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Geothermal heat pump system perceptions

K - Perceived high cost: Design methodology creates cost certainty
¥ - Perceived risk: Design methodology creates performance certainty
V- Environmental benefit: Reduces CO, emissions
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Avoid discarding the GSHP system option

The cost of a GHX is sensitive to:
* Energy loads
« Geology

 Land area available for construction
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Importance of integrated design process

Detailed hourly energy modeling is used to inform architectural and
mechanical system design of the building to optimize the size, cost and
performance of a geothermal heat pump system
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Rules of thumb

* Rules of thumb often used to provide quick answers to clients

* Rules of thumb are dangerous - cost and design of a GHX is sensitive to
many factors
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GHX: 200 feet of borehole / ton
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Capacity: 400 square feet / ton
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Peak loads don’t determine size of GHX

* Peak cooling loads for 3 buildings are identical — 480 kBtu/hr (40 tons)
« Peak heating loads are identical — 385 kBtu/hr

Peak cooling: 480 kBtu/hr Peak cooling: 480 kBtu/hr
Peak heating: 385 kBtu/hr - ﬁi&;ﬂgating: 385 kBtu/hr *\
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Peak cooling: 480 kBtu/hr
Peak heating: 385 kBtu/hr
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Energy rejected to ground versus energy extracted from ground

* Peak heating and cooling loads are identical for each building
* Total annual heating and cooling requirements are very different
« Compressor energy changes the amount of energy to and from ground

Peak Heating & Cooling kBtu/hr and Annual Heating & Cooling kBtu
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Church Retail Apartment
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Rules of thumb suggests these buildings need 8,000° of borehole

* Max / min temperatures should be 30-35°F / 85-90°F for efficient heat
pump operation
 Potential for heat pumps to quit working

Ground Heat Exchanger Temperature with 8,000’ of Borehole
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Church Retail Apartment

GHX Temperature (F)

B Minimum Temperature B Maximum Temperature
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Rules of thumb don’t consider all the variables

 After 10 years GHX temperature for church and retail store fall outside
efficient operating parameters

« Balanced loads of apartment building maintains efficient operating
temperatures over time
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Increasing size of the GHX for the church

* A larger GHX extends the time until the temperature of the GHX drops
below efficient operating parameters...but only delays the inevitable!
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Increasing the size of the GHX for retail

* Increasing the size of the GHX extends the time until the temperature
increases outside of efficient operating parameters...but doesn’t prevent
long term temperature degradation
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Reduced upfront costs for apartment

* Proper design reduces the amount of drilling required from 8,000 ft to
less than 7,000 ft (13% cost savings)

» Balancing energy loads allows the system to operate efficiently for the life
of the building
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Challenging the "Rules of Thumb”

Rules of thumb can result in projects that either:
» Fail because of long term temperature degradation, or
* Are not built because they are too expensive to build

Feet of Borehole Needed to Maintain Min / Max Temperatures
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g 69% larger Rule of thumb
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Church Retail Apartment

[110 Year Prediction M 20 Year Prediction
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Environment and economics

 Clients want to see a reasonable rate of return on their investments

* Holistic design approach and geothermal design expertise reduces
capital cost while improving operating cost

 GeoFease provides better answers for clients
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Vertical GHX

 Vertical boreholes are common on large commercial buildings.

* Boreholes can be built adjacent to the building and it is not uncommon to
drill boreholes under the building.
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Horizontal GHX

* A horizontal GHX can be built more cost-effectively than a vertical GHX
on larger properties.

» Horizontal directional drilling can be very cost-effective depending on the
geological conditions.
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Surface water HX

» Lakes, storm retention water ponds, the ocean or other bodies of water
can provide an energy source / heat sink for a geo system
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Energy pile GHX

* Inserting plastic heat exchangers in the piles as they are built connects
the heat exchanger to the ground cost-effectively and eliminates the cost
of drilling.

3y
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Tunnel GHX

* The City of Stuttgart embedded a heat exchanger built with plastic piping
In the tunnel walls of the recently completed subway tunnel.

