
CHRIST EPISCOPAL CHURCH 
ENERGY AUDIT AND CONSERVATION STUDY 

8951 Courthouse Road 
Spotsylvania, VA 

 
DRAFT FOR REVIEW OCTOBER 17, 2008 

FINAL OCTOBER 21, 2008 
 

 
 

PREPARED BY 
 

OLA CONSULTING ENGINEERS, PC 
HAWTHORNE, NY 

 
FOR 

GREEN HORIZON LLC 
 

OLA Project No. NGHL0001 
 

 
 

 www.olace.com
 

 
                 50 Broadway 
Hawthorne, NY  10532 



October 21, 2008 Christ Episcopal Church – Energy Audit Page 1 of 29
 

 
TABLE OF CONTENTS 

 
Sections 
 
1. Executive Summary 
 
2. Energy Performance Benchmarks 

2.01 Energy Star 
2.02 Energy Use Summary 
 

3. All Saints Hall 
3.01 Existing Conditions 
3.02 Analysis of Present Energy Use 
3.03 Energy Conservation and Sustainability Measures 

 
4. Harris House 

4.01 Existing Conditions 
4.02 Analysis of Present Energy Use 
4.03 Energy Conservation and Sustainability Measures 

 
5. Booth Hall 

5.01 Existing Conditions 
5.02 Analysis of Present Energy Use 
5.03 Energy Conservation and Sustainability Measures 
 

6. Church Building 
6.01 Existing Conditions 
6.02 Analysis of Present Energy Use 
6.03 Energy Conservation and Sustainability Measures 

 
7. Recommendations For Strategic Implementation 
 
8. Appendices 

A. Energy Star Target Finder Results 
B. Utility History – Electric and Fuel Bills 
C. Equipment Cut Sheets 
 

 

  
 



October 21, 2008 Christ Episcopal Church – Energy Audit Page 2 of 29
 

1. Executive Summary 
 

The primary focus of this Energy Audit and 
Conservation Study is to define implementable 
strategies that will reduce energy consumption 
at the Christ Episcopal Church campus, while 
also exploring the potential for utilizing 
renewable energy sources.  This study has 
been performed for the four buildings located on 
the historic site in Spotsylvania by O’Dea Lynch 
Abbattista Consulting Engineers (OLA) in 
conjunction with Green Horizon, LLC. 
 
This study addresses HVAC strategies, 
photovoltaic considerations, lighting controls, 
and energy conservation measures at the four 
buildings located on the campus.  This study 
outlines existing conditions, options for 
strategies, recommendations for both short term and longer ter
 
This energy audit identifies possible Sustainability Measures a
estimates each measure’s energy savings potential, and whe
reductions.  This report contains recommendations as to wh
justified, and provides rough cost estimates for each measur
first review the building operational data and history, and per
and identify the most inefficient ones.  This study is not intende
recommend options to improve the operations of the four build
provide an action plan for the Church to eventually realize its 
energy.   
 
This report discusses a variety of methods that can be used t
improving performance of the systems and lowering utility c
economics involved with sustainable measures.  A few of the 
shown in the summary table above.   
 
The results of the study indicate that overall, the campus has a
Hall, while it uses the most energy on site, is a relatively 
comparisons.  Harris House was seen to be the most ener
limited usage during the past year, and is in need of the most
electricity in this area results in long payback periods for both th
 
It is important to recognize that the predicted utility costs ment
of magnitude comparison only, and should not be taken as the
weather, actual occupancy, operation, maintenance practice
ultimately affect actual costs. 
 
Table 1 below provides a summary of the recommended sh
reduce energy consumption for the buildings.  A number of po
this study that would help reduce the energy consumption and/
at the site.  Table 2 below provides a summary of the p
investigated as part of this study.  Note that some of the mea
mutually exclusive of each other, and have been indicated with
4A). 
 
 

Energ
 
Summary
All Saints
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• Program
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• Thermo
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s 
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uilding   
m considerations, and related costs.   

nd Energy Conservation Measures, and 
re applicable greenhouse gas emission 
ether or not we believe the measure is 
e when possible.  The approach was to 
form a site visit to evaluate the systems 
d to be used as design document but to 
ings from an energy perspective, and to 
goal of maximizing its use of renewable 

o reduce the energy consumption, while 
osts.  In addition the study details the 
short term recommended measures are 

 modest energy use intensity.  All Saints 
efficient building based on Energy Star 
gy intensive of the buildings despite its 
 improvement.  The relatively low cost of 
e solar and geothermal options. 

ioned in the following report are for order 
 predicted utility costs.  Factors such as 

s, and other unforeseen conditions will 

ort term improvements which will help 
tential projects were investigated under 
or increase the use of renewable energy 
otential longer term projects that were 
sures investigated should be considered 
 a letter designation to indicate this (i.e. 

mable 
stat 
stat for Electric 
 



October 21, 2008 Christ Episcopal Church – Energy Audit Page 3 of 29
 

 
 
Short Term Improvements 

Table 1: Energy Conservation Measure Summary, Short Term 

Annual Energy Savings Avoided Energy Cost 

ECM 
Electricity 

(kWh) 
Propane  

(kBtu) 

Total 
Energy 
(kBtu) 

CO2 
Reduction 

(lbs/yr) 
Incremental 

Cost Electricity Propane Total 

Simple 
Payback 
(years) 

All Saints Hall 

1 Install Additional 
Lighting Controls 5,096 0.0 17,393        6,171 $5,200 $487 $0 $487 10.7 

2 Time Clock For 
Exhaust Fans 3,515 0.0 11,997        4,257 $300 $336 $0 $336 0.9 

3 Time Clock For 
DHW Circulator 253 0.0      863           306 $300 $24 $0 $24 12.4 

Harris House 
1 Lighting Retrofit 739 0.0   2,521           894 $1,000 $72 $0 $72 13.8 

2 Programmable 
Thermostat 6,117 0.0 20,877        7,407 $400 $598 $0 $598 0.7 

3 Window 
Replacement 4,195 0.0 14,317        5,080 $9,800 $410 $0 $410 23.9 

4 Add Attic 
Insulation 2,213 0.0   7,553        2,680 $2,000 $216 $0 $216 9.2 

5 Add Wall 
Insulation 2,979 0.0 10,167       3,607 $3,500 $291 $0 $291 12.0 

6A 
Replace Heat 
Pump With High 
Efficiency Units 

3,377 0.0 11,527        4,090 $2,850 $330 $0 $330 8.6 

Church Building 

1 
Additional 
Programmable 
thermostat 

1,647 0.0   5,622       1,995 $300 $185 $0 $185 1.6 

2 
Thermostat for 
Electric 
Resistance Heat 

673 0.0   2,296         815 $300 $76 $0 $76 4.0 

Notes: 
1. Savings values do not consider interactive effects of ECM’s. 
2. Cost savings based on recent 18% increase in electricity prices from Dominion Energy. 
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Longer Term Improvements 
Table 2: Energy Conservation Measure Summary, Long Term Projects 

