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DILUTION DILEMMA 
 

 During the energy crisis of the 70’s and 80’s, buildings were designed to be as airtight as possible.  

This included reducing the amount of outside air infiltration through the mechanical ventilation system.  

However, this resulted in the excessive build up of indoor air contaminants from various sources. These 

contaminants affect the health of building occupants resulting in what has become known as Sick Building 

Syndrome (SBS). Various scientific studies concluded that increasing the quantity of outside air would 

allow the concentrations of indoor air pollutants to be diluted to more acceptable levels. (ASHRAE 62-

1989) 

Hence, it is universally accepted that, in fact, “Dilution is the solution to indoor air pollution.” 

Increasing ventilation rates on existing equipment, however, presents a whole new set of challenges: 

• Simply adding more ventilation to the existing HVAC equipment will exceed its BTU capacity 

sacrificing both comfort and kilowatts. 

• Upsizing all HVAC equipment to compensate for the increased ventilation load would also involve 

upsizing ductwork and electrical power supply making this option much too expensive.  It would 

also result in oversized equipment for mild weather conditions causing compressor short cycling, 

poor dehumidification and refrigerant floodback to the compressor. 

• Energy recovery products were developed to reduce the increased thermal load entering the 

ventilation system. However, they are of no value during mild weather conditions and over-

ventilate when the building is not occupied to full capacity.  They are expensive to purchase, 

install and repair.  And they actually increase annual energy and maintenance costs! 

 

“WHAT IS THE SOLUTION FOR DILUTION?” 

 
Dilution Solutions, Inc. has designed the world’s most intelligent retrofit ventilator.  It is a unique electronic 

approach to a long-standing mechanical problem.  

 

Introducing the VentPak™ ventilation control system.  (Patent Pending) 

 
The VentPak is a ventilation module that quickly adapts to any 2-10 ton packaged rooftop HVAC unit and 

converts it into a state-of-the art temperature and ventilation control system. 

The VentPak quickly and economically remedies HVAC ventilation deficiencies as well as enhancing the 

HVAC system with state-of-the art, 21st century controls.  In addition, because of its economizer and 

integrated control features, the VentPak provides rapid payback through real energy savings.   
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The VentPak is designed for applications where occupancy fluctuates regularly such as schools, 

restaurants and office buildings.  Instead of providing constant outdoor air infiltration (ventilation) based 

upon maximum design occupancy, the VentPak uses a CO2 sensor to “count” the number of occupants in 

the space and to determine when they come and go.  Why waste energy and equipment runtime 

ventilating for occupants that aren’t even in the building? 

CO2 is a byproduct of the human respiration process.  By sensing the parts per million (ppm) of CO2 in the 

space, we are able to modulate the ventilation rate to meet a particular cfm per person ratio.  This 

strategy is referred to as Demand Controlled Ventilation and is an ASHRAE. (Standard 62-1999) 

approved method for providing acceptable indoor air quality. 

 

The VentPak is unique. Its stainless steel construction is standard! It combines, a “two-stage” damper 

assembly, a robust and powerful DDC controller, and electronic sensors into a compact pre-programmed 

ventilation module. 

 

Finally, a product is available to quickly and economically remedy HVAC ventilation deficiencies. And 

because of its economizer and integrated control features, the VentPak provides proper ventilation while 

actually reducing annual energy and maintenance costs. 

 

The VentPak offers three primary functions: 

• Demand Controlled Ventilation 

• Economizer 

• HVAC unit control. 

 

Here’s how it works… 

Ventilation Mode 
Every morning, the purge cycle opens the fresh air damper just long enough to flush the building of 

accumulated indoor air pollutants, providing a fresh breath of clean air.  (The start time and duration of 

the purge is fully adjustable).  At the end of the purge, outdoor and indoor CO2 levels are equal, so the 

controller marks the CO2 level as the outdoor ambient reading.  From there, all other setpoints reference 

this baseline and control the indoor levels in terms of the difference or “delta” between indoor and outdoor 

levels.   

Although all setpoints are adjustable, the following is a typical operational sequence and represents 

factory default, plug & play settings (see Fig.1): 

1. Purge Cycle:  A building is normally occupied starting at 8:00a.m, so the purge cycle begins at 

6:00a.m.  The damper is opened 100% and the fan is forced on for 15 minutes.  At the very end 

of the purge, the indoor CO2 is marked as the outdoor ambient level.  Then, the VentPak 

closes the fresh air damper while the space is being preconditioned with heating or cooling as 

required.  Most other ventilation systems continue to over-ventilate during this period wasting 
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valuable energy dollars and equipment runtime. 

