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	Microsoft Teams Need help?
Join the meeting now
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1. Call to order	Eric Sturm
a. At 2:32 PM local time
2. Review Scope (TC 2.2 Website)
TC 2.2 is concerned with the relationships of environmental conditions, as altered by air-conditioning, refrigeration, heating and ventilating systems, to the growth, health, and reproduction of plants and animals.
3. ASHRAE Code of Ethics Commitment (Code of Ethics | ashrae.org)	Eric Sturm
ASHRAE Value Statement
In ASHRAE meetings, we will act with honesty, fairness, courtesy, competence, inclusiveness and respect for others, which exemplify our core values of excellence, commitment, integrity, collaboration, volunteerism and diversity, and shall avoid all real or perceived conflicts of interest. Our culture is one of inclusiveness, acknowledging the inherent value and dignity of each individual.  We celebrate diverse and inclusive communities, understanding that doing so fuels better, more creative and more thoughtful ideas, solutions and strategies for the Society and the communities our Society serves. We respect and welcome all.
ASHRAE Diversity Commitment
ASHRAE is committed to providing a welcoming environment. Our culture is one of inclusiveness, acknowledging the inherent value and dignity of each individual. We proactively pursue and celebrate diverse and inclusive communities understanding that doing so fuels better, more creative and more thoughtful ideas, solutions and strategies for the Society and for the communities our Society serves. We respect and welcome all people regardless of age, gender, ethnicity, physical appearance, thought styles, religion, nationality, socio-economic status, belief systems, sexual orientation or education.
4. Introductions	All
a. Determination of a quorum (VOTING MEMBERS FOR THIS MEETING (Need (4) or ½+1  for a Quorum))
	Eric Sturm
	6/30/2027
	
	
	

	Lingying Zhao
	6/30/2028
	
	
	

	Daniel J Dettmers
	6/30/2029
	
	
	

	Nissun Feiner
	6/30/2029
	
	
	

	Alekhya Kaianathbhatta
	6/30/2029
	
	
	

	Danielle Monfet
	6/30/2029
	
	
	



b. In-person attendees
	Name
	Affiliation
	Email
	Member Status
	YEA Member
	Int’l Member

	Eric Sturm
	Trane
	esturm@trane.com
	Chair
	No
	No

	Pete Spinelli
	Clear Result
	Pete.spinelli@clearesult.com
	Corr. Member
	No
	No

	William Lin
	CPP Wind
	wlin@cppwind.com
	Guest
	No
	No

	Alekhya Kaianathbhatta
	The Hidi Group
	Alekhya.kainathbhatta@gmail.com
	Vice-Chair
	Yes
	No

	Kaylee Smith
	Texas A&M
	Kberdoll5@gmail.com
	
	Yes
	No

	Greg Schonberger
	KCC Mfg
	gschonberger@gccmfg.com
	Guest
	No
	No

	Max Livchak
	KCC Mfg
	mlivchak@kccmfg.com
	Guest
	Yes
	No

	Kevin Gebke
	Ductsox/RiteHite
	kgebke@ductsox.com
	Guest
	No
	No

	Julien Renaud
	Sanuvox
	jrenaud@sanuvox.com
	Guest
	No
	No

	Marcus D’arcy
	Desert Aire
	mdarcy@desert-aire.com
	Guest
	No
	No

	Anne Juran
	Summer Consultants Inc
	juran@summerconsultants.com
	Corr. Member
	No 
	

