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Good morning, I am Todd May with BAC.  This morning, my goal is to briefly introduce you to some of the common cooling technologies that exist related to hydrogen production and storage.  

Before I get into those details, I want to take a few moments to provide a short introduction to BAC.  Who we are and where we focus as a technology partner. 



Railroad Products Automotive Products General Industry Products

A diversified, global manufacturer of industrial 
components serving primarily the railroad, 
vehicular, and construction & industrial markets.

Founded in 1902    |    Headquarters  - Chicago, IL    |    ESOP  100% Employee-Owned

BALTIMOREAIRCOILCOMPANY–WHO WEARE
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Our parent company, Amsted Industries, purchased BAC in 1985 and is based in Chicago.  

We are 100% Employee-Owned, and Amsted is currently the 4th largest employee-owned company in the US.  The 3 larger all being supermarket companies. 
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We are historically and primarily focused on evaporating cooling solutions.  Our founder, John Engalitcheff Jr., immigrated to Baltimore around 1924 at the age of 17. He soon enrolled at Johns Hopkins University to study engineering. He went on to develop 47 patents, 23 of them in the field of evaporative cooling devices.  In 1996, he was inducted into the ASHRAE Hall of Fame. 
 
His innovative spirit lives on in our relentless pursuit of continuous improvement.  This is evident in that we have launched over 34 products in the last 5 years and have focused to decrease our carbon footprint and operate our business units more efficiently.
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So where are we located?  We are a global manufacturer HQ’d in Baltimore with facilities primarily dedicated in region/for region.

R&D and HQ: Jessup, Baltimore USA

NA:  production in Milford, DE, Dayton, TN, Monterrey, MX

EMEIA: production in Belgium, 2 in Italy and Cape Town South-Africa, sales offices (Belgium, UK, France, Italy, Spain, Germany, Russia, India, South Africa-Johannesburg)

APAC: production in China (Kunshan, Dalian), Australia. Licensee in Korea, Joint Venture in Japan

6 of our current locations operate using 100% renewable electricity
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While our history is steeped in HVAC and Industrial Refrigeration, we have a diverse market presence.  In recent years, we have started to focus dedicated teams on what have been classified as high growth verticals; those being EV & Battery Storage, Hydrogen, and Data Centers. 
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Over the next few slides, we will look a bit into where heat rejection equipment is required in the green hydrogen value chain. 

What is important to note is that the main areas for heat rejection equipment are in the process of Hydrogen production at the electrolyzer and then post-production at the compression and storage.

Among the various hydrogen electrolysis processes available today, we will focus on the most common and mature technologies—Alkaline and PEM—and discuss how cooling products fit within them.
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Let’s start with Alkaline Electrolysis.  Here, you see a generic process flow diagram of an Alkaline Electrolysis process. And going through it briefly we have a water source, electricity and electrolyte water mixture that is fed into the electrolyzer, which produces hydrogen and oxygen. The oxygen is separated and vented into the atmosphere, while the hydrogen goes through a series of purification steps before moving into compression, storage, and transportation

In this overall process of hydrogen production, we identify three main areas—or streams—that require heat rejection equipment or cooling towers. These are :

1. Water/KOH Stream – This accounts for about 70% of the heat rejection load and needs to be cooled as it is recirculated back into the electrolyzer.
then we have the 

2. Hydrogen Stream -  which includes purification and compression equipment, this makes up about 25% of the load.  Finally, we have the 

3. Oxygen Stream – Mainly from the separation units, this accounts for around 5% of the load.

The hydrogen stream, oxygen stream, and plant load are generally grouped together and referred to as the auxiliaries.
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The cooling load is generally managed by a split or a combined strategy. 
With a combined approach, the Water/KOH loop and the H₂/O₂ auxiliary streams are routed to the same cooling system, and the total heat rejection load is handled together. While this simplifies the system design, reduces the number of circuits, and can be more cost-effective, this may require a larger number of cooling towers due to the smaller approach temperatures. Generally open, closed or adiabatic type.  

