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ABSTRACT 

 
The following Evaluation, Measurement and Verification (EM&V) report for Plumas-Sierra Rural Electric 
Cooperative (PSREC) provides a systematic review of the GeoExchange program.  Recommendations 
were made to more effectively capture data and to improve the accuracy of this program. 
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Executive Summary 
This report provides findings from an independent Evaluation, Measurement and Verification (EM&V) for 
the GeoExchange program for Plumas-Sierra Rural Electric Cooperative’s (PSREC) 2009 fiscal year.  
 
The program was evaluated using a continuous improvement approach with the goal of identifying and 
recommending areas where changes can be made to improve data management and ensure data quality. 
For PSREC, this involved a review of the overall GeoExchange program and the creation of an 
engineering model to more accurately estimate savings. 
 
After a thorough review of PSREC’s GeoExchange program, we recommend the following actions to 
improve PSREC’s GeoExchange program: 
 
 Collect additional pre-retrofit data for installations.  
 Use the more conservative savings figures generated by the engineering model. 

 
For more detail on individual recommendations please refer to Findings & Recommendations section. 

Introduction & Purpose of Report 
EM&V is the documentation of energy savings using direct measurements, engineering calculations, 
statistical analyses, and/or computer simulation modeling. EM&V is a requirement of two bills adopted 
during the 2005-2006 California legislative session: 

 
 SB 1037 (Kehoe): Requires all publicly-owned utilities to report to the California Energy Commission 

and their local governing boards about current and projected energy efficiency programs, including 
expenditures and savings. 
 

 AB 2021 (Levine): Reaffirms SB1037 mandates but also requires publicly-owned utilities to develop 
energy efficiency targets on a triennial basis and provide an independent assessment of measured 
savings. 
 

This report provides unbiased, independent third-party auditing of programs selected by PSREC.  
Specifically, this report assesses savings associated with the GeoExchange program. 

Program Description 
 

GeoExchange 
The GeoExchange program from PSREC provides a 30-year interest-free (non-transferable) lease on 
exterior ground loops for installation in both new construction and retrofits. The fee schedule is based on 
HVAC tonnage and loop configuration (Horizontal or Vertical). In addition, a free 85-gallon Marathon 
water heater or a $500 rebate is issued upon the closing of the geo loop lease. 
 

For a full program description please refer to Appendix B. 
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Evaluation Standards 
The requirement for utilities to provide independent third-party assessments of measured savings is 
relatively new and subject to some interpretation. There are published references (such as the 
International Measurement and Verification Protocol and the Technical, Methodological, and Reporting 
Requirements for Evaluation Professionals), but it is apparent from the body of previous third-party 
assessments that there is a range of interpretations and application of these references.  
 
Our stance and approach is to: 
1) Provide a rigorous review of the utility’s programs. 
2) Meet them where they are at and identify actionable improvements. 
3) Minimize costs so more public benefits funds can be devoted to energy efficiency programs.  
 
With this approach, our goal is to provide an “optimized” assessment resulting in an actionable review at 
minimal cost to the utility.  This Continuous Improvement approach begins with process evaluation, 
followed by data analysis and detailed savings verification. If, in the course of evaluating a process or 
analyzing the data, we discover significant opportunities for improvement, we will stop and document the 
needed improvement actions. In such cases we do not make assumptions or otherwise fill in gaps in the 
data. 
 
For example, if required program data is missing then we will document this as a needed improvement 
activity rather than spend additional time to estimate the data which should have been provided.  
 
Evaluation Plan 
Using the approach explained above, the specific evaluation plan for PSREC was as follows: 
 
Process Review 
Evaluate the database for overall structure and accuracy.  Conduct staff interviews to identify any specific 
issues with the energy efficiency program and identify improvement opportunities. 
 
Evaluation of GeoExchange 
Summarize the results of the recent engineering comparison of a GeoExchange to other types of space 
conditioning.  Review the total cost to PSREC of supporting this measure.  Compare with other potential 
energy conservation measures. 

Findings & Recommendations 
 

Process Review - Evaluation of Program Tracking System 
On December 11, 2009, PSREC’s rebate database was received in Microsoft Excel format. Our 
evaluation resulted in the following findings and recommendations:  
 
 Database Structure:  There were no obvious or apparent structural errors located within the 

database. Information was provided in a clear and organized manner. There are no recommendations 
for structural improvement. 
 

