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CHAPTER 1

How Your HVAC System Works

Understanding the basics of your HVAC system empowers you to maintain it properly, spot problems

early, and communicate confidently with technicians.

The Big Picture

HVAC stands for Heating, Ventilation, and Air Conditioning. These three functions work together to keep your
home comfortable year-round, control humidity, and maintain healthy air quality. Most residential systems share
the same ductwork for both heating and cooling, controlled by a single thermostat.

Core Components

Furnace / Air Handler Heats or moves conditioned air through the duct system

Air Conditioner / Heat Pump Removes heat from indoor air; heat pumps also heat

Ductwork Distributes conditioned air; returns stale air to the system
Thermostat Brain of the system — senses temp and triggers heating/cooling
Evaporator Coil Absorbs indoor heat when cooling mode is active

Condenser Unit Releases absorbed heat outside the home

Refrigerant Lines Carry refrigerant between indoor and outdoor units

Air Filter Catches dust, pollen, and particles before they reach equipment
Blower Motor Fan that pushes air through the ducts

Heating Systems
There are several common heating technologies:

» Gas Furnace: Burns natural gas to create heat; most common in North America. Efficiency is measured by
AFUE (Annual Fuel Utilization Efficiency). High-efficiency models reach 96—-98% AFUE.

» Heat Pump: Moves heat rather than creating it — extremely efficient. Works as both heater and air
conditioner. Best in mild climates; supplemental heat needed below ~35°F.

» Electric Furnace / Air Handler: Uses electric resistance coils. 100% efficient locally but expensive to
operate due to electricity costs.

» Boiler: Heats water and distributes it through radiators or radiant floor tubing. Very comfortable, zoned heat.

* Ductless Mini-Split: Wall-mounted units with no ductwork. Ideal for additions or homes without ducts.
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How Cooling Works

Air conditioning doesn't add cold air — it removes heat. Refrigerant circulates between the indoor evaporator
coil and the outdoor condenser. The evaporator absorbs heat from your home's air; the condenser releases that
heat outside. The cooled air is then circulated back through your ducts.

The efficiency of cooling systems is rated by SEER (Seasonal Energy Efficiency Ratio). The higher the SEER,
the less electricity used. Federal minimums start at SEER 14, while premium units reach SEER 20+.

m PRO TIP
A heat pump with a SEER of 18 can cut cooling costs by 30-40% compared to an older

10-SEER unit. If your system is over 15 years old, replacement often pays for itself
within 5-7 years in energy savings.
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CHAPTER 2

Seasonal Maintenance Checklist

Regular maintenance is the single most impactful thing you can do to extend equipment life, maintain

efficiency, and avoid costly emergency repairs.

Why Maintenance Matters
A well-maintained HVAC system uses 15-25% less energy than a neglected one. Most manufacturer

warranties require annual professional maintenance. Skipping it can void your coverage — and cost thousands.

Spring & Summer Prep (Cooling Season)

Replace air filter Monthly or per manufacturer
Clear debris from outdoor unit Leave 2 ft clearance all around
Clean evaporator & condenser coils Pro service recommended
Check refrigerant level Requires licensed technician
Test thermostat & switch to cooling Verify temp differential
Inspect & clean condensate drain line Flush with diluted bleach
Check all supply & return vents Remove obstructions, open registers
Lubricate blower motor (older models) Check owner's manual
Inspect ductwork for leaks Tape/mastic any gaps found
Schedule professional tune-up Ideally March—April

Fall & Winter Prep (Heating Season)

Replace air filter Monthly or per manufacturer
Test heating system before cold weather Early October
Inspect furnace heat exchanger Cracks = CO risk — pro only
Check flue / exhaust pipe Look for blockages, corrosion
Test carbon monoxide detectors Replace batteries annually
Clean or inspect burners Pro service recommended
Check pilot light or ignition system Call pro if problems
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Bleed radiators (if applicable) Release trapped air
Seal window & door drafts Reduces heating load
Schedule professional tune-up Ideally September—October

m SCHEDULING TIP

Schedule your professional tune-up in the 'shoulder seasons' — spring for AC, fall
for heating. Technicians are less busy, response times are faster, and you'll catch
problems before you desperately need the system to work.

