural gas costs. The annual safrog the installation provided a net increase
in life cycle costs. The installation of a GHPtsys in a large house new construction building
increases CO2 equivalent GHG emissions approxigndfélo, and increases SOx, PM, and Hg
emissions due to the increased electric consumptmulation values for the conventional and
GHP systems are shown in Table 31 through Table 33.

Table 31: Annual Demand and Energy Values for a Lage House New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwWh Therms Peak kW kwh Therms
Duluth 8 18,745 1,695 8 39,656 0 0 -20,911 1,695
St. Cloud 9 19,802 1,404 9 38,498 0 0 -18,696 1,404
Minneapolis 9 20,424 1,344 9 38,041 0 0 -17,617 1,344

Table 32: Economics of Conventional and GHP HVAC Sstems for a Large House New Construction
Building, Including Simple Payback and Life Cycle sts

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cyde Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 14700( $ 241$  330($ 55346 $ B30 $ 221 2764 $ 57455| $ 578| 387 |$ (2108 -38%
St Qoud $ 14700( $ 254|1$ 3104| $ 52606 $ B30 $ 22|$ 26%6($ 56512| $ 3Bl 698 |$ (3906)| -74%
Mnneagpolis | $ 14700( $ 254|1$  3133| $ 53070 $ B30| $ 22|$ 260($ 55585| $ 486 553 |$ (2515)| -47%

Table 33: Annual Emissions Values for a Large HousBlew Construction Building

CO2 SO2 NOXx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 51,101 83 84 16 0.0009 76,100
Duluth GHP 65,919 176 146 31 0.0017 109,026
Reduction -14,819 -93 -61 -15 -0.0009 (32,926)
% Change 29.0% 111.3% 72.4% 94.6% 101.0% 43.3%
Conventional 49,434 88 86 16 0.0009 74,789
St. Cloud GHP 63,995 171 141 30 0.0017 105,843
Reduction -14,560 -83 -56 -13 -0.0008 (31,053)
% Change 29.5% 94.2% 65.0% 82.0% 86.7% 41.5%
Conventional 49,762 91 87 17 0.0009 75,630
) .. IGHP 63,235 169 140 29 0.0017 104,586
Minneapolis |2 ciion 113,473 78 52 13 20.0007 (28,956)
% Change 27.1% 86.1% 59.9% 75.1% 79.4% 38.3%
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Large House, Existing Building

The large house existing building with the GHP HV#tem had equal or lower summer
electrical demand, higher winter electrical demadi higher electrical energy consumption
values than the conventional HVAC system. Theddrguse existing building with the GHP
HVAC system had higher electrical costs than theveational HVAC system but no natural gas
costs. The annual savings from the installatimviplled a net decrease in life cycle costs. The
installation of a GHP system in a large house iegdiuilding increases CO2 equivalent GHG
emissions approximately 39%, and increases SOxaRidVHg emissions due to the increased
electric consumption. Simulation values for thevamtional and GHP systems are shown in
Table 34 through Table 36.

Table 34: Annual Demand and Energy Values for a Lage House Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwWh Therms Peak kW kwh Therms
Duluth 10 19,269 2,243 10 43,439 0 0 -24,170 2,243
St. Cloud 10 20,650 1,760 10 41,838 0 0 -21,188 1,760
Minneapolis 10 21,479 1,757 10 42,136 0 0 -20,657 1,757

Table 35: Economics of Conventional and GHP HVAC Sstems for a Large House Existing Building
Retrofit, Including Simple Payback and Life Cycle sts

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cyde Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 15450( $ 24$  4075) $ 6339| $ 34030 $ 22($ 300|% 61,308|$ 1017 197 |$ 202 33%
St Qoud $ 15450( $ 4%  352($ 58534| $ 34030 $ 22($ 294 $ 60,022| $ 640 337 |$ (1483 -25%
Mnneagpolis | $ 15450( $ 24|1$ 3707| $ 59%5] $ 34030 $ 22|$ 285($ 50545| $ 75| 272 |$ 39| 06%

Table 36: Annual Emissions Values for a Large HousExisting Building Retrofit

CcO2 SO2 NOX PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 58,419 86 91 17 0.0009 85,483
Duluth GHP 72,208 193 160 33 0.0019 119,427
Reduction -13,789 -107 -68 -17 -0.0010 (33,944)
% Change 23.6% 125.1% 74.5% 102.6% 111.2% 39.7%
Conventional 55,032 92 92 17 0.0010 82,280
St. Cloud GHP 69,547 186 154 32 0.0018 115,025
Reduction -14,515 -94 -62 -15 -0.0009 (32,745)
% Change 26.4% 102.4% 66.9% 87.2% 93.1% 39.8%
Conventional 56,375 96 95 18 0.0010 84,516
; .. |GHP 70,042 187 155 32 0.0019 115,844
Minneapolis |2 ftction 713,667 92 ~60 15 20.0009 (31,329)
% Change 24.2% 96.0% 62.8% 81.8% 87.3% 37.1%
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Comparative Analysis — Results Across All Building Types

From the results found in this study, installatadrground source heat pumps in the state of
Minnesota provides both benefits and challenges fianass implementation perspective. Based
on current energy rates installation of GHP systexdsices total (natural gas and electricity)
annual energy costs and maintenance costs reduigaerate HVAC systems. Installation of
GHP systems reduces greenhouse gas emissionslic@manercial and small institutional
buildings, provides mixed results for large comna@nd large institutional buildings, and
increases greenhouse gas emissions in residemtdihgs. The installation of GHP systems in all
building types and sizes increases other pollutimohiding sulfur dioxide, particulate matter, and
mercury, when compared with conventional HVAC syste

Current Status and Market Potential of GHPs

The second primary task of this study was to identirrent installations of GHPs, available
financial incentives, manufacturers and installecgnomic development potential, and barriers to
more widespread, cost effective use of the teclygyalo Minnesota.

e Few GHP systems are currently installed in Minng@sdZurrent penetration rates are
around one and one quarter percent per year, & Idported shipments of GHPs to
Minnesota in 2005.

¢ No state or federal funds are currently designapestifically for the development of GHPs
in Minnesota. The utilities in the state eitheslule GHP systems in their custom
programs or provide incentives for GHP systemsimgnfjom $150 - $300 per ton as a
part of their current prescriptive incentives.

e There are one manufacturer (Econar) and twentyinstallation companies of GHP
systems listed in Minnesota. A complete list atatlers is included in Appendix A.

e A dramatic increase in Minnesota GHP installatitmsver 5,000 annually in selected
residential, commercial, and institutional applieas would likely see an economic benefit
of $4.8 million annually in reduced energy costd #86.6 milion annually in increased
installation business. These benefits would craatet growth of 1,600 jobs, taking into
account some job losses in the LP and fuel oilstraes. The increase would, however,
increase electric consumption and summer peakrielelemand and result in increased
greenhouse gas and other emissions.

e Many barriers to entry still exist for GHP system$/innesota, including

0 high first costs,

cost uncertainty,

life cycle costs,

low incentives,

local utility rates,

low gas prices,

low education about the systems, and

no organized promotion of the technology.

e Other states have implemented programs to combae ttypes of barriers, including

0 attractive incentives,
o trade ally training,
0 customer training,

O O O0OO0OO0OO0Oo
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promotion of success stories,

advertising to target customers,

public communications,

organized instructional reference tools, and
a professional organization

O O O0OO0Oo

Recommendations for Future Work

The analysis presented in this study adequatehaaodrately represents the energy, economic,
and environmental impacts for the specific buildiagnd system types presented, for the state of
Minnesota. However, due to the constraints ofthey, the scope had to be limited in several
aspects. Because the study did not evaluate pgafure of individual systems, further study of
actual system performance in Minnesota would pewadetter basis to further evaluate the
potential benefits of GHP systems within Minnesota.

The thermal performance of GHP systems for thidystwas based on a single assumed pair of
values for all building types: 14.1 EER cooling &d COP heating. In reality, the performance
of different systems are likely to be better or astgood as assumed, due to variables in
installation, site conditions, operating practics] many others. No detailed investigation has
been done regarding GHP performance for Minnesstallations. Thus, research on the actual
field performance of GHP systems in Minnesota &deel to bridge this information gap.

It was necessary to limit the scope of the studpdtude only one large and one small
representative building for each of the three diemmones within the state of Minnesota for each
of the three building types. While this can prevah overview of the general behaviors of GHP
characteristics within the state, it does not adegjy assess the potential benefits and limitations
for the implementation of this technology in thatet Further analysis, including in-depth studies
of additional building types would allow furthesight into potential economic and environmental
effects.

The installed cost for GHP systems is highly vdeabbndividual building specifics such as local
geology, cost of loop piping, costs of antifreezie,, can substantially affect the total installed
cost of the system. In addition, determining aoeable total installed cost for these systems is
made more difficult by the large range of valuesspnted in previous studies. The difficulty in
comparing construction costs between studies imanged due to the differences in system
boundaries utilized in each study. In many stydias unclear if equipment such as ductwork,
chilled and hot water loop piping, pumps, etcn@uded in the installed costs. A further
investigation into total installed costs for a etyiof HVAC systems would be beneficial.

The scope of this study examined only a typica@daaind small building for each category, which
therefore included a comparison using only onecal@fficiency value for each of the
conventional and GHP systems. Further analysmguke costs and efficiencies of a variety of
both conventional and GHP systems would allow aenpwecise comparison on savings, which
could be utilized to determine the most cost effeatonditioning systems for more specific
applications.
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The scope of this study included the comparisoenagsions and economics to the most typical
fuel source for service water and space heatingse®ithin the state of Minnesota, these needs
are met by a combination of natural gas, elecyitiP, distillate oil, residual oils, and other
sources. Further analysis, including both the esom@and emissions comparison for a variety of
fuel sources is recommended. In addition, theiegtmn of these emissions and economic
comparisons would be recommended for the entite stfaViinnesota based on percentages of
facilities utilizing each fuel source.

In many cases, the implementation of GHP systemdtesl in a net increase in both greenhouse
gas emissions as well as other emissions. Chamgies electrical generation capability and
source fuels will greatly affect the emissionstioee GHP systems. Minnesota is strategically
poised to be able to utilize wind, biomass, anep#iternative fuels sources to decrease these
specific emissions values. Specific emissionseslere considered to be static in this study.
Further analysis that included specific emissicadaas based on changes in the electrical
generation mix over the course of the servicenifeild provide additional insight into potential
future emissions reductions.
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1 Literature Review and Technical Assumptions

1.1 Introduction

Rising energy costs and concern over evidencamétd effects from greenhouse gas emissions are
driving rapid development of renewable and effitiemergy technologies. One area of technology
development is in improving the efficiency of hagtiventilation and air conditioning (HVAC)
equipment and systems in buildings. HVAC systeae®ant for over 40% of electric energy
consumption and over 90% of gas consumption inleasial and commercial buildings (1). In
schools, HVAC systems account for over 25% of eleeinergy consumption and over 90% of gas
consumption (1). Using the most efficient HVACtsys in these buildings has potential to
contribute to energy reductions, economic saviagd,emissions cutbacks.

No savings estimate or study has been completaddress the behaviors, annual energy use, and
economics of GHP systems specifically in the stétdinnesota. In this study, GHP HVAC systems
are compared with conventional HVAC systems. Pmsgistem differences include heating and
cooling efficiencies, energy source, and systerfop@ance characteristics. Heating and cooling
efficiencies of HVAC and GHP equipment are all @ssd values. The study assumes ENERGY
STAR® labeled efficiency values, Federal Energy ManagerReogram recommended efficiencies, or
typical system efficiencies seen in operation §2, &l conventional systems are analyzed with retu
gas heat and electric cooling systems. Heat pystpras use electricity to drive both the heating
and cooling conditioning. System performance attarstics are determined in the modeling
software. Detailed discussions of assumptions umstds study are included in Section 1.3.

The primary purpose of this project was to

e Determine the difference in energy consumptionr aests, and amounts of pollutants and
carbon dioxide emissions for Ground Source Heat@®BUuiGHPSs) as compared to
conventional Heating, Ventilation and Air Conditiog (HVAC) systems in Minnesota
residential, commercial and institutional buildingsed for heating and cooling air and water
heating, and;

¢ |dentify current installations of GHPs, availaktehcial incentives, manufacturers and
installers, economic development potential, andidrarto more widespread, cost effective use
of the technology in Minnesota.

This chapter details some background reviews tleaewonducted to determine reasonable operating
parameters as well as reasonable technical assumsitir creating the building models.

1.1.1 Definition of Terms

This report uses some technical terms that mapadamiliar to all readers, or may be used in a
context more specific than what is used in gerdieddbgue. For purposes of clarity, some terms and
units are defined here.

BTU British Thermal Unit, a standard English-gystunit of energy.
BTUH BTU per hour, a rate of energy use.
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COP Coefficient of Performance, the amount ofg@nsupplied by a device per unit
of energy supplied to the device (no units).

Demand Rate at which energy is used. Measurkd/irBTUH.

EER Energy Efficiency Ratio, an efficiency meastar commercial air conditioning
systems (BTU Output / Watt-hr Input).

SEER Seasonal Energy Efficiency Ratio, ratio ©Bof cooling output during its

normal annual usage divided by the total electnrgy input in Watt-hr
during the same period (BTU Outputod Watt-hr Inpuieaso).

Energy consumption Quantity of energy used fovargapplication. Measured in kwh, MWh,

Therms.

kw kilowatt, a rate of electric energy use.

kWh kilowatt-hour, an amount of electric energyiwalent to 1 kW supplied for 1
hour. When discussing the same type of energyy « 3,413 BTUH

MWh megawatt-hour, an amount of electric eneigyat¢to 1,000 kWh.

Therm an amount of energy, equal to 100,000 BarlM.1 mcf of natural gas.

Ton Unit of cooling demand, equal to 12,000 BTbfttheat removed from a space

1.2 Literature Review

Many studies have shown that geothetrhaht pumps (GHPSs) show significant efficiency and
economic improvements over traditional HVAC systéhss, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19). Many of these studies show benefitdmates warmer than that of Minnesota (14, 15,
17, 18, 19), but some studies show specific benefiinstaling GHP systems in northern climates (5
6, 9, 10, 13). One of these studies showed 29%36&%edannual energy cost savings in commercial
and institutional buildings, respectively, fromeys conducted comparing GHP systems to
conventional systems (4). This study also detafedngs compared to conventional system types.
GHP systems were shown to provide more energysavtgs than a gas-heat building when
compared to an all-electric building conventionatem.

One study in particular detailed the energy, ecaooamd emissions effects of installing GHP systems
in Wisconsin, a neighboring state to Minnesotahwitsimilar climate (9). This study shows annual
energy cost savings for all buildings examined; &esv, payback periods ranged from 10 to 24 years.
CO2 emissions were reduced in commercial and unstital buildings, but were increased in all
residential buildings. Results in Minnesota arpeeted to be similar in nature to these results in
Wisconsin.

1 Sometimes called ground source. Heat pumps esectatively steady temperature of the ground lasad source or
sink, usually for space conditioning. Geothermadtpumps should not be confused with use of ssclvlaanic
geothermal steam that may be used to generateielgct
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Despite the lack of a formal study, GHP systemslakeloping a small market in Minnesota already.
In 2005, there were 1,011 reported GHP shipmenkdinaesota (20). These installations represent
a current annual penetration rate for GHP systdrabaut one and one quarter percent (1.27%).

The economics of installing GHP systems extend thaymnual energy costs. Many studies have
shown a decrease in maintenance costs for GHPMsyste compared with conventional HVAC
systems (4, 21, 22, 23, 24). This effect genelallya smaller financial impact than energy cost
savings.

Some barriers to entry still exist in Minnesotagiag the installation market relatively small. esb
barriers are detailed later in this report, butinelude added installation costs and the unagstai
about these costs. The upfront costs of a GHRmsyahd the resulting lifetime cost-effectiveness
can vary significantly and is dependant on factmch as proper sizing of installation, local weathe
conditions and geology (25, 26, 27, 28).

1.3 Technical Assumptions

To achieve the technical goals of this study, tna@ tasks were required to be completed. First
was an energy analysis for each type of buildifige energy analysis required assumptions about
climate zones in which buildings are located araratteristic of the building types being analyzed,
including characteristics of the HVAC systems aradex heating systems expected to operate in each
type of building. Second, economics for each mgldvere compared. This economic comparison
required up front installation costs for each tgbsystem, O&M costs including energy and other
maintenance costs for each system. Finally, epmissiesulting from the energy consumption in each
building were compared. This comparison requipggLiic emissions rates for each type of energy
use: electricity and heating fuels. The assumptused to conduct the analysis within each of these
three tasks are detailed in this chapter.

1.3.1 Assumptions Required for Energy Analysis

To determine the energy use, a consistent builshodeling method was required. From its
widespread use in the field, the DOE 2.1e (DOE#Yimg simulation program was selected to model
each building. The primary assumption of this gtisdhat this simulator can provide accurate
representations of building energy consumptionsystem performance. Using climate zones
described below, Visual DOE was used to simulateiig and cooling loads for each building.

As with any simulation, the results can only beetpd to be as accurate as the model setup used for
the buildings and systems. The assumed valuesdiagalimate zones and building characteristics
used as inputs used are presented in the follosangons.

1.3.1.1 Assumptions Regarding Climate Zones

Three climate zones were selected in conjunctidh thie suggested climate zone data supplied by
the Minnesota DOC. The Minnesota DOC climate zave® defined using heating degree-days
(HDD) and cooling degree-days (CDD), based on ijmul-weighted average values in each zone.
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Representative locations were selected for eathreé climate zones considered in this study. The
building locations were selected based on predifimeations available in the DOE2.1e TMY2
(Typical Meteorological Year) weather data librémyfacilitate ease of analysis.

The locations selected were:
0 Zone 1-Duluth (North)
0 Zone 2-St. Cloud (Mid)
0 Zone 3-Minneapolis (South)

The average HDD and CDD values for each climate ava shown in the left side of Figure 1. The
TMY?2 data for the three selected locations abowe #DD and CDD values shown in the right side
of Figure 1. These cities were chosen becausentbsy closely represent the areas selected in each
zone, particularly with respect to HDD, which doaties HVAC energy consumption in Minneséta.

Figure 1: HDD and CDD Values in Zones Used in ThiStudy

Population Weighted Average Utilized TMY2 Values
Zone HDD CDD City HDD CDD
North 9,921 99 |Duluth 10,213 39
Mid 8,956 193 |St. Cloud 8,995 159
South 8,029 280 [Minneapolis 8,002 268

For the purposes of this study, the climate of diatdd city is sufficiently representative of the
corresponding zone of the state. Duluth is repitesige of the climate in the Northern counties of
the state; St. Cloud is representative the clirmbt®unties through the middle of the state; and
Minneapolis is representative of the climate in $meithern counties of the state. An error analysis
was conducted, comparing the population-weighteniage HDD in each county in each part of the
state to the HDD of the selected city. The avedifference in values for each region is shown in
Figure 2. For purposes of brevity, the city usadthe climate in each region is listed in results
tables, but these values are representative ofreg@m in its entirety.

Figure 2: Average Population Weighted Difference irHDD between the Selected Zone / City and the Resftthe
Region

Zone HDD Valules |Utilized TMY2 Values

North 2.79%|Duluth 3.58%
Mid 3.40%|St. Cloud 3.29%
South 2.85% |Minneapolis 3.05%

2 The TMY2 data input into DOE2.1e simulation prasdnore accurate results than a bulk HDD / CDD ahnu
average energy consumption, especially when comganteractive building models. Studies have shawery high
dependence on balance point of a building for deteing HVAC energy consumption when using an HDDICD
method. Using the DOE2.1e simulation method elates the error associated with guessing a balasiné p
temperature.
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1.3.1.2 Heating and Cooling Loads

The TMY2 data were used in place of HDD/CDD or gpgiseasonal analysis. The DOE2
simulation of heating and cooling loads and hodigperation for each building type is assumed to be
accurate for the three climate zones listed here.

1.3.1.3 Utility Hourly Loads

Hourly loads provided by utilities in Minnesota weequested but were not made available for this
report. In place of this 8,760 (year-long) hourkHmur comparison of demand, a summer and winter
building peak were calculated for each buildingudation. These building peaks are assumed to be
representative of times when the utility load i®ahear its peak.

1.3.1.4 Assumptions Regarding Building Characteristics

Three building types were selected for analysisiacidsion in this study: commercial, institutional
and residential. Large and small buildings werpiired for each type, for a total of six buildings
each climate zone. Each building type may be sgmted by several specific building classes
(commercial buildings include retail stores, officetc). For the purposes of this study, one Bpeci
building class was assumed to be representatiteedjuilding type. Modeling a specific class of
buildings is more accurate than attempting to cambharacteristics of multiple classes into one
model. For example, modeling an office building@tail store on its own is more accurate than
attempting to incorporate characteristics of batitdings in an attempt to obtain data represergativ
of both buildings at once. Based on the literatergewed (29, 30) as well as Michaels Engineesing’
experience in the industry, the building classéscsed are consistent with the buildings that have
shown both significant implementation of GHP systeand significant potential for energy savings
and emissions reductions within each building type.

The building classes and associated characteristicew construction and existing buildings are
presented in Figure 3 and Figure 4. These chaistate include building size (square feet), number
of floors, aspect ratio, energy-related paramedarsh as occupancy, lighting levels, and ventitatio
levels), and insulation levels. Sizes were assumasdd on similar studies and available data (9, 29
30, 31, 32). Number of floors and aspect ratiosvassumed based on typical building data (29, 30,
31, 32). Energy-related parameters including ilghpower density, equipment power density, and
insulation levels were assumed based on currelifmmicodes for new construction and based on
typical building practice from ~20 years prior testreport for existing buildings (2, 3).

Building parameters were collected from a varidtgaurces. Residential sizes were taken from
census data. School sizes were taken from comdiledesota Department of Education data.
Commercial building sizes were taken from federaedlyjnmissioned studies (29, 30). These studies
included values for aspect ratios, heating anding®ypical systems, etc. ASHRAE 90.1-2004 was
referenced for building shell properties such agaRies and window glazing coefficients and U-
values (2, 3).

Office buildings were selected as representativ@aimercial buildings, schools as representative of
institutional buildings, and single-family homesrapresentative of residential buildings.
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Figure 3: Assumed Building Characteristics-New Cortsuction
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Building Size (sq. ft.) 13,006 75,060 69,114 386,328 1,800 3,000
Number of floors 1 3 1 2 1 2
Aspect Ratio 1.2 2.2 IRR IRR 1.2 1.6
Floor to Floor Height (ft) 13 13 13 13 9 9
Plenum Height (ft) 4 4 4 4 N/A N/A
Zones per Floor 5 5 5 5 1 1
Perimeter Zone Depth (ft) 15 15 20 20 N/A N/A
Glazing Fraction 0.40 0.40 0.18 0.18 0.12 0.12
Occupancy (ft"2/person) 275 275 75 75 600 600
Ventilation (cfm/person) 17 17 15 15 15 15
Lighting (W/ft"2) 1.0 1.0 1.2 1.2 0.7 0.7
Plug Loads (WI/ft"2) 1.3 1.3 0.8 0.8 11 11
Construction Type Steel Frame | Steel Frame Mass Mass Wood Frame | Wood Frame
Roof Insulation R-Value 22 22 22 22 38 38
Wall Insulation R-Value (ASHRAE
Zone 6) 13+3.8ci 13+3.8ci 9.5ci 9.5ci 190r13+5ci| 19 or 13+5ci
Wall Insulation R-Value (ASHRAE
Zone 7) 13+7.5¢ci 13+7.5ci 11.4ci 11l4ci 19 19
Glazing SHGC
(ASHRAE Zone 6) 0.39 0.39 0.39 0.39 N/A N/A
Glazing SHGC
(ASHRAE Zone 7) 0.39 0.39 0.49 0.49 N/A N/A
Glazing U-Value 0.57 0.57 0.57 0.57 0.35 0.35
Infiltration (ACH) 0.2 0.2 0.2 0.2 0.2 0.2

IRR = Irregular Shape

ci = Continuous Insulation
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Figure 4: Assumed Building Characteristics-ExistingBuilding
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Building Size (sq. ft.) 13,006 75,060 69,114 386,328 1,800 3,000
Number of floors 1 3 1 2 1 2
Aspect Ratio 1.2 2.2 IRR IRR 1.2 1.6
Floor to Floor Height (ft) 13 13 13 13 9 9
Plenum Height (ft) 4 4 4 4 N/A N/A
Zones per Floor 5 5 5 5 1 1
Perimeter Zone Depth (ft) 15 15 20 20 N/A N/A
Glazing Fraction 0.40 0.40 0.18 0.18 0.12 0.12
Occupancy (ft"2/person) 275 275 75 75 600 600
Ventilation (cfm/person) 17 17 15 15 15 15
Lighting (W/ft"2) 1.6 1.6 17 17 0.7 0.7
Plug Loads (W/ft"2) 1.3 1.3 0.8 0.8 1.1 1.1
Construction Type Steel Frame | Steel Frame Mass Mass Wood Frame | Wood Frame
Roof Insulation R-Value 9.1 9.1 10 10 25 25
Wall Insulation R-Value (ASHRAE
Zone 6) 4.0 4.0 4.0 4.0 11 11
Wall Insulation R-Value (ASHRAE
Zone 7) 4.0 4.0 4.0 4.0 11 11
Glazing SHGC
(ASHRAE Zone 6) 0.52 0.52 0.73 0.73 0.73 0.73
Glazing SHGC
(ASHRAE Zone 7) 0.52 0.52 0.73 0.73 0.73 0.73
Glazing U-Value 0.7 0.7 0.7 0.7 0.55 0.55
Infiltration 0.5 0.5 0.5 0.5 0.6 0.6

IRR = Irregular Shape
ci = Continuous Insulation
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1.3.1.5 Assumptions Regarding HVAC System Characteristics

Within each building type, a variety of HVAC systemay be common and can depend on building
characteristics, building function, and HVAC desigpreferences. For each of the building sizes and
types in Figure 3 and Figure 4, one representatveentional HVAC system was assumed. The
conventional systems assumed for each building aypdisted in Figure 5. Efficiencies of
commercial, institutional, and residential coolgygtems are assumed based on current code values
(2, 3). Efficiencies of large commercial, largel@mall institutional, and large and small residgnt
heating systems are assumed based on Energy &tlsr 1§ he efficiency of the small commercial
heating system (rooftop units) is assumed basddidmels Engineering’s experience in the industry.
The assumptions regarding the systems also inelyplected equipment useful life. All conventional
systems use natural gas for space heating and hedéng, and electricity from a utility to run the
cooling system.

All efficiencies listed in Figure 5 are the nomiedficiencies at standard rating conditions.
Determining the actual operating efficiency of ep@te of equipment is dependant on factors such
as loading conditions, outdoor conditions, and dipgeerformance characteristics. Average
operating efficiencies achieved as a result of ajiey in each specified climate are listed in thsuits
section. Due to the nature of this study, thecipefficiency adjustments internal to the DOE 2.1e
engine were assumed to be adequate to represespehations of the systems over the year. These
adjustments are assumed to sufficiently definesamedunt for annual operating efficiency
characteristics. However, significant uncertagiian be expected in the results of this study as a
result of uncertainties present in the assumptidiso outside the scope of this study was a
sensitivity analysis to show how the uncertaintgfiiciencies would affect the energy and pollutant
results. This important factor remains for futurerku

Ground source heat pump systems assumed for eddindptype are listed in Figure 6. Efficiencies
of commercial, institutional, and residential hegtand cooling systems are assumed based on
minimum levels required to achieve current incezgiin the state, identical to the current values fo
ENERGY STAF labeled equipment. The assumptions regardingytstems also include expected
equipment useful life.

