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ASHRAE Technical Committee (TC) 10.6, Transport Refrigeration
AGENDA

Monday, February 10th, 2025
Hilton Orlando, Lake Virginia A (Lobby Level)
Time: 5:00 – 7:00 PM EST
Microsoft Teams
Join the meeting now
Meeting ID: 276 273 852 270
Passcode: v6hDA8


I. CALL TO ORDER (Chair KW Lee)
A. 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.
Code Of Ethics
Core Values
Diversity Quity and Inclusion
.
B. Introduction of members and guests
Introduction of remote dial-in participants
ACTION: Determination of quorum.
ACTION: Ensure completion of sign-in sheet
Attendees gave quick introduction giving name, role, and organization.
5 out of 7 voting members present except Augusto San Cristobal, Jian Sun
Sugun wrote down/screenshot of online participants. Confirmed and added to attendance
C. Additions/revisions to agenda
Discuss needed additions or revisions to the agenda.
II. MEETING MINUTES APPROVAL (KW Lee)
Review and approval of the June 24, 2024 meeting minutes (Indianapolis).
Draft minutes are available on the  TC 10.6 website
ACTION: Vote to approve minutes if quorum is met. 
Motion to approve by Michael Petersen
Seconded by Antonio Romeo
Minutes approved. 5/0/2/0

III. RECOGNITION OF LIAISONS AND ANNOUNCEMENTS (KW Lee)
Provide opportunity for liaisons in attendance to speak to the TC 10.6 committee members. 
Section Head: G.D. Mathur
REF-CPCC (Refrigeraion-Comfort, Process and Cold Chain): Charles Hon 
Handbook Committee Liaison: Zheng O’Neill
MTG Low GWP Liaison: Brian Fricke
KW Lee: GD Mathur will give an update on TC Chair Breakfast meeting. Charles will also join later. There is no attendance from Liaisons yet.
WenBin NG: Introduced himself as Research Committee Liaison
IV. REVIEW OF TC10 SECTION MEETING (G.D. Mathur)
G.D. to provide highlights from the TC10 Section Chair Breakfast meeting.


KW Lee: In the breakfast meeting, there is an update on building decarbonization. Proposal to improve research activities. Please update the status and membership affiliation on ASHRAE website.
GD: Activity form needs to be submitted by tomorrow. If the roster is updated, please let me know. If anything is changing from Phoenix meeting, please let me know. We have less than a year for the Handbook Chapters.
GD: We have members from this committee working for several years. Please recommend if there is anyone who can become a fellow, high tower award.
GD: Breakfast Chair document (attached above) focused on standard synergy between US, EU and Asia. Office in Washington, DC which deal with White House. They have reviewed 150 documents at ASHRAE website. Region 15 newly formed in Asia.
GD: TC 10.6 Handbook is thin. We must redefine the chapters, so the total handbook is about 1050 pages.
GD: If you think one of the chapters from previous handbook is still relevant, then that can still be available on the website electronically. Please let me know. We must provide a reason as to why old handbook needs to be available. There might be old products that still use older handbooks so it should be available on the website instead of archiving it
V. REVIEW COMMITTEE MEMBERSHIP, ROLES, AND CONTACT INFORMATION (KW Lee)
[image: ]
Reminder to update/keep your ASHRAE info up to date.
KW Lee: Sugun agreed to take the Vice Chair role. Is there anyone interested in the position? If there is no one else interested, Sugun will take the position. There is an opening for the secretary/webmaster. If there is any interest, please let me or Stefan know.
KW Lee: There is an opening on voting members as well. Parmesh Verma will take my place as voting member. Stefan will take the voting member position from Riley. Sara Churchwell from AHRI will take Antonio Romeo position as voting member.
KW moved the motion to approve the above changes. Antonio seconded the motion.
Motion passed. 5/0/2/0
VI. STANDARDS ACTIVITIES UPDATES (Antonio Romeo)
Discuss updates on proposed safety standard: “SPC-243P, Safety Standard for Transportation Refrigeration Systems” from Alex Schmig.

Other open discussions.

Alex will give an update on the SPC 243. 

Alex: We held a kickoff meeting in October. Started working on a draft. Since October, we have established a draft, set up a project site to share documents. New website called One Hub Workspace by ASHRAE. This was done in the past 6 months. We met yesterday and voted on approving the minutes, had a working meeting. We gave assignments and action items to all the members. A lot of gaps were closed. 

KW: Is the website available to all the members?

Alex: Only the committee members can access the documents. Please contact me if you are interested, please join the committee, you do not have to be a voting member.

Alex: Apply for membership to project committee by going on ASHRAE website and selecting SPC 243.

KW: Recognized Alex for his work on getting started on SPC 243. Recommended the TC 10.6 members to join the SPC 243 and contribute to the standard. It is focused on Transport Refrigeration Safety.

Following is the ASHRAE website link to join SPC 243.
https://www.ashrae.org/technical-resources/standards-and-guidelines/apply-to-a-project-committee


VII. RESEARCH ACTIVITIES UPDATE (Jian Sun)
Jian Sun to report on the research chair breakfast and other research related activities.

Jian Sun is not available. He provided the following updates. KW went through the comments

· WS 1937 (co-sponsored with TC8.08) – Capillary and short tube Orifice Performance for Lower GWP refrigerant

Work Statement has been reviewed and received the review comment from  Steve Hammerling, Manager of Research and Technical Services (MORTS) on July 13, 2024. TC8.08 will review and discuss the review comments and let us know what to move forward, I also shared the review comments and WS with TC10.6 members to review. 

· WS 1856 (co-sponsored with TC 3.2) – Moisture Tolerance and materials compatibility in CO2 Refrigeration systems

The first draft of work statement has been reviewed by RAC, and review comments has been provided. The revised work statement to response to RAC review comments has been submitted to RAC and got rejected with below action item: 
“The TC must provide a letter describing how each of the items were addressed in the revision, as well as provide a new TC vote on the revised Work Statement.  The TC should work on getting the new TC vote so that the work statement can be included in the spring 2025 agenda.”

Research Chair Breakfast meeting update, a few highlights are:
· Funds are available for research is $3.9 M for FY24-25, $350K limit per project, currently 37 active research projects. 
· Research promotion campaign: $777,425 YTD, total goal: $2.68 M
· Form implementation of 2025-2028 ASHRAE strategic plan will start from July 2025.
· For RTARs, PRTRs and WSs, complete packages due March 15, May 15, August 15 and December 15. 
· Beta testing online submission for RTARs. 
· Service to ASHRAE Research Awarded to Paul Turnbull of TC5.6



Alex: SPC 243 it came up that there should be more research on A2L refrigerants. I might ask for sponsorship from TC 10.6. I will discuss this with LowGWP.MTG 

KW: When will we implementing A2L or A3 in transport refrigeration? We need to do a lot of research/effort needed before implementing the flammable refrigerants. This was discussed in SPC 243. 

Yirong Jiang: Do we look at low GWP refrigerants that are specifically challenging to transport refrigeration? Most of programs only look at stationary. There are programs but there is no research focused on this topic. It is related to new refrigerants, compressor challenges. Since transport refrigeration has different compressor operating envelops, we can look at how new refrigerants can pose different challenges.

Stefan: Not all transport applications need to be addressed by one research project. If you can come with a specific problem, that is still enough for a research project.

Yirong Jiang: Road transport sees a high lift which challenges selection of the fluid, cycle, how to mitigate the consequences of higher discharge temperatures with the old cycle but newer fluids. This might not be a case for marine application but there might be some conclusions from transport refrigeration that can applied to other sectors and then cycle can 

KW: In such a case, TC 10.6 can support that research. But how can the TC support with the proposal?

Patrick: Are you looking at cascade systems?

Yirong Jiang: We can look at the cascade heat exchanger in conjunction with TC 8.5. There will be phase change on both sides of the heat exchanger which is not usual. 

Igor: Do we have any cascade systems in transportation industry?

Yirong Jiang: They are only available in stationary but there could be a potential in transportation industry.

KW: Can you write a RTAR on this topic?

Stefan: If you focus on heat exchanger, who should submit the RTAR, the heat exchanger TC or the transportation refrigeration. If you make implementation of the heat exchanger specific to transportation industry, then TC 10.6 can submit the RTAR.

Yirong Jiang: For high lift, there is either two-stage or cascade system. There is not a lot of research options in two-stage systems so we can focus on cascade systems.

Parmesh: We will need a lot of data for heat exchanger design

Yirong Jiang: If there are two-phase on both sides, it could be a great difficulty.

Stefan: High temperature heat pump has a similar problem where there is phase change on both sides of the heat exchanger. It is not cascade. I am interested in the topic; we can discuss further.

KW: We can discuss in the next meeting if there is a project proposal.


VIII. PROGRAM UPDATE (Alex Schmig) 
Two programs in the winter 2025 Orlando conference:
· Seminar 15: LIVESTREAM: Implementation of Codes and Standard for Flammables in Field for Commercial Refrigeration
· Sunday, February 9 1:30 PM – 3:00 PM EST
· Hilton Orlando, LL, Orlando V
· Sponsored by TC 10.7, Co-sponsored by TC 10.6
· Seminar 38: Challenges and Opportunities with Low-GWP Refrigerants in Transportation Applications
· Tuesday, February 11 9:45 AM – 10:45 AM EST
· Hilton Orlando, LL, Orlando VI
· Sponsored by TC 10.6, Co-sponsored by TC 9.3

For 2025 Annual Conference in Phoenix, AZ [program submission deadline Feb 26, 2025]:
· Track 1: Fundamentals and Applications (Track Chair: Atilla Biyikoglu)
· Track 2: HVAC&R Systems and Equipment (Track Chair: Ng Yong Kong)
· Track 3: Research Summit (Track Chair: Haotian Liu)
· Track 4: Workforce Development (Track Chair: Anuj Gupta)
· Track 5: Industrial Ventilation, Refrigeration, Air-Conditioning and Energy Utilization (Track Chair: Vinod Venugopal)
· Track 6: Heat Pumps, Refrigerants and Decarbonization (Track Chair: Money Khanna)
· Track 7: Onsite Energy Storage (Track Chair: Kevin Brown)

Open discussion on co-sponsorships or seminar/presentation proposals for 2025 Annual Conference.

Alex: Feb 26th is the deadline for Phoenix, AZ. We might have to look at programs at least 1 year in advance. The tracks are shown above. Usually, the winter conference tracks match our TC better than the summer.

Stefan: We have discussed in TC 10.7 about RP-1831 (frosting and defrosting). If there is any interest from TC 10.6, we can collaborate and submit a seminar. RP-1831 is about developing a method to get consistent frosting and defrosting data. It is a refrigeration topic, not just heat pumps.

Michael: Only 75 got approved out of 198, so we must make the topic really good and interesting. When do they release the tracks for Las Vegas, 2026.

Patrick: Is there any interest in leak sensors from transportation industry? In TC 10.7 we discussed the location of sensors in supermarkets.

KW: For refrigerant sensors, the manufacturers use their own models to estimate the location of the sensor location

Robert: Can it be an A2L refrigerant discussion?

Michael: In TC 3.1 we have a seminar proposal on sensors for refrigerants and we will resubmit.

Stefan: Talked about RP-9014. The project looked at durability on sensor and leak detection. It is not specific to transportation. If there is interest, we have the content ready to present.

Alex: It does not look like we will have anything ready within next two weeks for Annual conference. We should look for the Las Vegas meeting.


IX. HANDBOOK (Riley Barta)
Discussion on required handbook updates and timeline requirements.
A short summary of major changes:
Chapter 25:
· Standard citations/years updated
· Working fluids updated (low-GWP, lightly flammable, etc.)
· Electrification implications on system design
Chapter 26 (shared in April 2024):
· Standard citations/years updated
· Additional language on legislation and low-GWP trends added; flammability considerations elaborated upon
· Compressor and system control updated based on technology developments 
· Trends in cooling system design (i.e., fresh vs. saltwater loops) and their implications on system design and heat exchanger coatings updated 
· Data management (field data, etc.) content added
· More variation in design points and modularity based on customer needs elaborated upon
· Draining and condensate buildup management elaborated upon and updated


[bookmark: _MON_1800646966]
KW: Did the voting members get a chance to review the chapters? 
Parmesh: May be give the members a month to review and then we can go to the voting
Riley: I am okay with either way, voting it right now or waiting for another month.
Motion to vote on approving Chapters 25 and 26 by Antonio. Seconded by Michael
4/2/1/0. Approved. Riley abstained from voting
Riley: We should get people together to start looking at Chapter 27 and see if the changes done 4 years back are sufficient.
Michael: Asked Riley if he will continue in the current position.
Everyone thanked Riley for his work.
 
X. WEBSITE (Sugun)
The website is up to date with recent meeting minutes and meeting information.

Sugun: The website is updated

XI. [bookmark: _Ref535136302]OTHER BUSINESS 
XII. ADJOURNMENT
Next Meeting: Monday, June 23 at the 2025 ASHRAE Annual Conference in Phoenix, AZ.  This meeting will also be set up for remote participation access.
KW Lee: Motion to adjourn, seconded by Michael.
[bookmark: _MON_1608877615]
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AGENDA

* TAC Update

* CEBD Update

* CEC Update

* GAC Update

* GTIC Update

* Publications Committee
* College of Fellows

* Roster Update Training

* Section Breakout Session





ASHRAE

TAC Update






TAC Update

* YEA Mentor’s Program during Winter and Annual
Conferences

 www.ashrae.org/communities/young-engineers-in-ashrae-yeal/yea-events-
and-programs/ashraeconnect

* Automated Activity Forms Project
» Streamline data metrics to help the society better serve
membership and identify strategic areas of interest



http://www.ashrae.org/communities/young-engineers-in-ashrae-yea/yea-events-and-programs/ashraeconnect

http://www.ashrae.org/communities/young-engineers-in-ashrae-yea/yea-events-and-programs/ashraeconnect



2025-2028 Strategic Plan & Initiatives

To serve humanity by advancing the arts and sciences of heating, ventilation, air conditioning,
refrigeration and their allied fields.

A healthy and sustainable built environment for all.

STRATEGIC GOALS

Position ASHRAE as the
global leader in advanced solutions
to improve indoor environmental
quality (IEQ) and address climate change.

0BJECTIVES

Pursue impact-focused engagement
by targeting stakeholders to support
a strong workforce and maximize
utilization, adherence, and trust of
ASHRAE’s global expert resources.

Increase the accessibility of
ASHRAE content, resources, and
member opportunities.

a. Lead the development of widely adopted . Tailor and target engagement and a. ldentify and address structural, content,
standards to support indoor environmental resources to ASHRAE members and and financial barriers to access.
quality, decarbonization, and resilience. defined key stakeholders.
b. Align communication and delivery
. Develop alliances and diverse working . Provide guidance to targeted stakeholders methods and formats to enhance
groups that position ASHRAE to lead on impactful ways to maximize the accessibility and effectiveness of content,
and collaborate globally in identifying positive downstream effect of their resources, and volunteer opportunities.
challenges, defining solutions, and engagement on the built environment.
developing approaches to address them. c. Strengthen communication channels

. Develop resources based on member
needs and industry trends.

. Empower professionals in their journey

to maximize industry impact in support
of ASHRAE's mission and vision.

. Pursue partnerships to amplify the impact

of ASHRAE's mission and support the
HVAC&R and built environment workforce.

with and through chapters and regions

to empower contribution to the Society
as thought partners in adapting resources
to local context and needs.





Shaping Tommorrow’s Global Built Environment Today

KEY E N AB LE HS . Research: The value of ASHRAE's resources is grounded in unbiased data, developed through rigorous research methods.

Al: The use of Al enables ASHRAE to improve data collection, automate internal operations, and promote agility.
Global Network: ASHRAE's global network convenes the industry to generate unparalleled knowledge and content.

STRATEGIC INITIATIVES

G

Healthy, Sustainable and Resilient Communities
Providing a healthy, productive and resilient indoor environment, while minimizing greenhouse gas emissions, is critical to today's built environment. Further,
global stakeholders' leveraging of ASHRAE's standards and technical resources presents an opportunity for ASHRAE to solidify global leadership in

supporting healthy, sustainable and resilient communities. ASHRAE prioritizes timely identification of industry trends, expedient content development, and
forges key partnerships to advocate and collaborate with industry.

Empowered Workforce

The development of a skilled, competent, and solutions-oriented workforce is critical to addressing the challenges facing the built environment and the
HVAC&R industry, today and in the future. ASHRAE continues to provide educational and professional development resources. Our members and industry
partners need these tools to implement key initiatives such as decarbonization, resiliency, and indoor environmental quality goals and policies. ASHRAE, with
the support of our chapters and regions, partners with key industry stakeholders in tackling the unique workforce challenges facing the industry globally.

Organizational Agility

ASHRAE’s ability to serve communities, the industry, the current and future workforce, and provide value to its volunteer members, is dependent on
forward-looking products, services, and solutions. ASHRAE will use emerging technologies to support the development of resources and knowledge
flow between ASHRAE's chapters, regions, technical bodies, and the industry, hamessing organizational and operational efficiencies.

Emerging Technologies

In today’s rapidly evolving landscape, emerging technologies are revolutionizing the built environment and HVYAC&R industry, expanding numerous career
opportunities. By combining technological advancements such as Al with human creativity, both seasoned professionals and new talent can collaborate

to drive industry-wide progress. Advanced automation and Al-enabled systems propel energy efficiency and smart buildings, enhance comfort and IEQ,
improve operations and maintenance, and deliver holistic and sustainable solutions for industry professionals. ASHRAE engages in a thoughtful process to
evaluate and prioritize opportunities to leverage new technologies.

ASHRAE’s member and volunteer base maximizes the organization’s reach, foresight, leadership position, and organizational knowledge.
A broad group of stakeholders leverage ASHRAE’s resources to make decisions and meet objectives that positively affect the environment.

A viable, thriving industry makes a positive global impact.






ASHRAE

Center of Excellence for Building
Decarbonization (CEBD) Update






CEBD Organizational Structure

HRIE

ASHRAE

Center of Excellence for
Building Decarbonization

£

BOD BOD ExCom Center of Excellence
for Building
Decarhonization
(CEBD)
Members Council Publishing &

Education Council Technology Council





CEBD Responsibilities

* Primary Responsibilities * Supporting Activities
> Strategy > Technical Resources
> Thought Leadership > Technical Review
> Collaboration » Standards Coordination
> Public Advocacy > Training Development

> Resource Internationalization
> Member Engagement

> Development





Strategic Partnerships ASHRAE

* Streamlined Flexible Codes °* Department of Energy (DOE)
*  MOU with IEA presented at COP 29« Aijr Conditioning' Heating and

* Presented in UK, Sudan, Ghana Refrigeration Institute (AHRI)
 Flexible Code Framework for e PCR Standard Coordination
Indonesia

 CEBD Liaison
Net Zero World is funded by DOE

Piloted in 2025 by Berkley Lab funding  United States Green Buﬂdmg

¢ United States White House Council (USGBC)
« A3 refrigerants * Chartered Institute of Building
+ International Energy Agency (IEA)  S€rvices Engineers (CIBSE)
e Others?

* Francaise de Normalisation
(AFNOR)





Member’s Council Activities

* Chapter Technology Transfer

Presentations at Chapter Meetings

Development of 45 Minute Presentations for chapter

meetings

Government Affairs

Update Public Policy Information Briefs
Update GAC Presentation on Decarbonization

Eunice Foote Decarbonization Award

JANUARY
MEETING

ASHRAE

SHRAE

— Beneficial Electrification’s Role

. pecarboni  iN Building Decarbonization
Retrof
p

Cold-Clii

©* ASHRAE Task Force

Building Decarbonization





e Honors & Awards

e Eunice Foote Decarbonization Award

* Membership Promotion

.....

* Decarbonization Training & Education Priorities |=

* Young Engineers in ASHRAE

* Decarbonization Challenge Fund

Paul Torcellini, NREL
2024 Eunice Foote Award Winner





Publication & Education Council Activities ASHRAE

e Certification

CDP

CERTIFIED

 Publications

*  Building Decarbonization Retrofits for Commercial and
Multifamily Buildings, Whole-Life Carbon Guide for Building
Systems, Strategic Decarbonization Planning Guide

* Training & Education

e  Grid-Interactive Bulidings for Decarbonization
*  Decarbonizing Hospital Buildings
*  Decarbonizing Building Thermal Systems

e New Certified Decarbonization Professional

*  Building Decarbonization Retrofits for Commerical and
Multifamily Buildings

Grid-Interactive Buildings
for Decarbonization





ASHRAE

Technology Council Activities






Technology Council

Technology
Council

Research
Administration

Technical
Activities

Operations — Hanson
DRSC — Abellon
Special Projects - Balaras

Environmental
Health

Refrigeration
REF-CPCC

Residential Buildings

Global Technical
Interaction B






ASHRAE

Special Projects

« Special Projects may be any regular activity of the Society that fits one
or more of the following:
« Performed outside of the ASHRAE research program
* Require extensive effort
« Cannot be accomplished entirely on a volunteer basis
* Require accelerated approvals or activities
 Funded in large part by outside sources
« Performed in cooperation with other organizations

« NOTE: Not all co-funded and/or research projects are Special Projects,
but a Research Project can also be a Special Project.