2. Minimum Ventilation:  As soon as the building becomes occupied, the CO2 level begins to rise 

almost immediately.  CO2 levels soon elevate to 200 ppm above ambient (min. occupied CO2 

setpoint) and the damper modulates to 10% open (min. occupied damper position).  This 

sequence ensures ventilation within minutes of occupancy. 

3. Maintaining Occupied Setpoint:  If the space is fully occupied, CO2 levels will continue to rise.  As 

it approaches 800 ppm delta (occupied CO2 setpoint), the damper opens further and then 

modulates to maintain proper ventilation.  In essence, the VentPak “counts” people in the space 

and adjusts the fresh air intake damper to allow just the right amount of fresh air to meet building 

occupancy requirements.  The damper opens further for 30 occupants than it does for 15 so it 

doesn’t over ventilate; it doesn’t under ventilate; and it only ventilates while people are actually in 

the space. 

4. Maximum CO  2 Limit:  If, for any reason, the CO2 level rises more than 400 ppm above occupied 

setpoint, the damper automatically goes to 100% open.  If this condition continues for more than 

thirty minutes, an alarm message is generated to notify building operators. 

5. Automatic Override Function:  The VentPak also incorporates a unique “automatic override” 

function.  Let’s say there is an unscheduled meeting in the building after normal occupied hours 

(the HVAC system was not scheduled to be “occupied”).  When the CO2 level raises to the 

minimum occupied setpoint (200ppm above ambient), the VentPak unit(s) will automatically 

recognize the occupancy and override the time schedule. The unit will then operate normally by 

heating, cooling and ventilating until the occupants leave.  
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6. Extreme Ambient Reset:  This mode is activated if either of the following conditions exists: 

1. The ambient temperature is extremely hot or cold, causing the outside air infiltration to exceed the 

HVAC unit’s BTU capacity to heat or cool the space. 

2. The HVAC unit is not performing to capacity (i.e., refrigerant leak, dirty condenser coil, failed 

compressor or outdoor fan motor, etc.). 

The VentPak will enter into Extreme Ambient Reset mode and generate a “Load Shedding” alarm only if all 

the following conditions exist: 

1. Mechanical heating or cooling mode has been activated.  

2. The damper is open more than its minimum position (ventilating for occupancy, not economizer). 

3. The room temperature has drifted more than 2°F away from setpoint. 

The Extreme Ambient Reset mode causes the damper to reset its position in direct proportion to the 

temperature deviation from room setpoint.  In other words, it will close the damper just enough to allow the 

room temperature to return to within 2°F of setpoint.  The damper will not close further than its minimum 

occupied position, however.  This allows for minimum occupant ventilation and keeps the building pressure 

positive at all times.  This sequence is designed to allow only a temporary compromise in ventilation cfm in 

order to avoid compromising occupant comfort or equipment longevity.  It is also valuable in notifying building 

managers of under-performing HVAC equipment in early stages of failure. 

 

Economizer Mode 
The VentPak constantly tracks both indoor and outdoor air temperatures.  In cooling mode, the VentPak 

will automatically select the air stream that will provide the best economy.  If outdoor air is selected, the 

fresh air damper automatically opens and modulates the fresh air damper to maintain room 

temperature setpoint. This utilizes cooling capacity from the outside air and saves significant energy 

dollars.  In addition, compressor run time under low ambient conditions is drastically reduced which, in 

turn, reduces the possibility of refrigerant floodback.  Compressor longevity is increased as well as energy 

savings! 

When “first stage” economizing has been modulated to 100% open for more than five minutes and 

economizer cooling is not adequate, then “second stage” mechanical cooling is also enabled.  

Compressors run conditions (such as start delay, supply air low limit etc.) are regulated to provide 

maximum comfort, efficiency, longevity and reliability of the HVAC equipment. 

 

HVAC Unit Control 
The VentPak is the only ventilator capable of controlling HVAC unit functions.  This is a critical issue in 

terms of meeting ventilation code requirements.  All commercial ventilation systems require the HVAC fan 

to operate while occupied, but conventional control systems don’t know if the room is occupied or not.  

The VentPak solves the fan dilemma as well.  The VentPak controller will force the fan to run 

continuously during occupied hours while allowing the fan to cycle when the space is not occupied. 
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DDC Controls Included 
In addition to fan and damper control, the VentPak is fully capable of providing complete DDC control 

over all HVAC unit functions! 

These control benefits include: 

• REMOTE CONTROL VIA MODEM, ETHERNET or INTERNET 

• OCCUPIED / UNOCCUPIED TIME SCHEDULING 

• HOLIDAY SCHEDULING 

• SETPOINT LIMITING 

• TRENDLOGGING 

• ALARMING 

• OPTIMUM START 

 

 

 
Main Screen 
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VentPak modules can also be electronically networked together giving the building operator the ability to 

fully monitor and control multiple HVAC units on multiple buildings at multiple sites. The control system 

is as simple to configure and operate as programmable thermostats yet offers many more benefits. 