The same conventional and GHP systems were coeadid@r both new construction and existing
building retrofit analysis for each building typedasize. The installation of a GHP system is a
significant project with substantial incrementastsoassociated with it. Therefore, the vast ngjori
of GHP systems installed are either installed atrigw construction stage, during the course of a
major building renovation, or at the end of lifetbé existing HVAC system. In all three of these
options, the conventional HVAC system would be scibfo current building codes. Because of this
situation for both the new construction and exgstwilding retrofit conditions, incremental costs a
considered rather than full costs. While many s&hourrently do not have air conditioning (33)edu
to the assumption that the buildings are compagaghat retrofits with both heating and cooling
installed so the same conditioning is achievable gnergy comparisons for retrofit schools ark stil
considered valid.
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Efficiencies of HVAC systems are consistent withi&®l Energy Management Program (FEMP)
recommended efficiencies, typical installed valiegghe building population in Minnesota, state and
local building codes, utility GHP system prograrawsptions, information presented by technical
engineering societies, and Michaels Engineeringgegence in the industry, as applicable (2, 3).
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Figure 5: Assumed System Characteristics — Convewntial HYAC Systems
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Conventional System Type PVAV VAV VAV VAV Split Split
Fan Control Variable Variable Variable Variable | Constant | Constant
Conventional Cooling Type DX WCC ACC WCC DX DX
Conventional Heating Type F GB GB GB F F
Conventional Cooling EER 12.0 16.7 12.0 20.8 14 SEER | 14 SEER
Conventional Heating Eff 80% 85% 85% 85% 92% 92%
Heating System Useful Life (Years) 15 25 25 25 18 18
Cooling System Useful Life (Years) 20 23 23 23 15 15
Ductwork Useful Life (Years) 30 30 30 30 30 30
VAV Box Useful Life (Years) 20 20 20 20 N/A N/A
Cooling Tower Uesful Life (Years) N/A 20 N/A 20 N/A N/A
Pump Useful Life (Years) N/A 20 N/A 20 N/A N/A
Fan Useful Life (Years) 25 25 25 25 25 25

PVAV = Packaged Variable Air Volume
VAV = Variable Air Volume

Split = Split Air Conditioning System with Outdo@ondenser

DX = Direct Expansion

WCC = Water Cooled Chiller
F = Furnace (includes Gas-Fired Heat for the Paadk&poftop Unit in the Case of the Small Office)

GB = Gas Boiler
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Figure 6: Assumed System Characteristics — GHP HVAGystems
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GHP Cooling EER 14.1 14.1 14.1 14.1 14.1 14.1
GHP COP 3.3 3.3 3.3 3.3 3.3 3.3
System Useful Life (Years) 19 19 19 19 19 19
Loop Useful Life (Years) 100 100 100 100 100 100
Ductwork Useful Life (Years) 30 30 30 30 30 30
Pump Useful Life (Years) N/A 20 N/A 20 N/A N/A
Fan Useful Life (Years) 25 25 25 25 25 25
ERV Effectiveness 60% 60% 60% 60% N/A N/A
Orientation Vertical Vertical Vertical Vertical | Horizontal | Horizontal
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1.3.1.6 Assumptions Regarding Water Heating System Characteristics

Based on 2003 Commercial Building Energy Consump8arvey (CBECS) and 2001 Residential
Energy Consumption Survey (RECS) data, 99% of caialevater heating systems and 85% of
residential water heating systems are either neasaor electric; therefore, these are the onty tw
fuel sources considered in this study (32).

For each building type and size, a cursory reviéthe water heating needs was completed to
determine if gas or electric heating provided amemic advantage. Based on this cursory review,
gas water heating was assumed to be installed fouilgings with conventional HVAC systems. For
buildings with GHP systems implemented, gas systemsined in use for the large office, small
school, and large school. However, in the smééafsmall residential, and large residential, the
ability to eliminate the natural gas consumptiotirely resulted in an assumption that electricalexa
heating would be the more economical option inghamslding cases.

For buildings where electric water heating was ehpa desuperheater option was considered for the
GHP systems. These buildings were modeled withnatitbut the desuperheater option to show
effects of incorporation of this feature. A desin@ater uses energy from the GHP refrigeration loop
to provide a portion of the facilities’ hot watezeds. The remaining hot water must be produced
using a secondary electric heating element.

A desuperheater heat pump option is not expectédye a significant impact on the operating
efficiency of the GHP system during the heatingssaabut the heat available to the space will
decrease slightly. This results in either spawfya larger GHP system size or requiring that thieG
operate for a greater number of hours. At peait @anditions, the entire water heating load will be
served by the supplemental electric resistancesteabDuring the cooling season, the efficiency of
the heat pump is expected to increase with thepgekaater option. This also results in less heat
being sent to the well field and can result in addal pumping energy savings.

1.3.2 Annual Hours of Operation

The DOE2 simulation of heating and cooling loads hours of operation for each building type and
size is assumed to be accurate for the three eliaates listed in Section 1.3.1.1.

1.3.3 Assumptions Required for Economic Analysis

Economic analysis required assumptions regardingertgional and GHP system costs. These costs
include total installed costs, annual maintenamckcther O&M costs (other than energy), and
annual energy costs, based on current utility rafesimple payback analysis and a life cycle cost
analysis were assumed to be the best methods tparerthe conventional and GHP systems’
economics.

1.3.3.1 Assumptions Regarding System Installed Costs and O&M Costs

From previous studies (4, 9, 13, 18, 26, 27), dasiry survey in Minnesota, and interviews with
designers (34), cost estimates were determinecbioventional systems and GHP systems, shown in
Figure 7 and Figure 8. Because there are antenfmimber of possible installation options, a syrve
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was sent out to Minnesota contractors, and someddota and Wisconsin HVAC system designers
were interviewed to estimate system costs. lestalbsts include all equipment and installatiootab
for the system, air handling system, related pigind ductwork, and, in the case of the GHP system,
drilling and installing the well field. In the conercial and institutional GHP systems, costs also
include energy recovery ventilators (ERVS), which fypically installed to maintain smaller welllfle
sizes and to reduce the ventilation temperatuferdiftial to ensure that the heat pump can provide
sufficient temperature gain to the mixed air. Thets do not assume any distinction between the
number of wells or well depth or orientation, asteaf these parameters is site-specific. The éigur
also include estimates of maintenance costs fdr gggtem, normalized per square foot.

Operations and maintenance costs are significiowlgr than energy costs for the buildings analyzed.
As with total installed costs, maintenance costisb&ibuilding specific and were estimated from
average values found in practice by RS Means artldR¥E Handbooks. Heat pump maintenance is
usually expected to be slightly less expensive ttmarventional system maintenance (21, 22, 23, 24),
although this cost difference has significantlyslespact on life cycle costs than the difference in
energy costs. Estimated annual maintenance cestxpare foot are listed in Figure 7 and Figure 8.

Figure 7: Conventional System Costs per Square Foot

Total Installed Total Installed
Costs per Square Annual Costs - New Costs - Existing
Foot Maintenance |[Construction Building
Small Office $ 0271 $ 16.00 | $ 17.00
Large Office $ 0.15]| $ 24.00 | $ 25.00
Small School $ 029 ] $ 24.00 | $ 29.00
Large School $ 0.10 | $ 24.00 | $ 29.00
Small Residential $ 0.14 | $ 6.50 | $ 6.80
Large Residential $ 0.08|$ 580 | $ 6.05

Figure 8: GHP System Costs per Square Foot
Total Installed Total Installed
Annual Costs - New Costs - Existing

Costs per Square Foot [Maintenance |Construction Building
Small Office $ 026 | $ 28.50 [ $ 31.50
Large Office $ 0.12 | $ 28.50 | $ 31.50
Small School $ 0231 $ 28.50 | $ 33.50
Large School $ 0.08|$ 28.50 | $ 33.50
Small Residential $ 0.16 | $ 1350 | $ 13.80
Large Residential $ 0.10| $ 12.00 | $ 12.25

Installation costs were not assumed to differ gamtly for the locations considered. Per RS
Means, the historical installation cost indicestfor locations under considerations vary from the
average cost index by less than 3%.

Due to the limitations of this study, costs arenestted as best as could be reasonably determinéd, b
all costs for individual projects should still bensidered on a site-specific basis. For examglat h
pump well field costs may vary by over 100% refatio the average cost used here, due to local
geological conditions (28), labor rates, etc. Hhigly is not meant for any specific site building
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decision, but for assessing the general potertiaat pump systems in Minnesota. Some sites may
be well suited for these systems, while othershate

1.3.3.2 Assumptions Regarding Energy Costs

Four large utilities provide electric service t@ tast majority of customers in the state. These
companies serve different territories in the staté have a range of rates, depending on customer
electricity consumption and demand. Xcel Energyesethroughout all three climate zones in this
study; Alliant Energy serves the Southern parhefdtate; Minnesota Power serves the Northeast
region; and Otter Tail Power serves the Westerhgfahe state. Electric rates are shown in
Appendix B. Although this does not include theirentate structure for the utilities, these rates a
typical for the facilities covered in this study.

These charges include demand and energy chardescharges do not include taxes, fees, or fuel
cost adjustments. Taxes and fees are expecteglgooportional to energy consumption and should
not significantly affect the results, compared thes uncertainties that cannot be improved for this
study. Energy costs for the year are not expetctedry significantly based on variations in mowthl
fuel cost adjustments. Fuel cost adjustments septehe current prices for fuel in electricity
generation. These charges are volatile and ndtregdrted. From the information that is available
these adjustments may vary electric or naturatgats by 5-10%. Gas charges are also subject to
fuel cost adjustments. Due to the volatility atfactor, no fuel cost adjustments are used & thi
study.

In order to accurately reflect the economics farthearea, the energy costs for the buildings
considered were determined for each utility thatese customers in the three climate zones. Alliant
Energy serves only the southern climate zone ammhddota Power serves territory only in the
northern and middle climate zones of the stateth B@el Energy and Otter Tail Power serve
customers in all three climate zones of the stat®e utilities considered for each climate zone are
presented in Figure 9. Only the rate structuraswould be applied to each building type are
considered. The rates that apply to each buildipg are listed in Figure 10. Where two rates from
the same utility may apply to a building, the rétat provides lower annual costs was assumed to be
selected. Only one rate from each utility servangtomers in each region was included in cost
analyses.

Natural gas prices were supplied from an Energyrimétion Administration (EIA) study (35). The
average 2007 retail natural gas price in Minnes@s $12.018 / MCF in the residential market and
$9.866 / MCF in the commercial market. These éosts include both the fuel costs as well as
distribution charges.
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Figure 9: Utility Territories
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Figure 10: Utility Rates Applying to Each Building Type
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1.3.3.3 Utility Incentives

There are currently no federal or state incentsgeifically for GHP system installations. Many of
the public utilities in Minnesota, however, do haweentive programs. A summary of utility
incentive programs is shown in Figure 11. Smddleal utility providers may have incentives as well
but information regarding these programs is avigilably to the customers of these providers.
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Figure 11: Utility Incentives for GHP Installation in Minnesota

Base Cooling Cpgllng Base Heating Hggtlng Desuperheater
Incentive EfflClepcy Incentive EmCIe'.]Cy Incentive
Incentive Incentive
($/ton) $/(EER-EER,;;) | ($/1000 BTU) ($) (%)
Alliant Energy
Open Loop $300 $150 $150 $200
Closed Loop $300 $150 $150 $200
Minnesota Power
Open Loop $200
Closed Loop $150
Ottertail Power
Open Loop $18
Closed Loop $18
Xcel Energy-
Residential
Open Loop
Closed Loop $150
Xcel Energy-
Commercial
Open Loop Custom - $200/kW
Closed Loop Custom - $200/kW

1.3.4 Assumptions Required for Emissions Analysis

The values in Figure 12 were determined from th@b2dinnesota Public Utilities Commission

(PUC) environmental disclosure reports for the mageestor owned utilities, including Xcel Energy,
Allete (Minnesota Power), Alliant Energy, OttertBtbwer, and Dakota Electric. The specific
emissions factors shown in Figure 12 were assumée representative of emissions associated with
any electric consumption in this study. Theseesinclude both greenhouse gases and other
emissions. Carbon dioxide (CO2) and nitrogen ax{@0x) are typically considered greenhouse
gases. Sulfur dioxide (SO2), particulate mattéfn),Fand mercury (Hg) are also tracked here as
other emissions.

In the results shown for the greenhouse gas emsgsgiobal warming potential values were
determined for each scenario. Global warming patkis a scale that uses CO2 as a reference and
compares the global warming potential of a subgtand¢he same mass of CO2 within a given
timescale. The magnitude of the effect that eabistance is attributed is a function of both the
efficiency of the molecule as a greenhouse gastandxpected atmospheric lifetime. For the
purposes of this study, only the effects of CO2 ld@k emissions were considered. NOX is
determined to have the equivalent global warminggipital of 296 times that of CO2. In the Annual
Emissions Values tables, “CO2 Eq.” expresses thesalgnt CO2 greenhouse effect by combining
the affects of CO2 and NOx emissions.
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Figure 12: Electric Utility Specific Emissions Facbrs

co2 SO2 NOx PM Hg
Units Ibs/MWh Ibs/MWh lbs/MWh Ibs/MWh lbs/MWh
Electric Utilities 1,662 4.447 3.672 0.771 0.000044

The specific emissions factors shown in Figure £8anassumed to be representative of emissions
associated with non-electric space and water lgeatel use. The values in Figure 13 were derived
from EPA AP-42 Chapter 1 emissions factors.

Figure 13: Natural Gas Specific Emissions Factors

co2 SO2 NOX PM Hg
Units Ibs/MMBTU | Ibs/MMBTU | Ibs/MMBTU | Ibs/MMBTU | lbs/MMBTU
Residential Natural Gas
Furnace 117.6 | 5.882E-04 | 9.216E-02 | 7.451E-03 | 2.549E-07
Commercial Smalll
Natural Gas Boiler 117.6 | 5.882E-04 | 9.804E-02 | 7.451E-03 | 2.549E-07

2 Results and Comparative Analysis

Building models were constructed in DOE2 for thkéianesota climate zones for the categories of
commercial, institutional, and residential buildsngsing the assumptions detailed in Section 1.51.
each scenario, the monthly and annual electricggnese, electric demand, and natural gas
consumption values were determined for both theveational HVAC system and a GHP HVAC
system. Energy results were used with assumptiwreconomic factors and emissions factors from
Sections 1.3.3 and 1.3.4, respectively, to deterithie economic and emissions results for each case.
All results for each building type are detailedSiection 2.1. Summarized results across building
types are listed in Section 2.2.

Some analyses compare buildings based on daytygasons, and annual hours of operation. This
analysis, using DOE2 and TMY2 annual weather dataylated building performance on an hourly
basis for an entire typical year rather than facs instances. The energy and demand figures
presented in this chapter include all building ggeand demand, including lighting, plug loads,
HVAC, water heating, etc.

2.1 Model Results

2.1.1 Commercial Results

Commercial buildings were analyzed using buildingdels for small and large office buildings. The
small office conventional system is a relativelgxpensive packaged VAV system with cooling and
heating efficiencies of 12.0 EER and 80%, respeltiprovided from the packaged rooftop unit and
zone heating provided by an 80% efficient gas meateach space. The large office conventional
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system is a VAV system with a water-cooled chilléth a 16.7 EER and a boiler with 85% rated
efficiency for the cooling and heating, respectivelhe comparisons between these systems and the
GHP systems are detailed below.

2.1.1.1 Small Office, New Construction

The small office new construction building with tbenventional HYAC system had electrical
demand and energy consumption values ranging ffoto 57 kW and 138 to 145 MWh, depending
on location. The small office new constructionlding with the conventional HVAC system had
natural gas consumption of 6,260 to 7,413 thermgedding on location.

The small office new construction building with t6&P HVAC system had lower summer electrical
demand, higher winter electrical demand, and highergy consumption values, a decrease of 3 to 4
kW summer peak demand, an increase of 29 to 36 kiti¢mpeak demand, and an increase of 24 to
29 MWh energy consumption, depending on locatBased on a cursory economic analysis, electric
water heating was utilized in the GHP system. &lsved the gas consumption in the GHP case to
be reduced to zero for all locations.

The demand and energy consumption values are peeserFigure 14 for the small office new
construction GHP retrofit without the desuperheatater heating option. The demand and energy
consumption values are presented in Figure 1Shfmsmall office new construction GHP system with
the desuperheater water heating option added.

The small office new construction building with tbenventional HYAC system had total annual
energy costs from $14,849 to $17,578, dependingaation and utility. The small office new
construction building with the GHP HVAC system Hagher electrical costs but no natural gas costs
associated. The total annual energy savings ®mtblementation of the GHP HVAC system ranged
from $4,275 to $5,380, or 26% to 34% of the coneeral HVAC system energy costs, depending
on location and utility. The addition of the destlpeater water heating option increased the annual
savings by an additional $332 to $478.

The annual energy cost values are presented ineg=iglifor the small office new construction GHP
system without the desuperheater water heatingmptlhe annual energy cost values are presented
in Figure 19 for the small office new constructi®RP system with the desuperheater water heating
option added.

The annual savings from the installation providesihaple payback of 31 to 35 years and a net
increase in life cycle costs. Economics for smffite new construction installations both on an
absolute basis and normalized per square foothamersin Figure 20 and Figure 22.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure
24 and the emissions with the addition of a dewgaer are shown in Figure 25. The installation of
a GHP system in a small office new constructiofding reduces CO2 emissions by 10.7% to 12.4%,
depending on location. The addition of a desumetaeduces CO2 emissions by a further 2.7% to
2.8%. All other emissions would increase due titicreased electric consumption.
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Figure 14: Annual Demand and Energy Values for a Sall Office New Construction Building

Conventional System GHP System Savings
Summer Summer Summer
City Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 55 138,340 7,413 51 167,125 0 4 -28,785 7,413
St. Cloud 54 143,369 6,540 51 168,733 0 3 -25,364 6,540
Minneapolis 55 145,332 6,260 51 169,434 0 4 -24,102 6,260
Figure 15: Annual Demand and Energy Values for a Sall Office New Construction Building with
Desuperheater included in the GHP System
City Conventional System GHP System Savings
Summer Summer Summer
Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 55 138,340 7,413 50 162,016 0 5 -23,676 7,413
St. Cloud 54 143,369 6,540 49 163,444 0 5 -20,075 6,540
Minneapolis 55 145,332 6,260 50 164,056 0 5 -18,724 6,260

Figure 16: Annual Demand and Energy Values per Squa Foot for a Small Office New Construction Buildirg

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 4.2 10.6 0.57 4.0 12.8 0 0.3 -2.2 0.57
St. Cloud 4.2 11.0 0.50 3.9 13.0 0 0.3 -2.0 0.50
Minneapolis 4.2 11.2 0.48 4.0 13.0 0 0.3 -1.9 0.48

Figure 17: Annual Demand and Energy Values per Squa Foot for a Small Office New Construction Buildirg
with Desuperheater included in the GHP System

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 4.2 10.6 0.57 3.8 12.5 0 0.4 -1.8 0.57
St. Cloud 4.2 11.0 0.50 3.8 12.6 0 0.4 -1.5 0.50
Minneapolis 4.2 11.2 0.48 3.8 12.6 0 0.4 -1.4 0.48
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Figure 18: Annual Energy Charges and Savings for &mall Office New Construction Building

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
MinnesotaPower |$ 8538|% 7314]% 15852|$ 10472 $ - $ 10472]1% 5,380 34%
Duluth Otter Tail Power $ 10265]|$ 7314|$ 17578|% 12318 $ - $ 12,318 1$ 5,260 30%
Xcel Energy $ 9902]|$ 7314|$ 17215]|% 12,207 ($ - $ 12,207 )$ 5,008 29%
MinnesotaPower |$ 8866 |% 6452]% 15319|$ 10,638 $ - $ 10,638)1$ 4,681 31%
St. Cloud Otter Tail Power $ 10624]|$ 6452|$ 17076]|% 12433[$ - $ 12433]1% 4,643 27%
Xcel Energy $ 10274]|$ 6452|$ 16,726 |$ 12,374 $ - $ 12374]1% 4,352 26%
Alliant Energy $ 8673|$ 6176|$ 14849]|$ 9985($ - $ 9985]% 4,863 33%
Minneapolis |Otter Tail Power $ 10,764|$ 6,176|$ 16,940]|$ 12,483 $ - $ 12,483 )|8$ 4,457 26%
Xcel Energy $ 10373 |$ 6,176|$ 16550|$ 12274 $ - $ 12,2741$ 4,275 26%

Figure 19: Annual Energy Charges and Savings for &mall Office New Construction Building with
Desuperheater included in the GHP System

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
MinnesotaPower |$ 8538|$% 7314]% 15852|$ 10,123 $ - $ 10,123)$ 5,729 36%
Duluth Otter Tail Power $ 10265]|$ 7314]|$ 17578|% 11954 ($ - $ 11954]18% 5,625 32%
Xcel Energy $ 9902]|$ 7314|$ 17215]|% 11754 ($ - $ 11,7541$ 5,461 32%
MinnesotaPower |$ 8866|% 6452]% 15319]|$ 10,263 $ - $ 10,263 )% 5,056 33%
St. Cloud Otter Tail Power $ 10624]|$ 6452|$ 17076]|% 12,056 $ - $ 12056]$% 5,020 29%
Xcel Energy $ 10274]|$ 6452|$ 16,726 |$ 11897 ($ - $ 11897]1% 4,829 29%
Alliant Energy $ 8673|$ 6176]% 14849 965389 - $ 9653)% 5,19 35%
Minneapolis |Otter Tail Power $ 10764]|$ 6,176|$ 16,940]|% 12099 $ - $ 12,099]13% 4,840 29%
Xcel Energy $ 10373|$ 6,176|$ 16550|$ 11840 $ - $ 11,840]% 4,709 28%

Figure 20: Economics of Conventional and GHP HVAC gstems for a Small Office New Construction Building
Including Simple Payback and Life Cycle Costs

Conventional System GHP System Savings
Annual Amud Annud Amud Snple
Tatal Installed |  Maintenance Energy Lie Cyde | Total Installed | Maintenance Energy Life Cyde Annual Payback | Life Cycle %LCC
City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 2080%6|3$ 3473 $ 1688 $  4165%6|$ 30671 $ 33%56|$ 1666|$ 443602|$ 524 N7 [($ (27.066) 650
St Coud $ 2080%6|3$ 3473|$ 16374($  41200|$ 30671 $ 33%5|$ N1N815|$ 4501|$ 4637 Bl [$ (3B3FY) -81%
Mmegpolis | $  2080%| $ 3473|$ 16113($  409424|$ 3671 $ 33%5|$ N1581|$ 4425341$ 4610 B4 [$ (33160 -81%

Figure 21: Economics of Conventional and GHP HVAC gstems for a Small Office New Construction Building
Including Simple Payback and Life Cycle Costs wittDesuperheater included in the GHP System

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 2080%|$ 3473($ 16832 $  416536|$ 373171 $ 33%6|$ 11277|$  441442|$ 5683 201 |$ (4906 -60%
St Qoud $ 2080%($ 3473|$ 16374($  412039|$ 3B171| $ 33%6|$ 11406|$  442978|$ 5046) 327 |$ (3099 -75%
Mnneapolis | $ 20809 | $ 3473|$ 16113($  409424|$ 3B171| $ 33%|$ 11198|$  440490|$ 493 381 |$ (3L066)| -76%
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Figure 22: Economics of Conventional and GHP HVAC $stems per Square Foot for a Small Office New
Construction Building, Including Simple Payback andLife Cycle Costs

Convertional System GHP System Savings
Amnual Annud Amnual Annua Sinde
Total Installed |  Maintenance Energy LifeCyde | ToalIrstlled |  Maintenance Energy Life Cyde Annual | Payback Life Cyde %LCaC
City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 1600| $ 0267| $ 130| $ 13| $ 2850| $ 0261 $ 090| $ 3411|$ o041 N7 |[$ (208 -65%
St Qoud $ 1600| $ 0267| $ 126| $ 31L63| $ 2850| $ 0261 $ 091| $ 425|$ 036 Bl [$ (25%6) -81%
Mnneapalis | $ 1600| $ 0267| $ 124 $ 3148| $ 2850| $ 0261 $ 089 $ 3403|$ 03| B4 |$ (25%5) -81%

Figure 23: Economics of Conventional and GHP HVAC $stems per Square Foot for a Small Office New
Construction Building, Including Simple Payback andLife Cycle Costs with Desuperheater included in ta GHP
System

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
|City
Duluth $ 16.0( $ 0267| $ 10($ R03| $ 26| $ 0261 $ 087( $ BA|$ 04| 201 |$ 19y -6.0%
St Qoud $ 160 $ 0267| $ 126 $ 3168| $ 26| $ 0261 $ 088 $ 3406|$ 039 37 |$ (233 -75%
Mnneagpolis | $ 1600 $ 0267| $ 1241 $ 3148| $ 2869 % 0261 $ 08| $ RB7|$ 038 B1 |$ (239 -76%

Figure 24: Annual Emissions Values for a Small Oftie New Construction Building

CO2 SO2 NOXx PM Hg CO2 Eq.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 317,172 616 576 112 0.0063 487,771
Duluth GHP 277,809 743 614 129 0.0074 459,477
Reduction 39,363 -128 -37 -17 -0.0011 28,295

% Change -12.4% 20.7% 6.5% 14.9% 17.2% -5.8%
Conventional 315,261 638 587 115 0.0065 488,946
st. Cloud GHP 280,482 750 620 130 0.0074 463,898
Reduction 34,779 -112 -33 -15 -0.0009 25,048

% Change -11.0% 17.6% 5.6% 12.7% 14.7% -5.1%
Conventional 315,230 647 591 117 0.0066 490,285
; .. |GHP 281,647 754 622 131 0.0075 465,825
Minneapolis 1o ciion 33,583 107 31 14 20.0009 24,460

% Change -10.7% 16.5% 5.2% 11.9% 13.7% -5.0%

Figure 25: Annual Emissions Values for a Small Oftie New Construction Building with Desuperheater inluded
in the GHP System

Co2 S0O2 NOx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 317,172 616 576 112 0.0063 487,771
Duluth GHP 269,316 721 595 125 0.0071 445,430
Reduction 47,856 -105 -19 -13 -0.0009 42,341
% Change -15.1% 17.0% 3.2% 11.3% 13.6% -8.7%
Conventional 315,261 638 587 115 0.0065 488,946
st. Cloud GHP 271,690 727 600 126 0.0072 449,356
Reduction 43,571 -89 -13 -11 -0.0007 39,589
% Change -13.8% 13.9% 2.3% 9.2% 11.1% -8.1%
Conventional 315,230 647 591 117 0.0066 490,285
Minneapolis GHP _ 272,707 730 602 127 0.0072 451,039
Reduction 42,522 -83 -11 -10 -0.0007 39,245
% Change -13.5% 12.8% 1.9% 8.4% 10.1% -8.0%
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Figure 26: Annual Emissions Values per Square Fodor a Small Office New Construction Building

TOZ 502 NOx PM Hg x1000 | COZ Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 24 0.047 0.044 0.009 0.00048 38
buluth GHP 21 0.057 0.047 0.010 0.00057 35
Reduction 3 -0.010 -0.003 -0.001_| -0.00008 2
% Change -12.4% 20.7% 6.5% 14.9% 17.2% -5.8%
Conventional 24 0.049 0.045 0.009 0.00050 38
st Cloud  |GHP 22 0.058 0.048 0.010 0.00057 36
Reduction 3 -0.009 -0.003 -0.001__| -0.00007 2
% Change “11.0% 17.6% 5.6% 12.7% 14.7% 5.1%
Conventional 24 0.050 0.045 0.009 0.00050 38
Minneapolis [SHP 22 0.058 0.048 0.010 0.00057 36
Reduction 3 -0.008 -0.002 -0.001__| -0.00007 2
% Change -10.7% 16.5% 5.2% 11.9% 13.7% 5.0%

Figure 27: Annual Emissions Values per Square Fodor a Small Office New Construction Building Building
with Desuperheater included in the GHP System

co? S02 NOX BV Hg x1000 | COZ Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 22 0.047 0.044 0.009 0.00048 38
Duluth GHP 21 0.055 0.046 0.010 0.00055 34
Reduction 7 20.008 20.001 20.001 | -0.00007 3
% Change 15.1% 17.0% 3.2% 11.3% 13.6% 8.7%
Conventional 74 0.049 0.045 0.009 0.00050 38
<t cloud  IGHP 21 0.056 0.046 0.010 0.00055 35
Reduction 3 20.007 20.001 20.001 | -0.00006 3
% Change 13.8% 13.9% 2 3% 9.2% 11.1% 81%
Conventional 24 0.050 0.045 0.009 0.00050 38
. _[GhP 21 0.056 0.046 0.010 0.00056 35
Minneapolis {2 on 3 ~0.006 -0.001 ~0.001 | -0.00005 3
% Change 13.5% 12.8% 1.9% 8.4% 10.1% 8.0%

Figure 28: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa
Small Office New Construction Building

Conventional System GHP System
Rated Average Rated | Average
Rated Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP
Duluth 12 9.2 80% 68% 14.1 12.5 3.3 2.2
St. Cloud 12 9.6 80% 67% 14.1 12.3 3.3 2.2
Minneapolis 12 10.3 80% 67% 14.1 12.3 3.3 2.3

2.1.1.2 Small Office, Existing Building

The small office existing building with the conviemtal HYAC system had electrical demand and
energy consumption values ranging from 68 to 74da 170 to 185 MWh, depending on location.
The small office existing building with the conviemtal HVAC system had natural gas requirements
of 8,881 to 10,723 therms, depending on location.
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The small office existing building with the GHP H\ZAsystem had lower summer electrical demand,
higher winter electrical demand, and higher eneayysumption values, a decrease of 4 to 5 kW
summer peak demand, an increase of 29 to 33 k\.eem@ak demand, and an increase of 26 to 34
MWh, depending on location. Based on a cursoryeguc analysis, electric water heating was
utilized in the GHP system. This allowed the gasstimption in the GHP case to be reduced to zero
for all locations.

