NREL

MATIONAL RENEWAEBLE EMERGY LABORATORY

DOE Webinar — Residential Geothermal
Heat Pump Retroflts

NREL
DOE Webinar Series

Erin R. Anderson

December 14, 2010

NREL/PR-6A10-50142

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



i iNREL

MATIONAL RENEWAEBLE EMERGY LABORATORY

Technology Options —Vertical vs. Horizontal

Applications on Residences

Costs

Use & Availability — Certified Designers, & Installers
Financing Options

Key Information for RFPs

Project QA/QC and Monitoring

Tools & More Information on GHP

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



iiNREL

MATIONAL RENEWAEBLE EMERGY LABORATORY

Technology Options

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



NREL Geothermal Technology Team

Geothermal Energy
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Geothermal Heat Pumps (GHP)

 Highly efficient method
of providing heating and
cooling

* Work by using ground
temperature as a
renewable resource for
pumping heat in winter
and rejecting heat in
summer

e Cost effective

* Economic and
environmental benefits

Vertical Loop Pond Loop
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Abbreviations in the industry:
ground heat exchanger (GHEX)
Geothermal heat pumps (GHP)
Ground Source Heat pumps (GSHP)
Geoexchange heat pump (GX)
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What is a Heat Pump & How Does it Work?

The ground loop Increasing the pressure

transfers ground e ; increases in the temperature
energy to a

refrigerant in the Heat is transferred to the
heat pump J heating fluid or air handler

—

Heat is transferred to the
room by radiant floor
heating or air distribution
system

Compressor

51

vaporaor ‘ Condenser

Expansion
Valve

| ?

Refrigerant expands causing it
to cool
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Heat naturally flows "downhill", from higher to lower temperatures
A heat pump is a machine which causes the heat to flow in a direction opposite to its natural tendency or "uphill" in terms of temperature
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Geothermal Efficiency

« Use the green under your feet...as close to
the money tree as you can get

1 Unit of Energy from the Grid (kWh) LRI

energy to Heat
or Cool a

3-5 Units of Energy from Earth (kWh) building
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The efficiency of a geothermal system is not the same as the amount of energy saved using a geothermal system as compared to a conventional fossil fuel option.  The efficiency of a geothermal system is often represented by the coefficient of performance (COP) and is between 300-600%.  The COP is a measure of the amount of heat that is delivered, including that which is extracted from the ground and that provided by the heat pump, divided by the electricity power input, both in kWh and is dimensionless.  Geothermal heat pumps are also rated on the cooling performance through Energy Efficiency Ratio (EER) by dividing the cooling capacity in Btu/h by the power input in watts.
GHP uses about 1 kW of grid power per ton of capacity (12,000 Btu/hour). A kilowatt of electricity equals 3,413 Btu, so this means a COP of about 3.5.
Should be noted, this efficiency is only for the HEAT PUMP & does not take into account for the field pump.  


Why is GHP useful and efficient?

— 24hr Mean Air
Ground @ 1.7 m
s o1 Field' @ 75 m

Temperature °C

Ground Cooler
than Air

o N B O

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time of year
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During the summer cooing season – water-to-air GSHP systems function as an air conditioner, extracting heat from inside a building & delivering it (after being raised in temperature by the heat pump) to the fluid that is circulated through the cooler earth where it is rejected.  
An more efficient use of the heat that would otherwise be dumped to the ground, is to use it to heat water for domestic use at a minimal cost.  
In the winter, GHP utilizes the circulating fluid to absorb heat from the ground where it (after being raised in temperature by the heat pump) is transferred to the inside air or water-based heat delivery system.  
GHP can also heat water for domestic use during the winter heating operation at a substantial savings over conventional water heating systems.  