CEBD Proposed Project ASHRAE

Title: Evaluating Global ASHRAE Member Needs for Building Decarbonization Education

Scope: ASHRAE is a vital hub for scholarly exchange and professional growth in the HVAC&R
discipline. With ASHRAE's global membership exceeding 50,000, understanding its members'
diverse needs and expectations is essential. Within the evolving standards and technologies
landscape, research to understand the needs of professional members using market research
methods. Insights collected will help ASHRAE identify continuing education opportunities and
tailor content to specific regional and international needs. It will also provide a research-
driven, needs-based member segmentation to assist in targeting and tailoring specific
education and training deliverables.

Collaborators: Internal

Timeline: 2024-2026





CEBD Proposed Project ASHRAE

Title: Refrigerant Emissions Management, Tracking and Compliance

Scope: Refrigerant emissions, particularly from HFCs, are projected to contribute 57.15
gigatons of CO, equivalent by 2050, significantly impacting climate change. Effective
management of refrigerant leaks is crucial to mitigate their potent greenhouse effect,
yet current systems lack centralized tracking, leading to regulatory non-compliance
and inefficient recovery. The Refrigerant Leakage Database, managed by the DOE
and informed by ASHRAE, will systematically track and manage refrigerant leaks
across sectors, enabling precise leak monitoring and fostering compliance. This
project aims to enhance environmental protection and potentially save operational
costs, ensuring comprehensive field data integration and industry expertise.

Collaborators: DOE, EPA, UNEP

Timeline: 2024-2026





CEBD Proposed Project ASHRAE

Title: Harmonizing Global Decarbonization Standards for Streamlined Compliance

Scope: With the global building sector responsible for approximately 40% of energy-related CO,
emissions, ASHRAE recognizes the urgency of addressing decarbonization. Currently, selected
countries have no holistic carbon regulations. Others have numerous standards tailored to
specific regions, building types, and metrics, resulting in a fragmented landscape. ASHRAE's
initiative aims to harmonize these disparate standards, especially between the EU and the US,
through collaborative research, development, and adoption efforts. By alighing methodologies,
terminology, and metrics, ASHRAE seeks to streamline decarbonization strategies, facilitating
broader implementation and enhancing global impact. This project promises to offer clarity,
consistency, and efficacy in the pursuit of a whole-life carbon approach.

Collaborators: US DOE, Architecture 2030, International Energy Agency (IEA), World Green Building Council
(WorldGBC)

Timeline: 2024-2025





CEBD Proposed Project ASHRAE

Title:

Scope:

Collaborators:

Timeline:

Streamlined, Flexible International Building Code Framework

For all new buildings to be zero emissions ready by 2030, all countries must implement national
building codes, along with enabling policies and programs, that will drive the market towards
deep energy efficiency, net zero emissions, building electrification, low-GWP refrigerants,
renewables integration, and demand flexibility. Eighty-two percent of the population growth
through 2030 is expected in emerging economies, where many countries lack mandatory energy
codes. This project seeks to develop a flexible building code framework with specific countries to
streamline the development and adoption of consensus-based national/subnational model
building codes, supporting tools, and training.

US DOE, US State Department, PNNL, IEA, ICC, WRI, WBCSD, Climate Group, C40, WorldGBC,
UNEP, GlobalABC, Australia, Canada, Germany, Namibia, Ghana, Colombia, Kenya, Vietham

2024-2025





CEBD Proposed Project ASHRAE

Title: Optimizing PCR Protocols for Enhanced EPD Precision in HVAC&R
Manufacturing

Scope:
Establishing Product Category Rules (PCRs) is pivotal for standardizing
environmental assessments in the equipment industry, aligning with the significance
of Environmental Product Declarations (EPDs) for sustainability. Currently, gaps exist
in PCR frameworks, hindering comprehensive evaluations. This project aims to
bridge these gaps by developing robust PCRs, addressing data collection, life-cycle
assessments, and third-party verification. Through the creation of customized PCRs,
we enable manufacturers to produce precise EPDs. This allows all parties to make
well-informed choices grounded in clear environmental performance data.

Collaborators: AHRI. CSA. ISO. GRI Standard 244P — Sustainability Assessment for
’ ’ ’ Mechanical, Electrical, and Plumbing Products

Timeline: 2024-2026





CEBD Proposed Project ASHRAE

Title: Update HVAC Equipment Service Life Data

Scope: The project will update ASHRAE’s equipment service life tables from 1978 and 2005
data. Determining the useful life of equipment is important to understand the
embodied carbon impact of equipment replacement over a building’s lifetime and in
developing building decarbonization roadmaps. The source of equipment service life
is Chapter 38 of the ASHRAE HVAC Applications Handbook. In 1978, ASHRAE
published research project RP-186, which contained service life data for HVAC
equipment. In 2005, research project TRP-1237 gathered updated data on
equipment, but not as comprehensive as RP-186. Both data sets need updating due
to new manufacturing processes and equipment categories.

Collaborators: AHRI

Timeline: 2024-2026





CEBD Proposed Project

Title: Standardizing Whole Life Carbon Calculations for Building Systems

Scope: The whole life embodied carbon impact of Mechanical, Electrical, and Plumbing
(MEP) systems can constitute up to 50% or more of a building’s total carbon
footprint. It is, therefore, critical to understand and minimize the carbon
contributions of these systems during the planning, design, construction, operation,
and end-of-life phases of a building’s lifecycle. This project aims to establish a
consistent framework for calculating the embodied carbon of MEP systems,
including the impacts of equipment, refrigerants, ducts, and piping. The anticipated
outcome is a set of robust, practical methodologies adaptable to various building
types and scalable across different project sizes.

Collaborators: MEP 2040, CLF

Timeline: 2024-2026





CEBD Proposed Project

Title:

Scope:

Collaborators:

Timeline:

Decarbonizing Single-Family Homes: A Guide for Sustainable Retrofits

Single-family homes, which represent a significant portion of the residential sector,
contribute up to 18% of national GHG emissions. This emphasizes the importance of
clear guidance to decarbonize these dwellings. Urban areas, responsible for a
substantial share of emissions, further highlight the need for this project. It
addresses retrofitting challenges in single-family homes by focusing on building
electrification, envelope retrofitting, and the integration of renewable energy. This
guide aims to consolidate data and strategies to streamline retrofit initiatives,
thereby aligning with global and ASHRAE emission reduction targets.

RBC, 90.1

2025





Questions

Thanks for the time.

 Special Projects Chair — Costas Balaras (costas@noa.gr )

* Tech Council Chair — Wade Conlan (wconlan@hanson-inc.com )

* Tech Council Vice Chair — Devin Abellon (dabellon@pwsigroup.com )




mailto:costas@noa.gr

mailto:wconlan@hanson-inc.com

mailto:dabellon@pwsigroup.com



2025 ASHRAE

WINTER CONFERENCE

ORLANDO, FEB 8-12 | AHR EXPO, FEB 10-12

TC Chair Breakfast

Conferences & Expositions Committee (CEC)

Maggie Moninski, Chair CEC





2025 Winter Program Statistics

Proposals Proposals

Submitted Scheduled

Panel Sessions 3
Forum Sessions 3
Seminar Sessions: 63
Workshop Sessions 4
Debate Sessions 2
Total 198 75

Total with Paper Sessions 113

Program






ASHRAE

Upcoming Conferences






Annual Phoenix — June 21-25, 2025

Conference Chair : Craig Bradshaw, (crbrad@illinois.edu)

« Fundamentals and Applications
« Atilla Biyikoglu (abiyik@gazi.edu.tr)

* HVAC&R Systems and Equipment
* Ng Yong Kong (nyk@nyk.com.my)

* Research Summit
« Haotian Liu (sjtulht@hotmail.com)

 Workforce Development
* Anuj Gupta (anuj@design2occupancy.com)

* Industrial Ventilation, Refrigeration, Air-Conditioning and Energy Utilization
* Vinod Venugopal (vinodpvgopal@gmail.com)

 Heat Pumps, Refrigerants and Decarbonization
* Money Khanna (khannamoney@gmail.com)

» On-Site Energy Storage
» Kevin Brown (kevin@kbsquared.net)





Key Dates - Phoenix

* November 20, 2024:. Conference Paper Abstracts due
 December 13, 2024: Conference Paper Abstract Accept/Reject Notifications

« January 3, 2025: Website Opens for Seminar, Workshop, Panel, Debate, and
Forum Proposals and Extended Abstracts

* February 26, 2025: Seminar, Workshop, Panel, Debate, and Forum
Proposals Due

* March 5, 2025: Conference Paper and Extended Abstracts Due

« April 11, 2025: Seminar, Workshop, Panel, Debate, and Forum
Accept/Revise/Reject Notifications





Winter Las Vegas — Jan 31-Feb 4, 2025

Conference Chair : Aaron Boranian (aaron.boranian@bigladdersoftware.com)
Tentative Tracks

« Fundamentals and Applications

« HVAC&R Systems and Equipment

Refrigeration and Refrigerants

Research Summit

Energy Storage and Grid Resiliency

Pathways to Building Decarbonization

Artificial Intelligence

« Advancements in Construction

« Ventilation and Indoor Environmental Quality for Healthy Buildings
» Future-Proofing the Built Environment

Other details yet to be fully defined.

TC Program Subcommittee Training on Tues, February 11, 11:15am-12pm in room Clear Lake
(Lobby Level) for more information.





Upcoming Conferences

Third International Conference on Energy and Indoor Environment for Hot Climates

« April 23-24, 2025 — Doha, Qatar
CLIMA 2025 (REHVA conference, organized and executed by AICARR, and endorsed by
ASHRAE)

« June 4-6, 2025 — Milan, Italy
2025 ASHRAE Conference for Integrated Design, Construction & Operations (call for
presentations open)

* August 13-15, 2025 — Denver, Colorado

IEQ 2025 Conference
« September 24-26, 2025 — Montreal, Quebec, Canada

2025 ASHRAE Building Decarbonization Conference
« October 22-24, 2025 — Chicago, lllinois

Buildings XVI Conference
« December 8-11, 2025 — Clearwater Beach, Florida




https://www.ashrae.org/conferences/topical-conferences/third-international-conference-on-energy-and-indoor-environment-for-hot-climates

https://www.climaworldcongress.org/

https://www.ashrae.org/conferences/topical-conferences/2025-ashrae-conference-for-integrated-design-construction-operations

https://www.ashrae.org/conferences/topical-conferences/ieq-2025-conference

https://www.ashrae.org/conferences/topical-conferences/2025-ashrae-building-decarbonization-conference

https://www.ashrae.org/conferences/topical-conferences/2025-building-xvi-conference



CEC Notes

o TC Program Subcommittee Training
o Tuesday February 11, 11:15 — 12:00 Clear Lake (Lobby Level)






Questions?

Maggie Moninski, Chair CEC

maggie.moninski@gmail.com

Kristen Cetin, Vice Chair CEC
cetinkri@msu.edu




mailto:maggie.moninski@gmail.com

mailto:cetinkri@msu.edu



ASHRAE

Overview of Government Affairs Department
For TC/TG Chairs Breakfast Meeting — Winter 2025 - Orlando

Alice Yates
Director of Government Affairs
February 2025






Government Affairs Staff: Who Are We?

We have a team that is ready to support you!

Contact all of us at GovAffairs@ashrae.org

Alice Yates Jacob Karson Emily Porcari  Bryce Causey  Neil Gavigan Chris Miller
Director Advocacy & Outreach State & Local Federal Policy Analyst Office Manager





ASHRAE Government Affairs Website: a Multitude of Resources and Information

https://www.ashrae.org/about/government-affairs

Shaping Tomorrow's Buiit et Ao Yo Lo o . =
ASHRAE Environment Today What Are You Looking For’ be) KT I Y B00ksTORE [ HELLOCHRIS

GOVERNMENT AFFAIRS

SHIRETHIS B @ = = <

Government Affairs Update

Member Resources: Policy Positions and Stay Updated
Advocacy Toolkit Issues T W

Gove and Prov cted to
Government Outreach Days. Positio etters, state activities
and testimony on key policy areas of
{ LEARN MORE } interest to ASHRAE ‘ GET THE LATEST }
LEARN MORE }






What Staff Have Been Assigned To Do

ASHRAE Government Affairs Mission Statement:

* To establish ASHRAE as a leading source for expertise in the built environment and a resource
for policy-makers in the development of legislation and regulations affecting the public, the
HVAC&R community, and the engineering profession.

* To this end the ASHRAE Washington D.C. office will:

oBuild relationships between the Society and all levels of government in the United States
and with the appropriate international community representatives.

oFacilitate the transfer of technical counsel and assistance on matters affecting the public,
engineering profession and ASHRAE professional community.

oCollect, digest and disseminate to members and staff relevant information regarding current
or anticipated government actions.

oPursue technology transfer and government funding opportunities
independently or jointly with other appropriate organizations.





Key Areas of Focus for Government Affairs Staff

" » TN Y

* Bi-Weekly Government Affairs Updates
e Support and planning for Government Outreach Events

* Tremendous Growth: 136 GOEs in SY23-24

Public Law 110-140

e * Tracking legislation and regulations, drafting letters and

To mave the United States toward greater smergy independence and secutity, to
inerease the peoduction of dean rencwable foels, 10 pretect consumery, 1o &
1he efficincy of products, bsaldings, und vehicles, to peomote resssrvh

HR & deploy greenhouse gas capture And storage optisns, and to improve the energy t ° e ° °

estimony, connecting members with agencies an
Be it enacted by the Senate and House of Representatives of ’

Erergy the United States of America in Congress assembled,

ledependrice
lf‘.z {w:::l: Ac SECTION L SHORT TITLE; TABLE OF CONTENTS.

e e elected officials, strengthening relationships with

is ps follows

Teaso
v and

Hec | Short title, table of contenta
Sec. 1. Defimitions
Sec 3. Relationsbip to vtber law

aligned organizations

Hadtitte A Limreased Coxpaaribe Average Purd Eomuny Sandanis

Sec. W01, Shont ttle
Sec. 102 Average fuel econcemy standasds foe autsmobides and certain wiber whi-
clen

e Supporting webinars, briefings, and hearings for policy

See. 103
Sec. 104
Hee 105. Ce informsation

Sec. 106, Comtinued applicatelity of existing standards
Sec. 107 National Acadeiny of Scences stodus
Sec. W08, National Academy of Scwnces study of medium-duty snd beavy-duty

truck feel econosoy
See. 100, Extenwion of flexible fuel vehucle credit progrum
See ( riodic review of accurscy of foel ecenotny labeling procedures

umer tire information
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Recent Letters and Testimony

1-31-2025- Letter Supporting Maryland HB 339, “Residential Rental Apartments — Air Conditioning Requirements”

* 1-30-2025 -Testimony on NE LB 163 to the NE Committee on Natural Resources

* 1-29-2025- Joint Comment Letter Supporting FEMA’s Public Assistance Mitigation Cost Share Incentives Policy

* 1-23-2025- ASHRAE Letter in Opposition to Hawaii Senate Bill 48 “Relating To Building Codes”

* 1-23-2025- ASHRAE Letter in Opposition to Hawaii Senate Bill 120 “Relating To Building Codes”

* 1-17-2025- ASHRAE Letter of Support of New Hampshire House Bill 93, "Requiring New Hampshire builders to use the
2021 Energy Building Codes"

* 1-17-2025- HVACR Alliance Letter to 119th Congress

* 1-16-2025- District of Columbia State Public Meeting on Indoor Air Quality in Schools

* 1-12-2025- Letter to European Commission with Technical Input on the Study for the review of Commission Regulation
(EU) 2019/424 (Ecodesign requirements for Servers and Data Storage products)




https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-support-letter-for-md-hb-339.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/ne-lb-163.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/joint-comment-letter-supporting-fema-s-public-assistance-mitigation-cost-share-incentives-policy.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/knight-letter-of-opposition-to-hi-sb-48.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/knight-letter-on-hi-sb-120-final-draft-.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/nh-hb-96.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/nh-hb-96.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/hvacr-alliance-letter-to-119th-congress-jan2025.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-opening-statement-dc-sboe-iaq.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/operating-temperature-of-data-centers.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/operating-temperature-of-data-centers.pdf



Recent Letters and Testimony (cont.)

11-12-2024- FY25 EE Funding Ltr to Appropriators

11-08-2024- Comments re: Oregon Proposed Building Energy Performance Standards

11-07-2024- Response to DOE RFl on Frontiers in Al for Science, Security and Technology Initiative

10-09-2024- Comments re: Maryland Building Energy Performance Standard Regulation

9-25-2024- Green Building Groups Affirm Support for Zero Emissions Buildings
9-19-2024- NIST FY25 Support Letter
9-13-2024 - Letter to Vice President Harris Presidential Campaign Regarding Affordable Housing and Codes

9-3-2024 — Letter to New Jersey Governor Murphy on S. 2188, “An Act Concerning Legionnaires’ Disease”

08-22-2024 - ASHRAE Letter re: California Building Energy Performance Strategy Report
07-18-2024 - ASHRAE Letter of Support for the Pro Codes Act
07-08-2024 - Committee for the Study for the review of Commission Regulation 2019/424 (Ecodesign of

Servers and Data Storage Products) Task 6 Design Options




https://www.ashrae.org/file%20library/about/government%20affairs/ee-coalition-fy25-conference-letter-11.12.24.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/comments-re-oregon-proposed-building-energy-performance-standards.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/response-to-doe-rfi-on-frontiers-in-ai-for-science--security-and-technology-initiative.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-comments-re-md-bps-nopa.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/national-zero-emissions-definition-statement-for-climate-week.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/nist-fy25-support-letter_finalsigned.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-letter-to-vp-harris-re-affordable-housing-and-codes.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-letter---s.-2188-legionnaires--disease.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-comments---docket-24-bps-01.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/ashrae-letter-of-support-for-the-pro-codes-act.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-tc-9.9-technical-input-ltr-to-eu-commission.pdf

https://www.ashrae.org/file%20library/about/government%20affairs/public%20policy%20resources/ashrae-tc-9.9-technical-input-ltr-to-eu-commission.pdf



Key Topics of Interest ASHRAE

*Building code updates and revisions
*Indoor Air Quality - especially new IAQ requirements for
schools

*Decarbonization/Electrification — majority of these bills are
outside the scope of ASHRAE policy positions

*Data Centers

*Building Performance Standards
*Refrigerants

*Affordability — Costs
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THREATS

Climate, building decarbonization, energy efficiency regulations and tax

incentives are under attack by some interests that believe:

* Government is over-reaching

* Regulations (including building standards/codes) could negatively impact
jobs, the economy, and affordability

e Scientific claims are unfounded

ASHRAE’s long-standing private-public partnership with government may be

challenged:

e Participation of federal government employees

* Lawsuit against federal agencies (HUD and USDA) that use ASHRAE (and
|ICC) standards





U.S.

Federal: A New Administration

43 Executive Orders, Presidential Memoranda, and Proclamations,

INC

uding:

Declaring a National Energy Emergency

Directs agencies to utilize their statutory emergency powers to speed
up development and authorization of fossil fuel energy projects

*Unleashing American Energy

Calls for an immediate “pause in the disbursement of funds”
appropriated through the Inflation Reduction Act and Investment
Infrastructure and Jobs Act





Areas of Focus for the U.S. Congress

* Appropriations: March 14 deadline for FY25; Summer focus: FY26
 Challenges with funding for our federal partners (DOE BTO, EPA ORIA, NIST)
* Possible opportunities for report language to guide investments

* Budget Resolution and Reconciliation
* Extension of 2017 tax cuts (S5 trillion over 10 years per the CBO)
* Possible elimination of tax incentives that support HVACR investments
* Threats to non-profits like ASHRAE

* Congressional Review Act

* Rules issued after August 16, 2024, are at risk of being overturned through a joint resolution of disapproval (several CRA
bills already introduced)

» DOE/EPA energy regulations at risk (water heaters, walk-in coolers/freezers, refrigerants)

e Possible EPCA Reform





Resilient and strong built environment — rather than climate change and
decarbonization.

Productive and healthy workplaces — rather than improved IAQ/IEQ.
Economic growth from HVACR investments — rather than HVACR
investments to improve sustainability and mitigate climate change.
Reduction of waste, energy security, grid resiliency & reliability — rather
than clean energy generation.

Support for our military and jobs — rather than decarbonizing DOD.