The demand and energy consumption values are peesierFigure 29 for the small office existing
building GHP retrofit without the desuperheatereavdteating option. The demand and energy
consumption values are presented in Figure 3thsinall office existing building GHP system with
the desuperheater water heating option added.

The small office existing building with the conviemtal HVAC system had total annual energy costs
from $19,767 to $23,131, depending on locationuility. The small office existing building with
the GHP HVAC system had higher electrical costsnouhatural gas costs associated. The total
annual energy savings for the implementation ofGhH#> HVAC system ranged from $6,730 to
$8,318, or 31% to 39% of the conventional HVAC sgsienergy costs, depending on location and
utility. The addition of the desuperheater wateating option increased the annual savings by an
additional $332 to $478.

The annual energy cost values are presented ing=gfufor the small office existing building GHP
system without the desuperheater water heatingmptlhe annual energy cost values are presented
in Figure 34 for the small office existing buildi@&HP system with the desuperheater water heating
option added.

The annual savings from the installation providesihaple payback of 23 to 27 years and a net
increase In life cycle costs. Economics for sofiite existing building retrofit installations dobn
an absolute basis and normalized per square feathawn in Figure 35 and Figure 37.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure

39, and the emissions with the addition of a dedgaer are shown in Figure 40. The installatibn o

a GHP system in a small office new constructiodmg reduces CO2 emissions by 14.8% to 16.9%,
depending on location. The addition of a desuetaeduces CO2 emissions by a further 2.1% to

2.2%. All other emissions would increase due titicreased electric consumption.

Figure 29: Annual Demand and Energy Values for a Sall Office Existing Building Retrofit

Conventional System GHP System Savings
Summer Summer Summer
City Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 68 170,395 10,723 64 204,576 0 4 -34,181 10,723
St. Cloud 71 182,051 9,098 66 209,463 0 5 -27,412 9,098
Minneapolis 71 184,512 8,881 66 210,829 0 5 -26,317 8,881
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Figure 30: Annual Demand and Energy Values for a Sall Office Existing Building Retrofit with Desuperheater
included in the GHP System

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 68 170,395 10,723 62 199,467 0 6 -29,072 10,723
St. Cloud 71 182,051 9,098 65 204,174 0 6 -22,123 9,098
Minneapolis 71 184,512 8,881 64 205,451 0 7 -20,939 8,881

Figure 31: Annual Demand and Energy Values per Squa Foot for a Small Office Existing Building Retrofit

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 5.2 13.1 0.82 4.9 15.7 0 0.3 -2.6 0.82
St. Cloud 5.5 14.0 0.70 5.1 16.1 0 0.4 -2.1 0.70
Minneapolis 55 14.2 0.68 5.1 16.2 0 0.4 -2.0 0.68

Figure 32: Annual Demand and Energy Values per Squa Foot for a Small Office Existing Building Retrofit

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 5.2 13.1 0.82 4.8 15.3 0 0.5 -2.2 0.82
St. Cloud 5.5 14.0 0.70 5.0 15.7 0 0.5 -1.7 0.70
Minneapolis 5.5 14.2 0.68 5.0 15.8 0 0.5 -1.6 0.68
Figure 33: Annual Energy Charges and Savings for &mall Office Existing Building Retrofit
Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 10518 [$ 10579]$ 21.098|$ 12,779 $ - $ 12,7791$ 8,318 39%
Duluth Otter Tail Power $ 12552 (% 10579]|$ 23131]|$ 14990 $ - $ 14990]% 8,141 35%
Xcel Energy $ 12198 [$ 10579 ]|$ 22777 |$ 14844 % - $ 148441% 7934 35%
Minnesota Power $ 11274[$ 8976]$ 20250]|% 13,183 $ - $ 13,183)% 7,067 35%
St. Cloud Otter Tail Power $ 13383[$% 8976]|$ 22359]|% 15339 $ - $ 15339]% 7,021 31%
Xcel Energy $ 13087 [$ 8976]|$ 22064]|% 15329 % - $ 15329]1% 6,734 31%
Alliant Energy $ 11005[$ 8,762]|$ 19,767 |%$ 12423 $ - $ 12423)1$ 7,344 37%
Minneapolis |Otter Tail Power $ 13559 [9$ 8762]|$ 22321]|% 15436 $ - $ 15436)19% 6,885 31%
Xcel Energy $ 13201 |$ 8,762|$ 21963 |$ 15233 | $ - $ 15,233]1$ 6,730 31%
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Figure 34: Annual Energy Charges and Savings for &mall Office Existing Building Retrofit with Desuperheater
included in the GHP System

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 10518|$ 10579 |$ 21,098 $ 12430]$ - $ 12,430)1$ 8,667 41%
Duluth Otter Tail Power $ 12552 |$ 10579 |$ 23,131 ) $ 14626]$ - $ 14626]1$ 8,505 37%
Xcel Energy $ 12,198 |$ 10579 |$ 22777 1% 1439118 - $ 14391)1% 8,387 37%
Minnesota Power $ 11274|1$ 8976|$ 20250 )% 12809]8% - $ 1280918 7441 37%
St. Cloud Otter Tail Power $ 13383 |$ 8976 |$ 22359 )% 14961]8$ - $ 14961 )1% 7,398 33%
Xcel Energy $ 13087 |$ 8976 |$ 22064 )% 14852]8% - $ 148521 7,212 33%
Alliant Energy $ 11005|$ 8762 |$ 19,767 |$ 12,091]$ - $ 12,091 )1$ 7,676 39%
Minneapolis |Otter Tail Power $ 13559|$ 8762 |$ 22321 )% 15052]8$ - $ 1505218 7,268 33%
Xcel Energy $ 13201|$ 8,762 |$ 21,963 $ 14,800 $ - $ 14,800)1% 7,164 33%

Figure 35: Economics of Conventional and GHP HVAC gstems for a Small Office Existing Building Retroft,
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 22102 $ 3473|$ 23B5($  489519|$  4096%9| $ 33%|$ 14204|$ 513047|$ 8209 230 |$ (B5W)| -48%
St Qoud $ 22102 $ 3473|$ 21558 $  483170|$  4096%9| $ 33%B($ 14617|$ 517995|$ 7019 269 |$ (8P| 7%
Mnneagpolis | ¢ 221,102 $ 3473|$ 21,3B0($  481083|$  4096%9| $ 33%B($ 14364|$ 514963|$ 7064 267 |$ (33880 -7.0%

Figure 36: Economics of Conventional and GHP HVAC gstems for a Small Office Existing Building Retroft,
Including Simple Payback and Life Cycle Costs wittDesuperheater included in the GHP System

Convertional System GHP System Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 22102 $ 3473($ 22335($  416536|$ 412139( $ 33%|$ 13816|$ 510837|$ 8598 222 |$ (A43kB -2™%
St Qoud $ 22102 $ 3473($ 21558 $  412039|$ 41219( $ 33%|$ 14207|$ 515581|$ 7428| 257 |$ (10542 -51%
Mnneagpolis | ¢ 221,102 $ 3473|$ 21,3B0($  409424|$  412189| $ 33%B($ 13W1|$ 51289|$ 7447 257 | $ (103445 -53%

Figure 37: Economics of Conventional and GHP HVAC gstems per Square Foot for a Small Office Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings ‘ears) Savings Savings
|City ' (Years) i '
Duluth $ 17.00(| $ 0267| $ 12| $ 3764| $ 3150| $ 0261 $ 1091 $ 045|$ 063 230 |$ @8yl -48%
St Qoud $ 17.00(| $ 0267| $ 166 $ 3715| $ 3L50| $ 0261 $ 112| $ 083|$ o054 269 |$ (268 -7.2%
Mnneagpolis | $ 17.00( $ 0267| $ 164| $ 69| $ 3L50| $ 0261 $ 110| $ D59|$ o054 267 |$ (260 -7.0%
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Figure 38: Economics of Conventional and GHP HVAC gstems per Square Foot for a Small Office Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs with Desuperheater included in the GM
System

Conventional System GHP System Savings
Amual Annual Amual Amual Snple
Tatal Installed | Maintenance Energy Life Cycle | Total Installed |  Mairtenance Energy Life Cyde Annual | Payback Life Cyde %LCC
City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duiuth $ 17.00| $ 0267 $ 172| $ 3764| $ 3169| $ 0261($ 106| $ 028|$ 066 22 [$ 164) -44%
St Cloud $ 17.00( $ 0267 $ 166| $ 3715| $ 3169| $ 0261($ 1091 $ 064|$ 057 57 |$ (249) 6.7%
Mnneapalis | $ 17.00( $ 0267 $ 164| $ 69| $ 3169| $ 0261 $ 1071 $ 043|$ 057 X7 |$ (244) 66%

Figure 39: Annual Emissions Values for a Small Ofie Existing Building Retrofit

CO2 SO2 NOx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 409,398 758 725 139 0.0078 623,870
Duluth GHP 340,063 910 751 158 0.0090 562,441
Reduction 69,334 -151 -27 -18 -0.0012 61,430
% Change -16.9% 20.0% 3.7% 13.2% 15.8% -9.8%
Conventional 409,655 810 752 147 0.0082 632,366
St. Cloud GHP 348,187 932 769 162 0.0092 575,876
Reduction 61,469 -121 -17 -14 -0.0010 56,489
% Change -15.0% 15.0% 2.2% 9.8% 11.8% -8.9%
Conventional 411,193 821 759 149 0.0083 635,987
Minneapolis GHP _ 350,457 938 774 163 0.0093 579,632
Reduction 60,736 -117 -15 -14 -0.0009 56,355
% Change -14.8% 14.2% 1.9% 9.2% 11.2% -8.9%

Figure 40: Annual Emissions Values for a Small Oftie Existing Building Retrofit with Desuperheater ircluded
in the GHP System

co2 S02 NOX PM Hg CO2 Eg.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 409,398 758 725 139 0.0078 623,870
buluth GHP 331,570 887 733 154 0.0088 548,394
Reduction 77,827 129 -8 14 -0.0010 75,476
% Change ~19.0% 17.0% 1.1% 10.4% 12.9% 12.1%
Conventional | 409,655 810 752 147 0.0082 632,366
st Cloud  |GHP 339,395 908 750 157 0.0090 561,335
Reduction 70,261 -98 3 -10 -0.0007 71,030
% Change 17.2% 12.1% -0.3% 7.0% 9.0% “11.2%
Conventional | 411,193 821 759 149 0.0083 635,087
Minneapolis |SHP 341518 914 754 158 0.0090 763
Reduction 69,676 93 5 -10 -0.0007 71,141
% Change -16.9% 11.3% 0.7% 6.4% 8.3% -11.2%
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Figure 41: Annual Emissions Values per Square Fodor a Small Office Existing Building Retrofit

CO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 31 0.058 0.056 0.011 0.00060 48
Duluth GHP 26 0.070 0.058 0.012 0.00069 43
Reduction 5 -0.012 -0.002 -0.001 -0.00009 5
% Change -16.9% 20.0% 3.7% 13.2% 15.8% -9.8%
Conventional 31 0.062 0.058 0.011 0.00063 49
st. Cloud GHP 27 0.072 0.059 0.012 0.00071 44
Reduction 5 -0.009 -0.001 -0.001 -0.00007 4
% Change -15.0% 15.0% 2.2% 9.8% 11.8% -8.9%
Conventional 32 0.063 0.058 0.011 0.00064 49
Minneapolis GHP . 27 0.072 0.060 0.013 0.00071 45
Reduction 5 -0.009 -0.001 -0.001 -0.00007 4
% Change -14.8% 14.2% 1.9% 9.2% 11.2% -8.9%

Figure 42: Annual Emissions Values per Square Fodor a Small Office Existing Building Retrofit with
Desuperheater included in the GHP System

co2 S02 NOX PM Hg x1000 | cCoO2 Eq.

City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 31 0.058 0.056 0.011 0.00060 78
Duluth GHP 25 0.068 0.056 0.012 0.00067 42
Reduction 6 20.010 20.001 20.001 | -0.00008 6

% Change 19.0% 17.0% T.1% 10.4% 12.9% 12.1%
Conventional 31 0.062 0.058 0.011 0.00063 29
<t cloud  1GHP 26 0.070 0.058 0.012 0.00069 43
Reduction 5 20.008 0.000 20.001 | -0.00006 5

% Change 17.2% 12.1% -0.3% 7.0% 9.0% 11.2%
Conventional 32 0.063 0.058 0.011 0.00064 29
. _[crp 26 0.070 0.058 0.012 0.00070 43
Minneapolis 12 4 tion 5 ~0.007 0.000 ~0.001__| -0.00005 5

% Change 16.9% 11.3% ~0.7% 6.4% 8.3% 11.2%

Figure 43: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa

Small Office Existing Building Retrofit

Conventional System GHP System
Rated Average Rated | Average
Rated Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP
Duluth 12 9.1 80% 68% 14.1 12.5 3.3 2.4
St. Cloud 12 9.4 80% 68% 14.1 12.3 3.3 2.2
Minneapolis 12 10.2 80% 68% 14.1 12.2 3.3 2.3

causing the system to run in lower-efficiency cycling patterns more often.

2.1.1.3 Large Office, New Construction

The large office new construction building with tt@nventional HVAC system had electrical demand
and energy consumption values ranging from 273K and 713 to 765 MWh, depending on
location. The large office new construction bu@giwith the conventional HVAC system had natural

gas requirements of 24,638 to 28,761 therms, depgod location.
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* The average efficiencies of systems in existing buildings shown in Figure 43 are higher than the average
efficiencies of systems in new construction buildings shown in Figure 28 due to the difference in construction.
The higher insulation levels used in new construction reduce the operating load on the HVAC system,



The large office new construction building with @&&lP HVAC system had higher electrical demand
and energy consumption values, an increase of 18 oV summer peak demand, an increase of 98
to 122 kW winter peak demand, and an increase tda351 MWh, depending on location. Based
on a cursory economic analysis, electric waterihgatas not utilized in the GHP system.

The demand and energy consumption values are peeserFigure 44 for the large office new
construction GHP retrofit.

The large office new construction building with ttenventional HYAC system had total annual
energy costs from $69,626 to $79,510, dependingaation and utility. The large office new
construction building with the GHP HVAC system Hagher electrical costs but lower natural gas
costs associated. The total annual energy safongke implementation of the GHP HVAC system
ranged from $14,272 to $18,553, or 18% to 26% efdbnventional HYAC system energy costs,
depending on location and utility.

The annual savings from the installation providesihaple payback of 17 to 20 years and a net
decrease in life cycle costs. Economics for larffjee new construction installations both on an
absolute basis and normalized per square foothawersin Figure 47 and Figure 48.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure
49. The installation of a GHP system in a large®hew construction building reduces CO2
emissions by 3.2% to 4.2%, depending on locatilhother emissions would increase due to the
increased electric consumption.

Figure 44: Annual Demand and Energy Values for a Lege Office New Construction Building

Conventional System GHP System Savings
Summer Summer Summer
City Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 273 713,143 28,761 291 864,490 1,920 -18 -151,347 26,841
St. Cloud 278 754,653 25,212 295 886,603 1,812 -17 -131,950 23,400
Minneapolis 286 765,248 24,638 302 896,950 1,728 -16 -131,702 22,910

Figure 45: Annual Demand and Energy Values per Squa Foot for a Large Office New Construction Building

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 3.6 9.5 0.38 3.9 11.5 0 -0.2 -2.0 0.36
St. Cloud 3.7 10.1 0.34 3.9 11.8 0 -0.2 -1.8 0.31
Minneapolis 3.8 10.2 0.33 4.0 11.9 0 -0.2 -1.8 0.31

Page 28




Figure 46: Annual Energy Charges and Savings for darge Office New Construction Building

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power |$ 44,113 |$ 28376 |$ 72,488|% 52990 |$ 1894|$ 54884]$ 17,605 24%
Duluth Otter Tail Power $ 42275|% 28376|$ 70651]|% 50204 |$ 1894)|% 52,098]% 18,553 26%
Xcel Energy $ 51,134[9$ 28376|$ 79510]|% 60645]|$ 1894 )|% 62540]1$ 16,970 21%
Minnesota Power |$ 46,799 |$ 24874|% 71673|% 54485|% 1,788|$ 56,272 ]1$ 15401 21%
St. Cloud Otter Tail Power $ 44840 [9$ 24874|% 69,714]|$ 51,749|$ 1788)|% 53536]% 16,178 23%
Xcel Energy $ 54232 [$ 24874|$ 79,106 |$ 62,478 |$ 1,788 |% 64,266 |$ 14,841 19%
Alliant Energy $ 52339|9% 24308|% 76647 |% 60,146 |$ 1705)|% 61851]$ 14,795 19%
Minneapolis |Otter Tail Power $ 45318 [$ 24308 |$ 69626|% 52,138|$ 1,705)|% 53,843]$ 15,783 23%
Xcel Energy $ 54842 |$ 24308|$ 79150|$ 63,173 |$ 1,705|3$ 64,878 |$ 14,272 18%

Figure 47: Economics of Conventional and GHP HVAC gstems for a Large Office New Construction Building
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amual Annual Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 1801440 $ 1,100($ 74216|$ 2382494|$ 2139210 $ 892 $ 56507|$ 2300844|$ 1986 170 |[$ 8L650| 34%
St Qoud $ 180L440| $ 11109|$ 73498|$ 2380375|$ 2130210 $ 89X|$ 5805|$ 2319233|$ 17650 192 |$  6L142| 26%
Mnneapolis | $ 1,801,440 $ 11109($ 751411 $ 2401,119|$ 2139210( $ 892($ 60191|$ 2345347|$ 17127 197 |$ B2 2N

Figure 48: Economics of Conventional and GHP HVAC gstems per Square Foot for a Large Office New
Construction Building, Including Simple Payback andLife Cycle Costs

Convertiordl System GHPSystem Savings
Amuel Al Amud Aue Spe
Total Ingtalled |  Meinterance Energy LifeCyde | Tad Installed | Meinterarnce Erergy Life Gyde Amud | Payack | LfeCye | %LCC
oty Cost Costs Costs Costs Cost Costs Costs Costs Savings | (Years) | Savings | Savings
Duluth $ 24.00($ 0148| $ 09| $ 3L74| $ 2850|$ 0119| $ 07| $ 065|$ 06 170 |$ 10| 34%
St doud $ 24.00($ 0148| $ 08| $ 3171 $ 2850|$ 0119| $ 077 $ 00|$ 04 192 |$ 08l 26%
Mnnegpolis | $ 24.00($ 0148| $ 10| $ 3L9| $ 2850|$ 0119| $ 080| $ 3L25|$ 023 197 |$ 074 23%
Figure 49: Annual Emissions Values for a Large Offte New Construction Building
CO2 S02 NOX PM Hg COZ Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,523,810 3,173 2,901 571 0.0321 2,382,472
Duluth GHP 1,459,615 3,845 3,194 668 0.0381 2,404,902
Reduction 64,195 -671 -293 -97 -0.0060 (22,430)
% Change -4.2% 21.2% 10.1% 16.9% 18.6% 0.9%
Conventional | 1,551,058 3,358 3,019 601 0.0338 2,444,543
St Cloud  [GHP 1,495,102 3,943 3,274 685 0.0391 2,464,113
' Reduction 55,956 -585 -255 -84 -0.0052 (19,570)
% Change -3.6% 17.4% 8.5% 14.0% 15.4% 0.8%
Conventional | 1,561,917 3,405 3,052 609 0.0343 2,465,253
Minneapolis |SHP 1,511,313 3,989 3,311 693 0.0395 2,491,328
Reduction 50,604 -584 -259 -84 -0.0052 (26,075)
% Change -3.2% 17.2% 8.5% 13.9% 15.2% 1.1%
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Figure 50: Annual Emissions Values per Square Fodor a Large Office New Construction Building

CcO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 20 0.042 0.039 0.008 0.00043 32
Duluth 19 0.051 0.043 0.009 0.00051 32
Reduction 1 -0.009 -0.004 -0.001 -0.00008 0
% Change -4.2% 21.2% 10.1% 16.9% 18.6% 0.9%
Conventional 21 0.045 0.040 0.008 0.00045 33
st. Cloud 20 0.053 0.044 0.009 0.00052 33
Reduction 1 -0.008 -0.003 -0.001 -0.00007 0
% Change -3.6% 17.4% 8.5% 14.0% 15.4% 0.8%
Conventional 21 0.045 0.041 0.008 0.00046 33
Minneapolis : 20 0.053 0.044 0.009 0.00053 33
Reduction 1 -0.008 -0.003 -0.001 -0.00007 0
% Change -3.2% 17.2% 8.5% 13.9% 15.2% 1.1%

Figure 51: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa

Large Office New Construction Building

Conventional System GHP System
Rated Average Rated | Average
Rated | Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP
Duluth 16.7 15.4 85% 75% 14.1 12.3 3.3 2.3
St. Cloud 16.7 15.5 85% 75% 14.1 12.2 3.3 2.2
Minneapolis 16.7 15.9 85% 74% 14.1 12.1 3.3 2.2

2.1.1.4 Large Office, Existing Building

The large office existing building with the convenial HYAC system had electrical demand and

energy consumption values ranging from 350 to 38/1akd 902 to 968 MWh, depending on
location. The large office existing building wittre conventional HVAC system had natural gas
requirements of 31,396 to 38,064 therms, deperalnigcation.

The large office existing building with the GHP HZAsystem had higher electrical demand and
energy consumption values, an increase of 21 d/24ummer peak demand, an increase of 128 to
149 kW winter peak demand, and an increase of 48®2 MWh, depending on location. Based on

a cursory economic analysis, electric water heatiag not utilized in the GHP system.

The demand and energy consumption values are peesierFigure 52 for the large office existing

building GHP retrofit.

The large office existing building with the convemial HVYAC system had total annual energy costs
from $87,419 to $102,413, depending on location\gility. The large office existing building with
the GHP HVAC system had higher electrical costsldwer natural gas costs associated. The total
annual energy savings for the implementation ofGhH? HVAC system ranged from $18,791 to
$25,462, or 19% to 28% of the conventional HYACteysenergy costs, depending on location and

utility.

The annual savings from the installation providesihaple payback of 18 to 22 years and a net
increase In life cycle costs. Economics for lanffee existing building retrofit installations dobn
an absolute basis and normalized per square feathemwn in Figure 55 and Figure 56.
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Emissions resulting from using a conventional HV&GStem and a GHP system are shown in Figure

57. The installation of a GHP system in a larde®#®existing building reduces CO2 emissions by
3.8% to 5.5%, depending on location. All others=imins would increase due to the increased

electric consumption.

Figure 52: Annual Demand and Energy Values for a Lege Office Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 350 902,099 38,064 374 1,093,608 1,920 -24 -191,509 36,144
St. Cloud 360 954,552 31,396 384 1,118,840 1,812 -24 -164,288 29,584
Minneapolis 365 967,632 31,895 386 1,130,397 1,728 -21 -162,765 30,167

Figure 53: Annual Demand and Energy Values per Squa Foot for a Large Office Existing Building Retrofit

Conventional System GHP System Savings
Summer sSummer summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 4.7 12.0 0.51 5.0 14.6 0 -0.3 -2.6 0.48
St. Cloud 4.8 12.7 0.42 5.1 14.9 0 -0.3 -2.2 0.39
Minneapolis 4.9 12.9 0.42 5.1 15.1 0 -0.3 -2.2 0.40
Figure 54: Annual Energy Charges and Savings for aarge Office Existing Building Retrofit
Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 55871 )% 37554|$% 93425|3% 67,180 )% 1894 |$ 69074]$ 24,351 26%
Duluth Otter Tail Power $ 53164 )% 37554|$% 90,718 |$ 63362 )% 1894|$ 65256 ]|$ 25462 28%
Xcel Energy $ 64859 )% 37554]|% 102413 |$ 77011 )% 1894|$ 78905]3% 23,508 23%
Minnesota Power $ 59,288 )% 30975]|$% 90264 |$ 68936 )% 1788|$ 70,724]13$ 19,540 22%
St. Cloud Otter Tail Power $ 56444 )% 30975|% 87419|% 65225)% 1788|$ 67,012]|$ 20,407 23%
Xcel Energy $ 68823)% 30975]|$% 99,798 |$ 79219 )% 1788|$ 81007 )% 18,791 19%
Alliant Energy $ 66389 )% 31468|$ 97857 |$ 76,107 )% 1705]|$ 77812]$ 20,044 20%
Minneapolis |Otter Tail Power $ 57057 )% 31468|$ 88524 |$ 65630)$% 1705]|$% 67335]$ 21,189 24%
Xcel Energy $ 69582 )|$% 31,468 |$ 101050 |$ 79969 )% 1,705|$ 81674]$ 19,376 19%
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Figure 55: Economics of Conventional and GHP HVAC fstems for a Large Office Existing Building Retroft,
Including Simple Payback and Life Cycle Costs

Convertional System GHPSygtem Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duuth $ 187650( $ 11109($ H518|$ 269583|$ 236430 $ 89R|$ 71078|$ 2700676|$ 26617 183 $ (4813 -02%
St Aoud $ 1876500| $ 11109|$ R4M($ 2671806]$ 236430| $ 89| $ 7294|$ 27280|$ 21,756 24 $  (BLOB)| 1%
Mnneapolis | $  1,876500( $ 11109|$ 96810 $ 2710646|$ 236430| $ 89R|$ T75607|$ 2755307|$ 22380 218 $ (44660 -16%

Figure 56: Economics of Conventional and GHP HVAC gstems per Square Foot for a Large Office Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
|Gty
Duluth $ 2500|$ 0148| $ 1271 $ HBR2|$ 3L50| $ 019| $ 09%5($ HWB|$ 03| 183 |$ 008 -02%
St Qoud $ 2500|$ 0148| $ 123 $ H6E0| $ 3L50| $ 0119| $ 097($ »%28|$ 00| 224 |$ 068 -1.9%
Mnneagpolis | $ 2500($ 0148| $ 128 $ Bl $ 3L50| $ 0119| $ 101 $ »71|$ 030| 218 |$ 059 -16%

Figure 57: Annual Emissions Values for a Large Offie Existing Building Retrofit

TOZ 502 NOX PM = COZ Eq.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,047,355 | _ 4,014 3,686 724 0.0407 3,038,412

buluth GHP 1,840,473 | 4,864 4,035 845 0.0482 3,034,816
Reduction 106,882 -850 -349 121 -0.0075 3,596
% Change -5.5% 21.2% 9.5% 16.7% 18.5% -0.1%
Conventional | 1,956,000 | _ 4,247 3,813 760 0.0428 3,084,824

st cloud  IGHP 1,881,145 | 4,976 4,127 864 0.0493 3,102,602
Reduction 74,954 729 313 -105 -0.0065 (17,778)
% Change -3.8% 17.2% 8.2% 13.8% 15.1% 0.6%
Conventional | 1,983,713 | _ 4,305 3,866 770 0.0434 3,128,103

Minneapolis [CHP__ 1,899,368 | 5,027 4,168 873 0.0498 3,133,144
Reduction 84,345 722 302 -103 -0.0064 (5,040)
% Change ~4.3% 16.8% 7.8% 13.4% 14.7% 0.2%

Figure 58: Annual Emissions Values per Square Fodor a Large Office Existing Building Retrofit

CO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 26 0.053 0.049 0.010 0.00054 40
Duluth GHP 25 0.065 0.054 0.011 0.00064 40
Reduction 1 -0.011 -0.005 -0.002 -0.00010 0
% Change -5.5% 21.2% 9.5% 16.7% 18.5% -0.1%
Conventional 26 0.057 0.051 0.010 0.00057 41
st. Cloud GHP 25 0.066 0.055 0.012 0.00066 41
Reduction 1 -0.010 -0.004 -0.001 -0.00009 0
% Change -3.8% 17.2% 8.2% 13.8% 15.1% 0.6%
Conventional 26 0.057 0.052 0.010 0.00058 42
Minneapolis GHP . 25 0.067 0.056 0.012 0.00066 42
Reduction 1 -0.010 -0.004 -0.001 -0.00009 0
% Change -4.3% 16.8% 7.8% 13.4% 14.7% 0.2%
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Figure 59: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa
Large Office Existing Building Retrofit

Conventional System GHP System
Rated Average Rated | Average
Rated Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP
Duluth 16.7 14.8 85% 75% 14.1 12.3 3.3 2.5
St. Cloud 16.7 15.0 85% 75% 14.1 12.2 3.3 2.2
Minneapolis 16.7 15.5 85% 75% 14.1 12.1 3.3 2.3

* The average efficiencies of systems in existing buildings shown in Figure 59 are higher than the average
efficiencies of systems in new construction buildings shown in Figure 51 due to the difference in construction.
The higher insulation levels used in new construction reduce the operating load on the HVAC system,
causing the system to run in lower-efficiency cycling patterns more often.