« Buildings near the subway line can take advantage of energy extracted
from or rejected to the earth around the tunnels.
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GeoFease — more accurate than rules of thumb

& &, @ geofease.com

geo Home Products ¥ Fease » Connect ¥ Ensure ¥ Mavens ¥ Company ~ New Post Profile Logout

Try your building now: Building Size [ft?]: 10000

Geo: (prefix) “of; the eartht |

Fease: (verb)to make ready, put into action

The GeoFease™ online tools assess commercial ground source heat pump (GSHP) system benefits and costs. They enable building owners, architects, engineers, installers,
manufacturers and utilities to easily develop performance estimates for potential GSHP systems.

Early in the design process, people wind up dismissing over 80% of potential GSHP projects because "rule-of-thumb" estimates result in overly-expensive installation costs

and/or minimal energy cost reductions. GeoFease™ uses a comprehensive design approach in order to achieve the lowest first cost and ensure maximum system
performance.
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GeoFease can be run by anyone with minimal geo design experience

&« C @& geofease.com/update/530 aQ % 0 o :

MNew Post Profile Logout

Update ProFease™ Project

O EasyFease Mode On

User enters project information, selects
Upstate Apartments

units and conventional system heating
type to compare with GSHP system

Country

United States of America v

Location

MN, Fergus Falls — Central Minnesota v

Building type

Small multi-family v

Building Size Building Size Units
40,000 Square feet v

Conventional Heating Type

Gas v

Notes

Date posted

2020-05-31 18:12:53
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Changing the building — glass specifications

Changing glass specifications reduces cooling and heating loads, reduces
size of GHX by 8%

Total Menthly Energy Loads
500k a a H 1 H H
ZLU;.ZSGCCnL|.§g Description Optimized Optimized
Standard Heating

400k Cptimized Heating
Total Borehole Length 24,000 ft 22,000 ft

300k

20 Number of Boreholes 48 44

100k

. I II II b R II I Approximate Land Area Required (square feet) 26,775 24,525
Mar  Apr  May  Jun Aug  Sept Ot MNov
Peak Monthly Loads

Max. Expected Fluid Temp (°F) to Heat Pumps ({J) 85.8 88.2

1200

1000° , .
Min. Expected Fluid Temp (°F) to Heat Pumps 40.9 41.6

= 800
T Estimated GHX Construction Cost $480,000 $440,000
400
= Estimated cost of GHX / square foot of building $6.40 $5.87
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
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Changing the mechanical system — exhaust air energy recovery

Recovering energy from exhaust air changes heating and cooling
loads...reducing size of the GHX by 8%.

Total Monthly Energy Loads
500k andard Coolin - imi Tmi
g Description Optimized Optimized
B Standard Heating
0 W Optimized Heating
- Total Borehole Length 24,000 ft 22,000 ft
A Number of Boreholes 48 44
100k
ol I l Il II o . Il I I ]| Approximate Land Area Required (square feet) 26,775 24,525
L. Jan Feb Mar Apr May Jun Jul Aug  Sept  Oct Nov Dec
Peak Monthly Loads
Max. Expected Fluid Temp (°F) to Heat Pumps o 85.8 88.7
1200
1000
/ Min. Expected Fluid Temp (*F) to Heat Pumps 40.9 45.6
= 800
é 600
Estimated GHX Construction Cost $480,000 $£440,000
400
= Estimated cost of GHX / square foot of building £6.40 $5.87
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
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Changing building & mechanical system — ERV and glass specifications

Combination of glass and ERV reduces GHX size by 8% for this building

500k

400k

300k

kBtu

200k

100k

0

Standard Cooling
W Cptimized Cooling
W Standard Heating
B Cptimized Heating

I|‘ l|| Ill III ||I |Il
Jan Feb Mar Apr May Jun

Total Monthly Energy Loads

u Sept

|ll Im b II III ||I
Jul Aug Qct MNov Dec

1200

1000

200

kBtu/hr

600

400

200

Peak Monthly Loads

r May

Jun

Jul Aug Sept Oct Nov

Dec

Description

Total Borehole Length

Number of Boreholes

Approximate Land Area Required (square feet)
Max. Expected Fluid Temp (°F) to Heat Pumps o
Min. Expected Fluid Temp (°F) to Heat Pumps
Estimated GHX Construction Cost

