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Overview 
 

As part of our final project for Joules to Dollars (EC278), we were as a group, tasked with completing an 

energy audit on the Hill House located on Colby’s campus next to the SSW Alumni Center. Our audit 

consists of various suggestions that will both save money and decrease Colby’s carbon footprint. Each 

suggestion is accompanied with chemical calculations as well as economic.  

 

 

Building Design:  

 

 

The Hill House is a 4 Bedroom, 2,000 SF dwelling used as a guest house for Colby’s speakers, potential 

employees, and distinguished guests. It is occupied by approximately 650 guests per year. It is connected 

to Colby Central Power. It is heated by an 185,000 BTU #2 Oil Boiler.  

 

Below are the floorplans for the Hill House: 
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Important Investment Terms 
 

Simple Payback: The total time it will take to recover the initial investment with annual energy 

cost savings. 

 

Savings to Investment Ratio (SIR): Based on a finite horizon, the ratio between the total 

savings and the initial investment. If an upgrade has a SIR of 1, it would save you as much 

money as you invested. Generally, SIRs over 1 are considered good investments. 

 

Net Present Value (NPV): As Professor King defines NPV, “If you were to do this investment, 

it is worth X amount of dollars in your pocket right now.” It is the present value of all future 

savings and losses from an investment. For all future flows of cash, the present value of those 

flows must be “discounted” by a certain rate. Our NPVs are calculated using a discount rate 

close to the return on the Colby College endowment. This allows a comparison of each 

investment as it stacks up against leaving that money in the endowment fund.  NPV gives a real 

monetary value; it is hard to argue with as an assessment of an investment. 

 

Cash Flow: The movement of money in and out of each project or upgrade.  

 

Levelized Cost and LCOE: For energy systems, their lifetime production of energy can be 

calculated. The cost of the investment and this lifetime production can be used to calculate the 

cost of each unit of energy, and “fix” that cost as a constant for each unit of energy produced.  

 

Which investment productivity measure is BEST? 
 

There is no “best” measure, they all represent how an investment can be beneficial, however, 

some do have weaknesses. 

 

It is also important to note that not all decisions can be made based strictly from a financial 

standpoint. Colby College values carbon neutrality and other green initiatives and the Hill 

House is built for guests and demands a certain level of comfort. These factors are all important 

when considering these upgrades. 

 

 



 

Hill House Audit.…………………………………………………………………………………………………………4 
 

Project Highlights 
 

Below are different projects that are sorted into payback length: 
 

3-Year Payback 
Attic Insulation Cost= $281.72  Savings per year = $607. Payback=.5 years. 
Shower Heads Cost =$159.96 Savings per year= $270. Payback=.59 years. 
Sinks Faucets Cost= $45.00. Savings per year= $48. Payback = .92 years. 
Smart Thermostats Cost=$490. Savings per year 612.5. Payback=.8 years. 
 

5-Year Payback 
Lighting Cost=$383. Savings per year = $110. Payback = 3.5 years. 
 

10-Year Payback 
Heat Pumps- Cost=$18,150.00. Payback=7.00 years. NPV= $26,418.81. LCOE=$0.09/kwh. 
 

Natural Gas- Cost=$12,500.00. Payback= 4.00 years. NPV= $33,590.62. LCOE= $0.09/kwh. 
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Air Infiltration 
 

Upon initial inspection there were various spots where the wall and ceiling were exposed. In the 

basement for example, there are old dryer vents that are open and allow for air to transfer to the outside. 

These open areas contribute to heat loss, and consequently require more heat to be produced. A blower 

door test was performed on the house and the accompanying results are shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This graph shows the CFM, or airflow, out of the house at a given pressurization. This air leakage is due to 

windows, doors, walls, and the attic not being properly insulated.  

 

 

Remediation: 

● It is recommended that caulk be applied to the various holes and obvious signs of air leakage 

throughout the house.  

● Ensure that fireplace chimney is equipped with stopper 

● Replace the insulation in the attic. 
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Recommended Insulation Plan 
 

 

 

 

 

 

 

 

 

 

 

 

The current roof needs to be replaced, so adding insulation to the attic while the roof was removed would 

be less costly and much easier.  

