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In the modern food and beverage (F&B) industry, environmental control systems
for food & beverage production are no longer optional additions but core
components of the manufacturing infrastructure. These systems encompass the
management of water resources, wastewater treatment, chemical storage for
sanitation, and the monitoring of emissions. At the heart of these control systems
lies the requirement for precise, reliable level measurement. Without accurate
data on liquid and solid volumes, automated environmental controls cannot
maintain the strict regulatory standards required for consumer safety and
environmental protection.

For process engineers and plant managers, selecting the correct instrumentation is
the first step in building a robust environmental control strategy. This guide
examines the measurement principles, selection criteria, and installation best
practices for level sensors within the context of F&B environmental management.

Core Measurement Principles in Environmental
Control

Before integrating sensors into environmental control systems for food & beverage
production, it is essential to understand the physics behind the measurement.
Different applications—ranging from clean water storage to corrosive wastewater
pits—require specific technological approaches.

|Radar Level Measurement (FMCW)

Radar sensors, particularly those operating at the 80GHz frequency, utilize
Frequency Modulated Continuous Wave (FMCW) technology. The sensor emits a
continuous signal with a changing frequency. The signal reflects off the material
surface and returns to the antenna. The difference in frequency between the
emitted and received signal is directly proportional to the distance.

In F&B environmental systems, radar is preferred for its non-contact nature. It is
unaffected by temperature fluctuations, vacuum conditions, or high pressure.
Because the signal does not require a physical medium, it is ideal for monitoring
ingredients or waste liquids where hygiene is paramount.
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| Ultrasonic Level Measurement

Ultrasonic sensors operate on the "Time of Flight" principle. The transducer emits
an ultrasonic pulse that travels through the air, hits the liquid surface, and bounces
back. By measuring the time taken for the echo to return, the system calculates
the distance to the product.

While cost-effective, ultrasonic measurement is dependent on the speed of sound,
which varies with air temperature. Therefore, integrated temperature
compensation is required. These are commonly used in open-channel flow
measurement for wastewater discharge in F&B plants.

| Hydrostatic Pressure Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column at the
bottom of a tank. The principle follows the formula: $P = \rho \cdot g \cdot h$,
where $P$ is pressure, $\rho$ is the density of the liquid, $g$ is gravity, and $h$ is
the height of the liquid.

In environmental control systems for food & beverage production, hydrostatic
sensors are often used in vented storage tanks for water or cleaning chemicals.
They provide a direct and reliable measurement, provided the liquid density
remains relatively constant.

| Magnetic Level Gauges

Magnetic level gauges utilize a float containing a permanent magnet. As the liquid
level rises and falls, the float moves within a bypass chamber. Outside the
chamber, magnetic flaps or a tracker respond to the float's position, providing a
visual indication. These are frequently used for auxiliary monitoring of boiler feed
water or large storage silos where a mechanical backup to electronic sensors is
required.
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| Technology Selection for F&B Applications

Choosing the right instrument for environmental control requires balancing
accuracy, hygiene requirements, and cost. The following table provides a
comparison of common technologies used in F&B environmental monitoring.

Radar (80GHz) Hydrostatic Magnetic
Gauge
Accuracy +1 mm +0.25% of +0.1% to 0.5% +5 mm to 10
range mm

Measurement Non-contact Non-contact Contact Contact (Float)
Type (Pressure)
Foam Excellent Poor Good Moderate
Resistance
Steam/Vapor None High None None
Impact
CIP/SIP High Limited High High
Compatibility
Typical Use Process Tanks Wastewater Chemical Boiler Feed
Case Sumps Storage Water

When evaluating equipment, engineers should review the Main Page of the
manufacturer's technical catalog to ensure the specific chemical compatibility of
wetted parts, especially when dealing with Clean-in-Place (CIP) solutions like
sodium hydroxide or nitric acid.

Implementation in Wastewater and Resource
Management

Environmental control systems for food & beverage production are heavily focused
on the treatment of effluent. F&B wastewater often contains high organic loads,
fats, oils, and greases (FOG), and varying pH levels.
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1. Equalization Tanks: These tanks balance the flow and organic load before
biological treatment. Radar sensors are recommended here because they can
ignore the surface turbulence and foam often generated by mixers.

