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The efficiency theory is a tool developed to look at payback periods of energy efficient products versus their counterparts, traditional products.  The high fixed costs associated with energy efficient products will be compared using examples in the automobile and housing industry.  
For one of the topics for the efficiency theory we chose the Ford Hybrid Escape and compared it to the gas powered Escape to show that even though the Hybrid Escape is more expensive it will save you money in gas and help preserve the environment from gas emissions (Appendix 1).  The Escape Hybrid is at a base price of $38,000 and the Gas powered Escape (which is roughly the same model with accessories) is about $30,000 (Ford Canada).  With the statistics that can be seen in Appendix 1, the total cost of gas for the year for an Escape Hybrid is $1,425 annually and the total cost for the gas Escape is $2,530 annually for a difference of a savings for the Escape Hybrid of $1,105 annually.  Also with roughly the same size gas tank the Escape Hybrid can travel 800km on a tank of gas compared to the gas Escape which can only travel 490km on a tank of gas.  With the Escape Hybrid, you can travel roughly 1.6 times farther on a tank of gas which shows how efficient the Escape Hybrid is compared to the Gas Escape.  The previous figures where calculated with the price of regular gas at $1/L.  If the price of gas where to increase to $1.25 the annual cost for the Hybrid Escape would be $1,780 annually and the gas Escape would be $3,162 annually for a difference of $1,382 annually for the Hybrid Escape (these calculations can also be seen in Appendix 1).  As can be seen, the increase in gas prices of $.25 a liter will cost $632 more annually for the gas Escape and only $355 more annually for the Hybrid Escape.  This shows that the Escape Hybrid is much more efficient and will save you almost half as much on annual gas expenditures.  Depending on how long you have the Escape Hybrid the cost savings will make up for the difference.  For instance at $1/L it will take about 7 years for you to payback the extra money it will cost you to purchase the Escape Hybrid instead of the gas Escape in gas savings but at $1.25/L it will take almost 5 years to make up the difference from fuel savings.  With the gas Escape at $1/L, you will have spent the difference in price for the Escape Hybrid in only 3 years in fuel costs and at $1.25/L you would have spent the difference in only 2.5 years.  Given that they Hybrid technology is relatively new and still relatively more expensive than gas powered vehicles it is the wave of the future.  As the demand for gas increases, so will the price, therefore people will be switching to Hybrid vehicles in the near future.  Right now the Escape Hybrids are more expensive to purchase then the gas models but the cost savings in fuel consumption as previously seen make up for the difference in price in only a few years and the emission that are emitted are greatly reduced, helping to preserve the environment.

Toyota has come out with its Hybrid car called the Prius.  This car has the lowest gas mileage that we could find.  This car at a base price of $36,000 gets 4L/100km in the city.  With a fuel tank size of 45L it can go 1,125km on one take of gas and will have an annual cost of $800 in fuel.  Now, as we said before gas prices will be increasing, therefore at $1.25/L it will only cost about $1000 a year in fuel.  But as we said before the cost of the Hybrid Prius is a lot more than most people are willing to spend on a small car, but if you are concerned with gas prices increasing, concerned with protecting the environment and have the extra money to spend on the Hybrid Prius then you should purchase it (Toyota Canada).

There are many different Ways to be Energy Efficient; solar panels, windmills, ground up construction and energy efficient appliances and fixtures.  Solar panels were originally developed for use in space, where repair is extremely expensive, if not impossible. They still power nearly every satellite circling the earth, because they operate reliably for long periods of time with virtually no maintenance. 
 The benefits of solar panels are limitless, they use the energy from sunlight to produce electricity so the fuel is free and with no moving parts, the cells require little maintenance.  Another benefit of the solar panel, is they burn no fuel and have no moving parts making the systems clean and silent, which is very important where the main alternative for obtaining power and light is from loud diesel generators and kerosene lanterns.  The major usage of solar panels is on houses that are inaccessible by power lines and the owner does not want to hear a diesel generator all hours of the day.  The major drawback to operating solar panels, beside the fact that you would need to cover one entire side of your house in order to achieve enough power, is that they are very expensive and from an economic perspective do not pay back. The only time you would use solar panels is when other means of electricity is inaccessible. An alternative to solar panels is a windmill.
A windmill is a small tower mounted wind engine for generating electricity.  An example of a windmill powered system is the Grid Intertie System (GIS) which takes the power the windmill produces and converts it to useable energy and transfers it to the utility grid (Power Company) through the customer’s circuit breaker panel. 
 The benefit of a GIS is that when customers usage does not exceed how much the system is creating, they can sell the excess power back to the electric company creating financial returns; or vise versa, when they needs more than the windmill can create due to a lack of wind, they can buy power off of the electric company. 
The third option to be energy efficient with respect to housing is construction from the ground up, constructing the house to be energy efficient.  There are many different models of energy efficient homes but the model of energy efficient house chosen in this paper is Greensmart Home.  The key ingredients for a Greensmart Home are their patented Structural Insulated Panels (SIP), an environmentally friendly roofing system with a lifetime warranty and a high performance and efficient heating and water system.
  It is common knowledge that our natural resources are slowly being depleted so we must make better use of materials. Where ever possible Greensmart uses recycled non-toxic building materials. Greensmart recycled materials have proven to be more fire-proof, lighter in weight, less labor consumptive and stronger than conventional materials.
  Oriented strand board or OSB uses selectively prepared new wood strands during its manufacturing process and is recyclable into other products and the manufacturing process uses nearly 90% of the log, with the balance used to supply energy.
  SIPs are used for every part of the house including walls, roofs, basement walls, and floors, in residential and commercial buildings. Greensmart’s panels are typically made using expanded polystyrene rigid foam insulation sandwiched between two oversized structural skins of OSB.
  The Greensmart roof is environmentally friendly, and is constructed with 80% recycled rubber and with a lifetime warranty reduces the amount of garbage going into landfills!!  The heating and water systems installed in Greensmart homes can achieve up to eighty-seven percent efficiency, which is the equivalent to the industry standards for energy efficient appliances.  Now in order to realize the true benefits of an energy efficient home, it must be understood how they have improved over the traditional methods of building.  