 

After initial inspection it is estimated that the overall attic insulation is rated at R-6. With a R-value of R-

6, the annual heat loss from the attic is 28,779,348 BTU. In order to produce that energy it takes 208 

gallons of #2 Oil.  

 

If insulation rated at R-60 is blown into the attic, the annual heat loss from the attic would be 2,877,935 

BTU. This is the equivalent of 20 Gallons of oil.  

 

The total cost to complete would be $281.72.The yearly savings are $607, with a payback period of ½ a 

year. 
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Windows 
 
Summary: If we extend our horizon for the Hill House, assuming it will remain fully operational for 20+ 
years, this investment will be worthwhile. Yes, the large cost and long simple payback period are 
discouraging, but for operating the Hill house for anything longer than 11 years and these windows 
collect large heating fuel savings. The longer the Hill House is around, the more these windows are worth 
as an investment. 
 
Current Statistics:  
 

 Roughly 266 ft^2 of window space 
 26  2.5’x4’ windows 
 R-values for the leaky old windows about R=1 

 
Current Heat Loss: 
 

 Using Heating Degree Days (HDD) for the last 12 months and a base temp. of 65 °F 
 52,446,475 BTU annually 
 More than $1,300 in heating fuel lost at the current price. 

 
Recommended Upgrades: 
 

 Replace the 26 2.5’x4’ windows with double layered, Low E glass, argon filled windows. 
 Maintain the structure and character of the house 
 Increase the insulation to R=4 

 
Heat Loss After: 
 

 Using Heating Degree Days (HDD) for the last 12 months and a base temp. of 65 °F 
 Now only 13,111,140 BTU annually.  
 Saving, $983.38 in fuel annually. 
 75% decrease in heat loss from windows 

 
Investment: 
 

 Windows with R-value 4 and above at least $425 each. 
 To replace all 26 windows: Total cost of 11,050 
 Simple Payback: 11.23 years 

 
20 Year Extended Horizon 
 

 Savings to Investment Ratio: 1.779 
 Total Fuel Savings after 20 years: $19,667.60 
 Net Present Value: $2,309.29 

 
25 Year Horizon - NPV: $4306.50 - SIR: 2.23 - Total Savings: $24,584. 



 

Hill House Audit.…………………………………………………………………………………………………………8 
 

Water Fixtures 
Current Systems 

There are 5 sinks, 4 showers, and 4 toilets in the Hill House. Together they use a tremendous* amount of 

water each of the sinks uses about 2 GPM and the shower heads use about 2.5 GPM, the toilets use about 

3.5 GPF. 

*actual amounts of water usage depend on assumptions 

 

Occupancy 

Several assumptions must be made for calculating water savings, but most importantly is how often 

they’ll be used. Occupancy data is critical for maximizing the savings from this energy audit. The 

following chart describes Hill house Occupancy for the last year.  

 

 
 

Installation of low flow water fixtures 

 

The installation of low flow water fixtures in the Hill house could cut annual water usage by 42%. This cut 

is accomplished with the replacement of 4 toilets, 4 showerheads, and 5 sinks.  

 

Showerheads: 4 each costing $39.99, however there are showerheads with the same water savings for as 

little as $6.40 each, but they lack the more expensive ones quality. The new shower heads have a 1.5 GPM. 

  

Initial Investment: $159.96 

Ten-year savings: $2,702.25 

NPV: $1,251.67 

Savings to investment ratio: 16.89 

Payback period: 0.59 years 
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Sinks: There is a fixture that reduces the flow of sinks by 0.5 GPM which costs $9, 5 of these would be 

needed to reduce the flow rate of the current sinks, buying new sinks will be less cost effective. The new 

sinks will have their GPM reduced to about 1.5 GPM. 

  

Initial Investment: $45.00 

Ten-year savings: $486.90 

NPV: $225.53 

Savings to investment ratio: 10.82 

Payback Period: 0.92 years 

  

Toilets: Low flow toilets range in price and effectiveness, we chose the cheapest one, costing about $130 

four to install in the house will cost about $430. The new toilets will have their GPF reduced to about 1.28 

GPF, however, depending on the toilet the GPF could range from 1-1.6 GPF. 

