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The following report summarizes the work to date and identifies next steps for the Paisley
School fuel saving alternatives project.

Project Goal

Paisley school was analyzed for fuel saving alternatives that could significantly reduce
the energy costs of the oil heating bill for the school of $45, 000 for last year. This

analysis included:

1) The evaluation, through clean-out drilling, of the existing Paisley geothermal well
2) Evaluating significant energy efficiency
3) Conversion of the existing heating system to Geothermal Heat Pumps.

Ttem #1 the well test was performed and identified $25,000 in improvement costs to be
effective and was discontinued. (See Attachment #1 - Norm Seavey well! drilling report)

Item #2 identified three energy efficiency upgrades that are economically viable

including wall insulation, floor insulation, double pane glass and boiler firing up-grades.

All of these efficiency measures fall within the Oregon State Guideline for Energy
Efficiency and Renewable Energy loans of having simple payback of less than 10 years.

$ Savings per Simple Payback - years
- year
" {-Measure #1 — Energy Savings | $4,731 5.2 to 10.4 years
Wall Insulation
Measure #2 — Energy Replace | $4,735 4.3 10 6.3 years
windows with Double Pane
Measure #3 — Energy Provide .| $1,121 8 to 12 years
R-Floor Insulation

Item #3 the Geothermal Heat Pump fuel-oil replacement system met Oregon State
Guidelines for Energy Efficiency and provided important health standard up-grades as
well as significant maintenance cost reduction,

Geothermal Heat Pump With Energy Without Energy
Efficiency Efficiency Measures
Measures

Savings/yr $24,256/yr $30,000/yx

Simple Payback - years 57094 561093

Grants and loans through the Oregon Department of Energy are specifically available for
this praject. The Oregon Department of Energy BETC pass through credit will apply to
the energy conservation portions of this project at a rate of 30.5% credit. The geothermal
heat pump system will require prior approval for a pass-through tax credit of 30.5% by
demonstrating comparable performance on equivalent or better energy performance as



documented by whole building modeling, is commissioned, and is verified by an
independent third-party.

Another recent funding grant opportunity for schools comes from the Williams Oil
settlement where funds have been used specifically for schools. The Oregon Department
of Energy has specific funds available for schools including low interest energy loans.
Principal Mark Jeffiies, principal of Paisley School, said that his board would consider
loan and grant opportunities to achieve these energy goals.

The Paisley School is critical to the continuance of the community of Paisley. The schoo!
has been awarded an exceptional Oregon Charter School designation because of the
commitment by the faculty and staff. The school includes a dormitory that houses ten
foreign students each year to add to the diversity of the school and community. Mark
Jeffiies, Paisley School principal, will be providing a letter describing the vital role of
this school in this rural Oregon community.

Item #1 - Fuel Oil Conversion System - Geothermal Well

The initial concept of conversion of the fuel oil system was to use the Paisley City
Geothermal well. The existing Paisley City well is located within % mile of the school
was identified by the well log as having a temperature potential of 140 degree.

Norm Seavey well drilling of Klamath Falls was hired to re-drill the well. In summary,
the well driller evaluated the well drilling report for this well as well as several others
located in the vicinity. From these reports he determined that there was a potential for
140 degree water at this well and with a flow capacity that would meet the needs of the
school,

He recommended that a camera test should be performed prior to moving the rig on site
to determine the conditions of the existing well. The camera test indicated that cleaning
the well with the drilling rig could restore the well to original conditions. The camera test
did not identify the well collapse that occurred during the cleaning process.

During the well cleaning process, which required rotary drilling of the existing well,
drillers found that the well probably had the 140 degree potential that would be required
but the well caved in during the drilling process. The only way to possibly make this well
useable would be to case the well with piping all the way from top to bottom. The
expense of this was estimated at $25,000 at the time the well rig was on site. The well
drillers could not ensure that this well would even be functional with this improvement,
Funding was not available for this improvement and without the insurance that an
effective well would be the result.

Betty Riley, in consultation with this engineer, determined that the well casing cost was
beyond the scope of the project and the well project was terminated.

Item #2 - Energy Efficiency Measures



The following tables describe the best energy efﬁciency measures for Paisley School.
These measures are identified as feasible by using the Oregon Department of Energy
Loan Program guideline of energy measures with pay-backs of up to 10 years. The cost
of these efﬁctency measures is the next step in this Paisley project to determine exact

costs.

These measures include:
1) Insulating the existing solid concrete walls
2) Replacing the double pane windows with single pane windows
3} Insulating below the floors _
4) Upgrading the fuel oil boiler — This measure was eliminated because of the recent
boiler firing upgrades of 2007.

Existing single | Measure #1 - Measure #2 measure #3
pane windows | R-11 wall Double pane R-19 floor
and no wail insulation. windows insulation
insulation
Heating BTU/hr | 679,556 626,979 626,902 668,438
Load _
Heating 52,577 BTU/hr. | 65,987 BTU/r. | 11,118
BTU/Howr BTU/Mr
Savings
Heating Gallons | 15,602 gallons | 14,357 gallons | 14,356 15,307
Oil per year '
Heating $/year - | $59,287 $54,556 $54,552 $58,166
-~ last year
average *
Savings $/year |$0 $4,731 $4,735 $1,121

* Assumptions for calculations included Lakeview Oregon Héatmg Degree Days of 7072,
Boiler efficiency of 80%, 138 000 BTUH per gallon fuel and $3.80 per gallon fuel cost —
2007-2008.



BTU/Hr | $Savings | § Installed | $ Installed | $ Installed Simple
Savings | per year | Cost/square | Cost * Cost — Payback
ok foot 30.5% years
BETC
Measure #1 — | 45,769 [ $4,731 [ $10t0$20 [ 3$24,6001t0 | $17,097to | 3.6 to 7.2
Energy BTU/r, $49,200 $34,194 years
Savings Wall
Insulation ** .
Measure #2 - | 60,202 [ $4,735 |$10t0$15 |$20,040t0 | $14,178 10 | 3 t0 4.5
Energy BTU/hr. $30,060 | $21,267 | years
Replace
windows
with Double
Pane
Measure #3 - 1 59,860 | $1,121 [$2t0$3 $8,062t0 | $5,603t0 |5107.5
Energy BTU/Hr. $12,093 | $8,404 years
Provide R-
Floor
Insulation

* Installed costs of construction in Paisley require a much more detailed analysis than
using standard construction costs. Paisley is 150 miles from the closest contractors that
will likely bid on these projects.

** Energy measure #1 requires insulating the existing concrete block walls. The least
expensive method would be.to fiur out the inside walls and insulate with new interior

sheet rock,

*** Assumptions for calculations included Lakeview Oregon Heating Degree Days of
7072, Boiler efficiency of 80%, 138,000 BTUH per gallon fuel and $3.80 per gallon fuel
cost — 2007-2008,

Item #3 - Fuel Oil Conversion System — Geothermal Heat Pump

The geothermal heat pump technology is one that is very familiar to this engineer as he
has had the experience of installing five of these systems and consulting on the design of
the systems to sizes of 1,000 tons or 120,000,000 BTU/Hr. of capacity. (Consultant for
CSHQA of Boise, Idaho), These systems are identified as the highest efficiency heating
and cooling system available today by both the DOE and EPA. (Attachments 2 - 5

The geothermal heat pump systems have and installed first cost of less than a geothermal
hot water system if the Paisley City well would have produced. These mechanical
systems have a life expectancy of over 50 years and there are over 2 million of them
installed in the US. The newest energy funding incentives by the federal government




offers a $2,000 incentive to homeowners for the installation of these systems and the
State of Oregon offers $600-$900.

A remarkable example and case study of the use of these systems is found in the article
Geothermal Heat pump System for the Chiloguin Community Center (Attachment 6).
The architectural design for the new Lakeview Library Building utilizes a Geothermal
Heat Pump.,

The Geothermal Heat pump system bury pipe in the ground through trenches that transfer
the constant earth temperature of about 50 degrees through a heat pump to heat or cool a
building or residence. These systems currently operate with efficiencies of 300 to 400%,
This translates info energy costs that are ¥4 to 1/3 of electric heating costs. Since the cost
of oil heating with oil in Lake County and Paisley is essentially the same as the cost of
heating with straight eleciricity, these systems would reduce heating costs by % to 1/3.

The load calculations for this school identify a peak heating load in the building of
679,556 BTU per hour. This load could be reduced to 549,874 BTU per hour by
implementing the three energy efficiency measures described below.

A rough estimated cost for a geothermal Heat Pump System would cost between $3,000
and $4,000 per 12,000 BTU per hour of heating, $230,000 to $270,000 with energy
efficiency upgrades and $280,000 to $340,000 without upgrades.

Energy savings are expected to a minimum of 2/3 of existing energy costs. A rough
estimate of these savings would be to reduce fuel costs from $45,000 per year to $15,000
per year or a savings of $30,000 per year. The exact cost benefit in energy savings will be
determined in detail in phase 2 of this project.

