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REPORT SUMMARY

Geothermal heat pump systems have emerged in rgearst as a more energy efficient method of
heating and cooling buildings of several differiyptes. Their superior performance has been thverdri
behind exponential growth of these systems in Wisttoin the last ten years. With strong growtht, dou
fledgling market share, geothermal systems cowe tiae immediate potential to drive large savimgs i
energy consumption and cost in the staitiethey are demonstrated to be a cost-effective and
environmentally-sound option for consumers, busiegsand the state as a whole.

Ten years ago, before the geothermal industry bad swuch of its growth, the Energy Center of
Wisconsin conducted a project with the WisconsiontBermal Association. We studied the emissions
and economic impacts of geothermal systems ineatial, commercial, and institutional sectors to
determine their effectiveness compared to conveatisystems. Since that study was released in,2000
there have been major changes in several of thetkely parameters—most importantly changes in the
cost of equipment installation and fuel, and charigghe emissions from the electricity used torafee
the heat pumps. Alliant Energy commissioned aratgotb the original study to determine whetherehes
changes have had a significant impact on any ofkélyeconclusions of the earlier study.

In this update we used building performance catmra from the previous study, and applied new
economic and emissions frameworks and data to ttaisalations to determine the current cost-
effectiveness and environmental (emissions) impageothermal heat pump systems.

METHODOLOGY

In order to test the impacts of geothermal heatpaystems in Wisconsin, we used building models to
compare these systems against conventional systentiserwise identical buildings. Our basic apgioa
was to take the energy analysis results from tlggnad study, makes slight adjustments for equipimen
improvements (other building performance changdkerpast 10 years are minor in comparison to
equipment, emissions, and cost changes), and timethem through a completely new economic and
emissions calculations. The same building typed imate data) are therefore used from the ptevio
study, as outlined in Table 1.

Building Types Size

Large School 390,000 ft?
Small School 69,000 ft*
Office 69,000 ft°
Community Development 185,000 ft?
Residence 4 tons

Table 1. Building typesstudied.

Economics

The cost effectiveness of a geothermal system—thsamiy efficiency improvement—is a balance
between initial cost and operating cost over tirdée use the simple payback metric (often just dalle
payback) and annual percent rate of return (RORgtononstrate the outcome of this balance. Our
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preferred metric in this caseriate of return because simple payback does not capture many of the
financial components that are important to conssrepolicymakers.

Geothermal heat pump systems generally draw a prerfar installation cost, primarily due to the larg
cost of the ground heat exchanger (GHX), whiclhésfundamental change from a conventional system.
These cost differences are typically difficult weaqtify, primarily because costs can vary widely
depending on specific circumstances of each bujldifo determine a ‘typical’ cost difference foeth
purposes of this study, we surveyed 29 practit®aeound the region, serving every type of building
from small homes to large institutions.

The largest operating cost impact of geothermdksys is in energy savings. Energy costs were
calculated using a median of current utility rateeughout Wisconsin for residential, commercial a
large commercial scenarios. Sensitivities to theedians were calculated to represent customelns wit
atypical utility rates. Replacement and mainteeasust differences were added to round out the
operating costs.

Emissions

Emissions impacts from choosing geothermal overmaentional system are considered for five
pollutants:

e Carbon Dioxide — C®

e Sulfur Dioxide - SQ

* Nitrous Oxides — NQ

* Particulate Matter — PM
* Mercury — Hg

In the ten years since the previous study, emisdimm regional electric power plants have chardyesl

to pollutant controls, cleaner fuel sources, and pknts coming online. Perhaps more importaritilg,
accounting of emissions impacts based on margiraration has received in-depth study by evalsator
of the state’s Focus on Energy program. We useskthipdated marginal emission factors in this study
along with longer-standing emission factors founaltgas and propane.

RESULTS AND CONCLUSIONS

Several key conclusions concerning both econonmidseanissions can be drawn from the results of the
study.

Economic Analysis

Of the two economic metrics used in this study, ROfRe only one that accounts for all the impacts
system selection (first costs and energy costs, igplacement/salvage, taxes, depreciation, eBa¥ed

on ROR, geothermal heat pump systems appear todbeffective across most scenarios. Rate ofrretur
was greater than 10% for all the scenarios exasidential (for the office scenario it was gengral%
and schools approached 17%). For the residecgalasio ROR was 9% if a horizontal GHX was
possible; 8% for a vertical GHX. Though ROR hasaadages for assessing heating and cooling
systems, simple payback is still a common metificthe school scenarios, the payback was 9-10 years
In the office scenario payback increased to 14€dyy—though payback is an especially poor metric fo
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private corporations due to tax effects. In tredential and community scenarios, payback varieih f
19 — 24 years.

Incentives currently available at the federal aates(through Focus on Energy) levels improve the
economics of all geothermal systems. In the conityignenario, the federal tax credits increase the
ROR to 13% (from 10%); this decreases the paybmdRtyears (from 18). The school scenarios see
only a modest improvement with incentives, becdlisg are currently not eligible for federal tax
incentives. The office scenario becomes extremmety effective; ROR goes from 14% up to 43%.
Similarly, the residential ROR (assuming horizolimatallation) goes from 8% up to 35%. In bothsthe
cases, payback goes to just 4 years!

Variances in cost have a large impact on the resiiit the residential scenario, natural gas oastg

from $0.70/therm to $1.30/therm, producing RORs&$6 to 13%. Geothermal installation for
horizontal, residential systems sometimes had sigtéficantly below the media, which improved the
ROR to 14% (a 12-year payback). Costs for vertitsthllations did not vary as much. In the offéel
schools scenarios the fuel prices had a smalleadttban in the residential scenario, but varigbiti
installation costs had a much larger impact. Wmébcost differences as low as $2 2 vertical
commercial systems, resulting in RORs of 18% artd 2d- and 7-year paybacks) in the office and
school scenarios respectively. We also found differences as high as $5.5/ft2 which drove the ROR
down to 11% in both scenarios.

Emissions Impacts

With increased focus on the societal and envirortaiémpacts of energy use, it was important to
consider the impact of geothermal heat pump engsgyon the environment. Carbon dioxide emissions
have been subject to the most scrutiny recentlg,tdiheir major role as a greenhouse gas. |offie

and schools scenarios, geothermal heat pump systernsased Cemissions by 6 — 15%, consistently
reducing emissions of the greenhouse gas in ascals the residential and community/multifamily
scenarios, Cgemissions generally remained constant or increslégutly with inclusion of a geothermal
heat pump system. However, in the case wheredimeeational system used electric heat instead of
natural gas heat, G@missions were reduced #§%.

Emissions of other pollutants follow differing tids) based upon their relative emission rates when
shifting from gas heat to electrically driven hpatnps. Mercury emissions are always decreased with
adoption of geothermal heat pump systems. Paateuhatter (Ph) and SQ are emitted at higher rates
in the production of electricity and increase vattoption of geothermal in all scenarios excepuffiee
scenario and electrically-heated residences. mipaét on NQvaries widely depending on the building
type. For residential building types, if margiggheration from renewables increases in the futbee,
emission impacts of geothermal systems become faeoeable (this is primarily true in residential
building types because emission impacts in the8dibgs depends on the shift from from gas heat to
electrically driven heat pumps).

Other Conclusions

Results of this study are dependent on many vasablat can be very specific to a given projedtis T
analysis should be generally helpful, though, itedeining the applicability of geothermal to tygica
projects, the treatment of geothermal in efficieang emissions policies, and the effects of kejabtes
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in both of these areas. The sensitivities modieérd can also be used to determine how the results
should be considered as emissions factors and clustgje in the future.