ASHRAE is a private-sector organization that creates industry consensus-
based voluntary standards





OPPORTUNITIES

* Private sector resources and public-private partnerships

* National Technology Transfer and Advancement Act

 Electric grid under increased strain
 Data centers / Al
 Manufacturing

e Sustained interest in IAQ/Healthy buildings, especially in schools
* Resilience from natural disasters

« Affordability — energy efficiency saves money





State and Local Outlook

* 46 state legislatures are currently in session; most will be in session
through June

e Staff have reviewed approximately 3,000 bills
* 150 flagged as priority — and most relevant to ASHRAE

* Trends in state and local legislation:

* Building code updates and revisions

* Indoor Air Quality - especially new IAQ requirements for schools

* Decarbonization/Electrification — majority of these bills are outside the
scope of ASHRAE policy positions





Share your Expertise with Government Officials through the new “SMEs for ASHRAE

GOEs” Program

.+ Policymakers and elected officials need your expertise to make better decisions
as they craft legislation and regulations impacting HVAC&R and the built
environment.

* The Government Affairs Committee (GAC) has developed a new program to
identify Subject Matter Experts (SMEs) who can effectively communicate with
non-technical audiences such as government officials

* BE THE SOURCE of technical expertise for these decisions!

*Scan the QR code to learn more and apply!

e Questions? Email GovAffairs@ashrae.org




mailto:GovAffairs@ashrae.org



ASHRAE

Questions?






ASHRAE’s Role in the Globalization of Standards ASHRAEGD

Global Technical Interactions Committee (GTIC) Activities






ISO WORKSHOP SEPTEMBER 2024

* On September 30, 2024, keynote speakers from Industry organizations presented their views
on standardization leading to harmonization in Saint Denis, France.

* The main purpose is to bring attention to, and discuss, the opportunities in developing and
using 1SO standards to meet the global needs of decarbonization and energy efficiency in the
built environment.

* The speakers provided an outlook on global trends to specific policies, regulations, and
methods for alignment globally with Europe.

e Link to Workshop presentations






GTIC Survey Initiative

* In May 2024, GTIC’s Regions & Chapters Interaction Subcommittee
developed and distributed a survey to Chapters and Industry Associations to
gather information on how ASHRAE standards are currently used in their
respective regions.

* The information will provide insight on what ASHRAE can do to assistin
promoting/adopting/adapting ASHRAE products and services in their
countries.

* ASHRAE can support HVAC&R needs in achieving global alignment with
Energy and Decarbonization goals in the coming years

e Link to Survey




https://www.surveymonkey.com/r/GPQNWNP



Responses by Region

Total- 57 responses
32 Countries Responses thru ASHRAE Regions
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Next Steps ASHRAE

GTIC proposes to launch pilot project(s) with standards of
high demand and interests.
*Process to be developed and modified as needed
*GTIC to define resources within ASHRAE





ASHRAE

1ISO TAG ACTIVITIES






Where does ASHRAE fit in ISO?

Administrative support for TAGs is delegated by ANSI to accredited Secretariats that
are usually ANSI SDOs.

ASHRAE serves as Secretariat for five U.S TAGs

* |SO/TC 86 Refrigeration and air-conditioning

e |SO/TC 142 Cleaning equipment for air and other gases

* |SO/TC 163 Thermal performance and energy use in the build environment

e |SO/TC 205 Building environment design

e |SO/TC 59/SC 13 Organization and digitization of information about buildings and
civil engineering works, including building information modeling (BIM)





®

How do ASHRAE TCs and ISO Working Groups ASHRAE
Relate to Each Other?

ASHRAE Technical Committee ISO Subcommittee/Working Group

TC 1.4, Control Theory and Application ISO/TC 205/WG 3, Building Automation and Control System (BACS) Design
TC 2.9, Ultraviolet Air and Surface Treatment ISO/TC 142/WG 2, UV-C Technology

TC 4.1, Load Calculation Data and Procedures ISO/TC 205/WG 9, Heating and cooling systems

TC 4.7, Energy Calculations ISO/TC 163/SC 2, Calculation methods

TC 5.5, Air-to-Air Energy Recovery ISO/TC 86/SC 6/WG 10, Energy Recovery

TC 6.5, Radiant Heating and Cooling ISO/TC 205/WG 8, Radiant heating and cooling systems

TC 7.6, Building Energy Performance ISO/TC 205/WG 2, Design of energy-efficient buildings

TC 8.1, Positive Displacement Compressors ISO/TC 86/SC 4/WG 2, Positive displacement refrigerant compressor
MTG.BIM, Building Information Modeling ISO/TC 59/SC 13, Organization and digitization of information about

buildings and civil engineering works, including building information
modelling (BIM)





ISO/TC 86 Committee Structure

ISO/TC 86

Refrigeration and air-conditioning
Secretariat: ANSI [USA]

1SO/TC 86/SC 1
Safety and environmental requirements
for refrigerating systems
Secretariat: ANSI [USA]

1SO/TC 86/SC 1/WG 1
Safety and environmental
requirements for refrigerating
systems and heat pumps

[
1SO/TC 86/SC 4
Testing and rating of refrigerant
compressors
Secretariat: SAC [China]

1SO/TC 86/SC 4/AHG
Work programmes of refrigerant
compressor standards

1SO/TC 86/SC 4/WG 2
Positive displacement refrigerant
compressor

1SO/TC 86/SC 4/WG 3
Centrifugal refrigerant
compressor

1SO/TC 86/SC 4/WG 4

Revision of ISO 917

|
1SO/TC 86/SC 6
esting and rating of air-conditioners and|
heat pumps
Secretariat: JISC [Japan]

1SO/TC 86/SC 6/AHG 1
Thermoelectric refrigerating
system

1SO/TC 86/SC 6/TG 13
Next generation of
performance standards

1SO/TC 86/SC 6/WG 1
[ Air-source air-conditioners
and heat pumps

1SO/TC 86/SC 6/WG 3
Water and brine source heat
pumps and air-conditioners

1SO/TC 86/SC 6/WG 10
Energy recovery ventilators

1SO/TC 86/SC 6/WG 12
Heat pump water heaters

1SO/TC 86/SC 6/WG 14
Update of measuring
technologies

I1SO/TC 86/SC 6/WG 15
Advanced performance
standards

1SO/TC 86/SC 6/WG 16
Data for building systems
simulation

|
1SO/TC 86/SC 7
Testing and rating of commercial
refrigerated display cabinets
Secretariat: UNI [Italy]

1SO/TC 86/SC7/WG 1
Refrigerated, blast cabinets
and ice makers for
professional use

1SO/TC 86/SC 7/WG 2
Commercial beverage coolers
and ice cream freezers

1SO/TC 86/SC 7/WG 3

Commercial refrigerated
display cabinets

1SO/TC 86/SC 8
Refrigerants and refrigeration lubricants
Secretariat: ANSI [USA]

1SO/TC 86/SC 8/MA
1SO 817 Maintenance agency

1SO/TC 86/SC 8/TF 1
1SO 817 Technical Alignment

1SO/TC 86/SC 8/TF 2
Toxicity safety classification

1SO/TC 86/SC 8/TF 3
Refrigerant stability
classification

1SO/TC 86/SC 8/WG 5
Refrigerants — Designation and|
classification

1SO/TC 86/SC 8/WG 7
Refrigerant properties

1SO/TC 86/SC 8/WG 8
Burning Velocity Test Methods

1SO/TC 86/AHG 1
1SO/PWI 24111





ISO/TC 86 Scope

Standardization in the fields of refrigeration and air-conditioning, including
terminology, mechanical safety, methods of testing and rating equipment,
measurement of sound levels, refrigerant and refrigeration lubricant chemistry,
with consideration given to environmental protection. The scope includes factory-
assembled air-conditioners (cooling), heat pumps, dehumidifiers, refrigerants, and
refrigerant reclaiming and recycling equipment as well as other devices,
components and equipment such as humidifiers, ventilation equipment and
automatic controls used in air-conditioning and refrigeration systems that are not
covered by other ISO technical committees.





ISO/TC 205

Building Environment Design

WG 1 — General principles

WG 2 — Design of energy-efficient buildings

WG 3 — Building automation and control system (BACS) design

WG 6 — Indoor acoustical environment

WG 7 — Integration of nature and biodiversity in building design

WG 8 — Radiant heating and cooling systems

WG 9 — Heating and cooling systems

WG 10 — Commissioning

JWG between TC 163 and TC 205 (TC 163/WG 4) - Energy performance of buildings using a holistic
approach

AG 1 between TC 163 and TC 205 — Coordination of ISO 52000 family
JWG 11 between TC 205 and TC 163 - Moisture damage

JWG 12 between TC 205 and ISO/TC 274 — Indoor visual environment





ISO/TC 205 Scope

Standardization in the design of new buildings and retrofit of existing buildings for
acceptable indoor environment and practicable energy conservation and
efficiency. Building environment design addresses the technical building systems
and related architectural aspects, and includes the related design processes,
design methods, design outcomes, and design-phase building commissioning.
Indoor environment includes air quality, and thermal, acoustic, and visual factors.

https://www.iso.org/committee/54740.html|




https://www.iso.org/committee/54740.html



ISO/TC 163

Thermal performance and energy use in the built environment

SC 1 — Test and measurements methods

SC 2 - Calculations methods

SC 3 —Thermal insulation products, components and systems

WG 4 — Joint TC 163 and TC 205 — Energy performance of buildings and holistic approach





ISO/TC 163 Scope

Standardization in the field of building and civil engineering works of:

* thermal and hygrothermal performance of materials, products, components,
elements and systems, including complete buildings, both new and existing, and
their interaction with technical building systems;

* thermal insulation materials, products and systems for building and industrial
application, including insulation of installed equipment in buildings

https://www.iso.org/committee/53476.html




https://www.iso.org/committee/53476.html



ISO/TC 142

Cleaning equipment for air and other gases

WG 1 - Terminology

WG 2 — UV-C Technology

WG 3 — General Ventilation Filters

WG 4 — HEPA and ULPA Filters

WG 5 — Dust Collectors, Droplet Separators and Purifiers
WG 7 — Cleanable filter media used in industrial applications
WG 8 — Gas-phase air cleaning devices

WG 9 — Rotary machinery

JWG 10 — Aerosol filters for nuclear applications

JWG 11 — Portable room air cleaners

WG 12 — Sustainability

WG 13 — Biological equipment for water gas treatment

WG 14 — Test Method for airborne microorganism filtration efficiency and decontamination
efficiency





ISO/TC 142 Scope

Standardization in the fields of terminology, classification, characteristics, and test
and performance methods for air and gas cleaning and disinfecting equipment for
general ventilation and industrial applications.

Excluded :

* exhaust gas cleaners for gas turbines and IC engines in mobile equipment, this
being within the scope of other ISO technical committees;

* filters for personal protection equipment which are the field of work of technical
committee ISO / TC 94;

e cabin filters in mobile equipment covered by ISO / TC 22, 23 and 127.





ISO/TC 59/SC 13 Scope

SC 13 is charged by TC 59 to focus on international standardization of information
through the whole life cycle of buildings and infrastructure across the built
environment

* to enable interoperability of information;

* to deliver a structured set of standards, specifications and reports to define,
describe, exchange, monitor, record and securely handle information, semantics
and processes, with links to geospatial and other related built environment
information;

* to enable object-related digital information exchange.





How Can ASHRAE Members Get Involved in International Standards? ASHRAE

ASHRAE members can get involved in international standards by:
* Joining a U.S. TAG

* Attending ISO meetings as a U.S. expert
* Agree to be a resource for TAGs to reach out to for review of documents

NOTE: INTERNATIONAL TRAVEL IS NOT REQUIRED TO PARTICIPATE!

Interested in getting involved?
Contact Kai Nguyen (knguyen@ashrae.org), AMOS - | for more information




mailto:knguyen@ashrae.org



PUBLICATIONS COMMITTEE ASHRAE






ASHRAE Special Pubs Master List with Cognizant TCs
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2 TCO07.01 Understanding Psychrometrics, Third Edition 2013 20167 2023 Deemed historical so ok as is, ne need te review
" Fundementals of HVAC Systems, I-P and Sl [eLearning textbcok] 22%%67' 2022  Currently undar review
. TEOT.02 L ndamentals of HVAC Control Systems, I-F and SI [eLeaming texthook] 2ggff” 2022 Currently under review
5 Dampers and Airflow Centrols (also TC 05 0Z) 2010 90138 2023 TC 52 stated they would review; haven't received update
7 Fuel Cells for Building Applications 2002 RP-1058 20449 2024  May submit PTAR to revise
3 TCO01.10 ASHRAE Dasign Guida far Combusticn Turkine Inlet Cocling, 2ed 2022 RP-1762 90384 nfa 2027
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TCs and Publications  Resgurces for TCs + i 4 B

Ready T Actes: oilily: ive:uge e H B F -—F—+ 3%
» & 242 PM
£ Type here te scarch et i z






TC Form for Reviewing Older ASHRAE Publications

TC Form for Reviewing Older ASHRAE Publications ASHRAE

ASHRAE staff needs your expertise! It is essential that ASHRAE pub'ishes relevant, up-to-date technical content, and
Publications staff is not qualified to make such determinations. Your feedback will help determine whether a publication
needs revisions and, if so, to what extent. THANK YOU for taking the time to review this publication. Please complete
this form online at www.ashrae.org/TCpubreview or submit this filled-out PDF to ASHRAE Special Publications.

Note:

Title reviewed: Reviewing TC #:

The following checklist is a starting point that TC members can use when asked to review an older ASHRAE publication. ReVI ews Of
The TC may wish to apply additional criteria not listed here. e 4.
existing books
MANDATORY CONSIDERATIONS
e Does this publication address a topic that is of interest/valuable to those in the HVAC&R industry today? on |y come u p

ol P L about once
e |s the information provided in this publication current or out of date/no longer relevant?
0 Current I Qutof date/no longer relevant eve ry 4 yea rs

e Are there advances in the industry, revised best practices, or new technologies, procedures, resources, and/or
computer programs, etc., that should be included in the coverage of this publication’s topic?

0 Yes O No If yes, please list:

e What do you recommend as the next step for this publication?

[J Continue to sell as is, in both print and PDF formats

Continue to sell as is, but only as a PDF (not print)

o
o

[ Revise/update content and sell new edition

] Remove from sale and do not revise/update

e If yourecommend that ASHRAE revise/update and sell a new edition of this publication:

o Do you feel a revision of this publication would require new rescarch to be conducted?

0 Yes I No
o Do you feel the TC is capable of completing the required revision work?
O Yes I No Why?

o Do you feel the revision could be completed on a volunteer basis or would require funding?
0 Volunteer basis [0 Funding required  Why?






Submission and Contact information for Publishing with ASHRAE

ASHRAE

Publication Type

How to Submit Proposals

ASHRAE Staff Contact

ASHRAE Journal articles
(technical, for practicing
engineers)

www.ashrae.ora/technical-resources/ashrae-
journal/submission-quidelines-for-ashrae-journal

ASHRAE Journal Editor,
Drew Champlin,
DChamplin@ashrae.org

Books Individual authors, authoring groups, and Special Publications
TC/TG/MTG volunteer efforts: Editor, Cindy Michaels,
http://cms.ashrae.bizforms/pubplan/index.php cmichaels@ashrae.org
TC/TG/MTG paid efforts: Use the Publication Topic Manager of Research
Acceptance Request template available at and Technical Services,
hitps:/Awww.ashrae.org/technical-resources/research morts@ashrae.net

ASHRAE Journal Podcast Submit topic or guest suggestions via email to

ASHRAE Journal Managing Editor Kelly Barraza at kbarraza@ashrae.org

Insights, HVAC&R Industry
News, and ASHRAE Journal
Newsletter

Submit article or topic suggestions via email to

ASHRAE Journal Assistant Editor Mary Sims at msims@ashrae.org

CDs/DVDs/Software/
Online databases

http://cms.ashrae.biz/forms/pubplan/index. php

Special Publications
Editor, Cindy Michaels,
cmichaels@ashrae.org

Apps hitps:/xp20.ashrae.org/securefspecial pubs/app propose/ | Special Publications
Editor, Cindy Michaels,
cmichaels@ashrae.org

Translations of ASHRAE'’s Submit requests to translate specific titles via email to

books, standards, guidelines,
position documents, white
papers, or reports

Special Publications Editor Cindy Michaels at cmichaels@ashrae.org






Flowchart of Publication Paths for Book Projects

Special Publication Path

Volunteer individual or group (Author) submits
Publications Request Form
(https://fforms.ashrae.org/forms/PublicationsRequest)
to Publications Committee

v

Publications Committee votes on project ]
Author signs contract with Author may submit again with

revised proposal or using

Director of Publications
another publication path

and Education

|

Author develops manuscript using
Interactive Authors’ Manual for Books and Papers at
www.ashrae.orghechnical-resources/authoring-tools/books

Man usfzript sentto TC TC comments/feedback
I review
as determined with/by TC acdigssed by Alithor

Final manuscript is sent to
TC for approval ’

Final content and TC approval submitted to Editor of ]

Special Publications per
Submitting Manuscripts to ASHRAE Special Publications at
www.ashrae.orghechnical fauthoring-tools/b

l

Special Publications editor edits and lays out publication

l

r Editor sends proof ] ‘( Author responds to 1

PTAR Path

TC or TC subcommittee (Author) submits Publication Topic Acceptance Request - Template
(at www.ashrae.orgftect /1 ch) to request funding for publication to

Research Administration Committee

!

(RAC) shares PTAR with Publications Committee ]

h Admini ion C

v

Publications Committee votes on project

(S

onditionally’
Accept

v

[ RAC votes on project ]

Author may submit again with revised proposal
or using another publication path

Author submits Work Statement for Publication (WSP) to RAC

!

RAC votes on project

RAC administers funding

Author signs contract with
Executive Vice President

Author develops Proposal Evaluation Subcommittee (PES)
and Project Monitoring Subcommittee (PMS)

l

Author develop ipt using | Authors’ Manual for Books and Papers
at www.ashrae.orgftechnical-resourcesfauthoring-tools/books

v

( Manuscript sent to PMS for review ] ‘( PMS comments/feedback ]






Authoring Tools Available from the ASHRAE Website

Write for ASHRAE

© Home | ashrae.org

c 25 ashrae.org

“© ASHRAE | Outiook @ M-W & Basecamp @ Onehub Barracuda % Barcodes g MSloginbypass <® TitlePurpScop @ MsmntConv @ CompDistr W Bing Translator it SpanishDict € CMOS @ Nucleus

@ Artificial intefligence (Al) policy: ASHRAE prohibits the entry of content from any ASHRAE publication or related ASHRAE intellectual property (IP) into any Al oo}, including but not limited to ChatGPT. Additionally, creating derivative works of ASHRAE IP using Al is

also prohibited without express written permission from ASHRAE.

Shaping Tomorrow’s Global

4 3 What Are You Looking For?
Built Environment Today e L

®
ASHHAE JOIN  VOLUNTEER  MAKE A GIFT m

ASHRAE Journal Handbook Standards and Guidelines

TECHNICAL RESOURCES ~ PROFESSIONAL DEVELOPMENT ~ CONFERENCES ~ COMMUNITIES ~ MEMBERSHIP ~

EXPLORE

BOOKSTORE (2! STANDARDS & GUIDELINES 90.1 PORTAL RESEARCH AUTHORING TOOLS
ASHRAE LIBRARY (' Continuous Maintenance ASHRAE HANDBOOK ASHRAE RP Citation and Abstract Indexes
TECHNOLOGY PORTAL Project Committees (PCs) ASHRAE JOURNAL Purchase Research Report Terminology # ¢
7
TECHNICAL APPS Tolkit Featured Articles & PUBLTCTTD = 3
; : '

FREE RESOURCES Public Review Drafts ASHRAE Journal Podcast Research Strategic Plan T T !

Purchase Standards & i -
ASHRAE 365 APP e Hot Air TECHNICAL COMMITTEES RESILIENCE ACTIVITIES

Guidelines &'
BUILDING EQ S — HIGH PERFORMING BUILDINGS (7  SCIENCE AND TECHNOLOGY FOR REFRIGERATION

THE BUILT ENVIRONMENT

AEDGS Standards Addenda SUPPLIER-PROVIDED LEARNING RESIDENTIAL
CENTER OF EXCELLENCE FOR Staiidtinds Bt ASHRAE TRANSACTIONS THANSLATER FUBLEATIONS STBE Books Papers
BUILDINGIECARRONIZATION Standards Interpretations ASHRAE CONFERENCE PAPERS
(CE8D) Apply to a Project Committee EXPLORE EXPLORE EXPLORE

Books

EXPLORE

Interactive Authors' Manual

ASHRAE's Publishing Ethics

ASHRAE S| Guide for HVAC&R

ASHRAE Commercialism Policy and Guidelines
Figure Permission Scenarios

Permission Request Form

Submitting Manuscripts to Special Publications





Contacts for Publications Committee

Publications Committee Chair
PubChair@ashrae.net

Publications Committee Vice Chair
PubVChair@ashrae.net

Special Publications Editor, Cindy Michaels
SpecialPub@ashrae.net
or directly at cmichaels@ashrae.org

ASHRAE Journal Editor, Drew Champlin
dchamplin@ashrae.org





ASHRAE Fellows






Overview

1) What is the Grade of ASHRAE Fellow
2) Tips & Suggestion for How to Apply (H&A)
3) Contributions of College of Fellows

4) Additional Resources





A member who has “attained distinction and made substantial contribution in

HVAC&R and the built environment”.,

 “Distinction” — as seen by his/her peers in the industry as a person of interest.

