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STATE OF MAINE DEPARTMENT OF EDUCATION SCHOOL ENERGY SYSTEM STUDY 
 
EXECUTIVE SUMMARY 
 
Harriman was contracted to study the operational costs associated with geothermal and biomass 
heating systems, along with a comparison of those systems to traditional oil heat. These analyzed 
costs include first costs along with long-term maintenance and operational costs. For the 
purposes of this study, we included Gorham Middle School as a compartmentalized geothermal 
system and Durham Elementary School as a centralized geothermal system. The Ridge View 
Community School in Dexter was used as an example of a wood chip heating system, and the 
Mallett School in Farmington is used as an example of a wood pellet fired heating system.  
 
The report is broken down into the following sections of detailed analysis: 
 
• COMPARISON OF GEOTHERMAL SYSTEMS 

Analysis of a compartmentalized geothermal system compared to a more centralized 
geothermal system, including initial costs along with long term maintenance and operational 
costs. In this analysis we compare Gorham Middle School to Durham Elementary School and 
investigate not only the economic impacts but also the pros and cons of both systems. 
 

• COMPARISON OF WOOD HEATING SYSTEMS 
Comparison of operational and projected maintenance costs between wood chip heating 
systems and wood pellet heating systems. In this analysis we compare the Ridge View 
Community School to the Mallet School. As part of the analysis we discuss the differences 
between wood chip fuel and wood pellet fuel as well as the required fuel storage and 
handling systems for each fuel type. 
 

• LIFE CYCLE COSTING FOR GEOTHERMAL SYSTEMS 
Life cycle costing for geothermal systems in general to include information based upon past 
experiences with other types of systems. In this analysis we evaluate the steps required to 
develop an energy model for a building, as well as benchmark the performance of Durham 
Elementary School. 
 

• COMPARISON OF ELECTRICAL COST IMPACTS 
Electrical cost impact of geothermal systems compared to wood chip heating, wood pellet 
heating and traditional #2 oil heating. In this analysis we discuss in depth the operation of 
geothermal, wood chip and wood pellet systems relative to electrical power requirements for 
each system. 
 

• ANALYSIS OF HEAT DISTRIBUTION SYSTEMS 
Analysis of heat distribution systems to compare compartmentalized heating systems to 
more centralized heating systems. In this analysis we provide an in-depth evaluation of all 
types of compartmentalized and centralized heating systems including a discussion of which 
application is a better fit for each system.   
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• STANDARDIZED PROCESS FOR COMPARISON 

Development of a standardized and consistent process for comparing system options to 
include consistency in baseline comparison, assumptions, incentives and escalation of fuel 
costs. In this analysis, we explore the evaluation process that was very recently used at 
Kennebunk High School to determine the fuel source for that prospective project. 
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COMPARISON OF GEOTHERMAL SYSTEMS 
 
Compartmentalized: The Gorham Middle School is heated and cooled by a geothermal system 
that consists of more than 100 water source heat pumps distributed throughout the 135,914 
square foot building. The heat pumps are coupled to a closed loop heat sink consisting of 130 
wells each of which is approximately 450 feet deep. It is understood that natural gas fired boilers 
are only used to provide domestic hot water for the school, and do not contribute to building 
heating. 
 
Centralized: Conditioned air is distributed to the 87,521 square foot Durham Elementary School 
by nine modular air handlers located throughout the building. Heating hot water and chilled 
water for cooling is distributed to the air handlers from the central mechanical plant within the 
school. The central mechanical plant consists of 10 water source heat pumps coupled to a closed 
loop heat sink that consists of 66 wells. As a supplement to the heating system, the piping loop is 
coupled to fully redundant propane fired boilers each with a net output rating of 2,175 MBH. 
 
In order to compare operational costs, we first need to identify annual fuel consumption and fuel 
costs for each school. This data is presented in the following tables: 
 

BUILDING INFORMATION ANNUAL FUEL CONSUMPTION 

SCHOOL NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR 
ELECTRICITY 

(KWH) 
PROPANE 
(GALLONS) 

NATURAL 
GAS (CCF) 

GORHAM MIDDLE 
SCHOOL 
 
  

135,914 2009 - 2010 1,146,480 -- 312,060 
  2010 - 2011 1,275,600 -- 291,390 
  2011 - 2012 1,278,720 -- 245,260 
  2012 - 2013 1,351,440 -- 246,670 

DURHAM 
ELEMENTARY 
SCHOOL 

87,521 2010 - 2011 857,471 3,332 -- 
  2011 - 2012 869,760 -- -- 

  2012 - 2013 896,880 -- -- 
 

BUILDING INFORMATION ANNUAL FUEL COSTS 

SCHOOL NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR ELECTRICITY PROPANE NATURAL GAS 
GORHAM MIDDLE 
SCHOOL 
 

135,914 2009 - 2010 $178,341 -- $2,918 
  2010 - 2011 $166,682 -- $2,745 
  2011 - 2012 $149,348 -- $2,799 
  2012 - 2013 $143,595 -- $2,856 

DURHAM 
ELEMENTARY 
SCHOOL  

87,521 2010 - 2011 $99,401 $7,974 -- 
  2011 - 2012 $97,549 -- -- 
  2012 - 2013 $98,549 -- -- 
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As you can see in the previous tables, the Durham Elementary School has not operated the 
backup propane boilers since the 2010 – 2011 heating season. They have been able to maintain 
the building by exclusively using the heat pump system. It is also understood that the natural gas 
consumption for Gorham Middle School is only for domestic hot water production. Therefore, we 
can perform an equal comparison between the schools by comparing their electrical data. 
 
Following is a table that identifies fuel usage per square foot of building, which is a direct 
comparison of each building’s performance: 
 

BUILDING INFORMATION CONSUMPTION PER SQUARE FOOT 

SCHOOL NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR 
ELECTRICITY 

(KWH/SF) 
PROPANE 
(GAL/SF) 

NATURAL GAS 
(CCF/SF) 

GORHAM MIDDLE 
SCHOOL 
  
  
  

135,914 2009 - 2010 8.44 -- 2.30 
  2010 - 2011 9.39 -- 2.14 
  2011 - 2012 9.41 -- 1.80 

  2012 - 2013 9.94 -- 1.81 
DURHAM 
ELEMENTARY 
SCHOOL 
  
  

87,521 2010 - 2011 9.80 0.04 -- 
  2011 - 2012 9.94 -- -- 

  2012 - 2013 10.25 -- -- 
 
As you will notice on a year-by-year basis, the performance of each building is very similar with 
the Durham Elementary School consuming slightly more energy per square foot than the Gorham 
Middle School. Since the heat pumps are not separately metered for either building, it is difficult 
to discern whether the additional electrical consumption in Durham Elementary School is 
attributed to thermal loads or non-HVAC related equipment within the building. Regardless of 
whether the difference in electrical consumption is related to HVAC equipment or not, it is 
reasonable to discern that operational costs of compartmentalized and centralized geothermal 
water source heat pump systems are very similar. 
 
Comparing the initial costs of compartmentalized and centralized systems, in general the 
compartmentalized systems will have a lower first cost than the centralized systems. From our 
experience with both types of systems, the mechanical construction costs for compartmentalized 
geothermal systems typically are approximately $36 per square foot, while centralized 
geothermal systems are typically approximately $39 per square foot. As stated previously, there 
are more heat pumps in a compartmentalized system but they are smaller in size than they 
would be for a centralized system. Additionally, with a centralized system it is required to provide 
additional air handling equipment instead of allowing the heat pumps to condition the space. 
Lastly, a compartmentalized system requires small diameter condenser piping run throughout 
the building as opposed to large diameter hot water and chilled water piping with a centralized 
system.  
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Lastly, there are significant differences when comparing the maintenance costs between the two 
systems. The compartmentalized system has more equipment to service than a centralized 
system. The main reason for this is attributed to zoning of spaces. Only certain spaces can be 
grouped together in a common zone. For instance, a conference room would not be zoned with 
office spaces since the occupancy schedule of those spaces is completely different. Also, rooms 
with different outside wall exposures would not be grouped together in the same zone because 
the heating and cooling requirements of those spaces would be different. Therefore in general, 
with a compartmentalized system, a large number of smaller capacity heat pumps would be used 
to serve the building. A centralized system would include a much smaller number of high capacity 
heat pumps located at one location within the building. Zoning of spaces is accomplished through 
providing a small number of air handling units to split the building up into smaller portions. 
Individual space zoning at each air handler is provided through either reheat coils or Variable Air 
Volume (VAV) terminals with reheat coils which require very little maintenance. 
 
Additionally, with a compartmentalized system the maintenance staff needs to service heat 
pumps all over the building instead of servicing all of the heat pumps at one location isolated 
from the occupied spaces. Traditionally, equipment located in spaces that are not easy to access 
like above ceilings for instance, is less likely to get serviced than easily accessible equipment 
within mechanical spaces.  Taking all of this into consideration, it is expected that maintenance 
costs associated with compartmentalized systems are higher than they are for centralized 
systems. We have researched maintenance costs for both types of systems, and determined that 
on average $0.25 per square foot covers maintenance costs for a centralized system. This 
includes one worker at $100 per hour providing four visits per year at one week per visit. This 
cost also includes an allowance for filters, belts, rags, grease, etc. For a compartmentalized 
system, the maintenance cost increases to $0.50 per square foot. This increase is attributed to 
the fact that equipment is spread out across the entire building which makes the maintenance 
more labor intensive. 
 
We have developed a cost benefit analysis to compare the difference between a 
compartmentalized and a centralized and geothermal system. As noted in the tables above, 
Gorham Middle School is a 135,914 square foot building and they paid $143,595 for electricity 
during the 2012-2013 fiscal year. This calculates out to $1.06 per square foot electrical cost with 
typical maintenance costs of $0.50 per square foot, which results in a total operating cost of 
$1.56 per square foot for a compartmentalized geothermal system. Also noted in the tables 
above, Durham Elementary School is an 87,521 square foot building and they paid $98,549 for 
electricity during the 2012-2013 fiscal year. This calculates out to $1.13 per square foot electrical 
cost with typical maintenance costs of $0.25 per square foot which results in a total operating 
cost of $1.38 per square foot for a centralized geothermal system. Therefore, on average the 
overall operating cost of a centralized geothermal system is $0.18 per square foot less expensive 
than a compartmentalized geothermal system. 
 
