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Technology Fact Sheet

Improved HVAC systems

Background

Heating, ventilation and air conditioning (HVAC) systems account for 40% to 60% of the energy used in U.S. commercial and residential buildings. Proven technologies and design concepts, along with energy efficient HVAC technologies will allow these services to be provided with significant energy savings and lower lifecycle costs.  

HVAC systems also have a significant effect on the health, comfort, and productivity of occupants. Issues including user discomfort, improper ventilation, and poor indoor air quality are linked to HVAC system design and operation and can be corrected by improved mechanical and ventilation systems.  As with lighting systems, the productivity gains from a well designed and implemented HVAC system can result in savings that are many times the energy savings alone.

Design Decisions

The best HVAC design considers all the interrelated building systems while addressing indoor air quality, energy consumption, and environmental benefit. Upgrading an existing HVAC system should only be undertaken after improvements to a building’s lighting, insulation and office equipment have already been made.  These improvements will substantially reduce the load and will consequently affect the design of the HVAC system. 

Optimizing the design and benefits requires that your mechanical system designer and your architect address major issues early in the schematic design phase and work closely together throughout the design process. It is also essential that you implement well-thought-out commissioning processes and routine preventative maintenance programs.

Highlighted Technologies

The following highlighted technologies allow substantial energy savings from HVAC systems:

Energy Efficient Unitary Air Conditioners

Air conditioners account for about 12% of the energy used in commercial buildings, and are the largest contributor to peak electricity demand in hot weather.  Unitary air conditioners are the most common type of air conditioner for residential and smaller commercial buildings.  Newer, high efficiency models exceed federal standards for energy efficiency by 20% and have lifecycle costs that are 14% lower than standard models.  New AC units are required by the Federal Trade Commission to include a label describing the unit’s energy efficiency rating, and the most energy efficient units receive the Energy Star label from the Environmental Protection Agency.  In addition to reducing average energy consumption, unitary air conditioners also reduce peak demand for electricity.  A portion of peak electricity demand is often met by diesel generators, which produce extremely high levels of NOx emissions.

Residential Furnaces and Boilers

Although older forced-air and hot water boiler systems had efficiencies in the range of 56% to 70%, modern heating systems can achieve efficiencies as high as 97%, converting nearly all the fuel to useful heat for the home. Conservation efforts and a new high-efficiency heating system can often cut fuel bills and furnace's pollution output in half. 



Heat Pump Water Heater (HPWH)

Heat Pump Water Heaters are 2 to 3 times more efficient than conventional water heaters because they transport heat from a source (e.g., outside air or air inside a building) rather than producing it by combusting gas or using electric resistance elements. Commercial HPWH systems have installed costs that are several times that of gas or electric water heaters; however their lifecycle costs can be significantly lower because of their greatly reduced operating costs.  The HPWH becomes increasingly attractive in building applications where energy costs are high, and where there is a steady demand for hot water. 

The most cost effective use of a Heat Pump Water Heater is when the heat is removed from a source that would normally be removed by the HVAC system.  With this design, the simple payback is less than 1 year. 
Ceiling Fans

The movement of air by a ceiling fan creates a wind-chill effect that makes a room feel cooler. In temperate climates or during moderately hot weather, the use of ceiling fans can compensate for air-conditioning. For hotter temperatures where air conditioning is required, a ceiling fan can allow the thermostat to be raised about 4°F with no reduction in comfort.   However, most ceiling fans use inefficient motors and blade designs.  A major manufacturer recently introduced an improved design which consume 40% less electricity.  This alternative has a return on investment up to 30% and a simple payback 3 ½ years.  
Energy Savings

The largest energy savings from upgrading a building’s HVAC system are attributable to a decrease in the system size made possible by prior implementation of other measures (e.g. improved lighting, insulation, and energy efficient office equipment) that reduce the need for HVAC services.  HVAC upgrades that improve comfort and air quality while reducing HVAC energy consumption 40 percent or more are possible. 

Emissions Reductions

Improved HVAC systems reduce emissions of greenhouse gases roughly in proportion with energy savings. Upgrading a single residential furnace or boiler from 56% to 90% efficiency in a cold-climate will save 1.5 tons of carbon dioxide emissions each year if you heat with gas, or 2.5 tons if you heat with oil.  

Websites

DOE Buildings:
http://www.eren.doe.gov/buildings 

Unitary AC:
http://www.pnl.gov/uac/welcome.stm

http://www.eren.doe.gov/femp/procurement/pdfs/uac.pdf

http://www.cee1.org/com/hecac/Com_HVAC_spec.pdf
Furnaces:
http://www.eren.doe.gov/buildings/heatcool_furnace.html
Heat Pump WH:
http://www.eren.doe.gov/femp/prodtech/10_comm.html

http://www.cee1.org/resrc/facts/hecac-fx.php3
Ceiling Fans:
http://yosemite1.epa.gov/estar/consumers.nsf/content/ceilingfan.htm

http://www.nrel.gov/docs/fy01osti/29513.pdf
Screening & Design Tools
http://www.eren.doe.gov/buildings/tools_directory/ (under Materials, Components, Equipment and Systems/HVAC equipment and systems)

