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Overview and Objectives

Q
uestions about heating systems are common in the real estate industry. Clients often want to know more about the heating system within the home in order to make an informed decision. Heating systems are usually trouble-free and easy to maintain assuming regular maintenance has taken place. This course teaches you to the basic principles of heating and furnace efficiency.

This course will teach you:
· Basic heating concepts

· A few ways to determine furnace efficiency

· The implications of the different furnace efficiencies

By the end of this session you should be able to:
· Describe how a heat exchanger works

· Identify a conventional, mid and high efficiency furnace

· List three advantages of a high-efficiency furnace

· List three disadvantages of a high-efficiency furnace

· List two distinctive characteristics of a high-efficiency furnace

· Describe the difference between a mid and high efficiency furnace

· Help clients identify and/or choose the appropriate furnace for their home

This knowledge will:
· Help you serve your clients better

· Help you answer your client’s questions

· Show your clients that you are a knowledgeable professional
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Furnace Basics

If your clients are like most people, they probably believe that the most energy-efficient furnace is obviously the best.  In terms of fuel consumption, they would be right, but there are other factors to consider.

Basically, there are three types of furnaces and their classifications indicate their level of fuel economy as well as their features. They are:

· Conventional

· Mid-efficiency 

· High-efficiency
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	The difference between the three above is a measure of how much of the heat generated actually stays in your client’s house. A mid-efficiency furnace has an efficiency of 80 to 89 %. A high-efficiency furnace has an efficiency of 90 % or higher. By contrast, older conventional furnaces have an efficiency rating of about 60 %, leading to energy losses of up to 40%. 



How Does a Furnace Work?

A Furnace is like a Woodstove
Imagine a wood stove - Inside the stove you have a fire and combustion gases. The heat passes through the steel case of the stove and cool household air brushes past the outside of the wood stove. Heat is transferred from the flames (inside of the stove) through the steel case of the stove and into the surrounding air. Heat then exchanges between the inside of the stove and the household air. This is a heat exchanger in its most basic form


[image: image3]
In this sense, you can think of a wood stove as a small compartment or “cell” in a furnace. The difference is that instead of wood, a furnace has a gas burner inside it. The heat is contained in a steel shell just like the wood stove shell. The heat then passes through the steel shell into the household circulating air. Household air circulates past the steel cell with the help of a circulating fan.
Furnaces Have Several Cells
A furnace has several cells which are side by side. Household air circulates past the cells and picks up heat from the steel case of each of the cells. The fire side of the cells leads to one tube that sends combustion byproducts up the chimney.
The heat exchanger is like many small wood stoves side by side. Household air runs along the outside of the cells, and combustion happens on the inside. Heat from the combustion side makes its way through the steel jacket of the cell into the household air. Air circulates past the steel jacket and picks up heat that then flows into the house.
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This image shows a heat exchanger that has been removed from a furnace. The arrows illustrate the air getting warmer as it comes in contact with the heat exchanger. The arrows are on the household air side of the heat exchanger. The cells between the arrows contain the fire side of the heat exchanger. A blower blows the household air past the heat exchanger.
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[image: image5]
This image shows a conventional furnace: It shows the household air side and the combustion (fire) side of the system. 

On the right, air returns to the furnace through a return air duct. The air passes up through the air side of the heat exchanger, is heated up and goes to the supply ducting. This process is driven by the blower in the furnace

On the left, we have the combustion (fire) side of the heat exchanger. Combustion air goes in at the bottom where it combines with gas and burns at the burner. The combustion gasses work their way up through the cells of the heat exchanger. The cells are all “manifolded” together and discharge into the flue pipe.
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	The basic heat exchanger concept: Heat makes its way through the steel jacket of the cells and into the household circulating air
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	Check Your Knowledge

Answer the questions below in the spaces provided


1. Name three types of furnaces.

(a) _________________________

(b) _________________________

(c) _________________________

2. What is the main difference between these three types?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Conventional Furnaces

Conventional furnaces are not made any more but many older homes are still using them.  This number is declining every year. 
Conventional furnaces waste energy in a few areas:
· Before heat can make its way through the steel jacket of the cells and into the household circulating air,  a large amount of it escapes up the chimney.

· A standing pilot light burns gas even when the furnace is not running - even in the summer!
· When the furnace is not running, there is still a flow of household air into the combustion chamber and up the chimney. This process is called off cycle losses.

· During the combustion process, draft air is added to the hot combustion gasses to help the gasses flow quickly up the chimney. This process is called “draft air” or “dilution air.” This means that heated air escapes up through the exhaust flue, even when the furnace is not running, resulting in lower efficiency. Draft air is a waste of energy because heated household air is going up the chimney to be released outdoors. 

