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EnergySmart Guide to Heating Systems

Heating Systems
Heating typically accounts for the largest percentage of household energy consumption in all but the warmest parts of the country. On a national average, heating represents 69% of residential gas use and 14% of electricity consumption. 
Energy consumption of a heating system is a very complex issue depending on numerous factors. These include, to name but a few, the size and style of the home, levels of insulation, the styles of windows, and the efficiency of the heating system itself. Add to this the variation in weather and the interaction of inside conditions with the climate outside and you begin to see just how complex the issue is. 
Styles of Central Heating Systems
Boilers and furnaces make up approximately 70% of the heating systems in the U.S. The remaining systems are mostly electric baseboard or heat pumps. The difference between a boiler and a furnace is very simple, and yet, very few people know the distinction. A furnace heats air while a boiler heats water. A more complete description of specific heating system styles follows.
With a forced air furnace, heated air is delivered to the rooms of the house through air ducts, generally located in the floors and walls. A furnace can be fueled by gas, oil, propane or electricity. By far the most common style of heating in the U.S., furnaces are found in almost 60% of residences. Generally (but not always), the same ducts that are used for heating can be used for central air conditioning.

A water boiler heats water which is then circulated through a system of pipes. Heat is delivered to the rooms through standing radiators, baseboard radiators, or radiant piping built into the floor. Boilers are generally fueled by gas or oil; in rare instances you will find a boiler fueled by electricity.

A steam boiler heats water until it becomes steam which is then circulated through a system of pipes. Unlike water boilers, steam boilers use only upright radiators to deliver heat to the rooms. This type of system is not very common and becoming increasingly less so.
A baseboard/resistance system uses electric resistance to heat strips installed in baseboards in each room. These systems are relatively inexpensive to install, but they can be extremely costly to operate in cooler climates.
Heat pumps extract heat from either the air (air source heat pump) or ground (ground source heat pump) and transfer that heat by circulating a refrigerant through a cycle of alternating evaporation and condensation. Heat pumps generally deliver heat through a system of air ducts. The efficiency of an air source heat pump varies tremendously with climate while ground source heat pumps take advantage of stable ground temperatures to deliver consistent performance. An air source heat pump is generally twice as efficient as a standard furnace, and a ground source heat pump can be twice as efficient still. 
Heat pumps can be used for cooling as well as heating by simply reversing the process, and most heat pumps installed today perform both functions. In addition, some models can be used for water heating as well. Heat pumps are much more expensive than traditional heating systems, particularly ground source systems which require the installation of pipes around the home. As a result, heat pumps have generally been considered for new construction only. However, with improved performance and efficiency it is becoming cost effective to replace an older heating system with a heat pump, particularly in warmer climates.
Virtually all heat pumps in use in the U.S. are powered by electricity. Most require a back-up heater for when the temperature falls below a certain level. The vast majority of these use electric resistance back-up; a few models use a gas back-up which is less costly to operate. Recently, however, the first gas-powered heat pumps have been introduced. These units are the most efficient heating and cooling systems available. Since they operate very consistently (in terms of on-off cycling), they tend to provide more consistent de-humidification, resulting in a more comfortable house.
The following illustration shows the distribution of heating system styles in the U.S. The table shows heating types installed in different regions of the US in new homes in 1991.