  

Initial Investment: $428.56 

Ten-year savings: $918.63 

NPV: $425.50 

Savings to investment ratio: 2.14 

Payback period: 4.67 years 

  

Totals: if all the changes are implemented 

 

Initial Investment: $633.52 

Ten-year savings: $4,107.78 

NPV: $1,902.70 

Savings to investment ratio: 6.48 

Payback period: 1.54 years 

42% water reduction 

 

Making these changes would reduce water usage, and as shown by the different calculation, would be a 

very attractive upgrade with large savings to investment ratios, 1 and a half year paybacks, and a net 

present value of almost $2000.  

 

 Assumptions: 

Discount rate: 8% 
Occupancy: 2 people per day 
Two 30 min showers 
10 toilet flushes 
15 one min sink uses 

 

 



 

Hill House Audit.…………………………………………………………………………………………………………10 
 

Lighting and Appliances 

 

Table 1: List of current appliances 

 

Name Quantity 
Microwave 1 

Coffee Maker 1 

Toaster 1 

Refrigerator 2 

Freezer 2 

Computer 1 

Fax Machine 1 

Printer 1 

Hair Dryer 4 

Phone 6 

Mini Fridge 1 

Washer 1 

Dryer 1 

Television 4 

Alarm Clock 4 

Iron 4 

Vacuum Cleaner 1 
 

 

Recommendation: All the appliances are working fine so we don’t suggest replacing any items. 

However, power strips should be used to increase the ability to turn off “ghost loads” to save more 

electricity. 
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Lights 

 

Table 1: Details about cost and energy consumption of the current lighting system (with the 

electricity rates of $0.13/kWh and the assumption for a full occupancy being 146 days/ year) 

 

Room Type Quantity 
Price/ 
piece 

Total 
Price 

Watt/ 
piece 

Total 
Watt 

Hours/ 
day 

Hours/ 
Year 

Energy 
(kWh) 

Electricity 
Cost 

           
Outdoor LED 2 $5.0 $10.0 6 12 0.5 73 0.88 $0.1 

           
Garage Incandescent 4 $2.0 $8.0 75 300 1.5 219 65.70 $8.5 

           
Hall Incandescent 4 $2.0 $8.0 75 300 5 730 219.00 $28.5 

           
Closets Incandescent 1 $1.7 $1.7 65 65 0.5 73 4.75 $0.6 

           
Living 
Room 

CFL 1 $2.0 $2.0 13 13 6 876 11.39 $1.5 

 
CFL 1 $3.0 $3.0 20 20 6 876 17.52 $2.3 

 
Incandescent 1 $1.5 $1.5 30 30 5 730 21.90 $2.8 

 
Incandescent 2 $1.7 $3.4 60 120 5 730 87.60 $11.4 

           
Kitchen Incandescent 5 $1.7 $8.5 60 300 2 292 87.60 $11.4 

 
Incandescent 1 $1.5 $1.5 50 50 2 292 14.60 $1.9 

 
Incandescent 1 $2.0 $2.0 95 95 2 292 27.74 $3.6 

 
CFL 1 $3.0 $3.0 20 20 2 292 5.84 $0.8 

 
Incandescent 1 $2.0 $2.0 75 75 2 292 21.90 $2.8 

           
Bathrooms Incandescent 32 $1.5 $48.0 25 800 2 292 233.60 $30.4 

 
Incandescent 4 $1.7 $6.8 75 300 2 292 87.60 $11.4 

           

Bedrooms CFL 1 $3.0 $3.0 20 20 5 730 14.60 $1.9 

 
CFL 1 $2.0 $2.0 13 13 2 292 3.80 $0.5 

 
LED 1 $9.0 $9.0 12 12 1 146 1.75 $0.2 

 
CFL 1 $3.0 $3.0 19 19 5 730 13.87 $1.8 

 
Incandescent 2 $1.7 $3.4 60 120 5 730 87.60 $11.4 

 

 

Recommendation: A lot of the inefficient incandescent bulbs are used currently. Electricity consumption 

can be reduced significantly by replacing all of these old light bulbs with LED bulbs of lesser wattage and 

longer life span (except for the original CFL lights, which don’t need to be changed since they don’t use a 

lot of energy). The total energy consumption of the current lighting system is 1029 kWh/ year. By 
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switching to LED, this number is reduced to 228 kWh/year, which equals to the amount of 801 kWh 

being saved every year. 