Energy Center of Wisconsin 4
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INTRODUCTION

Geothermal heat pump systems have emerged in rgearst as a more energy efficient method of
heating and cooling buildings of several differiyptes. Their superior performance has been thvedri
behind the exponential growth of these systemsistvisin in the last ten years (Figure 1). Howgver
they often have a higher first cost than otheresyist leading to a market share below 2% in resalent
heating and coolifignot likely to be any higher in commercial market®ith recent growth, but a
fledgling market share, geothermal systems cowe tiae immediate potential to drive large savimys i
energy consumption and cost in the staitiethey are demonstrated to be a cost-effective and
environmentally-sound option for consumers, busiessand Wisconsin as a whole.
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Figurel. Number of vertical geothermal systems approved in Wisconsin from 2001 to 2008. Horizontal and
open systems are not tracked by the state, but anecdotally suggest significant growth aswell. 2

BACKGROUND AND OBJECTIVE

Ten years ago, before the geothermal industry dad swuch of its growth, the Energy Center of
Wisconsin conducted a project with the Wisconsiot@ermal Association. We studied the emissions
and economic impacts of geothermal systems ineatiil, commercial, and institutional sectors to
determine their effectiveness compared to conveatisystems. That study recognized that other
research nationwide had shown significant benffite geothermal systems in some applications, Hmit t
nascent Wisconsin geothermal industry was lackisgarch into the region-specific impacts driven by

! Emerging Technologies Report: Residential Ground Source Heat Pumps, American Council for an Energy
Efficient Economy, 2007 http://www.aceee.org/emertech/2006 GSHP.pdf

2 Correspondence from Wisconsin Department of NhResources.
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local climate, costs, and emissions profiles. €artier study concluded that geothermal systems had
potential for significant financial and environmalnbenefits (driving the growth in Figure 1) in tén
Wisconsin markets, while facing more challengingrexnics in other markets, including much of the
residential sectdr

Since that study was released in 2000, there hese imajor changes in several of the key study
parameters. Natural gas prices have risen steiadihat time; electric prices also have risenrbote
slowly. Installation costs have seen upward pmesom increases in material costs, energy casis,
consumer demand for geothermal systems. But #sisbben balanced somewhat by a growth in the
number of industry practitioners with installatiexperience in the state. Emissions from the region
electrical grid have decreadednd could potentially decrease more in the netaré as renewable
portfolio standards are enforced.

Additionally, equipment efficiencies have seen sam@nges, new data has been released on system
maintenance costs, and new federal tax creditsdessrve consideration in making the systems
affordable in Wisconsin.

For these reasons, Alliant Energy funded an upafatee 2000 study. This updated study maintains
relevant technical data from the first report (itthg much of the building energy analysis), buiges
the models to include all the changes mentioned@ebothe hope of determining the current state of
geothermal systems in Wisconsin. Some of the fguesstve hoped to answer included:

* Would the residential market still face ‘tenuousbBomics—as professed in the last study?
Would the commercial market look even more costaiife, or show problems as well?

* What are the current costs of installing and maiirig geothermal systems in comparison to
conventional systems?

« What are the potential impacts of the increasemewably-generated electricity on geothermal?

» How (if at all) should Wisconsin and/or Midwestemergy efficiency programs treat geothermal
heat pump systems?

This update provides information to assist in answeall these questions.

% Emissions and Economic Analysis of Ground-Source Heat Pumps in Wisconsin, Global Energy Options, July 2000.
This initial project was part of a series of prégeaimed at utilizing geothermal heat pump systeffestively in
Wisconsin. Other projects included studying thebility of a geothermal association (now the Wisginn
Geothermal Association) and a series of in-depsie studies of some of the early residential geothesystems in
Wisconsin.

* Quantifying Environmental Benefits of Focus on Energy: Emission-rate Estimates 2002 to 2006, PA Knowledge
Limited, 2008.

Energy Center of Wisconsin 6
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METHODOLOGY

In order to test the impacts of geothermal heatpaystems in Wisconsin, we used building models to
compare these systems against conventional sy#testiserwise identical buildings. Economic and
emissions comparisons between the two system tgethen be made based on modeled energy usage.

The biggest changes that have occurred in thigsisaince the previous study are in the area of
economic and emissions calculations. While thédimg modeling also could benefit from some
updates, it would result in fewer changes, andrieathissues would make revising the original medel
an intensive, clumsy process. The basic appraadhis update therefore takes the energy analysis
results from the original study, makes slight atfents for equipment improvements, and then runs
them through a completely new economic and emissiaftulations. The one exception to this
methodology was the residential scenario, in whictual building data was used (more details below).

Because we employed the building analysis fronotiginal study, we also used the same climates and
building types in our update (as outlined in Tad)le These building types (other than perhaps the
community/multifamily scenario) were and continaeoe popular choices for applying geothermal
systems. In total there were 13 building scenasiodied: each of the first four buildings weredstal in
three climates, and the residential scenario watiesl as a statewide average.

Building Types Size

Large School 390,000 ft?
Small School 69,000 ft?
Office 69,000 ft*
Community Development 185,000 ft?
Residence 4 tons
Climates HDD CDD
Madison 7366 554
Green Bay 8169 416

Eau Claire 8417 505

Table 2. Different climates and building types studied. HDD = Heating Degree Days, CDD = Cooling Degree
Days.

BUILDING ENERGY USAGE

Building energy usage for the first 12 scenarios waginally calculated based on building energy
simulations by CDH Energy and Oak Ridge Nationdddratory. These organizations used TRNSYS
and DOE?2 software to complete energy models of baiting: DOE2 was used for office and schools,
TRNSYS for community/multifamily. Both software giages are considered highly reliable in the
simulation field, and are still in wide use today.

Energy Center of Wisconsin 7
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The residential scenario was analyzed with actoetgy usage data. This data came from a 1997 #nerg
Center project in which heat pumps were installed monitored at seven residences in Wisconsin.
These homes were heated and cooled by geotheratgbinmp systems. We determined that the detailed
data collected from these homes was a more refiegisensample of data than the one model created in
the 2000 study.

Detailed information on the simulation models anthks studied (including HVAC systems) can be
found in the original reports. Following are briefmmaries, beginning with descriptions of the HVAC
systems. The energy usage results were modifiglutlsi (a few percent) to account for changes & th
typical equipment efficiencies currently being ailtd in Wisconsin buildings. We used average
equipment efficiency data from EIA where availalaled filled in the gaps with Energy Center staff
experience on Wisconsin projects. Heating, veitiig and air conditioning energy was separateghfro
other building energy, so this modification onlgué&ed an estimation of the percentage of HVAC gyer
that is consumed by heating and cooling equipmentfaéns and pumps, which were left unchanged).
The resulting average system cooling efficienciesshown in Table 3.

System EER, Cooling (with fans/pumps)

Conventional Geothermal
Large School 8.6 13.1
Small School 8.5 10.9
Office 8.6 12.1
Community 12.4 14.1
Residential 12.0 13.9

Table 3. System average cooling ener gy efficiency ratio (EER, in Btu/h/W) for each building type, including
power consumption from distribution equipment like fans and pumps.

It is convenient to list heating efficiency for thguipment without fans and pumps, because the
conventional systems operate using natural gastfeleisage from fans/pumps is not easily integbate
These average efficiencies are listed in Table 4.