» “Substantial contribution” - one or more contributions to the industry which
had a notable, unique and positive impact in the advancement of the arts
and/or sciences of HVAC&R, the built environment and a sustainable world.






Tips & Suggestions for

e List of 1-3 key
projects/significant
work/research, MAJOR
notable, unique, positive
impact

- MANDATORY 100 word or
less description of the
nominee’s contributions
having a substantial
impact.

 This information gets
reviewed thoroughly!

* Work in education and/or research.

* Engineering design/consulting/forensics
work, including that of contractors,
manufacturers and representatives.

* Invention/original work.

* Engineering executive on projects of
unusual or important scope.

* Sharing knowledge, outreach such as
mentoring, publications, oral
presentations, involvement in industry
activities.

* Activities leading to advancement of
HVAC&R, built environment &
sustainability.






Nomination Applications &

 H&A considers state of the art of industry and » Service to ASHRAE? Consider
locale at time of contribution when determining nominating member for DSA or ESA
if project is considered “notable”.
 “Significant contribution” and “substantial

award instead.

impact” is not necessarily associated with a » Quantity vs. Quality. Large amounts of

physical project or “invention or research”. “routine work” does not qualify a
* Professional references (min 2) familiar with member for Fellow.

nature of contribution (not necessarily nature ,

of nominee). » Length of career. No requirement (But
* Nominee confirms applicants “positive impact a minimum of 10 years at Full

on advancement of arts and/or sciences of Member Grade in ASHRAE is

HVAC&R, built environment and sustainable required).

world” vs “pedigree” of references. » Highly visible projects using routine

technology vs. innovative & notable
technology/design used.





Nomination Process

* Review ASHRAE Fellow Nomination Checklist to make sure all that is needed is
included in the Fellow Nomination packet.

* Use most current version of Fellow Nomination form (check ASHRAE website).

* Nominator does NOT need to be a Fellow BUT, at least one letter of recommendation
DOES need to be written by a current ASHRAE Fellow.

* Be concise in nomination write-up. H&A Personal Awards Subcommittee reviews all
nominations, so be considerate of volunteer’s time.

* H&A always provides a reason why a member was not accepted for Fellow Grade. A
nomination can be resubmitted annually with no limit to the number of times.
Reasons are confidential and not to be shared.

e Future nominations submitted must address any deficiencies noted in the H&A
feedback provided.





ASHRAE

Contributions of College of Fellows includes:

*Graduate student travel awards

* Mentorship of earlier career ASHRAE members
*Giving and Sponsoring Seminars

*Currently working to do more!

*All activities are self funded and managed by the
College of Fellows





Additional

* Website

https://www.ashrae.org/membership/honors-and-awards#fellow
* Podcast Link

https://www.ashrae.org/news/ashraejournal/ashrae-journal-podcast-
episode-42

* Local Chapter H&A
e Current ASHRAE Fellows
* COF Executive Committee

https://www.ashrae.org/communities/college-of-fellows




https://www.ashrae.org/membership/honors-and-awards#fellow

https://www.ashrae.org/news/ashraejournal/ashrae-journal-podcast-episode-42

https://www.ashrae.org/news/ashraejournal/ashrae-journal-podcast-episode-42

https://www.ashrae.org/communities/college-of-fellows



ROSTER UPDATE ASHRAE






How to get access?

e Refer to email sent from ASHRAE
to TC Chair alias and also actual
email

* To request access, contact
* Your Section Head or
* Tara Thomas
tthomas@ashrae.org

J TCO— / .
|

9 hﬂos:.-'-"‘fc.:roster_as}uae.org.-’rosterU_ |

Below is your unique link for updating your Technical Committee roster:

Your Link I

You can update and save changes as often as you like; however, once the changes are submitted your updates are considered 1
FINAL. All updates go into effect Tuly 15 I
Special notes for updating your roster: |

You will notice that there is not a section to add new individuals. If someone has expressed interest in joining the
committee, please direct them to the website at www.ashrae.org/joinate. By joining online, the individual is instantly I
placed on the committee and gives them immediate access to committee functions.

Additional Notes — If there are changes needed that is not allowed on the update form, please list those changes in the
additional notes section.

If a member serves in multiple positions, you might see them listed duplicate times under the Membership List Section.
Additional entrees are for the management team section only. No Changes (NC) is required to those entrees under the
membership list. 1

You will not be able to submit your roster if any sections of the “Mandatory” section is left blank. If there is currently no one to |
put in that position, please assign it to the TC Chair.

The completed workbook should be submitted by Monday, March 3rd. For your reference, the current 2024-2025 rosters can be |
accessed at www.ashrae.org/myactivecommittees.

Please feel free to contact me or your section head at shl(@ashrae.net if there are any questions or concerns. 1

ey
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What to know?

e Term limits

. ﬁhai(; = 2 years with a 1 year extension through the approval of the Section
ead;

* Vice Chair = 2 years;
* The Chair's term is not limited by the policy limiting normal Member and
Member Non Quorum reappointments to tour (4) consecutive terms.

e Chair and Vice Chair MUST BE ASHRAE members!

* The Chair should have served at least one one-year term as Vice Chair
or Secretary.

* Corresponding Members can serve in all TC management positions
except Chair.

e Refer to the FG Reference for more details





Roster Update Workbook — Key Elements

1. Management Team
. Name Search will auto-populate (from current roster) once you begin to type
. No position should be left blank

Additional Placements (non-mandatory positions)
Proposed Membership List and Status

Future Roster

ARl S A

New Members
. Can sign up at anytime as a PCM
. Must have ASHRAE number or contact info





Roster Update:

Landing Page

1. Instructions
Shows instructions

2. Save

Click to save your updates from
time to time

3. Submit

Submit to Section Head. Once
submitted, cannot be changed

4. \iew Roster

Click to see proposed roster;
download as CSV

Roster Update Form

2025-2026 PROPOSED ROSTER UPDATE FORM
TCO01.05 - Emerging Computing Applications

NOTE: Once SUBMIT FINAL is clicked, your roster can no longer be edited.

TECHNICAL COMMITTEE MANAGEMENT TEAM

SUBMIT TO SECTION HEAD View Roster

Note: This section is mandatory

Position Name ASHRAE  Appointed End
No. Year Year
Chair Anthony Fontanini 8229076  07/01/23  06/30/25
Vice Chair Parastoo Delgoshaei 8320361  07/01/24
Secretary Mohammad 8130057  07/01/23  06/30/27
Heidarinejad
Handbook EMPTY

Subcommittee Chair

Name: Search for Member Name

This field is required.

Term
Years

Voting Start Continuing from
Current Year? (Y/N)
07/01/23 (2 Yrs.) Ves v
07/01/21 Yes o
07/01/23 (4 Yrs ) Ves "
ASHRAE No.: Enter Number £

This field is required.






Instructions

2025-2026 PROPOSED ROSTER UPDATE FORM
TCO01.05 - Emerging Computing Applications

N NOTE: Once SUBMIT FINAL is clicked, your roster can no longer be edited. ST T SESTEN R | e Rower

TCITG/TRG CHAIRS
TC Roster Update Form is designed to give you all the information needed to produce a desired draft roster for the upcoming Society year. Changes to your roster will go into effect on
July 1st. Here’s what you need o know:

Section 1: Technical Committee Management Team (Mandatory Positions)
This section will assist you with developing your committee management and subcommittee chair's section.

The TC Chair should have served at least one one-year term as Vice Chair or Secretary. The Chair of a TC/TG/TRG will be expected to serve two (2) consecutive one-year term. TAC
may grant a one-year extension with the written request of the chair approved by the Section Head, but no more than three (3) consecutive terms as Chair. The Chair's term is not
limited by the policy limiting normal Member and Non-Quorum Member reappointments to four (4) consecutive terms

Vice Chair must be prepared to train and to serve as Chair following his/her term. A Chair’s training breakfast is provided during the Winter and Annual meeting. The Chair and Vice
Chair MUST BE ASHRAE MEMBERSI Corresponding Members can serve in all TC management positions except Chair.

1. The form is populated to list members in their current positions. If those members will continue to serve in their cumrent position, select “yes”. However, if you would like to appoint
someone else to serve in a mandatory position, select “no”. Once you have selected “no” you will be prompted to enter their replacement (name and ASHRAE number). The
details will automatically populate as you enter the individual's name.

2. An individual is not required to be a voting member to serve on a subcommitiee or mandatory position.

3. You will not be able to move forward with submitting the roster if a mandatory position is left blank or the membership infoermation is incomplete.

Section 2: Additional Placement
This section allows you to list individuals in positions that are not mandatory. Common additional positions are Member Non-Quorum and ALI Coordinator. A maximum of 2 Non-
Quorum (voting) members may be appointed each year. You may also list any special subcommittee chair in this section

Section 3: Proposed Membership List and Status
This section should be used to revise voting and nonvoting statuses. Please determine which members of the committee should move voting status. A minimum of six (6) and a
maximum of eighteen (18) voting members are allowed in a given Society year. This does not include Non-Quorum Members who are also eligible to vote.

Provisional Members act as Corresponding members, but only serve 2-year terms. Now is the time to review the list of Provisional Corresponding Members and decide if they should
be added as voting, corresponding members or be deleted from your roster. If there are no changes, after 2 years, they will drop from the roster automatically.

Save and Submit
‘You should save your form as you make updates. You can make as many changes to the form as needed, until you submit it. Once you have submitted the form, you can no longer
make changes. Any changes after you have submitted the form will need to be discussed and submitted to your Section Head.

TECHNICAL COMMITTEE MANAGEMENT TEAM
S ——






Management Team

2024-2025 PROPOSED ROSTER UPDATE FORM
TC04.04 - BUILDING MATERIALS AND BUILDING ENVELOPE PERFORMANCE

Instructions NOTE: Once SUBMIT FINAL is clicked, your roster can no longer be edited. ‘.\ Saving SUBMIT TO SECTION HEAD View Roster

TECHNICAL COMMITTEE MANAGEMENT TEAM

Note: This section is mandatory

Position Name ASHRAE Appointed End Term Voting Start Continuing from
No. Year Year Years Current Year? (Y/N)
Chair Alejandra Nieto 8233982 07/01/22 06/30/24 2 07/0116 (2 Yrs.) No o

Proposed: (Mandatory Field) Must be ASHRAE Member (May serve 2 or 3 years - Note if applying for 3rd)

Name: we ASHRAE No.: Enter Number
This field is required.

Vice Chair Theresa Weston 5133650 07/01/22 3 07/01/98 Yes o

Secretary Leslie Scheppelmann 8358568 07/01/22 3 Yes o






Proposed Membership List & Status

Proposed Membership List and Status

Use the Status Code column for position changes.

Please direct individuals interested in joining the committee for the first time to www.ashrae.org/joinatc.

Status Code Legend:

AV = Add Voting | AC = Add Corresponding | DV = Delete Voting (Will be moved to corresponding) | D = Delete (Will be deleted from the roster) | NC = No Change

ASHRAE
No.

8234154

8366444

404905

Name

Kevin Kwong

Victoria Binz

Brian Krafthefer

Employer

LMS Technologies

Dynamic Air Quality
Solutions

Voting Status

Non-voting

Voting (4 Yrs.)
07/01/22

Non-voting

Appointed
Year

07/01/21

07/01/22

07/01/21

End Year

06/30/26

Position

Vice Chair (4 Yrs.)

Secretary (4 Yrs.)

Handbook
Subcommittee Chair
(4 Yrs.)

New End Status

Code

(Required)
NC v
NC v
NC v






Proposed Roster

* View by clicking

View Roster 2025-2026 PROPOSED ROSTER

I|nk on the tOp-lEft Of the update TCO01.05 - Emerging Computing Applications

page

FUTURE ROSTER

Position Print on Roster Name ASHRAE No. Appointed End Year Term Years Voting Status
Year

Chair Anthony Fontanini 8225076 07/01/25 06/30/26 1 Voting (1 Yrs.)

Vice Chair Parastoo Delgoshaei 8320361 07/01/24 2 Non-voting

Secretary Mohammad Heidarinejad 8130057 07/01/23 06/30/27 4 Voting (4 Yrs.)

Program Subcommitiee Michael Galler 8021881 07/01/24 06/30/27 S Voting (3 Yrs.)

Chair

Research Subcommitiee Todd Gottshall 5205340 07/01/21 5 Non-voting

Chair

Standards Subcommittee Bruce Billedeaux 5114230 07/01/21 o) Non-voting

Chair

Webmaster Gerardo Alfonso 5086090 07/01/25 Non-voting

Subcommitiee Chair Kartik Tiwari 8479102 07/01/24 2 Non-voting
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Research Administration Committee Update-W25 (v4).pdf
Research Administration
Committee Update

TC Chair Breakfast Meeting — January 2025

Natascha Milesi Ferretti, RAC Chair





Outline

* RAC Objectives and Membership

* Budget update and Activity

* Research Promotion

* ASHRAE Strategic Plan and Research Advisory Panel
* Writing proposals

e Evaluating and Monitoring Projects

* Awards

* Summary





RAC Objectives

* Plan and coordinate research and technical studies in
support of the ASHRAE Research Strategic Plan and provide
for the dissemination of the results

* Coordinate other activities to promote HVAC&R research

* New Investigator Award,

e Homer Addams Award,

* Graduate Student Grant-in-Aid Program,
* Innovative Research Grant, and

» Service to ASHRAE Research Award

e Strategically and ethically administer the Research Fund for
the benefit of all ASHRAE members





RAC Membership
for SY 24_25 Chair: Natascha Milesi Ferretti

Vice-Chair: Jin Wen
RPS Chair: Roland Charneux
RAS Chair: James Bogart

Liaisons

Section 1: Srinivas Katipamula  Section 6: Matt Mullen

Section 2: Chris Gray Section 7: A. Chad Kirkwood
Section 3: Zheng O’Neill Section 8: Carl Huber
Section 4: Dennis Landsberg Section 9: Conor Murray

Section 5: Douglas Scott Section 10: WenBin Ng





Budget Update and RAC Activity

Funds are available for ASHRAE RESEARCH,
SY 24-25 S3.9 M, S350K limit for RAC approval

Submit your ideas!

0 Research Topic Acceptance Requests (RTAR)
5 Work Statements

3 Accepted with comments

2 Returned

8 Projects out for bid

Winter 2025





Did You Know??

 ASHRAE currently has 37 active research projects.

 Since 1959, ASHRAE has sponsored 1007 projects for a total
cost of about $87.9M

* ASHRAE members have FREE access to ALL research project
final reports

* ASHRAE provides its members with FREE digital downloads of
all four Handbooks, which are the largest beneficiaries of
ASHRAE research results.

 All this is on ASHRAE.org, just click on RESEARCH






ASHRAE

ASHRAE Research Promotion Campaign
2024-25

Chair: Les Pereira, lesper@me.com

Vice Chair: Haley Goslinga, haley.goslinga@trane.com
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RP Campaign

YTD Results | Last YTD Total Goal

$777,425 $775,431 0.25 % $2,680,000

RP is focused on raising money from individuals and corporations to
support Research, Education (ALI), the General Fund, YEA, and the
Foundation (Endowed Research and Scholarships).

ASHRAE
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isirse) ASHRAE RP Campaign

The ASHRAE RP Campaign raises critical funds to benefit
Society and advance the mission of ASHRAE.

ASHRAE

General Fund
(where it is needed most)

The ASHRAE
Foundation

ASHRAE YEA Prﬂgrams Schﬂlarships
Research (supporting the next (supporting students)
(essential for updates to generation of ASHRAE
leadership)

standards and guidelines)





In 2024, the RP Campaign raised

$2.7 million

for these important initiatives.

T ?

Grants-in-aid Chapter Chapter
20 for graduate 62 and Society sustainability

students Scholarships projects
(awarding $255,000 annually)






2025-2028 ASHRAE Strategic Plan
Preview

A preview of the 2025-2028 Strategic Plan is available for committees, councils and
chapters to reference while planning for the upcoming 2025-2026 Society year.

The formal implementation of the 2025-2028 Strategic Plan will occur in July 2025.
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MISSION:

To serve humanity by advancing the arts and sciences of heating, ventilation, air conditioning,
refrigeration and their allied fields.

VISION:

A healthy and sustainable built environment for all

STRATEGIC GOALS

Position ASHRAE as the
glabal leader in advanced solutions
to improve indoor envircnmental
quality (IEQ) and address climate change.

0BJECTIVES

8. Lead the development of widely adopted
standards to support indoor envirenmental
queality, decarbonization, and resilience.

b. Develop alliances and diverse working
groups that position ASHRAE to lead
and collaborate globally in identifying
challenges, defining solutions, and
developing approaches to address them.

c. Develop resources based on member
needs and industry trends.

a

=

Pursue impact-focused engagement
by targeting stakeholders to support
a strong workforce and mazimize
utilization, adherence, and trust of
ASHRAE's global expert resources.

Tailor and target engagement and
resources to ASHRAE members and
defined key stakeholders.

Provide guidance to targeted stakeholders
on impactful ways to mazimize the
positive downstream effiect of their
engagemant on the built environment.

Empower professionals in their journey
to maxzimize industry impact in support
of ASHRAE's mission and vision

Pursue partnerships to amplify the impact
of ASHRAE's mission and support the
HVACER and built environment workforce.

Increase the accessibility of
ASHRAE content, resources, and
member opportunities.

Identify and address structural, content,
and financial barriers to access.

. Align communication and delivery

methods and formats to enhance
accessibility and effectiveness of content,
resources, and volunteer opportunities.

. Strengthen communication channels

with and through chapters and regions
to empower contribution to the Society
as thought pariners in adapting resources
to local context and needs.

DORGANIZATIONAL VALUES | Collaboration, Commitment, Diversity, Excellence, Integrity, Volunteerism






Shaping Tommorrow’s Global Built Environment Today

HH E"ABLEHE . Ressarch: The value of ASHRAE's msources s grounded in unbissed data, developed theough nigorous reseanch methods.

o

iy |

AL The use of Al enables ASHRAE to improve data colkection, automate intemal operabtons, and promote agiity.
. Global Network: ASHRAE'S global network convenses thee industry to generate unparalleled knowledge and conbent.

STRATEGIC INITIATIVES

Healthy, Sustainable and Resilient Communities

Prowading a hesaitirg, produsctive and nesilfent indoor esvsironmaent, while minimizing greenhouss gas emissons, is ohtical 1o ioday's bt erironment. Further,
global stakebolders' kveraging of ASHRAE's slandards and technical resources presents an apporunily for ASHRAE 1o schdify global keadershig in
supporfing healthy, sustainabbe ard resdient communities. ASHRAE priontioes timely identfication of industry trends, copedient conbent developmaent. and
forges key partnerships o advocate and collaborate with industry.

Empowered Workforce

The developmant of a sklked, competen, and solutions-onenbed worklons & critical to addressing the challenpes facing the buill environment and the
HVACER industry, today and in the fubure. ASHRAE continues o provide educational and professional development resowces. Cwur maesmbers and indusbry
pariners rsed these tools 1o impiement kay initiatives such as decarbonizabion, resiency, and indoor environmental quadity goais and poficies. ASHRAE, with
the support of cur chapiers and regions, pariners with key industry stakehalders in fackling the unegue wonidooe chaflenges facing the indusiry globally.

Organizational Agility

ASHRAE' abilty to serve communities, the industry, the curent and future waorkforoe, and prowde value bo is vwolunbser membaers, 5 dependent on
forward-iooking produsots, senaces, and soktions. ASHRAE will use emenging technologies 1o support the development of rescurces and knowledge
flow bertweoen ASHRAE's chapiers, regions, technicad bodies, and the industry, hamessing crpansmtional aned cperational efficencies.

Emerging Technologias

In teday’s mpidly evolving lendscape, emenging bechnolegies arme revolutionizing the built environment and HVACER industry, expanding numerous carcer
opportunites. By combining bechnological advancemenis such as Al with human oreateaty, both seasoned professionals and rew takent can colfaboraie

to drss industry-wide progress. Advanosd automabion and Al-erabbed sysbems propel energy effcency and smart buildings, enhancs comfort and |EQ,
improve apsrations ard maintenanos, and debser halstic and sustainable solutions for industy professionals. ASHRAE engapes in a thoughtful proosss 1o
evaliate and prioritoe cpportunities B keverage e echrologies.