	Dan Dettmers
	Madison Air
	ddettmers@madisonair.com
	Voting
	No
	

	Dana Fisler
	TAC
	
	
	No
	

	Nolan London
	Reset A/C & Refrig
	Nolanlondon47@gmail.com
	
	Yes
	

	Rex Scare
	Armstrong
	rexs@armintl.com
	A2027 HB Liason
	No
	



c. Online attendees [image: ]	
5. Agenda additions/changes	All
6. Chair’s Report	Eric Sturm
a. Chair’s Goals
i. Grow the committee 
ii. Look to the future, not just next conference but a year from now. 
b. Announcements and Highlights from TC Chairs Breakfast Meeting
i. Can make slides available on basecamp if other wish to review
1. DEI is now a standing committee 
2. Winter program statics 
3. Change to committee meetings, society will no longer provide meeting space for sub-committees at the conference. This will have to be held virtually prior to the main meeting. 
ii. YEA Bingo – no one from the YEA/SA committee playing the YEA Bingo attended TC 2.2 
iii. Functional group evaluation workbook, society has implemented an excel based tool to evaluate the committee. Big item to review, should this committee merge, be disbanded or alter scope. 
1. Most spoke in favour 
2. MTG-CEA scope is being abbreviated slightly, they will provide a road map out to TC 2.2 
c. Subcommittee meeting times
i. From ASHRAE: Following the 2026 Winter Conference, TC, TRG, TG, MTG subcommittees will no longer be permitted to request an in-person meeting space at conferences due to rising costs and the need to optimize the use of conference time and meeting space. Hosting virtual meetings prior to the conference ensures all interested parties can attend with clear dialogue and equal access. It also provides attendees with greater flexibility to participate in Technical Sessions, the Expo, and other Society meetings and events while on-site. 
d. Functional Group Evaluation Workbook
7. Liaison reports (as they arrive)	Liaisons
a. Standards	Anthony Abate
b. RAC	Brian Fricke
c. Section Head (TAC)	Diana Fisler
i. A panel formed, a research action panel to see how research is being performed and options for improvement. 
8. Approval of minutes from Summer Meeting	Eric Sturm
a. 2025 Summer Hybrid (Phoenix) > TC0202 Annual Draft Minutes 2025.06.23.docx [Basecamp]	
i. Alekhya makes a motion to approve the meeting minutes from the Phoenix Hybrid meeting, Dan seconded the motion. 
1. 4 in favor – 1 abstention – 0 against – motion passes 
2. Action item for Alekhya to remove the DRAFT watermark and re-upload as approved meeting minutes. 

9. Membership/Roster	Nissun Feiner, Alekhya Kaianathbhatta, Eric Sturm	Comment by Alekhya Kaianathbhatta: Needs to be into society by March 6th 
Starting July 1, 2026
a. Add Dan Dettermes for Secretary 
b. Add Joseph Zulovich as MTG.ACR Delegate 
i. Eric made a motion to add Dan D as Secretary, Joseph Zulovich as MTG.ACR Delegate and remove Kristin Schaefer as Correspond Member. Alekhya seconded the motion. 
1. Motion carries 5-0-0 
	Name
	Role
	Voting
	
	Name
	Role
	Voting

	Eric Sturm
	Chair
	Yes
	
	Anne Juran
	 Webmaster
	

	Alekhya Kaianathbhatta
	Vice Chair
	Yes
	
	Joseph Zulovich
	MTG.ACR Delegate
	

	Nissun Feiner
	Secretary
	Yes
	
	Dan Dettemers
	Secretary
	

	Nissun Feiner
	Research Chair
	Yes
	
	
	 
	

	Bill Dean?
	Standards Chair
	
	
	
	 
	

	Michael Gillespie
	Handbook Chair
	
	
	
	 
	

	Lavanya Jakka
	Program Chair
	
	
	
	 
	

	Melvin Garrett
	Program Chair
	
	
	
	
	


b. Request to add Dr. Joseph Zulovich as MTG.ACR delegate
i. Are there any interested people who’d serve as an MTG.ACR alternate?
c. Request to remove Ms. Kristin L. Schaefer as a corresponding member
ii. Diana Fisler: I think you must remove them at roster change, unless they are provisional, in which case they will roll off after 2 years of no action.
d. Remove inactive members?
a. Send an email that requires a response saying if you would like to be removed please email me. 