2.1.2 Institutional Results

Institutional buildings were analyzed using buigglimodels for small and large schools. The small
school conventional system is a VAV system withaarcooled chiller with a 12.0 EER and a boiler
with 85% rated efficiency for the cooling and hegtirespectively. The large school conventional
system is a VAV system with a water-cooled chilléth a 20.8 EER and a boiler with 85% rated
efficiency for the cooling and heating, respectivel he comparisons between these systems and the
GHP systems are detailed below.

2.1.2.1 Small School, New Construction

The small school new construction building with doaventional HVAC system had electrical
demand and energy consumption values ranging fridht@ 223 kW and 416 to 446 MWh,
depending on location. The small school new carsitrn building with the conventional HVAC
system had natural gas requirements of 25,423 &123herms, depending on location.

The small school new construction building with GEP HVAC system had lower summer electrical
demand, higher winter electrical demand, and highergy consumption values, a decrease of 3 to 6
kW in summer peak demand, an increase of 79 t&k¥dWinter peak demand, and an increase of 40
to 58 MWh, depending on location. Based on a eyrsoonomic analysis, electric water heating
was not utilized in the GHP system.

The demand and energy consumption values are peeserFigure 60 for the small school new
construction GHP retrofit.

The small school new construction building with doaventional HVAC system had total annual
energy costs from $54,291 to $62,187, dependingaation and utility. The small school new
construction building with the GHP HVAC system Hagher electrical costs but lower natural gas
costs associated. The total annual energy safongke implementation of the GHP HVAC system
ranged from $12,047 to $15,890, or 20% to 28% efdbnventional HVAC system energy costs,
depending on location and utility.
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The annual savings from the installation providesihaple payback of 16 to 19 years and a net
decrease in life cycle costs. Economics for se@ibol new construction installations both on an
absolute basis and normalized per square foothamersin Figure 63 and Figure 64.

Emissions resulting from using a conventional HV&Stem and a GHP system are shown in Figure

65. The installation of a GHP system in a sméibsd new construction building reduces CO2

emissions by 10.7% to 13.3%, depending on locat@hother emissions would increase due to the

increased electric consumption.

Figure 60: Annual Demand and Energy Values for a Sall School New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 167 416,169 29,617 164 473,843 9,737 3 -57,674 19,880
St. Cloud 180 436,106 26,491 175 476,223 9,175 5 -40,117 17,316
Minneapolis 187 446,072 25,423 181 497,547 8,726 6 -51,475 16,697

Figure 61: Annual Demand and Energy Values per Squa Foot for a Small School New Construction Buildig

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.4 6.0 0.43 2.4 6.9 0 0.0 -0.8 0.29
St. Cloud 2.6 6.3 0.38 2.5 6.9 0 0.1 -0.6 0.25
Minneapolis 2.7 6.5 0.37 2.6 7.2 0 0.1 -0.7 0.24

Figure 62: Annual Energy Charges and Savings for &mall School New Construction Building

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power |$ 26868 |$ 29220]|%$ 56,088|% 30591|% 9607 |$ 40,198]$ 15,890 28%
Duluth Otter Tail Power $ 30085[% 29220]|$ 59305]|% 34200|$ 9,607 )|% 43806]% 15499 26%
Xcel Energy $ 32967 |9$ 29220]|$ 62,187 |$ 38259 |$ 9607 )|$ 47866 ]3$ 14,321 23%
Minnesota Power |$ 28,155]|$ 26,136 |$ 54,291]|% 30,745|$ 9052|$ 39,797 ]1$ 14,494 27%
St. Cloud Otter Tail Power $ 31507 |9$ 26,136 |$ 57643 |$ 34369 |$ 9,052 )|$ 43421]|$ 14,222 25%
Xcel Energy $ 35061[9% 26,136 |$ 61,197 ]|$ 39,207 |$ 9,052 )|$ 48259]% 12,939 21%
Alliant Energy $ 33448 [$ 25082|% 58530]|$ 37406]|$ 8609 )|3% 46,016 ]$ 12515 21%
Minneapolis |Otter Tail Power $ 32218|9$ 25082]|% 57301]% 35891 |$ 8609)|% 44500]% 12,801 22%
Xcel Energy $ 35824 |9$ 25082|$ 60907 |$ 40251 |$ 8,609 |% 48,860]|3$ 12,047 20%
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Figure 63: Economics of Conventional and GHP HVAC gstems for a Small School New Construction Building
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 1658736|$ 20306($ 59193($ 2201,302|$ 1969749| $ 16104 $ 43%6($ 2100371|$ 19439 160 |$ NN 45%
St Qoud $ 1658736($ 20306|$ 5,711 $ 2189247|$ 1969749] $ 16104| $ 438%6|$ 2100831|$ 18087 172 |$ 83416 4%
Mnneapolis | $  1,658736( $ 20306|$ 53913($ 2205607|$ 1969749| $ 16104| $ 46458|$ 21B207|$ 16656| 187 |$ 72400 3%

Figure 64: Economics of Conventional and GHP HVAC gstems per Square Foot for a Small School New
Construction Building, Including Simple Payback andLife Cycle Costs

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings ‘ears) Savings Savings
|Gty ' (Years) i '
Duluth $ 2400 $ 024| $ 08| $ 3185| $ 2850|$ 0233| $ 064 $ 3040|$ 08| 160 |$ 145 45%
St Qoud $ 2400 $ 024| $ 084 $ 3168| $ 2850| $ 0233| $ 063( $ 3040|$ 026 172 |$ 128| 40%
Mnneagpolis | $ 2400 $ 024| $ 085 $ 3191| $ 2850|$ 0233 $ 067($ 087|$ 04| 187 |$ 106 33%

Figure 65: Annual Emissions Values for a Small Sclob New Construction Building

TOZ 502 NOX PM = COZ EG.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,040,226 | _ 1,853 1,810 343 0.0101 1,578,556
buluth GHP 902,214 2,108 1,836 373 0.0211 1,445,546
Reduction 138,012 -255 17 -30 -0.0020 133,010

% Change -13.3% 13.8% 0.9% 8.6% 10.7% -8.4%
Conventional | 1,036,590 | _ 1,041 1,861 356 0.0199 1,587,521
st Cloud  |GHP 899,558 2,118 1,839 374 0.0212 1,443,846
Reduction 137,032 177 22 -18 -0.0013 143,674

% Change -13.2% 9.1% 1.2% 5.1% 6.7% 9.1%
Conventional | 1,040,592 | _ 1,085 1,887 363 0.0203 1,599,256
Minneapolis |SHP 929,722 2,213 1,013 390 0.0221 1,495,887
Reduction 110,869 228 -25 27 -0.0018 103,369

% Change -10.7% 11.5% 1.3% 7.5% 9.1% -6.5%

Figure 66: Annual Emissions Values per Square Fodor a Small School New Construction Building

TO2 S02 NOx M Hg x1000 | COZ Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 15 0.027 0.026 0.005 0.00028 23
buluth GHP 13 0.030 0.027 0.005 0.00031 21
Reduction 2 -0.004 0.000 0.000 -0.00003 2
% Change -13.3% 13.8% 0.9% 3.6% 10.7% -8.4%
Conventional 15 0.028 0.027 0.005 0.00029 23
st cloud  |GHP 13 0.031 0.027 0.005 0.00031 21
Reduction 2 -0.003 0.000 0.000 -0.00002 2
% Change -13.2% 9.1% 1.2% 5.1% 6.7% -9.1%
Conventional 15 0.029 0.027 0.005 0.00029 23
Minneapolis [SHP__ 13 0.032 0.028 0.006 0.00032 22
Reduction 2 -0.003 0.000 0.000 -0.00003 1
% Change -10.7% 11.5% 1.3% 7.5% 9.1% 6.5%
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Figure 67: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa
Small School New Construction Building

Conventional System GHP System
Rated Average Rated | Average
Rated Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP
Duluth 12 9.4 85% 76% 14.1 12.4 3.3 2.0
St. Cloud 12 9.7 85% 76% 14.1 12.4 3.3 2.0
Minneapolis 12 10.5 85% 76% 14.1 12.3 3.3 19

2.1.2.2 Small School, Existing Building

The small school existing building with the convenal HVAC system had electrical demand and
energy consumption values ranging from 245 to 2K6akd 516 to 551 MWh, depending on
location. The small school existing building witle conventional HYAC system had natural gas
requirements of 28,759 to 34,989 therms, deperwinigcation.

The small school existing building with the GHP HZAystem had lower summer electrical demand,
higher winter electrical demand, and higher eneayysumption values, a decrease of 3 to 6 kW in
summer peak demand, an increase of 103 to 118 kifémpeak demand, and an increase of 47 to
77 MWh, depending on location. Based on a curesoonomic analysis, electric water heating was
not utilized in the GHP system.

The demand and energy consumption values are peeserFigure 68 for the small school existing
building GHP retrofit.

The small school existing building with the convenal HVAC system had total annual energy costs
from $63,472 to $74,806, depending on locationuility. The small school existing building with
the GHP HVAC system had higher electrical costsldwer natural gas costs associated. The total
annual energy savings for the implementation ofGhH? HVAC system ranged from $14,757 to
$19,959, or 20% to 29% of the conventional HYACQtegsenergy costs, depending on location and
utility.

The annual savings from the installation providesihaple payback of 13 to 16 years and a net
decrease in life cycle costs. Economics for sa@bol existing building retrofit installations bodn
an absolute basis and normalized per square feathawn in Figure 71 and Figure 72.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure
73. The installation of a GHP system in a smédibst existing building reduces CO2 emissions by
10.4% to 13.3%, depending on location. All otherssions would increase due to the increased
electric consumption.
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Figure 68: Annual Demand and Energy Values for a Sall School Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 201 516,434 34,989 198 593,181 9,737 3 -76,747 25,252
St. Cloud 216 538,793 29,077 211 586,148 9,175 5 -47,355 19,902
Minneapolis 221 550,976 28,759 215 614,149 8,726 6 -63,173 20,033

Figure 69: Annual Demand and Energy Values per Squa Foot for a Small School Existing Building Retroit

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.9 7.5 0.51 2.9 8.6 0 0.0 -1.1 0.37
St. Cloud 3.1 7.8 0.42 3.1 8.5 0 0.1 -0.7 0.29
Minneapolis 3.2 8.0 0.42 3.1 8.9 0 0.1 -0.9 0.29
Figure 70: Annual Energy Charges and Savings for &mall School Existing Building Retrofit
Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 33341 )% 34520|% 67861 |% 38296 )% 9607 |$ 47902 )% 19,959 29%
Duluth Otter Tail Power $ 37238)|$% 34520|$% 71758 |$ 42,713)$ 9607 |$ 52320]$ 19,438 27%
Xcel Energy $ 40286 )% 34520|$% 74806|% 47,181 )% 9607 |$ 56,788 ]1$ 18,019 24%
Minnesota Power $ 34784 )% 28687 |$% 63472 |$ 37842 )% 9052 |$ 46894]13% 16,578 26%
St. Cloud Otter Tail Power $ 38833|)% 28687 |$% 67520 |$ 42211)$% 9052|$ 51263]$ 16,257 24%
Xcel Energy $ 42809 )% 28687 |$ 71496 |$ 47241 )% 9052|$ 56,293]$ 15,203 21%
Alliant Energy $ 40950 )% 28374|% 69323|% 45420 )% 8609|$ 54029]3% 15295 22%
Minneapolis |Otter Tail Power $ 39702 )% 28374|$% 68076|% 44209)% 8609|$ 52818 ]$ 15258 22%
Xcel Energy $ 43852 | $ 28374 |$ 72225|% 48860)|$% 8,609|$ 57,469]% 14,757 20%

Figure 71: Economics of Conventional and GHP HVAC gstems for a Small School Existing Building

Including Simple Payback and Life Cycle Costs

Retrofi

Convertional System GHP System Savings
Amnual Amnual Annua Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Cyde %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
|City
Duluth $ 2004306| $ 20306($ 71475($ 2684254|$ 2315319( $ 16104 $ 52336 $ 2547,384|$ 31| 133 |$ 13680 5%
St Qoud $ 2004306| $ 20306($ 674%6($ 2647376|$ 2315319| $ 16104 $ 51483($ 2533183|$ 20215 154 |$ 109183 41%
Mnneapolis | $ 2004306 $ 20306|$ 69875($ 2676470|$ 2315319] $ 16104| $ 54772|$ 2578424|$ 19305 161 |$ B0 3™
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Figure 72: Economics of Conventional and GHP HVAC $stems per Square Foot for a Small School Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amual Annual Amual Amual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
|City
Duluth $ 20| $ 04| $ 108( $ B4 $ B[ $ 0233| $ 076( $ %686|$ 034 133 |$ 18| 51%
St Qoud $ 20| $ 024| $ 08| $ B3| $ B[ $ 0233| $ 074 $ %72|$ 00| 154 |$ 188| 41%
Mnneagpolis | $ 20| $ 024| $ 101 $ B73| $ B[ $ 0233 $ 079 $ 3731|$ 08| 161 |$ 142 3™

Figure 73: Annual Emissions Values for a Small Sclob Existing Building Retrofit

CcO2 S0O2 NOXx PM Hg CO2 EqQ.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 1,270,094 2,299 2,240 424 0.0236 1,933,004
Duluth GHP 1,100,587 2,639 2274 465 0.0263 1,773,641
Reduction 169,507 -340 -34 -40 -0.0027 159,362
% Change -13.3% 14.8% 1.5% 9.5% 11.6% -8.2%
Conventional | 1,237,708 2,398 2,264 437 0.0244 1,907,766
St. Cloud GHP 1,082,285 2,607 2,242 459 0.0260 1,746,063
Reduction 155,424 -209 21 -22 -0.0016 161,703
% Change -12.6% 8.7% -0.9% 5.0% 6.4% -8.5%
Conventional | 1,254,219 2,452 2,305 446 0.0250 1,936,597
Minneapolis GHP _ 1,123,548 2,732 2,341 480 0.0272 1,816,461
Reduction 130,671 -280 -36 -34 -0.0023 120,136
% Change -10.4% 11.4% 1.5% 7.6% 9.1% -6.2%

Figure 74: Annual Emissions Values per Square Fodor a Small School Existing Building Retrofit

CO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 18 0.033 0.032 0.006 0.00034 28
Duluth GHP 16 0.038 0.033 0.007 0.00038 26
Reduction 2 -0.005 0.000 -0.001 -0.00004 2
% Change -13.3% 14.8% 1.5% 9.5% 11.6% -8.2%
Conventional 18 0.035 0.033 0.006 0.00035 28
St. Cloud GHP 16 0.038 0.032 0.007 0.00038 25
Reduction 2 -0.003 0.000 0.000 -0.00002 2
% Change -12.6% 8.7% -0.9% 5.0% 6.4% -8.5%
Conventional 18 0.035 0.033 0.006 0.00036 28
Minneapolis GHP . 16 0.040 0.034 0.007 0.00039 26
Reduction 2 -0.004 -0.001 0.000 -0.00003 2
% Change -10.4% 11.4% 1.5% 7.6% 9.1% -6.2%

Figure 75: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa
Small School Existing Building Retrofit

Conventional System GHP System
Rated Average Rated | Average
Rated Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP
Duluth 12 8.9 85% 76% 14.1 12.5 3.3 2.2
St. Cloud 12 9.5 85% 76% 14.1 12.5 3.3 2.2
Minneapolis 12 10.4 85% 76% 14.1 12.3 3.3 21
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2.1.2.3 Large School, New Construction

The large school new construction building with teaventional HVAC system had electrical
demand and energy consumption values ranging fr@édblto 1,167 kW and 2,284 to 2,428 MWh,
depending on location. The large school new canstm building with the conventional HVAC
system had natural gas requirements of 194,87Q@2¢b36 therms, depending on location.

The large school new construction building with @idP HVAC system had higher electrical demand
and energy consumption values, an increase ofd483 kW in summer peak demand, an increase
of 509 to 703 kW winter peak demand, and an inere&gl85 to 621 MWh, depending on location.
Based on a cursory economic analysis, electricmregating was not utilized in the GHP system.

The demand and energy consumption values are peeserFigure 76 for the large school new
construction GHP retrofit.

The large school new construction building with toaventional HVAC system had total annual
energy costs from $350,374 to $398,227, dependirgaation and utility. The large school new
construction building with the GHP HVAC system Hagher electrical costs but lower natural gas
costs associated. The total annual energy safongke implementation of the GHP HVAC system
ranged from $50,503 to $86,169, or 13% to 23% efdbnventional HVAC system energy costs,
depending on location and utility.

The annual savings from the installation providesihaple payback of 20 to 27 years and a net
decrease in life cycle costs. Economics for lag®ol new construction installations both on an
absolute basis and normalized per square foothawersin Figure 79 and Figure 80.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure
81. The installation of a GHP system in a lardest new construction building reduces CO2
emissions by 3.5% to 8.2%, depending on locatilhother emissions would increase due to the
increased electric consumption.

Figure 76: Annual Demand and Energy Values for a Lege School New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 774 2,284,108 222,536 920 2,845,109 98,487 -146 -561,001 124,049
St. Cloud 829 2,387,581 200,758 994 2,872,144 92,804 -165 -484,563 107,954
Minneapolis 855 2,428,273 194,870 1,028 3,048,907 88,257 -173 -620,634 106,613
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Figure 77: Annual Demand and Energy Values per Squa Foot for a Large School New Construction Buildig

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.0 5.9 0.58 2.4 7.4 0 -0.4 -1.5 0.32
St. Cloud 2.1 6.2 0.52 2.6 7.4 0 -0.4 -1.3 0.28
Minneapolis 2.2 6.3 0.50 2.7 7.9 0 -0.4 -1.6 0.28
Figure 78: Annual Energy Charges and Savings for aarge School New Construction Building
Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 147,462 | $ 219,554 | $ 367,016 | $ 183,680 | $ 97,167 | $ 280,848 $ 86,169 23%
Duluth Otter Tail Power $ 147,782 | $ 219554 | $ 367,336 | $ 185,247 | $ 97,167 | $ 282,415 $ 84,922 23%
Xcel Energy $ 178,673 | $ 219,554 | $ 398,227 | $ 229,275 | $ 97,167 | $ 326,443 | $ 71,784 18%
Minnesota Power $ 154,142 | $ 198,068 | $ 352,210 | $ 185426 | $ 91,560 | $ 276,986 | $ 75,224 21%
St. Cloud Otter Tail Power $ 155,744 | $ 198,068 | $ 353,812 | $ 193,322 | $ 91560 | $ 284,882 $ 68,929 19%
Xcel Energy $ 188,156 | $ 198,068 | $ 386,224 | $ 237,267 | $ 91560 | $ 328,827 | $ 57,397 15%
Alliant Energy $ 178,517 | $ 192,259 | $ 370,776 | $ 228,754 | $ 87,074 | $ 315829 | $ 54,947 15%
Minneapolis |Otter Tail Power $ 158,116 | $ 192,259 | $ 350,374 | $ 199,280 | $ 87,074 | $ 286,355 $ 64,020 18%
Xcel Energy $ 191,306 | $ 192,259 | $ 383,565 | $ 245,987 | $ 87,074 | $ 333,062 $ 50,503 13%

Figure 79: Economics of Conventional and GHP HVAC gstems for a Large School New Construction Building
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Amnual Annua Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 92718721 $ 30406|$ 377526| $ 1185476 $ 11,010,348 $ 31251 $ 206588|$ 11571,409|$ 89113 196 |$ 284067 24%
St Qoud $ 92718721 $ 30406|$ 364082| $ 11734169 $ 11,010,348 $ 31251($ 20688|$ 11585764|$ 75338 233 | $ 148405 1%
Mnneapolis | $ 9,271,872 $ 30405| $ 363238( $ 11,794763| $ 11,010348| $ 3251 $ 31748|$ 1,772075|$ 64645 271 |$ 2268 0%

Figure 80: Economics of Conventional and GHP HVAC $stems per Square Foot for a Large School New
Construction Building, Including Simple Payback andLife Cycle Costs

Conventional System GHP System Savings
Annud Annua Amnual Annual Sinple
Total Installed | Maintenance Energy Life Cycle | Total Installed |  Maintenance Energy Life Cyde Amual | Payback Life Oycle %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 2400( $ 0102| $ 097( $ 3059| $ 2850|$ 0081 $ 076( $ 2087|$ 02| 198 |$ 072 23%
St. Qloud $ 24.00( $ 0102| $ 09| $ 3028| $ 2850|$ 0081 $ 076( $ 2001|$ 019] 235 |$ 037 12%
Mnneapolis | $ 2400( $ 0102| $ [oRe% I 3043| $ 2850|$ 0081| $ 080 $ 3038|$ o017 273 |$ 005 02%
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Figure 81: Annual Emissions Values for a Large Sclw New Construction Building

CO2 SO2 NOXx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 6,414,903 10,171 10,570 1,927 0.1062 9,543,558
Duluth GHP 5,888,044 12,658 11,414 2,268 0.1277 9,266,532
Reduction 526,858 -2,488 -844 -340 -0.0215 277,026
% Change -8.2% 24.5% 8.0% 17.7% 20.3% -2.9%
Conventional | 6,330,692 10,630 10,736 1,991 0.1102 9,508,626
st. Cloud GHP 5,866,125 12,778 11,457 2,284 0.1287 9,257,509
Reduction 464,567 -2,149 -721 -293 -0.0186 251,117
% Change -7.3% 20.2% 6.7% 14.7% 16.9% -2.6%
Conventional | 6,329,063 10,810 10,828 2,018 0.1118 9,534,143
Minneapolis GHP 6,106,461 13,564 12,062 2417 0.1364 9,676,794
Reduction 222,602 -2,754 -1,234 -399 -0.0246 (142,651)
% Change -3.5% 25.5% 11.4% 19.8% 22.0% 1.5%

Figure 82: Annual Emissions Values per Square Fodor a Large School New Construction Building

CcO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 17 0.026 0.027 0.005 0.00027 25
Duluth GHP 15 0.033 0.030 0.006 0.00033 24
Reduction 1 -0.006 -0.002 -0.001 -0.00006 1
% Change -8.2% 24.5% 8.0% 17.7% 20.3% -2.9%
Conventional 16 0.028 0.028 0.005 0.00029 25
St. Cloud GHP 15 0.033 0.030 0.006 0.00033 24
Reduction 1 -0.006 -0.002 -0.001 -0.00005 1
% Change -7.3% 20.2% 6.7% 14.7% 16.9% -2.6%
Conventional 16 0.028 0.028 0.005 0.00029 25
Minneapolis GHP . 16 0.035 0.031 0.006 0.00035 25
Reduction 1 -0.007 -0.003 -0.001 -0.00006 0
% Change -3.5% 25.5% 11.4% 19.8% 22.0% 1.5%

Figure 83: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa
Large School New Construction Building

Conventional System GHP System
Rated Average Rated | Average
Rated | Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP
Duluth 20.8 18.7 85% 75% 14.1 12.5 3.3 19
St. Cloud 20.8 18.9 85% 74% 14.1 12.5 3.3 19
Minneapolis 20.8 20.7 85% 74% 14.1 12.4 3.3 19

2.1.2.4 Large School, Existing Building

The large school existing building with the convenal HVAC system had electrical demand and
energy consumption values ranging from 1,376 t624 JdV and 2,897 to 3,091 MWh, depending on
location. The large school existing building witle conventional HVAC system had natural gas
requirements of 237,229 to 281,242 therms, depgratinocation.

The large school existing building with the GHP H¥Aystem had higher electrical demand and
energy consumption values, an increase of 119 6k¥ in summer peak demand, an increase of
792 to 922 kW in winter peak demand, and an inerea$86 to 868 MWh, depending on location.
Based on a cursory economic analysis, electricmregating was not utilized in the GHP system.
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The demand and energy consumption values are peeserFigure 84 for the large school existing
building GHP retrofit.

The large school existing building with the convenal HVAC system had total annual energy costs
from $431,959 to $501,160, depending on locatiahwgiity. The large school existing building

with the GHP HVAC system had higher electrical edsit lower natural gas costs associated. The
total annual energy savings for the implementadibthe GHP HVAC system ranged from $75,861
to $124,265, or 16% to 27% of the conventional HV#yStem energy costs, depending on location
and utility.

The annual savings from the installation providesihgple payback of 14 to 19 years and a net
decrease in life cycle costs. Economics for lag®ol existing building retrofit installations bodn
an absolute basis and normalized per square feathewn in Figure 87 and Figure 88.

Emissions resulting from using a conventional HV&GStem and a GHP system are shown in Figure

89. The installation of a GHP system in a lardeost existing building reduces CO2 emissions by
4.7% to 8.7%, depending on location. All othersamins would increase due to the increased
electric consumption.