Heating Equip. Efficiency (no fans/pumps)

Conventional: Geothermal:
Furnace/Boiler Eff. Heat Pump COP
Large School 78% 3.6
Small School 78% 3.7
Office 78% 3.6
Community 92% 3.3
Residential 92% 35

Table4. Average efficiency of heating equipment for each building type. For furnacesand boilersthis
represents the combustion efficiency, for geothermal heat pumpsit representsthe coefficient of performance
(COP); both aregiven at design conditions.

® Enhanced Residential Heat Pumps: Long Term Data Summary, Prepared by CDH Energy, Energy Center of
Wisconsin, October 1998.

Energy Center of Wisconsin 8
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For the school and office scenarios, the conveatisystem was modeled as a variable-air volumesyst
with hot water reheat and cooling provided by dlehi As the equipment efficiencies were adjudtad

the current study, the commercial cooling equipnfenthe office and small school was adjusted to
match the efficiency of a code-minimum chiller €8st which can be considered similar to the efficjen

of above-average rooftop units. For the commehtidtlings the geothermal system is assumed to be a
centralized ground heat exchanger (GHX) with heatgs distributed throughout the building, one in
each HVAC zone. Note that the office and smalbstivere modeled with hot water preheat for makeup
air in both conventional and geothermal casess iBhoften more effective than attempting to warm

frigid air with heat pumps, and reduces the fimgttof the GHX (this first cost adjustment is madter

the nominal system costs are calculated in Table 7)

For the residential and community/multifamily cagbe conventional system consists of a high
efficiency condensing furnace and central air ctiowing system. The geothermal system consistiseof
same forced air approach with a geothermal heapgnoviding heating and cooling, and backup electri
resistance heat.

Water heating in the office and school scenarios assumed to be gas-fired in all cases. The rdgidle
scenarios were also assumed to be gas, but aumaptgesuperheater was included in the geothermal
case. The community/multifamily development wasuased to have gas-fired hot water in the
conventional case and heat pump desuperheaterbadkup electric water heat in the geothermal;case
electric water heat is common for multifamily gestimal.

The buildings and systems studied were all basqat@ects that have actually been built, and tozeef
reflect realistic architectural and systems choickdditionally, in all cases except the large sihdata
from actual buildings—including energy consumptionas studied extensively to inform the
models/analysis. A further description of eachiien below:

Large School.The model is based on the actual design of timel Bu Lac High School in Wisconsin,
which is a 390,000 %tbuilding that includes all major amenities sucka@ymnasium and auditorium.

Small School. The model is based on an actual 69,008dhool building in Nebraska with a geothermal
system that has been heavily studied by Oak Ridg@snhhal Laboratory (ORNL) and compared to other
school systems. The building model was modifiegeftect Wisconsin building codes.

Office. The model is based on an actual 69,006fftce building in Tennessee that has been heavily
studied by ORNL and analyzed for different HYACtsys options. The building model was modified to
reflect Wisconsin building code.

Community/Multifamily DevelopmentThe model is based on a community developmehbinsiana

that underwent a full retrofit from conventionasidential system to geothermal; the impact of gieofit
was heavily studied by ORNL. The community comssidtsingle and multi-family homes. There is a
total of 185,000 ftof space made up of 142 separate units (eachtéthown mechanical system). The
community model was modified to reflect Wisconsiilding code. Note that this scenario generally
results in higher heating loads than in the redidescenario. In the residential scenario, dada wsed
from actual geothermal homes in Wisconsin and sstgghat those homes having slightly better thermal
performance than code.

Energy Center of Wisconsin 9
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Residential The residential energy usage data requiresdudiscussion as it is not based directly on the
modeling discussed in the earlier report. As noeretil above, this building is based on an average of
seven homes in Wisconsin, all with geothermal peatp systems. The heating and cooling electricity
usage for the geothermal case was taken direcihy this collected data, with slight modificatiorr tbe
improvement in heat pump efficiency, as with theeotscenarios. The hot water usage for the
geothermal case was decreased by 31% from the ntowal case for the usage of a desuperheater; this
31% savings is calculated based on measured ddtatistudy.

The conventional case in the residential scenatied on a spreadsheet model. The heating anéhgool
loads in the heat pump homes were tracked in déraiigh flow and temperature measurements on both
the air and water side of the units. Natural gege was calculated based on those heating loddhen
condensing furnace efficiency (Table 4), and 1@0rtts annually for water heating (average for
Wisconsin single family homes). Electric usagedooling was based on those cooling loads and a
nominal average seasonal energy efficiency rattef®) of 13 kBtuh/kW, adjusted for Wisconsin’'s
climaté, plus the same blower consumption from the geaibkcase. Additionally, electricity was

added for blower consumption during heating modenbdifying the heating blower consumption from
the geothermal homes to account for the higheiingeggmperature of a conventional system (which
results in lower blower consumption).

EMISSIONS

A major component of this study was to determirgedmmissions impacts from choosing geothermal over
a conventional system. Five pollutants were canrsidt

e Carbon Dioxide — C®

e Sulfur Dioxide - SQ

* Nitrous Oxides — NQ

* Particulate Matter - PM

* Mercury — Hg

Emissions from both natural gas and electricityiamgortant here; electricity is discussed firgt.the ten
years since the previous study, emissions fronoragjielectric power plants have changed due to
pollutant controls, cleaner fuel sources, and nkiantp coming online. Perhaps more importantly, the
accounting of emissions impacts basecdnanginal generation has completely changed the way emission
reductions from efficient technologies are caladat This new, better understanding of accounting
affects the emissions impacts in two ways: 1) elmissimpacts are calculated based on all plants
connected to the grid that serves Wisconsin amh3sions impacts are calculated basechanyinal

plant (the last power plant to be ‘turned on’) esiuss.

The first point is derived from well accepted aauting tool< for emission reductions which specify that
the best geographic region to consider when cogmnissions is the entire electrical grid to which

® Fairey, P., D.S. Parker, B. Wilcox and M. Lombatdllimate Impacts on Heating Seasonal Perform&actor
(HSPF) and Seasonal Energy Efficiency Ratio (SE@RAIr Source Heat Pumps.” ASHRAE Transactions,
American Society of Heating, Refrigerating and @onditioning Engineers, Inc., Atlanta, GA, June 200

" Greenhouse Gas Protocol Initiative: http://www gttgocol.org/
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building is connected. The second point is thassions reductions from a technology like geothérma
actually occur by allowing the marginal plant tedease its production. Therefore, emissions réahst
are best calculated based on statistical meastieetypicalmarginal plant throughout the yeamot the
average plant emissions for the region.

To meet these two ends, emissions factors are lpasedaluation studies of Focus on Energy,
Wisconsin’s public benefits program. Evaluatorgotus on Energy have done extensive modeling of
plant activity on Wisconsin’s grid (which includadot of generation outside Wisconsin’s bordei®is
modeling aims to calculate what the average margimissions rates are for the state’s electricitiie
results of this modeling are given in Table 5. tiealate matter (Ply) is included in this table but is not
modeled in Focus on Energy evaluations; it is basstgad on data compiled by the Wisconsin
Department of Natural Resourdes.

Electricity
Ibs/MWh
Particulate matter 0.43
CcOo, 1700
NOXx 2.9
SOx 2.7
Mercury 1.5E-08

Table5. Average marginal emissionsratesfor Wisconsin electricity.’

To maintain consistency the natural gas emissiates rare also based on Focus evaluation resudtg th
are derived from EPA calculated emissions for ¢@-sdmbustion of gas (Table 6).