10. Subcommittee reports	
a. Programs	Lavanya Jakka, Melvin Garrett
i. Winter Conference 2026 (Las Vegas)
1. No sponsored programs.
ii. Annual Conference 2026 (Austin)
1. Deadlines (2026 ASHRAE Annual Conference)
November 19, 2025 | Conference Paper Abstracts and Paper Session Requests Due
December 12, 2025 | Conference Paper Abstract Accept/Reject Notifications
January 7, 2026 | Website Opens for Extended Abstracts and Seminar, Workshop, Forum, Debate and Panel Proposals
February 25, 2026 | Debate, Panel, Seminar, Forum, Workshop, and Debate Proposals Due
February 25, 2026 | Conference Papers Due
iii. Winter Conference 2027 (Chicago)
iv. Austin meeting – potentially a submission, Lavanya to convene with Michael G to have a submission and Anne to check with TC 9.10 to see if someone can speak to the vivarium unique challenges. 
b. Handbook	Michael Gillespie
TC assignments – Handbook Chapters (w Target Dates) (2 Jan 2026).xlsx
Chapter 25 “Environmental Control for Animals and Plants” April 26, 2026
Chapter 26 “Drying and Storing Selected Farm Crops” April 29, 2026
i. Chapter 25 "Environmental Control for Animals and Plants" and Chapter 26 "Drying and Storing Selected Farm Crops" of 2023 Handbook of HVAC Applications (M. Hayes, M. Gillespie)
1. Rex Scare: should be voted on in Winter Conference; April 2026 – due date, absolute worst date July 1, 2026 
· Rex Scare – Handbook committee liaison – Scheduled to submit files by end of April. Once updates are made, email Rex and Heather Kennedy. 
· If no updates, go to the portal and fill out the form to say no updates. TC still needs to vote on the no update response. 
· Dan makes a motion to approve the handbook chapter with no updates for the April 2026 submission, Niss seconds. 
i. Anne/Niss has shown interest in the animal chapter #25. 
ii. 5-0-0 – motion carries 
iii. Action item for Michael G – go into the handbook authoring portal and notify that there are no changes to the chapter. Chapter 25 is due April 26, Chapter 26 is April 29 2026. 
iv. Action item for Michael G – set up a call for the following: 
1. Chapter 25: Joe, Anne, Michael and Niss
2. Chapter 26: Dan, Joe and Michael 
c. Research	Nissun Feiner
i. RTAR-1887 (Work Statement 1984) Energy Use in Indoor Plant Environments (B. Dean, P. Spinelli)
1. August 15, 2025 resubmission deadline
· The initial team to reconvene and determine if there is enough financial aid 
· Action item for Niss to set up a meeting for Pete, Genne and himself. 
ii. RTAR-1901 Plant Transpiration Rates (D. Dettmers, N. Feiner)
1. Did not get submitted 
2. Action item for Niss to set up a meeting for Dan, Michael and himself. 

d. Standards	Bill Dean
e. Web site/Basecamp	Anne Juran
f. MTG.CEA 	(No Current Liaisons)
i. MTG status
ii. TC 2.2 liaisons 
g. MTG.ACR	Henry Hayes
i. Report from Joe to be shared with the team on basecamp. 
h. ANSI/ASABE/ASHRAE EP653	
i. “…my understanding is that that the standard [EP 653] was reaffirmed.” Steve Hammerling
11. Old Business
12. New Business
a. Presentation and discussion: “The Physics of CEA Air Distribution: Why Current Methods Are Obsolete” by Walter Stark [20 minutes]
i. 
Presentation to be provided by Walter and shared to the team. 

b. Should this TC implement virtual subcommittee meetings between winter and annual meetings? Before society meetings?
i. There will be multiple sub-committee meetings, quarterly seems to be the preference with an agenda. 
13. Adjourn
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1

2 | Danielle Monfet ETS danielle. monfet@etsmtl.ca Voting No No
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5 | Michael Gillespie. PE Gillie Consulting Services Gillie@GillieCS.com Handbook Chair, Cc No No
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AIR DISTRIBUTION STRATEGIES FOR 
CONTROLLED ENVIRONMENT 


AGRICULTURE (CEA)


Why the Current (Legacy) Air 
Distribution Strategy is Obsolete



Presenter Notes

Presentation Notes

The vertical farming sector of controlled‑environment agriculture is becoming an essential source of local food. It’s simply too important for us to allow it to fail. 
Yet in the past few years, we’ve watched several companies close their doors, largely because their operating costs were just too high.

Despite that, the global vertical farming market is still growing. It was valued at about 9 billion dollars in 2025, and it’s projected to reach 39 billion by 2033. With that level of investment—and with ASHRAE engineers playing such a critical role—we need to take a closer look at how HVAC systems should really be designed for these unique facilities.

In many CEA operations, HVAC accounts for about 30 to 50 percent of total energy use. And when you add lighting to that, you get the single largest energy load in the entire system. That’s why understanding how HVAC is applied in these spaces is absolutely essential. And that’s what my work focuses on.

Through my research, I’ve uncovered hidden issues with air distribution—issues significant enough to make current distribution strategies effectively obsolete.

