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K-12 schools across the nation face mounting pressure to modernize their infrastructure in pursuit of energy
efficiency, sustainability, safety, and occupant comfort, all while navigating limited budgets and aging facilities.
Mechanical, electrical, and plumbing (MEP) systems each play a vital role in meeting these goals, yet they present
distinct challenges: mechanical systems must adapt to fluctuating occupancy and partial-load conditions;
electrical designs must support efficient lighting, renewable energy, and life safety systems; and plumbing
infrastructure must be resilient enough to integrate with both new construction and legacy buildings. As districts
increasingly prioritize renovations over new builds, thoughtful engineering solutions across all disciplines are
essential to ensure long-term performance, durability, and value. In this analysis, we assess each discipline and
uncover key considerations that shape effective solutions.

Modern Solutions in K-12 Mechanical Systems

Mechanical systems in K-12 facilities face a distinct set of operational
challenges. Schools often feature exposed mechanical equipment that can be
subject to accidental damage or vandalism. Occupancy patterns in schools
are highly variable. Abrupt classroom loading and unloading caused by
students filling or vacating classrooms or gymnasiums creates high thermal
and ventilation demands. Schools are also typically not fully occupied during
the summer months, making it inefficient to run systems at full capacity year-
round. The mechanical systems serving K-12 schools must be robust, operate
efficiently at partial load, and be controlled based on real-time demand.

School funding plays a pivotal role in shaping the mechanical systems selected for K-12 facilities, especially given that
these systems are expected to last for decades due to infrequent replacement cycles. With limited budgets and long-
term performance in mind, districts often prioritize simplicity over complexity. For example, while Variable Refrigerant
Flow (VRF) systems can be energy efficient and flexible solutions, they can be challenging to maintain and may be
unfamiliar to building engineers, making them less suitable for school applications. Simpler, more robust systems, like
central cooling provided by a chiller plant, are often favored. Additionally, renovation projects are far more common
than new school construction, requiring engineers to work within existing architectural and mechanical constraints.

K-12 schools can implement proven technologies such as geothermal, heat pump chillers, airside energy recovery
systems, and enterprise building automation systems. These systems all have unique benefits and limitations. When
properly implemented, these technologies provide schools with a path towards sustainable, efficient, and lasting
building operation. Let's examine the critical aspects of each solution in greater detail.

Geothermal Systems

Geothermal systems are a compelling option for K-12 schools due to their exceptional energy efficiency and minimal
environmental impact once installed. Geothermal systems replace the heat sink, such as a cooling tower, of a
mechanical system. Cooling towers include large fans which consume energy, require constant make-up water,

and need frequent cleaning to maintain efficient operation. Cooling towers transfer thermal energy from the water
in the condenser water loop to the air. Geothermal systems work using the ground as the heat sinks by harnessing
stable temperatures found underground. Below 15 feet underground, the earth’s temperature is relatively stable at
approximately 55°F. In a geothermal system, large piping networks are buried underground. These networks are
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known as ground loops. The piping is then routed
to a heat pump at the school. Water is circulated
through the piping network by pumps. During
the cooling season, the heat pump discharges
heat into the geothermal loop causing the water
temperature to rise to around 65°F. As the water
is circulated through the ground loop, the water is
cooled by the ground. The water is returned to the
heat pump and the cycle is repeated. During the
heating season, the same process is followed in
Image credit: www.top-alternative-energy-sources.com reverse. The heat pump will pull energy out of the
water, dropping the temperature to around 45°F.
The water is circulated through the ground loop where the temperature will increase to around 55°F to match the
ground temperature. The water is then returned to the heat pump.

SUMMER WINTER

By leveraging the stable temperatures underground, these systems provide reliable heating and cooling with very
low operational costs. Outside of the circulation pumps and valves, which are systems most building engineers

are familiar with, the design includes no moving parts, which means the system is low maintenance. Geothermal
systems come with high upfront costs and require significant land area for ground loop installation. For schools that
have limited land area, geothermal systems are not a feasible solution. Despite these challenges, their long-term
performance and sustainability benefits make them a strong candidate for districts with the upfront capital and
available land area.