ASHRAE's member and volunieer base macmizes the organization’s reach, foresight, leadership pasiton, and organizational knowledge.
A broad group of stakeholders leverage ASHRAEs resources to make decisions and meet objectives that positively affect the ervronment

A wviable, thriving indusiry makes a positive global impact






2025-2030°7
ASHRAE Research
Strategic Plan

* The Research Advisory Panel
(RAP) is being formed to
develop the new plan.

* We are soliciting
recommendation for RAP
members.

2021

ASHRAE Research
Strategic Plan





RTARs, PTARs and WSs





Additional reminders for Authors

* Show full TC approval vote on RTAR and WS forms, INCLUDING votes of listed
co-sponsoring TCs. Low vote turnout and high abstention rates are an issue.

* Include MILESTONES in WS so PMS can track and report successful research
progress.

* When resubmitting, include revised version with changes tracked and
document that explains how RAC comments were addressed. This includes
initial WSs submitted after an RTAR accepted with comments.

* Review budgeting guidance
* All submissions go through your Section Research Liaison
Complete packages due March 15, May 15, August 15, December 15





ASHRAE WS Budget
Guideline






Bottom-up Budget Estimation

* Typical budget categories:

* Personnel
* Salary and fringe benefit (often 30-40% of salary for Pls)
* (Categories
* PI, CO-PI
* Student (graduate and undergraduate)
* Consultant
* Technician
* Data collection cost: survey, participant support, materials etc.
* Equipment and facility
* Hardware
* Construction
* Maintenance
* Purchased service
* Travel
* Indirect cost
* University typically has an indirect cost of 50-60%
* Industry contractors often has less indirect cost rate
* Tuition
* Typically not subject to indirect cost
* A ballpark estimation is 10-30k per year per student





Bottom-up Budget Estimation

* Resources
* University:
Many university budget estimation guidelines exist. Some concise ones:
* https://ovpr.uchc.edu/services/sps/proposals/proposal-preparation/budget-prep-guide/
* https://research.ncsu.edu/administration/budgeting-guidance/
* Labor cost data:

* https://www.bls.gov/charts/productivity-mining-manufacturing/labor-cost-indexes-by-
industry.htm




https://ovpr.uchc.edu/services/sps/proposals/proposal-preparation/budget-prep-guide/

https://research.ncsu.edu/administration/budgeting-guidance/



Example of Recently Funded ASHRAE Project

Total Fringe Supplies Others(IP, |Indirect
Duration|Professional | Pl Research |Person Fringe Benefit and Computer |Travel Tuition, Cost
Project |Year |Project Type (Mo) Salaries Month |Assistants |Month Benefits |Ratio |Equipment [Materials [Costs etc. Registration) |Ratio Total
1| 2022|Analysis, survey 24 $136,000 1.7 $0 9.0 $0 0 $0 $0 $0 $0 $0 0| $177,000
2| 2022|Analysis, simulation, field t&21 $15,250 1| $10,167 2.8 $5,652 37% $0 $0 $0 $2,290 $7,293| 56.50% $59,528
3| 2023|Analysis, database 18 $90,000 4.3| $50,000 17.3 $0 0 $0 $750 $0 $6,225 $1,000 0 $147,975
41 2024|Analysis, survey 24 $110,877| 0.925 $0 5.6| $27,719 30%| $20,000 $0 $0 $0 $0 7% $158,596

* These examples serve as an illustration of different budget categories
and variations






Digital system for submissions & tracking

TCs have been beta testing online submissions for RTARs
To be rolled out more broadly for RTARS and WSs

Ensure all coversheet data is complete, and approvals have been met





Additional reminders for PES/PMS

* Take time to consider the expertise of subcommittee members
* Training must be completed before serving on PES and PMS
* Online training available, in person PES training for Phoenix

* 2 RAC members must be invited to your PES meeting to ensure
proper procedures are followed

Projects released for bid Mid October Mid March

Bids due from potential Mid December Mid May
contractors

Contractors selected Winter meeting Summer meeting
Earliest possible start April 1 September 1

date for project





AWARDS






Summary of Award Deadlines

Recipients |Submission
Deadline

New Investigator Award 125 K Dec. 1, 2025
Graduate Student Grant-in-Aid 5K +5K, 1.5K 10-20 March 3, 2025
honorarium STBE
Homer Addams 3.5K 1 Dec. 15, 2025
Innovative Research Grant 50K +50K +25k 1 Dec. 3, 2025
Preproposal

Service to ASHRAE Research Plaque 1* Sept. 1, 2025





Graduate Student Grant-In-Aid

A Grant-in-Aid is a grant of funds to a full-time graduate student of ASHRAE-
related technologies. It is awarded once each year for use in the following
academic year.

Purpose: To acknowledge graduate students researching ASHRAE related
technology, and welcome them into the society

Up to $10,000 plus $S1500 for paper presentation
Select 10-20 candidates during spring meeting

The evaluation criteria for candidates include academic performance, quality
of the student’s thesis/research plan and its relevance to ASHRAE, the
advisors’ recommendation, and an overall assessment of the likelihood for
future involvement of the student within ASHRAE.





2025 SERVICE to ASHRAE RESEARCH AWARD

Paul Turnbull

Nominated by TC 5.6

Paul Turnbull

In Recognition of Dedication
to ASHRAE Research






Summary

ldentify knowledge gaps and challenges

* RAP nominations for next ASHRAE Research Strategic Plan

 Keep writing RTARs, PTARs and WSs March 15, May 15, Aug. 15, Dec. 15
Ensure PES training and PMSC training is completed

Help with Research Promotion and donate to ASHRAE Research

e Service to ASHRAE Research Awarded to Paul Turnbull of TC 5.6
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CHAPTER 25



CARGO CONTAINERS, RAIL CARS, TRAILERS, AND TRUCKS

The preparation of this chapter is assigned to TC 10.6, Transport Refrigeration.





Vehicles

Vehicle Design Considerations Equipment

Equipment Design and Selection Factors Qualification Testing

System Application Factors Operations



TRANSPORT of commodities may be as simple as direct delivery of fresh vegetables from garden to market in a wagon, or transport of frozen goods to another freezer location. However, travel time, ambient temperature, and risk of spoilage often make temperature-controlled transport necessary. Because some commodities are sen- sitive to the relative humidity and chemical composition of their surrounding atmosphere, these conditions may also need to be controlled. Today many commodities travel to distant markets intermodally (i.e., by some combination of highway, ocean, and railroad). This chapter dis- cusses the vehicles, equipment, and related factors that combine to preserve temperature-sensitive commodities as they travel.

Users are urged to regard the vehicle and its equipment as a system, particularly when making insulation and equipment sizing decisions.



1. [bookmark: 1._Vehicles]VEHICLES

Vehicles used for temperature-controlled transport are similar in construction and outward appearance to those in general freight service, butservice but have three fundamental differences: they have (1) insulation that is usually foamed in place, (2) provisions for conditioned air circulation through and around the cargo, and (3) machinery for cooling and/or heating. A brief description of the four main vehicle types follows.

Cargo containers are usually 8 ft {2.4 m} wide, 8 to 9.5 ft {2.4 to 2.9 m} high, and 20 or 40 ft {6.1 or 12.2 m} long (Figure 1). They have hinged doors in one end for cargo loading and other access to the interior. The machinery comprises the opposite end, so it must also provide structural rigidity and insulation. As shown in Figure 1Figure 1, containers have standardized corner fittings to secure them to vessels, railway cars, and highway vehicles. Standards also govern their exterior dimensions. (See ANSI Standard MH5.1.1.5 and ISO Standard 668.)

Railway refrigerator cars are insulated boxcars, usually 50 to 70 ft {15 to 20 m} long (Figure 2). As shown, they may have a machinery compartment at one end.

Trailers range in size from 8 to 8.5 ft {2.4 to 2.6 m} wide, 12 to 13.5 ft {3.7 to 4.1 m} high, and 24 to 60 ft {7.3 to 18.3 m} long. Their doors are usually hinged, but they may have insulated roll-up doors if used for multi-stop delivery service. Some include a curbside door in addition to rear doors. Several interior compartments for different temperatures may be provided by an insulated bulkhead to separate the different zones. For hanging uncut meat, overhead rails are used. Containers and trailers riding on railway flat cars are quite common. Another design can be mounted directly on specially configured railway bogies and pulled by a locomotive in a train of similar trailers.

As with ordinary trucks, those built for temperature-controlled duty come in a wide variety of designs and sizes. Their bodies may have insulated hinged or roll-up doors on the sides and rear. Truck bodies also may have several interior compartments for different temperatures, similar to trailers, with an insulated bulkhead separating the different zones. Smaller vehicles may include a refrigeration compressor as an engine-driven accessory (see Figures  78 and 9). Electric powered trailers are also growing in popularity on the market.

[image: ]





Fig. 1 Refrigerated Cargo Container

25.2

20262 ASHRAE Handbook—Refrigeration (I-P and SI)



20226 ASHRAE Handbook—Refrigeration (I-P and SI)

25.1
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Fig. 2 Mechanical Railway Refrigerator Car



2. [bookmark: 2._Vehicle_Design_Considerations]VEHICLE DESIGN CONSIDERATIONS

[bookmark: Insulation_and_Vapor_Barrier]Insulation and Vapor Barrier

Envelope design factors to be considered are similar to those for stationary refrigerated facilities, and include the following:

· Extremes of exterior conditions: temperature, relative humidity, wind, and solar effect

· Desired interior conditions: temperature, and relative humidity, consideration of gases released from products

· Insulation properties: thermal conductivity, moisture permeability and retention, chemical and physical stability, adhesion, uniformity of application, fire resistance, cost of material and application, and presence of structural members

· Infiltration of air and moisture

· Trade-offs between construction cost and operating expense



When applied to refrigerated vehicles, these five factors are complicated by others unique to transportation. Exterior dimension constraints are imposed by domestic or international standards and regulations, and shippers want maximum cargo space (which limits insulation thick- ness) and minimum tare weight. The frequency and duration of door openings may be considerable. Long trips at highway or railway cruising speeds affect infiltration. Physical deterioration from the shock and vibration of travel and cargo shifting is likely. Also, there is potential for damage to insulation and vapor barriers from vehicle accidents and cargo handling mishaps. Furthermore, vehicle and system noise requirements (see Airborne Noise in the section on Equipment Design and Selection Factors), especially in cities, as well as engine emission requirements are becoming increasingly stringent.

Closed-cell foamed-in-place insulation, such as polyurethane, is generally recommended to achieve an approximate thermal conductivity k of 0.15 Btu· in/h· ft2 ·°F {0.022 W/(m· K)}. It also helps limit air and water vapor infiltration. Buyers often specify the UA or maximum heat transfer rate, usually at 100°F {38°C} and 50% rh outdoors and 0°F {–18°C} indoors, expressed as Btu/h· °F {W/K} for the entire vehicle.

Environmental considerations affect and are affected by vehicle insulation and vapor barrier choices. Mandated changes to insulation frothing agents with little or no adverse environmental impact may increase insulation k value, and moisture permeability and retention. Chemical and physical characteristics such as adhesion, durability, and stability may also be degraded. Because reduced insulation effec- tiveness increases energy use, it adds to air pollution and global warming concerns. Finally, the potential for materials recycling at the end of useful vehicle life must be considered.

Cargo containers usually have polyurethane insulation at 3 in. {75 mm} thickness in walls and floors, and 4 in. {100 mm} in ceilings. Rail cars often use 3 to 6 in. {75 to 150 mm} in walls, and 5 to 8 in. {125 to 200 mm} in floors and ceilings. Trailers and trucks generally use 1.5 to 4 in. {35 to 100 mm} in walls, floors, and ceilings for frozen loads, and 1 to 2.5 in. {25 to 65 mm} in walls, floors, and ceilings for nonfrozen loads. Vehicle front walls are sometimes thicker to resist cargo shifting and support equipment.





[image: ]







Fig. 3 Heat Load from Air Leakage



AAs mentioned previously, exterior dimensions are restrictedrestricted, and shippers want maximum cargo space. Increasing insulation thickness from 3 in. to 4 in. {75 mm to 100 mm} in a 40 ft {12 m} long trailer decreases cargo space by 100 ft3 {2.8 m3}, or about 4%. However, the vehicle’s UA will improve, affecting equipment selection and improving operating economy. This demonstrates the need to regard the vehicle and its equipment as a system.

Floors in all vehicles must support cargo and cargo-handling equipment. They frequently include rigid polystyrene or polyurethane foam to eliminate beams. Floors must be watertight and joined to walls to exclude water from insulation; a skirt bonded to the floor and extending at least 6 in. {150 mm} up walls may be needed to control water running down walls and collecting on the floor. Floor drains, if used, must be trapped or capped to prevent infiltration of outdoor air.

Infiltration of moisture and air is affected by the integrity of a vehicle’s exterior surfaces (usually sheet metal with riveted joints). The molded glass-fiber-reinforced plastic sometimes used for truck and trailer exteriors is quite effective. There is some experimentation with composite materials for cargo container bodies. Inside, it is common to use a vapor barrier, such as aluminum foil coated with plastic binder and sealed at joints. Integrity of foamed-in-place insulation (the absence of voids and breaks) is also important. Other physical contributors include the effectiveness of door gaskets and sealing around all exterior-to-interior penetrations. Operational factors are vehicle travel speed and the frequency and duration of door openings.

Purchasers of new refrigerated vehicles may require air leakage tests. Purchasers’ criteria for these tests vary, depending on vehicle size and intended use. A cargo container for modified-atmosphere service (see the discussion on Controlled and Modified Atmosphere in the Equipment section) must be especially tight. The purchaser may specify that air pressure in a 40 ft {12 m} long container drop from 3 to 2 in. of water {750 to 500 Pa} in not less than 8 min, for a leakage rate of approximately 48 ft3/h {1.4 m3/h}. A 48 ft {14.6 m} trailer for general refrigeration service may be tested at 0.5 in. of water {125 Pa} with a leakage limit of 120 ft3/h {3.4 m3/h}.

Infiltration into insulated vehicles occurs even when they are stationary, probably likely because of stack effect caused by the indoor-to-outdoor temperature difference. The infiltration driving force for a vehicle 8 ft {2.4 m} high with a 100°F {55 K} difference is about 0.03 in. of water

{7.5 Pa} (Phillips et al. 1960). Openings with an aggregate area of 1 in2 {645 mm2} each at the top and bottom allow infiltration of about approximately 120 ft3/h {3.4 m3/h} if assumed to be thin-plate orifices.

Eby and Collister (1955) discuss the infiltration load from air entering through cracks in the front of a moving vehicle. The ram air pres- sure is 1.21 in. of water at 50 mph {300 Pa at 80 km/h}, and an exposed 1 in2 {645 mm2} opening can allow 1150 ft3/h {32.6 m3/h} of air to enter. At ambient conditions of 100°F {38°C} and 50% rh and a vehicle temperature of 0°F {–18°C}, the extra infiltration load is approxi- mately 3800 Btu/h {1115 W}. Figure 3 shows heat gain into a 0°F {–18°C} vehicle resulting from infiltration of ambient air at various conditions.
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Fig. 3 Heat Load from Air Leakage (left – IP, right - SI)



[bookmark: Air_Circulation]Air Circulation

To avoid spoilage during transport,

· Surround cargo with a flow of conditioned air sufficient to remove heat that enters the vehicle by conduction and infiltration. To do this, interior surfaces must have channels for flow of conditioned air. There may be space between the top of the cargo and the ceiling, or flexible 
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· 
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Fig. 4 Air Delivery Systems (A) Top and (B) Bottom



· duct(s) in that space, or a fixed duct (false ceiling). Walls may have batten strips, or channels formed into the wall surfaces, or fixed ducts (false walls). The floor may have fixed longitudinal T-bars or “hat” sections, or movable racks.

· For commodities that respire or require in-transit cooling (e.g., fresh fruits, vegetables, flowers), provide adequate flow of conditioned air between and through packages. This process relies on the air circulation ability of the equipment (see Equipment Selection in the ssection on System Application Factors), and commodity loading practices (see Vehicle Use Practices in the section on Operations).



Conditioned air may enter the cargo space over the top of cargo (normally used in rail cars, trailers, and trucks), or under the cargo (nor- mally used in cargo containers). Figure 4A shows an example of a trailer with a top air delivery system. Air gaps between the cargo allow conditioned air to flow sufficiently around the load and along the side. Figure 4B shows an example of a cargo container system with a bottom air delivery system. In a bottom air delivery system, it is important to maintain air pressure under the load. Respiring commodities should
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Fig. 4 Air Delivery Systems (A) Top and (B) Bottom



[image: ]







Fig. 3 Heat Load from Air Leakage
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Fig. 5 Container Refrigeration Unit

(Courtesy Carrier Transicold Corporation)



Respiring commodities should be packed in boxes with aligned top and bottom vent holes so conditioned air can flow through and remove heat. Proper loading technique is critical to maintaining good air circulation around the cargo to prevent spoilage. For additional information about loading techniques, see Ashby (2008).



[bookmark: Equipment_Attachment_Provisions]Equipment Attachment Provisions

All components must be securely fastened to the vehicle to resist shock, vibration, and vandalism. Vehicle-to-equipment interfaces must have structure capable of secure support under all conditions of dynamic loading caused by vehicle travel and equipment operation (e.g., engine and compressor vibration). Suitable fastening provisions (mounting holes, studs, or captive nuts) are needed. Wall openings for equip- ment, which may be large (e.g., the entire front wall of cargo containers), must have provisions to limit infiltration, using gaskets or other sealing methods.



[bookmark: Sanitation]Sanitation

Vehicle internal cleanliness is enhanced by eliminating interior crevices where fungi and bacteria can grow, and by using surfaces that toll- erate cleaning materials such as hot water, disinfectants, detergents (including harsh cleaning solutions), and metal brighteners. Vehicle intee- riors should enable access to equipment components exposed to conditioned air (e.g., fans, cooling coils, condensate pans) for periodic cleaning.



3. [bookmark: 3._Equipment]EQUIPMENT

[bookmark: Cargo_Container_and_Rail_Car_Systems]Cargo Container and Rail Car Systems

Refrigerated cargo containers typically have unitary equipment that comprises the entire front wall of the container. The refrigeration unit depth is approximately 16 in. {400 mm} and provides structure and insulation to the container front wall. Figure 5 shows a typical unit. The equipment has a vapor compression refrigeration system and uses an external source of electricity for its compressor and fan motors, resis- tance heaters, and operating controls. Figure 6 shows a trailer unit integrated with a battery for electric power and regeneration, reflecting how container cooling solutions can be integrated into applications that are becoming increasingly electrified. It usually uses bottom air delivery, as shown in Figure 4B. The unit may have a detachable diesel engine/generator set (with integral fuel tank) to accompany it while traveling by land. Cargo containers intended to be stacked in container ships are electrically powered by the ship’s onboard system and may have the option to connect to onboard water circulation loops for heat rejection.

Rail cars may have field-installed components. A three-phase AC diesel engine-generator set, condensing unit, and refrigerant and elec- trical operating controls are usually located in a machinery compartment at one end of the car. An evaporator fan-coil package, or separately mounted evaporator and fan, is typically adjacent to the machinery compartment but inside the insulated space. Electric heaters in or under the evaporator are used for heating and defrost. This equipment usually uses top air delivery, as shown in Figure 4A. Fuel tanks are generally located under the car. Newer rail cars may use end-mounted unitary equipment similar to trailers.
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Fig. 5 Container Refrigeration Unit

(Courtesy Carrier Transicold Corporation)
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Fig. 6 Container Vector eCool Refrigeration Unit Integration with Battery Regeneration

(Courtesy Carrier Transicold Corporation)
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Fig. 6 Trailer Unit Installation



[bookmark: Self-Powered_Truck_and_Trailer_Systems]Self-Powered Truck and Trailer Systems

The majority of over-the-road transport refrigeration equipment is based on vapor compression technology. Whereas refrigerated cargo containers and railway refrigerator cars are supplied by external electric power, truck and trailer refrigeration units are designed with a range of driving concepts. Units can be self-powered or vehicle-powered.

The self-powered unit contains its own prime mover and therefore can operate independently on the vehicle. For Trailer and Truck systems this is frequently done through a diesel engine, but other options would be an electric motor powered by utilities when stationary or a battery source incorporated into the trailer or truck.