Heating Styles Installed in New Homes in 1991 by Region
	
	Northeast
	Midwest
	South
	West

	Homes
	100,000
	185,000
	348,000
	205,000

	Furnace
	46%
	87%
	54%
	72%

	Heat pump
	9%
	8%
	41%
	12%

	Boiler
	39%
	2%
	0%
	2%

	Other
	5%
	5%
	5%
	13%


Condensing Boilers and Furnaces
The previous section described boilers and furnaces in general. However, there are significant distinctions between different type of systems. Today, the most efficient boilers and furnaces on the market are condensing models. 
The combustion process produces gas by-products that include water vapor and carbon dioxide. In a conventional heating system, these by-products are vented out of the house. Condensing systems cool the combustion gases to the point that the water vapor condenses, releasing additional heat that can be distributed to the home.
The most common condensing systems are Condensing Gas Furnaces. These systems are generally 10-15% more efficient than conventional gas furnaces, with efficiencies as high as 96%. Condensing Gas Boilers also offer greater efficiency than conventional systems, although the efficiency gains are not as dramatic.
Condensing Oil Furnaces offer only marginal efficiency gain over conventional systems because the combustion of oil produces only half the water vapor as gas combustion. However, gains of 5-10% still make these systems an appealing option. Unfortunately, the condensate in an oil system is more corrosive so that manufacturers must use more costly, corrosion resistant components. This additional cost, coupled with minimal efficiency gains, have all but eliminated Condensing Oil Boilers from practical application. 
Fuels
The most common fuel used for heating in the US is natural gas, which accounts for 53% of the total, with electricity the second most common at about half that amount. However, electricity is gaining rapidly, owing to the increased popularity of heat pumps. In southern states, for example, 40% of new homes are built with heat pumps (this figure is 24% nationally). Approximately 1 million air source heat pumps are being installed every year.
The distribution of fuel used throughout the US is shown in the figure below. 
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Energy Efficiency of Heating Systems
Heating systems are rated by their seasonal efficiency, which takes into account normal operating losses (fuel burning systems lose heat in the combustion process) as well as the fact that heating systems operate intermittently. (As an aside, this is one of the reasons that you do not want to install an oversized heating system; not only will it use more energy in general, but since it will cycle on and off it will operate at a lower efficiency level). Most heating systems are rated by Annual Fuel Utilization Efficiency (AFUE). The efficiency of heat pumps is described by its Heating Season Performance Factor (HSPF). However, it is common to see listed an equivalent AFUE for Heat Pumps.
The efficiency rating of the heating system itself does not tell the full story. For example, electric heating systems have an AFUE of 100, meaning that 100% of the electricity is converted to heat. However, this does not take into account losses in the distribution system; for example, an electric furnace will typically suffer losses of 20-30% in the air ducts. Electric baseboard systems do not suffer delivery losses so they are 20-30% more efficient than electric furnaces. 
Now compare an electric furnace with an AFUE of 100 to a gas furnace with an AFUE of 50. The gas furnace converts only 50% of the gas to heat. It is therefore 50% less efficient than the electric system. Even though the electric system described above is twice as efficient, it will cost more to operate due to the higher cost of electricity. Also, note that it is possible to have an efficiency greater than 100%; Heat Pumps generally have such efficiencies because they transfer heat from one place to another. 
AFUE is an excellent measure for comparing similar types of systems; you can determine the relative energy efficiency by a direct comparison of AFUE. The following table presents the AFUE for various systems. Note, for example, that high efficiency condensing gas furnaces, which cool exhaust gases to the point of condensation, can be as much as 38% more efficient than older, conventional furnaces. This translates directly into a 38% reduction in heating cost.
Typical Heating System Seasonal Efficiencies

	Fuel
	Technology
	AFUE

	Gas
	Conventional, older furnace
	60%

	
	Mid-efficiency new furnace with electronic ignition and induced draft fan exhaust
	78%-84%

	
	High efficiency condensing furnace
	89%-96%

	Oil
	Conventional older furnace with cast-iron head burner
	60%

	
	New standard furnace
	78%-86%

	
	Mid-efficiency new furnace with high static retention burner
	83%-89%

	
	High efficiency condensing furnace
	85%-95%

	Electricity
	Baseboard/resistance
	100%

	
	Electric furnace
	100%

	
	Air source heat pump
	150%

	
	Ground source heat pump
	260%


With respect to distribution systems, hot air furnaces tend to be less efficient than hydronic (hot water/boiler) systems because of leakage through the ducts. Hydronic systems suffer heat loss through pipes, but the losses are typically less than those of duct systems. In addition, air ducts suffer from air leakage through cracks in the ducts whereas water distribution have no equivalent loss. Sealing ducts, using wrap where ducts are accessible and a blow-in aerosol where they are not, can be among the most effective energy saving strategies.
Upgrading a Heating System
Many older boilers and furnaces, particularly oil boilers, can be upgraded to provide much greater efficiency at a fraction of the price of replacement. Before replacing an older system consider the following options for upgrade. 
· Flue Damper: When the heating system is off, warm air escapes up the flue. A flue damper automatically closes the flue, reducing this heat loss. Note that flue dampers are not recommended if the system has a pilot light. However, you should also consider replacing a pilot light with electronic ignition (see below). Flue dampers typically cost from $150-400 while saving 3-15%. 