Heat Pump Chillers

Heat pump chillers are emerging more in K-12 schools for their ability to provide
both heating and cooling. In cooling mode, heat pump chillers operate like a
standard chiller. Chilled water, which is warmed from cooling the building, is
circulated through the chiller. Heat is transferred from the chilled water into a
refrigerant. The chilled water temperature drops and the refrigerant temperature
increases. The refrigerant discharges heat to an air or water source heat sink.
With a heat pump chiller, the refrigerant cycle can also be reversed. This allows
the chiller to provide heating to the building as well. In heating mode, heat is
pulled from the atmosphere. Hot water that has given a portion of its energy to terminal equipment, returns to the
chiller. The refrigerant transfers its energy into the hot water causing the temperature to increase. Heat pump chillers
are often capable of simultaneous heating and cooling.

Image credit: www.trane.com

Although more complex, heat pump chillers are an attractive option for schools because many building engineers
have experience with operating standard chiller plants. The compressors, pumps, and control systems are already
understood. Heat pump chillers are 2-4 times more efficient than even a condensing boiler plant operating at 99%
efficiency. Heat pump chillers can also be paired with geothermal loops to further increase their sustainability. Heat
pump chillers derate as temperatures drop and often require either electric or gas supplemental heating below 20°F.
Some schools located within colder environments, or those that must heat water above 140°F, may still require a small
boiler plant to increase the supply temperature to an acceptable range. Additionally, to utilize simultaneous heating
and cooling capabilities, the school must utilize a four-pipe system that has separate hot and chilled water piping
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loops. Dual temperature systems can use heat pump chillers, however, dual temperature systems can only provide
heating or cooling at a single time and require a seasonal changeover.

Airside Energy Recovery

Airside energy recovery systems are rising in popularity as a means to meet
energy efficiency codes throughout the country. These systems transfer
energy from air that is being exhausted to the outdoors into the air that is
being brought inside the building. Metal plate and frame heat exchangers

and run-around coils are popular choices for heat recovery, however, these
systems leave a significant amount of savings on the table. Plate and frame
heat exchangers and run-around systems are only capable of changing the
temperature between the outside air intake and exhaust. They cannot transfer
moisture or humidity which represents the latent load of the building. To .

provide full energy recovery as opposed to just heat recovery, a system that Image credit: www.greenheck.com
is capable of transferring moisture between airstreams must be used. The

most common type of energy recovery device is the enthalpy wheel.

Enthalpy wheels are made of polymer sheets that are embedded with a desiccant made to absorb moisture. The
wheel constantly spins, allowing the desiccant to absorb and reject moisture into and out of the air streams. Although
enthalpy wheels are extremely efficient, the construction assembly does allow a small amount of the exhaust air,
around 3-5%, to leak back into the supply air. Considering that the exhaust may be coming from a bathroom, some
building owners have chosen to avoid this technology. There is an alternate energy recovery system that is able to
achieve almost no air leakage known as an energy core. Energy cores are made of corrugated polymer of fiber sheets
that are stacked in an alternating pattern, similar to a plate and frame heat exchanger. The membrane allows for
moisture transfer between the supply and exhaust airstreams but prevents direct cross contamination. Energy cores
provide excellent efficiency, however, they can come with a high price tag depending on size. Additionally, energy
cores need to be cleaned throughout the year and may need to be replaced when clogged or damaged.

Enterprise Building Automation Systems

Voltage *  Energy consumption

Enterprise building automation and management systems
are essential for K-12 districts managing increasingly
complex mechanical systems across multiple campuses.
These platforms can provide centralized data visualization,
Frequency Amperage allowing facility managers to monitor Heating, Ventilation,
and Air Conditioning (HVAC) performance, lighting, and
energy use in real time. Building automation systems can
be integrated with an Energy Management System (EMS)
allowing schools to track energy usage trends and identify
inefficiencies. School districts invest significant capital
into collecting data. Districts need to easily access and
view that data to make informed decisions on where to
allocate funds and address problems. Building automation systems should not operate in a vacuum to turn equipment
on and off. They are capable of providing significantly more value to the schools they serve.

Image credit: wwwthingsboard.io
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Modern Solutions in K-12 Electrical Systems

As part of the broader push to modernize K-12 infrastructure, electrical
systems are increasingly required to balance energy efficiency, safety, and
adaptability to evolving technologies. Schools are investing in smarter
lighting strategies, integrating renewable energy sources like solar to reduce
operational costs, and ensuring reliable fire alarm and security systems to
protect students and staff. In the following section, we explore advancements
in electrical design that address these evolving requirements.