Figure 84: Annual Demand and Energy Values for a Lege School Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 926 2,896,605 281,242 1,045 3,764,656 98,487 -119 -868,051 182,755
St. Cloud 982 3,035,195 240,152 1,117 3,721,404 92,804 -135 -686,209 147,348
Minneapolis 1,039 3,090,630 237,229 1,195 3,923,150 88,257 -156 -832,520 148,972

Figure 85: Annual Demand and Energy Values per Squa Foot for a Large School Existing Building Retroit

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.4 7.5 0.73 2.7 9.7 0 -0.3 -2.2 0.47
St. Cloud 2.5 7.9 0.62 2.9 9.6 0 -0.3 -1.8 0.38
Minneapolis 2.7 8.0 0.61 3.1 10.2 0 -0.4 -2.2 0.39
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Figure 86: Annual Energy Charges and Savings for aarge School Existing Building Retrofit

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 187,005 | $ 277,473 | $ 464,478 | $ 243,046 | $ 97,167 | $ 340,213 | $ 124,265 27%
Duluth Otter Tail Power $ 184,520 | $ 277,473 | $ 461,993 | $ 240,759 | $ 97,167 | $ 337,926 | $ 124,067 27%
Xcel Energy $ 223,687 | $ 277,473 | $ 501,160 | $ 297,746 | $ 97,167 | $ 394,913 | $ 106,248 21%
Minnesota Power $ 195952 | $ 236,934 | $ 432,886 | $ 240,254 | $ 91,560 | $ 331,814 | $ 101,072 23%
St. Cloud Otter Tail Power $ 195,025 | $ 236,934 | $ 431,959 | $ 244,205 $ 91560 | $ 335765]$ 96,194 22%
Xcel Energy $ 236,205 | $ 236,934 | $ 473,139 | $ 301,136 | $ 91560 | $ 392,696 | $ 80,443 17%
Alliant Energy $ 224,931 | $ 234,050 | $ 458,981 | $ 290,023 | $ 87,074 |$ 377,097 ] $ 81,884 18%
Minneapolis |Otter Tail Power $ 198,586 | $ 234,050 | $ 432,636 | $ 252,761 | $ 87,074 | $ 339,836 | $ 92,800 21%
Xcel Energy $ 240,879 | $ 234,050 | $ 474,929 | $ 311,994 | $ 87,074 | $ 399,068 $ 75,861 16%

Figure 87: Economics of Conventional and GHP HVAC gstems for a Large School Existing Building Retrof;,
Including Simple Payback and Life Cycle Costs

Convertionel System GHPSystem Savings
Amual Amuel Amual Anrual Snple

Total Installed | Mairtenance Erergy LifeCyde |Taa Installed | Mairtenance Energy Life Cyde Aud Payback | Life Gyde %LCC
|Gty Cost Costs Costs Costs Cost Costs Costs Costs Savings | (Years) Savings Savings

Duuth $ 11208512| $ 0406|$ 47B877|$ 1488555| $ 1294198 $ 31,251| $ 3B7634|$ 14236588|$126348| 138 |$ 62%7| 4%

St doud $ 11208512| $ 30406|$ 445995| $ 14575552| $ 1294198 $ 31,251| $ 3B345|$ 14194B7|$100724| 174 |$ 330615 26%

Mnnegpolis | $ 11,208512 $ 30406| $ 455516( $ 14695019| $ 12941,98( $ 31,251| $ 372000| $ 144588|$ 916700 191 |$ 269121 18%

Figure 88: Economics of Conventional and GHP HVAC fstems per Square Foot for a Large School Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings ‘ears) Savings Savings
|City ' (Years) i '
Duluth $ 20| $ 0102| $ 123 $ 3B46| $ B[ $ 0081| $ 093 $ %85|$ 033 138 |$ 161 42%
St Qoud $ 20| $ 0102| $ 1151 $ 3773| $ B[ $ 0081 $ 091 $ H674|$ 06| 174 |$ 09| 26%
Mnneagpolis | $ 20| $ 0102| $ 118] $ B4 $ B[ $ 0081 $ 0% $ 3734|$ 024 191 |$ 070 18%

Figure 89: Annual Emissions Values for a Large Schuwb Existing Building Retrofit

COZ SO2 NOx PM g COZ Eq.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 8,123,704 | 12,898 13,395 2,443 0.1346 12,088,517
Duluth GHP 7,416,591 | 16,748 14,791 2,977 0.1682 11,794,642
Reduction 707,113 -3.850 -1,396 533 -0.0335 293875

% Change -8.7% 29.8% 10.4% 21.8% 24.9% -2.4%
Conventional | 7,870,668 | 13,512 13,501 2.520 0.1397 11,866,889
st Cloud  |GHP 7,277,835 _ 16,555 14,576 2,939 0.1661 11,592,379
Reduction 592,833 3,043 -1,075 -419 -0.0264 274,510

% Change 7.5% 22.5% 8.0% 16.6% 18.9% 2.3%
Conventional | 7.028.428 | 13759 13676 2.560 0.1420 11,976,426
Minneapolis [SHP 7,559,700 | 17,452 15272 3,001 0.1749 12,080,350
Reduction 368,729 -3.694 -1,597 531 -0.0328 (103,924)

% Change 4.7% 26.8% 11.7% 20.7% 23.1% 0.9%
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Figure 90: Annual Emissions Values per Square Fodor a Large School Existing Building Retrofit

CcO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 21 0.033 0.035 0.006 0.00035 31
Duluth GHP 19 0.043 0.038 0.008 0.00044 31
Reduction 2 -0.010 -0.004 -0.001 -0.00009 1
% Change -8.7% 29.8% 10.4% 21.8% 24.9% -2.4%
Conventional 20 0.035 0.035 0.007 0.00036 31
st. Cloud GHP 19 0.043 0.038 0.008 0.00043 30
Reduction 2 -0.008 -0.003 -0.001 -0.00007 1
% Change -7.5% 22.5% 8.0% 16.6% 18.9% -2.3%
Conventional 21 0.036 0.035 0.007 0.00037 31
Minneapolis GHP : 20 0.045 0.040 0.008 0.00045 31
Reduction 1 -0.010 -0.004 -0.001 -0.00008 0
% Change -4.7% 26.8% 11.7% 20.7% 23.1% 0.9%

Figure 91: Annual Average Heating and Cooling Systa Efficiencies of Conventional and GHP Systems fa
Large School Existing Building Retrofit

Conventional System GHP System
Rated Average Rated | Average

Rated | Average | Heating Heating Rated | Average | Heating | Heating
EER EER Efficiency | Efficiency EER EER COP COP

Duluth 20.8 17.9 85% 75% 14.1 12.5 3.3 2.2
St. Cloud 20.8 18.5 85% 74% 14.1 12.5 3.3 2.2
Minneapolis 20.8 19.3 85% 74% 14.1 124 3.3 2.2

2.1.3 Residential Results

Residential buildings were analyzed using buildimggdels for small and large houses. The small and
large house conventional systems are split sysieooaditioners with a 14 SEER with 92% rated
high-efficiency furnaces for the cooling and hegtirespectively. The comparisons between these
and the GHP systems are detailed below.

2.1.3.1 Small House, New Construction

The small house new construction building with ¢beventional HVAC system had electrical
demand and energy consumption values ranging froom65kW and 11 to 12 MWh, depending on
location. The small house new construction bugdinth the conventional HVAC system had natural
gas requirements of 1,083 to 1,341 therms, depgratiriocation.

The small house new construction building with @t¢P HVAC system had equal or lower summer
electrical demand, higher winter electrical demardi higher energy consumption values, a minimal
decrease of summer demand, an increase of 4 kWhirnvdemand and an increase of 13 to 15

MWh, depending on location. Based on a cursoryeguc analysis, electric water heating was
utilized in the GHP system. This allowed the gasstimption in the GHP case to be reduced to zero
for all locations.

The demand and energy consumption values are peeserFigure 92 for the small house new
construction GHP retrofit without the desuperheatater heating option. The demand and energy
consumption values are presented in Figure 9hf®small house new construction GHP system
with the desuperheater water heating option added.
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The small house new construction building with ¢beventional HVAC system had total annual
energy costs from $2,147 to $2,550, depending catilon and utility. The small house new
construction building with the GHP HVAC system Hagher electrical costs but no natural gas costs
associated. The total annual energy savings &intplementation of the GHP HVAC system ranged
from $276 to $810, or 12% to 34% of the conventiét\dAC system energy costs, depending on
location and utility. The addition of the desupEater water heating option increased the annual
savings by an additional $50 to $83.

The annual savings from the installation providesihaple payback of 27 to 36 years and a net
increase in life cycle costs. Economics for simalise new construction installations both on an
absolute basis and normalized per square foothanersin Figure 98 and Figure 100.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure
102 and the emissions with the addition of a desgager are shown in Figure 103. The installation
of a GHP system in a small house new constructigldibg increases CO2 emissions by 25.8% to
27.9%, depending on location. The addition of superheater reduces CO2 emissions by 4.6% to
4.8% below this level. All other emissions woulsioaincrease due to the increased electric
consumption.

Figure 92: Annual Demand and Energy Values for a Sall House New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 5 11,341 1,341 5 26,649 0 0 -15,308 1,341
St. Cloud 6 12,032 1,142 6 25,705 0 0 -13,673 1,142
Minneapolis 5 12,436 1,083 5 25,292 0 0 -12,856 1,083

Figure 93: Annual Demand and Energy Values for a Sall House New Construction Building with
Desuperheater included in the GHP System

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 5 11,341 1,341 5 25,683 0 0 -14,342 1,341
St. Cloud 6 12,032 1,142 5 24,741 0 1 -12,709 1,142
Minneapolis 5 12,436 1,083 5 24,322 0 0 -11,886 1,083
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Figure 94: Annual Demand and Energy Values per Squa Foot for a Small House New Construction Building

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.8 6.3 0.75 2.7 14.8 0 0.1 -8.5 0.75
St. Cloud 3.3 6.7 0.63 3.2 14.3 0 0.2 -7.6 0.63
Minneapolis 2.8 6.9 0.60 2.7 14.1 0 0.1 -7.1 0.60

Figure 95: Annual Demand and Energy Values per Squa Foot for a Small House New Construction Building
with Desuperheater included in the GHP System

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.8 6.3 0.75 2.6 14.3 0 0.2 -8.0 0.75
St. Cloud 3.3 6.7 0.63 3.0 13.7 0 0.3 -7.1 0.63
Minneapolis 2.8 6.9 0.60 2.6 13.5 0 0.2 -6.6 0.60

Figure 96: Annual Energy Charges and Savings for &mall House New Construction Building

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 762 | $ 1,612 1% 2,374 | $ 1,867 | $ - $ 1,867 1% 507 21%
Duluth Otter Tail Power $ 787 $ 161213 23991 $ 1589 | $ - $ 158919% 810 34%
Xcel Energy $ 938 | $ 1,612 % 2,550 | $ 2,166 | $ - $ 2,166 | $ 384 15%
Minnesota Power $ 812 | $ 1,372 1 $ 2,184 | $ 1,799 | $ - $ 1,799 1% 386 18%
St. Cloud Otter Tail Power $ 824 | $ 1,372 | $ 2,197 | $ 1,540 | $ - $ 1,540 1 $ 656 30%
Xcel Energy $ 999 | $ 1,372 | $ 2371 | $ 2,092 | $ - $ 2,092 1% 280 12%
Alliant Energy $ 1,037 | $ 1,302 | $ 2,339 | $ 1,761 | $ - $ 1,761 1% 578 25%
Minneapolis |Otter Tail Power $ 846 |$ 1302|$ 2147]$ 1519]$ - $ 1519]s 628 29%
Xcel Energy $ 1,034 | $ 1,302 | $ 2,336 | $ 2,060 | $ - $ 2,060 1% 276 12%

Figure 97: Annual Energy Charges and Savings for &mall House New Construction Building with

Desuperheater included in the GHP System

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 762 | $ 1,612 1% 2,374 | $ 1,797 | $ - $ 1,797 1% 576 24%
Duluth Otter Tail Power $ 787 $ 1612193 23991 $ 1539 $ - $ 15391% 860 36%
Xcel Energy $ 938 | $ 1,612 $ 2,550 | $ 2,083 | $ - $ 2,083 1% 466 18%
Minnesota Power $ 812 | $ 1,372 1 $ 2,184 | $ 1,729 | $ - $ 1,729 1% 455 21%
St. Cloud Otter Tail Power $ 824 | $ 1,372 | $ 2,197 | $ 1,491 | $ - $ 1,491 1% 706 32%
Xcel Energy $ 999 | $ 1,372 | $ 2371 | $ 2,010 | $ - $ 20101 $ 361 15%
Alliant Energy $ 1,037 | $ 1,302 | $ 2,339 | $ 1,690 | $ - $ 1,690 1 $ 649 28%
Minneapolis |Otter Tail Power $ 846 |$ 1302|$ 2147]$ 1469]$ - $ 1469]s3 678 32%
Xcel Energy $ 1,034 | $ 1,302 | $ 2336 | $ 1,977 | $ - $ 1,977 1% 359 15%
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Figure 98: Economics of Conventional and GHP HVAC $stems for a Small House New Construction Building,
Including Simple Payback and Life Cycle Costs

Convertional System GHPSygtem Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duuth $ 9900( $ 24 $ 2441 $ 40113 $ 250( $ 22| % 1874| $ 0%6|$ 529 265 $ 1771 04%
St Aoud $ 9900( $ 24 $ 2251($ 38219 $ 250( $ 2| $ 1810| $ 20167| $ 403 36.2 $ (949| -25%
Mnneapolis | $ 9900( $ 2X4|$  2274| $ BEL|$  250($ 2|$  170|$ BA2|$ 46| 3R5 |$ (181)] -05%

Figure 99: Economics of Conventional and GHP HVAC fstems for a Small House New Construction Building,
Including Simple Payback and Life Cycle Costs wittDesuperheater included in the GHP System

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 9900( $ 2418 2418 40113 $ 23200( $ 22($ 1807 $ 083|$ 5%6| 240 |$ 20| 0™
St Qoud $ 9900( $ 25418 251 $ 38219 $ 23200( $ 22($ 1743 $ D0B7|$ 40| 310 |$ 83| -22%
Mnneagpolis | $ 9900( $ 2418 2214 $ B2 $ 23200( $ 22|1$ 17121 $ 33B680|$ 54| 280 [$ (59| -02%

Figure 100: Economics of Conventional and GHP HVAGystems per Square Foot for a Small House New
Construction Building, Including Simple Payback andLife Cycle Costs

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
|City
Duluth $ 55| $ 0141 $ 136 $ 229|$ 25| $ 0162| $ 104| $ 219|$ 02| 265 |$ 010 04%
St Qoud $ 55| $ 0141 $ 125 $ 2123| $ 25| $ 0162| $ 101 $ 2176|$ 02| 362 |$ 053 -25%
Mnneagpolis | $ 55| $ 0141 $ 126 $ 2146| $ 25| $ 0162| $ 09| $ 2156|$ 05| 325 |$ (010 -05%

Figure 101: Economics of Conventional and GHP HVAGystems per Square Foot for a Small House New

Construction Building, Including Simple Payback andLife Cycle Costs with Desuperheater included in ta GHP
System

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings ‘ears) Savings Savings
|City ' (Years) i '
Duluth $ 55| $ 0141 $ 136 $ 229|$ 1289 $ 0162| $ 100 $ 212|$ 033 240 |$ 016 0™
St Qoud $ 55| $ 0141 $ 125 $ 2123| $ 1289 $ 0162| $ 097($ 2170|$ 026| 310 |$ 047 -22%
Mnneagpolis | $ 55| $ 0141 $ 126]$ 2146| $ 1289 $ 0162| $ 09%5($ 2149|$ 02| 280 |$ 003 -02%
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Figure 102: Annual Emissions Values for a Small Hae New Construction Building

TOZ oy NOX =Y =R COTET.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 34.628 51 52 0 0.0005 50.614

Suluth GHP 44.298 119 98 21 0.0012 73.266
Reduction -9.670 ~68 “a4 11 ~0.0006 (22.652)
% Change 27.9% 134.6% 81.2% | 110.0% | 119.9% 24.8%
Conventional | 33,436 54 55 10 0.0006 49.630

st cloud  |GHP 42.729 114 94 20 0.0011 70,671
Reduction ~9.293 61 ~40 10 ~0.0006 (21.041)
% Change 27.8% 113.4% 72.5% 95.7% 102.5% 22.4%
Conventional | 33.413 55 56 10 0.0006 49.886

. _[chP 42.042 112 93 20 0.0011 69.535

Minneapolis T2 ction -8.629 57 37 9 ~0.0005 (19,650)

% Change 25.8% 103.1% 66.9% 87.6% 93.6% 30.4%

Figure 103: Annual Emissions Values for a Small Hae New Construction Building with Desuperheater incded
in the GHP System

co2 S02 NOX PM Hg CO2 Eq.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 34.628 51 52 0 0.0005 50.614

Suluth GHP 42.692 114 94 20 0.0011 70.610
Reduction 28,064 ~64 ~40 10 20.0006 (19.996)
% Change 23.3% 126.1% 74.6% | 103.2% | 111.9% 30.5%
Conventional | 33.436 54 55 10 0.0006 49.630

<t cloud  CHP 41,127 110 91 19 0.0011 68.020
Reduction 7,691 -56 ~36 -9 ~0.0005 (18.390)
% Change 23.0% 105.4% 66.1% 88.4% 94.9% 37.1%
Conventional | 33.413 55 56 10 0.0006 49.886

. _[crP 40.430 108 89 19 0.0011 66.868

Minneapolis T2 iction 7,017 53 34 -8 ~0.0005 (16,983)

% Change 21.0% 95.4% 60.5% 80.4% 86.2% 34.0%

Figure 104: Annual Emissions Values per Square Fodbr a Small House New Construction Building

CO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 19 0.028 0.030 0.005 0.00030 28
Duluth GHP 25 0.066 0.054 0.011 0.00065 41
Reduction -5 -0.038 -0.024 -0.006 -0.00036 -13
% Change 27.9% 134.6% 81.2% 110.9% 119.9% 44.8%
Conventional 19 0.030 0.030 0.006 0.00031 28
st. Cloud GHP 24 0.064 0.052 0.011 0.00063 39
Reduction -5 -0.034 -0.022 -0.005 -0.00032 -12
% Change 27.8% 113.4% 72.5% 95.7% 102.5% 42.4%
Conventional 19 0.031 0.031 0.006 0.00032 28
Minneapolis GHP . 23 0.062 0.052 0.011 0.00062 39
Reduction -5 -0.032 -0.021 -0.005 -0.00030 -11
% Change 25.8% 103.1% 66.9% 87.6% 93.6% 39.4%
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Figure 105: Annual Emissions Values per Square Fodor a Small House New Construction Building with
Desuperheater included in the GHP System

Cco2 S02 NOXx PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 19 0.028 0.030 0.005 0.00030 28
Duluth GHP 24 0.063 0.052 0.011 0.00063 39
Reduction -4 -0.035 -0.022 -0.006 -0.00033 -11
% Change 23.3% 126.1% 74.6% 103.2% 111.9% 39.5%
Conventional 19 0.030 0.030 0.006 0.00031 28
st. Cloud GHP 23 0.061 0.050 0.011 0.00060 38
Reduction -4 -0.031 -0.020 -0.005 -0.00029 -10
% Change 23.0% 105.4% 66.1% 88.4% 94.9% 37.1%
Conventional 19 0.031 0.031 0.006 0.00032 28
Minneapolis GHP . 22 0.060 0.050 0.010 0.00059 37
Reduction -4 -0.029 -0.019 -0.005 -0.00028 -9
% Change 21.0% 95.4% 60.5% 80.4% 86.2% 34.0%

Figure 106: Annual Average Heating and Cooling Sysim Efficiencies of Conventional and GHP Systems fa
Small House New Construction Building

Conventional System GHP System
Rated Average Rated | Average

Rated | Average | Heating Heating Rated | Average | Heating | Heating
SEER EER Efficiency | Efficiency EER EER CoP CoP

Duluth 14 11.2 92% 74% 14.1 12.7 3.3 2.7
St. Cloud 14 11.1 92% 73% 14.1 12.5 3.3 2.6
Minneapolis 14 111 92% 73% 14.1 124 3.3 2.7

2.1.3.2 Small House, Existing Building

The small house existing building with the convenal HVAC system had electrical demand and
energy consumption values around 6 kW and rangorg 12 to 13 MWh, depending on location.
The small house existing building with the convendl HVAC system had natural gas requirements
of 1,367 to 1,711 therms, depending on location.

The small house existing building with the GHP HVAgtem had equal or lower summer electrical
demand, higher winter electrical demand, and highergy consumption values, a minimal decrease
in summer demand, an increase of 5 kW in winteratehand an increase of 15 to 18 MWh,
depending on location. Based on a cursory econanaifysis, electric water heating was utilized in
the GHP system. This allowed the gas consumptitineg GHP case to be reduced to zero for all
locations.

The demand and energy consumption values are peesierFigure 107 for the small house existing
building GHP retrofit without the desuperheatereavdteating option. The demand and energy
consumption values are presented in Figure 10&@®small house existing building GHP system
with the desuperheater water heating option added.

Page 49



The small house existing building with the convenal HVAC system had total annual energy costs
from $2,530 to $3,035, depending on location aiiiyut The small house existing building with the
GHP HVAC system had higher electrical costs, buat i@ natural gas costs associated because no
natural gas was used in this case. The total &eneegy savings for the implementation of the GHP
HVAC system ranged from $453 to $1,140, or 17%Q0%%bf the conventional HVAC system
energy costs, depending on location and utilithe addition of the desuperheater water heating
option increased the annual savings by an additks@ato $83.

The annual savings from the installation providesihaple payback of 16 to 23 years and a net
decrease in life cycle costs. Economics for shwlise existing building retrofit installations bath
an absolute basis and normalized per square fethewn in Figure 113 and Figure 115.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure
117, and the emissions with the addition of a dedhgater are shown in Figure 118. The installation
of a GHP system in a small house existing buildgeases CO2 emissions by 21.9% to 24.3%%,
depending on location. The addition of a desugdrageduces CO2 emissions from this level by
4.0% to 4.3%. All other emissions would also iase due to the increased electric consumption.

Figure 107: Annual Demand and Energy Values for at8all House Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kWh Therms Peak kW kWh Therms
Duluth 6 11,802 1,711 6 29,360 0 0 -17,558 1,711
St. Cloud 6 12,713 1,397 6 28,091 0 0 -15,378 1,397
Minneapolis 6 13,223 1,367 6 27,911 0 0 -14,688 1,367

Figure 108: Annual Demand and Energy Values for ai8all House Existing Building Retrofit with
Desuperheater included in the GHP System

City Conventional System GHP System Savings

Summer Summer Summer

Peak kw kwh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 6 11,802 1,711 6 28,394 0 0 -16,592 1,711
St. Cloud 6 12,713 1,397 5 27,127 0 1 -14,414 1,397
Minneapolis 6 13,223 1,367 6 26,941 0 0 -13,718 1,367
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Figure 109: Annual Demand and Energy Values per Sagure Foot for a Small House Existing Building Retroit
Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 3.3 6.6 0.95 3.2 16.3 0 0.2 -9.8 0.95
St. Cloud 3.3 7.1 0.78 3.2 15.6 0 0.2 -8.5 0.78
Minneapolis 3.3 7.3 0.76 3.2 15.5 0 0.2 -8.2 0.76

Figure 110: Annual Demand and Energy Values per Sagure Foot for a Small House Existing Building Retroit
with Desuperheater included in the GHP System

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.8 6.3 0.75 2.6 14.3 0 0.2 -8.0 0.75
St. Cloud 3.3 6.7 0.63 3.0 13.7 0 0.3 -7.1 0.63
Minneapolis 2.8 6.9 0.60 2.6 135 0 0.2 -6.6 0.60
Figure 111: Annual Energy Charges and Savings for 8mall House Existing Building Retrofit
Conventional System GHP System Savin
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 795|$ 2056|$% 2851]|$% 206389 - $ 2063]% 789 28%
Duluth Otter Tail Power $ 812 )¢ 2056|$ 2868|% 1,728($ - $ 17281% 1,140 40%
Xcel Energy $ 978 |$ 2,056|$ 3035|% 2381[$ - $ 23811]% 653 22%
Minnesota Power $ 861 )% 1679]|% 2540|% 1971($ - $ 1971183 569 22%
St. Cloud Otter Tail Power $ 861 )% 1679]|% 2539|% 1663[$ - $ 1663]% 877 35%
Xcel Energy $ 1058[$% 1679]|$ 2737]|$ 2285|% - $ 2285]% 453 17%
Alliant Energy $ 1107[$ 1643]$ 2750]%$ 1918 % - $ 19181% 832 30%
Minneapolis |Otter Tail Power $ 887 )% 1643|$ 2530|% 1654[$ - $ 1654]1% 877 35%
Xcel Energy $ 1,103[$ 1643 |$ 2746 |$ 2272|% - $ 2272]% 474 17%

Figure 112: Annual Energy Charges and Savings for 8mall House Existing Building Retrofit with
Desuperheater included in the GHP System

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 795|1% 2056]|$% 2851)%$ 1993]|3% - $ 1993]8% 859 30%
Duluth Otter Tail Power $ 812 |$ 2056|% 2868|3% 1678|% - $ 1678]$ 1,190 41%
Xcel Energy $ 978 |$ 2056|% 3035]$% 2299|% - $ 229918 735 24%
Minnesota Power $ 861|$ 1679|% 2540)$% 1901|$ - $ 1901]8% 639 25%
St. Cloud Otter Tail Power $ 861|$ 1679|% 2539|% 1613]|$ - $ 1613]8% 926 36%
Xcel Energy $ 1058]$ 1679($ 2737[$ 2203]%$ - $ 220318 535 20%
Alliant Energy $ 1107]$ 1643[$ 2750[$ 18461]8% - $ 1846]18% 904 33%
Minneapolis |Otter Tail Power $ 887 |% 1643 |$% 2530]$% 160418 - $ 160418 927 37%
Xcel Energy $ 1,103|$ 1643|$ 2,746[$ 2,190]$ - $ 2,190]$ 557 20%
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Figure 113: Economics of Conventional and GHP HVAGystems for a Small House Existing Building Retrofj
Including Simple Payback and Life Cycle Costs

Convertional System GHPSygem Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duuth $ 10440| $ 241 $ 2918( $ 45679] $ 23040( $ 2| $ 2057 $ 2697|$ 3 162 $ 2982 65%
St Aoud $ 10440| $ 241 $ 2605( $ 425341 $ 23040( $ 2| $ 1973| $ 1674|$ 595 230 $ 80| 20%
Mnneapolis | $ 10440| $ 24 $ 2676 $ 434421 $ 23040( $ 2| $ 1948 $ 21372]$ 690 199 $ 2070| 48%

Figure 114: Economics of Conventional and GHP HVAGystems for a Small House Existing Building Retrofj
Including Simple Payback and Life Cycle Costs wittDesuperheater included in the GHP System

Convertional System GHP System Savings
Anial Anud Anua Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 10440| $ 2418 2918( $ 40113 $ 3740( $ 2| $ 1990 $ 2535|3% 80 156 $ (2471 62%
St Coud $ 10440( $ 241 $ 2605( $ 3B29| $ B740( $ 2| $ 1906 | $ 21564| % 662 213 $ (3345 -88%
Mnnegpolis | $ 10440( $ 241 $ 2676( $ 38621 $ B740( $ 221 $ 180( $ 1251|$ 8 187 $ (2630)| -68%
Figure 115: Economics of Conventional and GHP HVAGystems per Square Foot for a Small House Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs
Convertiondl System GHP System Savings
Al Annial Sinple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 58| $ 0141 $ 182 $ 38| $ 1280 $ 0162| $ 114| $ 2372]1$ 046 162 |$ 166 65%
St Coud $ 58] $ 0141 $ 1451 $ 2363| $ 1280 $ 0162| $ 110| $ 215|$ 033 230 [$ 048 20%
Mnnegpolis | $ 58] $ 0141 $ 149]$ 2413| $ 1280 $ 0162| $ 108| $ 298|$ 038 199 |$ 115 48%

Figure 116: Economics of Conventional and GHP HVAGystems per Square Foot for a Small House Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs with Desuperheater included in the G

System
Convertional System GHP System Savings
Amnual Annual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 580 $ 0141 $ 162]| $ 38| $ 1319 $ 0162| $ 111 $ 2366|$ 049 156 $ 172 68%
St Aoud $ 580 $ 0141 $ 145] % 2363| $ 1319 $ 0162| $ 106| $ 2ZB0|$ 037 213 $ 05| 23%
Mnneapolis | $ 580 $ 0141 $ 109]$% 2413| $ 1319 $ 0162| $ 104| $ 2921% 04 187 $ 12| 50
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Figure 117: Annual Emissions Values for a Small Hae Existing Building Retrofit

CO2 SO2 NOX PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 39,748 53 59 10 0.0006 57,244
Duluth GHP 48,805 131 108 23 0.0013 80,719
Reduction -9,057 -78 -49 -12 -0.0007 (23,475)
% Change 22.8% 148.3% 82.4% 118.2% 129.5% 41.0%
Conventional 37,568 57 60 11 0.0006 55,198
st. Cloud GHP 46,695 125 103 22 0.0012 77,231
Reduction -9,127 -68 -44 -11 -0.0006 (22,033)
% Change 24.3% 120.6% 73.2% 99.8% 107.7% 39.9%
Conventional 38,063 59 61 11 0.0006 56,165
Minneapolis GHP ' 46,396 124 102 22 0.0012 76,736
Reduction -8,333 -65 -41 -10 -0.0006 (20,570)
% Change 21.9% 110.8% 67.6% 91.9% 99.2% 36.6%

Figure 118: Annual Emissions Values for a Small Hae Existing Building Retrofit with Desuperheater ircluded
in the GHP System

Co2 S0O2 NOx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 39,748 53 59 10 0.0006 57,244
Duluth GHP 47,199 126 104 22 0.0012 78,064
Reduction -7,451 -74 -45 -12 -0.0007 (20,820)
% Change 18.7% 140.1% 76.4% 111.0% 121.9% 36.4%
Conventional 37,568 57 60 11 0.0006 55,198
st. Cloud GHP 45,093 121 100 21 0.0012 74,580
Reduction -7,525 -64 -40 -10 -0.0006 (19,382)
% Change 20.0% 113.1% 67.3% 92.9% 100.6% 35.1%
Conventional 38,063 59 61 11 0.0006 56,165
Minneapolis GHP ' 44,784 120 99 21 0.0012 61
Reduction -6,721 -61 -38 -10 -0.0006 (17,904)
% Change 17.7% 103.5% 61.8% 85.2% 92.2% 31.9%

Figure 119: Annual Emissions Values per Square Fodbr a Small House Existing Building Retrofit

CO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 22 0.029 0.033 0.006 0.00031 32
Duluth GHP 27 0.073 0.060 0.013 0.00072 45
Reduction -5 -0.043 -0.027 -0.007 -0.00040 -13
% Change 22.8% 148.3% 82.4% 118.2% 129.5% 41.0%
Conventional 21 0.031 0.033 0.006 0.00033 31
st. Cloud GHP 26 0.069 0.057 0.012 0.00069 43
Reduction -5 -0.038 -0.024 -0.006 -0.00036 -12
% Change 24.3% 120.6% 73.2% 99.8% 107.7% 39.9%
Conventional 21 0.033 0.034 0.006 0.00034 31
Minneapolis GHP . 26 0.069 0.057 0.012 0.00068 43
Reduction -5 -0.036 -0.023 -0.006 -0.00034 -11
% Change 21.9% 110.8% 67.6% 91.9% 99.2% 36.6%
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Figure 120: Annual Emissions Values per Square Fodbr a Small House Existing Building Retrofit with
Desuperheater included in the GHP System

Co2 S02 NOXx PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 22 0.029 0.033 0.006 0.00031 32
Duluth GHP 26 0.070 0.058 0.012 0.00069 43
Reduction -4 -0.041 -0.025 -0.006 -0.00038 -12
% Change 18.7% 140.1% 76.4% 111.0% 121.9% 36.4%
Conventional 21 0.031 0.033 0.006 0.00033 31
st. Cloud GHP 25 0.067 0.055 0.012 0.00066 41
Reduction -4 -0.036 -0.022 -0.006 -0.00033 -11
% Change 20.0% 113.1% 67.3% 92.9% 100.6% 35.1%
Conventional 21 0.033 0.034 0.006 0.00034 31
Minneapolis GHP . 25 0.067 0.055 0.012 0.00066 41
Reduction -4 -0.034 -0.021 -0.005 -0.00032 -10
% Change 17.7% 103.5% 61.8% 85.2% 92.2% 31.9%

Figure 121: Annual Average Heating and Cooling Sysim Efficiencies of Conventional and GHP Systems fa
Small House Existing Building Retrofit

Conventional System GHP System

Rated Average Rated | Average
Rated | Average | Heating Heating Rated | Average | Heating | Heating
SEER EER Efficiency | Efficiency EER EER CoP CoP

Duluth 14 11.3 92% 77% 14.1 12.7 3.3 2.8
St. Cloud 14 11.1 92% 76% 14.1 12.5 3.3 2.7
Minneapolis 14 111 92% 76% 14.1 12.5 3.3 2.8

2.1.3.3 Large House, New Construction

The large house new construction building withabaventional HVAC system had electrical
demand and energy consumption values ranging frea@8kW and 19 to 20 MWh, depending on
location. The large house new construction bugldiith the conventional HVAC system had natural
gas requirements of 1,344 to 1,695 therms, depgratiriocation.