Geothermal Heat Pump with Energy Upgrades without Energy Upgrades
System Cost ** $140,000 to $230,000 $170,000 $280,000
System Cost after 30.5% $97,300 to $159,400 $118,200 to $194,600
BETC Credit

Qil fuel costs/yr * $36,400 $45,000

Energy Costs for $12,133 $15,000

Geothermal heat Pump/yr

Savings/yr $24,256/yr $30,000/yr

Simple Payback - years 4.1t06.6 . 4106.4

* Assumptions for calculations included Lakeview Oregon Heating Degree Days of 7072,
Boiler efficiency of 80%, 138,000 BTUH per gallon fuel and $3.80 per gallon fuel cost —
2007-2008.

*# Installed costs of construction in Paisley require 2 much more detailed analysis than -
using standard construction costs. Paisley is 150 miles from the closest contractors that
will likely bid on these projects.




Other Geothermal Heat Pump Benefits

In addition to these benefits of energy savings, reduced maintenance costs and better
health are that each classroom and office has its own heating or cooling unit, Each
teacher has individual comfort control for that classroom,

The existing HVAC system for this school should have been upgraded for indoor air
quality, health and code reasons years ago. In this facility it was determined that the
nearly 100 year old hot water heating system does not circulate the required outside air
amounts to meet minimal code compliance.

The original school hot water distribution system, built in the early 1900's, is being used
to circulate water through the existing classroom heat exchangers. Parts are no longer
available for any of the components of the existing heat water system. When failures
occur custom manufacturing of the existing equipment is performed by machine shops in
Portland at a cost of 3 to 4 times the cost of off the shelf heating

The maintenance operator of the system has specialized skills for maintaining the existing
system. He is competent in boiler operation and customized maintenance of heating
equipment. He has machining and welding skifls. He has done an outstanding job of
maintaining a system that is 100 years old.

Next Step

Step #1 Paisley City well and performed energy andit

Step #1 of the original grant has been completed which cleaned out the existing Paisley
City Well and performed an energy audit to identify significant energy savings
opportunities for Paisley School.

Step #2 Cost and economic analysis of energy measures and Geothermal Heat Pump
Step #2 of the project is to do a thorough cost analysis of the identified energy savings
measures and the new Geothermal Heat Pump system to determine accurate cost
paybacks. The time required to complete this cost analysis is 100 hours, Step #2 would be
completed by the end of April.

Step #3 Identification of funding opportunities and interaction with School Board
Step #3 includes identification of funding opportunities and interaction with the school
principal and board in proceeding with funding sources. The identification of existing
funding sources that are available to the school district to pay for this up-grade and make
presentations to the board would require an additional 100 hours of work. This includes
the elements of grant and loan preparation required by the Paisley Schoo! district and the

final report,
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Norin Sevey Wetl Drilling, Tne.

5619 LELAND DRIVE KLAMATH FALLS, OREGON 57603 PHONE 882-3504

Re: Geothermal well at Paisley, Oregon

Our company was contacted by Robert L. Rodgers and Betty Riley to try to determine
the feasibility of using the old well at Paisiey, Oregon as a geothermal source. The first
step taken was to review the well log for the well and suirounding wells. The original
driller stated he hit hot water. However the well bore was caving in near the bottom and
would need to be cased.

After discussing the options, mechanical engineer Robert L. Rodgers and I decided the
first thing to do would be fo video the well to see the condition of the well bore and see if
the bottom of the well was clear of any drilling tools left in the hole from. the previous
driller.

We sent a camera down the hole but to our surprise the camera could only go down
about 90 feet. So the decision was made to bring the drilling rig to Paisley to clean out
the hole and get a temperature and flow test.

The driling rig found only a bridge at 90 feet. However the well was now caving in
from 200 to 230 feet, well above the original completed depth, We air tested the well. It
produced about 30 GPM from 200 feet at 104 degrees Fahrenheit.

At this point we felt we would have to case off the caving spot just to see if we could get
a usable geothermal well. The estimated cost to clean out the well and case it would be
‘approximately $25,000.00. The decision was made by mechanical engineer Robert L.
Rodgers and Beity Riley SCOEDD that it wasn’t worth the risk to spend that much
money on the well just to see if it might produce any measurable geothermal benefits.

Sincerely,

Stephen Hughes
Norm Sevey Well Drilling, Inc.



() (T
EERE Consumer's Guide: Gewdiermal Heat Pumps A Page 1 of 2

Atadnmenct 2

U.S. Department of Energy - Energy Efficiency and Renewable Energy
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Geothermal Heat Pumps _
Geothermal heat pumps (sometimes referred to as GeoExchange, earth-coupied, ground-
source, or water-source heat pumps) have been In use since the late 1940s. Geotharmal
heat pumps (GHPs) use the constant temperature of the earth as the exchange medium
Instead of the outside air temperature. This allows the system to reach fairly high
efficlencies (300%-600%) on the coldest of winter nights, compared to 175%-250% for
atr-source heat pumps on cool days.

While many parts of the country experfence seasonal temperature extremes-—from
scorching heat In the summer to sub-zero cold In the winter—a few feet below the earth’s
surface the ground remains at a relatively constant temperature. Depending on latitude,
ground temperatures range from 45°F (7°C) to 75°F (21°C). Like a cave, this ground
temperature is warmer than the air above it during the winter and cooler than the air in
the summer, The GHP takes advantage of this by exchanging heat with the earth through
a ground heat exchanger. : '

As with any heat pump, geothermal and water-source heat pumps are able to heat, cool,
and, if so equipped, supply the house with hot water, Some models of geothermal _
systems are available with two-speed compressors and variable fans for more comfort and
energy savings. Relative to air-source heat pumps, they are quieter, last fonger, need
little maintenance, and do not depend on the temperature of the outside air.

A dual-source heat pump combines an air-source heat pump with a geothermal heat
pump. These appliances comblne the best of both systems. Dual-source heat pumps have
higher efficiency ratings than air-source units, but are not as efficient as geothermal units.
The main advantage of dual-source systems Is that they cost much less to install than a
single geothermal unit, and work almost as well,

Even though the instaliation price of a geothermai system can be several times that of an
alr-source system of the same heating and cooling capacity, the additional costs are
returned to you In energy savings in 5-10 years. System life is estimated at 25 years for
the inslde compenents and 50+ years for the ground loop. There are approximately
50,000 geothermal heat pumnps installed in the Unfted States each year.

» Types of Geothermal Heat Pump Systems
» Benefits of Geothermal Heat Pump Systems
¢ Selecting and Installing a Geathermal Heat Pump System

Learn More
Financing & Incentives

» Find State and Local Incentives
Database of State Incentives for Renewables and Efficiency

'« DOE Financial Opportunities for Consumers

» Financing
ENERGY STAR®

 Find Federal Tax Credits for Energy Efficiency
ENERGY STAR®

Product Infoirmation

http://appsl.ecre.energy.gov/consumer/your_home/space_heating_caoling/index.cfm/myto... 2/24/2009
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s Geothermal Heat Pumps
ENERGY STAR®

Professional Services

= Accredited GHP Installers
International Ground Source Heat Pump Association

Department of Energy Resources
« Geothermal Heat Pumps
Geothermal Technologies Program

» How tg Buy an Energy-Efficlent Ground Source Heat Pump

Federal Energy Management_Program

State & Local Resources

+ Geothermal Heat Pumps
California Energy Commission’s Consumer Energy Centar

Related Links
s Geo-Heat Center

¢ Geothermal Heat Pump Consortium, Inc.

» Resldential _
International Ground Source Heat Pump Assaciation

« Frequently Asked Questions

International Ground Source Heat Pump Association

» Geothermal Heat Pumps
PATH (Partnership for Advancing Technology In Housing) Technology Inventory

Reading List )
» Rafferty, K. (February 2001). "An Information Survival Kit for the Prospective
Geothermal Heat Pump Owner." (PDF 229 KB). Geo-Heat Center, Oregon Institute
of Technology.
» "Heat from the Earth: Geothermal Heat Pumps." (October 1996), The Family
Handyman (46:9); pp. 9-12.
+ "Space Conditioning: The Next Frontier." (Aprit 1993). 430-R-93-004:
Environmental Protection Agency.
Rock Smith, B.; Arco, 1. (November/December 1996), "Do You Dlg M
Heat Pumps?" Home Energy.
Rafferty, K. (March 2000). "A Gulde to On-Line Geologlcal Information and
Publications for Use in GSHP Site Characterization." (PDF_366 KB). Oregon Institute
of Technology's Geo-Heat Center.
Rafferty, K. (July 1999). "Scaling in Geothermal Heat Pump Systems." (PDF 1.2
MB). Geo-Heat Center, Oregon Institute of Technology.
Catalde, S. (September/QOctober 1999}, *Ground-Source Heat Pumps Dig In." Home
Energy.

Consumer's Guide Home | EERE Home | .S, Department of Energy

Webmaster | Web Site Policles | Security & Privacy | USA.goy
Content Last Updated: December 30, 2008

http://apps|.eere.energy.gov/consumer/your_home/space_heating_cooling/index.cfm/myto... 2/24/2009
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Types of Geothermal Heat Pump Systems '

There are four basic types of ground loop systems. Three of these—horizontal, vertical,.
and pond/lake—are closed-loop systems. The fourth type of system is the open-loop
option. Which one of these Is best depends on the climate, soil conditions, available land,
and local installation costs at the site. Alf of these approaches can be used for residentiat
and commercial building applications.