 Database Accuracy:  The database provided accurate information for all the categories provided, 
but additional beneficial data could be collected. We recommend that PSREC maintain 
comprehensive data on meter readings for residences before and after GeoExchange retrofits. In 
addition, PSREC should collect data detailing the residence’s previous HVAC system. This will 
provide additional corroborating data to more accurately determine savings. 
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Process Review - Staff Interviews 
On January 7, 2010 a meeting with PSREC staff was conducted. At the meeting PSREC expressed 
concern that previous consultant’s savings results were not as accurate as they could be. Also discussed 
was the fact that customers can sometimes be confused about the increase in their electric bill when 
switching from gas to electric or when moving into the area from a warmer climate.   
 
While the marketing material distributed by PSREC does mention the cold weather, it may be helpful to 
add a step, prior to issuance of the rebate, where the material is reviewed in more detail with the 
customer.    
 
Evaluation of GeoExchange- Energy Savings 
 
Separate from this report, ESG created energy models of three generic homes.  Each home was modeled 
with a range of space conditioning systems, including baseboard heating, propane furnace and a 
GeoExchange system.  These models took weather, typical operation hours, and other key components 
into consideration.  The study was published and provided to PSREC titled “Plumas-Sierra Rural Electric 
Cooperative (PSREC) Engineering Evaluation of GeoExchange Program”.   
 
GeoExchange system energy consumption figures used in PSREC’s program agreed well with the 
Engineering Model.  However, the energy consumption figures of other types of systems, such as gas 
furnaces and baseboard heating, were significantly higher in PSREC’s program than in the Engineering 
Model.   As a result, the total energy savings per the program are higher than the savings per the 
Engineering Model. We recommend PSREC use the more conservative savings figures generated by the 
Engineering Model. 
 
The results of the Engineering Model indicated that the horizontal and vertical GeoExchange installations 
provided an average reduction of 46% in consumption (kWh) per year over Base Board Heating. 
GeoExchange provides an average savings of over 4,000 kWh per year, with the vertical configuration 
providing slightly higher savings than the horizontal installation. 
 
Evaluation of GeoExchange- Cost Effectiveness 
 
PSREC charges no interest on their GeoExchange program loans as described earlier in the Program 
Description section. By charging no interest there is an implicit cost to the utility incurred by inflation. As 
detailed in Appendix A, if a conservative figure of 3% is used, PSREC is spending almost $6,000 per 
installation on average. When comparing money spent to demand (kW) saved, the GeoExchange 
program is between 15-58% more costly than other PSREC rebate programs. We are not, however, 
recommending this practice be changed in light of the many benefits of the program.   
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Appendix A – Zero Interest Loan Analysis 
 
Units installed during the 2009 fiscal year were used to calculate total cost to PSREC of carrying the 
lease.  The analysis assumed 3% inflation amortized over the life of the loan and used demand reduction 
figures from the engineering evaluation conducted by ESG. 
 
 

 
System Capacity 

(Tons)

System Type 
(Horizontal or 

Vertical)

Construction 
Type Floor Area (SF) Lease Amount Lease Amount 

Per Ton SF/Ton Inflation Cost Cost per Watt 
Saved

6 H NC 2,017 $14,994 $2,499 336 $7,764 $6
7 H RETRO 2,723 $9,342 $1,335 389 $4,837 $3
6 H RETRO 2,955 $7,362 $1,227 493 $3,812 $3

11 V NC 3,818 $14,994 $1,363 347 $7,764 $3
3 V NC 1,200 $8,982 $2,994 400 $4,651 $7

Average $5

Program Cost per Watt 
Saved

% Difference 
from GSHP

Refrigerator $2 59%
Washer $4 21%

Comparison to Other PSREC Rebates
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Appendix B – Analysis of Existing Savings versus Engineering Model 
  
 
The following system usage figures are included in the Heating Fuel Cost Comparison portion of 
PSREC’s marketing material.  Unit consumption figures were calculated by dividing Heating Only Price by 
Current Price per Unit. 
 

