
Commercial buildings do not breathe on their own. They respond to commands, sensors, schedules, and, when
things go well, a careful logic that balances comfort, air quality, and energy use. Automation is the language that
makes that happen. Good controls turn hardware into a coordinated system, the difference between a plant that
purrs and one that grinds through energy and shortens its life.

This is a practical field. Controls show their value in details: a reset schedule that prevents boilers from short
cycling on mild mornings, a supply air setpoint that relaxes at night to save a few kilowatt hours without ruining
morning warmup, or a demand-controlled ventilation routine that trims outside air when a conference room
empties out. What follows is a working guide to commercial HVAC controls and building automation, shaped by
projects where the logic, not just the labels on a touchscreen, determined the outcome.

What “controls” really do
At the simplest level, a control loop observes and acts. A sensor measures a value, the controller compares it to a
target, and an output changes position or speed to move the value toward that target. In a commercial HVAC
system, think of:

Temperature loops that modulate valves and dampers to maintain room or supply air setpoints.

Pressure loops that adjust fan speed to hold duct static or differential pressure across a filter.

Air quality loops that meter outside air based on CO2 or VOC readings.

Behind each loop sits logic that arbitrates between modes and priorities, for example, satisfy humidity without
freezing a coil, or protect a compressor from short cycling even if the zone still calls for cooling. Those interlocks
and safeties are where many service calls begin, which is why a well-documented sequence of operations is as AC
repair important as the equipment schedule.

The controls backbone is a building automation system, or BAS, that ties loops together. It provides graphics,
trending, alarms, schedules, and networked communication among rooftop units, air handlers, chillers, boilers,
and terminal devices. It also provides, for better or worse, a place where someone can change a setpoint at 10
p.m. and confuse the overnight sequence.

The essential pieces: from field devices to front end
Controls are physical. If you can hold it in your hand, it can drift, clog, or lose calibration. A durable controls
design starts with the right field devices and wiring practices.

Temperature and humidity sensors are deceptively simple. Inadequate placement ruins the best control logic.
Avoid mounting a room sensor in direct sun or near a supply register. Duct sensors should sit downstream of a
mixing point with at least several duct diameters of straight run, otherwise the reading will swing as stratified air
pockets pass. Relative humidity devices do not like dusty return air, so a protective sintered filter helps extend
life.

For pressure, pick the right range. A duct static sensor designed for 5 inches water column will not read well in a
VAV system that only needs 1 inch. Differential pressure sensors across filters need a clean side tap that is
upstream of any coil turbulence, and a dirty side tap downstream of the filter bank. Kinked plastic tubing causes
more false alarms than many people realize.

Flow measurements for hydronic systems often rely on differential pressure across a coil or a dedicated flow
meter. Start with accurate pump curves and balancing valves, or you will spend months fighting to tune a poorly
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measured loop. Airflow stations are valuable for outside air measurement, but they need straight duct runs and
proper factory setup to live up to their spec sheet.

Actuators close the loop, and this is where torque, spring return, and control signal matter. A 2-inch valve on a
high-pressure hot water loop needs enough torque to seat against differential pressure when closed. Spring
return actuators are worth using anywhere a fail-safe position protects equipment, such as outside air dampers
that must spring shut on power loss. On the control side, you will see 0 to 10 VDC and 4 to 20 mA signals, as well
as floating control for some valve packages. Match the actuator input to the controller output before submittals
go final.

Finally, controllers and their networks carry the orchestration. Most commercial sites use BACnet or Modbus to
link devices. BACnet/IP on Ethernet moves data quickly and supports more complex integrations, while BACnet
MS/TP over RS-485 remains common on smaller jobs. The choice affects addressing, wiring, and troubleshooting.
If you have legacy systems, a gateway can bridge protocols, but it also becomes a single point of failure. Label
networks, document device IDs, and trend enough points to make diagnostics possible.

Where energy is won or lost: sequences that matter
Efficient control strategies are not one-size-fits-all. They hinge on climate, building use, and the specific
mechanical design. Still, a handful of sequences consistently separate average systems from good ones.