Natural Gas
Ibs/1000 therms
Particulate matter 0.0
CoO, 11760
NOXx 9.8
SOx 0.059
Mercury 0.000026

Table6. Average emission ratesfor natural gas.*®

Emissions impacts from natural gas depend heavilyhe emissions trade-off from natural gas heating
heating with the electrically driven heat pumpsuih the greater performance in both heating and
cooling also has an impact. In all cases, cunudatnergy usage is simply multiplied by the emissio
rates above to determine the total emissions frgmen building scenario.

8 Wisconsin Department of Natural Resources hisabaa emissions information;
http://dnr.wi.gov/air/emission/historical_emissi@index.htm

® Quantifying Environmental Benefits of Focus on Energy: Emission-rate Estimates 2002 to 2006, PA Knowledge
Limited, 2008.

19 Focus on Energy Evaluation Semiannual Report, PA Knowledge Limited, April 2009.
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ECONOMICS

The cost effectiveness of a geothermal system—thsaniy efficiency improvement—is a balance
between initial cost and operating cost over tirhketrics of simple payback (often just called pasa
and annual percent rate of return (ROR) are usdénmnstrate the outcome of this balance. Our
preferred metric in this case israte of return because simple payback does not capture many of the
financial components that are important to consgroepolicymakers, and is difficult to compare to
other business decisions. Rate of return is calledlas the discount rate at which the presenéealu
future cost savings equals the added first cofteofechnology. A consumer or business may compare
this number to some required ROR to determine effisttiveness (for example, if a geothermal system
yields an 11% rate of return for a business, thay oompare the 11% favorably to a business loan the
can get at 8%). The ROR calculation in this stisdgvaluated for a 20-year lifetime. The cost isgo
this calculation are discussed below, beginnind Wit initial equipment costs.

Equipment Costs

Geothermal heat pump systems generally draw a prarfar installation cost, primarily due to the larg
cost of the GHX, which is the fundamental changenfa conventional system. The GHX cost is directly
dependent on its size, which is a function of kibthsize of the building loads as well as the traatsfer
properties of the geology at the building site.efehis also some difference in the cost of theoktte
equipment, but it is minor (in fact it's often uaal whether it should be an increase or decred$ese

cost differences are typically very difficult toantify, primarily because costs can vary widely
depending on specific circumstances of each bujidiaverything from building load types, to air qtali
constraints, to local geology and local labor ratteshis study we make a fundamental assumption,
however, that an average or median cost differbet@een geothermal and conventional systems over a
wide range of buildings can be used to drawseful comparison of the two systems.

To determine this typical cost difference, we syede29 practitioners around the region, servingyeve
type of building from small homes to large insfibats. Respondents included drillers, engineerd, an
contractors. Codgtifference information was collected for both bid projectslattual building
installations. For actual building installatiome tdifference between systems was calculated lmsad
estimate or alternate bid for the other systemis &llows system costs to be compared for specific
buildings, which eliminates the statistical probtea comparing two completely different sets of
buildings (one group with geothermal and anotheupgrmwithout). Building size—in terms of area or
tonnage—was used to correlate all the cost dadatermine cost differences for the five building
scenarios in this study.

The building scenarios being considered here anenasd to b@ew construction or major remodel of the
building. For HVAC replacement only, the cost difnces would likely change significantly. Thetsos
of such a replacement are so specific to the mgldind system that a meaningful look at replacement
cost differences would require an effort beyondrdaeh of this study.

The largest data set available was cost differeiate for typical commercial installations, assuméng
vertical GHX. This data is summarized in FigureNbte that as expected for the reasons stateceabov
cost data is highly variable. But ranking the datgercentile helps us to determine what the most
‘typical’ cost would be. A given project could uthés data to determine how their financial outcosilé
vary from the results of this study by scaling tsts accordingly. Projects would scapefrom the
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median to account for poor geology for drillingoamductivity, if a central control system is intdl that
is more complicated than needed, or if the equigrnsemot carefully sized (typical rules of thumidéor
safety factors can lead to greatly oversized GHX$)e median cost difference in this case is $895/

100%
90% -
80% -
70% A
60% -
50% -
40% -

Cost Percentile

30% A
20% -
10% ~

0% T T T T
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Cost Difference ($/ft?)

Figure2. Summary of survey response data for cost difference between commercial geothermal and
conventional systemsfor new construction or major building remodeling pr oj ects.

Evidence supported distinguishing the large schosts from the more moderately sized small school
and office. Anecdotally, this difference is drivieyeconomies of scale in drilling. Once a drileset
up at a site, it is cheapper well for him to drill 100 wells than 8. So we keptdarinstallations in a
separate, smaller data set. This data set wasisggbto inform costs for the community/multifamily
scenario, in which a very large GHX would be iflsthfor the entire community.

For the residential scenario data collected inalualeth horizontal and vertical GHX installationBhe
base case studied in this report considers hoatgebthermal installations, which are preferreithéfre
is land available on site. An alternate casese glven for sites where vertical installationgguired.
Costs for residential systems in the survey wergeraocurately given by practioners per ton tharftper
so the analysis for a residential system is doméguerather than per’tthe median cost difference in
this case is $2050/ton. The homes studied coulbbeidered fairly average (with an average ofng)o
and financial results should be reasonable forgeleange of Wisconsin homes (1500 — 306)0 fit
should be noted that with geothermal systemsekigemely important to conduct actual sizing
calculations for a given home and not simply usesrof thumb; the cost effectiveness of geotheimal
severely weakened if systems are oversized.
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Figure 3. Summary of survey response data for cost difference between residential geothermal and
conventional systems, for new construction and major home remodeling pr oj ects.

A final adjustment is required for a slight redoatin the size—and therefore construction cost—of a
commercial or institutional building with a geottral system. This size reduction is due to the tfzat
several conventional pieces of mechanical roompegent (boilers, air handlers, major ducts) are
eliminated or severely reduced in size. Sinceithifficult to quantify, we estimate a conservati
impact of 0.5% reduction in building area (equiptm@oms are generally a few percent of the total
space; the previous study assumed 1% reductiomiver his difference is applied to the schoold an
office building. There is no reduction in a resitial application.

The final resulting cost differences used in thiglg are summarized in Table 7.

Cost Difference Assumed in Study

Large School $3.00/ft2
Small School $3.45/ft2
Office $3.45/ft2
Community $3.00/ft2
Residential $2100/ton

Table 7. Cost differences between geothermal and conventional systems, as used in this study.

The current economic environment may be responfibllew cost estimates for both system types, but
the difference between them (which drives all #suits of this study) is likely to remain simildn any
casecongtruction costs in actual buildings throughout the state may vary significantly from these

estimates for the range of reasons discussed at the beginning of this section.
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Operating Costs

The largest operating cost impact of geothermaksys is in energy savings. The costs of energy are
calculated using a median of current utility rate®ughout Wisconsin for residential, commercial a
large commercial scenarios. In this study, theiarei$ taken from the three largest investor owned
utilities (Wisconsin Public Service, Alliant Energgnd We Energies) and a small sample of rural
cooperatives and municipal utilities. The resgjtaissumed utility rates are summarized in Table 8.

Rate Scenarios Electric Cons. ($/kWh) Demand ($/kW) Nat. Gas ($/therm)
Peak Off-Peak Monthly Ratchet

Residential Residence, Comm. Dev. $0.11 $0.11 $1.00

Commercial Office, Small School $0.07 $0.05 $8.48 $1.72 $0.88

Large Commercial Larg School $0.07 $0.04 $8.54 $2.05 $0.88

Table 8. Utility costs assumed in the base case of this study.