As a result of the analysis, we discovered that even though the compartmentalized geothermal 
system has a lower electrical operating cost, the total operating cost is higher than a centralized 
geothermal system when you take into account the higher maintenance costs associated with a 
compartmentalized geothermal system. 
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COMPARISON OF WOOD HEATING SYSTEMS 
 
The Ridge View Community School in Dexter is a 125,000 square foot building which incorporates 
a wood chip heating system. The boiler plant for the school includes a backup boiler fired with #2 
heating oil; however, according to fuel usage data that boiler has not been in operation since the 
2011-2012 heating season. Additionally, the school uses propane but it is understood that this is 
only used for non-heating purposes. 
 
The Mallet School in Farmington is a 52,000 square foot building which incorporates a wood 
pellet heating system. The boiler plant for the school includes a backup boiler fired with #2 
heating oil; however, according to fuel usage data that boiler has not been in operation since the 
2012-2013 heating season. 
 
In order to compare operational costs, we first need to identify annual fuel consumption and fuel 
costs for each school. This data is presented in the following tables: 
 

BUILDING INFORMATION ANNUAL FUEL CONSUMPTION 

SCHOOL 
NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR 
ELECTRICITY 

(KWH) 
#2 OIL 
(GALS) 

PROPANE 
(GALS) 

WOOD 
PELLETS 
(TONS) 

WOOD 
CHIPS 

(TONS) 
RIDGE VIEW 
COMMUNITY 
SCHOOL 

125,000 2011 - 12 533,400 1,990 1,804 -- 296 
  2012 - 13 586,400 -- 2,254 -- 337 

  2013 - 14 588,960 -- 1,713 -- 368 
MALLETT 
SCHOOL 

52,000 2011 - 12 197,657 1,700 -- -- -- 
  2012 - 13 251,200 1,007 -- 77 -- 
  2013 - 14 224,429 -- -- 102 -- 

 
BUILDING INFORMATION ANNUAL FUEL COSTS 

SCHOOL 
NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR ELECTRICITY #2 OIL PROPANE 
WOOD 
PELLETS 

WOOD 
CHIPS 

RIDGE VIEW 
COMMUNITY 
SCHOOL 

125,000 2011 - 12 $59,080 $5,292 $5,446 -- 
   2012 - 13 $65,948 -- $4,610 -- $20,232 

  2013 - 14 $81,889 -- $3,606 -- $22,094 
MALLETT 
SCHOOL 

52,000 2011 - 12 $30,076 $5,132 -- -- -- 
  2012 - 13 $26,646 $2,982 -- $13,580 -- 

 2013 - 14 $28,361 -- -- $17,766 -- 
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In the previous tables, you will notice that the Ridge View Community School has not used their 
#2 oil backup boilers since the 2011 – 2012 heating season and has been heating the building 
exclusively with wood chips since that time. There is also propane consumption on an annual 
basis; however, it is understood that the propane consumption is attributed to non-heating 
usage. 
 
The Mallet School was heated exclusively with #2 oil during the 2011 – 2012 heating season. 
During the 2012 – 2013 heating season, the school was finishing construction of the wood pellet 
fired heating plant and so the school was heated with both #2 oil and wood pellets during that 
year. However, during the 2013 – 2014 heating season the building was heated exclusively with 
wood pellets. 
 
In order to compare the two schools, we will look at all three heating seasons, but we will focus 
on the 2013 – 2014 heating season. Following is a table that identifies fuel usage per square foot 
of building, which is a direct comparison of each building’s performance: 
 

BUILDING INFORMATION CONSUMPTION PER SQUARE FOOT 

SCHOOL 
NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR 
ELECTRICITY 

(KWH/SF) 
#2 OIL 

(GAL/SF) 
PROPANE 
(GAL/SF) 

WOOD 
PELLETS 

(TON/SF) 

WOOD 
CHIPS 

(TON/SF) 
RIDGE VIEW 
COMMUNITY 
SCHOOL 

125,000 2011 - 12 4.27 0.0159 0.01 -- 0.0024 
  2012 - 13 4.69 -- 0.02 -- 0.0030 
  2013 - 14 4.71 -- 0.01 -- 0.0029 

MALLETT 
SCHOOL 

52,000 2011 - 12 3.80 0.0327 -- -- -- 
  2012 - 13 4.83 0.0194 -- 0.0015 -- 
  2013 - 14 4.32 -- -- 0.0020 -- 

 
As indicated in the fuel consumption data above, the wood chip fired plant consumes more fuel 
per square foot than the wood pellet fired plant. In fact, when you compare the 2013 – 2014 
heating season at the Mallet School to the 2012 – 2013 and 2013 – 2014 heating seasons at the 
Ridgeview Community School; the wood chip fired plant consumes one and a half times as much 
fuel per square foot as the wood pellet fired plant. This difference can be attributed to the 
difference in moisture content between wood chips and wood pellets. 
 
Since wood chips are not a processed fuel, the moisture content of the fuel can vary significantly 
from one load of fuel to another which affects the heat output of the fuel. Essentially, the same 
amount of input energy is provided to consume wood chips and wood pellets. However, since 
wood chips have higher moisture content than wood pellets, a significant amount of the input 
energy is lost as latent heat of vaporization to vaporize the moisture within the fuel. Therefore on 
average, the heat output from wood chip fuel is 4,500 Btu/pound or 9,000,000 Btu/ton. 
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In comparison, wood pellets are a processed fuel and as such there is very little variation in 
moisture content or fuel quality between loads of fuel. Since wood pellet fuel has much less 
moisture content than wood chip fuel, less of the input energy is lost as latent heat of 
vaporization. Therefore on average, the heat output from wood pellet fuel is 8,000 Btu/pound or 
16,000,000 Btu/ton. 
 
As indicated above, it is necessary to consume more wood chip fuel per square foot than wood 
pellet fuel in order to achieve the same heat output. However, to fully compare the fuel types, 
we need to investigate the fuel costs on a square foot basis. Below is a table that identifies fuel 
costs per square foot of building: 
 

BUILDING INFORMATION COST PER SQUARE FOOT 

SCHOOL 
NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR 
ELECTRICITY 

($/SF) 
#2 OIL 
($/SF) 

PROPANE 
($/SF) 

WOOD 
PELLETS 
($/SF) 

WOOD 
CHIPS 
($/SF) 

RIDGE VIEW 
COMMUNITY 
SCHOOL 

125,000 2011 - 12 $0.47 $0.04 $0.04 -- $0.14 
  2012 - 13 $0.53 -- $0.04 -- $0.16 
  2013 - 14 $0.66 -- $0.03 -- $0.18 

MALLETT 
SCHOOL 

52,000 2011 - 12 $0.58 $0.10 -- -- -- 
  2012 - 13 $0.51 $0.06 -- $0.26 -- 
  2013 - 14 $0.55 -- -- $0.34 -- 

        
As noted within the previous table, the cost per square foot of wood pellet fuel is significantly 
higher than the cost per square foot for wood chip fuel. Comparing the 2013 – 2014 heating 
season, the cost per square foot of wood pellet fuel is nearly twice as much as wood chip fuel. 
However, it is important to note that wood chip fired boiler plants typically incur higher electrical 
operating costs than wood pellet fired boiler plants due to larger horsepower motors associated 
with the fuel handling system. 
 
Wood chip fuel is typically stored inside of a building that tractor trailers can back into and 
deposit fuel on to a walking floor. Hydraulic rams powered by large motors are used to transfer 
fuel from the walking floor to a conveyer system, where it is screened to prevent excessively 
large or irregular shaped chip fuel from being distributed to the boiler(s). Following the screening 
process, the conveyer system transfers the wood chip fuel to the boiler(s) where it is consumed.  
 
In contrast, wood pellet fuel is typically stored within traditional grain silos and transferred from 
the silo(s) to the boiler(s) using augers powered by small horsepower motors. Since wood pellet 
fuel is processed, there is no need for screening since the fuel is very uniform in size and shape. 
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Within the table above, it is noted that for the 2013 – 2014 heating season the electrical cost per 
square foot for the Ridgeview Community School is $0.11 higher than it is for the Mallett School. 
It is difficult to determine what percentage of the increased electrical cost is attributed to the 
wood chip fuel storage and handling system; however, it does indicate that there are additional 
operating costs for these systems which need to be considered as part of the comparison. 
 
It is not uncommon for walking floor fuel storage systems to fail, due to the fact that the 
hydraulic rams are very powerful and they will attempt to move the floor sections even if there is 
a blockage with the wood chip fuel. When this type of failure happens, the entire wood chip 
boiler plant is shut down for a significant amount of time. In order to assess the extent of failure, 
the wood chip fuel needs to be manually unloaded from the fuel storage building typically with a 
front end loader and a dump truck. Depending upon the extent of failure, it could take hours or 
days to repair the walking floor system during which time the building would be heated by higher 
cost fossil fuels. 
 
Wood pellet fuel from grain silos is augured from the bottom of the silo to the boiler, and so 
there is a possibility that the auger could jam or fail. In order to avoid a complete system failure, 
redundant grain silos and augers can be provided that feed into a common “day bin” prior to 
being augured to the boiler(s). Compared to a wood chip storage building with a walking floor, 
grain silos are a fraction of the initial cost. Additionally, grain silos have the capability of storing 
weeks of pelletized fuel within the same footprint as a wood chip storage building that can only 
store days of chip fuel. From our experience, we have noticed that mechanical construction costs 
for a wood chip fired boiler plant are typically in the range of $260 per square foot, whereas 
mechanical construction costs for a wood pellet fired boiler plant are typically in the range of 
$100 per square foot. This cost difference is primarily attributed to the fact that construction of a 
building is required for wood chip storage which is much more expensive than grain silos for 
wood pellet storage. 
 