Both trailer and truck systems typically have unitary equipment that consists of a diesel engine with battery-charging alternator, compressor, condenser and engine radiator with fan, evaporator with fan, and refrigerant and electrical controls. The refrigeration components, such as the com- pressor, condenser fan, and evaporator fan, can be mechanically driven from the engine. These components may also be fully electric, with the diesel engine driving a generator, or some combination of mechanical and electric components can be used.  The unit is installed on the front of the vehicle near the top, over an opening that accommodates the evaporator and fan as shown in Figure 7 for trailer. Top air delivery is usually used, as shown here and in Figure 4A. The fuel tank for trailers is mounted under the trailer, while truck units typically utilize the main fuel tank that supplies the vehicle engine.

Systems that carry live or unfrozen plant or animal products in extremely cold climates must have some sort of heating option to keep the cargo above freezing conditions. Heating is often provided by electric resistance typically powered from the diesel engine alternator or hot-gas heating cycle using the compressor’s high-pressure vapor. Other heating options include utilizing the high voltage from the generator or electric vehicle battery.

A classical concept of a self-powered refrigeration unit has a combustion engine as a source of mechanical power. In this case, the engine drives an open-shaft compressor and condenser and evaporator fans/ blowers are driven through a belt-and-pulley system. There is only one source of mechanical energy, and cooling capacity can be modulated either by switching the engine on and off, or by shifting engine speed between predetermined high- and low-speed operating modes. Variable speed drives may be used to control capacity in certain applications. Engine speed change also changes the speed of the fans/blowers and therefore affects air circulation over the condenser and inside the refrigerated space. An optional standby operation is often used in this type of system. An electric motor is integrated into the drive system so that when the vehicle is stationary, the refrigeration system can be operated by electric power, also referred to as shore power.

Another type of engine-based, self-powered unit propulsion system uses an on-board engine-driven generator that supplies power to an electric compressor and to condenser and evaporator fan/blower motors. The full electric refrigeration unit allows for use of a hermetic or semihermetic compressor, thus eliminating potential for shaft seal leakage. The electric-powered components can be controlled independently, turning on and off when needed. Electric supply eliminates belt transmission losses, and the refrigeration unit can be directly connected to shore power when the vehicle is stationary.

Battery-powered electrically driven systems are another variant of self-powered units. These systems use rechargeable batteries to power the electric compressor and fan/blower motors. The batteries can be charged using the vehicle's alternator, an on-board generator, or external power sources when the vehicle is stationary. This setup allows for quiet and emission-free operation, making it suitable for urban deliveries and areas with strict emission regulations. The electric components can be controlled independently and often at variable speed, providing precise temperature control and efficient energy use.

The primary differences between Trailer and Truck self-powered systems are the class of vehicle and cooling capacity requirements. Trailer systems are used with heavy-duty trucks and tractor-trailers (US GVWR Class 7 and Class 8) and railways for high-volume distribution of perishable goods in short-haul, long-haul, and interstate transport routes and are designed for heavier cooling loads. Truck units are used in light- and medium-duty trucks (US GVWR Class 3 to Class 6) for local and regional deliveries, urban distribution, and short-haul routes. They are more maneuverable and suitable for smaller cooling loads than trailer systems.



The majority of over-the-road transport refrigeration equipment is based on vapor compression technology. Whereas refrigerated cargo containers and railway refrigerator cars are supplied by external electric power, truck and trailer refrigeration units are designed with a range of driving concepts. Units can be self powered or vehicle powered.

The self-powered unit contains its own prime mover and therefore can operate independently on the vehicle. A combustion engine is fre- quently used as a source of mechanical power. In this case, the engine drives an open-shaft compressor and condenser and evaporator fans/ blowers are driven through a belt-and-pulley system. This classical concept of a self-powered refrigeration unit is widely applied on truck and trailer systems. There is only one source of mechanical energy, and cooling capacity can be modulated either by switching the engine on and off, or by shifting engine speed between predetermined high- and low-speed operating modes. Engine speed change also changes the speed of the fans/blowers and therefore affects air circulation over the condenser and inside the refrigerated space. An optional standby oper- ation is often used in this type of system. An electric motor is integrated into the drive system so that when the vehicle is stationary, the refrig- eration system can be operated by electric power, also referred to as shore power.

Another type of self-powered unit propulsion system uses an on-board engine-driven generator that supplies power to an electric com- pressor and to condenser and evaporator fan/blower motors. The full electric refrigeration unit allows for use of a hermetic or semihermetic compressor, thus eliminating potential for shaft seal leakage. The electric-powered components can be controlled independently, turning on and off when needed. Electric supply eliminates belt transmission losses, and the refrigeration unit can be directly connected to shore power when the vehicle is stationary.

Trailer systems typically have unitary equipment that consists of a diesel engine with battery-charging alternator, compressor, condenser and engine radiator with fan, evaporator with fan, and refrigerant and electrical controls. The refrigeration components, such as the com- pressor, condenser fan, and evaporator fan, can be mechanically driven from the engine. These components may also be fully electric, with the diesel engine driving a generator, or some combination of mechanical and electric components can be used. The unit is installed on the front of the vehicle near the top, over an opening that accommodates the evaporator and fan as shown in Figure 6. Top air delivery is usually used, as shown here and in Figure 4A. The fuel tank is mounted under the trailer. Trailers that carry live or unfrozen plant or animal products in extremely cold climates must have some sort of heating option to keep the cargo above freezing conditions. Heating is often provided by electric resistance powered from the diesel engine alternator or a hot-gas heating cycle using the compressor’s high-pressure vapor. Other heating options are described in the Heating Only section.

Large self-powered truck systems typically have unitary equipment that is similar to trailer equipment. As with trailers, all components can be driven mechanically, electrically, or by some combination of the two. The unit is typically installed at the front top over an opening in the truck body that accommodates the evaporator and its fan(s). Top air delivery is generally used, as shown in Figure 4A. Fuel to run the unit’s diesel engine is typically taken from the main fuel tank that supplies the vehicle engine.[image: ]



Fig. 7 Trailer Unit Installation



[bookmark: Vehicle-Powered_Systems]

Vehicle-Powered Systems

Vehicle-powered refrigeration units, as the name suggests, draw power from the vehicle’s propulsion system. This type of system is typ- ically applied to small trucks and vans used for local delivery of refrigerated products. For this type of system, the compressor can be me- chanically driven, typically through a belt and pulley, from the engine as shown in Figure 87, with all other refrigeration components driven electrically off the vehicle battery. As with self-powered trucks, a condenser and evaporator fan-coil package is installed at the front top over an opening to accommodate the evaporator and its fan(s), and top air delivery is generally used. The engine-mounted compressor requires interconnecting discharge and suction lines to the condenser and evaporator sections in the truck body. Performance of this type of system arrangement is controlled by the vehicle engine’s rotational speed, and varies independently of refrigeration capacity requirements; thus, the idle speed is often artificially increased. The electric current output of the battery charging alternator on the vehicle engine is often increased to handle the greater load imposed by the electric evaporator and condenser fan motors.

An all-electric vehicle-powered truck system, as shown in Figure 98, is powered by an electric alternator that is driven by a belt either from the engine crankshaft or the engine power take-off (PTO). Electrical power is wired to the refrigeration unit, which allows use of a hermetic or semihermetic compressor and electric fan motors and thus enables variable speed drives for capacity control to increase efficiency. This basic arrangement suffers the same drawbacks as a belt-driven compressor system with regard toregarding varying engine speed.
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Fig. 87 Small Truck Refrigeration System (Engine- Driven Compressor)
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Fig. 98 Small Truck Refrigeration System (Engine- Driven Electric Generator)
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Fig. 9 Multitemperature Refrigeration System
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Fig. 10 Examples of Common Multitemperature Configurations



To address this issue, a conditioning system (static converter) that manages the delivered electrical power can be installed between the alternator and the refrigeration unit. The conditioning system uses an intermediate DC circuit to maintain a constant DC voltage. Variable- frequency AC voltage can then be independently supplied to an induction compressor motor and condenser and evaporator fan motors. A static converter is therefore an important component of the electrical power supply of a self-powered refrigeration unit used in electric or hybrid vehicles. The static converter input is connected to the vehicle high-voltage DC bus. The high DC bus voltage can vary over a broad range during vehicle operation, and the static converter keeps voltage constant in the intermediate circuit. Close cooperation between con- trollers of the vehicle propulsion system and refrigeration unit is necessary to avoid overloading the vehicle propulsion system.



[bookmark: Multitemperature_Systems]Multitemperature Systems

Trucks and trailers with multiple interior compartments operating at different temperatures require a multitemperature refrigeration unit. A moveable insulated bulkhead typically separates the different compartments, and remote parallel evaporators are connected to the main refrigeration unit, which is connected to the front wall. Figure 109 shows a typical trailer multitemperature system with two zones.

With a multitemperature truck or trailer, many different configurations can be set up based on the placement of the remote parallel evap- orator and dividing bulkhead. Figure 110 shows some common two- and three-zone configurations. Zone compartment size is limited by the cooling and heating capacity required for each zone. Over- or undersizing the compartment can lead to poor temperature control. The total cooling (or heating) load of the multiple compartments cannot exceed the main refrigeration unit’s gross capacity.
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Fig. 10 Multitemperature Refrigeration System
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Fig. 11 Examples of Common Multitemperature Configurations



[bookmark: Storage_Effect_Cooling]Storage Effect Cooling

Although vapor compression systems now dominate, stored thermal energy is still occasionally used for transport of commodities.

Ice was the primary cooling means in rail cars for 100 years, butyears but was phased out in most developed nations during the latter half of the twentieth century. When used, it is put in bunkers at each end of the car, and cargo cooling occurs by natural convection, or by forced con- vection using battery-powered fans that may be charged by axle-driven generators. Ice is still sometimes spread on top of rail car and trailer loads to remove field heat to supplement mechanical refrigeration to remove field heat, or as an enhancement to mechanical refrigeration.

Solid carbon dioxide (CO2d, dry ice) is sometimes used in small insulatedsmall, insulated boxes of very cold commodityies. Liquid CO2 or nitrogen, when used in vehicles, may be expanded directly into the cargo space. Alternatively, CO2 is evaporated in a heat exchanger that cools cargo compartment air, and the gas is exhausted outdoors. The fluids are carried in storage vessels located in or outside the refrigerated space. Note: when these fluids are directly expanded into the cargo space for cooling, worker safety precautions are required to avoid asphyxiation hazards.

Eutectic plates are sometimes used in local delivery vehicles and are mounted on walls, ceilings, or both, or may be used as shelves or compartment dividers. Most have internal heat exchangers to allow re-cooling from a stationary or vehicle-mounted refrigeration system while the vehicle is not in motion.

The thermal storage effect of precooled milk or fruit juice, and some hot liquids, can hold the commodity within satisfactory temperature limits if carried in sufficiently insulated tanks.



[bookmark: Heating_Only]Heating Only

Commodities sensitive to low temperature are sometimes hauled in insulated vehicles with heating capability only. Direct-combustion heaters may be fueled by alcohol, butane, charcoal, kerosene, or propane. These are hazardous and must be appropriately designed and care- fully used.



Engine-driven units, consisting of a diesel engine with battery-charging alternator, engine-coolant heat exchanger, engine-driven fan, and operating controls, are available. They are installed on the front of the vehicle near the top, over an opening that accommodates the heat exchanger and fan. Top air delivery is typically used, as shown in Figure 4A. The fuel tank is placed under the vehicle.



[bookmark: Ventilation]Ventilation

Ventilation for temperature control is usually accomplished by adjusting the opening of small doors at the front and rear to establish a flow of outdoor air through the vehicle. It is strictly limited by outdoor conditions. Ventilation is sometimes used with mechanical refrigeration to reduce the concentration of ripening gases in fresh commodities (see the section on Operations).



[bookmark: Controlled_and_Modified_Atmosphere]Controlled and Modified Atmosphere

As they approach maturity, many fruits release ethylene gas, which promotes ripening and senescence of the fruit. Controlled and mod- ified atmospheres slow down the rate of respiration and reduce ethylene. Ethylene concentration in the atmosphere can be controlled by ven- tilation, or it can be removed by scrubbers (disposable cartridges or sachets containing sorbent materials, often based on potassium permanganate).

The benefits of controlled-atmosphere (CA) and modified-atmosphere (MA) transport are proportional to the duration of commodity exposure, so these supplements to mechanical refrigeration tend to be used when shipboard travel is involved. For further information, see Control of Atmospheric Chemistry in the Operations section.

Seagoing cargo container equipment sometimes has CA capability incorporated. Typical systems sense CO2 and O2 and are able to boost N2 and/or CO2 concentration in the cargo space, depending on commodity needs. Nitrogen levels are usually raised by passing a small flow of outdoor air through a N2 separator, and venting O2 and trace gases outside the vehicle. A supplemental supply of CO2 is required to increase its concentration.

For short trips, or when replenishment is practical, MA may be used. It involves injecting an appropriate gas into the vehicle or into special commodity packaging, so it does not affect equipment design.





[bookmark: Control_Systems]Control Systems

Equipment control system functions normally include temperature control, defrost, and safety provisions. Cargo space return or supply (and sometimes both) air temperatures are monitored and thermostatically controlled. In addition to off/on cooling and heating, more sophis- ticated systems include gradual capacity modulation to achieve a steady commodity temperature closer to the set point. This gradual capacity modulation is often achieved through variable speed control of compressor and fans, or via compressor cylinder-deactivation in some models. Evaporator Evaporator coil defrost may be initiated by sensing system performance parameters (e.g., evaporator airway pressure differential) or at timed intervals, and is usually terminated by sensing temperature on some part of the evaporator. Safety provisions essential to avoiding equipment damage and hazards to people are also incorporated.



Equipment control system functions may also include the following:

· Monitoring and displaying important operating parameters such as return air temperature

· Logging a detailed record of equipment performance during trips

· Providing alarms if unacceptable conditions occur

· Monitoring probes in cargo space (e.g., for commodity temperature history)

· Stopping and starting engine-driven equipment, depending on need for cooling or heating, to improve fuel economy

· Adjusting system capacity to match engine power capability during cargo space temperature pulldown and at different ambient tempera- tures

· Monitoring and controlling cargo space atmospheric chemistry and relative humidity

· More recent systems implement telematics including unit health analytics, service, utilization, control capability, preventative and predictive maintenance



Many of these control system functions were first made practical by early microprocessors, but remote monitoring and control have greatly expanded through wireless Internet capabilities. They enhance equipment response to varying operating conditions, can facilitate pre- trip equipment operational checks, and enable tracking of equipment performance and analysis of possible malfunctions. Internet connec- tivity enables a central location to monitor thermostat set point, return and supply air temperature, operating mode, alarm status, and product temperatures in real time for an entire fleet of vehicles from practically anywhere in the world.



4. [bookmark: 4._Equipment_Design_and_Selection_Factor]EQUIPMENT DESIGN AND SELECTION FACTORS

This information is intended as a source of typical transportation duty guidelines for equipment design engineers, and for persons who select, specify, or apply this equipment. Specific applications may have more or less severe requirements for more severe or less severe conditions.

[bookmark: Time]

Time

Time is a design factor for some components. Two examples illustrate how it affects the objective of producing a robust system: (1) an oversized refrigerant filter-drier is often used because there may not be enough time for thorough refrigeration system evacuation during emergency service operations; moisture remaining in the system can be removed by one or more changes of a large filter-drier; and (2) a large engine oil reservoir reduces the frequency of oil level inspections and extends time between oil changes without sacrificing engine reli- ability.

[bookmark: Shock_and_Vibration]

Shock and Vibration

Shock and vibration are primary design concerns because the equipment travels with the vehicle it serves, often includincludinges an internal com- bustion engine, and may be subjected to occasional rough handling. Growing popularity of battery-powered vehicles is changing this vibration profile notably. Most system components are affected, but particular attention must be given to design of:

· Structural frames

· Heavy component attachments

· Shock and vibration isolation devices

· 

· Finned-tube or microchannel heat exchangers

· Refrigerant piping (including capillaries) and its supports

· Refrigerant filter-driers, receivers, or other components

· Wiring supports and routing

· Electronic control devices

· Compressors and air-moving equipment



Table 1 Typical Peak Shock Levels
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aAcceleration of gravity, 32 ft/s2 {9.8 m/s2}.

bParallel to direction of travel.


cCross-wise of vehicle.

dSee Vehicles section.





Table 1 provides general guidance to the engineer in establishing design load shock factors for structural calculations. Impacts of these magnitudes may occur infrequently during vehicle travel, buttravel but should be used as worst-case design conditions. The resulting forces transmit- ted to the equipment may be either amplified or attenuated by the response of the intervening vehicle structure. Adjustment factors may be needed for local conditions (e.g., highways in very poor condition). Although peak g-force levels under such conditions may be only slightly higher, the frequency of occurrence may be several times greater. Table 1 is based on data in four reports prepared by the Association of American Railroads (AAR 1991, 1992a, 1992b, 2015).

Vibration criteria are difficult to establish because of the many variables involved. For example, vehicle speed and road characteristics have an input that varies widely. Equipment manufacturers often have criteria based on their testing and experience.

It is good design practice to avoid equipment natural frequencies of 10 Hz or less (these are typical vehicle wheel rotation and suspension inputs). Also, equipment should not have natural frequencies close to the equipment engine’s firing frequency, compressor’s pumping rotating fre- quency, or operating frequency of any of its rotating components (see the section on Qualification Testing).



Table 1 Typical Peak Shock Levels



Peak Shock, by Axis, g a

		Equipment

		Vertical

		Longitudinalb

		Lateralc



		Containers

		

		

		



		Highway

		9

		2

		4



		Rail (on flat car)

		7

		7

		3



		Railway cars

		

		

		



		Standard draft gear

		9

		14

		5



		Cushioned

		7

		7

		3



		Trailers/trucks, highway

		9

		2

		4



		Trailers, railway

		

		

		



		On flat car

		3

		6

		2



		Bimodald

		9

		6

		5







aAcceleration of gravity, 32 ft/s2 {9.8 m/s2}.

bParallel to direction of travel.



cCross-wise of vehicle.

dSee Vehicles section.



[bookmark: Ambient_Temperature_Extremes]Ambient Temperature Extremes

Ambient temperature is a primary design consideration because equipment must be able to start, run, and perform under conditions that may include summer desert, summer tropical, and winter near-arctic. Many items are affected, but particular attention must be given to design of:

· Heat exchangers using ambient air as a heat sink

· Other components dependent on ambient air for cooling, especially motors, alternators, generators, and electronic devices

· Systems relying on heat of refrigerant compression for heating or evaporator defrost

· Components that include elastomers and plastics, whose physical properties may be degraded

· Engine cranking motors, to account for engine oil viscosity increases and battery voltage decreases during cold weather

· Battery life and safety



Typical ambient temperature maximum and minimum values for several geographic areas are shown in Table 2 as a guide for equip- ment design. Some vehicles (e.g., cargo containers) may travel anywhere, and their equipment should be designed for global extremes. Others, such as delivery trucks, usually have equipment designed for local conditions only. Engine starting below –20°F  {-–30°C} may be difficult and require special procedures, but equipment operation can be required to heat the vehicle at very low ambient temperatures.



Table 2 Ambient Temperatures for Equipment Design in Several Geographical Regions (SI)



Asia Europe Mideast North America Tropics Global

		Maximum, °F 120

		110

		125

		120

		110

		125



		Minimum, °F  –40

		–30

		–30

		–40

		30

		–40







Table 2 Ambient Temperatures for Equipment Design in Several Geographical Regions (IP)



Asia Europe Mideast North America Tropics Global

		Maximum, °C	50

		45

		50

		50

		45

		50



		Minimum, °C –40

		–35

		–35

		–40

		0

		–40









Values in Table 2 are very general for vehicle equipment operation in the areas considered. Consult Chapter 14 of the 20251 ASHRAE Hand- book—Fundamentals for more specific data. Caution is required when using climatic design information because (1) more extreme tempera- tures may be encountered at locations in the region that are some distance from the station where data are taken, and (2) higher transient values of 135°F {57°C} or more may occur because of recirculation in sheltered areas or heat rejected from other nearby sources (see the section on Safety).



[bookmark: Other_Ambient_Design_Factors]Other Ambient Design Factors

Precipitation, such as snow, hail, rain, and freezing rain, affects electric motors, electrical component enclosures, and cable connections. Sea water, salt-laden sea air, and wintertime road salt tend to corrode metal parts, including electric motors, compressors, and electrical enclosures and cable connections. Salt also affects finned-tube heat exchangers, air impellers, fasteners, structural frames, and sheet metal

 parts.

Air pollutants (e.g., sulfur dioxide in diesel engine exhaust of the vehicle and equipment) combined with atmospheric moisture can also contribute to degradation of metals, especially aluminum or copper-finned heat exchangers.

Interior air quality is also important. Some materials, including plastics and elastomers, may emit chemical odors that adversely affect the taste and smell of certain foods. Their use in parts exposed to conditioned air should be avoided.