These assumed fuel costs have a huge effect arghks, because a geothermal system relies heavily
a switch from gas-driven heating to electricityveri heating. When applying the results of thislgtio

a particular scenario or region of the state, aerdihe gas and electric costs in that regionivelad

those in this study and adjust accordingly. Psmmsitivities are included in the results sectiga guide.

These fuel costs will of course inflate over tharse of the 20 years being studied. Fuel costtiofh
rates are those predicted by the Energy Informaiigministration fttp://www.eia.doe.goy/as part of
the Federal Energy Management Program, and are atipad below (inflation rates shown are
nominal).

e Electricity cost inflation: 1.7%

* Gas cost inflation: 3.1%

Another difference that must be incorporated ihilife cycle analysis is maintenance costs.
Geothermal heat pump systems are widely considerkdve lower maintenance costs than conventional
systems due to several characteristics: no expepgigment, simplified controls, less air handling
equipment, etc. Research has shown a wide rangdjfexent potential savings from this advantage.
Only four U.S. studies from the last ten yearsaliyecompared maintenance costs in similar building
with geothermal systems and the conventional systamsidered in this study. The average
demonstrated annual savings from those studie$®a9/ff. This is the value assumed in this study.
For the residential system, average service fregyueas added for residential central air systehms; t

heat pump maintenance was assumed roughly eqgtlad toaintenance for a typical conventional furnace
(there is no data to support any added or decreasss).

The different pieces of equipment studied here ladsa@ different expected lifetimes, so equipment
replacement costs must be factored into the lifdecgost. Equipment lifetimes are based on ASHRAE
published data. Residential air conditioners, rooftop equipmehillers, and air handlers are expected
to last 15 years, after which they will be replac&esidential furnaces are expected to last 16yea
And heat pumps are expected to last 19 years.GH is expected to last the life of the buildingda

all other equipment is assumed to last the 20-semly life.

12003 ASHRAE Handbook: HVAC Applications, American Society of Heating, Refrigeration, aric- A
Conditioning Engineers, 2003.
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RESULTS

The results of the base cases for all five buildiognarios are presented below, along with disoogsi
any interesting results specific to the buildingrsario. Sensitivity cases are presented followliege
results. Finally, we discuss results trends amtlasions that cut across all scenarios.

LARGE SCHOOL

Results for the large school (390,00 ficenario are given for each climate in TablérBgeneral, the
ROR on a geothermal system is well above borrowédtgs, at 15-17%. This is due in large part to an
operating cost savings of about $0.30/22% of annual energy cost), which leads to a aelytf only 9-
10 years.

Carbon emissions from large schools decrease &ignify with the adoption of geothermal; €O

dropped by about 2 Ibs7fannually in this example. Mercury and Né@nissions decrease as well;;SO
and PM, increase due to the increased reliance on eliggtric

Annual Energy Savings

Electricity Demand Natural Gas
kWh kWh/ft* kW W/ft? therms therms/ft*
Eau Claire -117,554 -0.30 436 1.12 92,104 0.24
Green Bay -158,740 -0.41 255 0.65 100,633 0.26
Madison -124,091 -0.32 300 0.77 77,224 0.20
Economics
Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft° years % %
Eau Claire 1,170,000 127,913 0.33 9.1 16.7
Green Bay 1,170,000 128,321 0.33 9.1 16.8
Madison 1,170,000 112,066 0.29 10.4 15.5
Annual Emissions Savings
CO, CO, PM;o NO, SO, Mercury
lbs lbs/ft* lbs lbs lbs lbs
Eau Claire 883,308 2.3 -51 565 -313 0.002
Green Bay 913,582 2.3 -68 531 -424 0.003
Madison 697,195 1.8 -53 401 -332 0.002

SMALL SCHOOL

Table9. Results of the Large School (390,000 ft?) scenario.

Results for the small school (69,00%) &cenario are given for each climate in Table $fhall school
economics are similar to the large school, buhtljgveaker due to economies of scale. The annual
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operating cost savings are still about $0.3q#8% of annual energy cost), but with slightlytieg
drilling costs the ROR is 15-16% and payback isl1Qars.

Emissions follow a similar trend to the large sdha@e3 Ibs/ft per year in C@savings and savings of
Mercury and NQ emissions; both SGand PM, increase.

Annual Energy Savings

Electricity Demand Natural Gas
kWh kWh/ft* KW W/ft? therms therms/ft*
Eau Claire -13,392 -0.19 -24 -0.35 16,929 0.25
Green Bay -12,534 -0.18 -31 -0.45 17,544 0.25
Madison -14,608 -0.21 -22 -0.32 15,519 0.22
Economics
Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft° years % %
Eau Claire 198,375 19,227 0.28 10.3 15.8
Green Bay 198,375 20,407 0.30 9.7 16.3
Madison 198,375 17,913 0.26 11.1 15.2
Annual Emissions Savings
CO, CO, PM;o NO, SO, Mercury
lbs lbs/ft* lbs lbs lbs Ibs
Eau Claire 176,316 2.6 -5.8 127 -35 0.0004
Green Bay 185,014 2.7 -5.4 136 -33 0.0004
Madison 157,669 2.3 -6.3 110 -39 0.0004
Table 10. Resultsof the Small School (69,000 ft%) scenario.
OFFICE

The results for the office scenario (69,009 dire given for each climate in Table 11. An addil
economic metric, simplified after-tax rate of retis also given for this scenario. An office regmets
the only building that is almost always owned bigaable, private corporation. Such a corporatiaysp
taxes that have a significant effect on operatogjf<(decreasing operating savings) and also kedax
benefits of equipment depreciation. This valueoissidered ‘simplified’ because the tax code attual
has very complex effects on a corporation; thisiade simply assumes a 38.6% marginal total tax rat
and 5-year MACRS depreciation (geothermal equipriseimtthe IRS’ 5-year category).

Operating cost savings are $0.2iéir the office; this savings comes from both eleity and gas
savings (due to the larger amount of cooling). sThiunlike the schools scenario where savings are
entirely from gas. The ROR, including taxes, waigh for the office scenario as it was for schpat
about 14%. The simple payback is slightly longet415 years.
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Due to the combination of electric and gas savialgmissions decrease with the adoption of
geothermal in an office scenario. Carbon dioxiderdases by 1 Ibs7fper year, and all other emissions
decrease as well.

Annual Energy Savings

Electricity Demand Natural Gas
kWh KWh/ft? KW W/ft? therms therms/ft’
Eau Claire 1,147 0.02 34 0.49 6,006 0.09
Green Bay 1,339 0.02 28 0.40 6,825 0.10
Madison 9,404 0.14 41 0.59 5,275 0.08
Economics
Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft° years % %
Eau Claire 206,310 13,934 0.20 14.8 12.7 13.7
Green Bay 206,310 14,614 0.21 141 13.0 13.9
Madison 206,310 14,155 0.21 14.8 12.8 13.7
Annual Emissions Savings
CO, CO, PMy, NO, SO, Mercury
lbs los/ft* lbs Ibs lbs lbs
Eau Claire 72,578 11 0.5 62 3 0.0002
Green Bay 82,536 1.2 0.6 71 4 0.0002
Madison 78,015 1.1 4.0 79 26 0.0001

Table 11. Results of the Office scenario; 69,000 ft? of office space.