With a wood chip fuel storage and handling system, it is not uncommon for there to be minor 
disruptions to the fuel feed system which need to be addressed. These minor disruptions 
typically are sporadic and only last a few minutes once they are addressed by personnel. 
According to our research, we have determined that on average $0.05 per square foot covers 
additional regular maintenance costs associated with a wood chip fired boiler plant. This includes 
one worker at $100 per hour to provide one hour per week for ash removal. In contrast, we have 
determined that on average $0.02 per square foot covers additional regular maintenance costs 
associated with a wood pellet fired boiler plant. This includes two workers at $100 per hour for 
one 8 hour day to provide one additional boiler cleaning per year. 
 
We have developed a cost benefit analysis to compare the difference between a wood chip fired 
boiler plant and a wood pellet fired boiler plant. As noted in the tables above, the Ridge View 
Community School is a 125,914 square foot building and they paid $0.18 per square foot for 
wood chips along with $0.66 per square foot for electrical consumption during the 2013-2014 
fiscal year. It is important to include the electrical consumption along with the wood fuel 
consumption since there is a significant difference between electrical loads for both types of 
wood fuel systems. Overall, the fuel consumption cost for the Ridge View Community School with 
a wood chip fired boiler plant equals $0.84 per square foot. When you combine the overall fuel 
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consumption cost with the typical maintenance cost of $0.05 per square foot, this results in a 
total operating cost of $0.89 per square foot for a building with a wood chip fired boiler plant. 
Also noted in the tables above, the Mallett School is a 52,000 square foot building and they paid 
$0.34 per square foot for wood pellets and $0.55 per square foot for electrical consumption 
during the 2013-2014 fiscal year. Overall, the fuel consumption cost for the Mallet School with a 
wood pellet fired boiler plant equals $0.89 per square foot. When you combine the overall fuel 
consumption cost with the typical maintenance cost of $0.02 per square foot, this results in a 
total operating cost of $0.91 per square foot for a building with a wood pellet fired boiler plant. 
 
As a result of the analysis, we discovered that there is a financial advantage with using a wood 
chip fired boiler plant; however, the overall operating costs are very close to a wood pellet fired 
boiler plant. It is important to look at the electrical consumption and maintenance costs to form a 
clear understanding of how these systems perform. 
 
In summary, even though wood chip fired boiler plants provide a slight financial advantage 
compared to wood pellet fired boiler plants; there are other matters to consider beyond the 
economic impact. Typically wood fired systems are installed in remote areas of the state where it 
is advantageous to store large amounts of fuel onsite in the event of a major snow storm. Due to 
the nature of the fuel storage systems, it is much more cost effective to store large amounts of 
wood pellet fuel than it is to store a comparable amount of wood chip fuel. Additionally, most 
school districts have a shortage of maintenance staff and in those situations it is advantageous to 
have a low maintenance boiler plant. Additional regular maintenance for a wood chip fired boiler 
plant can be handled by a smaller maintenance staff; however, it can become overwhelming for a 
smaller maintenance staff when significant system failures occur. 
 
Therefore, prior to making a decision regarding the type of wood fired system for a proposed 
building, the potential client needs to be made aware of the pros and cons of each system and 
the decision needs to be evaluated on a case-by-case basis to determine whether wood pellets or 
wood chips are the best fit for their facility. 
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LIFE CYCLE COSTING FOR GEOTHERMAL SYSTEMS 
 
A Life Cycle Costing Analysis (LCCA) is a tool that is used to determine the cost effectiveness of a 
proposed building design, and compares projected operating and maintenance costs over a 20 
year period against initial construction costs. A 20 year period is used for the LCCA since it is 
expected that the mechanical equipment will last 20 years on average. All of the costs are 
discounted by a 3.0% rate in accordance with the United States Department of Energy 
requirements for federal life cycle costing analyses. 
 
In order to develop an LCCA, the first step is to develop a detailed energy model of the proposed 
building design to determine the building energy consumption. In developing an energy model, it 
is important to be as accurate as possible since the results are only as good as the input data. 
Development of the energy model begins with establishing operating schedules for the building 
associated with occupancy, ventilation, lighting and equipment use. Since there are many 
different types of spaces within a school, operating schedules need to be customized for each 
type of space. For example, a typical occupancy schedule for a private office could be one person 
working from 8 AM until noon, taking an hour for lunch and then working from 1 PM until 5 PM. 
In contrast, a typical occupancy schedule for a classroom could be 25 students and 1 teacher 
arriving at 7 AM to start their day. The morning would include four 50 minute classes followed by 
a 10 minute break to allow students to get to their next class. The classroom would be empty 
during the lunch period followed by two more afternoon classes with the school day ending at 
2:00 PM. These are only a few examples; however, there is clearly a significant difference in 
occupancy schedules which needs to be taken into account in order to develop an accurate 
energy model.  
 
Once the operating schedules have been established, the spaces within the building need to be 
entered into the energy model. In order to accomplish this task, it is necessary to know the 
orientation of the building, U-Factor of walls and roofs, lighting levels in all spaces, glazing 
characteristics, color and type of roofs, along with basement and/or floor slab U-Factor. Lastly, 
modeling of the mechanical systems needs to match the designed systems as closely as possible.  
 
Once all of the data is entered into the energy model, the model is run and the results are 
reviewed by the designer. The designer compares the results to models and real world energy 
consumption data from similar buildings to verify accuracy of the energy model. Often times, the 
model will need to be adjusted in order to accurately reflect the projected energy consumption 
of the proposed building. 
 
When the energy model is for a new building that has not been constructed, the energy model 
would be considered as accurate as possible at this point and the energy usage data would be 
used in the next step of the LCCA. However, when real world energy consumption data exists for 
a building, the energy model can be calibrated to reflect the actual energy consumption of that 
particular building. Calibrating an energy model involves several iterations of adjusting and 
running the energy model until the proposed energy consumption matches the real world data. 
This is often a time consuming process; however, once the model is calibrated it is an extremely 
accurate representation of the energy usage at that particular building.  
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For the purposes of this study, we have developed a detailed energy model of Durham 
Elementary School with a centralized geothermal plant. Since real world energy consumption 
data exists for this school, we used this data to calibrate the energy model and provide a very 
accurate representation of this building’s energy usage. For comparative purposes, we also 
modeled a Maine Benchmark building to determine if Durham Elementary School actually uses 
less energy than the Maine Benchmark building and if so, by how much.  
 
At the time when Durham Elementary School was constructed, the Maine Benchmark building 
raised the bar for energy efficiency by defining the minimum level of acceptable performance at 
20% better than ASHRAE 90.1-2001. The Durham Elementary School project received State of 
Maine capitol construction funding assistance, and therefore was required to comply with the 
requirements set forth by the Maine Benchmark. In order for a building to meet the Maine 
Benchmark it must meet the following criteria: 
 

• Basic Criteria that is necessary for all buildings constructed or renovated, which is similar 
to the prerequisites for LEED-NC: 

o Documented Design Certification 
o Documented Construction Certification 
o Documented Operations Certification 
o Documented Energy Code Compliance 
o Envelope Air Barrier Performance 
o Envelope Window, Skylight and Door Certification 
o Building Controls for Monitoring and Trend Logging for Buildings over 25,000 sf 
o Electrical Transformers Meeting NEMA TP 1-2002 or Energy Star 
o Lighting Controls for Interior and Exterior Lighting 
o Indoor Air Quality to Meet or Exceed ASHRAE Standard 62-2001 
o Refrigeration and Icemaker Minimum Efficiency Requirements 
o Networked Computer Monitor Controls 

 
• Follow a prescriptive approach to meet certain statutory requirements: 

o Documented Opaque Envelope Performance 
o Utilize High-Performance Glazing Systems 
o Mechanical Design to Improve System Performance and Meet ASHRAE Std. 55 
o Mechanical Equipment to Meet Minimum Efficiency Requirements 
o Utilize Variable Speed Drives on Pump and Fan Motors 10 HP or Larger 
o Reduced Lighting Power Density 
o Utilize Daylighting Responsive Lighting Controls for Schools 

 
• Additional recommended credits can be achieved to meet additional program goals: 

o Documented Pre-Design Certification 
o Documented Additional Building Commissioning 
o Documented Continuous Recommissioning 
o Documented Performance Certification 
o Utilize Technology to Reduce Electrical Demand or Replace Electrical Supply 
o Provide On-Site Supply of Renewable Energy 
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As noted in the attached Energy Cost Budget/PRM Summary, the maximum allowable energy 
consumption in order to meet the Maine Benchmark building is 4,287,000,000 Btu/yr. According 
to the calibrated energy model for Durham Elementary School, the actual annual energy 
consumption is 2,997,900,000 Btu/yr which represents a 30% improvement over the Maine 
Benchmark Building. 
 
More recently, energy performance of Maine Schools is being benchmarked using the Maine 
Annual Energy Use Index (EUI). The EUI offers an indication of where a building falls on a 
spectrum in comparison to other similar buildings in Maine. The EUI is calculated based upon the 
annual energy consumed per square foot, adjusted for the regional climate (BTU/ft^2/HDD). In 
the case of Durham Elementary School, the EUI is calculated as (2,997,900,000/87,521)/7,318 
which equals 4.68. This is considered a low energy use ranking compared to over 100 Maine 
school buildings that have been benchmarked. 
 
The next step in developing an LCCA is to develop an opinion of probable cost estimate for 
construction of the proposed building. Since Durham Elementary School is already built, we used 
the actual mechanical construction cost of $3,425,000. Based upon the total building area of 
87,521 square feet, this calculates out to $39 per square foot. From our past experience with 
fully air conditioned buildings using conventional mechanical systems, we have assigned $32 per 
square foot as the mechanical construction cost for the Maine Benchmark Building. 
 
Additionally, it is necessary to identify current utility rate(s) to be used in the LCCA calculations. 
Lastly, it is necessary to estimate regularly scheduled maintenance costs for both the proposed 
building and the alternative. This is somewhat subjective since each building is different however 
in general service contracts include a minimum of four visits per year. The amount of time spent 
at each visit depends upon the amount of equipment to be serviced, whether the equipment is 
centralized or compartmentalized and if the equipment is easily serviceable or not. For Durham 
Elementary School, we used $0.25 per square foot for maintenance costs which covers one 
worker at $100 per hour to provide four visits per year at one week per visit. This cost also 
includes an allowance for filters, belts, rags, grease, etc. which are all part of the regularly 
scheduled maintenance cost. We carried the same maintenance cost for the Maine Benchmark 
Building since the equipment maintenance would be similar to Durham Elementary School. 
 