 

Table 2: Details about the cost and energy of lighting system after installing LED bulbs (with the 

electricity rates of $0.13/kWh and the assumption for a full occupancy being 146 days/ year) 

 

 

Room Type Quantity 
Price/ 
piece 

Total 
Price 

Watt/ 
piece 

Total 
Watt 

Hour
/ day 

Hours
/ Year 

Energy 
(kWh) 

Watt 
Equivalent 

Electricity 
Cost 

            
Outdoor LED 2 $5.0 $10.0 6 12 0.5 73 0.88 40 $0.1 

            
Garage LED 4 $9.0 $36.0 12 48 1.5 219 10.51 75 $1.4 

            
Hall LED 4 $9.0 $36.0 12 48 5 730 35.04 75 $4.6 

            
Closets LED 1 $6.0 $6.0 9 9 0.5 73 0.66 60 $0.1 

            
Living 
Room 

CFL 1 $2.0 $2.0 13 13 6 876 11.39 60 $1.5 

 
CFL 1 $3.0 $3.0 20 20 6 876 17.52 60 $2.3 

 
LED 1 $5.5 $5.5 5 5 5 730 3.65 40 $0.5 

 
LED 2 $6.0 $12.0 9 18 5 730 13.14 60 $1.7 

            
Kitchen LED 5 $6.0 $30.0 9 45 2 292 13.14 60 $1.7 

 
LED 1 $5.5 $5.5 5 5 2 292 1.46 40 $0.2 

 
LED 1 $9.0 $9.0 12 12 2 292 3.50 75 $0.5 

 
CFL 1 $3.0 $3.0 20 20 2 292 5.84 75 $0.8 

 
LED 1 $9.0 $9.0 12 12 2 292 3.50 75 $0.5 

            
Bathrooms LED 32 $5.5 $176.0 5 160 2 292 46.72 40 $6.1 

 
LED 4 $9.0 $36.0 12 48 2 292 14.02 75 $1.8 

            

Bedrooms CFL 1 $3.0 $3.0 20 20 5 730 14.60 75 $1.9 

 
CFL 1 $2.0 $2.0 13 13 2 292 3.80 60 $0.5 

 
LED 1 $9.0 $9.0 12 12 1 146 1.75 75 $0.2 

 
CFL 1 $3.0 $3.0 19 19 5 730 13.87 60 $1.8 

 
LED 2 $6.0 $12.0 9 18 5 730 13.14 60 $1.7 

 

By installing LED bulbs, the annual spending on electricity for lighting can be reduced significantly. 
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Table 3: Total annual electricity cost (before & after using LED bulbs) and payback period of using 

LED bulbs (with a 2% inflation rate on electricity price over 12 years) 

 

Year 
Total Electricity 

Cost 
Total Electricity 

Cost (Prior) 
Total 

Purchase 
Savings NPV 

1 $30.2 $136.5 $383.0 -$276.8 -$276.8 

2 $30.9 $139.2 $0.0 $108.4 -$168.4 

3 $31.5 $142.0 $0.0 $110.5 -$57.9 

4 $32.1 $144.8 $0.0 $112.7 $54.8 

5 $32.7 $147.7 $0.0 $115.0 $169.8 

6 $33.4 $150.7 $0.0 $117.3 $287.1 

7 $34.1 $153.7 $0.0 $119.6 $406.7 

8 $34.7 $156.8 $0.0 $122.0 $528.7 

9 $35.4 $159.9 $0.0 $124.5 $653.2 

10 $36.2 $163.1 $0.0 $127.0 $780.1 

11 $36.9 $166.4 $0.0 $129.5 $909.6 

12 $37.6 $169.7 $0.0 $132.1 $1,041.7 

    
Payback 3.5 

 