Monthly Tasks (Year-Round)

 Inspect and replace air filter if dirty

e Check thermostat is functioning correctly

* Listen for unusual noises during operation

 Verify all vents are open and unobstructed
» Check outdoor unit for debris accumulation

» Look for water pooling near indoor unit (condensate issue)
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CHAPTER 3

Air Filters: The #1 DIY Task

Changing your air filter is the simplest, cheapest, and most impactful maintenance task a homeowner
can do. Neglecting it is the leading cause of HVAC failures.

Why Filters Matter So Much

Your filter protects the blower motor and coils from dust and debris. A clogged filter restricts airflow, causing the
system to work harder, consume more energy, freeze up (in cooling mode), or overheat (in heating mode). It
also degrades your indoor air quality.

Understanding MERV Ratings

1-4 Large dust, pollen Basic protection; cheap but limited
5-8 Dust mites, mold spores Most homes; good balance
9-12 Fine particles, pet dander Allergy sufferers; check airflow
13-16 Bacteria, virus carriers Medical grade; may restrict airflow
17-20 (HEPA) Near-total filtration Special equipment required

For most homes, MERV 8-11 is the sweet spot
Higher MERYV filters capture more particles but restrict airflow. Always verify your system can handle the filter

rating — check your owner's manual or ask a technician.

How Often to Change Your Filter

Situation Recommended Interval
Vacation home, no pets Every 6—-12 months
Single adult, no pets Every 90 days
Average family home Every 60-90 days

One pet in home Every 30-60 days
Multiple pets or allergies Every 20—-45 days
Dusty rural environment Every 30-45 days
Construction nearby Every 2—4 weeks
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Step-by-Step Filter Replacement

1.

2.

Turn off the system at the thermostat before changing the filter.

Locate the filter slot — usually at the return air grille or inside the air handler cabinet.

. Note the size printed on the old filter frame (e.g., 20x25x1 inches).

. Note the airflow arrow on the old filter — the new one must match this direction.

. Slide out the old filter and place it directly into a trash bag to contain dust.

. Insert the new filter with the arrow pointing toward the blower motor (away from return duct).
. Seal the access panel securely — gaps allow unfiltered air to bypass the filter.

. Write the date on the filter frame with a marker so you know when it was last changed.

. Turn the system back on and confirm normal operation.

m PRO TIP

Buy filters in packs of 4—6 and store them near the furnace. You're far more likely
to change the filter on time when you don't have to make a special trip to the
hardware store.
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CHAPTER 4

Thermostat Mastery

Your thermostat is the control center of your entire HVAC system. Using it wisely can cut your energy
bills by up to 20%.

Types of Thermostats
» Manual/Analog: Simple dial or slider. No scheduling. Cheapest option but least efficient.

» Digital Non-Programmable: Precise temperature display and control. Still requires manual adjustments.

* Programmable: Set schedules for weekdays and weekends. Great for predictable routines. Set it and forget
it.

* Smart Thermostat (e.g., Nest, Ecobee): Wi-Fi enabled, learns your habits, remote control via smartphone,
energy usage reports, integration with smart home platforms.

Recommended Temperature Settings

Home & Awake 68-70°F (20-21°C) 76-78°F (24-26°C)
Sleeping 65—67°F (18-19°C) 76—78°F (24—26°C)
Away from Home 62—-65°F (17-18°C) 82-85°F (28-29°C)
Extended Vacation (Winter) 55°F min (13°C) N/A
Extended Vacation (Summer) N/A 85°F max (29°C)

The 7-10 Degree Rule
Adjusting your thermostat 7—10°F for 8 hours per day (when away or sleeping) can save up to 10% per year on
heating and cooling. Smart thermostats do this automatically based on your schedule.

Smart Thermostat Features Worth Knowing
e Geofencing: Uses your phone's location to adjust temps automatically when you leave or return home.

e Learning Mode: Observes your manual adjustments over 1-2 weeks and builds a custom schedule.
» Energy Reports: Shows daily/monthly usage trends and compares you to similar homes.

* Remote Access: Control temperature from anywhere via smartphone app.

* Maintenance Reminders: Notifies you when filter changes are due.