Lighting

LED lighting has become an industry standard in K-12 schools. LED lighting allows schools to replace their previous
fluorescent or incandescent light fixtures with more energy efficient lighting thus lowering the overall electrical load
on the building. Retrofit lighting kits are available in cases where a school has decided to upgrade their lighting but

wants to keep the existing fixtures.

In addition to advancements in light fixtures, light control technology has taken a leap forward. Vacancy and
occupancy sensors are code-required in all occupied spaces, except in rooms where this could cause a safety issue.
These sensors can also be integrated into the Heating, Ventilation, and Air Conditioning (HVAC) systems to adjust
airflow and temperature setpoints based on a room’s vacancy. Dimming and tunable white lighting allows for a
personalized lighting experience for each room, while daylight harvesting can be utilized to reduce the output of light
fixtures closest to the windows. These advancements in lighting and lighting controls have created opportunities for
schools to become more energy efficient.

Solar Energy

To further enhance operational efficiency, K-12 schools have begun to implement
solar panels. Arrays of solar panels can be used to manage electrical consumption
on the grid. Solar panels can be incorporated into the existing electrical system

to reduce demand utility charges through peak shaving. Integrating solar panels
into schools also offers opportunities for students to have hands-on educational
experiences. Real-time data can be collected from the panels, giving students a
better understanding of the benefits of renewable energy.

Although the initial upfront investment in solar panels is substantial, schools in
[llinois can receive financial relief from the state to offset installation costs. Due to
the minimal maintenance requirements and typical long-life span of solar panels,
solar panel arrays can be considered an investment in not only the present, but also the future.

Battery energy storage systems can be paired with solar panel arrays to maximize the benefits of solar energy. The
excess solar energy can be stored in these batteries during the day and used at various times, optimizing the use of
peak shaving. The stored energy can also be used in emergency situations. If the school loses power, critical systems
such as lighting, fire alarms, and IT equipment can remain operational to ensure safety and continuity.
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Fire Alarm and Security Systems

Since safety is a top priority in schools, fire alarm and security systems have evolved to keep up accordingly. Modern
fire alarm systems are designed to be modular, allowing components to be upgraded and expanded upon with

ease. The upgrade capabilities are key for fire alarm systems to maintain code compliance as NFPA 72 (the National
Fire Alarm and Signaling Code), and other local codes evolve without having to install an entirely new fire system.
Schools that have multiple buildings or phased construction projects benefit the most from the expansion capacities.
Traditional fire alarm horns and bells have been replaced with voice annunciators which broadcast a pre-recorded
message explaining safety instructions upon the triggering of the fire alarm. Communicating clearly on how to
proceed in an emergency is beneficial for students and eliminates the panic that a loud, spontaneous horn or bell may
cause. Similarly, fire alarm systems can be integrated into the public address system to send out an auditory message
throughout the building. Fire alarm systems are also tied into the security system. Access controls can unlock doors
or initiate lockdowns to provide a coordinated exit path in the event of a fire.

Security systems have incorporated more complex layers to enhance school safety. Most main entrances to schools
are equipped with an intercom featuring integrated cameras or electronic access key card to enter the building.
Cameras are also strategically placed to ensure a view of all building entrances. This additional layer of protection
deters unwanted visitors from attempting to or successfully entering the school. Access controls can be installed
within vestibules to give staff time to verify a visitor's identity before granting access to the building. Electronic key
cards are also utilized in other areas of the school that contain sensitive information, such as IT rooms. Some exterior
doors or stairways use access controls as well to trigger the alarm system in case of an emergency.

Modern Solutions in K-12 Plumbing Systems

Plumbing systems in K-12 schools, much like electrical and mechanical
systems, require thoughtful design that prioritize durability, efficiency,
and sustainability over the long term. In this section, we explore the
strategies and innovations that are shaping resilient, cost-effective
plumbing solutions tailored to the unique challenges of educational
facilities.

Water Conservaton & LEED Compliance Strategies

When an addition at a facility is built, a new water service is usually installed to serve both the new and original
buildings. Major plumbing equipment in the original structure is often decommissioned, and all fixtures are then
supplied by booster pumps and water heaters located in the new addition.