After entering all of the above mentioned data into the LCCA, Durham Elementary School has an 
annual savings of $37,406 compared to the Maine Benchmark Building. Durham Elementary 
School has a simple payback of 16.7 years and an internal rate of return of 4.5% compared to the 
Maine Benchmark Building. 
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COMPARISON OF ELECTRICAL COST IMPACTS 
 
In comparing the electrical cost impacts of geothermal systems against biomass and conventional 
#2 oil fired systems, it is important to explore each type of system individually and identify any 
similarities or differences between the systems. 
 
Geothermal Systems 
 
Geothermal systems just by their nature consume electricity as their primary fuel source; 
however, the backbone of any geothermal system is the ground source connection. Regardless of 
whether it is an open well or closed well geothermal system, electrically powered pumps are 
required to circulate water and transfer heat between the ground and the HVAC equipment. In 
an open well system, each well is equipped with a submerged pump to circulate ground water as 
the heat transfer medium. Since each well has a dedicated pump, the motor horsepower for each 
pump is small; however, there are several of these small motors within the system. Capacity of 
an open well system is controlled by enabling and disabling well pumps as necessary to match 
the HVAC load of the equipment. Under normal operation, it is common that multiple well pumps 
will be operating at the same time.  
 
In a closed well system, there is a redundant pair of pumps located within a mechanical space 
that circulate water within a closed loop through the ground. Instead of using ground water as 
the heat transfer medium, the closed loop system uses the ground as a large heat sink to transfer 
energy. Since the closed loop system pumps serve the entire ground source loop instead of each 
well individually, the motor horsepower for each pump is large. However, only one pump is 
operating at any given time with the speed of the pump motor adjusted through a Variable 
Frequency Drive (VFD) to match the HVAC load of the equipment. 
 
The second most important component of a geothermal system is the water source heat pump 
itself.  Each water source heat pump includes an electrically powered compressor(s) which is 
sized for the HVAC load of the spaces that it serves. As discussed previously, in a 
compartmentalized system there are several water source heat pumps located within the 
building each of which serves either a single space or a small number of spaces. On a year round 
basis, in order to meet the HVAC loads of the building there are multiple small capacity heat 
pumps operating all at the same time. 
 
Conversely, in a centralized system there is a small number of large capacity heat pumps located 
within a mechanical space to serve the HVAC requirements of the entire building. As the HVAC 
loads of the building fluctuate, the building control system stages heat pumps on and off to meet 
the building load. At any given time, it is common to have multiple heat pumps operating; 
however, the difference is that there would be a small number of large capacity heat pumps 
versus a large number of small capacity heat pumps. 
 
Lastly, the system pumps and associated piping system tie the ground source connection and 
heat pumps together to complete the geothermal HVAC system. In order to understand this 
connection, it is important to understand how heat pumps interact with a ground source loop as 
well as the remainder of the building HVAC equipment. Water source heat pumps serve as an 
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interface between the building and the ground source system water. If the building requires 
cooling, the heat pump uses the compressor(s) through the refrigerant cycle to cool either warm 
water or warm air on the building side. Now that the heat pump has drawn heat from the 
building, it needs to reject that heat to the ground source system water. Conversely, in heating 
mode the water source heat pump draws heat from the ground source side and rejects that heat 
to the building. 
 
As discussed previously, there are both open-well and closed-well geothermal systems that can 
be implemented. In an open well system, the actual ground water is pumped into the building 
where it can either be pumped through a water-to-water heat exchanger to separate the ground 
water from the building water or through the heat pumps themselves. Due to potential corrosion 
issues from the ground water, open well systems are not recommended; however, that system 
option has been discussed for completeness. Since the Gorham Middle School and Durham 
Elementary School both utilize closed well geothermal systems, the remainder of the discussion 
will focus on closed well systems. 
 
In a closed well system, it is typical to pump the water from the ground source side directly 
through the heat pumps since there are no issues with contamination. In a compartmentalized 
system, one set of condenser water lines is run around the building to serve all of the heat 
pumps. The heat pumps in this system are console type and they are directly used to heat and 
cool the building. In a centralized system, the water from the ground source side pumps directly 
through a small group of heat pumps within a mechanical space. The heat pumps in this system 
are water-to-water type and they are used to condition water on the building side which in turn 
provides heating and cooling for the building. In this system, a secondary piping loop is required 
with an additional set of pumps to circulate the conditioned water to remote air handlers 
throughout the building. 
 
Wood Pellet Heating Systems 
 
Wood pellet heating systems are similar to conventional #2 oil fired systems in that they are both 
heating only and they utilize a redundant set of pumps to circulate conditioned water to remote 
air handlers and other heating elements throughout the building. The main difference with a 
wood pellet heating system is that augers are used to transfer wood pellets from fuel storage 
container(s) to the wood pellet fired boiler(s). Auger motors are typically 2 HP or less with a 
quantity of motors that varies from project to project depending upon the field conditions. Wood 
pellet fuel is processed within a manufacturing facility to achieve very consistent fuel quality, size 
and shape. One of the most important features of the consistent fuel quality is that the moisture 
content associated with wood pellet fuel is typically around 6-7%. Due to the fact that the wood 
pellet fuel is processed, there is very little variance between deliveries. The density of wood 
pellet fuel is approximately 40 lb/ft3 which is very similar to the density of grain. Since the size 
and shape of wood pellet fuel is also very similar to grain, it is possible to deliver, store and 
handle wood pellet fuel with the same equipment that is used for grain. 
 
Heating output of wood pellet fired boilers is controlled by the feed rate of the wood pellet fuel, 
as well as the quantity of combustion air fed into the boiler. There are two separate strategies 
associated with capacity control of wood pellet fired boilers, each of which operates differently 
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from an electrical standpoint. On a call for heat with constant speed capacity control, the boiler 
control panel starts constant speed augers to feed wood pellet fuel from the fuel storage grain 
silo to the stoker mounted to the boiler itself. Integral to the stoker is a small temporary bin. A 
level sensor at the top of the temporary bin turns off the auger motors once the temporary bin is 
full. At that point, a constant speed combustion air fan starts on the boiler and the constant 
speed stoker feeds all of the fuel from the temporary bin into the combustion chamber. Once the 
minimum internal temperature of the combustion chamber is achieved, a second set of constant 
speed combustion air fans start and the boiler is now operating at high fire. The entire process 
repeats each time that there is a call for heat from the boiler. 
 
On a call for heat with variable speed capacity control, the boiler control panel starts variable 
speed augers to feed wood pellet fuel from the fuel storage grain silo to the variable speed stoker 
mounted to the boiler itself. When the boiler is ready to fire, a variable speed combustion fan 
starts on the boiler and the variable speed stoker begins to feed fuel into the combustion 
chamber. In order to control capacity, the variable speed augers and stoker modulate in 
conjunction with the variable speed combustion air fans to closely match the system heating 
requirements. If the boiler needs to go to high fire to match the heating load, the wood pellet 
fuel feed rate is increased, the variable speed combustion fan introduces more air and a second 
set of variable speed combustion air fans start. In this control strategy, the auger motors are 
always operating; however, they spend most of their time operating at a reduced speed which 
allows for some energy savings. Additionally, it is understood that every time a motor starts an 
inrush or current is required to overcome the locked rotor amps of the motor. Using variable 
speed drives on all of the motors avoids that situation with a soft start and it keeps the motors 
running continuously instead of continuously starting and stopping the motors. 
 
Wood Chip Heating Systems 
 
Wood chip heating systems are similar to conventional #2 oil fired systems and wood pellet fired 
heating systems in that they are both heating only and they utilize a redundant set of pumps to 
circulate conditioned water to remote air handlers and other heating elements throughout the 
building. The main difference between wood pellet heating systems and wood chip heating 
systems is that the fuel handling system for wood chips is more robust due to the nature of the 
fuel itself. Wood chip fuel is not processed within a manufacturing facility like wood pellet fuel is 
processed. The size and shape of wood chip fuel varies significantly as well of the quality of fuel 
itself. The lowest quality of wood chip fuel is referred to as “hog fuel” which can include tree tops 
and bark. Not all wood chip boilers can burn hog fuel, and so if a client intends to burn that type 
of fuel it needs to be discussed up front to insure that the equipment is properly selected. A more 
common grade of wood chip fuel does not include tree tops or bark and the moisture content of 
the fuel is approximately 36%. Since the wood chip fuel is not processed like wood pellets, the 
moisture content of the fuel can and will vary between deliveries and needs to be verified for 
acceptance by the building owner prior to each fuel delivery. 
 
Wood chip fuel is typically unloaded from a tractor trailer to a building with a walking floor. The 
purpose of the walking floor is to move the fuel pile towards a conveyer belt along the side of the 
storage fuel storage bin. The walking floor is moved by hydraulic rams powered by typically 7.5 to 
10 HP motors. The walking floor and fuel conveyer systems are operational any time the wood 
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chip boiler calls for fuel. The motors associated with the conveyer belt fuel handling system are 
typically 2 HP or less. Similar to wood pellet boilers, wood chip boilers incorporate both constant 
speed and variable speed capacity control strategies.  
 
Conventional #2 Oil Fired Systems 
 
The main difference between conventional #2 oil fired heating systems and geothermal systems 
is that #2 oil fired systems are heating only and do not incorporate cooling as geothermal 
systems do. As expected, the primary fuel source for this type of system is #2 heating oil with 
electricity as their secondary fuel source. A conventional oil fired boiler includes a burner 
mounted to the boiler with an integral electrically operated fuel oil pump. The burner mounted 
fuel oil pumps require a minimal amount of electricity to operate and are typically powered from 
the burner control circuit which is typically a 120 volt, 20 amp circuit. Larger #2 oil systems 
include underground fuel storage tanks which require an additional fuel oil transfer pump to 
draw fuel from the tank into the building so that the burner mounted fuel oil pumps can draw the 
fuel that they need. Even though a fuel oil transfer pump would be needed, the pump would 
typically require a motor that is 2hp or less. 
 