Annual Energy Savings Avoided Energy Cost 

ECM 
Electricity 

(kWh) 
Propane   

(kBtu) 

Total 
Energy 
(kBtu) 

CO2 
Reduction 

(lbs/yr) 
Incremental 

Cost Electricity Propane Total 

Simple 
Payback 
(years) 

All Saints Hall 

4A HE Condensing 
Furnaces 0 24,388   24,388        3,387 $15,000 $0 $568 $568 26.4 

4B Geothermal 
Heat Pumps -15,808 272,608 218,655      18,714 $250,000 -$1,511 $6,351 $4,840 51.7 

4C 

Replace Heat 
Pumps With 
High Efficiency 
Units 

5,753 0.0   19,635        6,967 $29,000 $550 $0 $550 52.7 

5 Energy Star 
Appliances 1,500 0.0     5,120        1,817 $5,000 $143 $0 $143 34.9 

6 40 kW Solar PV 51,100 0.0 174,404      61,882 $340,000 $4,885 $0 $4,885 69.6 

Harris House 

6B Geothermal 
Heat Pumps 5,285 0.0   18,038        6,400 $25,000 $517 $0 $517 48.4 

7 15 kW Solar PV 17,520 0.0   59,796      21,217 $127,500 $1,713 $0 $1,713 74.4 

Booth Hall 

1 Geothermal 
Heat Pumps 2,813 0.0     9,601        3,407 $25,000 $297 $0 $297 84.2 

2 10 kW Solar PV 11,680 0.0   39,864      14,144 $85,000 $1,232 $0 $1,232 69.0 

Church Building 

3A Geothermal 
Heat Pumps 6,915 0.0   23,600        8,374 $70,000 $778 $0 $778 90.0 

3B 

Replace Heat 
Pumps With 
High Efficiency 
Units 

2,720 0.0     9,284        3,294 $6,000 $306 $0 $306 19.6 

4 15 kW Solar PV 16,425 0.0   56,059      19,891 $147,500 $1,848 $0 $1,848 79.8 
Notes: 
1. Savings values do not consider interactive effects of ECM’s. 
2. Cost savings based on recent 18% increase in electricity prices from Dominion Energy. 
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2. Energy Usage Summary 
 

2.01 Energy Star 
Energy Star Target Finder determines actual energy performance goals for 
design projects or existing buildings.  A rating for actual energy use is 
determined relative to similar building’s average energy consumption on a 
scale from 0-100, with a score of 75 achieving Energy Star status. 

 
For the Christ Episcopal Church buildings, the energy usage and costs for All 

Saints Hall were entered in the Energy Star Target Finder.   We focused on All Saints Hall 
since it is the largest building on the campus and the most expensive to run.  Target Finder 
does not specifically have a multi-use building in its database.  Therefore, we decided to 
compare the buildings to a K-12 school type facility of similar size.  Multiple assumptions for 
building use, occupancy, and operating hours had to be made and can be seen in Table 3.  
 
It is important to note that Energy Star ratings are based on energy usage in terms of 
kBtu/ft2/yr.  While reducing fuel consumption may not drastically decrease utility costs (relative 
to higher priced electricity), it will help improve overall energy usage and reaching Energy Star 
status if desired. 
 

Table 3: Energy Star Inputs Summary 

 
The Energy Star Target Finder results for All Saints Hall are based on these inputs can be 
found in Appendix A. 
 
 
 
 

 
 

 

http://www.energystar.gov/index.cfm?c=home.index
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2.02 Energy Use Summary 
 

The following Tables 4 and 5 present the results of analysis of the 2007 energy bills. 
 

Table 4: Energy Use Summary 

 
All Saints 

Hall 
Harris 
House 

Booth 
Hall Church 

Parking 
Lot 

Lights 
Site 

Totals 
Total Electricity, kWh 75,920 26,230 4,679 18,030 480 125,339 
Total Electricity, kBtu 259,039 89,497 15,965 61,518 1,638  427,657 
Total Propane, kBtu 244,690 - - 0 0 244,690  
% of Energy from Propane 49% 0% 0% 0% 0% - 
Total Building Energy, kBtu 503,729 89,497 15,965 61,518 1,638  672,346  

             
Approx Sq Ft. 11,500 2,000 1,250 2,300 N/A 17,050  
Energy Intensity kBtu/ft2/yr 43.80 44.75 12.77 26.75 N/A 39.43  
% of Total Energy Site Usage 74.9% 13.3% 2.4% 9.1% 0.2% 100% 

 
 

Table 5:  Projected Annual Energy Costs 

 
All Saints 

Hall 
Harris 
House 

Booth 
Hall Church 

Parking 
Lot 

Lights 
Site 

Totals 
Total Electricity Cost  $6,149 $2,173 $418 $1,718 $133  $10,592  
Total Propane Cost $5,700 - - - - $5,700  
            - 
Total Building Energy Cost $11,849 $2,173 $418 $1,718 $133  $16,292  
$/Square Ft. $1.03 $1.09 $0.33 $0.75 - $0.96  

 
The following sections (Section 3-6) contain descriptions of the four buildings studied in this 
report.  These descriptions are a compilation of data acquired through the site visit, 
interviewing the staff, and from the drawings of the existing buildings.  Below is an aerial view 
of the campus from Google Earth. 

 

 
Photo 1. All Saints Hall 

All Saints Hall 

Church 

Booth Hall 

Harris House 
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3. All Saints Hall 

 All Saints Hall is a 2 story, multiple-use building that was 
constructed in 2003-04 as part of an expansion project.  The 
building is approximately 11,500 square feet.  The building is 
the largest building on the site and consumes the most energy 
of the 4 buildings.  The building consists of classroom spaces 
on the basement level, and a multi-purpose room on the 1st 
floor.  The building also has a commercial style kitchen and 
Choir room on the 1st floor.  The building is used for a variety of 
functions and generally has scheduled use from 8:30 in the 
morning well into the evening most weekdays.  OLA estimated 
the occupied hours average 12 hours per weekday based on a 
recent building schedule.  The usage is lighter on the 
weekends, typically about 6 hours per day. 

Photo 2. All Saints Hall 

 
3.01 Existing Conditions 

The following section describes the existing conditions of All Saints Hall.   
 

3.01.1 Envelope 
 

The building envelope was observed to be generally in good condition.  The 
windows were observed to all be double-pane glass.  The attic insulation was also 
observed to be in good condition. 

 
3.01.2 Existing HVAC Systems 

 
 

 
Photo 3. Typical Indoor heat pump fancoil 

 The HVAC system of the building consists of six air-source 
electric heat pumps with indoor fancoils.  Each heat pump unit 
also has a propane fired gas furnace which provides ‘back-up’ 
heat, and heating during low outdoor temperatures when the 
electric heat pumps cannot heat the building.  OLA collected 
manufacturer data on the units and located the following unit 
characteristics.  The following table summarizes the heat pump 
data. 
 