Closed-Loop Systems

Horizontal

This type of Installation Is generally most cost-effective for residential installations,
particularly for new construction where sufficient land is avallable, It requires trenches at
least four feet deep. The most common layouts elther use two pipes, one buried at six
feet, and the other at four feet, or two pipes placed side-by-side at five feet in the ground
in a two-foot wide trench. The Slinky™ method of looping pipe aliows more pipein a
shorter trench, which cuts down on installation costs and makes horizontal installation
possible in areas It would not be with conventional horizontal applications. -

Closed Loop Systems =~ w -
Horizontal " SR

Vertical

Large commercial bulldings and schools often use vertical systems because the land area
required for horizontal foops would be prohibitive. Vertical loops are also used where the
soil is too shallow for trenching, and they minimize the disturbance to existing
landscaping. For a verticai system, holes (approximately four inches in diameter) are
driiled about 20 feet apart and 100-400 feet deep. Into these holes go two plpes that are
connected at the bottem with a U-bend to form a loop. The vertical loops are connected
with horizontal pipe (i.e., manifold), placed in trenches, and connected to the heat pump
in the building.

http:/!appsl.eere.energy.gov/consumer/y0ur_home/space_heating_cooling/index.cfm/myto... 212412009
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Closed Loop Systems .
Vertleal . L

Pond/Lake
If the site has an adequate water body, this may be the lowest cost option. A supply line

pipe is run underground from the building to the water and colled into circles at least
eight feet under the surface to prevent freezing. The colls should only be placed in a2 water
source that meets minimum volume, depth, and quality criteria,

Pand/Lake

Closed Loop Systems """ " % (T

Open-Loop System

This type of system uses well or surface body water as the heat exchange fluid that
circulates directly through the GHP system. Once it has circulated through the system, the
water returns to the ground through the well, a recharge well, or surface discharge. This
option is obviously practical only where there is an adequate supply of relatively clean
water, and all local codes and regulations regarding groundwater discharge are met,

http:f/appsl.eerc.enel‘gy.gov/c0nsumer/your_home/space_heating_cooling/index.cfm/myto,.. 2/24/2009
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Open Loop Systems

Learn More
Financing & Incentives
» Find Federal Tax Credits for Energy Efficlency
ENERGY STAR®

Product Information

+ Geothermal Heat Pumps
ENERGY STAR®

Pepartment of Energy Resources
+ Geothermal Heat Pumps
Geothermal Technologies Program
= How to Buy an Energy-Efficient Ground Source Heat Pump
Faderal Energy Management Program . .

State & Local Resources

» Geothermal Heat Pumps
California Energy Commission's Consumer Energy Center

Related Links
¢ Geo-Heat Center
+ Gecthermal Heat Pump Consortium, inc.
* Residential
International Ground Source Heat Pump Association
+ Frequently Asked Questions

Internationai Ground Source Heat Pump Association

e Geothermal Heat Pumps
PATH (Partnership for Advancing Technology in Housing) Technology Inventory

Reading List
+ Rafferty, K. (February 2001). “"An Information Survival Kit for the Prospective

htip://apps1.eere.energy.gov/consumer/your_home/space_heating_cooling/index.cfm/myto... 2/24/2009
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Geothermal Heat Pump Owner." (PDF 229 KB). Geo-Heat Center, Oregon Institute
of Technology,

» "Heat from the Earth: Geothermal Heat Pumps." (October 1996). The Family
Handyman (46:9); pp. 9-12.

Consumer's Gulde Home | EERE Home | U,S, Department of Energy
Webmaster | Web Site Policles | Security & Privacy | USA.gov
Content Last Updated: December 30, 2008

http://appsl.eere.energy.gov/consumerfyour_home/space_heatinghcooling/index.cfm/myto... 2/24/2009
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GeoExchange Systems
The New Heating, Ventilation and Air-Conditioning (HVAC) Technology

by Roger L, French P.E, BSEE

Definitions

What is a GeoExchange System?

A geoexchange system is an electrically powered heating and cooling system for interior
spaces, This system utilizes the earth (or a pond or lake) for both a heat source and a heat
sink. Components of this system include a heat pump, a hydronic pump, a ground heat
exchanger, and a distribution subsystem. Most geoexchange systems utilize air ducting
for the distribution system, and polyethylene piping in the earth for the heat exchanger.

What is a Heat Pump?

A heat pump is an electrically powered mechanical device that takes heat from one
location and moves it to another location. A typical air conditioner is a form of a heat
pump in that it takes heat out of the interior space and then rejects that heat outdoors.
However, a true heat pump can work in either direction, unlike a typical air conditioner.
A heat pump can take heat out of an interior space, or it can put heat into an interior
space.

What is a GeoExchange Heat Pump?

Unlike the air conditioner that rejects heat into the surrounding air through the condenser
(which resembiles a caged box, sits outside the house, and makes noise when it turns on),
the geoexchange heat pump rejects heat into the earth during the cooling mode, and takes
heat out of the earth while in the heating mode. GeoExchange Heat Pumps are more
commonly referred to as Ground Source Heat Pumps. (See Notes)

Understanding the GeoExchange System
(Portions of the following are excerpled from "Outstanding Home Comfort Through Advanced Techinology” by the Geothermai Heat Pump
Consortium}

How GeoExehange Systems Work

(GeoExchange systems, like common heat pumps and air conditioners, make use of a
refrigerant to help transfer (or pump) heat into and out of your home. The refrigerant
helps the GeoExchange system take advantage of two primary principles of heat transfer:

1. Heat energy always flows from areas of higher temperature to areas of lower
temperature, _

2. The greater the difference in temperature between two adjacent areas, the higher
the rate of heat transfer between them.
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Refrigerators, air conditioners, and heat pumps all operate by pumping refrigerant
through a closed loop in a way that creates two distinct temperature zones--a cold zone
and a hot zone.

The simplest example of such a system is the universally familiar home refrigerator. In a
refrigerator, a fan blows the air inside the box over tubes containing refrigerant that is
very cold (typically below 0° F). Heat flows from the interior air to the cooler refrigerant.
The refrigerant is then pumped to the high-temperature section, which is exposed to room
air outside the refrigerator box. Because the refrigerant is hot in this zone, it gives up heat
to the relatively cooler air in the room, before flowing back to the cold zone to begin the
loop again. '

An air conditioner works in exactly the same way,
except that it extracts heat from the air inside a room or
building and transfers it to the air outside the building,

A conventional heat pump adds a reversing capabitity,
so the hot zone and the cold zone can be switched.
With the zones reversed, it can extract heat from the
outside air in the winter and transfer it inside.

Granted, being able to extract heat from frigid winter
air seems like it shouldn't work, but it will if we can
See larger image (78k) expose the cold air to refrigerant that's even colder than
it is. And modern heat pumps can do that.

When the outside air gets extremely cold, the conventional (air source) heat pump has to
resort to electric resistance heating. This reduces efficiency dramatically. _

The Super Efficiency of GeoExchange

Standard (air source) heat pumps, while relatively simple to operate, face one major
challenge: their operating efficiency is lowest when demand is highest. That is, heat
pumps (air source) have to work hardest when we demand the most performance from

them,

As we've fust seen, a regular heat pump (air source) extracts heat energy from outside air
in the winter, and rejects heat to outside air in summer. Unfortunately, the colder the
outside air, the more difficult it is to extract heat from it, and the hotter the outside air, the
harder it is to transfer heat to it. The temperature difference between the air and the
refrigerant is small in both cases, lowering heat transfer rates within the system.
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Yet, the colder it gets outside, the higher the rate of
heat loss through windows, around doors, and through
walls and roofs, and the more heat we need to pump
inside to keep indoor temperatures comfortable. In
summer, we face a similar dilemma. The hotter it gets
outside, the higher the rate of heat infiltration into the
house, and the more heat removal we need to maintain

~ comfort. -

A GeoExchange system eliminates this dilemma by
using the relatively constant temperature of the
earth as a heat source in winter and a heat sink in

See a larger image (78k) summer, instead of outside air,

Throughout most of the U.S,, the temperature of the ground below the frost line (about 3
to 3 feet below the surface) remains at a nearly constant temperature, generally in the 45 ©
-50 ° F range in northern latitudes, and in the 50 ° 70 ° F range in the south. So, in the
winter, a GeoExchange unit can extract heat from the earth that's relatively warm
compared to the cold outside air, and in the summer, it can discharge heat to the earth that
 is relatively cool, compared to the hot outside air. Since the difference between the
refrigerant temperature and the ground temperature remains relatively high in both
seasons, so do heat transfer rates. Consequently, the GeoExchange system operates at
much higher year-round efficiencies than a standard heat pump,

The Cleanliness of GeoExchange Systems

Installing a GeoExchange system is environmentally responsible. Since a GeoExchange
system merely transfers heat from the ground into your home in winter, you don't need to
burn any fossil fuels to create a warm interior environment. The approach drastically
reduces carbon dioxide emissions {(a greenhouse gas) compared with the operation of
other heating systems, and completely eliminates the heating system as a potential source
of carbon monoxide fumes within your home - making the GeoExchange system an
environmentally friendly as well as safe and healthy alternative to traditional oil and gas
furnaces,

Making The Ground (Earth) Connection

The unique aspect of the GeoExchange system, and the key to its lengthy list of benefits,
is the "ground loop." The ground loop provides the means of transferring heat to the earth
in summer, and extracting heat from the earth in winter. There are "closed loop” and
"open loop” systems. Fixst, let's look at typical closed loop systems that recycle the same
water (the refridgerant) endlessly.