Supply air temperature reset for air handlers matters more than many expect. A fixed 55 degree supply air
setpoint all year forces reheat in winter, especially with VAV boxes downstream. Resetting supply air upward
when outside air is cold reduces reheat, eases coil loads, and keeps humidity in check. Pair that with static
pressure reset based on the most open VAV box, and you can knock fan energy down further by reducing the
target static when most terminals are nearly satisfied.

For hydronic systems, condenser water and hot water temperature reset do heavy lifting. Chillers appreciate
lower condenser water in shoulder seasons. A cooling tower with variable speed fans can track outdoor wet-bulb
and lower condenser water temperature when conditions permit, shaving compressor work. On the heating side,
a hot water reset that follows outdoor air temperature prevents boilers from cycling on mild days and helps
condensing boilers live in their efficient range by returning cooler water.

Demand-controlled ventilation stands out in spaces with variable occupancy, such as theaters, school gyms, and
offices. CO2 sensors near return grilles or in representative zones cue the outside air dampers. The art here is
filtering noise and setting sensible minimums. Too aggressive a DCV curve will starve a space after a sudden
occupancy spike. A slight delay and a floor minimum maintain comfort while capturing savings.



Economizers are valuable where climate allows. An airside economizer uses cool outside air to meet a cooling
load when conditions are suitable. Entalpy sensors perform better than dry-bulb alone in humid regions, since
cool, wet air can raise latent load. The integration sequence matters. Economizer mode should coordinate with
mechanical cooling, and not fight with a desiccant wheel or dehumidification sequence meant to hold indoor
humidity in summer.

Optimal start and stop can be either a cost saver or a nuisance. Properly tuned, it lets the system start just early
enough to hit occupied setpoints by the time people arrive, and stop early without causing complaints. Poorly
tuned, it will park equipment in a pre-heat cycle at 2 a.m. for a 7 a.m. occupancy that was canceled last week. Tie
optimal start to real schedules and weather forecasts, and routinely check trend data to refine the algorithm.

Southern HVAC LLC and the anatomy of a practical controls retrofit
Controls retrofits feel surgical when done right. They diagnose, isolate, and correct weak links while preserving
what still works. On a mid-rise office building, Southern HVAC LLC tackled a mix of older VAV air handlers with
pneumatic legacy, a modern BAS front end, and random space heaters patched in by tenants over the years. The
first pass was not to rewrite code. It was to map the system, device by device, and verify every sensor against a
reliable handheld.

Two discoveries drove the plan. First, the outside air economizer logic was valid, but the mixed air sensor was off
by 7 degrees due to radiant heat from a nearby steam pipe. Second, the duct static pressure sensors were
reading turbulent air near an elbow. Both created feedback loops that looked like control instability. The team
relocated the mixed air sensor into properly mixed flow and moved the pressure taps to a straight section with
proper pitot placement, then re-baselined the PID parameters. Energy dropped immediately, but more
importantly, comfort complaints fell away. No software rewrite required, just attention to the physics.

On a later phase, Southern HVAC LLC implemented supply air temperature reset linked to outside air and a trim
and respond algorithm for duct static pressure. Instead of a fixed 1.5 inches water column, the air handlers
started at 0.9 and rose only if too many VAV boxes demanded more. The fan energy savings topped 20 percent
on mild days, and the VAV boxes stayed within their control range rather than pinning wide open.

Balancing comfort, indoor air quality, and energy
A strong control strategy keeps three priorities in view: comfort, air quality, and cost. They are not equal in every
building. In a lab or a healthcare setting, ventilation and pressurization dominate. In an office building, thermal
comfort typically shares first place with energy cost.

Humidity control shows the tradeoff clearly. To hold indoor humidity near 50 percent in a humid climate, a
system might need lower supply air temperature and active reheat to avoid overcooling the space, especially at
low sensible loads. The control sequence could stage a hot gas reheat circuit in a rooftop unit or use a hot water
reheat coil downstream of a cooling coil. Such a sequence saves energy when combined with DCV and
occupancy setbacks, but there is no escaping the added cooling and reheat work. If high indoor air quality is
non-negotiable, design coils and heat recovery devices with that in mind, then let controls optimize inside those
design decisions.