In the split cooling approach, the cooling load is divided between two separate circuits. You have the Water/KOH loop, which carries most of the reaction heat, being cooled in one circuit before being recirculated to the electrolyzer. Meanwhile, the auxiliary streams, which include purification and compression equipment, are cooled in a separate circuit. This approach distributes the cooling load more evenly, allows for more precise temperature control in each stream, and can improve system reliability, though it may increase system complexity.  

DO NOT READ:The temperatures in the KOH loop are high, and the approach temperatures are high, so a lower number of units or a stacked dry cooler can be used. For the water / KOH  loop, here again there are two possibilities either using a cooling tower directly to cool or using a heat exchanger in between.  
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Now let’s look at PEM Electrolysis.  Here, you see a generic process flow diagram of a PEM Electrolysis process. 
Walking through it: we have a deionized (DI) water source and electricity, and the DI water is fed directly into the electrolyzer stack, which produces hydrogen and oxygen. 
The oxygen is separated and vented into the atmosphere, while the hydrogen passes through a series of purification, drying, and compression steps before moving into storage and transportation.

In this process of hydrogen production, we identify three main areas—or streams—that require heat rejection equipment or cooling towers. These are:

1. Stack Cooling / DI Water Loop – This carries the majority of the heat load (about 70–80%), as the DI water absorbs the heat generated in the electrochemical reaction and must be cooled before being recirculated back into the stack.
2. Hydrogen Stream – Including purification, drying, and compression equipment, this typically accounts for about 15–25% of the total cooling load.
3. Oxygen Stream – Mainly from the separation units, this is relatively small, usually less than 5% of the total cooling load.
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As was the case with Alkaline Electrolysis, cooling can be combined or split.  The most crucial point here being that the stack is cooled by a closed deionized (DI) water loop that removes heat directly from the stack. Because DI water must remain extremely pure with low conductivity, it cannot be connected to the cooling tower. Instead, the heat is transferred through a heat exchanger to a secondary cooling water loop, which is then cooled by a cooling tower (or a chiller, depending on the plant design and climate).

In the combined cooling strategy, all the major process streams are connected to a single cooling system. Instead of handling them separately, the total heat rejection load is routed through one cooling tower or heat exchanger. This simplifies the design, reduces the number of circuits and equipment, and can lower installation and maintenance costs. However, it also means the cooling tower must be sized for the full combined load, and there is less flexibility in managing individual stream temperatures. 

A split cooling strategy can be applied by separating the cooling of the stack DI water loop from the auxiliary systems. The stack loop, which carries the majority of the heat generated in the electrochemical reaction, is cooled in a dedicated circuit. Meanwhile, the auxiliary systems are cooled through a separate circuit allowing independent temperature control for the sensitive DI water loop while managing auxiliary loads more flexibly. However, it adds extra complexity since multiple cooling circuits must be designed and maintained.
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Large Dry Coolers
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When it comes to cooling products specific to the hydrogen market, these are some of the more common options for cooling on a medium to large scale.

Historically, within BAC, our focus has been mainly on evaporative cooling.  However, with so much emphasis on responsible resource management and sustainability, it is critical that we, as an industry, explore ways to save water and manage water.  So, we have made significant investments in hybrid and adiabatic products that balance the usage of water and energy.

When we talk about towers, we will talk about modular towers rather than field-erected.

First, there is minimal onsite assembly time
5 field erected cooling towers can have a 20-26 week lead time with long on-site construction time which is subject to delays and overages. 
Modular towers typically have an 8-10 week lead time and will ship pre-assembled. 

There’s minimal downtime 
When replacing towers during an outage modular is the clear winner. Also, parts for modular towers are more likely to be mass produced and more readily available. 

As I mentioned earlier, they are manufactured in our factories under controlled conditions, whereas field-erected towers are build completely on site. 