· Electronic Ignition: Often a cost-effective measure, installing an electronic ignition eliminates the continuous energy consumption of a pilot light. This typically costs from $150-250 with savings from $20-40.

· Replace Nozzle: Some oil heating systems feed too much fuel into the burner, resulting in short bursts of high heat output. By down-sizing the nozzle your heating system will operate for longer periods at a lower output, resulting in improved efficiency while maintaining the temperature of your home even on the coldest days. Note that the more costly option of replacing the burner includes a new nozzle. Replacing the nozzle is relatively inexpensive at $100-150, with savings up to 15%. 

· Replace Burner: Sometimes cost prohibitive, replacing an older oil burner takes advantage of improvements in burner design, and also incorporates a new nozzle. Replacing a burner will typically cost $400-500 with savings up to 20%.

· Alter the Circulating Fan: In some older heating systems the fan stops at the same time as the burner, and all the heat in the furnace at that time is lost up the flue. With some additional control wiring, the fan can be modified so that it stays on a few minutes longer, pushing the remaining heat into your home. This will generally cost from $300-400 with savings of 5-10%.

· Install a 2-speed fan: Most furnaces have a high speed fan capable of delivering sufficient heat on even the coldest days. However, on warmer days a lower speed is more efficient. A 2-speed fan can be installed and wired to a temperature sensor so that the higher speed is used on colder days. Installing a 2-speed fan will typically cost $200-300 with savings up to 10%. 

Replacing a Heating System
If you are considering replacing a Heating System, there are a wide range of factors to consider. First consider the tradeoff between the cost and efficiency of the replacement system. Next is the question of whether to change fuels. It may make sense to replace an electric system with gas, if that is available, or oil if it is not. It rarely makes sense to go the other way, even with a high efficiency heat pump. In recent years, many homes have converted from oil to gas, often for convenience. Whether there is also a monetary savings depends on the prevailing costs for both fuels in the area. When replacing a heating system, it is rarely desirable to change the type of system; that is, if you have a boiler, you typically will replace that system with a new boiler, rather than a furnace because of the cost of replacing the distribution system. The exception might be if you already have ducts installed for a central air conditioning system, in which case you may be able to use the same ducts for heating.
Case Study: Replacing an Older Gas Furnace
Gas furnaces, the most common type of heating in the U.S., are present in 36% of residences. Let us take a look at the things to consider when replacing a gas furnace. 
Gas furnace designs have improved significantly over the past several years, and replacing an older system is sometimes cost-effective. After considering the upgrade of an existing system (see above), the next thing to look at is replacement. 

The following table analyzes typical savings from replacing a 15-20 year old gas furnace in a home with an annual heating cost of $1,000. The existing furnace has an AFUE of 67, which is typical value for a system of this age. Oil is priced at $0.95 per gallon, gas at $0.95 per therm, and electricity at $0.11 per kWh. The analysis shows that several options may be reasonable, and that replacing the system may pay for itself in only a few years.

	Replacement Heating System
	Avg. Cost
	AFUE
	Annual Energy Savings
	Savings Over 20 years

	Conventional Gas Furnace
	$1,700
	81
	$173
	$3,460

	Condensing Gas Furnace
	$2,300
	93
	$280
	$5,600

	Conventional Oil Furnace
	$2,100
	82
	$400
	$8,000

	Condensing Oil Furnace
	$2,700
	87
	$435
	$8,700

	Ground Source Heat Pump
	$11,000
	350*
	$229
	$4,580

	* equivalent AFUE 
	
	
	
	