 

The estimated cost to replace all lights in the house with LED bulbs (except for the existing CFL light 

bulbs) is $383. These LED light bulbs are assumed to last for 12 years. The spending on replacing the 

current lighting system with LED lights will reach its payback period after 3.5 years. Because of the 

relatively short payback period, an investment in replacing all lights with LED bulbs should be strongly 

considered in order for the college to cut down electricity usage in the Hill House. 
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Programmable Thermostats 
 

Summary of Benefits for 5 Programmable Thermostat(s) 

        

Initial cost difference   $490   

Life cycle savings    $6,426   

Net life cycle savings (life cycle 

savings - additional cost) 

$5,936   

Life cycle energy saved (MBTU)-

includes both Heating and 

Cooling 

337   

Simple payback of 

additional cost (years) 

  0.8   

Life cycle air pollution 

reduction (lbs of CO2) 

  54,706   

Air pollution reduction 

equivalence (number of cars 

removed from the road for a year) 

5   

Savings as a percent of 

retail price 

  1199%   

Assumptions: 

 Savings per Degree of Setback: 3%  

 Lifetime of Thermostat:  15 years 

 Heating Efficiency: 85% 

 In-Use Temperature: 70 Degrees 

 Out-Of-Use Temperature: 62 Degrees 

 Nighttime/Asleep Temperature: 62 Degrees  

 Discount Rate: 4% 
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Heating and Cooling 
 

Current Heating System: The current heating system in the Hill House is an oil burning furnace which is 

77% efficient. Between January 2014 and December 2014 the house burned 1,205.2 gallons of oil which 

results in a total energy usage of 1.68 x 10^8 BTUs. Based on the blower door test, infrared camera 

analysis, and walk through analysis there is significant air leakage in the house. Therefore the efficiency 

of the heating can be assumed to be 73% when taking into account air leakage. Therefore the raw energy 

demand of the house, if a system were 100% efficient, is 1.22 x 10^8 BTUs. 

 

Current Cooling System: There are currently five air conditioners that are kept in the basement and 

installed every summer to keep the house cool on hot summer days.  There are three large, energy-star 

efficient air conditioners and two small air conditioners with EER ratings of 10.8 and 9.6, respectively.  

Put together, these air conditioners have a maximum cooling capacity of 46,000 BTU’s per hour and an 

EER rating of 10.2. Although these are fairly efficient and cost-effective cooling systems, they do have 

some drawbacks. These air conditioners have to be installed and removed every year and take up space 

in the basement for 9 months out of the year.  Based on the Home Energy Saver Pro program energy audit 

results, the current spending on electricity to power these air conditioners all summer costs $750.  This 

same program also predicted that with upgrades, this cost can be reduced to $560 annually.  

 

New System: Installing a new heating and cooling system in the Hill House would be advantageous 

because it would have increased efficiency and therefore reduce CO2 emissions. The main options for a 

new heating system are to install heat pumps, a natural gas furnace, a pellet boiler, geothermal, solar 

thermal, or a new oil-burning furnace. After consulting Gus Libby, a geothermal heating system is not 

realistic for the Hill House, because it would not be possible to hook up the house to the current 

geothermal system in the Davis Science Center or the Alumni Center. Solar thermal also is not realistic as 

it would be very costly and not meet the energy demands of the house. Therefore the main contenders for 

a new energy system are heat pumps, a new oil burning furnace, a natural gas furnace, or a pellet boiler. 

All four of these systems have different advantages and disadvantages based on payback, maintenance, 

comfort, and CO2 emissions. (Table 1).  