Adding new buildings increases impermeable surfaces on site, impacting the permeable-to-impermeable surface
ratio. This change is driven by the building footprint along with the need for additional parking or play areas, which
often replace grassy spaces. To maintain a healthy ratio, local municipalities typically require on-site stormwater
detention to prevent overloading public stormwater systems and reduce the risk of flash flooding in nearby
neighborhoods. Since stormwater is detained on-site, one might suggest reusing it to meet some of the school’s
water needs. Rainwater harvesting, however, is not popular in the Midwest due to the high cost of treatment and the
abundance of fresh water from the Great Lakes. Harvesting systems also require regular maintenance, which school
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building engineers are often unfamiliar with, given their limited use in the region. Additionally, ongoing chemical
treatment of the water is necessary, requiring schools to allocate budget for these expenses.

Instead of rainwater harvesting, using municipal water sources combined with low-flow fixtures is the preferred
approach to achieving LEED compliance in the Midwest. However, installing low-flow fixtures in older buildings
presents challenges. In aging school facilities, where sanitary piping may be past its useful life, low-flow fixtures can
lead to frequent clogs. Replacing old piping with new runs can help, but this significantly increases project costs. The
issue often lies not with the local fixture piping, which gets replaced along with the fixture, but with long horizontal
runs that may have inadequate slope due to building settlement, corrosion, or other environmental factors. These runs
typically lie underground beneath finished floors, making replacements very expensive.

This is where smart building layout becomes critical. Vertically stacking bathrooms between floors increases drainage
flow velocity. Similarly, designing the building with multiple straight sanitary runs to the municipal system, rather than
relying on a single service ling, can simplify the internal drainage system. Multiple service lines allow for straighter
runs with fewer elbows, reducing the risk of clogs. Placing the sanitary main near single-use restrooms can improve
drainage performance by boosting flow and helping move waste more effectively instead of relying solely on a single
flush valve. Additionally, designing the piping layout to avoid running beneath equipment or areas where future
excavation would be difficult is crucial for long-term maintenance.

Maintenance & Facility Management

Training end users on proper use of low-flow fixtures is essential for the long-term life
of these plumbing systems. Flushing sanitary wipes, which are commonly used in early
childhood programs and for assisting special needs students, can be problematic.
Even when labeled “flushable,” these wipes can severely damage the drainage

system. Another common hazard is janitorial staff flushing floor wax into mop basins.
When wax is poured down drains, it coats the pipes and solidifies, eventually causing
complete blockages that are extremely difficult to remove and may require full pipe
replacement. Proper staff training on disposal practices can reduce maintenance downtime and help avoid costly
repairs in a pipe system with low-flow fixtures.

Vandalism is another unfortunate challenge faced with K-12 plumbing. To enhance vandal resistance, schools should
use stainless steel fixtures and tamper-resistant faucets that withstand heavy use and intentional damage, reducing
long-term maintenance costs. Vandal-resistant drinking fountains, designed with concealed or recessed spouts and
durable housing, help prevent tampering and ensure reliable hydration access. Adding vandal-proof screws to all
floor drains further protects against unauthorized removal and potential misuse. Aesthetic options like Enviro-Glaze
coatings provide impact-resistant finishes in various colors, allowing schools to maintain both durability and visual
appeal in high-traffic restroom areas.

Advanced leak detection technologies help K-12 schools conserve water and prevent costly property damage

by identifying plumbing issues early. Acoustic sensors and listening devices detect the sound of escaping water,
especially in hidden or underground pipes, while infrared thermography reveals temperature changes in walls and
floors that may indicate leaks. Pressure testing equipment monitors for drops in pipe pressure, and gas injection
methods use non-toxic gases like hydrogen or nitrogen to pinpoint leaks through surface detection. These detection
methods can be used if a leak cannot be pinpointed by standard practices. Smart leak detection systems are
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especially valuable, offering real-time monitoring of water flow, pressure, and temperature. These systems can
automatically alert maintenance personnel at the first sign of a leak, enabling rapid response to prevent further
damage and disruption.

As K-12 schools continue to evolve, the integration of modern mechanical, electrical, and plumbing solutions is

essential to creating safe, sustainable, and adaptable learning environments. By embracing proven technologies and
thoughtful engineering strategies, districts can overcome the challenges of aging infrastructure and limited budgets.
These upgrades help ensure lasting performance and value for students, staff, and communities. Looking ahead,
collaboration and smart design choices will help schools get the most out of every project, both now and in the future.
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