A conventional #2 oil fired system uses a redundant set of pumps to circulate conditioned water 
to remote air handlers and other heating elements throughout the building. This is no different 
than wood pellet and wood chip fired heating systems and the horsepower of the pump motors 
varies greatly depending upon the size of the building that is being conditioned. 
 
Summary 
 
In summary, following is a list of each system type along with the typical electrical impact 
associated with each system: 
 

• Closed Well Geothermal Compartmentalized System: 
o Redundant pair of large horsepower variable speed well pumps 
o Large number of small horsepower water source heat pumps 
o Building air conditioning included in addition to building heating 

• Closed Well Geothermal Central System: 
o Redundant pair of large horsepower variable speed well pumps 
o Redundant pair of large horsepower variable speed heating/cooling pumps 
o Small number of large horsepower water source heat pumps 
o Building air conditioning included in addition to building heating 
o Remote air handling equipment to condition building 

• Wood Pellet Heating System (Constant Speed Capacity Control): 
o Small horsepower constant speed on/off auger motors (typically 2-3 total) 
o Small horsepower constant speed on/off combustion air fans (typically 3) 
o Redundant pair of large horsepower variable speed heating pumps 
o Remote air handling equipment to condition building 
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• Wood Pellet Heating System (Variable Speed Capacity Control): 
o Small horsepower variable speed auger motors (typically 2-3 total) 
o Small horsepower variable speed combustion air fans (typically 3) 
o Redundant pair of large horsepower variable speed heating pumps 
o Remote air handling equipment to condition building 

• Wood Chip Heating System (Constant Speed Capacity Control): 
o Small horsepower constant speed on/off conveyer motors (typically 2-3 total) 
o Small horsepower constant speed on/off combustion air fans (typically 3) 
o Large horsepower hydraulic ram motors (typically 4) 
o Redundant pair of large horsepower variable speed heating pumps 
o Remote air handling equipment to condition building 

• Wood Chip Heating System (Variable Speed Capacity Control): 
o Small horsepower variable speed conveyer motors (typically 2-3 total) 
o Small horsepower variable speed combustion air fans (typically 3) 
o Large horsepower hydraulic ram motors (typically 4) 
o Redundant pair of large horsepower variable speed heating pumps 
o Remote air handling equipment to condition building 

• Conventional #2 Oil Fired System: 
o Typically 120 volt, 20 amp circuit per boiler 
o Small horsepower constant speed  oil pump motor on large systems 
o Redundant pair of large horsepower variable speed heating pumps 
o Remote air handling equipment to condition building 

 
BUILDING INFORMATION 

ELECTRICITY 
($/SQFT) SCHOOL NAME 

SQUARE 
FOOTAGE 

(SF) 
SCHOOL 

YEAR 

GORHAM MIDDLE SCHOOL 
Compartmentalized Geo-Thermal   
  
  

135,914 2009 - 2010 $1.31 
  2010 - 2011 $1.23 
  2011 - 2012 $1.10 
  2012 - 2013 $1.06 

DURHAM ELEMENTARY SCHOOL 
Centralized Geo-Thermal    
  

87,521 2010 - 2011 $1.14 
  2011 - 2012 $1.11 
  2012 - 2013 $1.13 

RIDGE VIEW COMMUNITY SCHOOL 
Bio-Mass - Chips  
  

125,000 2011 - 2012 $0.47 
  2012 - 2013 $0.53 
  2013 - 2014 $0.66 

MALLETT SCHOOL 
Bio-Mass - Pellets  
  

52,000 2011 - 2012 $0.58 
  2012 - 2013 $0.51 
  2013 - 2014 $0.55 
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In reviewing the information stated above, it is understood that following schools incorporate the 
following systems: 

• Gorham Middle School – Compartmentalized geothermal heating/cooling system 
• Durham Elementary School – Centralized geothermal heating/cooling system 
• Ridgeview Community School – Wood chip heating system 
• Mallet School – Wood pellet heating system 

 
Even though a conventional #2 oil fired system is not included in the table, it is understood that 
the electrical costs associated with this system type would have the lowest electrical operating 
cost per square foot numbers since these systems are heating only and the costs associated with 
fuel handling would be far less than for a wood pellet heating system. 
 
In comparing the two geothermal systems to each other, the electrical costs per square foot are 
very similar between the compartmentalized system and the central system. Overall, the 
geothermal systems have a much higher electrical cost per square foot than the heating only 
systems due to operating costs associated with air conditioning. 
 
In comparing the wood pellet and wood chip heating systems, the electrical cost per square foot 
associated with the wood pellet system is slightly less than with the wood chip system. This is 
expected due to the larger horsepower motors required to handle the wood chip fuel. 
 
The table does not differentiate between constant speed or variable speed control of biomass 
boilers; however, in general energy savings can be achieved by reducing the speed of motors 
instead of operating them at full motor horsepower. 
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ANALYSIS OF HEAT DISTRIBUTION SYSTEMS 
 
This analysis is focused on comparing compartmentalized heating distribution systems to 
centralized heating distribution systems. This analysis includes geothermal systems as well as 
conventional hot water distribution systems. 
 
Compartmentalized Geothermal System 
 
A compartmentalized geothermal system consists of several small tonnage console type and/or 
ducted water source heat pumps distributed throughout the building to provide both heating and 
cooling to individual spaces. Console type heat pumps are typically floor mounted within the 
space they serve. The heating/cooling capacity of the console units range from 0.5 tons to 1.5 
tons, they include a fan to draw room air across their evaporator coil and can include either 
stand-alone controls or they can be controlled through a central building management system. 
Since these console units include a compressor, they tend to be rather noisy therefore they are 
not recommended for sound sensitive spaces. 
 
Another option is ducted water source heat pumps which are typically located above ceiling 
cavities or within small mechanical spaces adjacent to the room that they serve. Depending upon 
the model selected, ducted heat pumps can range in capacity from 0.5 tons to as much as 25 
tons. The large capacity ducted units would typically be used for large spaces like an auditorium 
or cafeteria. The important thing to keep in mind with a compartmentalized system is that each 
heat pump is a zone of heating and cooling. It would not be desirable to include dis-similar spaces 
on the same heat pump because it would be very difficult to keep everyone comfortable. For 
instance, it would not be a good decision to zone a private office on an outside wall with an open 
office space that is completely interior to the building. Both of these spaces will perform 
completely differently when it comes to heating and cooling loads and none of the occupants will 
be comfortable. For instance in cooling mode with the temperature sensor located in the open 
office, the heat pump will satisfy that space but the private office will be much too cold. 
However, with the temperature sensor is located inside the private office, the heat pump will 
satisfy that space but the open office will be too warm. It would be a far better decision to use 
one heat pump for the open office space and a separate heat pump for the private office. 
 
The ultimate level of comfort for any building would be for every space to be zoned 
independently; however, this method is cost prohibitive. Therefore it is important to explore 
zoning similar spaces together in order to keep the project within a reasonable budget. For 
instance, a group of four private offices all along the same outside wall with only one wall of 
exposure could be zoned together. As far as heating and cooling loads are concerned, all four 
offices will perform the same. However, if one of those offices was a corner office it would be a 
better decision to place that office on a separate zone from the other three offices. Additionally, 
in an open concept office it would be a good decision to zone the portion of the office along the 
exterior wall separately from the interior portion of the open office. This applies primarily to a 
very large open office that is deeper than 15 feet from the outside wall. The reason being that 
even though this is one large open space the exterior portion will still perform differently than 
the portion that is completely interior. Lastly, it is important to zone only similar types of spaces 
together. For instance it would not be a good decision to zone a private office with a conference 
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room even if both are completely interior to the building. Even though these spaces have the 
same exposure they will perform very differently from each other and neither space will be 
comfortable. Offices have rather constant loads including 1-2 people with a computer and 
consistent day-long schedule. On the other hand, conference rooms are used intermittently and 
when they are used it is typically a large group of people for a short period of time. For instance, 
if the temperature sensor is located inside the private office, the heat pump will keep that space 
satisfied but the conference room will always overheat. Conversely, if the temperature sensor is 
located in the conference room, the private office will always be too warm except for when the 
conference room is occupied when it will be too cold. Again it would be a better decision to zone 
the private office and conference room separately. 
 
In a compartmentalized heat pump system a single set of condenser water piping is run around 
the building to each heat pump. This condenser water piping is typically smaller in diameter than 
system heating or cooling piping and the temperature of the fluid within the piping is near room 
temperature which means that the piping does not need to be insulated. 
 
Centralized Geothermal Heat Pump System 
 
A centralized geothermal heat pump system consists of a small number of large water-to-water 
heat pumps located within a mechanical space. The centralized water source heat pumps range 
in size from 3 tons to 35 tons each and combined serve as a central heating/cooling plant for the 
entire building. In this scenario, the heat pumps are not serving individual spaces and so they 
stage on and off as necessary to match the heating and cooling requirements of the entire 
building. From the central plant of heat pumps, hot water heating and/or cooling distribution 
piping mains are run around the building to serve individual heating/cooling elements and 
remote air handlers serving individual spaces. These piping systems would typically be larger than 
a condenser water loop and the temperature of the fluid inside the piping is significantly different 
than the room air temperature which means that the piping needs to be insulated. 
 
All of the same rules apply to zoning spaces together, except with this system it is the individual 
heating/cooling elements and the remote air handlers that are used for zoning instead of the 
heat pumps. With this type of system at a school for instance, it would be a good decision to 
designate a central air handler to a school wing with ducted distribution to each classroom. If this 
were a heating only system, the air handler could be constant air volume and each classroom 
could be zoned individually with a hot water heating coil. However, with a heating/cooling 
system the classrooms would need to be zoned individually with variable air volume (VAV) 
terminals. 
 
Heating Hot Water Distribution Systems 
 
There are several types of heating hot water distribution systems that are used in central heating 
systems, each of which has benefits and drawbacks.  
 