» Multi-Zone Support: Control different areas independently with compatible equipment.
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mm COMMON MYTH

Don't crank the thermostat to extreme temperatures thinking it will heat or cool
faster. HVAC systems heat and cool at the same rate regardless of the setpoint.
You'll just overshoot your target temperature and waste energy.
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Energy Efficiency & Saving Money

Energy costs are one of the largest expenses in any home. Smart HVAC choices and habits can
dramatically reduce your bills without sacrificing comfort.

Understanding Efficiency Ratings

Applies To What It Means Good Value

SEER Central AC / Heat Pumps (cooling) Seasonal efficiency ratio 16+ (18+ = excellent)
SEER2 New AC systems (2023+) Updated test standard 15.2+ is compliant

HSPF Heat Pumps (heating) Heating efficiency 9+ (10+ = excellent)

AFUE Furnaces & Boilers % of fuel converted to heat 80% standard, 95%+ high-eff
EER Room/window AC units Efficiency at peak load 12+ recommended

COP Heat pumps (technical) Qutput / input ratio 3.0+ is efficient

Top 10 Ways to Reduce HVAC Energy Costs

1. Install a smart thermostat and use setback schedules

2. Seal and insulate ductwork — leaky ducts waste 20—-30% of conditioned air

3. Add attic insulation — heat rises and escapes through the ceiling

4. Seal gaps around windows, doors, and electrical outlets

5. Use ceiling fans (counterclockwise in summer, clockwise in winter)

6. Keep blinds/curtains closed during hot afternoons

7. Have a professional check refrigerant levels annually

8. Replace systems over 15 years old — efficiency gains often justify cost

9. Install a whole-house dehumidifier — humid air feels warmer, causing AC overuse

10. Plant shade trees on south and west sides of the home

Rebates, Tax Credits & Incentives
The U.S. Inflation Reduction Act (2022) provides significant tax credits for high-efficiency HVAC equipment.

Many utility companies also offer rebates.

Upgrade Potential Tax Credit / Rebate
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High-efficiency heat pump Up to $2,000 federal tax credit (25C)
High-efficiency central AC Up to $600 federal tax credit
High-efficiency furnace/boiler Up to $600 federal tax credit

Smart thermostat $25-$150 utility rebate (varies by region)
Weatherization / insulation Up to $1,200 federal tax credit

Home energy audit Up to $150 federal tax credit

Always check EnergyStar.gov and your local utility's website for current rebate programs. Programs change annually.
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CHAPTER 6
Common Problems & Troubleshooting

Before calling a technician, run through these diagnostic steps. Many common issues have simple
solutions you can handle yourself.

System Won't Turn On

» Check thermostat — is it set to the correct mode (heat/cool) and temperature?

» Check your circuit breaker — HVAC equipment has dedicated breakers. Reset if tripped.
» Check the power switch near the furnace/air handler (looks like a light switch).

» Check the condensate drain float switch — a full drain pan will shut the system off.

* Inspect the air filter — a completely clogged filter can trigger a safety shutoff.

« If none of the above: call a professional.

No Heat / Cold Air When Heating

 Verify thermostat is in HEAT mode and set above current room temperature.

e Check pilot light or ignition — listen for ignition clicking. No click? May need ignitor.

» Check gas supply — is the gas valve open? Do other gas appliances work?

* Inspect the air filter — restricted airflow can cause furnace to overheat and shut down.
» Check for error codes on the furnace control board (flash patterns indicate fault codes).

« If heat exchanger is suspected cracked: evacuate and call a pro immediately (CO risk).

No Cool / Warm Air When Cooling

 Verify thermostat is in COOL mode and set below current temperature.

» Check the outdoor unit — is it running? Is the fan spinning?

» Look for ice on the refrigerant lines or evaporator coil — turn system off to thaw, then check filter.
e Check the circuit breaker for the outdoor condensing unit (separate from indoor breaker).

» Ensure the condensate drain line is not clogged.

» Low refrigerant is a common cause — requires a licensed technician to diagnose and recharge.
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Strange Noises
e Banging/Clanking: Loose or broken part inside — turn off and call a pro.

» Squealing/Squeaking: Belt-drive motor needs lubrication or belt replacement.

» Rattling: Loose panel, screw, or debris in the system — inspect and tighten.