Today, I’m going to uncover those issues and answer three key questions:

What are the hidden problems?
How do they affect both HVAC performance and crop performance?
And most importantly, what can we do to fix them?

Let’s dive in.







Walter Stark


 60 years+ of experience in HVAC.


 Collaborated on many Cannabis projects.


 Collaborated on vertical farming projects like: 
Plenty, AeroFarms, and Soli Organics.  



Presenter Notes

Presentation Notes

I returned from a trip with a cold, so please bear with me in this presentation, as I cut through the brain fog.

My name is Walter Stark, and I’m a semi‑retired HVAC engineer with over sixty years of experience across contracting, manufacturing, consulting, and representation.

Over the years, I’ve had the chance to work directly on cannabis and vertical‑farming projects. These vertical‑farming projects often operated on razor‑thin margins. Some struggled, some failed—but every one of them taught us something. And together, they revealed one very obvious truth: air distribution is absolutely critical. Not just for HVAC performance, but also for crop performance.

When air distribution is done right, everything improves. Crop quality goes up. Market prices go up. Profitability goes up. On the HVAC side, good air distribution means precise climate control exactly where the plants need it—the plant zone—which lowers operating costs and boosts the bottom line even more.

I’ll propose improvements to the current air distribution methods. While they may seem challenging at first, they offer meaningful advantages that the current approach can’t deliver. I encourage you to consider the long‑term benefits beyond the initial effort. I’ll address this from the perspective of vertical farming, but the discussion applies to all CEA applications. 

The primary purpose of my presentation is to get support for changes to EP653.

Before I dive into the core challenges vertical farming faces today, I want to start with a simple example from a more mature industry: Data Centers. It’s a useful comparison because the same air‑distribution problems we see in vertical farming show up there too—and in a way that’s much easier to visualize.







The Data Center Lesson
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Presentation Notes

LEGACY (air mixing)
Strategy: Cool the room, then use the room air to cool the servers. 

Problem: A third mixed-air climate zone creates chaos for the data center climate.

Solution: The HVAC and server engineers collaborated to develop an integrated strategy.


INTEGRATED (hot/cold‑aisle strategy)
Strategy: Deliver the solution directly to the problem by following the point-of-need principle.

Result: Two well-defined climate zones and no chaos in the data center climate.







Legacy vs. Integrated Airflow
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Presenter Notes

Presentation Notes

Here are the airflow schematics for legacy and integrated air distribution strategies. 

With legacy, the “room” can be a computer room or a cultivation room, and the “load” can be computer servers or a plant canopy. 

In either case, mixing two airstreams in the room results in an undesirable third mixed air climate zone that is delivered to both the HVAC unit and the load. 

The integrated system eliminates the third mixed-air climate zone. 







Point of Need Principle



Presenter Notes

Presentation Notes

While HVAC engineers may not commonly use the term “point-of-need” principle, they apply it intuitively in commercial and residential settings by delivering conditioned air near windows and exterior walls—areas where temperature and humidity loads are highest. 

In this context, the point-of-need principle means neutralizing energy gains or losses right at their source.

In vertical farms, however, walls and roofs are well insulated, and there are no windows. 
Energy gains or losses originate almost entirely from plant lighting and transpiration in the plant canopy—just as all heat in a data center originates at the servers.







The Cultivators Lament


“Why are my crops not uniform 


when irrigation, nutrients, and 


lighting are all uniform?”


Logic and reasoning lead us to 
climate as the unknown factor



Presenter Notes

Presentation Notes

One thing that drove me to dig deeper into this subject is the Cultivators’ Lament, which I heard repeatedly:

“Why are my crops not uniform when irrigation, nutrients, and lighting are all uniform?”

After irrigation, nutrients, and lighting, logic and reasoning lead us to climate as the unknown factor.







The Integrated Strategy
Condition the canopy air directly to meet the 
precise environmental parameters defined by 
the cultivator and the engineer.


CULTIVATORS SPECIFICATIONS
Canopy Out: 80.0°F, 2.10 kPa
Transpiration: 150 lb./hr H2O 


Lighting: 146.2 kW


ENGINEERS CALCULATIONS
Canopy In: 81.9°F, 1.20 kPa


6,000 CFM


HIGHEST


LOWEST LOAD
(CANOPY)


HVAC
DUCT
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Presentation Notes

INTEGRATED STRATEGY: Condition the canopy air directly to meet the precise environmental parameters defined by the cultivator and the engineer.