The traditional way of building houses is done by placing vertical studs every so often, then insulating between them with pieces of fiberglass insulation
. The process has developed significantly over the years, as stick framed homes have been the norm since the 1830’s when it was first developed.  There have been many improvements to the system but even today, every stud is a thermal break, and there will always be some un-insulated voids. Over the last 160 years, the strength and resilience of the stud frame has been proven again and again, but energy conservation has always been an afterthought.
  
Traditional new houses in Prince George average at about $200,000 (Prince George Citizen) and a new SIP house we found to be slightly more expensive at $230,000 (based on a 4 bedroom 2 bathroom house).  What we are trying to determine for this portion of the essay is to justify the cost difference between a new traditional house and a new SIP house.  

For gas consumption for a traditional house we went to BC Hydro and found for a 4 bedroom and 2 bathroom house, the average monthly payment was $120 for an annual payment of $1440 (BC Hydro).  The new SIP houses are 50%-75% more heat efficient, therefore saving $770-$1080 in gas (SIP Houses).  

There are many other ways of saving energy to help justify the cost of paying $30,000 more for an SIP house such as using efficient light bulbs and appliances to help reduce annual energy costs.

Everyone needs light so everyone in there house has light bulbs.  Some people use there lights more than others by not turning them off when they are not in use.  To help reduce energy costs on lighting new Compact Florescent Lights (CFL) are used which greatly reduce the cost of energy.  As can be seen in Appendix 2 (figure 2), the CFL bulbs are much more efficient.  A 40 watt incandescent bulb is replaced by a 9 watt CFL bulb in which the 9 watt CFL produces 50 lumens per watt compared to 11 lumens per watt for an incandescent bulb (Lumens is the measurement of light that leaves the lamp).  The old incandescent bulbs produced less light per wattage because they produced more heat therefore used up more energy to produce the same about of light where the new CFL bulbs produce less heat therefore can produce more light with less wattage reducing energy costs.  For an example of energy savings we used a 100 watt incandescent bulb and replaced it with a 32 watt CFL bulb which saved $30 in energy costs over the lifetime of the bulb (appendix 2, Figure 3) (BC Hydro).  With an average of 45 bulbs in a house on for 5 hours a day, a new 32 watt CFL will save you roughly $14.50 a month in lighting costs (appendix 2, Figure 3) (BC Hydro).  Another example of savings by switching to a CFL bulb can be seen in Appendix 2, Figure 1 which shows that by switching from a 100 watt incandescent bulb to a 23 watt CFL bulb saves you $36 dollars over the life of the bulb, and if you multiply that by 45 bulbs in the house will save you $1,620 which is quite substantial (BC Hydro).  

Energy efficient appliances if used in a SIP home will also save you money to help justify paying the extra $30,000 for the house.  The first thing you want to do when purchasing an appliance is to look at the Energy Guide which is placed on all appliances.  It shows how many kilowatt hours per year that it consumes and gives you an annual average cost of how much the appliance will cost you to use it.  As can be seen in appendix 2 (figure 4), the lower the kilowatt hours used per year the less energy will be used to run it therefore saving you money.

Almost everyone today has a dishwasher, so when purchasing a new one you want to make sure that it has the Energy Logo on it.  The Energy Logo shows the product has been approved by the federal government to be energy efficient.  You also want the dishwasher to have an energy booster in it which helps bring incoming water up to temperature to save on hot water costs.  Since the water can be maintained at a certain temperature throughout the cycle of the wash, less water can be used.  Hot water costs are 80% of the energy that is used by the dishwasher so by having an energy booster in your dishwasher will help save on energy costs (BC Hydro Powersmart).

Washing machines are also a major use of energy.  The new horizontal washing machines use 50% less energy than the old machines that load from the top.  These new horizontal washing machines use less water, less detergent and wash your clothes 30% better than the load from the top machines.  On average the new horizontal machines will save you $95 in energy, detergent and water costs and you save 14,000 Liters - 22,000 Liters of water a year.  If everyone had one of these new washing machines the water usage for washing machines would be greatly reduced (BC Hydro Powersmart).