Physically, the ground loop consists of several lengths of plastic pipe typically installed
either in horizontal trenches or vertical holes that are subsequently covered with earth and
landscaping of your choice. Water inside the ground loop piping is pumped through a
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heat exchanger in the GeoExchange unit, In the summer, it absorbs heat from the
refrigerant hot zone and carries it to the ground through the ground loop piping. In
winter, it absorbs heat from the earth through the ground loop, and then transfers that heat
to the refrigerant cold zone.

The length of the ground loop will be determined by the heating and cooling loads, which
are determined in turn by the size of your home, its design and construction, its
orientation, and the climate where you live. Whether the ground loop is most efficiently
installed in horizontal trenches or in vertical boreholes depends on the type of soil near
the surface (rocky, sandy, clay-laden, etc.), the geology of the deeper terrain in your area,
and the amount of land available. Generally, horizontal loops are less expensive to install,
but require more land area. Vertical holes require much less land area, but require the
expense of drilling,

Another ground connection scheme - an "open loop" system - involves using wells
instead of closed loop piping. Where water is plentiful, it can be pumped out of a well,
through the heat exchanger at the GeoExchange unit, and then pumped back into another
well to return to the groundwater. Since the water merely absorbs or gives up heat, but is
not altered in any other way, it leaves the GeoExchange unit as pure as it was when it

entered it,

Any one of these instaliation schemes resuits in the same high efficiency, when propesly
sized.

Moreover, once the ground loop is installed, you can typically forget about it. The
polyethylene piping (the same type used for cross-country natural gas lines) does not
degrade, corrode, or break down in ground or water contact, so sound installations are
expected to last 50 years or more.

Free Hot Water
As a side benefit, most GeoExchange systems can be designed to produce free hot water
during the summer, by using waste heat extracted from the interior air during the air
conditioning season, Even in the winter, waste heat from the GeoExchange heat pump
can be converted to hot water to reduce the energy costs of the hot water heater.

Conclusion

GeoExchange is the most energy-efficient, environmentally clean, and cost-effective
space conditioning system available, according to the Environmental Protection Agency.
The EPA confirmed the superior efficiency of GeoExchange, finding that even on a
source fuel basis - accounting for all losses in the fuel cycle including electricity
generation at power plants - GeoExchange systems average 40% greater efficiency than
air source heat pumps, 48% greater efficiency than gas furnaces, and 75% higher
efficiency than oil furnaces. Today's best GeoExchange systems outperform the best gas
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technology, gas heat pumps, by an average of 36% in the heating cycle and 43% in the
cooling cycle.

GeoExchange systems use the Earth's energy storage capability to heat and cool
buildings, and to provide hot water. The carth is a huge energy storage device that
absorbs 47% of the sun's energy -- more than 500 times more energy than mankind needs
every year -- in the form of clean, renewable erergy. GeoExchange systems take this heat
during the heating season at an efficiency approaching or exceeding 400%, and return it
duting the cooling season. ' . _

In addition to aperating cost benefits, GeoExchange provides:

Heating without combustion of fossil fuels
No carbon monoxide or carbon dioxide
Increased safety '
Simpler design, maintenance, and operation
Free hot water in the summer

Wk =

No unsightly/noisy air conditioning or air source heat purnps in the y
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Just How Much More Efficient are GeoExchange Heat
Pumps?

The Environmental Protection Agency and the U.S. Department of Energy have both
recognized geoexchange technology as the most efficient and environmentally friendly
home heating and cooling system available. According to studies by the Environmental
Protection Agency, GeoExchange systems achieved a 48% increase in efficiency over gas
furnaces, a 75% increase in efficiency over oil furnaces, and 40% greater efficiency over
air source heat pumps. This all sounds wonderfisl, but just how does this relate to the
consumer in California where electticity costs are sky high, or to the homeowner in New
England thinking about replacing an oil furnace? '

This analysis seeks to investigate the actual comparisen costs of GeoExchange systems to
other conventional HVAC systems. The emphasis here is to present real world cost
comparisons to be used by consumers as a tool for determining expected operating
expenses, and payout times for new and replacement installations,

GeoExchange vs. Air Conditioning

Nearly all conventional residential and light commercial buildings use refrigerant type air
conditioning systems for cooling the interior space. These units all have the familiar
outdoor condenser units. Variations include packaged heating/cooling units and air
source heat pumps. All use outside air to cool the refrigerant, while rejecting heat into the
surrounding air. For the purposes of this discussion, all of these units will be referred to
as "air source" equipment,

Comparisons between GeoExchange Heat Pumps (GHP) and conventional air source
units are convoluted because of the sharp decrease in efficiency of air source equipment
as a function of outside air temperature. Manufacturers of air source equipment are guick
to post impressive EER and SEER numbers on their "high efficiency” models, but a
closer examination of the actual performance data shows that these lofty numbers do not
correlate well under realistic installed conditions. '

A typical example of a 3-ton air source unit shows manufacturer's SEER as 12.0.
However, a closer look at performance values yields a calculated EER value of 10.5, at
rated conditions (95° F entering condenser air, 67° F wet bulb evaporator). This would
represent a daytime temperature of about 90° F,

When the outside temperature rises to 100° F, the air source EER drops to 9.2, which
represents a reduction in efficiency of 12%. If ouiside temperature rises to 110° F, the air
source EER drops even further to 7.7, which represents a reduction in efficiency of 27%.
This means that the unit is requiring 27% more eleciricity to yield the same cooling.



Attachment 5

Another aspect of the air source units is that the cooling ability of the unit is also a
function of outside air temperature. A typical 3-ton unit can put out 3 tons of air
conditioning when the outside air temperature (at the condenser) is 95° ¥. But, if the
outside air temperature rises to 110° F (115° F entering the condenser), the unit can only
put out approximately 2.6 tons, a reduction of 14%. Condensers that are clogged with dirt
or debris will have even further reduction in efficiency.

The performance.of an appropriately designed GeoExchange system is independent of
changes in outside air temperature and humidity. Since the temperature of the earth where
the geoexchange occurs is relatively unchanged throughout the year, the GHP's efficiency
of both heating and cooling seasons is fixed. Typical efficiency for a 3-ton GHP in
cooling mode with entering water temperature (EWT) of 60° F is approximately 18 EER.
Comparing GHP to air source units as outside temperature varies:

EER Comparison of GHP vs. Air Souree Cooling

GeoExchange 8 18 18 "

Air Source 11 9 g |[

As indicated in the chart above, GHP systems for air conditioning are considerably more
efficient than the conventional air source units. Simple calculations show that energy
costs for a GHP are nominaly 40% less than air source; 50% less than air source at
100 degrees; and can be as much as 55% less than air source as femperatures rise
further. -

This efficiency analysis has attempted to examine like units for an "apples and apples"
comparison, It has not included the effect of a GHP desuperheater, the hot water feature
capability. In the summer, if the GHP is used to provide supplemental hot water to a
conventional gas or electric water heater, the efficiency disparity becomes even greater.
With the GHP's desuperheater in service, hot water in the summer essentially becomes -
free. -

GeoExchange vs, Gas Furnaces

Cost comparisons between GeoExchange Heat Pump systems and Gas Fired Furnaces are
difficult to evaluate for a number of reasons. First and foremost is the drastic difference
in prices of both gas and electricity over time and location. From data collected by the
Energy Information Administration, consumer prices for residential natural gas (per
MCF) in 2000 varied from a low of $3.57 in Alaska to $21.87 in Hawaii. Even ignoring
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these two states, there is still a variation between $5.17 paid in Michigan and $11.29 paid
in Connecticut. Attempting to establish a suitable electric rate is equally as difficult.
Again from data put out by the EIA, electrical rates (per KWh) for residential consumers
in 2000 varied from $.05 in Washington to $.16 in Hawaii,

Other factors to consider in making attempts to compare GHP to gas furnaces include
seasonal price fluctuations. In general, natural gas prices to consumers are higher in the
winter, while electrical rates many times are lower in the winter,

In this analysis, we will compare a typical gas-fired high efficiency furnace and a
GeoExchange heat pump. The pas furnace efficiency is 80%; the GHP COP is 3.5.

Calculations show that the break-even point occurs when the price of electricity per KWh
is equal to 0.15 times cost of 1 CCF of gas, For example, if the energy cost of consumer
gas is $1.00 per CCF, the break-even point for a GHP system is where electricity cost is
$.15 per KWh. So if the cost of eleciricity is less than $.15 per KWh, the GHP is more
economical. This is shown graphically in the chart below.