Dirt and debris are common along highways and railways and inside cargo spaces; insects and fluff from vegetation are also found. Equip- ment designs must exclude these materials from critical components where possible, andpossible and include provisions for essential cleaning in both vehicles and equipment.

Solar radiation is unavoidable. Some components (e.g., paint, plastics, elastomers) may be affected by ultraviolet radiation; some may also be sensitive to heat. Solar radiation also contributes to the cooling load (see Load Calculations in the section on System Application Factors). Vandalism and theft can occur, andoccur and are difficult to thwart. Among the concerns are storage batteries, electrical cables, and other compo-

nents with obvious salvage value.

Equipment to be used internationally may have to meet anti-smuggling requirements of the TIR Handbook (UN 2013). For example, ven- tilation (outdoor-airoutdoor air) ports in cargo container units include sturdy screens.

Various aerodynamic airfoils, screens, sleeper cabs, and other truck or trailer attachments may influence airflow around a trailer-mounted refrigeration system (see Figure 76). The refrigeration system must not rely on airflow from vehicle movement to adequately reject its waste heat. In addition, engine exhaust may stay entrained around the refrigeration unit and could pose problems if drawn into the refrigerated air- stream or if exhaust particulate matter causes fouling of heat exchanger surfaces.



[bookmark: Operating_Efficiency_Guidelines]Operating Efficiency Guidelines

The operating efficiency of transport refrigeration equipment is a complex consideration involving reliability, serviceability, and fuel (or power) consumption, and takes into account the expected operating conditions of the system.

This is a complex consideration that includes reliability, serviceability, and fuel or power consumption. 

Equipment should be reliable because:

· It may be preserving a high-value commodity.

· It often operates unattended during trips.

· It frequently travels far from knowledgeable service technicians, repair parts, and supplies of refrigerant and other operating fluids.



Laboratory and field experience must be combined to demonstrate the durability of operating components (the ability of the refrigeration system to start, run, and perform under all expected ambient conditions) and the structural integrity of the entire system. This includes the integrity of the refrigerated vehicle, insulation, and seals that are in place to prevent air infiltration.

Good equipment serviceability is important for the same three reasons. Components and assemblies should be designed for easy access.

 This is important for testing and trouble analysis, routine maintenance, and repair or replacement of components.

Other factors that are important considerations for servicing transportation refrigeration equipment are availability of knowledgeable ser- vice technicians, repair parts, and supplies (e.g., suitable fuel; the exact refrigerant for which the system is designed; engine coolant; lubri- cants specified for the compressor, engine, and other components).

Fuel and power consumption is affected by the efficiencies of engines, electric generators, motors, compressors, and power transmission devices, as well as the thermodynamic performances of the heat exchangers. In addition, the control of the system around the operating set point affects the total run hours and therefore the system’s fuel and power consumption. Refrigeration unit fuel and power consumption should be measured at well-defined conditions in association with refrigeration capacity in a properly equipped test laboratory. Standardized test practices that account for both part-load operating and full-load rating conditions do not exist, butexist but are needed to establish criteria to rate the system’s total cost of ownership.



The operating efficiency of transport refrigeration units is significantly influenced by the specific application and duty cycle of the vehicle. Different commodities have varying temperature and humidity requirements. For example, frozen goods require lower temperatures compared to fresh produce, which may also need humidity control.  Long-haul routes typically involve fewer stops and more consistent operation, which can be more efficient. In contrast, local delivery routes with frequent stops can lead to more variable operating conditions. Vehicles with frequent stops for deliveries or pickups experience more door openings, leading to temperature fluctuations and increased energy consumption. Each time the door is opened, warm or cold air from the outside enters the cargo space, causing the refrigeration unit to work harder to restore the desired temperature. This increases energy consumption and reduces efficiency. Implementing strategies such as minimizing door open durations, using air curtains, or scheduling deliveries to reduce the number of stops can help mitigate these effects and improve overall efficiency.  Precooling the vehicle before loading can help maintain the desired temperature more effectively. Ensuring that door seals and gaskets are in good condition can help maintain the integrity of the refrigerated space.





[bookmark: Airborne_Sound]Airborne Sound

Sound may be a concern when residential and commercial areas abut or government-imposed sound limits exist [e.g., in some European countries, sound during loading and unloading is limited to 60 dBA 7.5 m (24.6 ft) from the source (see www.piek-international

.com/)]. Sound power rating for transport equipment can be measured following AHRI Standard 1120-2012. Design and selection consid- erations include using the following:

· Engines, compressors, and air impellers that are inherently relatively quiet

· Acoustical treatments and sound attenuation features that are durable and likely to remain in use





Emissions Regulations

Government bodies around the world regulate what sorts and quantities of emissions are allowed from diesel engines. This applies to CO2 as well as pollutants such as nitrous oxides. Not all transport refrigeration equipment can be used in every market due to this factor. There are also frequently updating laws on what refrigerants can be used based on their GWP (Global Warming Potential). 





[bookmark: Safety]Safety

Safety in transport equipment is of concern because cargo handlers, vehicle operators, and service technicians are often close to the equip- ment. Also, at times the general public may be near refrigerated vehicles. Although there are no known safety codes specifically for transport



equipment, those mentioned in this section are sufficiently general in scope to apply, or good engineering practice suggests their use for guid- ance.Safety in transport equipment is of concern because cargo handlers, vehicle operators, and service technicians are often close to the equipment. Also, at times the general public may be near refrigerated vehicles. 

In addition to the general safety standards mentioned in this section, EN 378-X and ISO 20854:2019 address industrial-, transport- and container-specific safety standards.

Given the growing relevance of non-A1 refrigerants due to increasingly strict legislation on GWP, safety standards for A2L refrigerants in transportation applications are being developed in the US, and the EU there are already commercial products using A3 hydrocarbons using secondary loops. Examples of this include heavy road transport, where a secondary loop is employed between the vapor compression system and the container. These systems are governed by safety standards covered generally by EN 378-X, but additional, transportation-specific standards regarding the safe application of flammable refrigerants are currently under development.

All potentially dangerous parts, including fans, belts, rotating parts, hot surfaces, and electrical items, require appropriate guards, enclo- sures, and/or warning labels. Labels should emphasize universally understandable graphics; suitable designs can be provided by the Inter- national Organization for Standardization (ISO) or similar groups.



Refrigerant pressure vessels must comply with applicable safety codes; some common codes are listed here:

· American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section VIII (ASME 202315), for vessels larger than 6 in. {152 mm} inside diameter



Additional, general safety standards that are applicable to transportation refrigeration are listed here:

· ASHRAE Standard 15 

· European Committee for Standardization (CEN) Pressure Equipment Directive 2014/68/EU

· CEN Standard EN 378-X2:2016

· Underwriters Laboratories (UL) Standard 1995, for vessels of 6 in. {152 mm} or less inside diameterUL 60335-2-40



In the European Union (EU), the following standards and directives are applied to transportation refrigeration, among others:

· Directive 2006/42/EC:  Machinery Directive (MD)

· Directive 2006/95/EC: Low Voltage Directive (LVD)

· Directive 2014/30/EU: Electromagnetic Compatibility Directive (EMC)

· Directive 2014/53/EU: Radio Equipment Directive (RED)

 

The following harmonized standards are applied for the equipment in transportation refrigeration applications:

· Machinery Directive: EN 12100, EN60204-1, EN13857

· Electromagnetic capability Directive: EN 61000-6-X, EN55011

· ISO 20854: Thermal Containers – Safety standard for refrigerating systems using flammable refrigerants – Requirements for design and operation

· ISO 5149-1: Refrigerating systems and heat pumps – Safety and environmental requirement



Refrigeration system design pressures should account for worst-case temperature extremes for any intended application of equipment. Because the presence of some liquid is likely, either by design or from excess refrigerant in the system, saturation pressures are used.

Under nonoperating conditions, usually 150°F {66°C} (saturation) is used for low and high sides, based on new product shipping expe- rience. Vehicles standing still in the sun without wind should meet this criterion, as well. Note: shipping package design and storage prac- tices must anticipate potential excessive temperature hazards. For example, equipment covered with plastic shrink-wrap may experience temperatures greater than 150°F {66°C} when left in direct sunlight.

While operating, the low-side temperature criterion is unlikely to lead to a pressure exceeding the nonoperating criterion. The high-side criterion of 150°F {66°C} (saturation) is based on the nonoperating value because the worst-case high-side value, from ASHRAE Standard 15-202416, par. 9.2.1(c),  is lower. For example,

· 130F {55°C} Europe worst case: Sevilla, Spain at 100F {38°C} 1% db

· 139°F {60°C} North America worst case: Yuma, AZ at 109°F {43°C} 1% db

· 145F {63°C} Mideast worst case: Kuwait, Kuwait at 115F {46°C} 1% db

High-side saturation temperature excursions above 150°F {65°C} can result from the 135°F {55°C} (or more) transients cited in the Ambi- ent Temperature Extremes section. For example, 155°F {68°C} is sometimes used for trailer equipment.

The choice of overpressure protection in the high side, as well as for a liquid receiver, also affects design pressure.



Example 1. What design pressures are required if a pressure-relief device (valve or rupture disk) is used, or if a fusible plug is used? The highest normal pres- sure for an R-134a system high side, assuming 155°F {68°C} transient exposure, is 281 psig {1938 kPa (gage)}. The critical pressure for R-134a is 574 psig

 {3958 kPa (gage)}.



Solutions:

Pressure-relief device: The recommended 25% margin between relief pressure and the highest normal pressure (to avoid accidental discharge) raises minimum relief pressure from 281 to 351 psig {1938 to 2420 kPa (gage)}. Therefore, a design pressure of 355 psig {2450 kPa (gage)} is appropriate. Pressure vessel testing at 1.25 or 1.5 times1.25- or 1.5-times design pressure is required by major safety codes.

Fusible plug: The design pressure must be 281 psig {1938 kPa (gage)} or greater. So, a design pressure of 285 psig {1965 kPa (gage)} is appropriate. If a fusible plug with a nominal setting of 173°F {78°C} is chosen, the corresponding nominal release pressure is 354 psig {2441 kPa (gage)}. Some codes (e.g., UL Standard 1995) require pressure vessel testing at 2.5 times the nominal release pressure or the critical pressure, whichever is less; in this example, 2.5 times release pressure (in psia {kPa}) would be used.



Safety codes (e.g., ANSI/ASHRAE Standard 15) require overpressure protection such as a relief valve, rupture disk, or fusible plug. Also required is a pressure-limiting device (i.e., a high-pressure switch to stop compressor operation). Overpressure protection design deci- sions must consider possible regional or local regulations that reflect environmental concerns. Rupture-disk discharge to atmosphere may be prohibited in some areas unless in series with a relief valve. Fusible plugs may be prohibited in some areas unless connected to the low- pressure side.





5. [bookmark: 5._Qualification_Testing]QUALIFICATION TESTING

This section provides an overview of testing usually done by equipment manufacturers to determine whether equipment meets operating design criteria and performs satisfactorily in the transportation environment. Prospective users may wish to be guided by evidence of suc- cessful completion of appropriate tests, or may wish to consider special testing of their own.

Operational tests are done to establish the ability of equipment to provide satisfactory control of temperature in a typical vehicle, especially at set points between -230 and 680°F {–128.9 and 26.716°C}. Tests normally include cooling and heating, with ambient temperatures above, at, and below each set point. Operation over the entire range of ambient and internal temperatures expected for the intended vehicles is also tested.

Psychrometric testing is appropriate because cargo space relative humidity affects nonfrozen commodity desiccation. Desiccation is lim- ited by keeping the evaporator surface temperature as high as possible by its thermodynamic design and by refrigeration capacity control methods. In some equipment, additional control is achieved by sensing relative humidity and atomizing water into the conditioned airstream as needed to maintain the desired level for commodity storage.

It is also necessary to verify operation of other equipment functions, such as defrost effectiveness and evaporator fan performance (static pressure versus flow). If controlled atmosphere is an equipment option, its effectiveness may need to be checked.

For equipment rating purposes, refrigeration capacity is normally determined at the following conditions:

· 100°F {38°C} ambient in North America, and 86°F {30°C} in Europe

· 35, 0, and –20°F {2, –18, and –28.99°C} cargo space (return air) in North America, and 32 and –4°F {0 and –20°C} in Europe



Capacity may be certified to meet AHRI Standard 1110- {1111-}2013, the UNECE (2016) consensus, or other industry standards. Most qualification testing programs also include establishing capacity at other conditions. .



Heating capacity (if not electric resistance) is usually, as a minimum, tested at 0°F {–18°C} ambient and 35°F {2°C} cargo space (return air).

Shock and vibration qualification demonstrates that equipment meets guidelines presented in the Equipment Design and Selection Factors section. Search for natural frequencies of 10 Hz or less, and for any that are close to the firing frequency of the equipment’s engine, pumping frequency of the compressor, or operating frequency of any of its rotating components. This testing may be done on laboratory apparatus that shakes equipment in each of its three primary axes. Endurance testing usually follows, using an amplitude and frequency spectrum based on field experience. A special test for cargo container equipment imposes typical lateral (racking) and end-loading forces. Field trials are essen- tial; they usually take several months, and are followed by disassembly and thorough inspection. Some redesign may be needed; testing should be repeated as needed to confirm its success.

Testing at extremes of ambient temperature (and sometimes relative humidity) is usually done on major mechanical and electrical com- ponents by their suppliers (including engines, compressors, motors, alternators, generators, solenoids, and electronic devices). It is also done on complete equipment in test chambers able to operate over the temperature ranges expected for both high and low sides. Of particular inter- est is the ability of equipment to start and run at ambient and cargo space extremes, and evaporator defrosting performance.

Qualification for other ambient design factors generally includes the following:

· Rain and power wash testing is usually done by component suppliers on items such as electric motors. It is also done on complete equipment to check integ- rity of electrical cabinets and cable entries.

· Components susceptible to ocean-environment corrosion, especially for cargo containers, are laboratory tested in specially designed salt- spray apparatus.

· Visual inspection and experience-based judgment are usually used for concerns such as potential for clogging with dirt and debris, and sus- ceptibility to vandalism and theft.

· Items exposed to sunlight, including elastomers, plastics, labels, and paints, are laboratory tested for ultraviolet resistance.



Shock and vibration qualification demonstrates that equipment meets guidelines presented in the Equipment Design and Selection Factors section. Search for natural frequencies of 10 Hz or less, and for any that are close to the firing frequency of the equipment’s engine, pumping frequency of the compressor, or operating frequency of any of its rotating components. This testing may be done on laboratory apparatus that shakes equipment in each of its three primary axes. Endurance testing usually follows, using an amplitude and frequency spectrum based on field experience. A special test for cargo container equipment imposes typical lateral (racking) and end-loading forces. Field trials are essential; they usually take several months and are followed by disassembly and thorough inspection. Some redesign may be needed; testing should be repeated as needed to confirm its success. Another type of qualification is EMC or electromagnetic compatibility. OEMs conduct EM Susceptibility tests (both conducted and radiated) to make sure their components can withstand excessive electromagnetic radiation from their surroundings, ensuring they function reliably. They also enforce EM Emission limits through EM Interference tests (both conducted and radiated) to protect nearby components from being exposed to too much radiation and comply with regional regulations.





6. [bookmark: 6._System_Application_Factors]SYSTEM APPLICATION FACTORS

As noted in the introduction, readers are urged to regard the vehicle and its equipment as a system. This section provides guidance for that design effort. Three steps, discussed in the following sections, are recommended.



[bookmark: Load_Calculations]Load Calculations

The objective of load calculations in this application is to determine average conduction and infiltration loads per hour. Familiarity with Chapter 24 is helpful.

The vehicle’s heat transfer factor (UA) should be determined. If more than one insulation system is being considered (e.g., several thick- nesses), there will be a UA factor for each. This information is normally available from the vehicle manufacturer. It may be calculated with guidance from Chapter 24 and confirmed (or determined) by test (TTMA 2007). Multitemperature applications separate compartments with an insulated bulkhead, and its heat transfer factor must also be determined and considered when performing a load calculation.

Typical vehicle travel time (hours) is needed. For long hauls, add the vehicle’s’s stationary time at each end while loaded with equipment operating should be added. The time for short hauls is usually a typical working day.

Determine tThe range of average ambient temperatures the vehicle is likely to encounter (see Ambient Temperature Extremes in the section on Equipment Design and Selection Factors) should be determined. The range of commodity types and temperatures the vehicle is likely to encounter must also be known.

Solar radiation may be approximated using data in Table 3 of Chapter 24. For example, assume the vehicle roof and one side are exposed to the sun. Divide the sum of the products of areas and temperatures by the total area to get an adjusted ambient temperature. (If this were included in Example 2, the ambient temperature would be about 3°F {1.7 K} higher, increasing conduction and infiltration about 6%, and total load about 4%.)

Infiltration through the vehicle body and closed doors is usually included in the UA valuefactor, although infiltration during door-open time is not. This is a significant consideration for delivery vehicles; estimates may be made using information from vehicle or equipment manufac- turers, or it may be calculated using Chapter 24. For multitemperature applications, infiltration through the insulated bulkhead needs to be considered. The amount of infiltration depends on how effective the seal between the bulkhead and walls is, as well as what type of floor is used in the vehicle. Channel floors, which promote airflow through the vehicle body, increase infiltration between compartments in a mul- titemperature application. Commonly applied aluminum floors provide a conduction path for heat to travel between different compartment zones. 

Vehicle aging effects should be considered, because the vehicle’s ability to protect low-temperature commodities decreases with time.

 Insulation and door seal deterioration can increase the vehicle’s UA bfactor by 25% or more in vehicles older than 3 years.

Cooling load calculations in Example 2 include commodity temperature pulldown and heat of respiration. Both temperature pulldown and heat of respirationof these vary widely with type of commodity and its treatment before loading into the vehicle. Some commodities (e.g., frozen goods, meat) have no heat of respiration. Recommended practices include precooling or preheating the vehicle to bring its interior surfaces to the planned thermostat setting. This exam- ple does not address minor loads associated with (1) cooling (1) air not displaced by the commodity and (2) its packaging materials, ; both of which have rel- atively low mass and poor thermal conductivity.



Example 2. Determine the conduction and infiltration load, commodity temperature pulldown load, commodity heat of respiration, total load, and average load for the following shipment:

Vehicle UA factor: 155 Btu/h· °F {82 W/K} (typical value for U.S. trailer) Vehicle travel time: 72 h (3 days)

Assumed average ambient temperature: 85°F {29°C} Initial average commodity temperature: 40°F {4°C} Final average commodity temperature: 34°F {1°C}

Assumed average commodity temperature en route: 37°F {3°C}

Thermostat setting temperature: 36°F {2°C}



Commodity: Elberta peaches

Quantity: 38,000 lb (19 tons) {17 000 kg}

Specific heat above freezing: 0.9 Btu/lb·°F {3.8 kJ/(kg· K)} (from Table 3 of Chapter 19)

Heat of respiration at 37°F {3°C}: 1169 Btu/24 h· ton {16.1 mW/kg} (from Table 9 of Chapter 19, interpolated)



Solutions:

Conduction and infiltration load (155)(72)(85 – 36) = 546,840 Btu {(82)(72)(3600)(29 – 2) = 574 MJ}

Commodity temperature pulldown load

(0.9)(38,000)(6) = 205,200 Btu {(3.8)(17 000)(3) = 194 MJ}

Commodity heat of respiration = (1169)(19)(3) = 66,633 Btu {(0.016)(17 000)(72)(3600) = 71 MJ} Total load for trip = 818,673 Btu {839 MJ}

Average load = 818,673/72 = 11,370 Btu/h {(839)(1000)/[(72)(3600)] = 3.24 kW}

Note: One vehicle insulation system was assumed in this example. I; if several are to be compared, iterations with the different UA factors are required.

If cold-weather travel is likely, do a similar calculation for the heating load. In this calculation, average ambient temperature should ignore solar radiation. Commodity temperature pulldown load may be nil. Heat of respiration of the commodity reduces the total and average loads.

If cold-weather travel is likely, do a similar calculation for the heating load. In this calculation, average ambient temperature should ignore solar radiation. Commodity temperature pulldown load may be nil. Heat of respiration of the commodity reduces the total and average loads.



[bookmark: Equipment_Selection]Equipment Selection

Selection of equipment from manufacturers’s product data begins with matching its cooling and heating capacity to new vehicle needs, as determined by load calculations. It may include consideration of aging effects on vehicle UA (factor (see the note following Example 2), and) and equip- ment cooling and heating capacity.

Also important is the equipment’s ability to properly control cargo space conditions, especially temperature. If relative humidity and/or atmospheric chemistry control options are being considered, their effectiveness needs reviewthe effectiveness of the equipment in controlling them should be considered.