Types of Heat Pumps

» Characterized by medium used for the Heat Source &
Heat Sink
— Air to Air — Air Source Heat Pump
— Water to Air — Water Source Heat Pump
— Water to Water — Uses hydronic pipes through the building

 Heats, Cools, & Produced Hot Water

— Capacity is measured in tons, like AC units
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Air-source heat pumps – dependent on outside air temperature, which is:
Lowest when heating demand is highest, and
Highest when cooling demand is highest
Thus, supplemental energy (electric) source needed
Advantage of GHP over ASHP
They consume less energy to operate
They tap a constant temperature resource
They do not require supplemental energy during extreme outside air temperature
They use less refrigerant
Simpler in design and maintenance
Does not require a unit outside exposed to the weather
Longer equipment life
Disadvantages of GHP (as compared to air-source)
Higher initial cost due to excavation for piping or drilling of a well
Lack of trained and experienced designers and installers
Lack of understanding by government regulators
Shallow horizontal heat exchangers are affected by surface (air and sun) temperature variations – thus, requiring 30 to 50% more pipe in the ground
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GHP System & Components

DomesticHot Water Loop

Air Fan —
circulates
building air

Air Coils —

b - - = < Ground Loop
\\\ heats or
cools air
— T 3N s

Refrigerant
Loop

Compressor

Ground Loop & Refrigerant

Controls Loop Connection
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Types of Ground Heat Exchangers

* Open Loop _
— Ground water from a well, river, or pond

— Exchanges Heat & Water with the
ground

— Returns water to the ground

Closed Loop
— Buried HDPE or copper (direct
exchange) pipe
— Circulates as secondary fluid (water or
water/antifreeze mix or refrigerant with

copper pipe)
— Exchanges Heat with the ground

— Configuration — depends on available
space and installation costs
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Horizontal Trench Loop

- Cost effective when land is plentiful | Cexemne
* Trench depth is 6 ft or more to go E: SACKFILL
below frost line 8 bk
< GEOTHERMAL
= PIPE

Rule of thumbs
* Trench length — typically 300 ft
* Pipe length — out & back = 600 ft

Source: Klaassen, lowa Energy Center
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Horizontal Layout Options

Single flow path
Large land area required

Larger pipe diameters required
to reduce friction loss

Increased antifreeze fluid
volume

 Single flow path

» Shorter trench required than a
single pipe system

« Larger pipe diameter than a
parallel system

* Reduced trench length ~§

 Parallel flow {‘@

» Deepertrenchis generally ..
required

* More pipe area
per trench length

 Horizontal or
vertically installed

MATIONAL RENEWAEBLE EMERG ORATORY
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Vertical Ground Loop - Borehole

 Used in areas with land
area restrictions

» Temperatures are typically
more constant than
horizontal

* Depths are usually 200-
300 ft

 Pipe length 400-600 ft

Rule Of Thumb:
1 ton for every 200-300 ft borehole
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Vertical Configuration Options

Parallel

» Small diameter pipe than series
system

* Larger capacity heat exchanger =)
can be designed

« ¥ and 1 inch pipe loops are
common

» Bore hole depths can be
increased in limited land areas

Series

» Larger pipe required for series
system

» Large pipe difficult to handle

« Heat exchanger limited to about

eu g |
3-tons because of pipe friction ’
4 uSource: IGSHPA
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Applications on Residences
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Process for Residential

MANUAL

» Determine the heating/cooling loads (Btuh) -
: Residential Load

» Select heat pump size Calculation...= .