 

 Pellet Boiler Heat Pumps Oil Furnace Gas Furnace 

Total Cost: $13,500.00 $18,150.00 $11,800.00 $12,500.00 

CO2 Emissions: Low Green Energy High Medium 

Air conditioning: No Yes No No 

Maintenance: High Low Low Low 

Table 1. A very basic comparison of the four heating systems. 
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Cost Analysis: In order to compare these systems we calculated the cumulative costs, cumulative 

savings, net present value (NPV), payback, and leveled cost of electricity (LCOE) for each system. Various 

assumptions needed to be made in order to make these calculations. Listed below are the assumptions 

made for the first run through of the calculations, which we will use to give a detailed description of how 

these calculations were made, however after we will show various calculations that result from altering 

these assumptions and changing given scenarios (Table 2). 

 

Assumption Value Reasoning 

Current System 

Efficiency 

73% The system’s current efficiency is 77%, but we made it 73% in order                                                                     

to account for the high amount of air leakage found in 

the house. We are going to fully insulate and close up many 

of the main air leakage points in the house so when the new 

system is installed the house will be significantly more insulated. 

Raw Energy Demand 1.22 x 10
8
 

                BTU 

By using the total gallons of oil burned by the house and then  

taking into account the 73% efficient system we were able to  

calculate the raw energy demand for the house. 

Total Energy for AC 1.671* 10
7
  

      BTU 

Based on Home Energy Saver Pro kWh calculations.  

With heat pumps this energy usage will be reduced by 20%. 

Cost per year for AC $750 Based on Home Energy Saver Pro energy audit results. 

Cost per year for  

Heat pumps AC 

$560 Suggested spending with upgrades from Home Energy Saver Pro. 

Cost per ton of pellets $250 Based on pricing from Home Depot in Waterville. 

Cost per KWH $0.12 Based on pricing from Central Maine Power. 

Cost per gallon of oil $3.30 Based on forecasted price as well as past oil prices. Right now oil is 

more like $2.70 per gallon but this is unusually low and is expected 

to rise, therefore we used a higher oil price suspecting that gas prices 

will rise within the next couple years. 

Cost per Therm of gas $0.86 Based on pricing from Summit Natural Gas. 

Energy content of 

all fuel types 

Listed later Based on Houles Fuel Price Comparison sheet. 

Installation Costs Listed later Based on information from Houles. 

Operation Costs Listed later Based on information from Houles. 

System efficiency Listed later Based on information from Houles. 

Electricity Inflation 2% per year Electricity is suspected to rise over the next 25 years. Some 

estimate it to be as high as 3.7% per year while other sources suggest 

it will be lower. To begin we started with 2% per year, suspecting 

that in some year’s electricity will go down and others it will raise. 

Inflation rate 2% per year Based on the Federal Bank’s target inflation rate. 

Lifetime energy 

production (no AC) 

3.06*10
9
 

 

Raw energy demand x 25 years; this is for all the 

systems except for the heat pumps. 

Lifetime energy 

production (AC) 

3.47*10
9
 (Raw energy demand + total energy for AC) x 25 years; 

This is for the heat pumps 

Table 2. All the basic assumptions made in order to perform the heating system cost analysis. 
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Simple Payback: Based on the above assumptions we were able to calculate the total cost of each 

system, the total operating cost, the CO2 produced, and the simple payback for each system (Tables 3, 4, 

and 5).  

 
 

Table 3. Energy specifications used to calculate total cost, total operating cost, CO2 produced, and simple 

payback for each system. 
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Table 4. Total system cost, operating cost, CO2 emissions, and payback for the four heating systems.  
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Heating system Kedel k68 

Five zone Heat 

pumps System 2000 oil System 2000 gas 

Total system 

cost $13,500.00 $18,150.00 $11,800.00 $12,500.00 

New operating 

cost/yr: $2,125.49 $1,553.93 $3,615.68 $1,297.54 

Old operating 

cost/yr $3,977.16 $3,977.16 $3,977.16 $3,977.16 

CO2 (lbs) 14.94 18,040.29 20,080.05 14,340.65 

Payback 7.29 7.49 32.64 4.66 

 

Table 5. Summary of total cost, operating cost, CO2, and payback for each heating system. 