COMMUNITY / MULTIFAMILY DEVELOPMENT

The results for the community/multifamily developmecenario (185,000%tare given for each climate
in Table 12. Operating cost savings are aboute$i’lleading to an ROR of 10% (with a simple
payback of 18-19 years). This generally compaesrbly to mortgage rates.

Emissions tend to increase in the community/muttifa scenario due to the relatively large heatioad
being converted from gas-fired furnaces to elealifiadriven heat pumps. Carbon dioxide emissions

increased by about 0.6 Ib/ft

Many community developments and multifamily builgnin Wisconsin do rely on propane or electric
resistance heat. These cases were not modelleid scenario, but they were modeled in the resialent
scenario. That scenario can be used as guidantgefgavings trends that can be expected foledtnic
and propane homes in Wisconsin, as the two builtyipgs are similar.
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Electricity Demand Natural Gas
kWh KWh/ft? KW W/ft? therms therms/ft’
Eau Claire -633,703 -3.43 -523 -2.83 80,420 0.43
Green Bay -605,035 -3.27 -413 -2.23 77,901 0.42
Madison -568,292 -3.07 -311 -1.68 74,113 0.40
Economics
Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft° years % %
Eau Claire 555,000 29,213 0.16 19.0 10.1
Green Bay 555,000 29,848 0.16 18.6 10.1
Madison 555,000 30,101 0.16 18.4 10.1
Annual Emissions Savings
CO, CO, PMy, NO, SO, Mercury
lbs lbs/ft* lbs Ibs lbs lbs
Eau Claire -131,555 -0.7 -272 -1031 -1713 0.0020
Green Bay -112,438 -0.6 -260 -973 -1635 0.0020
Madison -94,522 -0.5 -244 -905 -1536 0.0019

Table 12. Results of the Community/M ultifamily scenario; 185,000 ft? of housing.

RESIDENTIAL

The results for the residential scenario (4-toe)given for each climate in Table 13. Resultstiis
scenario are based on averages of statewide datlynste is not varied. Instead, results for the
residential scenario are given based on the hehtelgised in the conventional case: housing in
Wisconsin can often be heated by either naturglpgyapane, or electric resistance heat. Additign#ie
economic results are given for both horizontal eedical GHXs, this choice of configuration has a
significant effect on installation cost as discussarlier.

The annual operating cost savings is approxim&@ly1/ft versus the natural gas conventional case.
For a geothermal system with a horizontal GHX tbéls to an ROR of 9% (24-year payback); for a
vertical GHX it results in an ROR of 7% (32-yeaylpack). Both compare favorably to current mortgage
rates, though potentially not as rates increassb@h dioxide emissions were similar versus tharaht

gas case. Mercury emissions decreased and atlanfissions increased significantly.

In homes that are heated by propane, geotherntainsgshave a more significant impact on both
economics and emissions. The annual operatinggsviersus the propane case is $0.20f&lding a
19% ROR for horizontal systems and a 15% ROR fdica systems (with simple paybacks of only 7
and 9 years, respectively). Emissions impactsiangar to those for natural gas, except that CO
emissions now decrease significantly, by 0.8 Ibaffnually.
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In homes that use electric resistance heatingrrtha a furnace, the economic and emissions sswving
increase further. Annual operating cost savingeeiase to $0.79ftyielding an ROR of 31% for
horizontal systems and 24% for vertical systemgh(gimple paybacks of only 4 and 5 years,
respectively). Dramatic emissions savings areipleswith a switch from electric resistance heat to
geothermal; annual GG&avings are 11.8 IbsZftand savings for P), SQ,, and NQ are an order of
magnitude higher per‘fthan for any of the other building types.

Annual Energy Savings

Available Fuel Electricity Demand Fuel
KWh kW h/ft? KW Wiis therms therms/ft’
Natural Gas -6,934 -2.34 -2.4 -0.81 1,033 0.35
Propane -6,934 -2.34 -2.4 -0.81 1,033 0.35
Electric only 20,529 6.94 7.0 2.36
Economics
Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft’ years % %
Horizontal Natural Gas 8,200 340 0.11 24.1 8.8
Propane 8,200 1,166 0.39 7.0 19.1
Electric only 8,200 2,328 0.79 35 30.9
Vertical Natural Gas 10,800 340 0.11 31.7 7.2
Propane 10,800 1,166 0.39 9.3 15.3
Electric only 10,800 2,328 0.79 4.6 24.1
Annual Emissions Savings
CO, CO, PMyg NO, SO, Mercury
Ibs Ibs/ft® lbs Ibs lbs lbs
Natural Gas 359 0.1 -3 -10 -19 0.000026
Propane 2,323 0.8 -3 -5 -19 0.000003
Electric only 34,900 11.8 9 59 56 0.000000

Table 13. Results of the Residential scenario; 4-ton system.

These results suggest that the economic and emisspacts are only weakly dependent on climatés It
likely that cost and emissions sensitivities wigirsficantly outweigh those climatic differences, the
sensitivities below are shown only for the Madistimate (closer to the population-weighted center o
the state than the other two climates).

EMISSIONS SENSITIVITY

The emissions results of this study are heavilyeddpnt on the ratio of emission factors between
electricity and natural gas. The emissions fadmréurning natural gas are not likely to change
significantly, but the emissions factors for el@ity could change significantly if Wisconsin's mof
electricity generation were to change. One paakdtiver for this change is the enactment of reateer
portfolio standards (RPSs). An existing RPS indbisin mandates 10% of electricity must be
renewable by 2015; other states on the grid markt®teby 2025. Federal mandates currently being

Energy Center of Wisconsin
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considered often target 25% renewable electridty.comparison, currently, 3.6% of the electrigtid
in Wisconsin is renewable.

Short of doing a full model of changes to the guidl its generating portfolio, we made certain
assumptions in order to estimate the effect of Ri*&fe marginal emissions of building systemss It
certainly a stretch to say that marginal emissamesreduced by the percentage change in renewable
production. A large portion of the renewables Vikiély be used as baseload power. However, due to
transmission constraints, a significant portion rakp be marginal. This could be compounded by the
fact that geothermal systems have highest demanigdiimes when solar (summer; see Figure 6) and to
a lesser extent wind (in the winter) are at theaip

Here, this sensitivity analysis makes the grossraption that half of the effects of added renewable
production could be marginéhote that this may be a fairly optimistic assumption). For example, we
assume that a 25% renewable portfolio yields actrdeemissions reduction of 10.7% ([25% - 3.6%]/2)
The following sensitivity plots examine the effeofggeothermal systems assuming 10% and 25% RPSs.
An additional sensitivity analysis considers theecaf a building with significant customer-sited
renewable electric production, in which half of #lectricity required for the geothermal systemmast

by a renewable technology like wind or solar phottaics.

The sensitivity of C@to these different scenarios is demonstrated inrEig. The residential and
community scenarios are most sensitive to renewatadds because a larger portion of their energy
savings comes from natural gas savings. In faesd scenarios move from having a,@enalty—or
very little savings—to yielding significant G@avings. Conversely, in the office scenariorgda
portion of the energy savings comes from reducectitity from air conditioning, therefore the €O
savings actually decreases as more renewablesamdime. The school scenarios are somewhere
between these two extremes.
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Figure 4. Sensitivity of CO, emissions savings (in |bs. per ft?) to various renewable eectricity scenarios.

The other emissions sensitivities exhibit simitentds as shown in Figure 5. For BMNQ,, and SQ
the residentail and community scenarios approaship® savings as renewables approach 50% of the
marginal load; a difficult level to reach.
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Figure 5. Sensitivity of other emissions savings (in Ibs. per ft?) to various renewable electricity scenarios.