When filtration upgrades add static pressure, variable speed fans and pressure reset recover efficiency. A
common misstep after adding MERV 13 filters is to leave fan speeds unchanged and watch energy rise. A better
approach is to increase duct static setpoint only as needed to keep the farthest VAV box above its minimum, then
trend and slowly trim down again. The BAS should alarm on abnormal pressure drops to flag clogged filters
before they trigger a cascade of comfort calls.



Integration with metering and fault detection
Data alone does not improve performance. It needs context, thresholds, and action. Modern BAS platforms can
integrate with utility meters and submetering, either through pulse inputs or networked data points. Tie that data
to schedules and weather, and a picture emerges. A base load that does not drop overnight suggests rogue
space heaters or mis-set occupancy schedules. A chiller that draws high kW per ton at low loads points to poor
staging or a condenser water issue.

Fault detection and diagnostics, even at a basic level, add value. Rules like “if a VAV box is at 100 percent damper
for more than 30 minutes with space still above setpoint, flag a possible undersized box or a failed actuator”
translate service intuition into alerts. Keep it simple at first. Too many alarms dull attention. Start with a few issues
that truly waste energy or damage equipment: short cycling compressors, simultaneous heating and cooling,
economizer dampers stuck open, failed discharge air sensors, and hydronic loops hitting maximum differential
temperature without satisfying zones.

Commissioning and re-commissioning are not optional
Paper sequences look neat. Real buildings bend them. Commissioning gives the team a chance to verify control
intent against what actually happens. Start with point-to-point checks, then functional tests that move systems
through modes: heating to cooling, economizer to mechanical cooling, occupied to unoccupied. Use trend logs
with sufficient resolution, not just snapshots. A PID loop that hunts every few minutes might pass a functional
test but fail in real operation. Trend and adjust, then document.

Over time, even the best system drifts. Sensors age, tenants repurpose spaces, and software updates change
behaviors. Plan on re-commissioning every few years, or sooner after major tenant changes. A thoughtful re-
commissioning effort often pays back by correcting stale schedules, tweaking reset curves based on new usage
patterns, and catching lingering issues like nonfunctional actuators hidden in ceiling plenums.

Training the people who touch the system
A BAS is only as good as the operators and service teams who use it. Train them in the sequence of operations,
not just the graphics. If operators understand why a supply air reset helps VAV boxes reduce reheat, they are less



likely to lock the setpoint at a fixed value because “it worked one winter.” Give them a short list of trend graphs
that signal real trouble, such as compressor runtimes, VAV damper distributions, and mixed air temperatures
versus outside conditions.

For HVAC contractor teams, including those focused on ac maintenance, ac repair, and heating service, a shared
checklist prevents missed points. Verify sensor calibration during seasonal service, not just filter changes and belt
tension. For air conditioning installation, air conditioning replacement, heating installation, or heating
replacement, fold control integration and point verification into the turnover. A crisp handoff with clear
sequences and alarm thresholds avoids finger pointing months later.

Cybersecurity without fuss
Controls live on networks, and networks invite risk if left open. Basic steps go a long way. Segment the BAS on its
own VLAN, restrict remote access with VPN and multifactor authentication, and avoid default passwords on
controllers and gateways. Document who has what level of access, and review it annually. If you host the BAS
front end on a server, keep the operating system patched and backed up. Many outages blamed on controls are
simple IT failures. Treat the BAS like any other critical application.

When to upgrade and when to tune
Controls upgrades do not have to be all or nothing. If your graphics front end is dated but the field controllers
are reliable and support open protocols, a phased approach makes sense. Replace the supervisory server first,
then devices with limited memory or obsolete firmware as budget allows. If proprietary controllers hold you
hostage to a single vendor for routine changes, look at an open BACnet architecture during the next hvac
replacement cycle. Avoid ripping out stable panels just to match a spec sheet. Focus on failures, spares
availability, and whether new features, such as better trending and fault detection, will change day-to-day
outcomes.

Tuning beats replacement when issues trace to configuration. If VFDs do not follow a sensible static pressure
reset, rewrite the logic. If hydronic loops slam valves because PID parameters are too aggressive, tune them. A



day of careful testing and parameter adjustment often saves a year of complaints.