Field performance testing is unnecessary (not applicable) 
Modular towers are largely pre-engineered and have had their thermal performance certified by CTI which is a 3rd party testing agency. 
CTI randomly audits approved manufacturers per their standard 201. Towers are tested in lab conditions with a controlled WB. 
Removes the need for costly field performance tests to guarantee thermal performance. 

Fewer safety concerns when installing modular towers 
The extensive field labor to assemble field-erected towers means more people, more days, more opportunities for a safety problem on the site
This adds risk to a field-erected application. 
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This chart is a good visual comparison of the various technologies that exist and their respective energy vs water consumption.  Of course, each project must balance not only budgets, but also resource availability.  So, there is no silver bullet / one size fits all approach when it comes to cooling. 

I would like to spend a few moments going through these technologies at a 30,000-foot view.

We’ll start with cooling towers, which would be categorized as evaporative (or water-cooled) systems. 
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Towers use the power of water to save significant amounts of energy and minimize footprint. They remove heat from the recirculating water and discharge warm air to the atmosphere
So, in a bit more detail… . The process fluid enters the top of the cooling tower and flows over the fill (or heat transfer media). Falling from the fill, water collects in a basin before returning to the facility’s cooling loop. 

Using the same physics as perspiration, the surface of the water is cooled as the H2O molecules transition from the liquid to the gas phase. Heat is then transferred to the airstream and ultimately into the atmosphere. The process is dependent on the ability of the entering air to absorb the evaporated water molecules. The drier and less humid the air, the higher this potential, as indicated by the wet bulb temperature, which is always equal to or less than the dry bulb temperature of the air. The wet bulb temperature is related to the amount of moisture in the air relative to the dry bulb temperature. An evaporative product can lower the process fluid in the heat exchanger to within a few degrees of the wet bulb temperature.

The energy consumption of these towers is significantly less than the total energy usage of similarly sized systems utilizing either air cooled or adiabatic solutions. 

Some Advantages of Evaporative Cooling are:
Can get lower process fluid temps: Especially in the summer this wet bulb temperature is far lower than the equivalent dry bulb temperature. For example, during hot summer days with dry bulb temperatures exceeding 95°F, the wet bulb could be as low as 71.6°F, making it possible to cool the process fluid down to 77°F using evaporative cooling. 
Compact Design: This design results in 50% area savings compared to comparable air-cooled installations. This also makes them easier to install. 
Refrigerant Charge: The highly efficient design consists of a more compact heat exchanger resulting in a low refrigerant charge. 
Considerable Energy Savings: Evaporation removes more heat in comparison to conventional air-cooled methods for heat transfer, while requiring four times less airflow.
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Let’s consider closed towers 



Sustainability Goals for EV Battery ManufacturingEVAPORATIVECOOLING (WATER-COOLED) –CLOSED TOWERS
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These operate using the same basic principles as open towers with one major exception.  In this case , the process fluid (fluid to be cooled) must be kept clean and contaminant-free in a closed loop.  To achieve this, the heat load to be rejected is transferred from the process fluid to ambient air through a heat exchange coil. The coil serves to isolate the process fluid from the outside air. So, you get two separate fluid circuits: (1) an external circuit, in which spray water circulates over the coil and mixes with the outside air, and (2) an internal circuit, in which the process fluid circulates inside the coil. During operation, heat is transferred from the internal circuit, through the coil to the spray water, and then to the atmosphere as a portion of the water evaporates.  The water in the basin is recirculated to the spray system rather than to the back to the process fluid.
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Next, we will take a look at dry coolers.  As mentioned before, we have historically focused on evaporative cooling but have increasingly broadened our scope to provide alternatives to help save water and manage water.  We have made significant investments in dry, hybrid, and adiabatic products that balance the usage of water and energy.