GHP vs Gas Fumnace
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To see how some real world conditions apply to the chart above, this analysis has
considered the average cost of natural gas and electricity for all states during the winters
of 1999-2000, and 2000-2001. We have also used the average residential electrical rate
average for all states during the same time period. Since the cost of natural gas was so
dramatically increased in 2000-2001, we will look at both cases individually, Actual
numbers assume units operating at 36,000 BTU/Hxr.
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Average natural gas prices during the winter of 1999-2000 were $.68/CCF, while
electrical rates averaged 8 cents/K Wh. From the chart, we can clearly see that the
intersection of those points is in the "green" area, Actual calculations show that the cost
to operate the 3-ton heating units were $.31 per hour for the gas unit and $.23 per hour for
the GHP. This represents a reduction in energy cost of approximately 26%.

Average natural gas prices during the winter of 2000-2001 were $.94/CCF, while
elecirical rates still averaged 8 cents/K Wh. From the chart, we can clearly see that the
intersection of those points is further in the "green" area. Actual calculations reveal that _
the cost to operate the 3-ton heating units were $.42 per hour for the gas unit and $.23 per
hour for the GHP. This represents a reduction in energy cost of approximately 45%.

GeoExchange vs. Heating Oil Furnaces .

Like the comparisons to natural gas, cost comparisons between GeoExchange Heat Pump
systems and Heating Oil Fumaces are difficult to evaluate. Heating oil prices fluctuate
due to seasonal demands, and the cyclical nature of crude oil prices.

In this analysis, we will compare a typical oil fired high efficiency furnace and a
GecoExchange heat pump. The oil furnace efficiency is 80%; the GHP COP is 3.5.

Calculations show that the break-even point occurs when the price of electricity per KWh
is equal to 0.107 times cost of a gallon of heating oil. For example, if the energy cost of
heating oil is $1.00 per gallon, the break-even point for a GHP system is where electricity
cost is 10.7 cents per KWh. So if the cost of electricity is less than 10.7 cents per KWh
under these conditions, the GHP is more economical. This is shown graphically in the
chart below. :
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GHP vs Qil Fumace
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Analyzing real world energy costs, the Energy Information Administration has projected
the average winter price of residential heating oil for winter 2001-2002 at $1.29 per
gallon. Residential electric rates for the last two years have averaged 8 cents per KWh.
From the chart, we can again see that the intersection of these two points is clearly in the
"green" area. The "green” area shows us graphically that the GHP is more economical
than the oil-fired furnace.

Comparing 3-ton units, calculations show that the cost to operate an oil furnace is $.41
per hour. The cost to operate a GHP is $.23 per hour, Therefore, operating the GHP
represents a 41% reduction in energy cost.

GeoExchange vs. LP Gas (Propane) Furnaces

Like the case with natural gas, comparisons with furnaces operating on propane are

subject to the same difficulties due to fuel cost variations. In this analysis, we will again

compare a typical gas-fired high efficiency furnace and a GeoExchange heat pump. The
- gas furnace efficiency is 80%,; the GHP COP is 3.5.

Calculations show that the break-even point occurs when the price of electricity per KWh
is equal to 0.16 times cost of a gallon of LP Gas. For example, if the cost of LP Gas is
$1.00 per gallon, the break-even point for a GHP system is where the electricity cost is 16
cents per KWh. So if the cost of electricity is less than 16 cents per KWh under these
conditions, the GHP is more economical. This is shown graphically in the chart below.
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GHP vs LP Gas Fumage
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In our effort to do some rea! world analysis, we find that the Energy Information _
Administration has provided us with average propane costs for residential consumers. In
2000, average annualized cost of LP Gas was §1.17 per gallon. For six months into 2001,
the same gallon of LP Gas has averaged $1.36 per gallon. With our two-year average
electricity rate of 8 cents per KWh, we can clearly see that the intersection of these two -
points is cleatly in the "green" area for both 2000, and 2001. Again, the "green" arca
shows us graphically that the GHP is more economical than the LP Gas-fired furnace.

Comparing 3-ton units, calculations show that the cost to operate an LP Gas-fired furnace
is $.57 per hour for 2000, and $.67 per hour for 2001, The cost to operate a GHP is $.23
per hour. Therefore, operating the GHP represents energy cost reductions of 60% and
677 respectively.

Conclusion

The analysis here is consistent with the EPA's results, although our assumptions appear to
have been chosen more conservatively, Regardless, it is clear that GeoExchange systems
are significantly more efficient and less costly to operate than all other methods of
heating and air conditioning systems. -
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CHILOQUIN COMMUNITY CENTER
CHILOQUIN, OREGON

Andrew Chiasson
Geg-Heat Center

LOCATION & BACKGROUND

The Chiloquin Community Center is located in
Chiloquin, Oregon, which is in southern Oregon, about 3¢
miles (48 km) north of Kiamath Falls, and about 250 miles
{402 km) south of Porifand. 1t is a single-level, 13,000 #2
(1,210 m?) structure that pravides Space for the Chiloguin

Public Library, ‘the Two Rivers Art Gallery, public arts and

crafts work-rooms, a large public meeting room with full
kitchen, and also leases offices fo the local Sheriff's
Department. Porticns of the building are in use 7 days per
week, year round. A sketch of the building footprint and
borefield are shown in Flgure 1.

The building is constructed of insulated concrete

form (1CF) walls and a conventional wood frame roof. As a
consequence of using ICF with fixed windows, the building
is extremely well insulated and air-tight. The entire slab is
insulated using 1-inch polystyrene board to reduce
downward heat loss in winter.

l ! - - o
Meeting Hall
- | L |
» L |
o L
Library Lobby At
Galle
L v

Flgure 1. Chifoquin Commaunity Center sn'e sketci
showing ground loop field,
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The building was constructed in 2003-2004, and
formally opened in the Spring of 2004, The ground-source
heat pump system installation began prior to the
commencement of the main building with the drilling of the
network of vertical bores comprising the earth heat
exchanger for the facility,

Average high temperatures in the area in July are
about 85°F (29.4°C) and average low temperatures in
January are about 22°F (-5.6°C). There are approximately
7000 (3890°C-day) heating degres days and 200 (110°C-
day) cooling degree days per year (65 °F (18°C) base).

SYSTEM DESCRIPTION
Ground Source System

The ground source system (shown in Figure 1) is a
vertical network of 16 bores, each 6-inch {152-mm) diameter
and 320 & (58 m) deep, and arranged in a rectangalar prid
with a bore~to-bore spacing of 20 ft (6.1 m). The u-tube
assemblies were fabricated using 1™ (254 mm) diameter
high-density polyethylene pipe (HDPE). Following insertion
of the u-tubes, 2 bentonite/silica sand grout was pumped into
the bores to achieve a nominal grout thermal conductivity of
1.0 Btw/hr-A-F (1.7 W/m-°C).

To aid in the design of the borefield, an in-situ
thermal conductivity analysis was performed on a test bore,
The resulting test data were used to determine that the
average thermal conductivity of the earth surrounding the
bore is approximately 0.62 Bavhr-8-°F (1.07 W/m-°C). The
mean earth temperature was measured at 56°F {13.3°C).

The geology at the site, based on the drilling logs,
consists of sands and gravels to a depth of approximately 16
ft (4.9 m}, with the remainder of the bore depths consisting
of gray clay deposits interspersed with occasional sandstone
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layers. The drilling was accomplished using air-rotary
methods (Figure 2).

Figure 2. Photograpl of drilling actlyities

Inierior System

A highly unusual integrated system design was
conceived for the project that addressed the energy
efficiency goals of the building owners, and built on the very
high thermal integrity of the shell. A crucial initial step in
this process was agreement on design criteria that allowed
for a wider range of indoor air temperatures than is typical
for a building of this type. This determination facilitated the
choice to use radiant floor heating as the primary means of
thermal distribution, and this concept was then extended to
include radiant floor cooling,

The buﬂ&mg 5 15 control zones are connected by a
hydronic piping system to a central plant that has only one
heat pump. The heat pump js a water-to-water unit (Figure
3) with a nominal rating of 15 tons (53 kW), and is equipped
with a single compressor and refrigerant circuit. To prevent
short-cycling, a thermal energy storage tank (Figure 4) is
employed on the building side of the heat pump a significant
buffer valume and de-coupiing the control of building water
distribution from the operation of the heat pump,

Because the building has no operable windows, all
ventilation air is provided by mechanical means. A heat-
wheel type air handling unit with a nominal capacity of 4600
cubic feet per mirute (cfin) (6,300 m*/br) is installed in the
atfic space, together with ducting to distribute the air to each
zone. At the zonal level, occupancy sensors operate a
damper in the ventilation duct to minimizing the air handled
by the fan system, These occupancy sensors also control
lighting in the individual zones. The fan speed is modulated
by means of variable frequency drives.
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Figare 3, Photograph of the 15 fon fﬁalér-wa!er
heat pump serving the entire bui!ding. Note I!te starage
lank on ihe right, &

The building’s hydronic circu!atic_ri'“pi.lmps are in-.
line centrifugal types, with variable frequency drives that are
controlled based on pressure in the supply pipe. At the heat
pump, the ground loep pump is also controlled with a
variable frequency drive. The tank circufation pump between
heat pump and thermal storage tank is constant speed, '

Figure 4. Photograph of the mechanical room, showing
the distribution piping and storage tank.