+ Select indoor air/water distribution system S 3 S

« Estimate the building’s energy requirement s s

» Estimate the ground heat exchanger loads
— Annual load

— Design month’s load Building Load (Btu/hr)
ACCA Manual J

Outdoor Air
Temperature

Ceilings

Wal |S A Indoor Air
Windows Tanperature

Doors
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Unlike the Commercial installations which rely heavily on the use of the building and the internal heating/cooling loads, residential unit are designed simply from the Heating Degree Days (HDD) and Cooling Degree Days (CDD) for the region of the residence and aggregates those based on temperature bins.  
The ground loop (heat exchanger) is sized to not only the amt of energy that can be extracted at a given point in time, but also the length of time (duration) it can be expected to provide this energy.  A ground loop cannot be assumed to provide a constant stream of energy such as a natural gas pipeline, it can diminish in capacity if the design limits are exceeded.  
Rule of thumb is 1 ton for every 500 sq. ft.  BUT that doesn’t account for the real heat loss and heat gain of the structure.  Need an accurate BTU/hr heat loss for property GHP sizing through a residential load calc per ACCA Manual J.  For tighter buildings, the sq footage of this rule of thumb is too small.  
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[ ] [ ]
L ] L ]
TABLE 3.3: Energy Calculation by the Bin Method:
Ground-Source Heat Pump
Residence in Stillwater, Oklahoma
Bin Bin Bldg.Load EWT Unit Cap. Theo. Run Partial ActualRun Unit Input  Elec. Unit Input Ener. Cost Ener. Cost
Temp-°F  Hours Btw/hr F Btw/hr Time-% Load Fac. Time-% kW Res.-KW kWh $kWh $
1 2 3 3A 4 5 6 7 8 8A 9 10 11
3/4 5/6 2x7(8+8A) 9x10
112 1 55.862.16 100.0 30,596.04 1.00 1.00 1.00 3.27 3.27 0.075 0.25
107 13 49655.26 %4 3125394 1.00 1.00 1.00 3.20 41.66 0.075 3.12
102 69 4344836 92.7 31911.84 1.00 1.00 1.00 3.14 216.58 0.075 16.24
97 185 3724146 89.1 32,569.74 1.00 1.00 1.00 3.07 568.51 0.075 4264
92 309 31,034.56 854 33227.64 0.93 0.98 0.95 3.01 881.47 0.075 66.18
87 420 24 827.66 81.7 33 885.54 0.73 0.93 0.79 294 0969.99 0.075 72,75
82 565 18,620.76 781 34,543.44 0.54 0.88 0.61 2.88 989.90 0.075 74 .24
77 731 12,413.86 744 35201.34 0.35 0.84 0.42 2.81 864.22 0.075 64,82
72 800 6,206.96 T0.8 35,859.24 0.17 0.79 0.22 2.74 479.01 0.075 35903
67 712 0.00 67.1 36,517.14 0.00 0.75 0.00 268 0.00 0.075 0.00
62 678 0,00 62.8 39.997.8 0.00 0.75 0.00 3.23 0.00 0.00 0.050 0.00
57 654 5,102.00 60.8 39,114.5 0.13 0.78 0.17 3.18 0.00 347.09 0.050 17.35
52 625 10,204.00 58.8 38,231.1 0.27 0.82 0.33 3.14 0.00 640.85 0.050 32.04
47 631 15,306.00 56.8 37,3478 0.41 0.85 0.48 3.09 0.00 937.66 0.050 46.88
42 622 20,408.00 549 36,464.5 0.56 0.89 0.63 3.4 0.00 1,190.86 0.050 59.54
37 568 25,510.00 529 35,581.2 0.72 0.93 0.77 3.00 0.00 1,313.69 0.050 65.68
32 495 30,612,00 509 34,697.8 0.88 0.97 0.91 2.95 0.00 1,327.83 0.050 66,39
27 311 35,714.00 489 33,814.5 1.00 1.00 1.00 2.90 0.56 1,076.39 0,050 53.82
22 184 40,816.00 469 32,931.2 1.00 1.00 1.00 2.86 231 951.03 0,050 47.55
17 101 45918,00 449 32,0479 1.00 1.00 1.00 2.81 4,07 694.49 0.050 34,72
12 49 51,020.00 430 31,164.5 1.00 1.00 1.00 2.76 5.82 420,60 0.050 21.03
7 14 56,122.00 41.0 30,281.2 1.00 1.00 1.00 2.72 1.57 144,08 0.050 7.20
2 5 61,224.00 39.0 29,3979 1.00 1.00 1.00 2.67 933 59.99 0.050 3.00
-3 1 66,326,00 37.0 28,514.6 1.00 1.00 1.00 2.62 11.08 13.71 0.050 0.69 I
TOTAL COOLING COST: 376,17 o
TOTAL HEATING COST: 45591
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Heat Pump Sizing
The SHF for the unit must be less than or equal to the SHF for the space.
The cooling unit should be sized based on the sensible cooling load for the space and the sensible cooling capacity of the unit.
The latent requirement must be satisfied.