» Clicking (repeated): Ignition problem on furnace, or failing relay/capacitor on AC.
« Humming (loud): Electrical issue — contactor, capacitor, or motor problem.

e Hissing: Refrigerant leak or air leaking through duct gaps.

e« Boom/Bang at startup: Delayed ignition on furnace — call a professional promptly.

Poor Airflow
e Check and replace the air filter — this is the #1 cause of poor airflow.

* Inspect all supply registers — ensure none are blocked by furniture or closed.
* Look in visible ductwork for obvious disconnections or damage.
» Check for ice on evaporator coil — indicates airflow restriction or refrigerant issue.

» Have ductwork professionally inspected for leaks or collapsed sections.

ngh Energy Bills

» Compare bills month-over-month and year-over-year — is this new or gradual?
» Check for obvious sources: doors/windows left open, thermostat changes, new appliances.
« Dirty filter or coils significantly reduce efficiency — service the system.
» Low refrigerant causes the system to run longer to reach setpoint.
e Consider having an energy audit performed on the whole house.

» Aging equipment loses efficiency — a 15+ year old system may need replacement.

mm Carbon Monoxide Warning

If your CO detector sounds, leave the house immediately and call 911. Do not re-enter until cleared by
emergency services. CO is odorless, colorless, and deadly. Annual furnace inspections are the best prevention.
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CHAPTER 7
Indoor Air Quality

The EPA estimates indoor air can be 2-5 times more polluted than outdoor air. Your HVAC system
plays a major role in managing indoor air quality.

Humidity Control

Ideal indoor humidity is 40-60%. Too low causes dry skin, static electricity, and wood shrinkage. Too high
promotes mold growth, dust mites, and structural damage.

Below 30% Dry air, static, wood cracks Add whole-home humidifier
30-40% Slightly dry; acceptable Monitor; consider humidifier
40-60% Ideal comfort zone Maintain current system
60-70% Muggy; mold risk increasing Run AC longer; check seals
Above 70% Active mold growth risk Dehumidifier + HVAC service

Air Purification Options
Upgraded Filters (MERV 11-13): Most affordable upgrade. Captures fine particles, allergens, and some mold

spores.

Electronic Air Cleaners: Use electrostatic charge to trap particles. Very effective but require cleaning every
1-3 months.

UV Germicidal Lights: Installed near evaporator coil; use UV-C light to kill mold, bacteria, and viruses on coil
surfaces.

HEPA Bypass Systems: True HEPA filtration with a side loop. Captures 99.97% of particles =0.3 microns.

Bipolar lonization: Releases positive and negative ions that cluster around particles, making them easier to
filter.

Whole-House Dehumidifiers: Dramatically reduces mold risk and makes the home feel cooler; often lowers
AC runtime.

Duct Cleaning: When Is It Necessary?
The NADCA (National Air Duct Cleaners Association) recommends duct cleaning every 3-5 years for most

homes, or more frequently if you have:

 Pets that shed heavily
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e Occupants with allergies or asthma
» Recent renovations or construction
 Visible mold growth inside ducts

* Rodent or insect infestation

» Excessive dust buildup on registers

mm BUYER BEWARE

Be cautious of '$99 duct cleaning' offers. Proper duct cleaning for a typical home
takes 4-8 hours and costs $400-$1,000. Discount services often do more harm than
good by disturbing settled dust without proper containment.
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CHAPTER 8

When to Call a Professional

Knowing when to DIY and when to call a pro protects both your safety and your HVAC investment.

Always Call a Pro For:

Any work involving refrigerant (requires EPA Section 608 certification)
Furnace heat exchanger inspection or replacement

Electrical work inside the air handler or condenser unit

Gas line connections or repairs

System installation or replacement

Carbon monoxide-related concerns

Permit-required work (additions, new installations)

Safe DIY Tasks

Replacing air filters

Cleaning accessible supply and return registers

Flushing the condensate drain line

Clearing debris from around the outdoor unit

Replacing thermostat (low-voltage, no high-voltage work)
Resetting tripped breakers (once — if it trips again, call a pro)

Cleaning outdoor condenser fins with a hose (gently, fins down)

System Replacement: The 5,000 Rule

When deciding whether to repair or replace, multiply the system's age by the repair cost. If the result exceeds

$5,000, replacement is typically the better financial decision.