I will explain why the integrated strategy is the only practical solution and why it delivers superior long-term value.







INTEGRATED PSYCHROMETRICS
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60% RH leaving Canopy
49.45°F DP leaving HVAC


CULTIVATORS SPECIFICATIONS
Canopy Out: 80.0°F, 2.10 kPa
Transpiration: 150 lb./hr H2O 


Lighting: 146.2 kW


ENGINEERS CALCULATIONS
Canopy In: 81.9°F, 1.20 kPa


6,000 CFM
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Presentation Notes

SEQUENCE

We begin with the air conditions representing the cultivation room, canopy leaving, and the HVAC entering-air conditions at 80°F/60% RH.
Next, air entering the HVAC unit is lowered to the saturation point of 49.45°F, removing about 150 lb./hr of water.
Next, the HVAC unit heats the air to 81.9°F, typically using hot gas.
Finally, the air is delivered to the plant canopy, is heated by plant lighting, and picks up 150 lb./hr of water vapor, while being evaporatively cooled back to the design room conditions.

RESULTS:
Two distinct climate zones.
Engineers’ and cultivators’ specifications are met. 

Now let’s compare this to the legacy strategy.








Legacy – Self Balanced Psychrometrics
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In the scenario shown with a third climate zone, using the engineers’ and cultivators’ specifications as in the integrated strategy:

Here, the design parameters for the cultivators and engineers are the same as in the integrated example. But when used with legacy air distribution, the outcome changes dramatically because of a third mixed-air climate zone.

When we let a system using the legacy strategy balance itself, the result is 85% humidity in the canopy, which is too high, invites mold and mildew growth, and fails to meet the cultivators’ specifications. 
In another scenario, we can meet the cultivator’s specifications with a legacy system, but not the engineers, because the HVAC equipment must deliver a 16.3F dew point.

Ultimately, neither legacy scenario is sustainable, making integrated air distribution the only viable solution.

HVAC equipment will not perform as expected using the Legacy air distribution. Only integrated air distribution is viable. Before we walk further down the legacy path, let’s fix the problem.







The Integrated System Promise


• Superior crop outcome
• Dial-in temperature, humidity, and VPD
• Reduced HVAC operating costs
• Reduced total air volume
• Reduced fan operating cost
• Reduced system capital costs
• Use customary HVAC equipment
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Presentation Notes

Superior crop outcome

Dial-in temperature, humidity, and VPD

Reduced HVAC operating costs

Reduced total air volume

Reduced fan operating cost

Reduced system capital costs

Use customary HVAC equipment








Dedicated Canopy Air Distribution (DCDA
IMPROVES CROP UNIFORMITY



Presenter Notes

Presentation Notes

There’s a promising development that can boost crop uniformity, regardless of what air‑distribution system is in place. Direct canopy air distribution (DCAD) is a genuine step forward for crop uniformity, but there’s a catch.

It won’t improve overall crop and HVAC performance unless it’s paired with an integrated air distribution strategy. 

The DCAD system comprises sections throughout the facility. Each section has a fan and serves a specific area of the canopy. The legacy system promotes non-uniform temperature and humidity throughout the cultivation room. Consequently, each fan draws air with different temperature and humidity levels, and the crop outcome between sections will vary.

While a DCAD system improves crop uniformity in each section, it can only achieve superior HVAC and crop performance when combined with integrated air distribution.







EP653 - MANUAL REVISIONS
EP653: Heating, Ventilating, and Air Conditioning (HVAC) 


for Indoor Plant Environments without Sunlight


Section 10.3 Air distribution equipment:
 Needs to be reviewed and revised in 


support of the integrated strategy.



Presenter Notes

Presentation Notes

ASHRAE is listed on this document, and it desperately needs updating.

The current document supports the legacy strategy with no mention of the integrated approach. This needs to be changed, and I would like to be part of the team to advance the integrated approach.









THANK YOU!!!


Questions, Comments, or Complaints
Please reach out to me at:


wstark@wstarkconsulting.com
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THANK YOU!!

Please feel free to reach out to me at: wstark@wstarkconsulting.com
I am available for group or individual online meetings. 
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