Sensible Heat Factor (SHF)
	Sensible Cooling Load / Total Cooling Capacity




Building Heating and Cooling Load Profile

Design Heating Load Design Cooling Load

67

13 Outdoor Temperature F 96

MATIONAL RENEWABLE EMERGY LABORATORY Innovation for Our Energy Future


Presenter
Presentation Notes
62 is the balance temperatures = this is temperatures that no heat is required from the GHP system
67 is also a balance.  Both are conditions determined by the designer


Free Hot Water

* Domestic Water Heating Applications

— Desuperheater to heat domestic water
« Cooling Season = Free Water Heating
» Heating Season = High COP water heating

— Water to water heat pumps preheat Domestic Water at COP of
3.0t0 5.0

MATIONAL RENEWABLE EMERGY LABORATORY Innovation for Our Energy Future
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First Costs

* Generally, the geothermal system cost inside the building
IS less than or equal to conventional systems

* The incremental cost over a conventional system is in the
Geothermal Heat Exchanger (aka. ground loop)

 Manage the installed costs

— Reduce heating/cooling loads
« Efficient building envelopes
— TC (thermal conductivity) test as applicable for project size

— Organize & minimize geothermal system piping

MATIONAL RENEWABLE EMERGY LABORATORY Innovation for Our Energy Future
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A TC test for a vertical system involves drilling an actual borehole to the estimated design length, and putting a known about of heat into the top of the supply pipe fo the borehole and measuring the temperature of the return pipe.  The difference in the temperature overtime show the thermal conductivity of the soil.  The thermal condiciviyt can determine the thermal diffusiivyt as well.  Both of these are important to know t  
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Cost of Installation

* Installed cost — ground loops

— Ground coupled — horizontal: $1,100/ton
— Ground coupled — slinky: $1,300/ton
— Ground coupled — vertical: $1,500/ton
— Ground water (3 ton, w/o well): $950/ton

» Water-to-air heat pump units
— 8.8 kW (2.5 tons): $2,750 ($1,100/ton)
— 10.5 kW (3.0 tons):  $3,000 ($1,000/ton)
— 14.1 kW (4.0 tons):  $3,600 ($900/ton)

« Substantial variations possible

Ref: Kavanaugh & Gilbreath (1995), and Rafferty (2008)
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Estimations on Installed Costs

2008 Mature

Market Est. from 2008 Immature

Graph Market
S per Ton

ASHP S2,000 S4,000
Gas w/AC S1,967 S3,933
Ground Water $3,333 S6,667
Horizontal S3,933 S7,867
Slinky S4,033 S8,067
Vertical S4,300 S8,600

Estimates includes both inside (ductwork, heat pump unit, controls
etc) and outside (ground loop, piping, excavation and/or drilling)

Source: Kevin Rafferty, 2008 - "An Information Survival Kit For The Prospective Geothermal Heat Pump Owner"

MATIONAL RENEWABLE EMERGY LABORATORY
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Savings

* Average Energy savings: 31% to 71%
« Average Cost savings ($): 18% to 54%

» Heating efficiencies 50 to 70% higher than other heating
systems

« Cooling efficiencies 20 to 40% higher than available air
conditioners

Savings in Energy Costs in USA Compared to GHP

(S per Btu or kWh)

4x for electric resistance
3x for propane

2x for ASHP

2x for fuel oll

 2x for natural gas

Sources: Geo-Heat Center, http://geoheat.oit.edu/pdf/hp1.pdf, IGSHPA
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Operational & Maintenance Costs

« Make sure circulating pumps are sized correctly
— Oversized pumps are energy hogs

120000
108,600
100000- B Annual
Pump
Energy
80000+ kWh
65,500
60000+
40000
18,800 13,100
20000+

Constant Speed Primary / Variable Speed Decentralized
Secondary Loop Pumps

Source: Kavanaugh, K & Mclnerny, S, “Energy Use of Pumping Options for GSHP”
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Habitat for Humanity Project — Hope Crossing, OK

Standard Gas House

Attic Ventilation

Exhausgt Air
t

At

1
Supply Air

T
Incande ent
Lighfing

& Dual Pane
Clear

Vented
Uncondifoned

Flue
T

tic

Combustion

Low Energy GHP + PV House

SolarPV Array= &

Exhaug Air &
A :

e I ¢ ]
Attic Ventilaton T Supply Air
Floure <ent
Lighting
4+ Qutside Air

Dual Pane

; < Low-E Ground-

L Condengng Unit Low SHGC Source

4 Heat
Pump
Intemal Pump—7* -@ —

Standard Gas House

Low Energy GHP &
PV House

Energy Use

95 MMBtu

19 MMBtu

Energy Cost

$1,739

$522

CO, Emissions

25,460 Ibs

9,825 lbs
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400 t. Bore
Under Slab