Heat Type (Unit)
Current Prices per 

Unit Cost Per Million BTU
Annual Heating Only 

Price
Unit 

Consumption
Electric Resistance (kWh) $0.114 $33.40 $1,503 13,185
Fuel Oil (gal) $3.860 $29.96 $1,348 349
Geothermal Heat Pump (kWh) $0.114 $9.54 $429 3,767
Kerosene (gal) $3.860 $30.76 $1,384 359
Propane (gal) $3.430 $40.82 $1,837 536

Heat Type (Unit)
Current Prices per 

Unit Cost Per Million BTU
Annual Heating Only 

Price
Unit 

Consumption
Electric Resistance (kWh) $0.114 $33.40 $2,004 17,580
Fuel Oil (gal) $3.860 $29.96 $1,797 466
Geothermal Heat Pump (kWh) $0.114 $9.54 $573 5,023
Kerosene (gal) $3.860 $30.76 $1,845 478
Propane (gal) $3.430 $40.82 $2,449 714

Heat Type (Unit)
Current Prices per 

Unit Cost Per Million BTU
Annual Heating Only 

Price
Unit 

Consumption

Electric Resistance (kWh) $0.114 $33.40 $2,939 25,784
Fuel Oil (gal) $3.860 $29.96 $2,636 683
Geothermal Heat Pump (kWh) $0.114 $9.54 $840 7,367
Kerosene (gal) $3.860 $30.76 $2,706 701
Propane (gal) $3.430 $40.82 $3,593 1,047

1500Ft2 

2000Ft2

3000Ft2

Plumas Ad Material
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The engineering model produced the following energy usage figures.  kWh per square foot was 
calculated for each scenario and an average calculated. 
 

Area Gas Furnace Baseboard Heat Pump GSHP Horizontal GSHP Vertical
Ft2 kWh kWh kWh kWh kWh

1,200 9,701 8,060 5,590 4,111 3,648
2,000 12,562 9,360 7,100 5,210 5,070
3,000 14,581 11,430 7,340 6,290 6,120

Area Gas Furnace Baseboard Heat Pump GSHP Horizontal GSHP Vertical
Ft2 kWh/Ft2 kWh/Ft2 kWh/Ft2 kWh/Ft2 kWh/Ft2

1,200 8.1 6.7 4.7 3.4 3.0
2,000 6.3 4.7 3.6 2.6 2.5
3,000 4.9 3.8 2.4 2.1 2.0

Average 6.4 5.1 3.6 2.7 2.5  
 
The marketing material provided by PSREC was used to determine the expected energy usage for similar 
types of space conditioning.  Where unit usage was provided in units other than kWh, the conversion 
factors supplied in their material (Appendix B) were used.  This produced the following energy usage and 
energy usage per square foot figures: 

 

Area
Electric 

Resistance Fuel Oil Kerosene
Geothermal Heat 

Pump Propane
Ft2 kWh kWh kWh kWh kWh

1,500 13,185 14,330 14,186 3,767 14,336
2,000 17,580 19,107 18,915 5,023 19,115
3,000 25,784 28,023 27,742 7,367 28,036

Area
Electric 

Resistance Fuel Oil Kerosene
Geothermal Heat 

Pump Propane
Ft2 kWh/Ft2 kWh/Ft2 kWh/Ft2 kWh/Ft2 kWh/Ft2

1,500 8.8 9.6 9.5 2.5 9.6
2,000 8.8 9.6 9.5 2.5 9.6
3,000 8.6 9.3 9.2 2.5 9.3

Average 8.7 9.5 9.4 2.5 9.5  
 
 
Finally, comparisons were made between similar systems, yielding the following results: 
 

Propane Gas Furnace Percent Difference Electric Resistance Baseboard
Percent 

Difference Geothermal Heat Pump GSHP Horizontal
Percent 

Difference

kWh/Ft2 kWh/Ft2 % kWh/Ft2 kWh/Ft2 % kWh/Ft2 kWh/Ft2 %
9.6 8.1 18% 8.8 6.7 31% 2.5 3.4 -27%
9.6 6.3 52% 8.8 4.7 88% 2.5 2.6 -4%
9.3 4.9 92% 8.6 3.8 126% 2.5 2.1 17%
9.5 6.4 48% 8.7 5.1 72% 2.5 2.7 -8%

 
 
While the GeoExchange numbers assumed by PSREC are fairly close to those produced by the model, 
those used for Gas Furnaces and Electric Resistance Heating were significantly different from the model.   
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Appendix C – Marketing Material 
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