 

Table 6. All Saints Hall Heat Pump Data 

Matched 
AHU

Heat 
Pump 
only

1 SE Bsmt American 
Standard

Heritage 10 / 
2A6C0072A3000AB TXC061C5HPC0 63.5 3.00 7.50 5.42 11.3 - 120/78 94/62 3/4

2 Kitchen American 
Standard

Heritage 10 / 
2A6C0048A3000AB TXC060C5HPC0 45.5 3.32 7.60 4 10.50 - 120/78 94/62 3/4

3 Choir American 
Standard

Heritage 10 / 
2A6C0048A3000AB TXC036C4HPC0 43.5 3.08 7.40 3.67 10.25 - 80/70 63/42 1/3

4 NW Bsmt American 
Standard

Heritage 10 / 
2A6C0072A3000AB TXC061C5HPC0 63.5 3.00 7.50 5.42 11.3 - 120/78 94/62 3/4

5 SE Hall Trane TWA090A300FA TWE090A300EL High: 87
Low: 55

3.3
2.4 - 7.5 10.1 10.1 - - 125/81 100/65 1 1/2

6 NW Hall Trane TWA090A300FA TWE090A300EL High: 87
Low: 55

3.3
2.4 - 7.5 11.5 11.5 - - 125/81 100/65 1 1/2

Furnace
Input 

(stage2/stage 
1) 

(MBH)

Output 
(stage2/stage 

1)
(MBH)

FanCoil 
HP

All St. Hall

No.

10.05

Location 
Served

Model (Indoor 
Unit)

9.70

10.05

9.55

Manufacturer Model (Outdoor Unit)
Electric 
Heater
(kW)

Capacity 
(MBH)

Heating

COP HSPF
(BTU/W-hr) SEERCapacity 

(ton)

EER
Cooling

 
Note:  Italics indicates detailed data was not available for that unit, and the data has been estimated. 
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 Each heat pump unit has been installed with digital programmable 
heat pump thermostat. The thermostats are currently operated 
manually as needed by the operators and staff.  They have 
automatic night setback capability and it is believed that the 
setback feature is currently being used. 

 

 
The building also contains a small amount of electric resistance 
heat in a few areas.  The building is also the only user of propane 
fuel on the site. 
 

 

 
Photo 4. Typical Digital Thermostat 

3.01.3 Existing Lighting Systems 
The existing lighting in All Saints Hall is primarily T8 fluorescent lighting, with 
electronic ballasts.  At the time of this study, there appeared to be automatic 
lighting controls in the bathrooms only (occupancy sensors).  The existing Exit 
signs are all LED type. 
 

3.01.4 Service Water Heating, Kitchen use and Plug Loads. 
All Saints Hall has a 120 MBH propane fired water heater (AO Smith model 
BTR120).  The water heater is of the atmospheric type.  This water heater is in 
good condition and is nominally 80% efficient.  The domestic hot water load for the 
building is estimated to be relatively low since its primarily only used for hand 
washing.  According to the staff, the kitchen usage is limited to the occasional 
evening event and then only for dish washing, and the reheating of already 
prepared foods.  It is therefore estimated that the majority of the propane usage is 
due to space heating. 
 
The building also has a considerable number of refrigerators and freezers that 
were observed to be in use, and contribute to the buildings base plug loads. 

 
3.02 Analysis of Present Energy Use 

According to historical utility bills from January 2007 through December 2007, All Saints Hall 
used approximately 76,000 kWh annually.  The propane usage for the 9 month period from 
March 2007 to January 2008 was about 1,586 gallons.  By doing a heating degree-day 
analysis, OLA estimated the projected propane usage for the entire 2007 year was about 2,690 
gallons.  The energy consumption translates into a site energy use intensity (EUI) of about 44.0 
kBtu/ft2/yr annually and $11,850 in yearly utility bills ($1.03/ft2).  Utility bills indicate Christ 
Church payed about $0.081/kWh and $2.12/gallon for electricity and propane respectively 
during 2007.  Copies of the utility bills can be found in the Appendix.  An estimated 18% 
electricity price increase was noted for the current year. 
 
As a basis of comparison, we used the Energy Star Target Finder to provide an energy 
benchmark for the building.  Since this type of building is not represented in the Energy Star 
database, we used a school type facility simply as a basis of comparison.  Based on an Energy 
Star rating of 75 (top 25 percentile) a similarly sized K-12 school in this part of the country, fully 
occupied would have an EUI of 42.4 kBtu/ft2/yr.  This can be interpreted as saying the building 
is about as energy efficient as top 25% energy performing school, with similar operating hours 
(about 68 per week). Refer to the Appendix for the Energy Star Target Finder results. 
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Utility Usage 
(kBtu/ft2) 

Electricity 22.7 

Propane 21.3 

Total Energy End Use Summary

Lighting
24%

Exhaust Fans
4%

Misc. 
(Refrigerators, 
Freezers, plug 

loads)
4%

Heat Pump 
Heating

12%

Electric 
Resistance Heat

2%

Cooling
7%

Propane
47%

 

TOTAL 44.0 

Figure 1. All Saints Hall Average Yearly Utility Usage 
 
 

Utility Cost ($) 

Electricity $6,149 

Propane $5,700 

Total Energy Cost Breakdown

Total Electricity 
Cost
52%

Total Propane 
Cost
48%

 

TOTAL $11,849 

Figure 2. All Saints Hall Yearly Utility Costs 
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Electrical End Use Breakdown, kWh 

 Cooling
 13%

 Electric 
Resistanc  Heate

5%  
 
 Lighting
 44%

 
 Heat Pump

Heating 23% 
 
 
 
 Misc. Exhaust Fans(Refrigerators,  7%
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Figure 3: All Saints Hall Electrical End Uses 

8%

 
 
 

All Saints Hall Electricty Usage

0

2000

4000

6000

8000

10000

12000

Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Jan-08
Month

El
ec

tr
ic

ity
 (k

W
h)

Cooling 
Loads

Baseline Usage

 
Figure 4. Monthly electrical Usage 
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Looking at the energy usage in Figure 1, propane gas contributes to 47% of the total energy 
usage while electricity contributes 53%.  In terms of cost, the split is similar as seen in Figure 2.  
It is estimated that the base electric load of lighting, fans, and plug loads contributing to 59% of 
the electrical utility usage as can be seen in Figure 3.  The cooling/heating electric heat pumps 
contribute to 36% of the annual electricity use. 
 

3.03 Energy Conservation and Sustainability Measures (ECMs and SMs) 
Based on our observations we have developed the following list of recommended options for 
consideration to improve the energy performance of All Saints Hall.  The measures have been 
organized into short term actions and more long term in actions, and have been developed with 
the concept of reducing the overall carbon emissions of the buildings and increasing the 
potential use of renewable energy. 

 
 Short Term Actions 
 

The following short term actions are recommended to help reduce the energy consumption of 
the building and the CO2 emissions.  Although, the stated long term goal of the Church is to 
derive all its energy from renewable sources eventually, in the short term, each kWh of 
electricity used on-site is equivalent on average to 1.2 lbs of Carbon Dioxide (CO2) 
emissions.   This data is based on recent EPA study data published for electrical generation in 
the state of Virginia. 
 