 

As you can see based on the simple payback, Natural gas has the shortest payback of 4.66 years, followed 

by the pellet boiler, then the heat pumps, and last the oil. The oil payback is particularly high because the 

operating cost stays about the same because of the high assumed cost of oil ($3.30). Alternatively the fuel 

costs for the pellet boiler, heat pumps, and oil furnace are all lower than the cost of oil so installing those 

systems results in a lower payback. 

 

Cumulative Costs, Cumulative Savings, Net Present Value, Cumulative Cash Flows, and Levelized 

Cost of Electricity: Using the above calculations we were then able to project the costs over the course of 

25 years. For the cost of electricity, natural gas, and pellets we used an inflation rate of 2% per year, but 

for the cost of oil we used a forecasted price of $3.30 for the entirety of the 25 years. We made this 

simplified assumption because of the high fluctuation of gas prices. Listed below are the results of our 

cost analysis over 25 years for each heating system, a summary table, and cash flow graphs for natural 

gas and heat pumps (Table 6 and Figures 1 and 2).  
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Heat Pumps 

 
 

Natural Gas 
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Pellet Boiler 

 
 

Oil Boiler 
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 Heat pumps Natural gas Pellet boiler Oil boiler 

Cumulative costs $85,866.76 

 

$78,083.24 

 

$105,602.77 

 

$126,914.69 

 

Cumulative 

savings 

$55,734.96 

 

$57,868.49 

 

$31,348.96 

 

$9,037.04 

 

Net Present 

value 

$26,418.81 

 

$33,590.62 

 

$12,317.30 

 

($5,197.54) 

 

Cumulative 

Cashflows 

$37,584.96 

 

$45,368.49 

 

$17,848.96 

 

$(3,462.96) 

 

Levelized Cost of 

Electricity 

$0.09 / kwh 

 

$0.09 / kwh 

 

$0.12 / kwh 

 

$0.14 / kwh 

Payback 7 years 4 years 7 years Over 25 years 

 

Table 6. Summary of results from calculating cumulative costs and savings, net present value, cumulative 

cashflows, levelized cost of electricity, and payback. 

 

 

Figure 1. Cash flows over 25 years for the heat pumps, showing a payback of about 7 years.  
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Figure 2. Cash flows over 25 years for Natural Gas, showing a payback of about 4 years.  

 

From the result of these calculations, natural gas and the heat pumps have the highest net present value 

and the lowest LCOE. Natural gas still has the shortest payback (4 years), followed by heat pumps (7 

years). In these calculations we took into account the cost of air conditioning. The old cost was $750 per 

year, but by installing heat pumps the cost would drop to $560 per year because of the higher efficiency 

of the heat pumps over the old air conditioning systems; this is why heat pumps have a low LCOE.  

 

Alteration 1: Making oil prices at $2.70 / gallon increasing at 2% over the next 25 years 

Changing the oil price from $3.30 over 25 years to $2.70 increasing at 2% over 25 years impacts the cost 

analysis of the systems (Table 7). With this new oil price the old system operating cost is $3,254.04 

instead of $3,977.16. Also the new operating cost for a new oil furnace is $2,994.65 instead of  $3,615.68. 

The payback increases for all the systems because the current operating cost is decreased. Evaluating 

these results it seems that our previous assumption may make more sense, particularly the fact that the 

payback for a new oil burning furnace is 45 years! Making this assumption seems to skew the results to 

make the current system seem more worthwhile then replacing it with an alternative system. 

 Heat pumps Natural gas Pellet boiler Oil boiler 

Payback 10.68 6.39 11.96 45.49 

NPV $28,526.79 $35,698.59 $14,425.27 ($5,897.21) 

Cumulative 

Cashflows 

$42,383.84 

 

$50,167.36 

 

$22,647.83 

 

$(4,191.54) 

 

LCOE $0.09 $0.09 $0.12 $0.15 

Table 7. Summary of results when changing the oil price to be $2.70 / gallon in year one and then 

increasing by 2% each year. 
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Alteration 2: Making electricity increase at a rate of 3.3% per year. 

We assumed a fairly low rate of electricity inflation (2%). By increasing the rate of electricity inflation it 

also impacts the cost analysis for the systems (Table 8). 