INCENTIVE SENSITIVITY

There are a few programs under both the federaWwahble tax credits and the state’s Focus on Energy
program that offer incentives for installing geathal heat pump systems. The base cases for each
scenario did not include these, as they tend tagdfrom year to year (and it was useful from acgol
planning perspective to look at the emissions amth@mics without incentives). This section will
explore the effects of the existing incentives:

Focus on Energy$250 for the residential and community scend@s house); $150/ton for the office
and schools scenarios.

Federal Tax Creditl0% credit for the installed system cost for tffee@ and community/multifamily
scenarios (consistent with a central operatormtitad in multifamily situation), 30% credit foreh
installed system for the residential scenario.

The current tax and incentive offerings make geotlaé systems extremely cost effective in the office
and residential (here assuming horizontal instattscenarios where Focus on Energy offers a
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significant incentive and the federal governmefiersfa 10% tax credit (see Table 14). Rate ofmetu
goes from 14% up to 43% in the office, and from @340 35% for residential. In both office and
residential scenarios, payback goes to just 4 years

In the community scenario, the 10% federal taxitsedodestly increase the ROR to 13%. Payback
becomes just 12 years. The school scenarios $ga shight improvement with incentives, becausgyth
are currently not eligible for federal tax inceesy as they do not pay income taxes.

Base Case

Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After

Install. Cost  Savings Savings Payback Return Tax ROR

$ $ $/t years % %

Large School 1,170,000 112,066 0.29 10.4 15.5
Small School 198,375 17,913 0.26 111 15.2
Office 206,310 14,155 0.21 14.8 12.8 13.7
Community/Multifamily 555,000 30,101 0.16 18.4 10.1
Residential (Horizontal) 8,200 340 0.11 24.1 7.8

With State/Federal Incentives

Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft’ years % %
Large School 1,053,000 112,066 0.29 9.4 16.8
Small School 181,125 17,913 0.26 10.1 16.3
Office 59,202 14,155 0.21 4.2 314 43.0
Community/Multifamily 363,255 30,101 0.16 12.1 13.2
Residential (Horizontal) 1,272 340 0.11 3.7 35.0

Table 14. Sensitivity of theresultstoinclusion of both Federal and State (Focus on Energy) energy incentives
and tax credits.

COST SENSITIVITY

It is helpful to demonstrate the impact of fuel &mstallation costs on the economic results sinesé
costs vary over time and by specific project. thig sensitivity analysis we input higher and lower
values for gas, electricity, and installation cdstivestigate how different the result would béhe
‘boundaries’ of each of these variables. These tharies should encompass the majority of actuakptoj
scenarios.

Residential Sensitivity

The residential scenario (with horizontal GHX) ks a significant shift from gas heating to electr
heat pump heating, so the relative prices of gdsetettricity have a very large effect on the cost
effectiveness of geothermal in this scenario (sdaler15). With a low electric rate ($0.08/kWh)eor
high gas rate ($1.30/therm), which could both bemon depending upon time/place, a geothermal
system begins to look much more attractive. Thedtectric rate case has an 11% ROR (15-year
payback) and the high gas rate case has a 13% R®¥Rar payback). If gas prices continue to declin
as they have been, however, the economics look mracte: a 5% ROR with $0.70/therm.
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Installation costs for geothermal were somewhahbdal—though the median cost was $2100/ton, there
were several projects in the survey priced clas&1t100/ton. At this low cost, the ROR becomes 14%
(with a 13-year payback). There were not manyclpprojects with a horizontal GHX that came in
significantly higher than the median, so the higtwst sensitivity had a much smaller effect (thaee

many ‘luxury’ home projects that come in much higper ton; these generally include radiant flocathe
larger equipment capacities, more expensive cantett.).

Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft° years % %
Base Case 8,200 340 0.11 24.1 7.8
Low gas price ($0.70/therm) 8,200 30 0.01 271.1 4.6
High gas price ($1.30/therm) 8,200 650 0.22 12.6 12.7
Low elec. price ($0.08/kWh) 8,200 548 0.19 15.1 11.2
High elec. price ($0.125/kWh) 8,200 236 0.08 34.7 7.6
Low install. cost ($1080/ton) 4,320 340 0.11 12.7 14.2
High install. cost ($2500/ton) 10,000 340 0.11 29.4 7.6

Table 15. Sensitivity of Residential scenario resultsto changesin fuel costs and installation cost difference.

Office/School Sensitivities

Commercial and institutional buildings like schoalsl offices are not quite as susceptible to tadive
prices of gas and electricity because they haeively smaller heating loads. In fact electritesado
not vary significantly enough in these sectorsaweeha large impact on the results, so those seétisgi
are not included here.

Gas price does have a significant impact on thdl stiaool results (see Table 16); the ROR varies
between 14% and 18% (payback goes from 14 ye&pas the gas price varies from $0.65/therm to
$1.20/therm. This effect is much smaller in thigcefscenario, where heating is less of a factor.

The economics of these scenarios are most senitiariance in installation cost. This is prinhari
because the installation cost difference betweethgemal and conventional systems varies so much in
commercial buildings depending on the project. fdimd cost differences as low as $2224ftd result in
RORs of 18% and 21% (9- and 7-year paybacks) inffice and school scenarios, respectively. We als
saw cost differences as high as $5.5/ft2, whiclveltbe ROR down to 11% in both scenarios—still
potentially cost effective though.
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Office Scenario

Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/ft? years % %
Base Case 206,310 14,155 0.21 14.8 12.8 13.7
Low gas price ($0.65/therm) 206,310 12,942 0.19 15.9 12.2 13.3
High gas price ($1.20/therm) 206,310 15,843 0.23 13.0 13.6 14.3
Low install. cost ($2.2/ft%) 131,560 14,155 0.21 9.3 17.7 17.8
High install. cost ($5.5/ft) 328,900 14,155 0.21 23.2 9.1 10.5
Small School Scenario
Incremental Oper. Cost Oper. Cost Simple Rate of Simpl. After
Install. Cost  Savings Savings Payback Return Tax ROR
$ $ $/it* years % %
Base Case 198,375 17,913 0.26 11.1 15.2
Low gas price ($0.65/therm) 198,375 14,344 0.21 13.8 13.5
High gas price ($1.20/therm) 198,375 22,879 0.33 8.7 175
Low install. cost ($2.2/ft) 126,500 17,913 0.26 7.1 21.1
High install. cost ($5.5/ft%) 316,250 17913 0.26 17.7 10.8

Table 16. Sensitivity of Officeand Small School scenarios resultsto changesin fuel costs and installation cost
difference.

OTHER CONSIDERATIONS

The results of this report focus on the economit emvironmental impacts of choosing a geothermal
system for a variety of building types. Thoughremmic and environmental impacts are primary, there
are a few other issues to consider. For exampkgtine applications geothermal heat pump systems
allow for greater occupant comfort by making zonifigndividual rooms and occupant spaces more
convenient. This advantage should be discussédttidt mechanical/controls designer in any given
building project.

Geothermal systems also create more stable iillsyby switching the fuel for heating of the spac
from gas to electricity. Historically electriciprices have seen much less volatility than natyaal
prices.

Other ‘intangible’ effects of geothermal systemdude differences in noise levels (which depends
heavily on the location of the heat pump), aestHathefits from less equipment on the rooftop, and
challenges associated with operating a systenmthgtbe completely new to an owner (or at leastumiq
in their portfolio).