In a residential application, a common piping system is a series loop heating system. This can also 
include a zoned series loop heating system if for instance the first and second floors were zoned 
separately. In this type of system the first heating element served by the boiler supply piping sees 
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the highest temperature water in the system. As the water moves along from one heating 
element to another the temperature of the water continues to drop until the last heating 
element sees the coolest water in the heating system. After the water passes through the last 
heating element, it returns to the boiler to be re-heated. For this type of system to work 
effectively, the length of each section of baseboard needs to be selected based upon the 
incoming temperature of water that it will see. Essentially, the length of finned element will 
increase as the incoming water temperature decreases in order to maintain a constant heat 
output. This type of system is inexpensive and can be effective in a residential application, but 
not practical in a commercial application. 
 
The most common hot water piping system is a two-pipe reversed return. In this system each 
heating element in the building sees the highest temperature incoming supply water from the 
boiler. Granted in a large system there may be a temperature loss of a few degrees through the 
piping at the furthest elements but pipe insulation keeps the loss at a minimum. With this system 
the supply main piping at the first heating element is at the full system size. As the supply main 
continues serving heating elements, the size of the piping decreases until it ends at the last 
heating element. Conversely, the return piping main begins at the first heating element and 
increases from the element branch size to the full system size by the time it finishes with the last 
heating element. 
 
In addition to the two-pipe reversed return, it is common to incorporate primary/secondary 
piping loops into the overall system. In this scenario, the 2-pipe reversed return piping main 
within the boiler room would run past the heating boilers instead of running through the boilers. 
In the event that the primary building loop supply water temperature starts to drop below 
setpoint, the building management system would start the boiler(s) pump in the secondary loop 
to inject heat into the primary loop. The secondary loop would interface with the primary loop 
using two closely spaced tees within the primary system piping. This way, both loops are 
completely independent hydraulically and the boilers can cycle on and off as necessary to provide 
significant fuel savings.  
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STANDARDIZED PROCESS FOR COMPARISON 
 
In order to directly compare fuel sources, the data needs to be normalized to a standard annual 
heating consumption. As noted in the following table, we have assumed an annual heating 
consumption of 16,000 Dekatherms. For reference, one dekatherm is equal to 1,000,000 BTUs. 
As you will see in the following table, each fuel type has a different heat output per fuel unit. 
Additionally, each fuel source has a different maximum efficiency which all factors into how many 
units of fuel are consumed in order to achieve an equivalent annual heating output. With that 
information, current utility rates are included in the table to present a cost per Dekatherm for 
each fuel source which can be used as a direct comparison. As noted in the following table, #2 
Fuel Oil has the highest cost per Dekatherm at $31.64 with wood chips having the lowest cost per 
Dekatherm at $9.63. It is important to note; however, that even though geothermal is not the 
lowest cost, it is very close to wood chips and roughly two thirds the cost of wood pellets. 

 

 
 

As a first step in the comparison of system options for a specific building, an energy model of the 
proposed building needs to be developed in order to determine the annual heating consumption. 
A detailed explanation of how to develop an accurate energy model is included in the Life Cycle 
Costing for Geothermal Systems section of the report. 
 
 
 

Fuel Source BTUs/unit Equipment 16,000 Dekatherm Annual Heating    
Type (12 Dekatherm/hr Peak Heating)    

Equipment Fuel Fuel Unit
Efficiency Consumption Costs $/DTherm

No 2 Oil 139,000     Boiler 83% 138,684          3.65$      31.64$           
Gallon Gallon /Gallon

Natural Gas 100,000     Boiler 94% 170,213          1.06$      11.28$           
CCF CCF /CCF

Propane 91,600       Boiler 94% 185,822          1.70$      19.74$           
Gallon Gallon /Gallon

Geothermal 3,413          WSHP 3.80 1,234,035       0.137$    10.57$           
kWh COP kWh /kWh

Wood Chips 4,500          Boiler 75% 2,370               65$          9.63$             
Pound Ton /Ton

Wood Pellets 8,000          Boiler 83% 1,205               200$        15.06$           
Pound Ton /Ton

100,000     Boiler 94% 170,213          1.20$      12.77$           
CCF CCF /CCF

100,000     Boiler 94% 170,213          1.70$      18.09$           
CCF CCF /CCF

FUEL SOURCE ANALYSIS

Compressed 
Natural Gas
Liquified Natural 
Gas



 

H:\2013\13786\3-Project-Dev\Reports\3-Final\07-Standardized Process for Comparison.docx Page 2 of 4 

STATE OF MAINE DEPARTMENT OF EDUCATION SCHOOL ENERGY SYSTEM STUDY 
 
Once the energy model has been developed, it is important to normalize the fuel sources based 
upon the calculated annual heating load from the energy model. In the following table, we used 
Kennebunk High School as an example with an annual heating consumption of 7,900 Dekatherms. 
 
Using data from the table above, we compared all fuel sources to #2 Fuel Oil to determine the 
most cost effective fuel source for the proposed building. As expected, both wood chips and 
geothermal are at the top of the list, followed by natural gas and wood pellets. In order to keep 
the analysis up to date and relevant, the fuel unit costs need to continuously be updated. This 
table is useful in that it can help select the top fuel source choices for further evaluation. 

 

 
 

The next step is to further evaluate the top fuel source choices against the projected utility costs 
of the building being evaluated. As you will see in the following table, the base electricity load is 
projected at $317,000 as a two year total. This total is then added to the projected two year total 
of all the explored fuel sources with the totals noted in the summary section. It is important to 
note that at Kennebunk High School both wood chips and natural gas had a lower two year 
projected utility cost than geothermal since geothermal included full air conditioning verses 
partial air conditioning for the remaining options. Therefore, it is very important to evaluate each 
building individually to determine the lowest cost option for that particular building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dekatherms 7,900    
KENNEBUNK HIGH SCHOOL SCHEME A1

Fuel Unit Equip Fuel Cost Cost Savings
Costs Eff per Year vs Oil

No 2 Oil 3.65$    /Gal 83% 248,603.35$        -$                 
Natural Gas 1.06$    /CCF 94% 88,610.46$          159,992.88$  
Propane 1.70$    /Gal 94% 155,143.15$        93,460.20$     
Geothermal 0.14$    /kWh 3.80 83,474.73$          165,128.61$  
Wood Chips 65$       /ton 75% 75,668.75$          172,934.59$  
Wood Pellets 200$     /ton 83% 118,342.00$        130,261.34$  

Compressed Natural Gas 1.20$    /CCF 94% 100,313.73$        148,289.61$  
Liquified Natural Gas 1.70$    /CCF 94% 142,111.12$        106,492.23$  
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STATE OF MAINE DEPARTMENT OF EDUCATION SCHOOL ENERGY SYSTEM STUDY 
 

 
 

At this point in the evaluation process, the top two remaining choices for fuel sources are wood 
chips and natural gas. Since natural gas was available as an option at Kennebunk High School, the 
decision was to go with natural gas instead of wood chips even though the projected utility cost 
for wood chips was the lowest option. In evaluating options it is important to evaluate more than 
just the economic impact. Often times, the Owner will have a preference for one fuel source 
instead of another. It is understood that a wood chip fired heating plant will require more 
maintenance than a natural gas fired heating plant. Also, using wood chips as a heating source 
will require fuel delivery trucks to arrive at the school on a regular basis, whereas delivery trucks 
are not required for natural gas. In this particular situation, if natural gas had not been available 

TWO YEAR PROJECTED UTILITY COST
Unit Cost Year 1 Year 2 Total

Electricity
Lights, plugs, misc 0.14$              /kWh 154,000$       155,000$       309,000$ 
DX Cooling 0.14$              /kWh 4,000$            4,000$            8,000$      
Subtotal 158,000$       159,000$       317,000$ 

Heating Plant Option 1
Oil 3.65$              /Gal 249,000$       256,000$       505,000$ 

Heating Plant Option 2
Propane 1.70$              /Gal 23,250$          24,000$          47,250$    
Wood Chips 65$                  /ton 64,600$          67,000$          131,600$ 
Subtotal 87,850$         91,000$         178,850$ 

Heating Plant Option 3
Propane 1.70$              /Gal 23,250$          24,000$          47,250$    
Wood Pellets 200$                /ton 100,300$       103,000$       203,300$ 
Subtotal 123,550$       127,000$       250,550$ 

Heating Plant Option 4
Propane 1.70$              /Gal 23,250$          24,000$          47,250$    
Geothermal 0.14$              /kWh 69,000$         69,000$         138,000$ 
Subtotal 92,250$         93,000$         185,250$ 

Heating Plant Option 5
Natural Gas -$                -$   88,600$          91,000$          179,600$ 

Summary
Option 1 Partial AC Electricity + Heating Oil 822,000$ 
Option 2 Partial AC Electricity + Propane + Wood Chips 495,850$ 
Option 3 Partial AC Electricity + Propane + Wood Pellets 567,550$ 
Option 4 Full AC Electricity + Propane + Geothermal 502,250$ 
Option 5 Partial AC Electricity + Propane + Natural Gas 496,600$ 
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then serious consideration would have been given to either wood chips or geothermal as a fuel 
source.  
STATE OF MAINE DEPARTMENT OF EDUCATION SCHOOL ENERGY SYSTEM STUDY 
 
The following table is a facility utility cost comparison for Kennebunk High School using natural 
gas as the selected fuel source. This information provides the Owner with a very good 
understanding of how the proposed building will perform, which can be used for preliminary cost 
budgeting purposes. 

 

 
 
Actual hours of operation, temperature settings, equipment operation and maintenance, and lighting 
utilization will impact these numbers. In addition, the unpredictability of the energy market can make it 
difficult to predict what the energy costs will actually be for more than one budget year. The estimates 
are for budgeting purposes only. 
 
Other utility and non-utility items to be considered for yearly operational expenses but not included 
above: Building insurance, building maintenance and supplies, equipment maintenance, landscape 
maintenance, security and monitoring services, trash removal, telephone service, internet service, cable 
or satellite TV service. 