To alow the programming of desired control
sequences, a direct-digital control (DDC) system was
installed. The system uses ASHRAE's BACnet
communications protocol set over TCP/IP. 1t is therefore
possible fo use conventional internet browser software to
access and interact with the control system, and a dedicated
server is located in the building to accomplish this task.

PROJECT COSTS

The installed cost of the interior HVAC system was
$189,400 or $14.574¢ (156.83/m?) and the cost of the
ground foop was approximately $43,000 or $9.38/f
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($30.77/m) of vertical borehole. Thus, the total installed cost
of the entire ground-source heat pump system was $237,400
or $18,26/82 (196.55/m™).

PacifiCorp provided incentives to the owners,
underwriting the costs of pre-design analysis and
consfruction. Additional efficiency Incentives were provided
through the State of Oregon’s Business Energy Tax Credit
{BETC} program. Together these incentives totaled
approximately $80,000.

SYSTEM PERFORMANCE AND OPERATING COST

The first full year of operation has just completed,
and the building has proven itself to be even more efficient
than anticipated. Average energy use index is 19,800
Btw/f/yr or 5.8 kWh/fyr (624 kWhim¥yr), which is
especially impressive becanse the building operates with no
night setback due to the dynamies of the radiant slab.

Sub-metering of the building zones allows the
HVAC encrgy costs to be broken out and tracked. From
utility bills, the operating cost of the HVAC system for the
first year was about $5,350 or $0.4 1/ft? ($4.41/m).
OPERATING EXPERIENCES

Chiloquin Visions in Progress (CVIP), a non-profit
organization who raised funds to construct the building,
report that they are very happy with the low energy use and
operating cost of the building. Low operating costs are an
especially attractive feature for non-profit organizations.

As anticipated, the building design does not provide
for rapid adjustment to load changes with its radiant slab
heating/cooling systems. This might be perceived as a
drawback, but the building has no morning warm-up or cool-
down time since it is operated without night setback of
thermostatic controls. As designed, it seems to work
reasonably well with the normal functional requirements of
the building.

One rapid load change scenario that has been
somewhat difficult to deal with is the occasional large public
gathering in the meeting hall room. To best provide for the
sudden cooling load, it has been necessary to anticipate the
event by overcooling the room, and then keeping the supply
water temperature fower than would normatly be called for
at the central thermal storage tank. In addition, decorative
ceiling fans have been proposed in the meeting hall room to
increase air circulation as well as to give occupants a visual
pergeption of air movement,
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OVERALL SUMMARY
Buildlng Description:
Loeation: Chiloqain, Oregon
Occupancy: Community Center with continuous oceupancy
is some zones
Gross Floor Area: 13,000 2 (1,210 m%)
Number of Floors: 1
Type of Construction: New
Completion Date: 2003
July Avg. High Temp.: 85°F (29.4°C)
Jan Avg. Low Temp.: 22°F (-5.6°C)
Annual Heating Degree Days: T000°F-day (3890°C-day)
Annval Cooling Degree Days: 200°F-day (110°C-day)
Interior System:
Toral Installed Heat Pump Capacity: 15 tons (53 kW)
No. of Heat Pump Units:
Pumping Systenr: Central pumping, variable speed control
Additional notes: Radiant floor heating and cooling
Ground-Seurce Systenn:
Geologic Materials: Sediments
Mean Ann. Ground Temp.: 56°F (13.3°C)
Type: Vertical closed loop, single U-tube
Confleuration: 16 boreholes (4x4 grid pattern)
300 £t (98 m) deep, 20 (6.1 m) ft spacing
Borehole per tom: 342 ftfton (29.6 m/AkW)
Heat Transfer Fluid: Methanolfwater solution
Economic Analysis:
Installed Geothermal HVAC Capital Cost:
$237,400 ($18.26/87) (196.55/m®)
Estimated  Conventional ~ HVAC
$130,000 ($10.00/R%) (107.64/m*)
Armual HVAC Energy Use:
19,800 Btw/f? (62.4 kWh/m?)
Annual HVAC Energy Cost:
$5,350 ($0.41/R%) ($4.41/m?)

Capitadl  Cost;
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|Partiions cft 9 - g 0 -
ICalling o [ - oit 0 -
Overhead Lighting 14459 W 49452 - 0 0 -
Task Lighting QW ] - 0 0. -
Eloctric Equipment 8787 W 25070 - 0 0 .
Poople 519 127167 108431 ¢ 0 0}
{infittration - 0 [} - ] ]
Miscelaneous - 0 0 - 0 0
Sefaty Factor 0% 1 0% 0 9] . 0% ] [
Zona Conditioning u 322840 106439 - 271985 0]
Plenum Wal Load % [t} - 0 | -
Plenum Roof Load 0% 0 - 0 0] - -
{Plenum Lighitng Load 0% 0 - [ 0] R
[Retum Fan Load 24132 CFM 0 -1 2132CFM ] -
Ventlation Load 5526 CFM{ 75383 -106442 5928 CFM 40757% 0
Supply Fan Load 21132 CFM| q | 21132 CFM 0 N
Space Fan Cod Fans - [+ - . 0 -
Euct Heat Gain / Logs 0% 0 . 0% al -
¥
Central Cocling Coll - 398322 0 - -0 0
Central Heating Col - 0 - - 6?9558| -
- il
Key: Positive values are cig loads Positive values are hig loads
Negative values are hig loads - Negative values ara clg lpads
Hoezrly Analysis Program v.4.4 Paga 1 of 1
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P ; Palslay Schoot = F\L“DHD R- o -—r"u.)A—- L O&\)o;ﬁﬁms
Name:
pﬁgﬁwﬁ overson Institute of Technology S /A—gé@-l_g' S 02:40PM
(OOLING DATA AT Jul 1880 HEATING DATA AT DES HTG

COOLING OADB/WB 20.0°F/62.0°F HEATING CADB /WE 3.0 4.5
Sensible Latent Sensible Latent
ZONE LOADS Details {BTUM) BTUR) Details {BTUMr) {BTUMr)
wWindow & Skyfight Sclar Loads 2040 §t 66844 - 2040 2 - -
Wall Transrmission 2450 ft* 1764 - 2480 ft* {1920 -
Roof Transmission 83490 fit 35327 - = B380fF - 40844 -
'Window Transmission 2040 {2 13308 - 204007 160054 -
Skylght Transmission o [ . 0t g -
iDoor Loads oI 0 . o 0 -
{Eloor Transmission 4031 11* 3173 E 4031 ft* 24458| .
|Pastitions o fe 0 - 0 R 0 -
1Ceiling 0 ft* ] - ot 0 -
Overhead Lighting 14499 W 49452 - Of s} -
Task Lighting ow 0 - ot o} -
Elactric Equipment 5787 W 29979 - 0 ol -
|Pscpla - 519 127167 106431 0 ) 0
{infiltration - 0 0 - 0 0
. |Misceflaneous B 0 [ - 0 3]
Safety Factor 0% [ 0% [ [ 0% 0 [}
Zone Condltioning - 316535 108431 - 220787 0
Plenum Wall Load 0% 0 - 0 [ -
Plenum Roof Load . 0% 1] - al - ol -
Planum Lighting Load 0% 2 - ol of -
Retum Fan L.oad 20578 CFM ] | 20578 CFM o] -
Ventilation Lead 5626 CFM 75739 -108442 5926 CFM 406213 0
Supply Fan Load 20578 CFM 0 - 20578 CFM 0 -
Space Fan Col Fans - 0 - - 7} .
Duct Heat Gain/ Loss 0% 8 - 0% 0 -
Central Cocling Coll - 92274 0 - 0 0
Ceniral Heating Cail - 0 - - 826979 -

Kay: Pasitive values ara cig loads Positive values ara hig loads

Negativa values are hig loads _Negative values are clg loads

Pagatof i
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Project Name: Palsley Schiool ‘PA ISLEY ~ 1% e ¥ ﬂ:f_ UL , 021312008
Prepared by: Oregon Institute of Technology — 5 a4 LES %ﬂ 11:38AM
|
COOLING DATA AT Jui 1600 [HEATING DATA AT DES HTG
CCOLINGCALDB/WB %.0°F/82.0°F HEATING OADE/WB 3.0°F/45'%
Sensitle Latent Sensibie Latent;
ZONE LOADS Detalls {BTUMr) {BTWhr) Defaila {BTUMD {BTUMr)
Window & Skylight Solar Loads 2040 688826 - 2040 12 - =
Wall Tmansmission 2480 it 8473 - 2480 56022 -
Roof Transmission 8360 ¢ 25833 - 83801 284334 -]
'Window Transmission 2040 12 18305 - 2040 fi2 150047 -
Skyfight Transmission ki ) - o 0 -
Door Loads o [*) - e 0 -

[Fioor Transmission e [ - oRe 0 -
Pastitfons G e [ . o [1]| -
Cailing o [} - 0fE of o]
Owvorhoad Lighting 14498 W 48452 - O 1] -

Task Lighting Wi - ] - of 0 -
Elactric Equipment 8787 W 28979 - 0 o !
Poople 519 127167 108431 0| 0 0

Hnfiltrations - 0 0 - 0 ]

{Miscefanecus . 0 ol - 0 [

|Safoty Factor 0% 0% 0 0 0% 0 0
Zone Conditioning - 318594 106431 - 239090 0] .