 

 Heat pumps Natural gas Pellet boiler Oil boiler 

Payback 7 years 4 years 8 years Over 25 years 

NPV $20,768.59 $28,216.28 $3,513.64 ($5,197.54) 

Cumulative 

Cashflows 

$29,537.02 

 

$37,713.52 

 

$5,309.40 

 

$(3,462.96) 

 

LCOE $0.11 $0.10 $0.14 $0.15 

Table 8. Summary of results when changing the electricity inflation to 3.3% per year.  

 

Interestingly a higher increase in electricity impacts the heat pumps the least because the cost of the air 

conditioning system is taken into account. For all the other systems the air conditioning system remains 

the same therefore the higher electricity inflation rate makes the overall cost higher. For all four systems 

the NPV decreases. The LCOE increases for the heat pumps to $0.11 not $0.09 which makes sense the cost 

of electricity is increasing and that is what the cost of the heat pumps is based on. 

 

Alteration 3: Replace heat pumps after 15 years.  

In our analysis we assumed that the heat pumps would last the entirety of the 25 years. However, our 

colleagues thought that the heat pumps would need to be replaced after 15 years. Again this impacts the cost 

analysis for the heat pumps (Figure 3 and Table 9).  

 

Figure 3. Cash flows over 25 years when the heat pumps are replaced after 15 years.  
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Cumulative Costs $104,016.76  
Cumulative Savings $55,734.96  
Net Present Value  $12,933.10  
Cumulative Cash flows  $21,612.16  
Levelized Cost of Electricity  $0.11 / kwh 

Table 9. Cumulative costs, savings, net present value, cumulative cash flows, and levelized cost of 

electricity for heat pumps when they are replaced after 15 years.  

 

 

Table 10. NPV, payback, and LCOE for heat pumps and natural gas systems under assumptions 1, 

alteration 1, alteration 2, and alteration 3.  

 

Finally, above is listed the four different scenarios made for the systems and listed above are the NPV, 

payback, and LCOE for natural gas and heat pumps (Table 10).  Changing different assumptions impacts 

different systems more than others, but natural gas and heat pumps remain the most consistent and have 

the shortest payback. The greatest impact on the heat pumps is if they have to be replaced after 15 years 

which decreased the NPV significantly.  
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Heating and Cooling Conclusion 
Recommendation: Install Five-Zone Heat Pumps 

Based on our calculations the two main systems that the Hill House should consider installing is either a 

natural gas furnace or a multizone heat pump system with the current oil furnace as back up. Although 

the pellet boiler may be an attractive option from an environmental standpoint the extra maintenance of 

the system due to the wood pellets made it seem unrealistic for a house that is constantly occupied by 

guests. Natural gas is a good option because it reduces CO2 emissions significantly and has the shortest 

payback of any of the systems. However that is assuming the natural gas prices remain constant, which 

over the next 25 years they could increase significantly or remain the same, it is difficult to predict. The 

major advantage of adding the heat pumps is that it also has a short payback of around 7 years and it 

would replace both the heating system and the air conditioners. We expect that the heat pump air 

conditioning will be significantly better comfort-wise for guests that stay in the Hill House and will 

reduce energy usage by replacing the original AC systems. The oil burning furnace would serve as a back 

up to the heat pumps during the coldest days in the winter. Also the heat pumps come with a hot water 

maker and would be run using Green Energy which is line with Colby’s commitment to sustainability. In 

short, our team suggests that a five zone heat pumps system be installed with a hot water maker which 

would be the main source of both heating and cooling for the house, would be run on Green Energy, and 

are economically sensible having a payback period of about 7 years and an LCOE of $0.09 per kwh.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Hill House Audit.…………………………………………………………………………………………………………27 
 

Acknowledgements 
 

We would like to extend thanks to Professor Whitney King 

and Professor Michael Donihue who organized the chance to 

conduct the audits.  

 

Additionally, we would not have been were heavily supported 

by Colby College, especially Gus Libby, Kevin Bright, all of 

Physical Plant Department, and Houle’s Plumbing.  

 

 

 
 

 

 

 

 

 

 

 

 

 