The large house new construction building with@téP HVAC system had equal or lower summer
electrical demand, higher winter electrical demaa] higher energy consumption values, about
equal summer demand, an increase of 5 kW in widerand and an increase of 18 to 21 MWh,
depending on location. Based on a cursory econanaifysis, electric water heating was utilized in
the GHP system. This allowed the gas consumptitineg GHP case to be reduced to zero for all
locations.

The demand and energy consumption values are peesierFigure 122 for the large house new
construction GHP retrofit without the desuperheatater heating option. The demand and energy
consumption values are presented in Figure 12th&large house new construction GHP system
with the desuperheater water heating option added.

The large house new construction building withabaventional HVAC system had total annual
energy costs from $2,883 to $3,587, depending catiton and utility. The large house new
construction building with the GHP HVAC system Hagher electrical costs but had no natural gas
costs associated because no natural gas was usesicase. The total annual energy savings fr th
implementation of the GHP HVAC system ranged fralf@Zto $961, or 6% to 30% of the
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conventional HVAC system energy costs, dependinpcation and utility. The addition of the
desuperheater water heating option increased tieahgsavings by an additional $65 to $109.

The annual savings from the installation providesihaple payback of 39 to 70 years and a net
increase in life cycle costs. Economics for langese new construction installations both on an
absolute basis and normalized per square foothamersin Figure 128 and Figure 130.

Emissions resulting from using a conventional HV&@Gtem and a GHP system are shown in Figure
132, and the emissions with the addition of a dedhgater are shown in Figure 133. The installation
of a GHP system in a large house new constructiddithg increases CO2 emissions by 27.1% to
29.5%, depending on location. The addition of sugerheater reduces CO2 emissions from this
level by 4.2% to 4.3%. All other emissions woulsbancrease due to the increased electric
consumption.

Figure 122: Annual Demand and Energy Values for a arge House New Construction Building

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 8 18,745 1,695 8 39,656 0 0 -20,911 1,695
St. Cloud 9 19,802 1,404 9 38,498 0 0 -18,696 1,404
Minneapolis 9 20,424 1,344 9 38,041 0 0 -17,617 1,344

Figure 123: Annual Demand and Energy Values for a &rge House New Construction Building with
Desuperheater included in the GHP System

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 8 18,745 1,695 7 38,377 0 1 -19,632 1,695
St. Cloud 9 19,802 1,404 8 37,210 0 1 -17,408 1,404
Minneapolis 9 20,424 1,344 8 36,769 0 1 -16,345 1,344

Figure 124: Annual Demand and Energy Values per Sgure Foot for a Large House New Construction Buildig

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.7 6.2 0.57 2.6 13.2 0 0.1 -7.0 0.57
St. Cloud 3.0 6.6 0.47 2.9 12.8 0 0.1 -6.2 0.47
Minneapolis 3.0 6.8 0.45 2.9 12.7 0 0.1 -5.9 0.45
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Figure 125: Annual Demand and Energy Values per Squre Foot for a Large House New Construction Buildig
with Desuperheater included in the GHP System

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  |Therms/sf Peak W/sf kWh/sf  [Therms/sf
Duluth 2.7 6.2 0.57 2.5 12.8 0 0.2 -6.5 0.57
St. Cloud 3.0 6.6 0.47 2.8 12.4 0 0.2 -5.8 0.47
Minneapolis 3.0 6.8 0.45 2.8 12.3 0 0.2 -5.4 0.45

Figure 126: Annual Energy Charges and Savings for harge House New Construction Building

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 1296|$% 2037]% 3333|]% 2806]8% - $ 280613 528 16%
Duluth Otter Tail Power $ 1182]|$% 2037]$% 3219]|% 22578 - $ 2257]1% 961 30%
Xcel Energy $ 1550|$ 2,037]|% 3587|% 3228]|% - $ 3228]% 359 10%
Minnesota Power $ 1373]% 1687]|% 3060]% 27228 - $ 27221% 338 11%
St. Cloud Otter Tail Power $ 1236|$% 1687]|$% 2923|$% 2198 8$ - $ 219813 726 25%
Xcel Energy $ 1643|% 1687]% 3330]% 31388 - $ 3138183 192 6%
Alliant Energy $ 1587]% 1615]% 3202]|$% 2550]8% - $ 2550]18% 652 20%
Minneapolis |Otter Tail Power $ 1268|$% 1615]|% 2,883|% 2174 $ - $ 217413 709 25%
Xcel Energy $ 1698|% 1615|% 3,313|$ 3,103| $ - $ 3,103]9% 210 6%

Figure 127: Annual Energy Charges and Savings for harge House New Construction Building with
Desuperheater included in the GHP System

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
MinnesotaPower J$ 1296|$% 2037]% 3333|$ 2713]9% - $ 2713]% 620 19%
Duluth Otter Tail Power $ 1182]|¢$ 2037|$ 3219]|% 2191($ - $ 2191)% 1,027 32%
Xcel Energy $ 1550]$ 2037|$% 3587]|% 3120(8$ - $ 3120]% 467 13%
MinnesotaPower J$ 1373|$% 1687]% 3060]|$ 26299 - $ 2629]13% 431 14%
St. Cloud Otter Tail Power $ 1236|$ 1687|$% 2923|$ 2132($ - $ 2132]1% 792 27%
Xcel Energy $ 1643]|$ 1687|$% 3330]|% 3028([8$ - $ 3028]% 302 9%
Alliant Energy $ 1587]¢$ 1615]$ 3202]|% 24579 - $ 2457]1% 745 23%
Minneapolis |Otter Tail Power $ 1268|$ 1615|$% 2883|% 2109($ - $ 2109]3% 774 27%
Xcel Energy $ 1698|$ 1615|$ 3313|$ 2995(8$ - $ 2995]% 318 10%

Figure 128: Economics of Conventional and GHP HVAGystems for a Large House New Construction Building
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback | Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 14700( $ 241$  330($ 55346| $ B30| $ 22|$ 24| $ 57455|$ 578 387 [$ (2108 -38%
St Qoud $ 14700( $ 2541$  3104($ 52606 $ B30 $ 22|$ 26%6($ 56512|$ 38l1| 698 |$ (3906)| -74%
Mnneagpolis | $ 14700( $ 254|1$  3133($ 53070 $ B30 $ 22|$ 260($ 5585|$ 486| 553 | $ (2515)| -47%
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Figure 129: Economics of Conventional and GHP HVAGSystems for a Large House New Construction Building

Including Simple Payback and Life Cycle Costs wittDesuperheater included in the GHP System

Convertional System GHP System Savings
Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 14700( $ 241$  330($ 55346 $ 34000( $ 22|$ 26/ $ 57080|$ 667 325 [$ (1,733 -31%
St Qoud $ 14700( $ 254|1$  3104($ 52606 $ 34000( $ 22|$ 25%($ 56129|$ 470| 493 |$ (353 -6.7%
Mnneagpolis | $ 14700( $ 254|1$  3133($ 53070 $ 34000 $ 22|$ 250($ 5209|$ 55| 408 |$ (2139)| -40%

Figure 130: Economics of Conventional and GHP HVAGystems per Square Foot for a Large House New
Construction Building, Including Simple Payback andLife Cycle Costs

Convertional System GHP System Savings
Amnual Annual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 490|$ 00%5| $ 113| $ 1845 $ 1110 $ 0097| $ 0%2($ 1915|$ 019 3RB7 [$ 070 -38%
St Qoud $ 490|$ 00%5| $ 103( $ 1754| $ 1110 $ 0097| $ 090( $ 1884|$ 013] 698 |[$ @30 -74%
Mnneagpolis | $ 490|$ 00%5| $ 1041 $ 1769| $ 1110 $ 0097| $ 087( $ 1853|$ 016 553 |[$ 084 -47%

Figure 131: Economics of Conventional and GHP HVAGSystems per Square Foot for a Large House New

Construction Building, Including Simple Payback andLife Cycle Costs with Desuperheater included in ta GHP

System
Convertiondl System GHP System Savings
Anial Annial Anud Sinple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 490|$ 00%5| $ 113| $ 1845 $ n3|$ 0097| $ 089 $ 1903|$ o022 25 [$ 058 -31%
St Coud $ 490|$ 00%5| $ 103( $ 1754| $ nxy3|$ 0097| $ 087( $ 1871|$ 016 493 |$ @17 -6.7%
Mnnegpolis | $ 490|$ 00%5| $ 14| $ 1769| $ nxy3|$ 0097| $ 084 $ 1840|$ 019 408 |$ 07y -40%
Figure 132: Annual Emissions Values for a Large Hase New Construction Building
CO2 S02 NOX PM Hg COZ Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 51,101 83 84 16 0.0009 76,100
Duluth GHP 65,919 176 146 31 0.0017 109,026
Reduction -14,819 -93 -61 -15 -0.0009 (32,926)
% Change 29.0% 111.3% 72.4% 94.6% 101.0% 43.3%
Conventional | 49,434 88 86 16 0.0009 74,789
St Cloud  IGHP 63,995 171 141 30 0.0017 105,843
' Reduction -14,560 -83 -56 -13 -0.0008 (31,053)
% Change 29.5% 94.2% 65.0% 82.0% 86.7% 41.5%
Conventional | 49,762 91 87 17 0.0009 75,630
Minneapolis [SHP 63,235 169 140 29 0.0017 104,586
Reduction -13,473 -78 -52 -13 -0.0007 (28,956)
% Change 27.1% 86.1% 59.9% 75.1% 79.4% 38.3%
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Figure 133: Annual Emissions Values for a Large Hase New Construction Building with Desuperheater
included in the GHP System

Co2 S0O2 NOx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 51,101 83 84 16 0.0009 76,100
Duluth GHP 63,793 171 141 30 0.0017 105,510
Reduction -12,693 -87 -56 -14 -0.0008 (29,409)
% Change 24.8% 104.5% 66.9% 88.3% 94.5% 38.6%
Conventional 49,434 88 86 16 0.0009 74,789
St. Cloud GHP 61,854 165 137 29 0.0016 102,301
Reduction -12,419 -77 -51 -12 -0.0007 (27,512)
% Change 25.1% 87.7% 59.5% 75.9% 80.5% 36.8%
Conventional 49,762 91 87 17 0.0009 75,630
Minneapolis GHP _ 61,120 164 135 28 0.0016 101,089
Reduction -11,358 -73 -48 -12 -0.0007 (25,459)
% Change 22.8% 79.9% 54.5% 69.3% 73.4% 33.7%

Figure 134: Annual Emissions Values per Square Fodbr a Large House New Construction Building

CO2 S0O2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 17 0.028 0.028 0.005 0.00029 25
Duluth GHP 22 0.059 0.049 0.010 0.00058 36
Reduction -5 -0.031 -0.020 -0.005 -0.00029 -11
% Change 29.0% 111.3% 72.4% 94.6% 101.0% 43.3%
Conventional 16 0.029 0.029 0.005 0.00030 25
st. Cloud GHP 21 0.057 0.047 0.010 0.00056 35
Reduction -5 -0.028 -0.019 -0.004 -0.00026 -10
% Change 29.5% 94.2% 65.0% 82.0% 86.7% 41.5%
Conventional 17 0.030 0.029 0.006 0.00031 25
Minneapolis GHP . 21 0.056 0.047 0.010 0.00056 35
Reduction -4 -0.026 -0.017 -0.004 -0.00025 -10
% Change 27.1% 86.1% 59.9% 75.1% 79.4% 38.3%

Figure 135: Annual Emissions Values per Square Fodor a Large House New Construction Building with
Desuperheater included in the GHP System

co2 s02 NOx PM Hg x1000 | coO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 17 0.028 0.028 0.005 0.00029 25
buluth GHP 21 0.057 0.047 0.010 0.00056 35
Reduction 4 -0.029 -0.019 -0.005__| -0.00027 -10
% Change 24.8% 104.5% 66.9% 88.3% 94.5% 38.6%
Conventional 16 0.029 0.029 0.005 0.00030 25
st cloud  |GHP 21 0.055 0.046 0.010 0.00055 34
Reduction 4 -0.026 -0.017 0.004__| -0.00024 9
% Change 25.1% 87.7% 59.5% 75.9% 80.5% 36.8%
Conventional 17 0.030 0.029 0.006 0.00031 25
Minneapolis [SHP__ 20 0.055 0.045 0.009 0.00054 34
Reduction 4 -0.024 -0.016 -0.004__| -0.00023 -8
% Change 22.8% 79.9% 54.5% 69.3% 73.4% 33.7%

Figure 136: Annual Average Heating and Cooling Sysim Efficiencies of Conventional and GHP Systems fa
Large House New Construction Building

Conventional System GHP System

Rated Average Rated | Average
Rated | Average | Heating Heating Rated | Average | Heating | Heating
SEER EER Efficiency | Efficiency EER EER COoP CoP

Duluth 14 11.2 92% 74% 14.1 12.7 3.3 2.6
St. Cloud 14 11.1 92% 73% 14.1 12.5 3.3 2.6
Minneapolis 14 111 92% 2% 14.1 12.5 3.3 2.6
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2.1.3.4 Large House, Existing Building

The large house existing building with the convemai HVAC system had electrical demand and
energy consumption values around 10 kW and rarfgimg 19 to 21 MWh, depending on location.
The large house existing building with the convemai HVAC system had natural gas requirements
of 1,757 to 2,243 therms, depending on location.

The large house existing building with the GHP HV#8y3tem had equal or lower summer electrical
demand, higher winter electrical demand, and highergy consumption values, about equal summer
demand, an increase in winter demand by 6 to 7 ktlVaa increase of 21 to 24 MWh, depending on
location. Based on a cursory economic analysstet water heating was utilized in the GHP
system. This allowed the gas consumption in thé€®@gse to be reduced to zero for all locations.

The demand and energy consumption values are peesienFigure 137 for the large house existing
building GHP retrofit without the desuperheatereavdteating option. The demand and energy
consumption values are presented in Figure 13thlarge house existing building GHP system
with the desuperheater water heating option added.

The large house existing building with the convamai HVAC system had total annual energy costs
from $3,395 to $4,291, depending on location aiiilyut The large house existing building with the
GHP HVAC system had higher electrical costs butiadatural gas costs associated because no
natural gas was used in this case. The total &eneegy savings for the implementation of the GHP
HVAC system ranged from $423 to $1,453, or 11% &% 3f the conventional HVAC system
energy costs, depending on location and utilithe addition of the desuperheater water heating
option increased the annual savings by an additg#g@&to $109.

The annual savings from the installation providesihgple payback of 20 to 34 years and a net
decrease in life cycle costs. Economics for ldrgese existing building retrofit installations bath
an absolute basis and normalized per square feathewn in Figure 143 and Figure 145.

Emissions resulting from using a conventional HV&Gtem and a GHP system are shown in Figure
147 and the emissions with the addition of a desgager are shown in Figure 148. The installation
of a GHP system in a large house existing builtiegeases CO2 emissions by 23.6% to 26.4%,
depending on location. The addition of a desupgdrageduces CO2 emissions from this level by
3.6% to 3.9%. All other emissions would also iase due to the increased electric consumption.

Figure 137: Annual Demand and Energy Values for a &rge House Existing Building Retrofit

City Conventional System GHP System Savings

Summer Summer Summer

Peak kW kWh Therms Peak kW kwWh Therms Peak kW kwh Therms
Duluth 10 19,269 2,243 10 43,439 0 0 -24,170 2,243
St. Cloud 10 20,650 1,760 10 41,838 0 0 -21,188 1,760
Minneapolis 10 21,479 1,757 10 42,136 0 0 -20,657 1,757

Page 59



Figure 138: Annual Demand and Energy Values for a &rge House Existing Building Retrofit with
Desuperheater included in the GHP System

City Conventional System GHP System Savings

Summer Summer Summer

Peak kw kwh Therms Peak kW kwh Therms Peak kW kwh Therms
Duluth 10 19,269 2,243 9 42,160 0 1 -22,891 2,243
St. Cloud 10 20,650 1,760 9 40,550 0 1 -19,900 1,760
Minneapolis 10 21,479 1,757 9 40,864 0 1 -19,385 1,757

Figure 139: Annual Demand and Energy Values per Sque Foot for a Large House Existing Building Retroit
Conventional System GHP System Savings

Summer Summer Summer
City Peak W/sf kWh/sf Therms/sf Peak W/sf kWh/sf Therms/sf Peak W/sf kWh/sf Therms/sf
Duluth 3.3 6.4 0.75 3.2 145 0 0.2 -8.1 0.75
St. Cloud 3.3 6.9 0.59 3.2 13.9 0 0.2 -7.1 0.59
Minneapolis 3.3 7.2 0.59 3.2 14.0 0 0.2 -6.9 0.59

Figure 140: Annual Demand and Energy Values per Sque Foot for a Large House Existing Building Retroit
with Desuperheater included in the GHP System

Conventional System GHP System Savings
Summer Summer Summer
City Peak W/sf kWh/sf Therms/sf Peak W/sf kWh/sf Therms/sf Peak W/sf kWh/sf Therms/sf
Duluth 3.3 6.4 0.75 3.1 14.1 0 0.2 -7.6 0.75
St. Cloud 3.3 6.9 0.59 3.1 135 0 0.3 -6.6 0.59
Minneapolis 3.3 7.2 0.59 3.1 13.6 0 0.3 -6.5 0.59
Figure 141: Annual Energy Charges and Savings for harge House Existing Building Retrofit
Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 1334 (3% 269613 40301 $ 3,079 $ - $ 3,07913% 951 24%
Duluth Otter Tail Power $ 1,209 [ $ 2,696 1$ 390413 2,452 | $ - $ 2,452 1% 1,453 37%
Xcel Energy $ 1596 [ $ 2,696 1 $ 42911 $ 3,630 $ - $ 3,5301$ 761 18%
Minnesota Power $ 1434 $ 2,11513% 354913 2963 $ - $ 2963 1% 586 17%
St. Cloud Otter Tail Power $ 1,280 [ $ 2,1151$ 339 1]$ 2,369 | $ - $ 2,36918% 1,026 30%
Xcel Energy $ 1,717 | $ 2,1151$ 3,832 | $ 3,410 $ - $ 3,4101$ 423 11%
Alliant Energy $ 1675 3% 2,112 1% 3,786 | $ 2,802 % - $ 280213% 984 26%
Minneapolis |Otter Tail Power $ 1322 $ 2,112 1$ 3,434 1 $ 2,385 $ - $ 2,3851% 1,049 31%
Xcel Energy $ 1,791 | $ 2,112 | $ 3,902 | $ 3,437 | $ - $ 3,437 1 $ 465 12%
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Figure 142: Annual Energy Charges and Savings for harge House Existing Building Retrofit with
Desuperheater included in the GHP System

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 1334|$ 269 |$ 4030[$ 2986]% - $ 2986]$ 1,043 26%
Duluth Otter Tail Power $ 1209]$ 269 |$ 3904[$ 2386]% - $ 2386]$ 1518 39%
Xcel Energy $ 1596]$ 2696 [$ 4201[$ 342218 - $ 34221% 870 20%
Minnesota Power $ 1434]|$ 2115|$ 3549[$ 2870]8% - $ 2870193 679 19%
St. Cloud Otter Tail Power $ 1280]$ 2115|$ 3395[$ 2303]%$ - $ 2303]$ 1,092 32%
Xcel Energy $ 1717]|$ 2115|$ 3832[$ 3300]% - $ 3300193 532 14%
Alliant Energy $ 1675]$ 2112|$ 3,786 [$ 2,708]%$ - $ 2,708]$ 1,078 28%
Minneapolis |Otter Tail Power $ 1322]|$ 2112|$ 3434[$ 23191% - $ 2319]$ 1115 32%
Xcel Energy $ 1,791|$ 2,112|$ 3902|[$ 3,329]%$ - $ 3,3291% 573 15%

Figure 143: Economics of Conventional and GHP HVAGystems for a Large House Existing Building Retrofj
Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Amnual Amnua Annua Snple
Total Installed | Maintenance Energy LifeCycle | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Gyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 15450( $ 24$ 4075 $ 6339| $ 34030 $ 22($ 300|% 61,308|$ 1017| 197 |$ 202 33%
St Qoud $ 15450( $ 4%  352($ 58534| $ 34030 $ 22|$ 294 $ 60022|$ 640 3R7 [$ (1,483 -25%
Mnneagpolis | $ 15450( $ 25418 3707($ 59%5] $ 34030 $ 22|1$ 28/ $ 50545|$ 75| 272 | $ 39| 06%

Figure 144: Economics of Conventional and GHP HVAGystems for a Large House Existing Building Retrofj
Including Simple Payback and Life Cycle Costs wittDesuperheater included in the GHP System

Convertional System GHP System Savings
Amual Amual Amual Annual Snple
Total Installed | Maintenance Energy LifeCyce | Tata Installed | Mairtenance Energy Life Cycle Annual Payback || Life Cyde %LCC
|City Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
Duluth $ 15450( $ 24$ 4075 $ 55346 $ 3A790( $ 22|$ 2% $ 60933|$ 1106] 185 |$ (55%)| -10.1%
St Qoud $ 15450( $ 4%  352($ 52606 $ 3A790( $ 22($ 285|% 59640|$ 70| 202 [$ (7,033)| -134%
Mnneagpolis | $ 15450( $ 2541$  3707($ 53070 $ 3A790( $ 22|$ 27%6|$ 5169|$ 84| 242 |$ (6,09) -11L5%

Figure 145: Economics of Conventional and GHP HVAGSystems per Square Foot for a Large House Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs

Convertional System GHP System Savings
Amnual Annual Amnua Amnual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
|City
Duluth $ 515| $ 00%5| $ 136 $ 2113| $ 1n3B|$ 0097| $ 101 $ 2044|$ 034 197 |$ 070 33%
St Qoud $ 515| $ 00%5| $ 120($ 1951 $ 1n3B|$ 0097| $ 097($ 2001|$ o2 337 |$ 050 -25%
Mnneagpolis | $ 515| $ 00%5| $ 1241 $ 1998| $ 1n3B|$ 0097| $ 0% $ 1985|$ 026 272 |$ 013 06%

Page 61



Figure 146: Economics of Conventional and GHP HVAGSystems per Square Foot for a Large House Existing
Building Retrofit, Including Simple Payback and Life Cycle Costs with Desuperheater included in the GM
System

Convertional System GHP System Savings
Amual Annual Amual Amual Sirple
Total Installed | Maintenance Energy Life Cyde | Tatal Installed Maintenance Energy Life Cyde Annual | Payback Life Cycle %LCC

i Cost Costs Costs Costs Cost Costs Costs Costs Savings (Years) Savings Savings
|City
Duluth $ 515| $ 00%5| $ 136 $ 2113| $ 158 $ 0097| $ 08| $ 2031|$ 037| 185 |$ 082 3%
St Qoud $ 515| $ 00%5| $ 120($ 1951 $ 158 $ 0097| $ 0A($ 1983|$ 04| 202 |[$ 037 -19%
Mnneagpolis | $ 515| $ 00%5| $ 1241 $ 1998| $ 158 $ 0097| $ 093 $ 1972|$ 02| 242 |$ 026 13%

Figure 147: Annual Emissions Values for a Large Hase Existing Building Retrofit

TOZ 502 NOX PM = COZ Eq.

City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional | 58,419 86 91 17 0.0009 85,483

buluth GHP 72,208 193 160 33 0.0019 119,427
Reduction -13,789 -107 68 17 -0.0010 (33,944)
% Change 23.6% 125.1% 74.5% 102.6% 111.2% 39.7%
Conventional | 55,032 92 92 17 0.0010 82,280

st cloud  [GHP 69,547 186 154 32 0.0018 115,025
Reduction 14515 94 62 -15 -0.0009 (32,745)
% Change 26.4% 102.4% 66.9% 87.2% 93.1% 39.8%
Conventional | 56,375 96 95 18 0.0010 84,516

Minneapolis [SHP__ 70,042 187 155 32 0.0019 115,844
Reduction -13,667 92 60 -15 -0.0009 (31,329)
% Change 24.2% 96.0% 62.8% 81.8% 87.3% 37.1%

Figure 148: Annual Emissions Values for a Large Hase Existing Building Retrofit with Desuperheater ircluded
in the GHP System

Co2 S0O2 NOx PM Hg CO2 Eq.
City (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Conventional 58,419 86 91 17 0.0009 85,483
Duluth GHP 70,082 187 155 33 0.0019 115,910
Reduction -11,663 -102 -63 -16 -0.0010 (30,427)
% Change 20.0% 118.5% 69.3% 96.7% 105.0% 35.6%
Conventional 55,032 92 92 17 0.0010 82,280
st. Cloud GHP 67,406 180 149 31 0.0018 111,484
Reduction -12,374 -88 -57 -14 -0.0008 (29,204)
% Change 22.5% 96.1% 61.8% 81.4% 87.1% 35.5%
Conventional 56,375 96 95 18 0.0010 84,516
Minneapolis GHP _ 67,927 182 150 32 0.0018 95
Reduction -11,553 -86 -55 -14 -0.0008 (27,832)
% Change 20.5% 90.0% 57.8% 76.3% 81.6% 32.9%
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Figure 149: Annual Emissions Values per Square Fodbr a Large House Existing Building Retrofit

CO2 SO2 NOX PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 19 0.029 0.030 0.006 0.00030 28
Duluth GHP 24 0.064 0.053 0.011 0.00064 40
Reduction -5 -0.036 -0.023 -0.006 -0.00034 -11
% Change 23.6% 125.1% 74.5% 102.6% 111.2% 39.7%
Conventional 18 0.031 0.031 0.006 0.00032 27
st. Cloud GHP 23 0.062 0.051 0.011 0.00061 38
Reduction -5 -0.031 -0.021 -0.005 -0.00030 -11
% Change 26.4% 102.4% 66.9% 87.2% 93.1% 39.8%
Conventional 19 0.032 0.032 0.006 0.00033 28
Minneapolis GHP . 23 0.062 0.052 0.011 0.00062 39
Reduction -5 -0.031 -0.020 -0.005 -0.00029 -10
% Change 24.2% 96.0% 62.8% 81.8% 87.3% 37.1%

Figure 150: Annual Emissions Values per Square Fodbr a Large House Existing Building Retrofit with

Desuperheater included in the GHP System

Co2 S02 NOXx PM Hg x1000 CO2 Eq.
City (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf) (Ibs/sf)
Conventional 19 0.029 0.030 0.006 0.00030 28
Duluth GHP 23 0.062 0.052 0.011 0.00062 39
Reduction -4 -0.034 -0.021 -0.005 -0.00032 -10
% Change 20.0% 118.5% 69.3% 96.7% 105.0% 35.6%
Conventional 18 0.031 0.031 0.006 0.00032 27
st. Cloud GHP 22 0.060 0.050 0.010 0.00059 37
Reduction -4 -0.029 -0.019 -0.005 -0.00028 -10
% Change 22.5% 96.1% 61.8% 81.4% 87.1% 35.5%
Conventional 19 0.032 0.032 0.006 0.00033 28
Minneapolis GHP ' 23 0.061 0.050 0.011 0.00060 37
Reduction -4 -0.029 -0.018 -0.005 -0.00027 -9
% Change 20.5% 90.0% 57.8% 76.3% 81.6% 32.9%

Figure 151: Annual Average Heating and Cooling Sysin Efficiencies of Conventional and GHP Systems fa
Large House Existing Building Retrofit

Conventional System GHP System
Rated Average Rated | Average
Rated Average | Heating Heating Rated | Average | Heating | Heating
SEER EER Efficiency | Efficiency EER EER COP COP
Duluth 14 11.2 92% 77% 14.1 12.7 3.3 2.8
St. Cloud 14 11.1 92% 75% 14.1 12.5 3.3 2.7
Minneapolis 14 11.0 92% 76% 14.1 12.5 3.3 2.7

2.2 Comparative Analysis

Other studies have shown energy cost savings $taliations of GHP systems of approximately of
20% for commercial buildings. Institutional enesgvings have been shown to be on the same order,

around 20%. Residential energy savings have bdemmrsto be around as 30% in a cooling
dominated climate, but around 10% or less in aifgatominated climate. This study further

supports these types of results, but the effecisstdlling a ground source heat pump are much more
complex than these simple statistics portend. 3Jéusion will discuss the primary factors impacting

the results, as well as noted trends with resmeehergy, economics, and emissions.
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2.2.1 Energy Effects Across Building Types

All conventional building models in this study sheharacteristics similar to available benchmark
data. The installation of a GHP system increakestree consumption and decreases gas
consumption in all building types examined. In thern parts of the state, the larger heating
requirements result in higher energy consumpticevery case, as well as greater gas savings.eln th
cases of small commercial and both residentials;dke installation of a GHP system reduces gas
consumption enough to justify including the reptaeat of gas water heating systems with electric
water heating systems in the GHP installation, @ogkibly the installation of a desuperheater.