{Plantrn Walk Load 0% ) - [l [+] o

{Ftenum Roof Load 0% 0 - 5] ol -

{Plenum Lighting Load 0% 0 - [ 0 -
Retum Fan Load 20752 CFM 0 -{ 20752 CFMI [ -
ontfation Load 5926 CFMd 75337 ~106441 5526 CFM 408244 Bt
Supply Fan Load 20752 CFM 0 -j 20752 CFM 1]} -

Space Fan Col Fans - o} N - o N
Duct Haat Gain/ Loss 0% 0} - 0% ol ]

{

Central Caciing Cod - 294031 0 - _of of

Ceniral Healing Cod - 0 - - 84724 -

Kay: Positive values are ¢ig loads Pasitlve values are hitg loads

Negative values are hiy loads Negative values are clg loads
Hourly Anatysis Program v.4.4 Paga Tof 1,
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Prolect Name: Palslsy Schod FA‘L’::) é-Zl (‘&_ﬂé J 021132009
Prepared by. Oregon Malifute of Technology A 11:41AM

|
COOLING DATA AT Juj 1400 HEATING DATA AT DES HTG

COOLING QA DB /W 83.0°F/61.T'F [HEATING OADBIWS J0°F/45°F
Sensible Latent Sensible; Latent
ZONE LOADS [etails (8Tuhr (BTUMr) Detalls ETUAD (BTUMN)
Window & Skylight Solar Loads 2040 i 69373 - 2040 2 - -
Wall Transmission 2480 8 1701 - - 246012 13239 -
iRoof Transmisalon 8350 A2 27466 - 8390 ft? 29433 -
Window Transmission 2040 fi2 16487 - 2040 2 150047 B
Skylight Transmission o ] - 0 fit of -
[Boor Loads o o] - afe ol -
Floot Transmission (13 1] - Dt 0f -
Parfitions o 8 - g ite [ -
Celing o ol - 0t 2 -
Owverhead Lighting 14499 W 49451 - 0f of -
Task Lighting ow [l - of of -
[Etectric Equipment 8787 W 25079 - 0| ]| -
Ma 518 127166 108431 ol | [
infiltration - 0 0 - 0 [
Misceliznacus - 0 [ - ) 0
Sedety Facior 0% /0% 0 1] 0% 0} [

_ P

Zone Conditioning - 316342 108431 - 193268| 0
Plenum Wall Load 0% 0 - o] of -
Plenum Roof Load 0% 0 - 0 of -
[Ptenum Lighting Eoad 0% [ - [ 9] -
{Retumn Fan Load 20180 CFM o] - 20180 CFM|. ol -
VentZation Load 5928 CFM 71760 -106448 5928 CFM 408299] Q
Supply Fan Load 20196 CFM 0 - 20150 CFM of N
|Space Fan Coll Fang - [} - - 0] -
Duct Heat Galn/Loss 0% ol - 0% 0 -
Central Coofing Col - 388162 0 - g 0
Central Heating Coll - 0 - - .- 801585} -

Kay: Positive values are clg loads Positive vajues are hig loads

Negative values are hig loads Negative vaiues are cig loads

Houddy Analysis Program v.4.4 Pagetoit
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Pr Name: Paisley School A_. —
Pfgzpoﬁed by: Oregone%naﬁm of Technology L= 5") TTB"-) 12:56PM
g WM
= Jar(— P
l .
ICOCLING DATA AT Aug 1600 IHEATING DATA AT DES HTQ
ICOOLING QA DB/WB S0.0°F/620°F HEATING CADBIWB 30°'F/45°F
Sansible Latent ) Sensible Latent
ZONE LOADS Petails - (@TUMe) {8TU/hr) Details {BTUMRr} {(BTU/hr};
Window & Skylight Sclar Loads 2040 ft* 50560 - 2040 12 - -I
Wall Transmission 2480 18 8536 - 2480 f1* 56922 -
Roof Transmigsion B350 A 23061 - 83s0 1 20433 -
Windew Transmission 2040 8] 2018 - 2040 fi* 98523 -
|Skylight Transmisgion afid 0 - R lis 0 -
{Dcor Loads ot 4] - o 0 -
|Floor Tranamlaston 4031 ¢ -2353 - 403119 18140 -
IPariitons 0 i i E {ie O -
Celling 0ft & - 0z 0 -
Querhiead Lighting 14458 Wt - 49452 - 01 0 -
Task Lightlng oWl 0 - 0f 0 -
|Blectric Equipment 8787 W 29979 - [{]] ¥ -
Paople 5181 127187 106431§ . 0 0 3]
[nfiltration - 0] 1] - Gt a .
Miscellanecus - ] 0 - of |
Safety Factor 0% /0% 0 0 6% 0 ]|
Zona Conditfoning ~ 298217 106431 -« 2032381 0
Plenum Wal Load 0% o} - [ of -
Pianum Roof Losd 0% [} - [} 0i -
Plenum Lighting Lead 0% 0 - [} 0 -
Returm Fan Load 19235 CFM 0 - 19236 CFM 1] -
Ventiation Load 5926 CFM 78459 -106440 5926 CFM 409737 0
Supply Fan Load 19238 CFM 0 -] 19236 CFM 0 -
Space Fan Cod Fans - 8 - - 0 -
Duct Heat Gain / Loss % g - 0% 0 -
Cenfral Cooling Cod - . 378677 0 - ¢ 0
Centraf Heating Coll - a - - 812975] -
Keay: Positive values are ¢l loads Positive values are hig loads
MNegative vajues are hig loads Negative vafuas are clg loads
Paga 1of |
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Hoﬁlrij.f Simulation Results for Paisley Scﬁbbl

02/23/2009
09:20AM

Project Name: Paisley Schoel
Prepared by: Oregon institufe of Technology

[ Lable1.t Hourly Alr System Simulation Results for Tuesday, January 28

% L] al
T 8000|. 0.0 0.0 0.0 493.2 1445 0.0 14.5
0100 0.0 0.0 0.0 497.6 145.8 0.0 14.5
0200 0.0 0.0 0.0 499.5 146.4 0.0 14.5
0300 0.0 0.0 0.0 500.5 146.7 0.0 14.5
\{ T o400 0.0 0.0 0.0 5020 = 1474 0.0 145
0500 0.0 0.0 0.0 507.7 143.8 0.0 145
0800 0.0 0.0 0.0 511.9 150.0 0.0 145
v 0700 0.0 0.0 0.0 517.0 151.5 0.0 145
0800 0.0 0.0 0.0 487.9 143.0 0.0 14.5
0g00 0.0 0.0 0.0 461.2 135.2 2.0 14.5 [%f} %
! 1000 0.0 0.0 0.0 & 75051 0.0 0.0 145
1100 0.0 Y 0.0]  Yzouor 0.0 0.0 14.5
1200 0.0 0.0 0.0 405.2 119.0 0.0 145 / g;%
1300 0.0 0.0 0.0 385.2 1129 0.0 14.5
1400 0.0 0.0 0.0 182.6 112.1 0.0 145 ;%
2 1500 6.0 8.0 0.0 380.4 1115 0.0 T 148
1600 0.0 0.0 0.0 385.9 113 0.0 145 .
1700 00 0.0 00| AF] 83 oof . oo 145 S/Cg%
P 1300/ 0.0 00 0.0 ' 3910 1148 0.0 14s|f ¢
3 1 4900 0.0 0.0 0.0 304,7 115.7 0.0 14.5 '
L‘ 2000 0.0 0.0 0.0 393.7 115.4 0.0 14;
2100 0.0 0.0 0.0 401.0 117.5 0.0 14.5
2200 0.0 0.0 0.0 398.8 1169 0.0 14.5
2300 403.4 118.2 0.0 14,5 L{ 3Z¢

Hourly Anaiysis Program v.4.4 ,_---‘7 7 Paga1of2
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Projact Name: Paisley School