If you have a washing machine then you have a dryer.  The new dryers have moisture sensors in them which will shut the dryer down when there is no more moisture instead of running a full cycle cutting down on energy costs.  There is also a cool down period which is usually a few minutes before it shuts off to help reduce energy usage also.  You also want to make sure that there is an Energy Logo verifying that it is an energy efficient appliance (BC Hydro Powersmart).

Freezers are another appliance that most people have and that would be in the SIP home.  First you want to make sure that the Energy Logo is on the freezer and that you are choosing a freezer that is the right size for your needs.  There is no need in buying a freezer that is too big for your needs because you would be wasting space and energy (BC Hydro Powersmart).  

Computers are the new way of life, almost anything you do today involves using a computer in one way or another.  Since computers are used all the time there are a couple of ways to reduce energy costs.  When the computer is not in use either turn it off or put it into standby mode.  The monitor should also be turned off when the computer is not in use.  Desktops are the main choice for home computers but use 150 watts of power unlike a portable laptop which only uses 15 watts.  When deciding to purchase a new computer, look for portable laptops which will save on energy costs (BC Hydro Powersmart).

The refrigerator can also be a huge energy waster.  New refrigerators are quieter, better insulated and more efficient (up to 10% above standards), and have precise temperature settings and defrost mechanisms which all contribute to lower energy costs.  A fridge can cost $100 a year in energy which is a significant amount therefore any savings is good for you and for the environment (BC Hydro Powersmart).

Water heaters are also a great cost to have.  New water heaters are called Demand Water Heaters which eliminate the storage tank by heating the water directly when there is a call for hot water.  This type of water heater was developed and used in Asia and Europe but was found inefficient for North American houses until it was re-engineered by S.E.T.S and NASA to make a demand water heater that could run continuously without hot water shortages.  Other faucets or showers/bath’s can be used without disruption and without cold water surprises.  Since heating hot water can contribute to 30% of your energy bill, this new Demand Water Heater system can save a lot of money by only heating the water when you need it (Tankless Water Heater Company).  By using these efficient appliances, you can save more in energy costs that will help justify the cost of the SIP house.

The savings that you will encounter can be seen in appendix 3.  At a 50% savings on hydro plus the lighting per month plus an additional $100 for all the energy efficient appliances that you have purchased for the new home you can save roughly $35,000 over a period of 25 years.  This will cover the extra $30,000 for the extra cost of the SIP house plus save you an additional $5,000.  If you are able to meet 75% efficiency, then you could save almost $14,000 over the next 25 years (appendix 3).  

As can be seen from the savings from the energy efficient house and appliances, the savings that will occur will make up for the extra $30,000 needed to purchase an SIP house.  As energy prices keep increasing the move towards energy efficient houses and appliances will continue to increase.  Savings are not seen instantly but over a long period of time which can be put towards better use.  As people move towards energy efficient houses like the SIP house the resale value will also be increased.  Last but not least the extra money that you have spent will help the environment by reducing energy consumption.  Natural resources are being used up so we together as a whole have to come together and preserve what is left for future generations to enjoy. 
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	Ford Escape

	
	
	

	
	Hybrid
	Gas Escape

	Price
	$38,000
	$30,000

	City fuel economy (L/100km)
	7.1
	12.7

	Highway fuel economy (L/100km)
	7.5
	9.9

	Tank size (L)
	57
	62

	Kilometers per tank in City (km)
	800
	490

	Fuel Costs per Year @ $1L
	$1,425
	$2,530

	Fuel Costs per Year @ $1.25L
	$1,780
	$3,162

	Savings @ $1L
	$1,105
	 

	Savings @ $1.25L
	$1,382
	 

	
	
	

	
	
	

	
	Toyota Prius

	
	
	

	
	Hybrid
	

	Price
	$36,000
	

	City fuel economy (L/100km)
	4
	

	Highway fuel economy (L/100km)
	4.2
	

	Tank size (L)
	45
	

	Kilometers per tank in City (km)
	1125
	

	Fuel Costs per Year @ $1L
	$800
	

	Fuel Costs per Year @ $1.25L
	$995
	

	
	
	

	
	
	

	
	
	

	
	
	

	Based on an average of 20,000km driven per year
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Figure 3

	Life of CFL Bulb (hrs)
	10,000

	Yearly Usage (hrs)
	1,500

	Bulbs in House
	45

	Savings
	$14.50


Figure 1
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	Total Savings
	
	

	
	
	

	Efficiency
	50%
	75%

	Monthly Hydro Bill
	$720
	$1,080

	Light Bulb Savings
	$15
	$15

	Additional Savings
	$100
	$100

	Interest rate (%)
	4
	4

	Period (years)
	25
	25

	Savings
	$35,000
	$43,746

	
	
	

	
	
	

	
	House Price

	Traditional
	$200,000
	

	SIP
	$230,000
	

	Cost Difference
	$30,000
	

	
	
	

	Efficiency
	50%
	75%

	Savings over 25 years
	$5,000
	$13,746
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