From a utility perspective, geothermal systems lesavadditional advantage as an effective demand
reduction technology. Growing demand can creaeted for additional utility infrastructure, so
utilities may be concerned as much with demandatioiu as with energy consumption reduction.
Because geothermal systems provide cooling, theeyailly can have a large impact on summer peak
demand. Figure 6 demonstrates the average lopgsHia geothermal systems in July, for residential
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and office building types. Note that these systpeak in the afternoon between 1:00 and 4:00 pm,
coincident with peak demand in Wisconsin.

All of the costs, benefits, and societal impactsuith be considered when making any systems decision
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Figure 6. Average July load shape for geothermal heat pump systemsin two different building types.
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CONCLUSIONS

ECONOMIC CONCLUSIONS

Rate of return.Of the two economic metrics used in this studpRRs the only one that accounts for all
the impacts of system selection (first costs aratgncosts, plus replacement/salvage, taxes,
depreciation, etc.). We therefore recommendesl é& superior metric for this study. Based on ROR,
geothermal heat pump systems appear to be costiedf@cross most scenarios in Wisconsin. Rate of
return was greater than 10% for all scenarios exesidential (for the office scenario it was gextigr
14% and the schools scenario approached 17%)th&aesidential scenario ROR was 9% if a horizontal
GHX was possible and 8% for a vertical GHX. Alltbése RORs are greater than the cost of capital
(mortgages for residences and businesses, bondsHools) generally seen in Wisconsin—thus the
conclusion that geothermal is generally cost efffedh Wisconsin. The results from the office saen
show that the tax effects on private corporatiogrsegally increase the ROR by ~1 percentage pomt du
to the favorable depreciation terms of geotheriystiesns.

Payback. Though ROR has advantages for assessing théeostit of heating and cooling systems,
simple payback is still used as a common metrieiciding on systems for all types of buildingsis|t
helpful to consider the simple payback resultsrtidenstand how geothermal systems advance in the
market. In the school scenarios, the payback wH3 years, with a shorter payback for the largesth
scenario due to economies of scale in drillingthim office scenario payback increased to 14-15syea
though payback is an especially poor metric fovgig corporations due to tax effects. In the esdidl
and community scenarios, payback varied from 18 years (again with a shorter payback in the
community scenario due to economies of scale).

Climate. The economics of geothermal systems were notligetependent on the climate within
Wisconsin that was modeled. For example, the RXReooffice scenario only changed from 13.7% to
13.9% in moving from Madison to Green Bay. Sinijlathe small school scenario changed from 15.2%
to 16.3% for the same two locations.

Incentives. Incentives currently available at the federal stade (through Focus on Energy) levels
improve the economics of all geothermal systemsthé community scenario, the federal tax credits
increase the ROR to 13% (from 10%); this decretteepayback to 12 years (from 18). The school
scenarios see only a modest improvement with ingsitbecause they are currently not eligible for
federal tax incentives. The office scenario becomdremely cost effective; ROR goes from 14% up to
43%. Similarly, the residential ROR goes from 8pda 35%. In both these cases, payback goestto jus
4 years.

Cost Impacts.Costs also have a large impact on the resuitshe residential scenario, as natural gas
costs vary from $0.70/therm to $1.30/therm the R@Res from 5% to 13%. Geothermal installation
costs for typical horizontal systems did not temédry significantly above the median, but on i |

end ($1100/ton) lower installation costs improvieel ROR to 14% (a 12-year payback). In the offivg a
schools scenarios the fuel prices had a smalleadtrban in the residential scenario, but varigbiti
installation costs had an much larger impact. Wmdl cost differences as low as $2%%6t vertical
commercial systems, resulting in RORs of 18% ar¥d 24 and 7-year paybacks) in the office and school
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scenarios, respectively. We also saw cost diff@emas high as $5.5/ft2, which drove the ROR dawn t
11% in both scenarios (still potentially cost effeg).

EMISSIONS

With increased focus on the societal and envirortabiémpacts of energy use, it was important to
consider the impact of geothermal heat pump enasgyon the environméat Carbon dioxide emissions
have been subject to the most scrutiny recentlg,tduheir role as a greenhouse gas. In fad, it
possible that in the future G@vould be a part of the economic analysis in stutlie this, as the United
States considers options for controlling £&missions such as trading them as a commodity.

In the office and schools scenarios, geothermdl haap systems decreased £&issions by 6 — 15%,
consistently reducing emissions of the greenhoasergall cases. In the residential and
community/multifamily scenarios, G@enerally remained constant or increased slighitly imclusion

of a geothermal heat pump system. Whethes @@ains constant or increases seems to depette on t
relative heating and cooling load of a home; therpothe insulation, the higher the heating loadi the
more likely CQ will increase with a switch to geothermal. Therencooling that's required in the home
(a home with high solar gain, for instance), theerlikely CG; is to remain constant with the addition of
geothermal. However, in the case where the coimaltsystem uses electric heat instead of nagaral
heat, CQ emissions are reduced #§%.

Emissions of other pollutants follow differing tids) based upon their relative emission rates when
shifting from gas heat to the electrically drivesahpumps. Mercury emissions are always decreased
with adoption of geothermal heat pump systems; amgremission rates at power plants have been
reduced below those of natural gas combustionmer anit basis. Particulate matter (BMand SQ are
emitted at higher rates in the production of eleityrand follow the opposite trend. Both pollutsin
always increase with adoption of geothermal irsedinarios except in the office scenario and in
electrically-heated residences. Nitrous oxides JNfecrease with geothermal in all office and school
scenarios (buildings with substantial cooling Igdulst increase with geothermal in residential and
community scenarios, which are dominated by hedtiggin with the exception being electrically heate
residences).

We also considered the sensitivity of emissionsaictpto renewable portfolio standards. As the
renewable share of marginal electricity generaitioneases, the impact of residential geothermaésys
improves considerably for all pollutants studi&tlith enough renewable capacity, geothermal bec@mes
net-saver of all emissions. For school and officéding types, increases in renewable generatawh h
much less effect on emission impacts.

2 There are other non-energy environmental effsctsh as the impact of creating the HVAC equipmisetf, the
effect of the GHX on ground temperatures, watesoanption of the different systems, etc. This stimtyises on
energy usage as it is assumed to have greatertimpale environment in Wisconsin than these odfffeicts.
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OTHER CONCLUSIONS

Finally, it is important to remember that resultshis study are dependent on many variables tratbe
very specific to a given project. If this studysed to assist in decision-making for any spegpifaect

or group of projects the results should be considlenly in light of the assumptions used here.
Additionally, there are other considerations, sasloccupant comfort, which cannot be captured by an
economic or environmental analysis.

This analysis should be helpful, though, in detaing the general applicability of geothermal system
typical projects, informing the treatment of geathal in efficiency and emissions policies, and
identifying the effects of key variables in bothtbése areas. The sensitivities modeled here eaisdd

to determine how the results should be considesezirassions factors and costs change in the future.
Additionally, now that geothermal systems are baangmmore prevalent in Wisconsin it would be helpful
to obtain performance data from actual buildingbd¢nchmark the results of the models used here.
Isolation of the effects of geothermal and othécieihcy measures would be a challenge; retrofits o
‘typical’ building geometries may mitigate the pledm. Future work should also study models or dctua
buildings that use variations on geothermal thateenly now emerging, such as central systems, ¢hybri
systems for cooling-dominated buildings, and diescthange systems.
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