FACILITY UTILITY COST COMPARISON
KENNEBUNK HIGH SCHOOL SCHEME A1

EXISTING ACTUAL PROJECTED4

156,500 SQFT 2012/13 2013/14 2017/18 2018/19
Electricity 75,486$        72,198$        76,200$        2, 3 76,800$        2

Water/Sewer 16,456$        18,213$        19,500$        1, 3 20,100$        1

Fossil Fuel5 221,775$      231,401$      255,000$      1, 3 262,700$      1

Total 313,717$      321,812$      350,700$      359,600$      

RENOVATED PROJECTED4 PROJECTED4

213,426 SQFT 2013/14 2017/18 2018/19
Electricity 140,400$      6 144,900$      2, 6 146,100$      2

Water/Sewer 19,200$        21,600$        1 22,200$        1

Natural Gas - heat7 88,600$        99,700$        1 102,700$      1

Natural Gas - domestic7 2,400$           2,700$           1 2,800$           1

Natural Gas - kitchen equipment7 3,800$           4,300$           1 4,400$           1

Fossil Fuel Subtotal 94,800$        106,700$     109,900$     
Total 254,400$      273,200$      278,200$      
1) Assumes 3% annual inflation
2) Assumes 0.8% annual inflation based on 12 year trend of electric rates in Maine.
3) 2018/19 cost based on average of 2012-2014 costs plus inflation
4) Projected costs rounded to nearest 100
5) Fossil  fuel includes oil, propane, kerosene
6) Current electric rates assumed to be $0.137/kWh
7) Current natural gas rates assumed to be $1.06/ccf



































PREPARED BY DWS/JSC DATE: 8/4/2014

BUILDING INFO RECORDED DATA
ENTERED CONSUMPTION ENTERED ANNUAL COSTS ($)

JOB NUMBER SCHOOL NAME SCHOOL YEAR
SQUARE 

FOOTAGE
ELECTRICITY 

(KWH)
#2 OIL 
(GAL)

PROPANE 
(GAL)

NATURAL GAS 
(FT3)

WOOD PELLETS 
(TONS)

WOOD CHIPS 
(TONS)

WATER 
(GAL) ELECTRICITY #2 OIL PROPANE NATURAL GAS WOOD PELLETS WOOD CHIPS WATER

TOTAL 
ENERGY $/YR

not HAE Gorham Middle School (new) 07/09-06-10 135,914 1,146,480 312,060 $178,341 $2,918 $181,259
not HAE 07/10-06-11 135,914 1,275,600 291,390 $166,682 $2,745 $169,427
not HAE 07/11-06-12 135,914 1,278,720 245,260 $149,348 $2,799 $152,147
not HAE 07/12-06-13 135,914 1,351,440 246,670 $143,595 $2,856 $146,451
not HAE Mallet School, Farmington 2011-2012 52,000 197,657 1,700 $30,076 $5,132 $35,208
not HAE 2012-2013 52,000 251,200 1,007 77 $26,646 $2,982 $13,580 $43,208
not HAE 2013-2014 52,000 224,429 102 $28,361 $17,766 $46,127
not HAE Ridge View Community School, Dexter 2011-2012 125,000 533,400 1,990 1,804     296 59,080$              $5,292 $5,446 $17,439 $87,257
not HAE 2012-2013 125,000 586,400 2,254     337 65,948$              $4,610 $20,232 $90,790
not HAE 2013-2014 125,000 588,960 1,713     368 81,889$              $3,606 $22,094 $107,590

Durham ES 2010-2011 87,521 857,471 3332 $99,401 $7,974 $107,375
2011-2012 87,521 869,760 $97,549 $97,549
2012-2013 87,521 896,880 $98,549 $98,549

K-12 SCHOOL ENERGY USE

H:\2013\13786\3-Project-Dev\Reports\backups\ENERGY_USE-01.xlsx



PREPARED BY DWS/JSC DATE: 8/4/2014

BUILDING INFO
COST/ UNIT COST/ SQFT

JOB NUMBER SCHOOL NAME SCHOOL YEAR
SQUARE 

FOOTAGE
ELECTRICITY 

($/KWH)
#2 OIL 

($/GAL)
PROPANE 
($/GAL)

NATURAL GAS 
($/CCF)

WOOD PELLETS 
($/TON)

WOOD CHIPS 
($/TON)

WATER 
($/GAL)

ELECTRICITY 
($/SQFT)

#2 OIL 
($/SQFT)

PROPANE 
($/SQFT)

NATURAL 
GAS 

($/SQFT)
WOOD PELLETS 

($/SQFT)
WOOD CHIPS 

($/SQFT)
WATER 

($/SQFT)
HEATING FUEL 

(D$/SQFT)
TOTAL 

($/SQFT)

not HAE Gorham Middle School (new) 07/09-06-10 135,914 $0.156 $0.935 $1.31 $0.02 $0.21 $1.33
not HAE 07/10-06-11 135,914 $0.131 $0.942 $1.23 $0.02 $0.20 $1.25
not HAE 07/11-06-12 135,914 $0.117 $1.141 $1.10 $0.02 $0.21 $1.12
not HAE 07/12-06-13 135,914 $0.106 $1.158 $1.06 $0.02 $0.21 $1.08
not HAE Mallet School, Farmington 2011-2012 52,000 $0.152 $3.02 $0.58 $0.10 $0.99 $0.68
not HAE 2012-2013 52,000 $0.106 $2.96 177 $0.51 $0.06 $0.26 $3.19 $0.83
not HAE 2013-2014 52,000 $0.126 175 $0.55 $0.34 $3.42 $0.89
not HAE Ridge View Community School, Dexter 2011-2012 125,000 $0.111 $2.66 $3.02 59 $0.47 $0.04 $0.04 $0.14 $2.25 $0.70
not HAE 2012-2013 125,000 $0.112 $2.05 60 $0.53 $0.04 $0.16 $1.99 $0.73
not HAE 2013-2014 125,000 $0.139 $2.10 60 $0.66 $0.03 $0.18 $2.06 $0.86

Durham ES 2010-2011 87,521 $0.116  $2.39 1.14$        $0.09 $0.91 $1.23
2011-2012 87,521 $0.112  1.11$        $0.00 $1.11
2012-2013 87,521 $0.110  1.13$        $0.00 $1.13

CALCULATED DATA
K-12 SCHOOL ENERGY USE

H:\2013\13786\3-Project-Dev\Reports\backups\ENERGY_USE-01.xlsx



PREPARED BY DWS/JSC DATE: 8/4/2014

BUILDING INFO
UNIT/SQFT ENERGY CHECKS

JOB NUMBER SCHOOL NAME SCHOOL YEAR
SQUARE 

FOOTAGE
ELECTRICITY 
(kWh/SQFT)

#2 OIL 
(GAL/SQFT)

PROPANE 
(GAL/SQFT)

NATURAL 
GAS 

(CCF/SQFT)

WOOD 
PELLETS 

(LBS/SQFT)
WOOD CHIPS 

(LBS/SQFT) WATER

 TOTAL 
ENERGY 

(kBTU/YR/SF)

TOTAL 
ENERGY 

MBTU/YR
ELECTRIC 

(kBTU/YR/SF)
# 2 OIL 

(kBTU/YR/SF)
PROPANE 

(kBTU/YR/SF)
NAT. GAS 

(kBTU/YR/SF)

WOOD 
PELLETS 

(kBTU/YR/SF)
WOOD CHIPS 
(kBTU/YR/SF)

WATER 
(GAL/YR/SF)

not HAE Gorham Middle School (new) 07/09-06-10 135,914 8.44 2.30 31.1 4,232 28.8 2.36
not HAE 07/10-06-11 135,914 9.39 2.14 34.2 4,651 32.0 2.20
not HAE 07/11-06-12 135,914 9.41 1.80 34.0 4,615 32.1 1.85
not HAE 07/12-06-13 135,914 9.94 1.81 35.8 4,864 33.9 1.86
not HAE Mallet School, Farmington 2011-2012 52,000 3.80 0.03 17.5 911 13.0 4.5
not HAE 2012-2013 52,000 4.83 0.02 2.94 42.7 997 16.5 2.7 24
not HAE 2013-2014 52,000 4.32 3.90 46.0 766 14.7 31
not HAE Ridge View Community School, Dexter 2011-2012 125,000 4.27 0.02 0.01 4.73 39.4 2,261 14.6 2.2 1.313 21
not HAE 2012-2013 125,000 4.69 0.02 5.39 41.9 2,206 16.0 1.641 24
not HAE 2013-2014 125,000 4.71 0.01 5.89 43.8 2,165 16.1 1.247 27

Durham ES 2010-2011 87,521 9.80 0.04 36.9 3,229 33.4 3.464
2011-2012 87,521 9.94 33.9 2,968 33.9
2012-2013 87,521 10.25 35.0 3,060 35.0

CALCULATED DATA
K-12 SCHOOL ENERGY USE

H:\2013\13786\3-Project-Dev\Reports\backups\ENERGY_USE-01.xlsx



PREPARED BY DWS/JSC DATE: 8/4/2014

BUILDING INFO

JOB NUMBER SCHOOL NAME SCHOOL YEAR
SQUARE 

FOOTAGE

not HAE Gorham Middle School (new) 07/09-06-10 135,914
not HAE 07/10-06-11 135,914
not HAE 07/11-06-12 135,914
not HAE 07/12-06-13 135,914
not HAE Mallet School, Farmington 2011-2012 52,000
not HAE 2012-2013 52,000
not HAE 2013-2014 52,000
not HAE Ridge View Community School, Dexter 2011-2012 125,000
not HAE 2012-2013 125,000
not HAE 2013-2014 125,000

Durham ES 2010-2011 87,521
2011-2012 87,521
2012-2013 87,521

K-12 SCHOOL E
MECHANICAL
DESCRIPTION

FULL A/C COMPARTMENTAL GEOTHERMAL

FULL A/C COMPARTMENTAL GEOTHERMAL

FULL A/C COMPARTMENTAL GEOTHERMAL

FULL A/C COMPARTMENTAL GEOTHERMAL

WOOD PELLET

WOOD PELLET

WOOD PELLET

WOODCHIP

WOODCHIP

WOODCHIP

FULL A/C CENTRAL GEOTHERMAL FULL A/C GEOTHERMAL

ENERGY USE

H:\2013\13786\3-Project-Dev\Reports\backups\ENERGY_USE-01.xlsx



Jeff LaPierre

Durham, ME
RSU #5

Harriman Architects and Engineers
Comments
Company
Program user
Building owner
Location