Electric energy consumption for cooling in smalldings was found to decrease in most cases,
where the heat pumps were more efficient than dimeentional system. In the larger buildings,
however, electric energy consumption for coolingeased changed due to the economies of scale,
which allow for the installation of highly efficiechillers, compared with the relatively less et
modular heat pumps. This effect is most pronoumtdide case of the large school, where the heat
pump’s EER of 14.1 is relatively inefficient wheonapared to the water-cooled chiller's 20.8 EER
rating. In Minnesota’s heating dominated climdt@yvever, cooling energy is less important than
heating energy, and GHPs consistently provide sarmeal energy cost savings.

Installing a GHP results in an increase of the sanpeak demand in some cases and an increase in
winter demand in all cases. In the cases whengp@elseaters are practical for installation, the
increased cooling efficiency in the summer providese energy savings than the small extra load on
the system in the winter uses, resulting in a Betehse in electric energy use. The increase@mwint
load resulting from the installation of the desingater was found to occur at times that did not
increase winter demand, resulting in a summer ddmegiuction and no effect on winter demand in
every case where desuperheaters were practicaktatlation.

The annual average efficiencies of the heatingcaading equipment, detailed for each building in
Section 2.1, do not match the rated efficiencilis is because the heating and cooling systems
rarely operate at rated conditions. The DOEZ2.1delntg engine takes this into account. The
efficiencies for direct expansion cooling are action of many factors that can include outdoor
temperature, humidity level, and the percent loadhe compressor. Chiller efficiency is a function
of the entering condenser water temperature, thanig chilled water temperature, and the percent
load on the chiller. The operating efficiency oflérs and furnaces is dependent upon the percent
loading of the unit. Heat pump efficiencies arpateent upon the entering fluid temperature,
entering air temperature and humidity, the perdesign airflow through the heat pump, and the
percent load on the compressor.

Summarized energy results for all building types slvown in Figure 152. Note that negative savings
in the table indicate a naicrease in values.

Because all cases shown in Figure 152 show a decheaatural gas consumption and an increase in
electric energy use, the viability of GHP systesnde@pendent on the relative price of natural gds an
electricity. A sensitivity analysis with respeotthis observation was conducted and the resudts ar
discussed in Section 2.2.5.2.
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Figure 152: Electric Demand and Energy Savings an@as Savings for All Building Models

Existing Building Retrofit w/
New Construction New Construction w/ Desuperheater Existing Building Retrofit Desuperheater
Summer Summer Summer Summer

City Peak kW kwh Therms Peak kW kwh Therms | Peak kW kwh Therms Peak kW kwh Therms

Duluth 4 -28,785 7,413 5 -23,676 7,413 4 -34,181 10,723 6 -29,072 10,723
©
o
£
2 St. Cloud 3 -25,364 6,540 5 -20,075 6,540 5 -27,412 9,098 6 -22,123 9,098
]
&

Minneapolis 4 -24,102 6,260 5 -18,724 6,260 5 -26,317 8,881 7 -20,939 8,881

Duluth -18 -151,347 | 26,841 NA NA NA -24 -191,509 36,144 N/A N/A NA
8
£
2 St. Cloud -17 -131,950 | 23,400 NA NA N/A -24 -164,288 29,584 N/A NA NA
(=2
5

Minneapolis -16 -131,702 | 22,910 NA N/A NA -21 -162,765 30,167 N/A NA NA
__|Duluth 3 -57,674 | 19,880 NA NA NA 3 -76,747 25,252 N/A NA NA
8
S
Dlst. Cloud 5 -40,117 | 17,316 NA N/A NA 5 -47,355 19,902 N/A NA NA
©
&

Minneapolis 6 -51,475 | 16,697 NA NA NA 6 -63,173 20,033 N/A NA NA
_ |Duluth -146 -561,001 | 124,049 NA NA N/A -119 -868,051 | 182,755 N/A NA NA
8
S
2 St. Cloud -165 -484,563 | 107,954 NA N/A N/A -135 -686,209 | 147,348 N/A NA NA
(=2
5

Minneapolis -173 -620,634 | 106,613 NA N/A N/A -156 -832,520 | 148,972 N/A NA NA
.Tg Duluth 0 -15,308 1,341 0 -14,342 1,341 0 -17,558 1,711 0 -16,592 1,711
5
k=]
é St. Cloud 0 -13,673 1,142 1 -12,709 1,142 0 -15,378 1,397 1 -14,414 1,397
T
(% Minneapolis 0 -12,856 1,083 0 -11,886 1,083 0 -14,688 1,367 0 -13,718 1,367
.Tg Duluth 0 -20,911 1,695 1 -19,632 1,695 0 -24,170 2,243 1 -22,891 2,243
5
k=]
é St. Cloud 0 -18,696 1,404 1 -17,408 1,404 0 -21,188 1,760 1 -19,900 1,760
)
<
S|Minneapolis 0 -17,617 1,344 1 -16,345 1,344 0 -20,657 1,757 1 -19,385 1,757

2.2.2 Economics Effects Across Building Types

In this section, system costs are compared acrolsling types, with installed costs and O&M costs
included. The comparisons in this section useciifde cost (LCC) analysis. Other cost effects,
including incentives and meter charges are disdussBection 3.4.5, but are not included in the LCC
results presented here.

2.2.2.1 Energy Costs

Conventional system annual energy costs, enerdyseemgs from the installation of a GHP system,
and percent energy cost savings (averaged ovéodakmajor utilities) for all building types are
shown in Figure 153.
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Figure 153: Annual Energy Costs for Conventional H\AC Systems and Savings with Heat Pumps for All
Building Models

New Construction New Construction w/ Desuperheater Existing Building Retrofit Existing Building Retrofit w/ Desuperheater
Conventional Energy Conventional Energy Conventional Energy Conventional Energy
System Annual Cost Percent System Annual Cost Percent System Annual Cost Percent System Annual Cost Percent

City Cost Savings Savings Cost Savings Savings Cost Savings Savings Cost Savings Savings

Duluth $ 16,882$ 5216| 309% |$ 16882|$ 5605| 332% |$ 22335($ 8131 364% |$ 22335($ 8520 38.1%
[+
é
251. Cloud $ 16374 $ 4559 27.8% |$ 16374 $ 4968 303% |$ 21558 $ 6940 322% |$ 21558 $ 7350| 34.1%
<
=
0

Minneapolis $ 16,113 $ 4532 281% |$ 16,113 $ 4915 305% |$ 21350($ 6986 3R27% |$ 21350 $ 7.369| 34.5%

Duluth $ 74216 | $ 17,709| 23.9% N/A N/A N/A $ 95518 | $ 24,440| 25.6% N/A N/A N/A
[

5
o|St. Cloud $ 73498 | $ 15473| 21.1% N/A N/A N/A $ 92494 $ 19579| 21.2% N/A N/A N/A
oy
s

Minneapolis $ 75141 $ 14950 19.9% N/A N/A N/A $ 95810 $ 20,203 21.1% N/A N/A N/A
_ [Buluth $ 59,193 $ 15237 25.7% N/A N/A N/A $ 71475 $ 19139| 26.8% N/A N/A N/A
8
S
@|st. Cloud $ 57,711 $ 13885 24.1% N/A N/A N/A $ 67,496 | $ 16,013 23.7% N/A N/A N/A
©
&

Minneapolis $ 58,913 $ 12454| 21.1% N/A N/A N/A $ 69,875 $ 15103| 21.6% N/A N/A N/A
_ODquth $ 377526 | $ 80,958 21.4% N/A N/A N/A $ 475877 | $ 118193 | 24.8% N/A N/A N/A
£
ﬁSt. Cloud $ 364,082 | $ 67,183 185% N/A N/A N/A $ 445995 | $ 92569 | 20.8% N/A N/A N/A
oy
s

Minneapolis $ 368,238 | $ 56,490 15.3% N/A N/A N/A $ 455516 | $ 83515 18.3% N/A N/A N/A
EDuImh $ 2441 $ 567| 232% |$ 2441 $ 634 26.0% |$ 2918 $ 861| 295% |$ 2918 $ 928 31.8%
c
2
ésn Cloud $ 2251 $ 441 196% |$ 2251 $ 508 226% |$ 2,605| % 633| 243% |$ 2,605| % 700 26.9%
K]

(%Minneapolis $ 22741 $ 494 21.7% |$ 22741 $ 562 247% |$ 2676 | $ 728 271.2% |$ 2676 | $ 796 | 29.7%
EDquth $ 3380 % 616| 182% |$ 3380 | % 705 209% |$ 4075|$ 1055 259% |$ 4075|$ 1144| 28.1%
c
b
ésn Cloud $ 3104 | $ 419| 135% |$ 3104 | $ 508| 16.4% |$ 3592|$ 678 189% |$ 3592|$ 768 21.4%
&
‘S|Minneapolis $ 3133| $ 524| 16.7% |$ 3133| $ 613| 19.6% |$ 3707 | $ 833 225% |$ 3707 | $ 922 | 24.9%

2.2.2.2 Life-Cycle Costs
The economics for systems over their lifetimestast compared using a life cycle cost analysis,

which normalizes all costs to present value dalldrsthis analysis, future costs are normalizadgus
a discount rate of 3% and projected energy cogtasdrom the DOE.

Life cycle costs were analyzed over a 15 year dexbosen based on the minimum expected useful
life of equipment considered in this study. Equamtnwith a longer useful life was assigned a redidu
value at the end of the period, based on a linepratiation. For each analysis, the annual energy
costs are assumed to be equal to the average afhthml energy costs for each utility serving the

climate zone under consideration. The resultb®life cycle cost analysis for all building type®
shown in Figure 154.
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Figure 154: Life Cycle Costs, Savings, and PerceBavings for All Building Models, 15 year period

Existing Building Retrofit w/
New Construction New Construction w/ Desuperheater Existing Building Retrofit Desuperheater
LcC LCC LCC LCC
Conventional LCC Percent Conventional LCC Percent Conventional LCC Percent Conventional LCC Percent
City LCC Savings Savings LcC Savings Savings LCC Savings Savings LcC Savings Savings
Duluth 416,536 (27,066) -6.5% 416,536 (24,906)| -6.0% 489,519 (23528) -4.8% 489,519 (21,368)| -4.4%
@
‘;:3
Olst. cloud 412,039 (33352 -81% 412,039 (30,939) -7.5% 483,170 (3482%5) -7.2% 483,170 (32412) -6.7%
<
&
Minneapolis 409,424 (33160) -8.1% 409,424 (31,066)  -7.6% 481,083 (33880) -7.0% 481,083 (31,786)  -6.6%
Duluth 2,382,494 81,650 3.4% N/A N/A NA 2,695,863 4813 -0.2% N/A N/A NA
@
gzO;’
o|St. Cloud 2,380,375 61,142 2.6% N/A N/A NA 2,671,806 (51,075) -1.9% N/A N/A NA
o
8
Minneapolis 2,401,119 55,772 2.3% N/A N/A NA 2,710,646 (44,660)] -1.6% N/A N/A NA
__|Duluth 2,201,302 99,931 4.5% N/A N/A NA 2,684,254 136,870 5.1% N/A N/A NA
8
S
@lst. Cloud 2,189,247 88,416 4.0% N/A N/A NA 2,647,376 109,188 4.1% N/A N/A NA
©
&
Minneapolis 2,205,607 72,400 3.3% N/A N/A NA 2,676,470 98,045 3.7% N/A N/A NA
5 Duluth 11,855,476 284,067 2.4% N/A N/A NA 14,858,555 622,967 4.2% N/A N/A NA
£
2 St. Cloud 11,734,169 148,405 1.3% N/A N/A NA 14,575,552 380,615 2.6% N/A N/A NA
o
8
Minneapolis 11,794,763 22,688 0.2% N/A N/A NA 14,695,019 269,121 1.8% N/A N/A NA
Tg Duluth 41,336 177 0.4% 41,336 290 0.7% 46,902 2,982 6.4% 46,902 3,095 6.6%
o
=
CquJ St. Cloud 39,441 (949)| -24% 39,441 838) -21% 43,757 860 2.0% 43,757 971 2.2%
K]
(% Minneapolis 39,843 (181)] -05% 39,843 69| -01% 44,665 2,070 4.6% 44,665 2,192 4.9%
Tg Duluth 57,180 (2108 -3.7% 57,180 1,733 -3.0% 65,233 2,092 3.2% 65,233 2,467 3.8%
€
b=
§ St. Cloud 54,440 (3906) -7.2% 54,440 (3523) -65% 60,368 (1488)  -2.5% 60,368 (1,106)] -1.8%
[
=
S |Minneapolis 54,904 (2515)| -4.6% 54,904 (2139)| -3.9% 61,768 389 0.6% 61,768 765 1.2%

2.2.2.3 Characteristics of GHP Systems Found to Be Cost Effective

The most important factor for considering cost-affeeness of a GHP system, from the results
shown above, is the availability of a low-cost aitgive. Installations where a relatively low cost
conventional system is not available prove to beencost effective than installations where a
relatively low cost conventional system is avadabl

Desuperheaters provide an added benefit for bathemenergy costs and life-cycle costs for those
systems where they make sense for installation.

2.2.2.4 Characteristics of GHP Systems Found Not to Be Cost Effective

No characteristics of GHP systems shown above determined not to be cost effective. As the
figure shows, conventional HVAC systems may be noos effective, depending upon the
application. Poor site selection, which would eeasgcessive installation costs, is an important
characteristic of a GHP system that could causetito be cost effective.
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2.2.3 Emissions Effects Across Building Types

Each system under consideration results in emssiat occur directly, as from a natural gas
furnace, or indirectly, through the emissions pbaver plant generating electricity using fossillsue
The emissions considered in this study can be oapagl into two classifications: greenhouse gas
emissions, which include nitrogen oxides (NOx) aatbon dioxide (CO2), and other emissions,
which include mercury (Hg), particulate matter (Rlsipd sulfur dioxide (SO2).

In the results shown for the greenhouse gas emsgsgtobal warming potential values were
determined for each scenario. Global warming patkis a scale that uses CO2 as a reference and
compares the global warming potential of a subgtand¢he same mass of CO2 within a given
timescale. The magnitude of the effect that eabistance is attributed is a function of both the
efficiency of the molecule as a greenhouse gastandxpected atmospheric lifetime. For the
purposes of this study, only the effects of CO2 ld@k emissions were considered. NOX is
determined to have the equivalent global warminggpital of 296 times that of CO2. Greenhouse
gas emissions and non-greenhouse gas emissiosisare in Figure 155 and Figure 156,
respectively. For purposes of these figures, titdea negative reduction is a netrease in
emissions.

The installation of a GHP system in all buildingésg results in increases in non-greenhouse gas
emissions. The installation of a GHP system imallsoffice and small school results in a net
reduction of greenhouse gas emissions, and irtgtatlaof GHP systems in all other buildings
analyzed result in increases in greenhouse gasienss

Emissions from the various building types showeds@&ient patterns within each type. Because
residential systems rely heavily on natural gasface heating (as compared to commercial and
institutional buildings that have higher internalrgs) in conventional systems, the simulations stbw
an increase for both GHG and non-GHG emissions V@1¢R systems are installed. In offices and
schools, higher internal gains led to lower natges heating requirements. In these cases, smaller
buildings with less efficient conventional systeshewed a significant decrease in greenhouse gas
emissions when a GHP system was installed, whilge Jeefficient conventional systems showed a
more modest reduction in greenhouse gas emissibes a GHP system was installed.

Natural gas is primarily methane, and producesressgreenhouse gas, environmental pollutant
emissions when combusted at conventional equipeféciencies than any alternative electric-based
heating system. Due to this difference, the aisadyfsthis report shows thatl GHP systems result

in increased non-greenhouse gas emissions.
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Figure 155: Greenhouse Gas Emissions Reductions WwiGHP Systems, compared to Conventional Systems
(Ib/year) for All Building Models

New Construction w/ Bxisting Building Retrofit w/
New Construction Desuperheater Existing Building Retrofit Desuperheater
co2 NOx QCo2 Eq. co2 NOx COo2 E. ooz NOx Co2 Eq. co2 NOx CO2 Eq.
City Ib/year Iblyear Lblyear Iblyear Iblyear Lblyear I'year Iblyear Lbvyear Iblyear Ibiyear Lblyear
Duluth 39,363 (37) 2829% 47,856 (14) 43,632 69,334 (27) 61,430 77827 @) 76,767
[
&
2 St. Cloud 34,779 (33) 25,048 43,571 (10) 40,728 61,469 7) 56,489 70,261 6 72,169
S
7]
Minneapolis 33583 (3D) 24,460 42,522 @) 40,335 60,736 (15) 56,355 69,676 9 72,231
Duluth 95,301 (312) 2,803 NA NA NA 174,988 (351) 71,149 NA NA NA
[
&
% St. Cloud 74,263 (302)] (15031 NA NA NA 119,735 (346) 17,209 NA NA NA
g
Minneapolis 76,782 (281) (6255) NA NA NA 130,649 (321) 35,542 NA NA NA
_ |Buluth 138,012 a7 133010 NA NA NA 169,507 (34)] 159362 NA NA NA
[s]
&
2 St. Cloud 137,032 22| 143674 NA NA NA 155,424 21| 161,703 NA NA NA
Minneapolis 110,869 (25| 103369 NA NA NA 130,671 (36) 120136 NA NA NA
_ |Buluth 526,858 (844)| 277,026 NA NA NA 707,113 (1,396)| 293875 NA NA NA
[s]
&

2 St. Cloud 464,567 (721)] 251,117 NA NA NA 592,833 (1,075 274510 NA NA NA
Minneapolis 222,602 (1,234)) (142651)] NA NA NA 368,729 (1,597)] (103924)] NA NA NA
8|Duluth (9,670) (44) (22652) (8,064) (40) (19,99 (9,057) (49)| (23475) (7,451) (45)  (20,820)

s
lst coud (9.299) (@0 (uoa)|  (7.601) @) @830 (9127) @49 (20%) (752) (@) (19382
g
»|Minneapalis (8,629) @37 (19650) (7,017) (34) (16,983 (8333 (41 (20570) (6,7212) (38)  (17,904)
S|Duluth (14,819) 6] (32926) (12,693) (56)] (29,409 (13,789) (68)] (33944)] (11,663) (63)  (30,427)
C
=
§ St. Cloud (14,560) (56)] (31053) (12,419) (B (27512 (14,515) 62 (32745)] (12,374) (57)  (29,209)
§
SMinneapolis (13473) (52| (289%6) (11,358) (48)| (25459 (13667) 60 (31329 (11,553) (55)  (27,832)
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Figure 156: Non-Greenhouse Gas Emissions Reductiondth GHP Systems, compared to Conventional Systems
(Ib/year) for All Building Models

New Construction w/ Existing Biiding Retrofit w/
New Construction Desuperheater Existing Builcing Retrofit Desuperheater
so2 M Hg so2 PM Hg so2 PM Hg so2 PM Hg
iy lyear | Ioyear | Iohear | Iohear | Ibhear | Ibyear | Ibyear | byear | ibyear | ibyear | tyear | loyear
fpuat azze| @e7n| Eoon| @oa9 (127 ©ooo9[ @s14| (184 oo @87 (4| (OO
§ St Cloud a124| @an| Eowg( (@9 (w06 ©ooon| @214 (44| oo (@8 03| (©.0007
m Mnneapolis e8| (139 Eooy| @9 ©8| ©ooon| (65 @37 ©009 (@26 ©5| (0007
[Pt @eon| @y (ooen| NA NA NA ©30| (@35 sy NA NA NA
§ St Cloud @62 @oLy] Eoe3y[ NA NA NA @53 (1223 ©Eww| NA NA NA
. Mnneapolis 83| (@4 ©osy[ NA NA NA @42 @ro| o NA NA NA
[puiuth 3| @7 ool NA NA NA @08 @4 o2 NA NA NA
é St Cloud ama| @80 o3[ NA NA NA 4| @7 o NA NA NA
o Mnneapolis 29| @3] @Eomg| NA NA NA ers| @8 o NA NA NA
[Pt 4876 (3402 (05| NA NA NA @896 (GBI (WH| NA NA NA
8
i St Cloud @1486) (B3 (06| NA NA NA @030  (4194) (064 NA NA NA
: Mnneapolis @738 (W2 (0| NA NA NA @6%6 (310) (w2 NA NA NA
&[uun ©0| (08 @Eowe| (@®7 o1 ©ooe| (o] (223 ©oon| (@7 @5 (©007
% St Cloud ©0.7) @7 ©oos| (65 ©0| ©ooos| (683 (108 ©oos| (640 (01| (©.000)
E Mnneapolis (7.9) @1 ©oos| (528 @4 ©ooos| (652 (03] (©o0s| (609 ©6)| (0.0006)
E{puah ©@9| (49 ©ow9| (@72 @139 ooy (@ora| (70| ©ooog| o7 (60| (©.000)
% St Cloud @1 @34 eoog| (73 @124 ©ooon| (@] @50 ©oo9 (@84 (40| (©.008)
:.g Mnneapolis ™3| (@26 ©oon| (26 @16 ©ooon| (@8] (146 o9 (@61 (136 (©.0008)

2.2.4 Key Characteristics of GHP Installations

Many characteristics impact the effectiveness af pegmp systems. In the context of this study,
some of these characteristics were found to be mgrertant than others, affecting energy
consumption, system economics, emissions, or ampic@ation of these. The key characteristics
include

e system costs,

e utility energy charges,

e conventional system types, and

e climate factors.
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Specific implications of each of these effectsdiseussed below. Other characteristics were
investigated and found to be less significant:

e Heat pump performance at a given time varies wikewtemperature, but the annual energy
consumption was not found to vary significanthea®sult of the annual changes in ground
temperature (and resulting water loop temperature).

e The number and depth of wells is also of minimgdamiance to the system energy
consumption. Wells are most cost effective whdlledras deep as reasonably possible before
significant impediments (like bedrock) are encouede within standard pipe lengths.

The considerations listed above are both impoftangpecific site design, and require well-trained
professionals for proper design of individual syse

2.2.5 Sensitivity Analyses

A few factors were identified that may have a digaint impact on the results of this report.
Sensitivity analyses were conducted to determiaentipact of the inclusion of energy recovery
ventilators in the GHP systems, the heating fyst tysed in a building, and the relative pricesas g
and electricity. Discussions of these three ingatibns are included below.

2.2.5.1 Energy Savings From GHP Systems vs. Savings From Energy Recovery
Ventilators

Energy recovery ventilators (ERVSs) are includedach of the commercial and institutional

buildings’ GHP systems. ERVs reduce ventilatioargg requirements, so a sensitivity analysis was
conducted to assess the savings associated witle#ttgoump as compared to the savings associated
with the ERV, which could also be installed on tle@ventional system. The ERV was found to
provide only minimal savings as compared to the Gitem. For example, as shown in Figure 157
and Figure 158, in the small office new constructinilding, the GHP system without an ERV saves
from 22% to 30% on the annual energy bills, whie GHP system with an ERV saves 23% to 32%
on the annual energy bills. The ERVs are includdtde GHP systems to help reduce peak loads and
required well field size, not for a significant egy savings.

Figure 157: Annual Energy Charges and Savings for 8mall Office New Construction Building with ERV
Installed

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 8538 |$% 7314]% 15852]1% 10472 S - $ 10,47218$% 5,380 34%
Duluth Otter Tail Power $ 10265|% 7314]|$ 17578|$ 12318 $ $ 12318)$ 5,260 30%
Xcel Energy $ 9902]|% 7314|$ 17,215]|$ 12207 $ $ 12,207 )$ 5,008 29%
Minnesota Power $ 8866]% 6452 15319]% 10638 $ $ 10,63818$% 4,681 31%
St. Cloud Otter Tail Power $ 10624 ]|$ 6,452|% 17076 |$ 12433 | $ $ 12433 1% 4,643 27%
Xcel Energy $ 10274]1$ 6,452 |$ 16,726 |$ 12374 $ $ 12374)1$ 4352 26%
Alliant Energy $ B8673]|% 6,176]|% 14849]|$% 9985 $ $ 9985)% 4863 33%
Minneapolis |Otter Tail Power $ 10764 1% 6176]|% 16940]$ 12483 $ $ 1248318$ 4,457 26%
Xcel Energy $ 10,373 |$ 6,176 |$ 16550|$ 12274 | $ $ 12274 1$ 4,275 26%
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Figure 158: Annual Energy Charges and Savings for 8mall Office New Construction Building with No ERV
Installed

Conventional System GHP System Savings
City Utility Electric Gas Total Electric Gas Total Total (%)
Minnesota Power $ 8538||$ 7314|% 15852 |% 10,717 [ $ - $ 10,717 1$ 5,135 32%
Duluth Otter Tail Power $ 10265 $ 73141%$ 17578]1% 12617 $ $ 126171$ 4,962 28%
Xcel Energy $ 9902 ||$ 7314]|% 17215]% 12465($ $ 12,465]1$ 4,750 28%
Minnesota Power $ 8866]% 6452]|% 15319]% 10848 $ $ 10,8481$% 4,470 29%
St. Cloud Otter Tail Power $ 10624 % 6,452 1$ 17076 |$ 12698 $ $ 1269813 4,378 26%
Xcel Energy $ 102741 3% 6,452 1$ 16726 |$ 12593 % $ 12593183 4,134 25%
Alliant Energy $ 8,673 | $ 6,176 | $ 14849|%$ 10,064 $ $ 1006413 4,784 32%
Minneapolis |Otter Tail Power $ 10764 1% 6176]|% 16940]$ 1259483 $ 1259418$% 4,346 26%
Xcel Energy $ 10,373 | $ 6,176 | $ 16,550 | $ 12,336 | $ $ 12,336 ] 9% 4,213 25%

2.2.5.2 LCC and Emissions Analysis Due to Fuel Type Distribution

A variety of heating fuels are used in Minnesot®) (3The widest variance is in the residential @ect
Economic sensitivity analysis was conducted foctelle heat, natural gas, fuel oil, and liquid propa
(LP) in the residential sector. Because thereusiniess diversity in the commercial and institoéb

sectors’ conventional heating systems, this sgmgianalysis focuses on the residential sector.

Natural gas prices were supplied from an Energyrinétion Administration (EIA) study (35). The
average 2007 retail natural gas price in Minnes@s $12.018 / MCF in the residential market and
$9.866 / MCF in the commercial market. Number fugl oil and LPG costs were estimated from
the Minnesota SHOPP (State Heating Oil and Propaagram) report as $3.10 per gallon and $1.98
per gallon, respectively, in the last quarter d20 These fuel costs include both the fuel costs a
distribution charges.

The small residential new construction building wakected for the sensitivity analysis. The energy
required for heating was adjusted by the respetii®iprices and life cycle costs were calculated
with the new annual costs. The results of thesdifcle cost comparison are shown in Figure 159.