Sustainability Goals for EV Battery ManufacturingDRYCOOLING (AIR-COOLED)
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Air cooled systems use dry cooling. Here, air passes over a finned heat exchanger containing the process fluid. Heat is then transferred from the process fluid in the heat exchanger to the airstream flowing through the unit. To efficiently cool the process fluid to the desired temperature for the system, the dry bulb temperature must be significantly lower than the fluid temperature. In hot climates and during periods of high ambient temperatures, this technology results in higher process fluid design temperatures and lower overall system efficiencies.
These units consume a great deal of energy to operate the fans, which must move a large volume of air. They also require significantly more heat transfer surface area than other cooling methods, typically resulting in a much larger footprint for dry coolers than systems that use either evaporative or adiabatic heat rejection. The higher system design operating temperature means more energy consumption for the system.

Advantages of Air Cooled Systems
• No Water Used: Dry coolers are ideal for projects or regions where water is extremely limited or when water quality is a concern. Additionally, dry
coolers are considered when all of the electricity to a site is available with renewable power sources, such as wind or solar.
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Now, we’ll take a look at adiabatics.
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These products use evaporation, but as a means of cooling the entering air passing through a finned heat exchanger. The air can be cooled by either spraying water into the airstream or by using wetted pads that provide a surface for water and air to interface. In the first case, the goal is that water sprayed into the airstream evaporates before reaching the finned coil, avoiding scaling and corrosion on the coil which can negatively impact system efficiency and lifetime. In the second case, a wetted pad is used to cool the entering airstream. The pads are designed to hold water on the surface so that it does not carry over to the finned coil minimizing the potential for scale and corrosion. The water distribution system maximizes pad efficiency by wetting the pad to minimize process fluid temps and prevent scale.

Some Advantages of Adiabatic Cooling include:
• Water Savings: The use of a small amount of water to precool the air entering the heat exchanger lowers the required airflow and fan power compared to air cooled units, while also lowering the fluid temperature back to the system. In the most efficient adiabatic systems, the air is cooled close to the wet-bulb temperature. 

• Energy Savings:  The lower air temperature causes an increase in cooling capacity and energy efficiency compared to dry-only designs. During times of reduced loads, or once the ambient temperature begins to approach freezing, the unit can be switched to operate in a dry-only mode, thus decreasing water usage.

• Multiple Modes of Operation: At a customer-selected design point, such as a cooler ambient dry bulb and a lower heat load, the unit can turn off the water and switch
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And, finally, we will look at Hybrid coolers.
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Hybrid products use a combination of dry and evaporative cooling technology. Combining the benefits of both, hybrid products can be ideal for water-sensitive applications while still offering high energy efficiency.  Up to 60% more energy efficient than air-cooled systems, and 70% water savings due to a high dry switch point.  Can operate in full wet, adiabatic, or full dry mode.  In full wet mode, process water passes through the prime surface and the dry finned coils with spray water distributed over the prime surface coils.  In adiabatic mode, process fluid passes through the dry coil only with spray water distributed over both prime and dry coils.  In full dry, process fluid passes through both coils, however the spray water is turned off.
Advantages of Hybrid Cooling
• Balances Water and Energy: Hybrid cooling products have the option to operate “wet”, adding the benefits associated with either evaporative or adiabatic heat rejection, as well as operate in a dry mode. Depending on the customer’s water and energy requirements, along with ambient conditions, these products can shift the load to the proper method of heat rejection to optimize the conservation of both water and energy for a specific site.
• Lower process fluid temperatures can be achieved: Since this unit can operate in “wet” mode, this hybrid products can achieve low process fluid temperatures and lower system operating costs.
• Compact Design: Footprint savings compared to comparable dry cooler or adiabatic installations.
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Project owners face any number of challenges to getting projects off the ground.  One of the major challenges is the high cost associated with production and infrastructure.  There is increasing pressure on developers to minimize their power usage, while lowering water usage as well.  It is important that planners work with their cooling partner to tailor solutions that meet those site-specific needs. 




THANKYOU

Todd May –Global Director, Hydrogen
tmay@baltimoreaircoil.com

https://www.linkedin.com/in/todd-may-13ab6a51/
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