3.03.1 Install Additional Lighting Controls 

All Saints Hall appears to have a significant variable usage depending on the 
degree of programmed events scheduled for a particular day.  While occupants 
and staff are generally good about turning off lights when a space is not in use, this 
cannot always be guaranteed.  The current building schedule also seems to 
indicate that there are large periods during the middle part of the day where 
programmed usage is minimal.  We recommend consideration be given to installing 
lighting occupancy sensors in the classrooms and corridors of the building.  
Occupancy sensors are already installed in the bathrooms and appear to be 
successfully keeping lighting usage in these rooms to a minimum. 
 
The multi-purpose room (Fellowship Hall) already makes good use of natural 
daylight through its tall windows.  The provisions to manually switch off the lighting 
nearest the windows is already installed.  We recommend considering automatic 
light switching based on the use of light level sensors to keep the overhead lighting 
off when ambient lighting conditions are above a satisfactory level.   
 
Savings from this measure are difficult to predict since it depends on the planned 
usage of the building.  We have assumed an energy reduction typical to what we 
have experienced in other buildings.  We would expect savings to result from 
keeping corridor and staircase lighting off when the building is mostly empty during 
the middle part of the day.  The estimated savings from this measure is about 
5,100 kWh and about $490 annually.  The estimated cost of lighting controls is 
about $5,200. 
 
 

3.03.2 Verify Programmable Thermostats 
 
Although it is believed that existing programmable thermostats have been 
programmed to set-back the space temperatures during unoccupied hours, the 
building staff should re-verify that this is being done.  A further suggestion is to post 
signage next to each thermostat to instruct users on how to return the thermostat to 
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its program upon leaving the space. That will help ensure that thermostats are not 
left in override mode at night. 
 

3.03.3 Provide time-clock for Exhaust Fans. 
 
The building has several exhaust fans for various toilets that appear to run 24/7. 
The only controls found for the exhaust fans were the switches located in the attic.  
A simple time clock could be used to cycle the exhaust fans off during unoccupied 
hours. It is estimated that this measure could save about 3500 kWh annually, or 
about $340, equivalent to about 4200 lbs of CO2 emissions. 
 

3.03.4 Provide time-clock for the domestic hot water circulator 
The building has a hot water circulator which is enabled to run 24/7. Similarly to the 
above measure, a time-clock could be used to cycle off the pump during 
unoccupied-hours. 
 

 Longer Term Actions and Sustainability Options: 
 

A large portion of the site energy (59%) is used for heating, a combination of propane and 
electrical driven heat.  This is an expected result since the majority of the annual hours have 
temperatures less than 65 F, according to historical weather data for this part of the country.  In 
order to compare the relative sustainability of the various heating options used on-site, the 
following comparisons were developed in terms of CO2 equivalent emissions to provide 1 kBtu 
of heat. 
 

Table 7: CO2 Equivalents of Heating Energy 
Heat Source Heat Input to Provide     

1 kBtu of Space Heating Utility Energy Used Lbs CO2 Equivalent4

Propane Furnace, 80% 
Efficient 

1.22 kBtu 0.013 gallons of Propane 0.174 

Electric Air Source Heat 
Pump (8.8 Btu/W-hr) 2,3

1 kBtu 0.113 kWh 0.137 

Geothermal Heat Pumps 
(3.0 COP) 

1 kBtu 0.098 kWh 0.118 

Electric Resistance Heat 1 kBtu 0.293 kWh 0.355 
Notes:   
1. CO2 emissions based on recent EPA published data for utility based electric generation in Virginia. 
2. Note that air-source heat pumps typically cannot provide adequate space heating below 30 F, and rely on 
back-up heat. 
3. Based on existing heat pumps installed in All Saints Hall.  Newer heat pumps may perform slightly better. 
4. CO2 emissions not valid for cooling mode. 

 
In light of the above data, we developed some competing options for consideration to reduce 
emissions, energy consumption and energy costs. 
 
3.03.5 Replace Propane Furnaces with High Efficiency Condensing Furnaces 

 
A significant portion of the buildings energy use is due to the propane heating 
furnaces.  The furnaces are necessary due to the limitations of air-source heat 
pumps under low ambient temperature conditions.  We estimate that when the 
outdoor air temperatures are less than about 35 °F, the electric heat pumps cannot 
heat the building fully, and the propane furnaces are used. 
 
A simple retro-fit option would be to replace the existing low efficiency (80%) 
furnaces with high-efficiency condensing furnaces.  These furnaces are 
commercially available with efficiencies up to 92%. 
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We estimate that this measure would result in a savings of approximately 268 
gallons of propane, $568 per year, and 3,400 lbs of CO2 emissions. 
 
The pro side of this option is that it can be implemented relatively inexpensively 
and will reduce the site energy used by about 24,400 kBtu annually.  We estimate 
an approximate project cost of $15,000.  The downside of this option is that it 
continues the building’s reliance on propane, which is of course a fossil fuel.  The 
simple payback of this ECM would be about 26 years. 

 
3.03.6 Geothermal Heat Pumps 

 
A geothermal ground-coupled heat pump system is not considered renewable.  
The heat pumps are electric driven and utilize heat stored in the ground to heat the 
building.  This option was considered because of the Church’s desire to eventually 
replace all fossil fuels with renewables, and because the Church owns the 7 acres 
of property on which the building is situated which makes the geothermal system 
initially feasible at least in concept.  
 
For this type of site, OLA would recommend a “horizontal closed-loop” system be 
considered first.  This type of system employs piping buried in trenches and is 
usually the least expensive configuration of the closed loop geothermal system.  
This option requires replacing all of the existing air-source heat pumps with 
geothermal heat pumps.  An extensive buried piping system design would also be 
needed, to insure that no back-up heat is needed for the system by design.   
 
This measure would result in energy savings primarily due to the increased 
efficiency of the geothermal heat pumps over the propane furnaces.  An energy 
cost savings is also realized due to the relatively inexpensive electricity in Virginia.   
 
We estimate that this measure would result in savings of approximately 219,000 
kBtu of site energy, $4,800 per year, and 18,700 lbs of CO2 emissions.  Note that 
although this option reduces overall energy consumption, the electrical energy 
would increase from the current conditions. 
 
The benefit of this option is that it can eventually help towards to a scenario where 
the Church is entirely renewable if the heat pump electricity is provided directly by 
an on-site renewable source. 
 
The downside of this option is that we anticipate it has a relatively expensive first 
cost associated with it.  We estimate that such a system would cost approximately 
$250,000 to install.  It is our understanding that capital incentives for geothermal 
heat pumps do not exist in Virginia from local utilities or government. 

 
3.03.7 Solar Photovoltaics (PV) 

 
Solar powered electricity (Photovoltaics) is a readily available means to implement 
the parish’s desire for a renewable energy option.  The most appropriate location 
for a solar PV array is on the roof of a building because there it will receive the 
most direct sunlight with least possibility of shading.  Shading of a PV array can 
reduce output drastically. 
 