	.
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This image shows the gas feed to the pilot light (large tube) and the thermocouple (small copper wire). The thermocouple is a temperature sensor that shuts off the gas feed if the pilot light blows out. 
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This image shows the pilot light lit – you can just see the edge of the flame at the arrow, and the glow of blue. This pilot light burns constantly, even in the summer!
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[image: image10]
The flow of combustion air into the burner and heat exchanger cells. The opening for combustion air is still open when the furnace is not heating; household air continues to be drawn into the heat exchanger and up the chimney. The upper arrow is pointing to the draft air opening. This is just a direct opening to the flue (and chimney); household air goes up the chimney through the draft air opening whether the furnace is running or not. Loss of heat from the house and energy wasted by running the pilot light are called “off-cycle” losses because losses occur even when the furnace is off
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This image shows a close-up of the draft air opening – called the draft diverter. You can just see the tops of the heat exchanger cells – this is where the combustion gases come out of the fire side of the heat exchanger and go up the chimney along with a lot of draft air. The draft diverter showing that draft air goes up the chimney while the furnace is operating, and also during the off cycle.
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	Check Your Knowledge

Answer the questions below in the spaces provided


1. In general, how do conventional furnaces waste energy?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Mid-Efficiency Furnaces

A mid-efficiency furnace attempts to deal with some of the inefficiencies of the conventional furnace. The mid-efficiency furnace does several things to get more heat out of the combustion process. The end result being: more heat transferring to the house rather than going up the chimney.

A mid-efficiency furnace:
· Reduces or eliminates off-cycle losses
· Replaces the standing pilot with an intermittent pilot, such as a sparking mechanism

· Closes off the flue, when the furnace is not running, to stop household air from going up the chimney through the combustion chamber and draft air opening. Note: The furnace can only do this when you have an intermittent pilot
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This image shows a mid-efficiency furnace with the cover on. 
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	How can you recognize a mid-efficiency furnace? A mid-efficiency furnace has a metal pipe to the chimney and the high-efficiency furnace will have its own venting system made of plastic material.
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This image shows a mid-efficiency furnace with the cover off. The arrows point to the burners. The induced draft fan is the large black thing that looks like a motor. There is an intermittent pilot – in fact there is no pilot light at all. This system uses a ceramic hot surface ignition that fires up only when needed to light the burners. The induced draft fan pushes the combustion products up the chimney. When it is off, it blocks the flow of household air up the chimney.

How Are Furnaces Built For Better Efficiency?
· The heat exchanger tubes are longer than conventional furnaces
· The heat exchanger’s path to the chimney is more convoluted than conventional furnaces
· The heat exchanger’s passages are smaller than conventional furnaces

[image: image18]
This image shows the top of the furnace. We can see the induced draft fan (bottom), the flue pipe opening (white arrow), and the heat exchanger cells with the household air seen coming through between the cells (red arrow). The next slide is going to be looking straight down into the heat exchanger.
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This image shows a view that is looking down into the top of the furnace. The three arrows point to the three heat exchanger cells. The combustion happens inside these cells. These cells are much narrower than the conventional efficiency furnace. In fact each of these cells has a path that the combustion gases must travel. The path zig-zags up. 
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The arrows show the flow of combustion gases up through the heat exchanger. This convoluted path keeps the hot gasses in the heat exchanger for a much longer time and hence more heat is extracted from the combustion gases.
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	Check Your Knowledge

Answer the questions below in the spaces provided


1. How does the mid-efficiency furnace attempt to deal with some of the inefficiencies of the conventional furnace?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. What are some characteristics of mid-efficiency furnaces?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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High-Efficiency Furnaces

As you may remember - the move from the conventional furnace to the mid-efficiency furnace sought to “fix” the problems from the previous version. In the same way high-efficiency furnaces seek to improve upon the mid-efficiency furnace.

One of the main limitations with the mid-efficiency furnace is that you can only extract so much heat from the heat exchanger. To increase the amount of heat extracted it made sense to elongate the heat exchanger tube - but…if you make the heat exchanger tubes too long, and cool off the combustion gasses too much, the gases will condense! The condensate will pool in the exchanger. The heat exchanger then will rust out in a year or two because the condensate is acidic. This is exactly what happened with the mid-efficiency technology.

With a high efficiency furnace we say, “let it condense” or in other words they are built to handle condensation. This is because a high efficiency furnace deals with the condensation by adding an additional heat exchanger. The high-efficiency furnace then has 2 heat exchangers; a primary and a secondary. 

Condensation happens in the secondary heat exchanger, which is made from corrosion-proof material. By making a secondary heat exchanger out of stainless steel or plastic coated aluminum the exchanger is then able to handle the acidic condensation. 
The high-efficiency furnace is built to extract so much energy from the combustion process that the off-gasses condense into a liquid. In other words, a high efficiency furnace is a condensing furnace.

[image: image22]
This image shows a high efficiency furnace heat exchanger. The fat pipes at the top are the primary heat exchanger. These pipes snake like the mid efficiency furnace. The flow of combustion gases goes the opposite way from what you would expect. The gases flow down – this is made possible by the induced draft fan – the fan sucks the gasses down through the pair of heat exchangers. We can just see the radiator-like secondary heat exchanger at the bottom


[image: image23]
This image shows the secondary heat exchanger – it looks like a car radiator. We also see a single cell of the primary heat exchanger – if you look carefully, you can see how it snakes down towards the secondary. Condensation happens in the secondary heat exchanger. 