Durham Elementary School

Portland, MaineLocation
Latitude
Longitude

44.0 deg
70.0
5

deg

61
29.9

ft
in. Hg

Time Zone
Elevation
Barometric pressure

Air density
Air specific heat
Density-specific heat product
Latent heat factor
Enthalpy factor

lb/cu ft0.0759
0.2444
1.1128
4,898.6
4.5526

Btu/lb·°F
Btu/h·cfm·°F
Btu·min/h·cu ft
lb·min/hr·cu ft

Summer design dry bulb
Summer design wet bulb
Winter design dry bulb
Summer clearness number
Winter clearness number
Summer ground reflectance
Winter ground reflectance

84
72

-1

°F
°F
°F

1.02
1.02
0.20
0.20

TETD-TA1
UATD

Design simulation period
Cooling load methodology
Heating load methodology

January - December

By Harriman
H:\2013\13786\3-Project-Dev\Dept\Mech\Load-Calcs\DURH
AM-HPS.TRC

Dataset name

03:05 PM on 07/30/2014Calculation time
TRACE® 700 version

400Carbon Dioxide Level ppm

6.3
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MONTHLY ENERGY CONSUMPTION
By Harriman

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec TotalUtility

-------   Monthly Energy Consumption   -------

Alternative: 1 Durham Elementary School

Electric
878,373100,98988,67286,44061,37830,23636,83841,24363,55584,02293,46391,512100,026On-Pk Cons.  (kWh) 

413389360359385321311413374349369394383On-Pk Demand  (kW)

Building
Source

Floor Area 

35,263
105,800

 ft2

 Btu/(ft2-year)

85,015

CO2
SO2
NOX

Energy Consumption Environmental Impact Analysis
463,728 lbm/year

1,636 gm/year
997 gm/year

 Btu/(ft2-year)

Alternative: 2 Maine Benchmark

Electric
856,68577,25174,30877,53380,35748,39656,98661,28183,02973,47176,84369,77377,456On-Pk Cons.  (kWh) 

458402405412440395391458424401404404403On-Pk Demand  (kW)

Gas
13,6312,4661,6871,2621611731401271,2371,8722,2612,398On-Pk Cons.  (therms) 

151514125102612141515On-Pk Demand  (therms/hr)

Building
Source

Floor Area 

50,426
120,065

 ft2

 Btu/(ft2-year)

85,015

CO2
SO2
NOX

Energy Consumption Environmental Impact Analysis
452,278 lbm/year

1,596 gm/year
972 gm/year

 Btu/(ft2-year)

Project Name: TRACE® 700 v6.3 calculated at 03:05 PM on 07/30/2014Durham Elementary School
Dataset Name: DURHAM-HPS.TRC Alternative - 2   Monthly Energy Consumption report Page 1 of 1
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By Harriman
ENERGY CONSUMPTION SUMMARY

Total Building

(kBtu/yr)
Energy

(kBtu/yr)

Total Source% of Total
Building Energy*
Energy

Elect     
Cons.     

(kWh)

Alternative 1
Primary heating

Primary heating 69,430 7.9 710,960% 236,963
Other Htg Accessories 20 0.0 203% 68
     Heating Subtotal 69,449 7.9 711,163% 237,031

Primary cooling
Cooling Compressor 16,514 1.9 169,100% 56,361
Tower/Cond Fans 0.0 0% 0
Condenser Pump 0.0 0% 0
Other Clg Accessories 167 0.0 1,710% 570
     Cooling Subtotal.... 16,681 1.9 170,810% 56,931

Auxiliary
Supply Fans 121,345 13.8 1,242,579% 414,152
Pumps 7,984 0.9 81,761% 27,251
Stand-alone Base Utilities 158,394 18.0 1,621,962% 540,600
     Aux Subtotal.... 287,724 32.8 2,946,302% 982,003

Lighting
Lighting 104,341 11.9 1,068,459% 356,117

Receptacle
Receptacles 400,177 45.6 4,097,824% 1,365,805

Cogeneration
Cogeneration 0.0 0% 0

Totals
Totals** 878,373 100.0 8,994,557% 2,997,886

** Note: This report can display a maximum of 7 utilities. If additional utilities are used, they will be included in the total.
*  Note: Resource Utilization factors are included in the Total Source Energy value.

Durham Elementary School TRACE® 700 v6.3 calculated at 03:05 PM on 07/30/2014Project Name:
Alternative - 1   Energy Consumption Summary report page 1DURHAM-HPS.TRCDataset Name:



By Harriman
ENERGY CONSUMPTION SUMMARY

Total Building

(kBtu/yr)
Energy

(kBtu/yr)

Total Source% of Total
Building Energy*
Energy

Gas       
Cons.     

(kBtu)

Elect     
Cons.     

(kWh)

Alternative 2
Primary heating

Primary heating 822,520 19.2 865,811% 822,520
Other Htg Accessories 0.0 0% 0
     Heating Subtotal 822,520 19.2 865,811% 822,520

Primary cooling
Cooling Compressor 41,862 3.3 428,664% 142,874
Tower/Cond Fans 2,990 0.2 30,615% 10,204
Condenser Pump 0.0 0% 0
Other Clg Accessories 148 0.0 1,510% 503
     Cooling Subtotal.... 44,999 3.6 460,790% 153,581

Auxiliary
Supply Fans 124,498 9.9 1,274,863% 424,912
Pumps 130,647 10.4 1,337,829% 445,898
Stand-alone Base Utilities 540,600 12.6 569,053% 540,600
     Aux Subtotal.... 255,145 540,600 32.9 3,181,744% 1,411,410

Lighting
Lighting 156,363 12.5 1,601,166% 533,669

Receptacle
Receptacles 400,177 31.9 4,097,824% 1,365,805

Cogeneration
Cogeneration 0.0 0% 0

Totals
Totals** 856,685 1,363,121 100.0 10,207,335% 4,286,985

** Note: This report can display a maximum of 7 utilities. If additional utilities are used, they will be included in the total.
*  Note: Resource Utilization factors are included in the Total Source Energy value.

Durham Elementary School TRACE® 700 v6.3 calculated at 03:05 PM on 07/30/2014Project Name:
Alternative - 2   Energy Consumption Summary report page 1DURHAM-HPS.TRCDataset Name:



Total Building Consumption

Gas

Stand-alone Base Utilities Electricity

ElectricityReceptacles - Conditioned

ElectricityFans - Conditioned

ElectricityHeat Rejection

ElectricityPumps

ElectricitySpace Cooling

Gas

Space Heating Electricity

ElectricityLighting - Conditioned

Alt-2 Maine Benchmark* Alt-1 Durham Elementary Sch

Energy
10^6 Btu/yr

Proposed
/ Base
%

Peak
kBtuh

Energy
10^6 Btu/yr

Proposed
/ Base
%

Peak
kBtuh

356.1 12 161 533.7 150 233

237.0 8 312 0.0 0 0

0.0 0 0 822.5 0 1,236

56.9 2 279 143.4 252 399

27.3 1 92 445.9 1,636 51

0.0 0 0 10.2 0 35

414.2 14 337 424.9 103 313

1,365.8 46 719 1,365.8 100 719

540.6 18 240 0.0 0 0

0.0 0 0 540.6 0 240

2,997.9 4,287.0

Energy Cost Budget / PRM Summary
By Harriman

Project Name: Durham Elementary School

Weather Data: Portland, MaineCity: Durham, ME

July 30, 2014Date:

Note: The percentage displayed for the "Proposed/ Base %" 
column of the base case is actually the percentage of the 
total energy consumption.

* Denotes the base alternative for the ECB study.

Total

Gas

Electricity

Alt-2 Maine Benchmark * Alt-1 Durham Elementary Sch

Energy           
10^6 Btu/yr

Cost/yr        
$/yr

Energy           
10^6 Btu/yr

Cost/yr        
$/yr

2,997.9 136,207 2,923.9 138,172

0.0 0 1,363.1 35,441

2,998 136,207 4,287 173,613

Total

Alt-2 Maine Benchmark * Alt-1 Durham Elementary Sch

Number of hours heating load not met
Number of hours cooling load not met

4,515
0

4,770
0

Durham Elementary School
Dataset Name:
Project Name:

Energy Cost Budget Report Page 1 of 1
TRACE® 700 v6.3 calculated at 03:05 PM on 07/30/2014

DURHAM-HPS.TRC
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Durham, ME
Durham Elementary School
Jeff LaPierre
Harriman Architects and Engineers

20 yearsStudy Life:

Comments
Company
User
Project Name
Location

Project Information

Economic Summary

Durham Elementary School
Maine Benchmark

Alternative 1:
Alternative 2:

10 %Cost of Capital:

Economic Comparison of Alternatives

First Cost 
Difference 

($)
Yearly Savings 

($)
Cumulative Cash 

Flow Difference ($)
Simple 

Payback (yrs.)

Net Present
Value 

($)
Internal Rate of 

Return (%)
Life Cycle 

Payback (yrs.)
Life Cycle 

Cost
Alt 1 vs Alt 2 37,406 624,328 -233,419380,782 4.5No Payback -233,419.0016.7
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Annual Operating Costs

Yearly Savings vs Alt 1
Yearly Maintenance 

Cost ($)
Yearly Utility 

Cost ($)
Yearly Total 

Operating Cost ($)
Plant 

kWh/ton-hr

Alt 1 158,087 136,207 21,8800 0.360
Alt 2 195,493 173,613 21,880-37,406 1.035
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46 HARRIMAN DRIVE 
AUBURN, ME 04210 

207.784.5100 
 
 
 

123 MIDDLE STREET 
PORTLAND, ME 04101 

207.775.0053 
 
 
 

ONE PERIMETER ROAD 
MANCHESTER, NH 03103 

603.626.1242 
 
 
 
 
 

www.harriman.com 
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