The sloped roof of All Saints Hall is suitable to receive a flat panel PV array.  The 
available area of the roof is about 2,300 square feet.  With current technology, that 
area could support a PV area of about 40 kW in capacity.  We estimate that this 
size array would be able to supply about 67% of the buildings electrical 
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consumption based on the keeping the existing equipment as is.  Additional 
electrical capacity could be installed at grade on the Church’s 7 acres of available 
land, however it is our experience that capital costs begin to escalate very rapidly 
when power distribution wiring and conduit is required for a PV project.  Therefore, 
we have limited the current analysis to the 40 kW system located on the roof. 
 
Due to the ‘Net Metering’ laws in force in Virginia and the Dominion Power territory, 
we would anticipate that the building would be able to make full use of the PV array 
throughout the year.  The Net Metering laws allow the building to off-set electrical 
usage (even at times when consumption is lower than the panel output) by selling 
electricity back to the utility.   
 
For the 40 kW system, we estimate an annual kWh savings 51,100 kWh, or $4,885 
per year at the current rates.  The estimated capital cost of the 40 kW PV system is 
about $8,500 per kW, or about $340,000.  There are currently no State or local 
financial incentives to install solar PV in Virginia that we are aware of.  As a non-
profit type entity, the Church does not pay taxes and is therefore ineligible for any 
Federal tax credits and deprecation incentives for Solar PV. 
 

Solar PV Payback Analysis 

 Electric Savings 
(kWh) 

Electric Costs 
Savings (kWh) Capital Cost Simple Payback, 

years 
40 kW 

Solar PV 51,100 $4,885 $340,000 70 

 
A PV system is also generally expandable, which gives the Church the opportunity 
to add to the system capacity over the life of the building, until all its electrical 
needs are met by solar power. 

    
3.03.8 Replace Appliances with Energy Star Appliances 
 

The building has a number of commercial and residential grade refrigerators and 
freezers which are utilized.  As these appliances reach the end of their useful 
lives, the Church should consider replacing them with Energy Star rated models.  
It is estimated that upgrading to Energy Star refrigerators and freezers would save 
about 1,500 kWh annually, or about $143 per year.  Approximate costs of new 
appliances vary widely, but its estimated that the refrigerators and freezers could 
be replaced with comparable Energy Star labeled units for about $5,000. 

 

 

3.03.9 Replace Heat Pumps with high efficient units 
 
The existing air-source heat pump condensing units are relatively new and in good 
condition currently.  As an alternative to the system replacements outlined above, 
as the units reach the end of their useful life, they could be replaced with high 
efficiency units.  The current units have an average EERs ranging from 10.1 to 
11.5, and heating HSPF of about 7.5.  Current new models are available with EER 
up to 18 and HSPF up to 8.9.  Changing to newer models of the highest efficiency 
available will save about 5,750 kWh annually, and about $550 per year. 
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4. Harris House 

 Harris House is a 2 story, 2000 square foot residential type building 
that was constructed around 1905.  The building has not been used 
for the past year, but is now reopening as a thrift store.  The 
anticipated usage of the thrift store will be about 20 hours per week.   

 
Photo 5. Harris House 

 
 
 
 
 
 
 

4.01 Existing Conditions 
The following section describes the existing conditions of the Harris House. 

 
4.01.1 Envelope 
 

The building envelope was observed to be generally in poor condition.  Attic 
insulation was minimal.  The windows were observed to all be single-pane glass 
with old storm windows.  It was apparent that the old storm windows do not seal 
well.  
 

4.01.2 Existing HVAC Systems 
The house heating and cooling is 
provided by a single 3 ton air-source 
heat pump which is estimated to be 
about 10 years old.  The fancoil unit 
located on the 2nd floor uses electric 
resistance heat as back-up to the heat 
pump.  The house does not have a 
programmable thermostat.  The 
thermostat has been assumed to be 
set at about 72 deg. year-round for the 
purpose of the energy analysis. 

 
4.01.3 Existing Lighting Systems 

 
The lighting in Harris House consists 
of a mixture if surface mounted T12 
fluorescent fixtures, incandescent 
bulbs, and some compact fluorescent bulbs.   
The estimated current peak lighting power is 1.5 kW. 

 

Existing Heat Pump Data 
Model Trane XE1000 

TWR036 
Capacity 36 MBH 
SEER 10.9 
HSPF 7.5 
Electric Heaters 7.2 kW / 4.33 kW 
  

 
Photo 6. Heat Pump Condensing Unit

4.02 Analysis of Present Energy Use 
According to historical utility bills from January 2007 through December 2007, Harris House 
used approximately 26,000 kWh annually.  The building does not use any propane currently.  
The energy consumption translates into a site energy use intensity (EUI) of about 44.8 
kBtu/ft2/yr and $2,173 in yearly utility bills ($1.09/ft2).  Utility bills indicate the Church payed 
$0.0829/kWh for electricity in 2007.  An estimated 18% electricity price increase was noted for 
the current year. 
 
Based on the limited usage of the building during the past year, and on our energy analysis of 
the HVAC system, it appears that the majority of the energy usage for past year was used in 
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heating the house.  The house uses electric resistance heat as back-up which consumes 
considerable amounts of energy to heat the house.  The house is not well insulated or sealed 
which results in the high annual heating loads.  The house does not have many base electric 
loads other than lighting. Minimal plug loads were observed in the house, although that may 
change as the house received more usage as a Thrift Shop in the coming years. 
 

Electrical End Use Breakdown, kWh
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Figure 4. Harris House Electrical Usage Breakdown 
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Figure 5. Harris House Electrical Usage 
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4.03 Energy Conservation and Sustainability Measures (ECMs and SMs) 
 
Based on our observations, we have developed the following list of recommended options for 
consideration to improve the energy performance of Harris House. 

 
 Short Term Actions 
 

4.03.1 Lighting Retrofit 
 

Although the estimated lighting energy usage of Harris House is fairly small, there 
is opportunity for improvement by changing the T12 fluorescent lighting to the more 
efficient T8 lighting, and by changing the rest of the incandescent bulbs to compact 
fluorescents.  This measure would save about 740 kWh of electricity, and about 
$70 per year.  This is based on the limited usage of 18 hours per week currently 
scheduled for the thrift store.  Should the store increase its usage, the potential 
savings would be increased.  The estimated cost of implementing the measure is 
about $1000. 

 
4.03.2 Install Programmable Thermostat 

 
The Harris House currently does not have a programmable thermostat.  It is 
recommended to install a programmable thermostat which will allow the automatic 
set-back of the space temperature to save on both heating and cooling energy.  
We recommend that the thermostat selected be capable of having multiple day of 
the week schedules, since the current intent is for the Harris House to be used on 3 
days per week.  This measure can provide considerable energy savings since it is 
believed that the House is currently maintained at 72°F most of the time.  The 
setback temperature is usually selected as 65°F for residential buildings.  This 
ECM is estimated to save about 6,100 kWh annually or about $600 annually. 
These estimates are based on the assumption that the thermostat has not been set 
back during the current operation of the house. 