Energy from Condensation

A high efficiency furnace not only gives you more heat because you have a longer and more convoluted heat exchanger, but you also get more heat out of the condensation process itself.
To understand this better it is useful to look at how humans perspire (condensate) and how the moisture is removed (evaporation) Humans stay cool in the summer by perspiring and the water on your skin eventually evaporates. This process of evaporation sucks heat energy out of your body. Hence condensation releases heat
The process of condensation provides energy called “latent heat”. Evaporation is the opposite of condensation. 
A high efficiency furnace not only gives you more heat because you have a longer and more convoluted heat exchanger, but you also get more heat out of the condensation process itself. The key to identifying a high efficiency furnace is the condensation

Distinctive Characteristics
Low-Temperature Plastic Vent Pipe
High efficiency furnaces are more than 90% efficient! Because they are so efficient, the flue gasses are not very hot. If you touched them you would not get burned. Ordinary low temperature piping (like plumbing drain lines – ABS) can be used for the flue gases. Two-inch ABS (black plastic pipe, like sink pipe) is the most common vent and typically goes straight outside through the wall
Induced Draft Fan
Why is the temperature so cool? You have extracted almost all of the heat energy out of the combustion process.
Over 90% Efficient

As the name suggests, high-efficiency furnaces are 90% efficient. Hence your client gets more heat for his/her heating dollar.
Don’t Need a Chimney

The high-efficiency furnace can draw combustion air from outside the house directly into the furnace. With this feature, the furnace can be enclosed  in a small room.
More Expensive 

High efficiency furnaces are more expensive because they have two heat exchangers and the secondary has to be made of a more expensive material. It is also more expensive to maintain and repair. (When doing the math it is important for your client to keep in mind that the high-efficiency furnace is only 10 to 13 % more efficient than a mid efficiency.)

Good For A Drafty House
Most furnaces are not very efficient when operated in an old drafty house because the short cycling caused by a drafts reduces the efficiency of most furnaces. The high-efficiency furnaces, on the other hand, are most efficient in a big old drafty house. This is because they are just as efficient at startup as they are in steady state 
Many people think that a high efficiency furnace is best suited for a tight, well insulated home. In fact, the opposite is true since the biggest saving is in a home that is not very efficient. In a tight, well insulated home, or in mild climates, there is little benefit in spending the extra money for a high efficiency furnace since you may only save $50 per year on energy.
Do the Math
So - What is the long term price break? In the long term, the high efficiency furnace may not save your client any money when you consider the initial investment and the small reduction in energy costs over a mid. For example, a high efficiency furnace may be $800 to $1000 more than a mid, yet only save $50 to $100 per year on the fuel bill!

So…
· A 10% to 13% saving on a big fuel bill is more significant than a 10% to 13% saving on a small fuel bill.
· A high efficiency furnace is about $800 more than a mid to purchase.

.
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	Check Your Knowledge

Answer the questions below in the spaces provided


1. How does the high-efficiency furnace attempt to deal with some of the inefficiencies of the mid-efficiency furnace?
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Why are high-efficiency furnaces typically more expensive than other types of furnaces?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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CEP Quiz

Quiz –Furnaces Operations and Deficiencies

Name: ________________________
1. A mid efficiency furnace has short heat exchangers. True or False?

2. What distinctive characteristic separates a conventional from a mid or high efficiency furnace?

3. What kind of furnace would you recommend for a house that’s over 80 years old?

4. What problem would occur if a mid efficiency furnace had heat exchangers that were too long?

5. Name two benefits of a high efficiency furnace.

6. Name two downsides of a high efficiency furnace.

7. What lets you know it’s a high efficiency furnace?

8. Name one way a mid efficiency furnace reduces “off cycle” losses.
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Presentation Evaluation

Presentation Evaluation –Furnaces Operation and Deficiencies

TECHNICAL CONTENT
Excellent
Average
Poor
No Opinion
Presenter's knowledge of subject matter
(
(
(
(
Ability to keep you interested
(
(
(
(
Discussion / overview / recap
(
(
(
(
How well did this course meet your expectations?
(
(
(
(
Comments: __________________________________________________________________________________________________________________________________________________

ORAL PRESENTATION
Excellent
Average
Poor
No Opinion
Explanation of objectives
(
(
(
(
Voice (volume, clarity, speed)
(
(
(
(
Answers question clearly
(
(
(
(
Comments: __________________________________________________________________________________________________________________________________________________

VISUAL PRESENTATION
Excellent
Average
Poor
No Opinion
Voice (volume, clarity, speed)
(
(
(
(
Answers question clearly
(
(
(
(
Effectiveness of visual aids
(
(
(
(
Presenter's eye contact
(
(
(
(
Comments: __________________________________________________________________________________________________________________________________________________

MATERIAL HANDOUTS
Excellent
Average
Poor
No Opinion
Effectiveness of handouts
(
(
(
(
Comments: __________________________________________________________________________________________________________________________________________________
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Name (optional): _____________________________
License# (optional): __________
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