Estimated cost of GHX / square foot of building

Optimized

22,000 ft

44

24,525

88.7

45.6

$440,000

$5.87

Optimized

22,000 ft

44

24,525

87.3

46.9

$440,000

$£5.87
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Changing building loads — adding DHW loads to geo system

Adding DHW loads to the geo system improves energy balance to and
from the ground...reduces size of GHX by 23%

Total Monthly Energy Loads
Description Optimized Optimized

Total Borehole Length 22,000 ft 17,000 ft

Standard Cooling
W Optimized Cooling
W Standard Heating
400k W Cptimized Heating
. 300k
g
200 Number of Boreholes 44 34
100k
ol I II II II II "I II II I Il | Approximate Land Area Required (square feet) 24,525 18,900
Jan Feb Mar Apr May Jun Jul Aug Sept QOct Nov Dec
P

eak Monthly Loads

Max. Expected Fluid Temp (°F) to Heat Pumps o 87.3 87.0

_ Min. Expected Fluid Temp (°F) to Heat Pumps 46.9 42.4
: Estimated GHX Construction Cost $440,000 $340,000

[ Estimated cost of GHX / square foot of building $5.87 $4.53

lar Apr May Jun Jul Aug Sept Oct Nov Dec
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Changing the GHX design

The size and cost of the GHX is directly impacted by the GHX design. Size
of GHX reduced by 67%

Standard sq Rectar Rectangular grid, 25’ spacing, high-
15’ spacing, s| spacing, | sg | conductivity grout, high-eff heat pumps

NN NN

Total Monthly Energy Loads
500k Standard Coolu?g Descrip‘tinn Op‘timized Op‘timized Optimized Optimized optimiZEd
B oot

400K W Optimized Heating
Total Borehole Length 72,000 ft 31,000 ft 31,000 ft 27,000 ft 24,000 ft

300k

200 Number of Boreholes 144 62 62 54 48

100k

.l I II s ks ks ks II I Il | Approximate Land Area Required (square feet) 34,225 16,450 34,650 30,150 26,775
Jan Feb Mar Apr May Jun Jul g Sept  Oct Nov  Dec
Peak Monthly Loads

Max. Expected Fluid Temp (°F) to Heat Pumps o 86.3 94.3 86.9 86.6 85.8

1200

1000/

R Min. Expected Fluid Temp (°F) to Heat Pumps 47.9 42.9 42.2 43.1 40.9
é 600

Estimated GHX Construction Cost £1,440,000 $620,000 $620,000 $540,000 $480,000

400

200,
Estimated cost of GHX / square foot of building $19.20 $8.27 $8.27 $7.20 $6.40

Jan Feb Mar Apr May Jun Jul Aug Sept Qct Nov Dec

GEOptimize......making geothermal heat pump systems feasible




client report

tically
Ibility assessment automa

as .

- g:nerated iIn GeoFease

tomize
Automatically-generated, cus

Imates:
GEOptimize_ Detalled report eStIma
e  Construction cost

This buvlmng has a gjzp of appmxnma(e!y 100,000 Square feey, Tt that follows js N estimare of
the feasn‘bih‘ty of using g OUND 55y,

The repo, I O I G
51 € heat pum, 980thermg) heat exchanga, for Meeting the hsating
2nd cogling "equirements o Hhe buitding, “hen compareg toa COMventionyy System, | a r e a

Executrve Sun‘,mary

This repart Provides n arga, Nized cDmpan'sDn of three builuings: A defayjp ASHRAE 80.1 Structyre with

L]

mnvantional heeﬁng and cooling, a5 energy eﬁiciency~nptr‘mr’zed Strictyre with cowenﬁnnal heatmg and C O S t
Coaling, and the gy, energy g ‘ciency~nptvm:zed Structyre with 5 Groung Source heap Pump System,

This repart enables decision Makers pg rau‘onally Select an appmpriate energy efﬁcienty SDlutinn fo, & . p