Hourly Simulation Results for Paisley School

Prepared by: Oregon Instifute of Tachnaology

02/23/2009
09:20AM

0000 Y 6.0 0.0 238.9 70.0 0.0 145
0100 0.0 0.0 0.0 0.0 0.0 0.0 14.5
9200 0.0 0.0 00| 0.0 6.0 0.0 14.5
0300 0.0 0.0 0.0 0.0 0.0 0.0 14.5
2400 0.6 0.0 ool 0.0 00 0.0 14.5
0500 0.0 0.0 0.0 273.0 80.0 0.0 14.5
0800 0.0 0.0 0.0 0.0 00 0.0 145
0700 0.0 0.0 0.0 0.0 0.0} 0.0 14.5
1800 0.0 0.0 0.0 0.0 0.0 0.0 145
0900 0.0 0.0 0.0 15| 91.3 0.0 145
1000 0.0 0.0 00 0.0 0.0 0.0 14.5
1100 0.0 0.0 0.0 0.0 0.0 0.0 145
1200 8.0 0.0 0.0 0.0 0.0 0.0 14.5
1300 0.0 0.0 0.0 00 0.0 0.0 145
1400 0.0 0.0 0.0 315.5 925 0.0 14.5
1500 0.0 0.0 0.0 3231 94.7 0.0 14.5
1800 0.0 0.0 0.0 324.0 35.0 0.0 14.5

Hourly Analysis Program v.4.4

Page t of 2



1 j0 L afey - #'¢'A weaboug sisfipuy Apnoyy

_ Ae( jo InoH
€ ¢¢ 'IZ 0¢ 61 w_« h__‘ m_r m__‘ JF el ¢l F_w c__‘ o._o 80 \._o m_o m“o ¢_o €0 ¢O0 10 00

e R L I I e S T N T N
- [} ] 1 1 i 1 1 ] [ 1 1 1 ] 1 1 1 LI
R L N
B R S e IR R S e B Rl SR LR S a1
1 i 1 ) ' ] ] I 1 1 1 ] ] i L] ) LI
S R I . R T AR A O N A N
el A E R S S e Sl s st St ettt U0
1 1 1 1 ' [} 1 i ] 1 ¥ ! L] 1 t | Bl
] - A T S A S S N S
|l.“.lll..._!...l.lﬁ.lllr..r..rr.| bt nfiias St b bkl Bl el el lll_...lll._.llll_lllu..w.llln_llll.llll4.....!.|Jlllr.1l]om—\
i i 1 ! ] 1 1 ] ] t ] ) T r [
i 1 1 [} ] 1 L] 1 ' 1] ] 1 t T i
: L] bl AR SO SR SO S SO TR SO
"7 i SRR LRt B DR UF ST PR it il et Rtk Sl thabe el ...-n.:..r..:_l..,:..:-:_n.:.n.f.:;41..:,:;.i.:IIOON
i 1 1 I ] | 1 ] 1 ] ! 1 L] 1 « ]
1 1 | ! ] 1 i 1 1 r 1 ' 4 r T _j
1 I t t ] ] i ] L] t t i 1 r LI—
-4 R R e B R e i St B SRR N <7
1 ' | ) 1 I l ' ' ' 1 ' ] ' [~ [¥1)
L] L 1 | t 1 [ ' ] t ¥ ] L] I L QS
S O SO A cebeecdeed i e T
1 ] 1 ] ] | ] 1 ) ¥ ' 1 1 t 1 -
1 t 1 1 1 ' ] t ' i t LI
h : S U AR T A A D
- I R i S B St et it el etk Bt JEE i i S Sl S St S Sttt 0,5
| i | ] ] ] [ ' ' 1 1 =
i " . i ) 1 [l ! 1 1] 1 ' rl...
- - bt : sl R SUSE SIS PSR SURER M 1 7
1 1 i 1 ( 1 [ ] 1 [ b ' [
1 1 1 1 1 | 1 1 1 ' 1 ] 1 [
1 |“ .r “ . M “ { ] [ ] ] [l 1 [} [
|!.“.lll 1T hll11_lll 1 ] 1 [ ] 1 ||lIF|llu_..........I"l|l|“.III..“tllInllll.“.lll.-“ll!l“..ﬂll..omv
4 ] 1 I 1 | 1] ] 1 1 1 L] ] 1 ] ' 1 ] L} L -
1 1 ] 1 1 1 ? ] ) 1 i L] 1 1 ’ 1 1 I 1 | -
A A AR U SR RO SR S S VL UL SO N S L SN S S S . 5
1 .l - .I _llll.l!_lt_ -Ts ‘tllr_ Ill.ll!. .Slll. III........rI_IIII- ~ l]l!.r.r..ll..lll..“ ' ' .wxlr_ “Iocm
e SV VU NS W T VAN SO OO Y W N BN N et SR EEE B R
. (Haw) peot io Bugesy [eguag
——
(82 Aep) gz Lienuep *Aepsan] niyj (2 Aep) gz Arenuep ‘Aepsanj lo} synsay uonenuyg Aunoy
WYRZ.60 ABOIQULDB ) 10 8IMiISU) UOBBID :AQ Paledary
600218220

1004yog Aajsied awen joefory

- [ooyag Aajsied Joj s mm. uonenwig AUNoH




| Jo 1 abed

A weibosg siskeuy Apnoy

6¢

lea jo Aeqy

8¢ - N_N

|

nmcasnssnssn i RERNTETER:

~0GE
-00¥
—-0SY
~00%

[EEERAEREEAEZERERNERERRNARNE]

(6Z Aep) 6z Arenuer ‘Aepssupapy nayy (9z Aep) gz Atenuep ‘Aepung Joj S)nsay UoHENUIG ApnoH

(Haw) peo1 10D Buneay [enuan

WYaL.60
6002/e2/20

[00yog Aojsied 10 §;

ay uonenung AlnoyH

“ABOJOULDD L YO N)ISU| VOBSIC) JAq patedeld
Jeoyag Aajsjed :ewep baloid




Daily Simulation Results for Paisley School

02/23/2009
08:57AM

Prepared by: Oregon institute of Technoloay

Profect Name; Paisley School

Daily Simulation Results for January |

(o]
Centrai Cooling Colf Load (kBTU}

(Al
Central Heating Coll Load (kBTU)
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Project Name: Pafsley School
Prepared by: Orsgan Institute of Technology

Monthly Simulation Results for Paisleyr School

02/23/2009
08:51AM

Alr System Simulation Rasuits (Tahl
L : anteall.

January 0

Fabruary 2387 1721 118 11973 0 9743
March 1830 2311 160 9792 0 10787
Apri! 30846 25757 1901 3675 0 10439
May 46616 8042 2796 1761 0 10787
Jung 106182 58629 7775 432 0 10439
July 134315 127485 10231 107 0 10787
August 128472 120712 8821 127/ - 0 10787
September 76570 70182 5513 930 0} 10439
QOctober 23605 19527 1430 5173 0 10787
November 5497 4885 57 9881 s 10435
Decamber 531 379 26 14387 0 10787

Alr Syatem Simu

January 6538
February 5805
March 6538
April 8327
May 6538
June 8327
July 6538
 August 6538
September 8327
October £538
November 6327
Dacember 8538

6

Hourly Analysis Program v.4.4
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'D‘aily Simulation Results for Paisley School

09:05AM

0272372009

Praparad by: Cregon Institute of Technology

Projact Name: Paisley Schooi

Daily Simulation Results for February

Central Heating Coil Load (kBTU)
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08:04AM

02/23/2009

Dai!j -éimulation Resuits for Paisley School
Daily Simulation Results for December

Central Heating Coil Load (kBTU)

(@]

Prepared by: Oregon Institute of Technelegy

1 Project Name: Paisley School
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Project Name: Palsiey Schodt 02!1772?'
Prepared by: Oregon Instifute of Technology 03.05PM

Central Heating Coil Load (x8TU)
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Project Name: Paislay School
Frapared by: Oragon Institute of Technology

Daily Simulation Results for Paisley Scho

ol

02/23/2008
08:31AM

~_Rally A System SImutatfar_a_'Rg_st
s N
xB10) kBTU) KWhii! kiwh)
1 g 0 0 1357 398 0 348}
2 0 0 ] 1103 323 0 348
3 0 0 ] 1705 500 0 348
4 0 0 0 2124 622 0 348
5 4 -0 0 1415 415 v} 348
] 6 9 o 1749 512 o 348
7 o o 0 3078 go2 0 348
8 e 0 0 1748 512 0 . 348
9 0 ] 0 1583 484 of 348
10 0 ¢ o 2489 724 0 348
# ] 0 o 1599 469 ¢ 348
12 0 0 0 1104 324 0 348
13 ] o 0 gia 181 o 348
14 ] 0 't} 1294 379 ¢ 348
15 0 0 0 2298 873 0 - 348
16 0 o ] 1181 340 0 348
17 0 0 0 1502 . 440 0 348
18 0 of . ] 2512 736 0 348
19 ¢ ] ] 2943 864 ] 348
20 c ] ] 1720 504 ] 348
e ] ] 0 2559 782 ] 348
2 ] 0 0 1330 350 0] 348
23 25 10 1 1389 410 0 ‘348
24 ] 0 0 1473 432 h] 248
25 ¢ 0 0 2532 742 ] 348
26 ) o ] 2149 630 0 348;
x 0 0 0 66847 1943 o 348
28 0 0 0 9301 2726 ] 348
29 9 0 0 6785 1988 0 348
30 0 0 Y 6712 1967 ] 348
31 ] 0 0 4656 1364 0 348
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