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Week  14

Chapter 30: Heating, Ventilation, and Air Conditioning

The textbook for this course is: Modern Carpentry, Essential Skills for the Building Trades. By Willis H. Wagner and Howard Bud Smith, Published by the Goodheart-Willcox Company Inc., Tinley Park, Illinois (2008) ISBN 978-1-59070-648-0
The second half of this textbook will be covered in this course with the first half of the textbook covered in Construction Technology I.  

Please Read Chapter 30 from pages 871-889 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

This chapter on HVAC is very basic and will definitely not qualify you to install heating, ventilating, and air conditioning your own home.  Some of the Procedure and Working Knowledge boxes do, however, provide useful information for home repairs.  HVAC as an occupation is a broad field of specialties.  Be sure to read the On the Job section at the end of the chapter.  The illustrations are helpful as well.  We will cover terms and tools related to HVAC and study the basics of HVAC installations.

HVAC includes all the heating, ventilation and air conditioning, water supply and the disposal of wastewater.  Note the technical vocabulary on page 871.  To install rough HVAC, the mechanical contractor must cut holes and notches in framing members.  There should be a collaboration between the contractor/builder and the plumber to plan, schedule, and manage mechanical installations while the house is being roughed in and later near completion to install the fixtures like faucets, tubs, sinks, toilets, laundry hook ups, outdoor water systems, and all the components of the HVAC systems.  Care must be taken to insure the holes and notches cut in framing are smooth, neat, and do not weaken the joists and studs.  Metal strapping should be used to reinforce the notched framing, especially where it may be necessary to partially remove a joist.  If that is the case, a header should be installed to reinforce the floor.  

 Mechanical Codes

HVAC installation is regulated by building codes and licensing for mechanical contractors.  There are reasons for complying with the codes:

· An improperly installed system will not pass inspection and may be very costly to tear out and redone.
· HVAC systems may not supply proper heating and cooling.
· HVAC Systems may not properly ventilate the home.
· HVAC systems may cost a lot of money in monthly utility bills if not installed properly
· A poorly designed system will not perform well and the homeowner may insist on changes
· A poorly designed system could also be unhealthy because it could allow poor quality air and dangerous gasses to contaminate the home.

Mechanical regulations are covered by several agencies.    States may adopt codes other than the International Building Code.  Names of some of these agencies and applicable codes are: International Building Code-commercial, International Residential Code-homes, and the International Mechanical Code.  Finally, local governments may decide on the adoption of codes for their own area and for their own enforcement.  It is important to know the codes in the area you are working.

Mechanical contractors need a variety of skills and use many different tools.  Woodworking, metalworking, pipe threading, welding, soldering, brazing, and caulking are all skills an HVAC contractor needs, as well as the ability to read and understand plans and to make accurate measurements and calculations. Mechanical contractors are “pushed” technically to keep up in the HVAC field. The technology of this trade has changed a lot in the last 20 years.

Heating and Cooling Principles and Conservation

Pay attention to the multiple facets related to energy efficiency during the design and construction process. For instance, rather than simply focusing on individual decisions related to energy efficiency, such as R-value of attic insulation, consider the implications of each choice on the performance of the whole house.  Balance the cost and performance of each component of the house system, such as a well insulated building envelope (foundation, walls, attic), windows recommended for the climate by experts, such as the Efficient Windows Collaborative, the Department of Energy, and/or local energy professionals; a thorough and carefully implemented air sealing package; climate appropriate heating and cooling equipment that balances efficiency with cost-effectiveness; sealed ductwork within the conditioned space; and efficient water heating equipment and distribution. Moisture and indoor environmental quality are closely related factors that are affected by energy efficiency measures.” (NAHB-Guidelines)




Energy Efficiency and Building Science


Most people describe the insulation requirements for building in their area by a vague description of the climate zone for there area. The climate zone is either hot dominate or cold dominate or something in between. There is no need for a vague description here when we have statistics that can be used with better precision to detail the climate and then “prescribe” what is needed to insulate a home better. 
(NAHB Guidelines)

The three statistical measures that should be used are the Air Freeze Index, the Heat Index, and Heat Degree Days. All 3 of these statistical measures give us clear numbers representing the critical nature of the climate for the area. Rather than just saying, “Wow it’s pretty cold here; better use a ‘bunch’ of insulation,” we can use the statistics to show the relationship between the climate and the relative effectiveness of the insulation in both sidewalls and ceilings.

Second, for years insulation efforts have been marginal in the installation procedures. When old buildings are torn down there are often huge voids where insulation was missed or sagged or shrank. Areas were overlooked, disregarded, or insulated with the wrong material, or the insulation was installed wrong, for example: if fiberglass insulation is compressed it loses some of its R-value. We need to learn from these mistakes. Insulation needs to be installed continuously and checked using a thermal by-pass checklist. Insulation needs to be properly installed per the manufacturer’s recommendations.