And because the VentPak automatically keeps trend logs of temperature conditions and ventilation rates, 

you have irrefutable documentation in case of potential indoor air quality related complaints or litigation.  

No other ventilation product in the world offers that kind of security and peace of mind! 

 

The VentPak System provides one central location to monitor and program the controllers instead of 

having to program each thermostat individually. The system has many standard features typically not 

found with programmable thermostats such as: central operators interface, remote control, trend logging, 

alarming, demand ventilation control, energy saving economizer control, supply air temperature status, 

and holiday scheduling. 

 

 

Holiday Schedule Screen 
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SOFTWARE 
The VentPak System is the only ventilation system in the world that offers the interoperability of the 

LonTalk™ communications protocol utilizing Echelon’s latest LNS platform.  This means that it can be 

added to any existing LonWorks™ based building automation system with seamless connectivity.  It 

boasts a simple LNS software plug in that makes configuration fast and easy. The application software 

and operational sequence is a result of over two years of research, testing and refinement on actual 

occupied buildings, not just lab-simulated conditions. 

INSTALLATION 

Again, Dilution Solutions, Inc. has provided the answer. Installation couldn’t be easier. 

The VentPak simply mounts to the existing return air duct or HVAC unit and uses the existing 24volt 

power supply.  The entire ventilator only uses 4 watts of power!  There are no roof penetrations or line 

voltage circuits required! 

RELIABILITY 

Dilution Solutions, Inc. uses only the best components in the industry.  No short cuts on quality. 

The VentPak has only one moving part: a single-blade damper assembly supported by bronze bearings.   

The unique operational sequence of the VentPak compensates for CO2 sensor calibration drift. The need 

for periodic CO2 sensor recalibration is eliminated entirely, so it’s guaranteed to always ventilate reliably. 

WARRANTY:  The module housing, damper assembly include a ten-year unconditional warranty.  All 

other electronic components include 1-year warranty. 
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TWO-STAGE DAMPER DESIGN 
 

The VentPak is specially designed with airflow control plates that provide a non-linear flow curve. 

 

VentPak AIRFLOW CURVES
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Note: Since all building structures are different, actual airflows may vary. 

 

Notice that the airflow control plates provide a “flattened” curve in the 0-450 cfm range. This is where 

most ventilation requirements will fall. This “two-stage” effect allows higher resolution airflow control in 

ventilation mode while providing unrestricted velocity in economizer mode. 

 

Filters 
Maintenance on the VentPak is limited to just filter changes. 

The VentPak was designed to provide the maximum air filter surface area possible to reduce filter 

replacement frequency.  In addition, the VentPak is equipped with permanent stainless steel filter frames 

so only the media itself requires replacement, which results in still lower maintenance cost.  This also 

allows the user to select different filter media based on economy or air quality priorities. 
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Technical Specifications 
 
VentPak Module 
Standard Construction…………………20ga.stainless steel 

Overall Dimensions…………………….16(W) x 15(H) x 23(D) 

Shipping Weight………………………..23 lbs. 

Outlet Opening…………………………11 1/2”(H) x 11”(W) 

Damper Actuator 

Power…………………………………...2 watts @ 24VAC or 24VDC (max.) 

Torque…………………………………..25in-lb. 

Rotation…………………………………Reversible 

Operating Temperature………………-22°F to +122°F 

VentPak Controller 
Power…………………………………...4 watts @ 24VAC (max.) 

Operating Temperatures……………..10°F - 140°F 

Operating Humidity……………………90% (max) 

Outputs ………...……….……………  .08 amps @ 24VAC 

VentPak Zone Sensor (CO2 & Temp.) 
Standard Single Gang, Surface Mount 

Push-button Override 

Slide Adjustable Temperature  

3”W x 5.25”H 

Power……………………….…………1.75VA max. average power @ 18-30VDC 

Operating Temperature………………60°F - 90°F 

CO2 Sensing Method…………………Single Beam Absorption Infrared 

CO2 Measurement Range……………0-2000ppm 

CO2 Accuracy……………………..…..±100ppm (60°-90°F) 

Temperature Sensor………………….10K ohm resistor @ 77°F; 0-25K Adj. Potentiometer 

Supply Air Sensor…..….10K ohm resistor @ 77°F 

Outside Air Sensor…….10K ohm resistor @ 77°F 
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Dimension Sheet 
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Front View 

 

(LEFT-SIDE CONTROL PANEL SHOWN) 