Figure 159: Total Life Cycle Cost for Small Residetial New Construction Building with Respect to Heaing Fuel
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Emissions are also affected by the fuel type setecilhe specific emissions factors shown in Figure
160 were assumed to be representative of emisagsuiated with non-electric space and water
heating fuel use. The values in Figure 160 werevele from EPA AP-42 Chapter 1 emissions
factors. These factors were applied to the eneoggumption for the small residential new
construction building and the resulting CO2 emissiare shown in Figure 161.

Figure 160: Non-electric Specific Emissions Factordncluding Other Heating Fuels

CO2 SO2 NOx PM Hg
Units Ibs/MMBTU | Ibs/MMBTU | Ibs/MMBTU | Ibs/MMBTU | Ibs/MMBTU
Residential Natural Gas
Furnace 117.6 | 5.882E-04 | 9.216E-02 | 7.451E-03 | 2.549E-07
Commercial Smalll
Natural Gas Boiler 117.6 | 5.882E-04 | 9.804E-02 | 7.451E-03 | 2.549E-07
LP 136.6 | 2.186E-04 | 1.530E-01 | 4.372E-03 | 2.600E-07
Residential Fuel Qil
Furnace 159.3 | 5.071E-01 | 1.286E-01 | 2.857E-03 | 8.071E-07
Commercial Smalll
Distillate Qil Boiler 159.3 | 5.071E-01 | 1.429E-01 | 1.429E-02 | 8.071E-07
Commercial Small #6
Fuel Qil Boiler 178.6 | 1.963E+00 | 3.929E-01 | 7.143E-02 | 8.071E-07

Figure 161: Annual CO2 Emissions for Small Residerdl New Construction Building with Respect to Heatng
Fuel
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2.2.5.3 LCC Analysis Due to Variations in the Relative Prices of Gas and Electricity

The life cycle cost analysis from Section 2.2.5@swiot favorable for residences using natural gas a
the primary heat source. A similar situation existr small office buildings. The small office lalimg
has the greatest difference in life cycle costhis Situation will change as the price of gas cleang
The relative price of gas with respect to the patelectricity is investigated here.

Recent changes in natural gas and electricity phese shown faster growth in natural gas prices
than in electricity prices. This trend is showrrigure 162, normalized to 1995 costs (37). B thi
trend continues, the economic viability of GHP eps$ may change. A sensitivity analysis indicates
that if the cost of natural gas were only 40% greatith respect to electric prices, GHP systems
would have a beneficial 15-year life cycle costddviinneapolis small office new construction
building as compared with a conventional system.

Because the small office new construction buildihgwed the worst life cycle cost comparison,
other buildings would result in a beneficial lifgete cost at a lower relative natural gas cost.
Although current price predictions do not anticgote cost of natural gas rising this significantly
with respect to electric energy prices, naturala&ses have risen at a rate faster than elegtiicit
recent history, so it is a possibility worth momibgj.

Figure 162: Natural Gas and Electrical Energy Costsvith Respect to 1995 Prices
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3 Current Status and Market Potential of GHP System s

3.1 Manufacturers and Installers of GHP Systems

There are currently twenty-nine installers and maaufacturer for GHP systems listed in Minnesota.
A complete list of installers is included in Append.

3.2 Existing Installations of GHP Systems

According to the US Census Bureau, there were 1586%esidences and 149,504 commercial and
institutional buildings in Minnesota in 2004 (Thensus bureau does not differentiate between
commercial and institutional buildings in their maglassifications). Of the latter, about 25,00€rev
office buildings and 7,514 were educational faesit A portion of these are in urban areas, ssch a
the twin cities metro area, and are not expectdate sufficient land available for GHP installatio
as detailed in Figure 164. Nearly 26,000 new heasel 260 new offices and educational facilities
are built each year.

Assuming an 18 year life on typical existing HVAg&ms (based on expected equipment life in
Section 1.3.1.5) and adding the new constructiothfese buildings types provides a market of
nearly 80,000 buildings annually. In 2005, theexevl, 011 reported GHP shipments to Minnesota
(88). These figures show a current annual penetraate for GHP systems of about one and one
quarter percent (1.27%).

3.3 Available Incentives for the Installation of GH P Systems

As a part of existing Conservation Improvement Pleograms, the Investor Owned Utilities (IOUs)
in the state have various levels of incentives eraging users to install GHP systems. Figure 163
shows the current incentive levels offered by th&J$ in Minnesota. This information was not
readily available for many of the smaller utiliti?sd co-ops, and therefore those incentives are not
included in this study.
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Figure 163: Utility Incentives for GHP Installation in Minnesota

Base Cooling Cpgllng Base Heating Hggtlng Desuperheater
Incentive EfflClepcy Incentive EmCIe'.]Cy Incentive
Incentive Incentive
($/ton) $/(EER-EER,;;) | ($/1000 BTU) ($) (%)
Alliant Energy
Open Loop $300 $150 $150 $200
Closed Loop $300 $150 $150 $200
Minnesota Power
Open Loop $200
Closed Loop $150
Ottertail Power
Open Loop $18
Closed Loop $18
Xcel Energy-
Residential
Open Loop
Closed Loop $150
Xcel Energy-
Commercial
Open Loop Custom - $200/kW
Closed Loop Custom - $200/kW

In the table above the Alliant Energy cooling édiicy rebate uses a minimum EER value of 14.1
BTU/W-h.

3.4 Economic Development Potential

If GHP systems were installed on a large scaleindtallations would have a positive economic
impact on the state of Minnesota.

The life-cycle cost (LCC) analysis from Section.2.2 demonstrates that installing GHP systems
would have a positive value proposition for nevgéapffice buildings, some residential retrofitsgan
new and retrofit schools. A positive value profiosiis defined as a lower LCC than the
conventional HVAC alternative.

3.4.1 Residential Potential

The residential LCC sensitivity analysis discussadier in Section 2.2.5.2 found GHP systems to be
more cost effective that conventional systems wimmpared with homes using fuel oil and LP for
heating. Therefore, the estimate of number oaimsts when GHP systems would be cost effective
in residential buildings is based on the numbdrarhes using LP or fuel oil as their primary heat
source. Not all of the houses using LP or fuebosl expected to switch to GHP systems, but these
numbers are used to represent the most likely datei to make a change, based on the LCC
analysis.
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Data from the Energy Information Administration Alindicate that 16% of Minnesota residences
use LP or fuel oil (36). This represents aboubQ@,retrofit and new construction opportunities
annually statewide. An aggressive campaign witdesbincentives would be able to capture 40% of
this potential (39), subject to owner preferenag site suitability, resulting in nearly 5,000 resitial
installations annually. Incentives may or may p@tavailable through the utilities providing

electricity due to the increase in consumption famleti switching issues.

3.4.2 Commercial and Institutional Potential

The commercial building analysis is favorable fon@ols and large office buildings. Data are not
available indicating the separation between smalllarge office buildings. Therefore, the total
population of office buildings was used in thislgsia. This was deemed acceptable since 10% of
small office buildings have propane or fuel oithsir primary heat source (36) and assumed
penetration rates for office buildings are consisteith these data. Similar to the case with the
residential installations, not all installationdlweplace LP and fuel oil, but these buildings\pde the
greatest financial potential. As a result, thaltpbtential for office building installations iver

1,400 buildings annually. Research indicates patieh rates of 3% and 10% are achievable for
retrofit and new construction respectively (39).

Thirty-nine schools were built in Minnesota from@8through 2004. In addition, there are 7,514
existing educational facilities in Minnesota. Endeng this data provides an annual potential of 374
educational buildings. Penetration rates of 3% 20% were used in developing potential for retrofit
and new construction, respectively.

Details of the residential and commercial/instdéngl potential markets are shown in Figure 164.

Figure 164: Market Potential for GHP Systems in Mimesota

MN Total Non—Twin Bgildings Annual Projectgd Projected
Buildings C.Itl.eS with ITP & Market Penetration Annue}l GHP
Buildings oil Rate (%) Projects

Retrofit
Residences 1,569,515 1,381,173 16% 12,277 40% 4,911
Offices 25,000 22,000 10%, 1,222 3% 37
Schools 7,514 6,612 10% 367 3% 11
Subtotal 1,409,786 13,867 4,959
New Construction
Residences 25,897 22,789 16% 203 40% 81
Offices 251 221 10% 221 10% 22
Schools 8 7 10% 7 20% 1
Subtotal 23,017 105
|Tota| | 1,432,803 | 5,063|

3.4.3 Economic Impact

The installation of GHP systems at the levels desdrhere would require an investment of over
$108 Million in capital cost increases — equipmamd installation costs above the costs of
conventional systems. This investment would raeudtloss of jobs in some sectors, such as LP and
fuel oil installation, but a net increase in HVAGtallation and well drilling jobs, as describedblae
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The net result of this analysis is an increasehiiP@stallations to over 5,000 annually, shown in
Figure 164, for the selected residential, commerarm institutional buildings. These conversions
will result in a net reduction in energy importsMiinnesota, valued at $5.4 million, per the values
listed earlier in this study. Fuel consumption iad reduced by 11.3 million therms per year (redtur
gas, equivalent LP and fuel oil). Electricity cangtion will increase by 106,000 MWh per year and
summer peak generation requirements will incregsevbr 400 kW each year.

Installing these GHP systems will add a net $88li®mannually to Minnesota’s economy in the net
increase in installation costs. This does nouthelthe cost of the heat pump itself. Minnesota ha
one native GHP manufacturer, and the total shipsneithe one manufacturer are not expected to
significantly affect the gross economic developnmtential result due to the distribution of
shipments with respect to many manufacturers natte as well as the relatively low cost of the
heat pump compared to the well field and other@assd costs.

Industry studies have shown that commercial prejadd 22 jobs per project (39). This job creation
rate for 71 commercial installations, combined witbse created by the residential installations
increases the jobs created or retained to ove01,86bs may or may not be mutually exclusive
(individual jobs or functions performed by sepaiatividuals in a particular classification or
position).

Mass economic impacts are shown in Figure 165.

Figure 165: Total Savings and Costs of GHP Systerns Minnesota

Annual Estimated Energy Savings Total Incremental
Savings per| Incrgmental GHP Annual Incremental || Installation Cost
Building () Unit Cost Projects Epergy kw Mwh Therms Cost ©
Savings ($)
Retrofit
Residences | $ 760 $ 15,600 4,911) $3,732,337 1,637 -90,253] 8,377,071] $ 76,609,073| $ 60,537,240
Offices $ 15507 | $ 338,239 37| $ 568,605 -838 -6,338] 1,172,050 $ 12,402,078 | $ 10,827,211
Schools $ 63,600 | $1,024,745 11| $ 700,911 -728 -4,728 999,676 $ 11,293,231 | $ 9,944,785
Subtotal 4,959| $5,001,853 71] -101,318] 10,548,797] $100,304,383 | $ 81,309,237
New Construction
Residences | $ 4721 $ 15,600 81 $ 38,257 0 -1,292 108,160[ $ 1,264,050 | $ 993,182
Offices $ 11534 |$ 250,173 22| $ 254,761 -379 -3,055 538,586] $ 5,525,810 | $ 4,750,258
Schools $ 47,213 | $1,024,745 1|$ 66,476 -110 -426 92,109 $ 1442840 | $ 1,240,336
Subtotal 105| $ 359,494 -489 4,774 738,855| $ 8,232,700 | $ 6,983,776
Total 5,063| $5,361,347 -418] -106,092] 11,287,653| $ 108,537,083 [ $ 88,293,013

3.4.4 Greenhouse Gas Emissions Impact

If the GHP installations described above are redliboth CO2 and NOx emissions will increase.
This increase is driven by the residential instialfes, which will cause greater increases in CO2
emissions than the installations in the commeaeaidl institutional sectors will save in CO2 emission
These increases in installations of GHP systemddilmave a negative impact on Minnesota’'s CO2
emissions levels. These effects can be seen imd-G6.
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Figure 166: Statewide Greenhouse Gas Emissions Efféf Installations in Economic Development Discussn Are
Realized

Annual GHG
GHP . Total CO2
. Per Unit j
Projects CO2 (Ibs) Reductions
(Tons)
Retrofit

Residences 4911 -10,481 -25,736
Offices 37 88,727 1,627
Schools 11 354,046 1,951
4,959 -22,158

New Construction
Residences 81 -10,807 -438
Offices 22 56,918 629
Schools 1 266,657 188
105 378
Total 5,063 -21,780

3.4.5 Barriers to Entry

Many barriers to entry exist for GHP systems. Sofrttie more prominent barriers are listed here,
along with any data from this study that suppoet ¢Ristence of the barrier.

High First Costs First and foremost, GHP systenss nowre than conventional HVAC
systems. Many individuals and businesses ingjaiitAC systems install
the lowest cost option, sometimes consideringcifee costs, and
sometimes only considering first costs.

Cost Uncertainty Further, there is a great deahagrtainty with respect to installed costs
of heat pump systems. Due to driling requirememést pump installed
costs are site specific, heavily dependent on Igealogy. A survey of
local installers confirmed this dependence, andreey of other studies as
well as local installations showed a wide rangsystem costs.

Life Cycle Costs All cases analyzed in this stuidgvs a benefit in energy costs. However,
even the cases with the most savings on energyntglly not have a net
savings when looked at from a life cycle cost pecsipe. For example, the
Duluth area small office retrofit with a desupetieeaaves an average of
38.1% on energy bills, but results in 4.4% higliferdycle costs over 15
years. This contradiction is one of the primaryribes to entry for GHPs.
Buildings that benefit the most from the energyirsg have inexpensive
conventional alternatives, making them less appgdiancially.

Low Incentives A back of the envelope calculaticasveonducted, and incentives would
need to be around 5x higher than the highest cuimeentives (or more)
for small office GHP systems, for example, to bet@mmpetitive. This
level of incentive is highly unlikely to providepmsitive result in a utility
cost-benefit test. A lack of incentives large egtoto cover the gap
represents another barrier to entry. Current incenoffered by the large
utilities in Minnesota are listed in Figure 163h€elrecent expiration of
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Local Utility Rates

Primary Fuel Costs

Low Education

Federal GHP incentives is expected to have a furtbgative impact on
the local GHP market due to this barrier. One syrecommended
providing incentives to reduce the up-front coffedential to $3,000 or
less for residential systems (39).

GHP system energy cost compasgsto conventional systems are also
highly dependent on utility rates, particularlyr@sidential applications.
One instance showed a GHP savings compared tathetional system
case range from 5.8% to 24.8% for the same buildinige same location,
depending on the utility rate structure. The cangons shown in Figure
126 indicate where these savings variances occur.

An investigation was conductét vespect to life-cycle costs of small
residential buildings, comparing different heatingls. The economic data
shows that GHP systems are favorable when compareitland propone
fuels, and are unfavorable to GHP system when coedpa natural gas.
An increase in natural gas prices by 40% relativeléctricity prices would
result in GHP systems becoming cost-effective tiie @ycle cost basis.
This sensitivity shows that natural gas prices ichplae viability of GHPs
in Minnesota more than incentives, and these prieesl to be monitored
over time if a GHP program is implemented

Compared to conventional HVAC syste@1dP systems are relatively
new. Many customers who may benefit from the sgstmay not know
enough about them to select the system, or buildgsigners and system
installers throughout the state may not know enalgiut them to know
how to properly design the systems when they cawigie a benefit. The
uncertainty in installed costs provides furthersogafor many people not
to spend time learning about these systems.

No Organized Promotion Studies have shown thateptiomotion of GHP systems can be effective

in increasing the acceptance of the technologyan®bBota does not
currently have an organized promotion strategyedtf/e promotion
programs include not only incentives, but alsoérallly training, customer
training, promotion of success stories, advertisltarget customers,
public communications, and an organized instruetioeference tool (39).
These facets of a promotional program will increihgeinstallation
capacity in the state at the same time as the gnogrcreases public
awareness and acceptance of the technology.

These barriers to entry have resulted in a verylémel of market penetration currently. According
to information available from the EIA, only 0.4% mafsidential energy consumption and less than
0.05% of commercial and institutional energy constiom is provided by GHP systems (40). There
are installers active in the state, listed in Agper.
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3.5 Actions of Other States

A few other states have programs promoting GHRillasibns, with varying degrees of success.
New York actively promotes GHP systems using ingesf trade ally training, customer training,
promotion of success stories, advertising to tacgetomers, public communications, and an
organized instructional reference tool (39). Ndddkota provides aggressive tax incentives to
residents who install GHP systems, resulting in @frtte highest penetration rates in the country in
the adoption of this technology (41). Nevada glsuwvides aggressive tax incentives, resulting in
high percentages of GHP installations in both thmmercial and residential sectors.

States that have high GHP installation rates anergdély more rural states (ND, WY, NV, IA, etc),
which may be a result of the noted price diffel@rietween natural gas and other heating fuel costs
especially LP and fuel oil, as well as the avdilgtof excess land to install large wellfields.

4 Conclusions

From the results found in this study, the promo#od installation of ground source heat pumps in
the state of Minnesota provides both benefits dradlenges from a mass implementation perspective.
In all cases investigated, the installation of GHEuces the energy costs required for operation of
HVAC systems. By switching from natural gas heaheat from an electric system, the installation
of GHP systems increased both summer and wintds germand in the mass implementation
scenario.

In small commercial and institutional buildingsegnhouse gas emissions are reduced. These
reductions are less than 15%, and any effect ostdtewide emissions will be minimal, even at
projected potential installation levels. In alhet buildings, greenhouse gas emissions show a net
increase. If the projected potential installatienels are achieved, these increases in greenlgasse
emissions will likely outweigh the greenhouse gaductions from the small commercial and
institutional installations. In all buildings, @hpollutants, such as environmental toxins likeauey
and particulate matter, and acid-causing pollutkkgsSO2, are increased.

Comparing life cycle costs for GHP systems to catigeal life cycle costs does not provide a
definite benefit or detriment across all buildiygés. Significant barriers to entry still exist feHP
systems. Energy price changes may change thei@ituathe future. The cost effectiveness of
specific applications is unique and depends omfacuch as the conventional alternative cost and
type of system, GHP well field costs, occupancyl fael costs, to mention a few. A specific cost
effectiveness analysis for each application widchéo be completed to ensure the option with the
greatest benefit is chosen.

5 Recommendations for Future Work

We are confident that the analysis presented snstiidy adequately and accurately represents the
energy, economic, and environmental impacts fosgieeific buildings and system types presented,
for the state of Minnesota given the assumptioes.ugiowever, due to the constraints of the study,
the scope had to be limited in several aspectsthé&ustudy would provide an increased
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understanding into the effects, potential beneditg]l performance of GHP and conventional systems
within the state of Minnesota.

The thermal performance of GHP systems for thidystwas based on a single assumed pair of values
for all building types: 14.1 EER cooling and 3.3 E@eating. In reality, the performance of different
systems are likely to be better or not as goodsasraed, due to variables in installation, site
conditions, operating practices, and many otheosdétailed investigation has been done regarding
GHP performance for Minnesota installations. Thasearch on the actual field performance of GHP
systems in Minnesota is needed to bridge thismédion gap.

It was necessary to limit the scope of the studpdtude only one large and one small represemtativ
building for each of the three climate zones withia state of Minnesota for each of the three
building types. While this can provide an overviefithe general behaviors of ground source heat
pump characteristics within the state, it doesatt#tquately assess the potential and limitations for
the implementation of this technology in the staferther analysis, including in depth studies of
additional GHP applications, such as greenhousgédastrial processes, as well as other building
types would allow further insight into the econom@iel environmental potentials.

The installed cost for GHP systems is highly vdeabbndividual building specifics such as local
geology, cost of loop piping, costs of antifreezie,, can substantially affect the total instattedt of
the system. In addition, determining a reasoniabid installed cost for these systems is made more
difficult by the large range of values presentegrievious studies. The difficulty in comparing
construction costs between studies is augmentedodilne differences in system boundaries utilized
in each study. In many studies, it is uncleagiiipment such as ductwork, chilled and hot water
loop piping, pumps, etc. is included in the insi@lkcosts. A further investigation into total irist
costs of a variety of HVAC systems would be bermafic

The scope of this study examined only a typica@daaind small building for each category, which
therefore included a comparison using only onecglfficiency value for each of the conventional
and GHP systems. Further analysis utilizing thesand efficiencies of a variety of systems and
efficiencies would allow a more precise compariearsavings which could be utilized to determine
the most cost effective conditioning systems.

The scope included the comparison of emissionseaadomics to the most typical fuel source for
water and space heating needs. Within the statérmlesota, these needs are met by a combination
of natural gas, electricity, LP, distillate oilsr@ual oils, and other sources. Further analysidding
both the economic and emissions comparison foriatyaof fuel sources is recommended. In
addition, the application of these emissions amshemic comparisons would be recommended for
the entire state of Minnesota based on percenta#dasilities utilizing each fuel source.

In some cases, the implementation of GHP systesodtee in a net increase in both greenhouse gas
emissions as well as other emissions. Changé® ialéctrical generation capability and sourcesfuel
will greatly affect the emissions for the GHP syste Minnesota is strategically poised to be atle t
utilize wind, biomass, and other alternative fiselarces to decrease these specific emissions values
The specific emissions values were considered &idie in this study. Further analysis that ideld
specific emissions values based on changes indbgieal generation mix over the course of the
service life would provide additional insight ipotential future emissions reductions.
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Appendix A

Installers and Designers

Name Company City Zip Phone Email Web
Installers
Joseph Heublein Earth First Energy Systems Altura 55910| 507-523-2235
Rick Fett Harty Mechanical, Inc. Austin 55912| 507-437-8202
Patrick Harty, Jr. Minnesota Geothermal LLC Austin 55912| 507-437-8201 patrick.harty@minnesotageothermal.com | www.minnesotageothermal.com
Mid-American Energy Suppliers,
Kent Schwen Inc. Baxter 56425| 218-828-4375 info@mid-americanenergy.com www.mid-americanenergy.com
Garret Sakry Northern GroundSource, Inc. Brimson 55602| 218-848-2869 sakr0014@d.umn.edu
Matthew Wangerin Genz-Ryan Plumbing & Heating Burnsville 55337| 952-767-1000 mattw@genzryan.com Www.genzryan.com
Jerry Liffrig Genz-Ryan Plumbing & Heating Burnsville 55337| 651-248-1137 jerryl@genzryan.com
Brian Urlaub Enertech, Inc. Cottage Grove 55016| 651-458-8846 burlaub@geocomfort.com www.geocomfort.com
Warren Nelson Summit Mechanical Service, LLC | Duluth 55806| 218-728-9965 warren@summitmech.net
Kevin Kaski Summit Mechanical Service, LLC | Duluth 55806| 218-728-9965 kevin@thermcosupply.com www.thermcosupply.com
Steven Bruckelmyer Summit Mechanical Service, LLC | Duluth 55806| 218-728-9965 steveb@summitmech.net
Earth Energy Heating & Cooling,
Jeff Ringenberg Inc. Eyota 55934| 507-421-3156 jaring07@msn.com
Dale Benes Benes Well Drilling Inc. Grand Rapids 55744| 218-326-5859
Nicholas Schultz Mineral Service Plus LLC Green Isle 55338 320-238-0195
K P's Heating, Cooling &
Karl Butz Refrigeration, Inc. Hermantown 55811| 218-525-4132 kpsheating@aol.com
Gerald Grosjean Geothermal Solutions International Falls | 56649 218-285-6155 ggrosjean@charter.net
Rick Nash Dedicated Geothermal LLC Loretto 55357| 763-432-4016 gbt-rdnl@msn.com www.geoclip.com
Joseph Stevens T. L. Stevens Well Company, Inc. | Maple Plain 55359| 763-479-2272 joestevens@frontiernet.net
John Henrich Bergerson/Caswell, Inc. Maple Plain 55359| 763-479-3121 x204 | IWH@BergersonCaswell.com www.BergersonCaswell.com
Eric Bruns Bruns Heating, Inc. Marshall 56258| 507-530-4551
David Sheild Inner Earth Energy Minneapolis 55410] 612-928-0625 daves@innerearthenergy.com www.innerearthenergy.com
Bryon Martin EPWE Monticello 55362| 763-295-4945 bryonm@charter.net
D & E Heating, A/C, &
Chris Prachar Refrigeration Mora 55051| 320-679-9465 cj3161@msn.com
James Strandlund Strandlund Refrigeration Mora 55051| 320-679-2567 jim@strandlund.com www.strandlund.com
Stephen Hartmann Hartmann Well Company LLP New Prague 56071| 952-758-2202
Kevin Hartmann Hartmann Well Co. LLP New Prague 56071] 952-758-2202 kevhan@bevcomm.net
James Schlichting Jim's Heating & A/C Pierz 56364| 320-468-6742
Scott Halvorson HV A C Reps, Inc. Rockford 55373] 763-478-0400 scotth@hvacreps.com
Robert Halvorson HV A C Reps, Inc. Rockford 55373] 763-478-0400 bobh@hvacreps.com
Wally Lewis Bergerson/Caswell, Inc. Rockford 55373| 701-227-0841
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Name Company City Zip Phone Email Web

Installers

Robert Thein Thein Well Co., Inc. Spicer 56288] 320-796-2111 theinwell@tds.net www.theinwell.com

Dean Boyer Inner Earth Energy Swanville 56382| 320-547-9964 deanb@innerearthenergy.com www.innerearthenergy.com
Bob Feely Mark J. Traut Wells, Inc. Waite Park 56387| 320-251-5090 drill@trautwells.com www.trautwells.com
Michael Steffl Steffl Drilling & Pump, Inc. Willmar 56201 320-235-8484 mike@waterwelldrilling.com www.waterwelldrilling.com
David Prachar Willow River Geothermal Willow River 55795| 218-372-3892 davidprachar@frontiernet.net

Blaine Schatz Warm Homes of Wright Wright 55798| 218-357-2911

Designers

Rick Nash Dedicated Geothermal LLC Loretto 55357| 763-432-4016 gbt-rdnl@msn.com www.geoclip.com

John Henrich Bergerson/Caswell, Inc. Maple Plain 55359| 763-479-3121 x204 | IWH@BergersonCaswell.com www.BergersonCaswell.com
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Appendix B

Utility Rates

Figure 167: Xcel Energy Electric Rates

Summer Winter Summer Winter
Energy Energy Demand | Demand
(SkWh) | ($kwh) ($/KW) ($/KW)

Residential $0.09076 $0.07776 N/A N/A]
Small General
Service $0.09076 $0.07776 N/A N/A]
General Service $0.04221 $0.04221 $10.15 $6.81

Figure 168: Alliant Energy Electric Rates

Winter | Additional

Sumer First 1000 Winter g:::;e(; DV:2§ d
KWh kWh
($/kWh) ($/kWh) ($/KWh) ($/KW) ($/kW)
Residential $0.09286 $0.07664 $0.04775 N/A] N/A]
General Service-
Energy Only $0.06880 $0.05350 N/A N/A] N/A]
General Service-
Demand Metered $0.04791 $0.04165 N/A| $8.88 $5.27

Figure 169: Minnesota Power Electric Rates

First 50 Next 300 | Additional
KWh KWh KWh All kwh | Demand
(6] ($/KWh) ($/kWh) ($/KWh) ($/kW)
Residential $5.00 $0.04773 $0.07218 N/A N/A|
General Service-
Energy Only N/A] N/A] N/A $0.06456 N/A]
General Service-
Demand Metered N/A N/A N/A $0.04612 $4.36

Figure 170: Ottertail Power Residential Electric Raes

First 50 Next 450 | Next 1000 | Additional
kWh kWh kWh kWh
(%) ($/kWh) ($/KWh) ($/kWh)
Residential-City $6.15 $0.08223 $0.05362 $0.05140
Residential-Rural $7.10 $0.08223 $0.05362 $0.05140

Figure 171: Ottertail Power Commercial Electric Raes

First50 | Next 1950 | Additional kwg(%ver kvvg 6%ver First 100 | Additional

kw kw
KWh kwh kwh KWh/kW | KWhkw | Demand | Demand

(6) ($/kWh) | ($/kwh) | ($/KWh) | ($/KWh) | ($/kwWh) ($/kW)

General Service-

With Demand-City $8.45 $0.08574 $0.07134 $0.04999 N/A N/A N/A]
General Service-

Energy Only-Rural $10.45 $0.08574 $0.07134 $0.04999 N/A N/A N/A]
General Service-
Demand Metered N/A] N/A|  $0.03066 N/A|  $0.02792 $8.65 $7.30
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Figure 172: Natural Gas Montly Customer Charge (Estnated from Center Point Energy)

Usage Limit Monthly
Rate (therms/month) Charge
Residential None $ 6.50
Small Commercial 1,500 | $ 9.5
Small Commercial 5,000 | $ 15.0
Small Commercial None $ 35.0
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