Barticyla, building

Table § summarizes the cnmpen‘snn resuits gy Includes the cogp of vr\stallmg the Myar Systems i the
three Uiffarent buildings With the ge, ted engy, Ciency Measures and any Bslimatey NCENtives that
latile | 4

I I I t -
i u p
May ba vailable. e Falsy Proviges energy cost mmparrsans_ and the Overal EConomjce A8S0ciatay
It the thrae biding COnfigurations n e r
[ ] I .
Table j. Financlal and Environmental Summary S
[} S
Extiaysy Energy Recovery coed — $200,009 $200,000 I S S I
Totat Cost 53,00(1.000 53,2011,000 53,478.400 \ .
Govemment/uuh‘iy Incentive,

Optim ized
Shndard Buildr'ng with

qpflm izeo

Descrintiun ASHRAE 90,1 Electrie Bullding With
Hmlﬂirly Resis!'anz! GSHp
H!aﬁny

Hage Systam Cagt? $3.000, ooo 53,0[]0.000 SB.DUIJ,DDD

GHX System Cose? - — $278,400

= - 5150,00g /
Madifiag Totai Cost - $3,3. 28,400
IN(.'REME"TAI. cosr

- $200,00p $328,a0p
Heating and Cogljg Costs
Cr,ming Coss 54.549 33,4903 s2.13
Heating cogps $70,071 $3142g 56,950
Tatal Heaung and Caoling Cast t74.520 534.926 £9.081
ANRUAL cosy SAviNGs - 539,604 365,539
ible
I —— a o =



Geofease — online feasibility assessment tool

* GeoFease report can be run in a few minutes
 PDF emailed to colleagues and clients

Project Manager

New EasyFease™ Project

New ProFease™ Project

Documentation

Geo: (prefix) "of the eartht.
Fease: (verb)ito make ready, put.into action

The GeoFease™ o,
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Presenter
Presentation Notes
I’ve added new content here, please check for accuracy


What's happening in the industry

* Monitoring & managing
performance of the ground heat
exchanger

 District geothermal heat pump
systems that facilitate energy
sharing between buildings and
improve overall system efficiency
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Monitoring & managing ground heat exchanger

Monitoring & predicting
GHX temperature &
controlling discretionary
heating and cooling loads
balances energy loads to
and from the ground

* reduces capital cost
* enhances performance

; ' --Excess heat rejected to. :
e S o - i 'I 7 | WA
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Adding or removing waste heat lowers cost, improves system efficiency

Monitoring and managing energy loads to and from the GHX:
* Lowers first cost

* Improves system efficiency
* Ensures long-term performance

60 -

Temperature (F)

Too much heat removed i Datal

| [ = Minimum EWT
~ Maximum EWT

0 24 48

Time(Months)

ol Y V

20—

qu much heat added UIEEE

80 -

40

= Minimum EWT i

Balanced energy loads Data
ou T

= Minimum EWT

70
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Balancing loads in residential application

» Balancing energy loads to the ground with solar thermal energy increases
temperature to heat pump...improves overall system efficiency

C o
v G2

Heat ;é <
pump | —&— |

GHX
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Ground temperature increased

* In our climate air conditioning loads don’t add as much energy to the
GHX as is removed when heating.

» Solar energy can be used to add energy to the ground to avoid long term
temperature deterioration
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Energy sharing between buildings

Connecting different buildings to an energy transfer pipe and ground heat

exchanger modules facilitates:
* Energy sharing...heat rejected by one building used in others

. Energy storage in the ground when it can't be used |mmed|ately

M:f.-r f
"’f
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Energy sharing systems

* Universities can eliminate burning fossil fuels and CO2 emissions by
sharing energy across the campus...waste heat from ice arenas heat the
classrooms and residences.

. Systems can grow W|th the campus till all bundlngs are interconnected
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A well designed geothermal heat pump system

V « Offers a solid return on investment

V * Provides a reliable, high-performance system
V * Reduces energy consumption and CO, emissions
V « Can work virtually anywhere in the world
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