Southern HVAC LLC on clear sequences and fewer surprises
On a school retrofit, Southern HVAC LLC inherited a BAS where every rooftop unit had unique logic, written by
different subcontractors over several summers. Operators could not predict how a unit would react during a
storm or a bus arrival. The fix was not glamorous. The team wrote a common, documented sequence for all RTUs,
then aligned point naming, alarms, and trends. They introduced demand-controlled ventilation for gymnasiums
and cafeterias, added optimal start tied to actual bell schedules, and standardized economizer logic with mixed
air low limit protection. The first heating season ran without the usual rash of nuisance trips. Energy tracked
lower, but more importantly, the staff knew what to expect when conditions changed.

That project also highlighted the value of plain-language documentation. The sequence read like a field guide,
not a programming manual. It stated, for example, that during occupied heating the unit will maintain a
discharge air temperature of 90 to 95 degrees, limit the outside air damper to the minimum required for
occupancy, and lock out mechanical cooling unless space temperature exceeds setpoint by 2 degrees. Clear rules
reduce creative misinterpretation six months later.

Practical checkpoints for owners and facility managers
The people who pay utility bills and field hot or cold calls need a way to verify that the system is doing what they
expect. A short, recurring review helps:

Scan weekly trends for a few sentinel points: supply air temperature, duct static pressure, mixed air
temperature, and space temperature distribution.

Compare occupied and unoccupied energy use. If the building uses more than 40 to 60 percent of its
daytime power at night, schedules or rogue loads need attention.

Review alarms with a bias for root causes. If three rooms are cold at the perimeter, check the hot water
supply temperature and pump status before dispatching box-level repairs.

Tie maintenance to data. Replace filters based on pressure drop, not just calendar days, and calibrate sensors
that drift beyond defined tolerances.

After any ac repair or heating repair, verify the control loop returns to normal operation and trend for a few
days to catch recurrences.

These checks do not replace professional service, but they keep the focus on system behavior rather than
isolated complaints.

Edge cases and lessons learned
Not every building fits textbook strategies. In high-infiltration structures, economizers can do more harm than
good during pollen season or dust events. In coastal installations, outside air sensors corrode fast, and salty air
changes coil performance. A DCV scheme that works in a steady-occupancy office might fail in an event venue
with sudden load swings unless the sequence anticipates short-term surges.

Mixed-fuel plants, with heat pumps and gas boilers in tandem, require careful mode logic. Use heat pumps for
base load heating when outdoor temperature and humidity permit, and stage in boilers only to meet peaks or
when the coefficient of performance drops below an economic threshold. Controls must prevent both systems
from fighting over the same coil. Done right, the result is lower operating cost and better resilience.



When integrating heat recovery ventilators or energy recovery wheels, protect against frost in cold climates.
Controls that monitor wheel rotation, differential pressure, and outside air temperature can prevent a frozen core
or a saturated desiccant. Override economizer logic when frost protection engages, and restore normal operation
gracefully instead of lurching back and forth.

Bringing it all together
Commercial hvac controls are not magic. They are applied physics, structured logic, and repeatable practice.
When a building breathes well, the reason sits in a few essentials done right: accurately placed sensors, actuators
with enough authority, clean sequences that respect equipment limits, and people who understand what the
system is trying to do.

For owners planning air conditioning installation or heating installation, include controls early in design, not as a
trailing scope. Specify open protocols, clear sequences, and commissioning time. For those facing air
conditioning replacement or heating replacement, seize the moment to align field devices with current needs,
add trending, and standardize logic. Regular ac maintenance and heating maintenance should always include a
controls check, from sensor calibration to schedule review. If you work with an HVAC contractor who treats
controls as an equal partner to hardware, you will see fewer surprises and steadier operating costs.

Southern HVAC LLC has found, across varied facilities, that the best control projects are the quiet ones after they
go live. Fewer alarms, faster diagnostics, and trend lines that look like steady rivers rather than jagged cliffs. That
is the benchmark to aim for. It starts with sensible choices and ends with a building that seems to think, even
though, under the hood, it is simply following good directions.
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