 
 Longer Term Actions and Sustainability Options: 
 

Similar to the options developed for All Saints Hall, competing options for consideration to 
reduce emissions, energy consumption and energy costs are analyzed below for the Harris 
House. 
 
4.03.3 Replace Electric Resistance Heat with High Efficiency Condensing Furnace 

 
A significant portion of the buildings heating is due to the electric resistance heat. 
An option was initially considered to install a condensing furnace in lieu of the 
electric heat.  However, due to low electricity prices in this area ($0.089/kWh), this 
option would not result in any energy cost savings, but rather could result in an 
increase in energy cost based on current prices of propane fuel.  The measure 
would still result in CO2 emissions reduction due to the electric generating 
inefficiencies associated with buying electricity for resistance heat. 

 

 
 

 



October 21, 2008 Christ Episcopal Church – Energy Audit Page 18 of 29
 

4.03.4 Geothermal Heat Pumps 
 
Similar to the option outlined above for All Saints Hall a geothermal heat pump 
could be installed for Harris House.  This system would also likely consist of a 
horizontal loop configuration. 
 
We estimate that this measure would result in savings of approximately 5,285 kWh 
of electricity, $520 per year, and 6,400 lbs of CO2 emissions. 
 
The benefit of this option is that it can eventually lead to a scenario where the 
Harris House is entirely renewable if the heat pump electricity is provided directly 
by an on-site renewable source. 
 
The downside of this option is that we anticipate it has a relatively expensive first 
cost associated with it.  We estimate that a geothermal heat pump system for this 
house would cost at least $25,000 to install. 

 
4.03.5 Solar Photovoltaics (PV) 

 
Solar powered electricity is a readily available means to implement the parish’s 
desire for a renewable energy option.  The most appropriate location for a solar PV 
array is on the roof of the building because there it will receive the most direct 
sunlight with least possibility of shading. 
 
The sloped roof of Harris House is suitable to receive a flat panel PV array.  The 
available area of the roof is assumed to be about 1000 square feet.  With current 
technology, that area could support a PV area of about 15 kW in capacity.  We 
estimate that this size array would be able to supply about 76% of the house’s 
current electrical consumption based on the keeping the existing equipment as is.   
However, if the recommended lighting and set-back thermostat ECM’s are 
installed, its anticipated that a 15 kW system could eventually supply about 90% of 
the house’s current electrical consumption. 
 
For the 15 kW system, we estimate an annual kWh savings 17,520 kWh, or $1,713 
per year at the current rates.  The estimated capital cost of the PV system is about 
$8,500 per kW, or about $127,500.  There are currently no State or local financial 
incentives to install solar PV in Virginia that we are aware of.  As a non-profit type 
entity, the Church does not pay taxes and is therefore ineligible for any Federal tax 
credits and deprecation incentives for Solar PV. 
 

Solar PV Payback Analysis 

 Electric 
Savings (kWh) 

Electric Costs 
Savings (kWh) Capital Cost Simple Payback, 

years 
15 kW 

Solar PV 17,520 $1,713 $127,500 74 

 
    

4.03.6 Replace Heat Pump with High Efficiency Unit 
The existing air-source heat pump condensing units is about ten years old and in 
good condition currently.  As an alternative to the geothermal option, the unit would 
be replaced in kind at the end of its useful life, and be replaced with a high 
efficiency unit.  The current unit has an average EERs ranging from 10.9 and a 
heating HSPF of about 7.5.  Current new models are available with EER up to 18 
and HSPF up to 8.9.  Changing to a newer model of the highest efficiency available 
will save about 3,400 kWh annually, and about $330 per year based on the current 
mode of operation (i.e. does not include effect of other ECMs) 
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4.03.7 Envelope Improvements 

 
The windows of Harris House were observed to be single pane and extremely 
leaky due to the old style storm windows and old wood frames.  Retrofitting the 
windows to new double-pane insulating windows would have some energy savings.  
However, the relative cost of window replacements are usually quite high and 
considering the limited use of Harris House, may not be warranted.  The savings 
from retrofitting the windows was estimated to be about 4,200 kWh and about $410 
annually.  The cost of window replacement for a typical double hung vinyl-clad 
window is estimated at $500 per window. 
 
It was also observed that the attic insulation in the house was in poor condition and 
not very thick.  Its estimated the existing insulation may have an effective R-value 
around R-3.  Since the attic is readily accessible, it would be fairly easy to install 
additional layers of fiberglass batt insulation.  6” batts have an R-value of about R-
19 and could be installed on top of the ceiling. It is estimated that increasing the 
attic insulation to this level would save about 2,200 kWh and $216 annually.   
Installed cost for batt insulation has been estimated to be around $2/ft2, or about 
$2000 for the house. 
 
Although the wall cavities were not directly observed, it is suspected that very little 
wall insulation exists due to the age of the building.  This is also consistent with the 
observed energy usage for heating.  It is possible to add insulation to the existing 
walls by a number of methods.  For the purposes of this study, it was assumed that 
“blow-in” insulation could be used to increase the wall R-value.  It is estimated that 
an effective R-value of R-13 could be achieved based on filling of a 6” wall cavity 
with blow-in fiberglass insulation.   It is estimated that adding wall insulation to this 
building would save about 3,000 kWh and $290 annually.   Installed cost for blow-in 
insulation has been estimated to be around $3/ft2 of wall area, or about $3500 for 
this house. 
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5.  Booth Hall 

 

 
Photo 7.Booth Hall 

 
Booth Hall is a single story brick building currently used as the 
Parish Offices.  The building was built in 1960 and was recently 
renovated with new doors and windows, lighting, and finishes.  The 
offices are typically occupied 40 hours per week. 
 
 
 
 
 

 
5.01 Existing Conditions 

The following section describes the existing conditions of Booth Hall 
 

5.01.1 Existing HVAC Systems 
The building heating and cooling is provided by a single 3 ton air-source heat pump 
which is relatively new.  The fancoil unit located in the 1st floor closet uses electric 
resistance heat as back-up to the heat pump.  The heat pump has a programmable 
thermostat.  It is assumed that the thermostat is being used to automatically 
setback the temperature. 

 
Existing Heat Pump Data 

Model Trane XR13 
2TWR3042A 

Capacity 37.2 MBH 
3.3 tons 

SEER 13 
HSPF 8.1 

Electric Heaters 7.2 kW / 4.33 kW 
  

 
Photo 8. Heat Pump Condensing Unit 

 
5.01.2 Existing Lighting Systems 

The existing lighting systems of Booth Hall consist primarily of T8 fluorescent light 
fixtures with electronic ballasts.  The peak lighting power is estimated to be 1.35 
kW. 