R-value is the resistance of a wall assembly or ceiling assembly to the movement of heat or cold through it. And the million dollar question always is: how do we know how much insulation to put in? Too little allows a lot of heat exchange……energy loss. Too much insulation doesn’t accomplish much in enhanced “resistivity,” so it might be overkill and wasted money. How much is the right amount? The IECC 2012 is probably the best document to reference. It outlines the requirement for insulation in wall and ceiling assemblies throughout the United States. Following this Energy Code with some small enhancements, some improvements, and possibly some innovations is a good method to achieve a good effective R-value for foundations, walls, and attics.

R-values in the walls in cold climates like Michigan have gone from a required R-value prior to 2000 of R-13 to R-values of R-15, R-19 and now R-20. Attic R-values have gone from R-21, to R-30, R-38, and now R-49. Crawlspaces were often left un-insulated. Now they are required to have a minimum R-value of 10. All climate zones across the USA have had R-values go up for every component of the home.

Michigan Energy Code Notes: 

Here is a version of the Michigan Uniform Energy Code from the State Department of Energy, Labor, and Economic Growth. Please note this code begins with administrative rules, including what buildings are covered by the code, what construction documents are required by the code, how appeals are made, and the different parts of the building that are covered by the code. This material ends with a county by county climate zone listing 




1. Wall Cavity Material Thickness R-20 or R 13+5

2. Attic Material Thickness R-49

3. FLOORS OVER UNCONDITIONED SPACES: (Min. R-30)

4.  SLAB ON GRADE: (Min. R-10) 

5.  CRAWL SPACE WALLS: (Min. R-10)
       
6. BASEMENTS: (Min. R15 - Continuous) or (Min. R19 –Cavity)




Insulation and Air Infiltration for Remodeling


Next the thermal envelope of the home needs to be analyzed. The remodeler needs to perform a thermal bypass checklist. The checklist includes inspecting the entire skeleton of the building to be sure that there is insulation in every wall cavity, ceiling, attic knee wall, and below grade. There must be continuous insulation in the entire envelope of the building.


If the contractor owns a thermal imaging camera or an infrared scanning device it would also be helpful at this point to make sure that the insulation is of adequate depth or thickness to assure good thermal protection. The IR technology allows us to see inside the walls, to look for voids or areas of “under-insulation.” The use of this device is a very good marketing tool for the contractor.


Windows and Doors-----Remodeling


The visual inspection of the doors and windows should include: checking the seals on all the glass, checking the weather seals, checking and operating the closers, checking the air infiltration around the periphery of the frame, and the U-value of the unit. The addition of covers for entryways is recommended. 


The current code requirement for U-value of windows and doors is .35. Any window or door with a U-value higher than .35 will not meet current energy efficiency requirements. If any door or window shows wear and tear of the frame and seals and a U-value higher than .35, the recommendation should be to replace the window or door. Windows and doors can be downsized to increase energy efficiency of the exterior envelope of the house.


Windows on bedrooms must also meet egress requirements. Windows on bedrooms can not be downsized to less than egress size. The legal egress for a window requires 5.7 square feet of clear opening. The width can not be less than 20 inches of clear opening. The height can not be less than 24 inches of clear opening. The sill height from the floor can not be more than 44 inches. The contractor should try to work with downsizing windows where possible to increase energy efficiency, while at the same time making sure every window on every bedroom meets the egress requirements. Remember hopper windows and awning style windows do not meet egress requirements. 



And finally, some windows can be downsized or eliminated by using solar lighting tubes.
These solar tubes are sealed in the attic so that they do not create heat loss. The tubes bring daylight into the house eliminating or reducing the amount of light required through windows. Daylighting is a very Green practice and adapts well to many older structures.


Insulation Advances

Advanced framing techniques help with the proper placement and depth of required insulation. SIPS, ICF’s and other advanced systems for insulating are very green. Spray foam insulations also offer air sealing measures with their installation. 

All insulation should be inspected for proper installation, proper depth and R-value.  A thermal bypass checklist inspects to make sure that every space in the house is insulated and that there are not parts of the home between the conditioned space and the outside that are not fully insulated. 

The best money spent ensuring a home is energy efficient is spent on insulation. Many “low-hanging-fruit” articles and presentations focus on the fact that the key to a great building envelope starts with insulation. Insulation is key to lowering all energy bills.  All major energy efficiency programs and building science programs list advanced insulation strategies as absolutely critical to high building performance.

Air Sealing

After the proper type and quantity of insulation are installed, careful attention must now shift to air sealing measures. If a home is well insulated, but leaks like a sieve the home will still require many BTU’s for both heating and cooling. Advanced house wraps and sealing measures through the use of tapes, caulks, and various types of sealants is required for a green building. All penetrations and holes must be sealed, doors and windows must be properly flashed, and sole plate to floor deck attachments must be made with an adhesive. (Later in this class we will discuss the use of infrared technology and blower door testing to measure the effectiveness of insulation an air sealing.)