Example: 14-year-old system x $400 repair = $5,600 - Consider replacement

Signs It's Time to Replace Your System

Sign Details

Age AC > 15 years, Furnace > 20 years, Heat Pump > 15 years
R-22 Refrigerant Phased out since 2020; recharging is extremely expensive
Frequent Repairs More than 2 major repairs in past 2 years
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Rising Energy Bills Efficiency degrading despite good maintenance
Uneven Comfort Hot/cold spots that weren't there before

Excessive Noise System significantly louder than when installed
Humidity Problems System can no longer maintain comfortable humidity

How to Choose a Reputable HVAC Contractor

* Verify state licensing and insurance (ask for certificate)

e Check for NATE (North American Technician Excellence) certified techs
e Get at least 3 written quotes for major work

» Ask for a Manual J load calculation for new equipment sizing

» Check online reviews (Google, BBB, Yelp) — look for patterns

» Beware of unsolicited door-to-door HVAC services

* Ask about manufacturer and labor warranty terms
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CHAPTER 9

HVAC Glossary

A quick reference for the terms you're most likely to encounter with contractors, on equipment labels,

and in owner's manuals.

AFUE Annual Fuel Utilization Efficiency. Measures furnace efficiency as a percentage of fuel converted to heat.

Air Handler The indoor unit containing the blower, evaporator coil, and filter. Moves conditioned air through ducts.

BTU British Thermal Unit. A measure of heat energy. HVAC capacity is rated in BTU/hour or tons (1 ton = 12,000 BTU
Capacitor Electrical component that starts/runs motors in AC units. Common failure point in aging systems.

CFM Cubic Feet per Minute. Measure of airflow volume through ducts or equipment.

Condenser Outdoor unit of an AC system. Releases heat absorbed from inside the home.

COP Coefficient of Performance. Ratio of heat output to electrical input for heat pumps. Higher = more efficient.
Ductwork Network of metal or flexible channels distributing conditioned air throughout the home.

Evaporator Coil

Heat Exchanger

Indoor coil where refrigerant absorbs heat from home air. Located inside the air handler.

Metal component in a furnace that heats air without mixing combustion gases with home air. Must not crack.

Heat Pump Refrigeration system that can move heat in either direction — into the home for heating or out for cooling.
HEPA High-Efficiency Particulate Air. Filter standard removing 99.97% of particles = 0.3 microns.

HSPF Heating Seasonal Performance Factor. Measures heat pump heating efficiency. Higher = better.

HVAC Heating, Ventilation, and Air Conditioning. The complete system that manages home climate.

Load Calculation
MERV

Mini-Split
Refrigerant

R-22

SEER

Setback Temperature

Static Pressure

Ton

Two-Stage Compressor

Engineering analysis (Manual J) determining correct equipment size for a home.

Minimum Efficiency Reporting Value. Filter efficiency rating scale 1-20. Higher = finer filtration.

Ductless system with wall-mounted indoor units connected to an outdoor compressor.

Chemical compound that transfers heat in AC/heat pump systems. Common types: R-410A, R-32.

Older refrigerant (Freon) now phased out due to ozone depletion. Very expensive if your system still uses it.
Seasonal Energy Efficiency Ratio. Cooling efficiency rating. Higher SEER = lower operating cost.

Adjusting thermostat several degrees when away or sleeping to save energy.

Resistance to airflow in the duct system. High static pressure stresses equipment.

Unit of AC capacity. 1 ton = 12,000 BTU/hour. Typical homes use 1.5-5 ton systems.

AC/heat pump that runs at low capacity most of the time, high capacity on demand. More efficient and comfortabl
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Variable Speed Blower or compressor that adjusts output continuously. Most efficient; best humidity control.

Zoning Dividing a home into separate temperature-controlled areas using dampers and multiple thermostats.
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Quick Reference Card

Change Filter: Every 30—90 days depending on household
AC Tune-Up: Annually, March—April
Heating Tune-Up: Annually, September—October
Ideal Humidity: 40—-60%

Away Temperature: 65°F heat / 82°F cool
Good SEER Rating: 16+ (18+ excellent)

Good AFUE Rating: 80%+ (95%+ high efficiency)

Replace AC After: 15 years

Replace Furnace After: 20 years

When in doubt — call a licensed HVAC professional.
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