 
5.02 Analysis of Present Energy Use 

According to historical utility bills from January 2007 through December 2007, Booth Hall only 
used approximately 4,679 kWh.  The building does not use any propane currently.  The energy 
consumption translates into a site energy use intensity (EUI) of about 12.8 kBtu/ft2/yr and in 
$418 in yearly utility bills ($0.33/ft2).  Utility bills indicate the Church payed $0.0894/kWh for 
electricity in 2007. An estimated 18% electricity price increase was noted for the current year. 
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The amount of usage for this building is remarkably low, especially when compared to the 
other buildings on site.  We believe the reason for the low electrical consumption during 2007 
was due to the renovation of the building in the spring of 2007, which led to the building not 
being fully utilized for a portion of the year.  For the purposes of analyzing energy savings from 
ECM’s, OLA developed a projected usage based on the expected 40 occupied hours per week, 
and using a spreadsheet based energy model of the energy consumption.  
 
Our projections indicate the building usage will be closer to 12,400 kWh annually when fully 
occupied, with an annual cost of about $1100/yr based on the current electricity rate. 

 

Electrical End Use Breakdown, kWh
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Figure 6: Booth Hall Electrical Usage Breakdown 
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Figure 7. Booth Hall Electrical Usage 

 
 

5.03 Energy Conservation and Sustainability Measures (ECMs and SMs) 
Similar to the options developed for the other buildings, competing options for consideration to 
reduce emissions, energy consumption and energy costs are analyzed below for the Harris 
House. 
 

 Short Term Actions 
 
5.03.1 Verify Programmable Thermostat Functionality 
 

Although it is believed that the existing programmable thermostat has been 
programmed to set-back the space temperatures during unoccupied hours, the 
building staff should re-verify that this is being done.  A further suggestion is to post 
signage next to the thermostat to instruct users on how to return the thermostat to 
its program upon leaving the space. That will help ensure that thermostats are not 
left in override mode at night. 
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 Longer Term Actions and Sustainability Options: 
 

5.03.2 Geothermal Heat Pumps 
 

Similar to the options outlined above for the other buildings, a geothermal heat 
pump could be installed for Booth Hall.  This system would also likely consist of a 
horizontal, ground-coupled loop configuration. 
 
We estimate that this measure would result in savings of approximately 2,800 kWh 
of electricity, $300 per year, and 3,400 lbs of CO2 emissions. 
 
The benefit of this option is that it can eventually lead to a scenario where Booth 
Hall House is entirely renewable if the heat pump electricity is provided directly by 
an on-site renewable source. 
 
The downside of this option is that we anticipate it has a relatively expensive first 
cost associated with it.  We estimate that a geothermal heat pump system for this 
house would cost at least $25,000 to install. 
 

5.03.3 Solar Photovoltaics (PV) 
 
Solar powered electricity (Photovoltaics) is a readily available means to implement 
the parish’s desire for a renewable energy option.  The most appropriate location 
for a solar PV array is on the roof of the building because there it will receive the 
most direct sunlight with least possibility of shading. 
 
The sloped roof of Booth Hall is suitable to receive a flat panel PV array.  The 
available area of the roof is assumed to be about 1000 square feet.  With current 
technology, that area should be able to sustain a PV array of about 10 kW in 
capacity.  We estimate that this size array would be able to supply about 93% of 
Booth Hall’s projected annual usage based on the keeping the existing equipment 
as it is.  It should be noted that a full occupied year of energy consumption data 
was not available for Booth Hall. 
 
For a 10 kW system, we estimate an annual kWh savings 11,680 kWh, or $1,232 
per year at the current rates.  The estimated capital cost of the PV system is about 
$8,500 per kW, or about $85,000.  There are currently no State or local financial 
incentives to install solar PV in Virginia that we are aware of.  As a non-profit type 
entity, the Church does not pay taxes and is therefore ineligible for any Federal tax 
credits and deprecation incentives for Solar PV. 
 

Solar PV Payback Analysis 

 Electric 
Savings (kWh) 

Electric Costs 
Savings (kWh) Capital Cost Simple Payback, 

years 
10 kW 

Solar PV 11,680 $1,232 $85,000 69 
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6. Church Building 
The Church Building is a single story building currently used by 
the Congregation on Sundays.  The building consists of 2300 
square feet of Chapel space and small pantry area.  The original 
structure was built in 1840, and was expanded in 1980.  The 
Church building occupied hours is generally limited to 7AM to 1 
PM on Sundays. 

  
Photo 9. Church Building 
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The following section describes th existing conditions of the Church. N
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Photo 10: Church Heat Pump 
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Figure 8. Church Electrical Usage Breakdown 
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Figure 9. Church Electrical Usage 
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6.03 Energy Conservation and Sustainability Measures (ECMs and SMs) 

 
 Short Term Actions 

 
6.03.1 Provide Programmable Thermostats 

 
Although one of the existing thermostats has been programmed to set-back the 
space temperatures during unoccupied hours, the building staff should re-verify 
that this is being done.  An additional programmable thermostat is recommended 
for the west side heat pump.  This will help to make sure the building temperature 
is being setback when not in use.  It is estimated this measure could save about 
1,600 kWh and $185 per year. 

 
6.03.2 Provide Thermostats for the Electric Resistance Heat 

 
Currently, the Chapel has supplemental electric resistance baseboard heaters 
located along the perimeter of the Chapel.  These baseboards do not have 
thermostats and therefore can be left on quite easily.  We recommended providing 
control over these baseboards by two wall mounted thermostats, one for each side 
of the Chapel  In this way, the temperature can be easily set-back when the 
building is unoccupied conserving energy.  It is estimated this measure would save 
about 670 kWh and $76 per year. 
 

 Longer Term Actions and Sustainability Options: 
Similar to the options developed for the other buildings, competing options for consideration to 
reduce emissions, energy consumption and energy costs are analyzed below for the Church 
Building. 

 
6.03.3 Geothermal Heat Pumps 

 
Similar to the options outlined above for the other buildings, geothermal heat 
pumps could be installed for the Church.  This system would also likely consist of a 
horizontal, ground-coupled loop configuration. 
 
We estimate that this measure would result in savings of approximately 6,915 kWh 
of electricity, $780 per year, and 8,400 lbs of CO2 emissions. 
 
The benefit of this option is that it can eventually lead to a scenario where the 
Church is entirely renewable if the heat pump electricity is provided directly by an 
on-site renewable source. 
 
The downside of this option is that we anticipate it has a relatively expensive first 
cost associated with it.  We estimate that a geothermal heat pump system for this 
building would cost approximately $70,000 to install. 
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6.03.4 Solar Photovoltaics (PV) 
 
Solar powered electricity is a readily available means to implement the parish’s 
desire for a renewable energy option.  Usually, the most appropriate location for a 
solar PV array is on the roof of a building because there it will receive the most 
direct sunlight with least possibility of shading.  However in the case of the 
Church, we anticipate that PV on the roof is not desirable.  The next best place 
would be somewhere on the site where the panels would not be subject to much 
shading to maximize their output.  The area directly behind the Church and to the 
west of All Saints hall appears to be a suitable place which would not get shaded 
much. 
 

 
Photo 11. Area Directly Behind Church 

 
It is estimated that a 15 kW solar array would supply 91% of the Church Building’s 
electrical usage with the current systems.  We estimate that about 1000 square 
feet of land would be required.  
 