U
Source: Ellis, D. (presented by Paul Bony
2010, April 19), ClimateMaster
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Source:  Bony, P., & Ellis, D. (2010, April 19). Field Experience with Ground-Source Heat Pumps in Affordable Low Energy Housing. Retrieved June 7, 2010, from Geothermal Academy: http://bechtel.colorado.edu/GA/meetings_summit.html  - Permission to use by Paul Bony

Here three bedroom, two-bath homes, each with about 1,250 square feet were compared for conventional fossil fuel heating and cooling versus a geothermal system and a Low Energy GHP and PV house.  First, a standard gas house was compared to a low energy GHP house.  The standard house had insulation on the attic floor, dual pane clear windows, and attic ventilation.  The Low energy GHP home, has a sealed attic with foam insulation on the outside of the entire building envelop, duel pane, low energy windows, with no attic ventilation.  The amount of energy consumed, energy costs, and CO2 emission for these two structures is shown below

The comparison to a Standard gas house and Low energy GHP and PV seems to be slated in favor of GHP due to the tighter building envelop.  However, another Habitat for Humanity development in Oklahoma installed with both geothermal heat pumps and standard gas houses.  The Spencer project was built with standard building envelopes for a GHP and gas systems.  The building specification and loads for each are as follows: 
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Use & Availability — Certified Designers & Installers

INTERNATIONAL GROUND SOURCE
HEAT PUMP ASSOCIATION
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Feel Confident with the Team

 Find certified contractors, designers, & installers:

IGSHPA

 Call around to University's in the area who might do
research on GHP and find out who are the best contractors

» Get firms that understand the critical importance of
designing a GHP system that fits the building use and loads

MATIONAL RENEWABLE EMERGY LABORATORY Innovation for Our Energy Future
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Financing Options
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Help with the Costs

« ESCOs - Energy Services Company
— Successful with Fort Polk
— Energy Saving Performance Contract (ESPC)
« Utility Negotiations
— Reduce rates due to reduction of summertime peak loads with GHP

« Utility & Tax Incentives
— DSIRE - http://www.dsireusa.orqg/

MATIONAL RENEWABLE EMERGY LABORATORY Innovation for Our Energy Future


Presenter
Presentation Notes
DSIRE (Database of State Incentives for Renewables and Efficiency)
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Key Information for RFPs
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Things you should have in an RFP

1. All contractors, installers, designers, & drillers must be
IGSHPA certified

2. Require a minimum number of previous successful GHP
projects in your area and references
3. Contact the bidders previous clients

4. Costs

1. What are the actual performance savings of previous projects

2. Clearly state how you want the GHP components broken down —
NO LUMP SUM Contracts

Project Specifications

* GHP General Specifications — by Oak Ridge Lab
— http://www.ornl.gov/~webworks/cpr/v823/rpt/107119.pdf

MATIONAL RENEWABLE EMERGY LABORATORY Innovation for Our Energy Future
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Proj ect QA/QC and Monltorln g
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QA/QC

 Get GHP Smart...Fast
* Know the processes and what to look for

* If you get qualified owners rep, make sure that they are
|IGSHPA certified or have worked on several successful
GHP projects.

MATIONAL RENEWABLE EMERGY LABORATORY Innovation for Our Energy Future
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Tools & More Information on GHP
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Software & Certified Installer Directories

Industry Directory

« RETScreen ¥l &gResoures « IGSHPA m‘ﬁm
— http://www.retscreen.net/ang/ - http://www.iqshpa.edu/
g_ground.php directory/directory.asp
. GeoKISS * GEO Lo
— http://www.geokiss.com/gsoft — http://lwww.geoexchange.org/fi
ware.htm _a nd-a-pro/geothermal-heat-

pump-directory.html

e Gaia Geothermal

— http://www.qaiaqeb.com/

More Information

 Geo-Heat Center
— http://geoheat.oit.edu/techpap.htm#heatpump

« GROUND-MED
— http://www.groundmed.eu/

» Geothermal Surviver Kit - Rafferty
— http://www.heatspring.com/downloads/intro/GeothermalSurvivalKit.pdf
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