Green Building Science calls for better insulated homes that are sealed as tight as possible. This ‘unusually tight construction’ must be accompanied by compensatory improvements in make up air and HVAC systems so that great indoor air quality can be maintained.  Remember this is a whole house approach to homebuilding and when enhancements are made in one area then other parts of the home may be effected. Green Building calls for all these parts to fit together in a symbiotic system delivering the best of energy efficiency and indoor air quality.  Homes must be insulated above the minimum requirements of energy codes sealed to prevent air from moving through the envelope. A high performance home will require advanced insulation methods and products along with air sealing. Air sealing is accomplished by simply wrapping the entire periphery of the home with advanced house wrap and sealing every penetration in the building envelope. The list of air sealing efforts follows. 


Air Sealing-Measures:



1. Sill sealer between foundation and sill plate. Sill seal. Check for holes.

2. Caulk bottom plate of exterior walls. Bottom plates are “glued” to the subfloor.


3. Air seal the band joist cavities between floors. The rim joist all the way around must be sealed, then insulated. This can be done by caulking, then fiberglass insulating or by spray foaming this entire part of the structure.

4. Ensure air barrier on all concealed assemblies. Seal behind tubs, fireplaces, and any other concealed space. The entire conditioned space of the home must be sealed so that no air flows out of or into the conditioned space.


5. Caulk or foam all electrical, plumbing and heating penetrations. Any hole cut in the “skin” of the home must be sealed. Any penetration through walls or floors for plumbing, electrical, and mechanical must be sealed tight with a material like spray foam or caulk sealant.

6. Seal cantilevered areas. Under floor areas must also be sealed. Holes or irregular cuts, gaps, or seams must all be sealed to eliminate any air exchange.


7. Weather strip attic hatches, doors, and windows.  Seal the periphery of any opening. Check the seal on the hatch lid, door, or window.

8. Insulate with foam caulk around all doors and windows. Low expansive foam caulk should be used to seal all penetrations through the building envelope.


9. Use airtight/sealed recessed light fixtures. The top sides of any light fixture or soffit area must be sealed on the attic side to eliminate heat exchange through the attic.

10. Caulk and seal all HVAC registers.


11. Seal behind fireplaces and tub/shower units and any other miscellaneous equipment.
              (Page 22 NAHB Model Green Home Building Guidelines)



High Efficiency Appliances: Using the Energy Guide and Energy Star


All appliances must meet minimum standards of energy efficiency.


Water heaters, fans, ceiling fans, dish washers, furnaces, air conditioners, washers, dryers, stoves, refrigerators, light fixtures, and motors should all be Energy Star rated and labeled. No garbage disposals! Compost!

It is often estimated that Energy Star rated washing machines use 25% less energy and 25% less water to clean clothes. Along with appliances that use less energy and less water, Green Building should employ low volume shower heads, low volume flush toilets, on demand water heaters, and low volume sink aerators. The result: Less energy, less water usage with little to no change in performance and the homeowner doesn’t notice. 

The yellow energy guide posted on most new appliances gives us an understanding of the savings in both fuel saved and cost savings. The energy guide is in the form of slide scale showing the least efficient appliance fuel usage and cost estimate on one end, and the most efficient appliance fuel usage and cost estimate on the other end. The appliance it is stuck to is placed somewhere on the scale according to is performance. Green Building theory would direct us to select the most efficient appliance within the constraints of the budget. For instance: if a $1200 dishwater were 20% more efficient than the $700 dishwasher the client with a sizable budget should go with the $1200 unit.  But when budgets are tight the $700 unit might be the best choice taking into account that it is 10% more efficient than the $500 model. Green Building is about making sound, common sense choices based on the reality of the budget and trying to be as efficient as possible.

Heating Systems

Once the building envelope is engineered to be as energy efficient as possible, then we can select the proper size and type of heating system to be installed in the new home. Different systems types included in your textbook, Chapter 30:

1. Forced air - centrally located furnace with cold air and supply air ductwork, warmed air blown by the fan in the furnace.
2. Hydronic Perimeter heating system - boiler pumped hot warm with fin tube radiation in rooms.
3. Hydronic Radiant Heating System - boiler pumped hot water into tubes below and in the flooring.
4. Direct Heating Systems - electric baseboard heating.
5. Heat pumps - extract BTU’s for heating and cooling either from the air or from the ground.

Air Conditioning

Air cooling systems reduce air temperature and also remove moisture. The air conditioner must move air to do this, thus they work great with a forced air furnace system. The fan in the system moves air for both A/C and Heat. The condensing coil outside the home provide “refrigeration” to reduce temperature and the evaporator coil inside the air handler “in the furnace” removes moisture from the air as it passes through the fan/air handler. 

Controls

All heating, ventilating and air conditioning systems must have controls. This will typically include a thermostat to tell the furnace when to push warm air and tell the air conditioner when to push cold air. 

Please Read the “On the job” for the HVACR Installer and the Sheet Metal Worker on pages 886 and 887. 

Please read the Summary on Page 888 and complete the “Test Your Knowledge” questions on Page 888. 
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