For a 15 kW system, we estimate an annual kWh savings 16,425 kWh, or $1,848 
per year at the current rates.  The estimated capital cost of the PV system is 
slightly higher per kW than the other buildings because of the need for power 
distribution from the array to the building.  We estimate the capital cost to be 
approximately $147,500.  There are currently no State or local financial incentives 
to install solar PV in Virginia that we are aware of.  As a non-profit type entity, the 
Church does not pay taxes and is therefore ineligible for any Federal tax credits 
and deprecation incentives for Solar PV. 
 

Solar PV Payback Analysis 

 
Electric 
Savings 
(kWh) 

Electric Costs 
Savings 
(kWh) 

Capital Cost 
Simple 

Payback, 
years 

15 kW 
Solar PV 16,425 $1,848 $147,500 80 
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6.03.5 Replace Heat Pumps with high efficient units 
 

The existing air-source heat pump condensing units are relatively old and one of 
them is in poor condition.  As an alternative to a geothermal option, the units 
would be replaced in kind at the end of their useful life and be replaced with a high 
efficiency unit.  The current units have an average EERs of about 11.0 and a 
heating HSPF of about 7.6.  Current models are available with EER up to 18 and 
HSPF up to 8.9.  Upgrading to a newer model of the highest efficiency available 
will save about 2,720 kWh annually, and about $300 per year based on the 
current mode of operation (does not include effect of other ECMs). 
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7. Recommendations For Implementation 
This report has outlined a number of options available to the Church towards achieving their goal of 
reducing energy consumption and maximizing their use of renewable energy.  Table 1 was presented in 
Section 1 is a summary of the recommended short term improvements which will help reduce energy 
usage at the site.  These measures are highly recommended to reduce the energy consumption of the 
buildings. 
  
Longer Term Improvements 
A number of additional potential projects were investigated under this study that would help reduce the 
energy consumption and/or increase the use of renewable energy at the site.  These measures have 
longer paybacks and the results were presented in Table 2 in Section 1.  Note that some of the 
measures investigated should be considered mutually exclusive of each other, and have been indicated 
with a letter designation to indicate this (i.e. 4A).  For example for All Saints Hall, the use of geothermal 
heat pumps (ECM 4B) would preclude the use of higher efficiency air source heat pumps (ECM 4C), 
and condensing propane furnaces (ECM 4A). 
 
Of the measures developed, Solar Photovoltaics would helps get the Church closest to its goal of 
maximizing its use of renewable energy.  However, the results of this analysis indicate that solar power 
is currently not a quick payback investment.  This is in part due to the lack of capital incentives in the 
state of Virginia, and the fact that the Church as a non-profit group does not pay federal income taxes 
and therefore is ineligible for the federal tax incentives available for solar power.  
 
The fact that Virginia does have a Net Metering law does improve the economics significantly, by 
essentially allowing the buildings to offset electrical usage by selling the full output of the Solar arrays 
back to the grid at the same rate that electricity is purchased at.  The capital cost to provide nearly 75% 
of the entire site’s electrical consumption with solar power was estimated to be about $700,000. 
 
The cost of PV used in the study is based on current estimates for similar sized systems in this part of 
country.  Typical capital costs for the PV systems are $8,500 / kW not including any incentives.  
 
Recent industry trends suggest that a reasonable expectation is that the net installed cost of PV will 
drop in the future.  According to a recent study published by the Solar Energy Research and Education 
Foundation (SEREF), the installed cost of PV is expected to reach $4,000/kW by the year 2015.  A 
separate market forecast published by the US Department of Energy projects Solar PV will reach 
$3,500/kW by the year 2010, and $2,500/kW by the year 2015. 
 
At a net installed cost of $3,500/kW, the payback would be reduced to about 29 years for this particular 
site at the current electricity rates.  As electricity rates are expected to rise, the payback would be 
further reduced accordingly.  Some example PV equipment data is provided in the Appendix. 
 
Ground-coupled geothermal systems were also investigated for the buildings.  The energy analysis 
indicates that while geothermal heat pumps can provide an overall reduction in electricity usage for 
most of the buildings, they also are capital intensive options with long payback.  The high first cost is 
primarily associated with the underground piping and the extensive site work needed to install it.  In the 
case of All Saints Hall, the geothermal option provides an all electric solution that has less greenhouse 
gas emission than the electric resistance heat option.  The all electric option is useful for eliminating the 
use of fossil fuels on site.  Some example geothermal heat pump equipment data is provided in the 
Appendix. 
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Appendix A.  Energy Star Target Finder Results 

 
 

 



Return to ENERGY STAR Web site > Target Energy Performance Results 

Warning: Energy rate for electricity varies by 38% from $0.05878876/kWh, the average rate in the 
22553 zip code. [Energy source 1] 

Warning: Energy rate for propane varies by 50% from $1.415784942/Gallons, the average rate in the 
22553 zip code. [Energy source 2] 

 

Target Energy Performance Results  The design must achieve a rating of 75 or 
higher to be eligible for "Designed to Earn 
the ENERGY STAR". View Statement of 
Energy Design Intent for project 
summary. 

    View     
NOTE: Values are 52% electricity and 48% other 
energy source. The Target & Top 10% energy use for 
this facility are calculated based on fuel mix of input 
estimated energy use.  

  

 
Target Energy Performance Results (estimated)  

Energy Design Target Top 10%

Energy Performance Rating (1-100) 69 75 90

Energy Reduction (%) 15 17 35

Source Energy Use Intensity (kBtu/Sq. Ft./yr) 96.5 93.6 73.5

Site Energy Use Intensity (kBtu/Sq. Ft./yr) 43.6 42.3 33.2

Total Annual Source Energy (kBtu) 1,109,635.2 1,076,045.0 845,565.7

Total Annual Site Energy (kBtu) 501,063.6 485,895.7 381,821.2

Total Annual Energy Cost ($) $ 11,850 $ 11,491 $ 9,030

Pollution Emissions    

CO2 Emissions (tons/year) 60.4 58.6 46.0 

CO2 Emissions Reduction (%) 15% 17% 35% 

Facility Information 
 
Christ Church 
VA 22553  
United States 

Edit

Facility 
Characteristics

Edit

Space Type Gross Floor Area 
(Sq. Ft.)

K-12 School 11,500

Estimated Design Energy Edit

Energy 
Source Units

Estimated 
Total 
Annual 
Energy 
Use

Energy Rate 
($/Unit)

Page 1 of 2Target Energy Performance Results : ENERGY STAR

10/14/2008http://www.energystar.gov/index.cfm?cfid=694681&cftoken=83806305&zip=22553&bui...



 
 

Total Gross Floor 
Area

11,500

Source: Data adapted from DOE-EIA. See EPA Technical 
Description. 

Electricity kWh 75,920 $ 0.081/kWh

Propane Gallons 2,689 $ 2.120/Gallons

Page 2 of 2Target Energy Performance Results : ENERGY STAR

10/14/2008http://www.energystar.gov/index.cfm?cfid=694681&cftoken=83806305&zip=22553&bui...
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Appendix B.  Utility History – Electric and Fuel Bills 
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