2. Chemical Dosing Silos: Environmental compliance requires neutralizing
wastewater. Level sensors monitor the inventory of acids, bases, and flocculants.
Hydrostatic transmitters with PTFE or ceramic diaphragms are often selected for
their resistance to corrosive chemicals.

3. Open Channel Monitoring: For plants discharging treated water to municipal
sewers, ultrasonic sensors paired with flumes or weirs provide the necessary flow
data for regulatory reporting.

| Installation Considerations and Best Practices

Even the most advanced level meter will fail if installed incorrectly. In the context
of environmental control systems for food & beverage production, several factors
must be addressed during the design phase:

Dead Zones (Blocking Distance): Every non-contact sensor has a "dead zone"
directly beneath the transducer where measurement is impossible. For a typical
ultrasonic sensor, this might be 0.25m to 0.5m (approx. 10 to 20 inches). Ensure
the sensor is mounted high enough so the maximum liquid level never enters this
zone.

Nozzle Geometry: For radar and ultrasonic units, the mounting nozzle should be as
short and wide as possible to prevent signal interference from the nozzle walls.

Obstructions: Avoid mounting sensors directly above ladders, agitators, or inflow
pipes. These structures create "false echoes" that can confuse the control system.
Modern sensors from manufacturers like Welk often include software for "false
signal suppression," but physical avoidance is always the best practice.

Sanitary Fittings: In F&B production zones, sensors must use hygienic connections
(e.g., Tri-Clamp or Varivent) to prevent bacterial growth. For environmental zones
(wastewater), standard flange or thread mounts are usually sufficient.
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| Limitations and Operational Challenges

While modern instrumentation is highly reliable, certain environmental factors in
food production can pose challenges:

Heavy Foam: Foam can absorb ultrasonic signals and scatter radar waves. If thick
foam is present, a high-frequency radar (80GHz) or a contact-based hydrostatic
sensor is generally more effective than ultrasonic technology.

Condensation and Steam: In applications like milk processing or brewing, steam is
common. Radar is virtually immune to steam, whereas ultrasonic pulses can be
refracted, leading to inaccurate readings.

Build-up: In wastewater applications, fats and solids can build up on the sensor
face. Non-contact sensors are less susceptible to this, but they still require periodic
inspection. Hydrostatic sensors may require "flush" diaphragms to prevent

clogging.

| Confirming Project Requirements

Before finalizing the design of environmental control systems for food & beverage
production, project teams should confirm the following data points:

1. Media Properties: What is the dielectric constant (for radar), density (for
hydrostatic), and chemical concentration of the liquid?

2. Process Conditions: What are the maximum and minimum temperatures and
pressures? Will the tank undergo CIP (Clean-in-Place) or SIP (Steam-in-Place)?

3. Tank Geometry: What is the total height, diameter, and the presence of internal
obstructions?

4. Output Requirements: Does the control system require 4-20mA, HART, Modbus,
or Profibus communication?
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| Frequently Asked Questions

Q: Why is 80GHz radar preferred over 26GHz for F&B environmental controls?

A: 80GHz radar has a narrower beam angle, which allows it to avoid internal tank
obstructions more easily and provides better performance in small or crowded
tanks. It also offers higher resolution for precise inventory management.

Q: Can ultrasonic sensors be used in outdoor wastewater pits?

A: Yes, but they must be equipped with temperature compensation and should
ideally be shielded from direct sunlight to prevent the transducer housing from
overheating, which can skew the "Time of Flight" calculation.

Q: How often should level sensors in environmental systems be calibrated?

A: For regulatory compliance (such as wastewater discharge), annual calibration is
standard. For internal process monitoring, a bi-annual check is usually sufficient
unless the media is highly corrosive or prone to scaling.

Q: Are hydrostatic sensors affected by tank agitation?

A: The pressure reading can fluctuate slightly due to the movement of the liquid.
Using a damping function in the transmitter's software or installing the sensor in a
stilling well can mitigate this issue.

By integrating high-quality level measurement into environmental control systems
for food & beverage production, manufacturers can ensure they meet both their
production goals and their environmental responsibilities. For detailed
specifications on radar, ultrasonic, and hydrostatic solutions, engineers should
review the technical resources available on the manufacturer's Main Page.
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