Microprocessors, multiple temperature sensors, and sophisticated equipment capacity controls allow close control of air temperatures, some to ±0.5°F {±0.3 K} of desired temperature. Depending on the level of system sophistication, it is possible to control either return or supply tem- perature, or both. Maintaining suitable return air temperature is essential for all commodities. Control of supply air temperature helps prevent freezing damage to commodities such as fruits and vegetables.

Evaporator fan performance affects control of cargo space temperature,  and, to some extent, cargo space relative humidity. Airflow should be adequate to ensure that the commodity is surrounded by air at the proper temperature , and also to minimize the supply-to-return air temperature difference. Fan static pressure must be sufficient to force air through the distribution system and cargo. Also, the evaporator may be partially frosted, so fans that can sufficiently move air with a high amount of static air pressure are needed.

Evaporator defrost effectiveness should be judged under frozen load conditions. It must be initiated when needed and must be thorough, to avoid ice build-up on the evaporator.

Details of vehicle selection are beyond the scope of this chapter, but it should be guided by the section on Vehicle Design Consider- ations. Three sections under Equipment Design and Selection Factors also affect vehicle selection: Shock and Vibration, Ambient Tem- perature Extremes, and Other Ambient Design Factors.

Operating economy data for life-cycle cost analysis should be obtained during selection for both the vehicle and equipment. Some of these data (e.g., fuel or power consumption at various operating conditions) may be available from manufacturers. Some, such as annual cost of emer- gency service, preventive maintenance, repair parts, and supplies, come from user records and experience. Other data, such as cost of fuel or power, may have to be forecasts.



[bookmark: Owning_and_Operating_Costs]Owning and Operating Costs

Chapter 38 of the 202319 ASHRAE Handbook—HVAC Applications discusses this topic in detail for HVAC systems, and its contents may be adapted for vehicles and equipment used for transport of commodities. Table 1 in that chapter can be modified to suit. Item I is the total of vehicle and equipment cost. Item V requires deleting factors that do not apply. Other factors peculiar to the transportation business may need to be added to either owning or operating costs. Once established for a particular vehicle/equipment combination, calculations may be replicated for trade-off comparisons of vehicle and equipment options, such as insulation thickness, fuel economy, and vehicle revenue.

Some cost comparison of vehicle and equipment choices is usual in procurement. Its level of sophistication may depend on one or more of the following:

· Availability of information

· Size of planned procurement

· Management requirements for decision making

· Familiarity with engineering economic analysis techniques Two possible cost comparison choices follow.



Life-cycle cost analysis: See Chapter 38 of the 201923 ASHRAE Handbook—HVAC Applications. It would include each combination of ve- hicle and equipment options, and have a column similar to Table 1 in that chapter for each year of useful life. This method accounts for the time value of money.

First-year-only analysis: For each combination of vehicle and equipment options, comparisons would be made of initial cost, estimated fuel or power cost, and expected vehicle revenue. Organizing information as in Table 1 in Chapter 38 of the 201923 ASHRAE Handbook— HVAC Applications is useful.









7. [bookmark: 7._Operations]OPERATIONS

[bookmark: Commodity_Precooling]Commodity Precooling

Ideally, every commodity should be brought to its optimum storage temperature quickly and held there until it is placed in the vehicle. Oth- erwise, effects on commodity quality can range from slight to significant. This topic is addressed in more detail in chapters on food refrig- eration in this volume and other publications on refrigerated transport (see the References and Bibliography).

If a commodity is loaded at a temperature above optimumhigher than the target temperature it should be maintained at, the vehicle’s equipment attempts to reduce it during transit (see Example 2). If the shipping carton design and loading pattern provide good air circulation around the commodity, and if the equipment has adequate cooling capacity, eventually the commodity temperature eventually approaches the thermostat setting. However, any time away from optimum storage tempera- ture makes some loss of product quality inevitable. Therefore, regular reliance on vehicle refrigeration equipment to compensate for bad prac- tices in precooling, storage, and loading is not recommended.



[bookmark: Vehicle_Use_Practices]Vehicle Use Practices

Cleanliness of vehicle interiors, including conditioned air paths, is essential to food commodity safety and quality. It avoids bacterial, chemical, and odor contamination, and in some cases (e.g., transport of fresh meat products) may be required by government food safety reg- ulations. Regular cleaning and sanitizing are recommended; details appear in publications such as Protecting Perishable Foods During Transport by Truck (Ashby 2008) and Guide to Refrigerated Transport (IIR 2010).

Precooling the closed vehicle to the desired commodity temperature before loading helps prevent excursions of product temperature caused by exposure to a hot trailer. In cold weather, preheating may be necessary for fresh or unfrozen commodities. This preconditioning may take several hours under extremely hot or cold ambient temperatures. However, precooling or preheating helps avoid overwhelming the equipment’s capacity and possible damage to portions of the cargo. Refrigeration equipment should not be operated when loading at an open, unrefrigerated dock, to avoid drawing in the outdoor ambient air and creating excessive frost build-up on the evaporator. Special consider- ations, such as operating the refrigeration equipment with the electric standby power or generator power, may be required if a long delay is expected when transitioning the container or trailer between land and ship transport modes. Product quality may suffer from such long tran- sition periods during extreme ambient conditions if precooling alone is relied on without operating the refrigeration equipment.

Prompt cargo transfer between refrigerated warehouses and vehicles is important to maintain product quality. Ideally, loading and unload- ing should be done using refrigerated dock areas. When this is not possible, commodity movement methods and packaging that minimize exposure to warm air (or very cold air for fresh commodities) become very important.

Commodity loading practices are an important factor in helping equipment maintain good temperature distribution within the cargo. Main points to remember include the following:

· Use packages and stack heights that avoid crushing (which blocks airflow between packages)

· Provide spaces between packages for airflow through the load

· Leave adequate space between ceiling and cargo for airflow

· Support cargo away from walls and doors so that air, rather than the commodity, absorbs transmitted heat



For further information, see Ashby (2008) and IIR (2010).

Commodity arrangement is important in delivery vehicles that have frequent door openings to unload cargo. Items to be removed at the first scheduled stop should be located close to the door(s), to expedite unloading and minimize door-open time. Next in the arrangement should be items for the second stop, then the third, etc. During door-open time while unloading, it is important to minimize air infiltration into the vehicle. Air curtains are common in delivery transport vehicles. Vehicles with air curtains installed should have regular maintenance to ensure that protection is adequate and damage to the air curtain is repaired quickly. For delivery vehicles without air curtains, the refrig- eration unit itself should be momentarily turned off while doors are open to minimize the amount of air infiltration. Most equipment manu- facturers sell door switches with their equipment to automatically shut down the refrigeration unit when the door is opened and restart it when the door is closed. If no door switches are installed on the vehicle, the equipment should be manually shut off by the operator before opening the door and restarted when the doors are closed.



[bookmark: Temperature_Settings]Temperature Settings

The cargo space must be held close to a temperature that helps maintain commodity quality and provides desired shelf life at its destina- tion. This volume, as well as Ashby (2008) and IIR (2010), are good sources for the recommended storage temperatures for various com- modities. Because these sources draw from several sets of research and field experience, there are minor differences in the recommendations, but using any of them (or other, similarly reliable sources) should yield good results. Users sometimes create their own tables of settings based on the work of others and experience with shipments.

Thermostat settings for nonfrozen commodities must be chosen carefully to avoid possible damage from lengthy exposure to subfreezing evaporator air discharge temperature. The following example is related to the Load Calculations example, andexample and shows that portions of the commodity exposed to the supply airstream could suffer freezing damage.



Example 3. Determine the approximate supply air temperature (SAT), at both full and reduced refrigeration capacities, for the following shipment: Return air temperature: 36°F {2.2°C}

Refrigeration capacity: 48,000 Btu/h {14 070 W}

Refrigeration capacity, reduced by equipment’s capacity control: 13,000 Btu/h {3800 W} Evaporator airflow: 3000 cfm {1416 L/s}

Approximate specific heat of air: 0.24 Btu/lb·°F {1.004 kJ/(kg· K)} Approximate density of air: 0.075 lb/ft3 {1.2 kg/m3}

Commodity: Elberta peaches

Initial freezing point: 30.4°F {–0.9°C}





Solution:



SAT (full capacity)

36 – {48,000/[(3000)(60)(0.24)(0.075)]} = 21.2°F {2.2 – {14.07/[(1416)(1.004)(1.2)(0.001)]} = –6.2°C}

SAT (reduced capacity)

36 – {13,000/[(3000)(60)(0.24)(0.075)]} = 32°F {2.2 – {3.8/[(1416)(1.004)(1.2)(0.001)]} = 0°C}

As discussed in the section on Control Systems and Equipment Selection, equipment with microprocessors and sophisticated capacity con- trols can achieve very close air (and commodity) temperature control. Some equipment can control both return and supply air temperatures.

[bookmark: Other_Cargo_Space_Considerations]

Other Cargo Space Considerations

The number of days spent in a refrigerated vehicle determines whether fresh commodities benefit significantly from ventilation, or control of relative humidity and/or cargo space atmospheric chemistry. Because their itineraries often include lengthy sea voyages, cargo containers are more likely to need one or more of the three following provisions.



Ventilation. Cargo container equipment may include means to admit outdoor air to reduce concentration of gases, primarily ethylene and CO2, that are produced by fresh product respiration. Their outer air openings are adjustable and usually calibrated for several air exchange rates. Some container users publish suggested rates for various fresh products, ranging from 15 to 150 cfm {7 to 70 L/s}. Information may be available from local growers’ cooperatives, agricultural universities, and similar organizations.

Other vehicles, such as trailers, sometimes have small doors in their front and rear to admit and exhaust air as discussed in the section on Equipment. If ambient temperatures are moderate, a few products (e.g., unripened honeydew melons) may be transported with ventilation only.



Relative Humidity Control. Equipment, particularly for cargo containers, may have relative humidity sensing and control capability. Lengthy trips may make humidification desirable to help limit commodity desiccation. To maintain sanitary conditions in the cargo space, it is essential that potable water be put in the humidifier reservoir. Some equipment may have provisions to automatically replenish the res- ervoir with condensate from evaporator defrost operation. For further information, see Chapters 30 to 42 in this volume, Ashby (2008), and Nichols (1985).



Control of Atmospheric Chemistry. The chemistry of the cargo space atmosphere may affect fresh product quality at its destination. Commodity respiration, the combining of natural sugars with oxygen, can be slowed by reducing the ambient O2 level. Increasing the CO2 level slows respiration further, andfurther and helps prevent premature aging. Specific combinations of gases control, and in some cases eliminate, cer- tain pathogens and insects. Also, texture and color can be maintained by limiting ethylene, a natural ripening agent. Each product has unique physiological characteristics that dictate specific O2 and CO2 levels. Depending on travel time, monitoring and control of these levels can be critical to maintaining product quality. Ashby (2008) only provides recommendations for berries and cherries (perhaps because most truck and trailer trips are of a few days’ duration); a 10 to 20% CO2 atmosphere is normally used as a mold retardant.

For long hauls, especially in seagoing cargo containers, controlled-atmosphere capability may be needed. As discussed in the Equipment sec- tion, CO2 and O2 are sensed. N2 and/or CO2 concentrations in the cargo space are then adjusted, depending on commodity needs.

On short hauls, or when en-route replenishment from a stationary source is practical, modified atmosphere may be used. The entire vehicle may be treated after loading, butloading but requires a seal of plastic film at the doorway(s), successive purging operations to drive out much of the air, and injection of the gas treatment. Sometimes pallet loads of commodity are sealed, evacuated, and injected with the appropriate gas.

For further information, including advice on control settings, see Chapters 21 and 35, Gross et. al. (2016), Kader (2002), and Nichols (1985).



[bookmark: Maintenance]

Maintenance

Successful operations depend on regular pre-trip inspections and scheduled maintenance. Prompt action to correct vehicle or equipment deficiencies is required. Note: all appropriate safety precautions must be taken during pre-trip and scheduled maintenance work.

Proper vehicle maintenance helps ensure system effectiveness in preserving temperature-sensitive commodities. Periodic inspection, preferably before each trip, is essential. It should include the following:

· Attachment of equipment components: correct loose or damaged fasteners

· Insulation, vapor barrier, and door seals: repair or replace damaged areas

· Air distribution system (ducts): repair or replace damaged parts

· Evaporator condensate outlets: clear drain lines and replace or correct faulty air traps

· Floor drains: repair or correct faulty air traps

· Interior cleanliness (discussed in the section on Vehicle Use Practices)

· Bulkheads in multitemperature compartments: replace damaged areas and ensure that a tight seal is still achievable to separate zones



Equipment maintenance items may be categorized as pre-trip or scheduled. Manufacturer’s operation and service manuals provide valu- able guidance on both. All who use and maintain equipment should be thoroughly familiar with them and follow all of their instructions care- fully. Highlights typical of these manuals follow:



Pre-trip Inspection (usually daily)

· Physical appearance of equipment components: repair or replace as required

· Evaporator, condenser, and engine radiator (if used): clean if airflow or heat transfer are obstructed

· Evaporator condensate drain: clean if obstructed, check and service drain trap if faulty

· Refrigerant moisture indicator (if used): service if “wet” indication occurs

· Refrigerant charge level: if low, check for and repair leaks; add proper refrigerant as needed

· Compressor oil level: unlike engines, compressors do not consume oil, and addition should only be needed if a refrigerant leak or service procedure has resulted in loss

· Engine oil and coolant levels: if low, check for and repair leaks; add proper fluid as needed

· Check all system control and monitoring equipment functions (microprocessor controls usually do this automatically): if any are faulty, troubleshoot and repair before departure

· 



Scheduled Maintenance (inspect and service, following equipment manual’s instructions)

· Mechanical and electrical components, including

· Fasteners, latches, hinges, and covers (and their gaskets, if any)

· Gages, switches, and electrical connections

· Belts and shaft couplings

· Fans

· Engine systems (if engine-driven), including

· Lubrication: no leaks; change oil and filter as required

· Cooling: no leaks; airflow and heat transfer must not be obstructed; change coolant as required

· Fuel system: no leaks; change filter(s) as required

· Exhaust: no leaks; sound level must be normal

· Combustion air: service and change filter as required

· Starting: cranking motor engagement must be normal

· Battery charging: output must be normal

· Refrigeration system components, including

· Evaporator and condenser: airflow and heat transfer must not be obstructed

· Evaporator condensate drain: must be clear and air traps in good working order

· Filter-drier: must not be clogged (no detectable temperature drop across it)

· Refrigerant moisture indicator (if used): must indicate “dry”

· Refrigerant charge level: must be within normal limits

· Compressor oil level: must be within normal limits

· System operation in all modes: cooling, heating, and defrost must work properly

· Operating pressures and temperatures: must be within normal limits

· System control and monitoring equipment may require periodic calibration of sensors
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MARINE refrigeration systems are used aboard seagoing vessels and offshore facilities and generally include cargo hold refrigeration, domestic refrigeration services, and refrigerated containers. These systems differ from stationary systems not only in physical aspects but also in the fact that marine systems must be designed to handle frequent starting and stopping. Process freezing or chilling plants on vessels might run continuously for weeks, but under some conditions may be started and stopped daily. Cold storages are usually shut down after the cargo is discharged and are restarted before new cargo is loaded.[footnoteRef:2] [2: The preparation of this chapter is assigned to TC 10.6, Transport Refrigeration.] 


Personnel changes of engineers and refrigeration crew members require that those unfamiliar with the installation be able, on short notice, to trace well-labeled systems and place the plant in operation or maintain it without undue hazards to machinery, cargo, or personnel.

Plant layout aboard ships should be as simple as possible without sacrificing reliability. The machinery plant should be close to the main power plant to provide short piping and power connections and facilitate close supervision by operating personnel. Machinery space should be uncrowded, even at the expense of revenue space, to give ample room for operation, maintenance, and repair of both the apparatus and the ship’s structure.

All machinery must have sturdy foundations, and all components should be secured against vibration from either themselves or other machinery. Rotating shafts should be in line with the center of the vessel, where possible. High-speed machinery should be mounted fore and aft, and all feeds, drains, and vessels must be installed with full consideration of the effects of pitch, roll, trim, and list. When lacking exact specifications, equipment should be able to reliably operate in the following conditions:

• 	15° static and 22.5° dynamic port-to-starboard inclination

• 	5° static and 7.5° dynamic fore-to-aft inclination

Refrigeration equipment should not, in general, be kept in the same enclosed space as internal combustion engines, because engine damage can occur in the event of a refrigerant leak. However, locating refrigeration equipment close to the main engine space usually improves economy of space and provides easy connection to power and cooling.

1. 	GENERAL CONSIDERATIONS

1.1 	Refrigeration Load

This chapter does not discuss load calculations in detail, because the loads that might be encountered in a marine refrigeration plant vary so widely. However, the methods used to calculate them can be found in Chapter 24, and load calculation considerations are discussed in this chapter in the section on Specific Vessels.

1.2 	Refrigeration System

Refrigerants

Refrigerants for shipboard use must meet the same environmental regulations that apply to land-based systems. The choices are similar, but special attention should be given to the availability of refrigerants and compressor lubricants at all ports of call. Consider using as few different refrigerants as possible between air conditioning and refrigerating loads to eases logistics and inventory concerns. Low-Global Warming Potential (GWP) refrigerants are recommended to remain ahead of EPA legistlation, but associated challenges such as refrigerant cost, availability and flammability should be accounted for in advance. Careful consideration of low-GWP HFO refrigerants vs. natural refrigerants such as Propane, Carbon Dioxide or Ammonia, should be made.

Compressors

Generally, all of the same types of compressors used in stationary refrigeration plants can also be applied on ships. Chapter 38 of the 2024 ASHRAE Handbook—HVAC Systems and Equipment describes compressors in detail and discusses their application and control.

Intermittent operation of compressors should be minimized to ease the starting load burden on the vessel’s electrical generating plant and to extend the life of the compressor’s motor. Automatic capacity control, via either variable frequency drives (VFD) or mechanical means (i.e., cylinder deactivation) should be used to react to varying loads and to assist in startup load burden. Oversized compressors should be avoided. 

The shafts of rotating equipment are usually oriented fore and aft to minimize the gyroscopic bearing loads that occur when a vessel rolls. Compressor lubrication systems must be able to function under all previously mentioned conditions of pitch, roll, trim, and list.

Reserve capacity and spare parts must be taken into account in the design. There must be redundancy built into the system, a complement of spare parts to ensure the ability to maintain temperature, or some combination of the two. Parallel compression could also be implemented to simultaneously address partial load behavior and, to some extent, redundancy. ANSI/ASHRAE Standard 26 lists spare parts and tools to be provided on board. Table 1 suggests reserve capacities for various installations.

		Table 1 	Operating and Reserve Capacities of Condensing Units



		No. of Units, 100% Load

		Additional or Reserve Unit, %

		Total No. of Units



		1

		100

		2



		2

		 50

		3



		3

		    33 1/3

		4



		4

		 25

		5



		5 or more

		 20

		6 or more







Condensers and Coolers

Shipboard condensers are most often of shell-and-tube design, using seawater as the condensing medium. Other types of condensers, such as plate-and-frame and double pipe, are sometimes used. Surfaces exposed to seawater must be resistant to corrosion. Cupronickel is most common for tubes and tube sheet cladding material for seawater heat exchangers with refrigerants other than ammonia. Copper tube with Aluminum fins can be used, provided the fins are anodized for corriosion protection. During equipment selection, installation, and operation, special consideration must be given to preventing damage from galvanic corrosion, erosion, electrolysis, and anaerobic corrosion. Epoxy coatings, impressed current cathodic protection, and sacrificial anodes are often used as preventive measures. Freshwater loops are increasingly used on work boats, and double loop systems with “general fresh water” are finding implementation in cruise ships.

Considerations for brine (including seawater) coolers and water-cooled oil coolers or subcoolers are similar to those for condensers. Materials of construction must be compatible with the medium being cooled or being used for cooling.

Shell-and-tube condensers are normally fitted with dual drains to drain freely under all conditions of pitch, roll, trim, or list. As an alternative, they may be installed on an angle great enough to compensate for the maximum angle of vessel trim or list that may be encountered.

Receivers and Refrigerant Distribution

Receivers, either vertical or horizontal, must be installed so as to retain a liquid seal at their outlet under all conditions of pitch, roll, trim, or list. They should be fitted with an impact-resistant level glass, and/or electronic level indication.

All of the same methods of refrigerant distribution that are used in stationary refrigeration plants are also used in shipboard refrigeration, including the use of secondary refrigerants. Generally, the same requirements must be met, in addition to those imposed by operating at sea.

Take care to ensure proper operation at any vessel angle that may be encountered. For direct-expansion systems, piping must ensure adequate oil return even when the ship is at static inclination angles. Liquid-level controls used for flooded and recirculating systems should be located in the middle of vessels rather than at either end. Provisions must be taken in vessel design to minimize liquid sloshing caused by sea conditions.

System piping must be able to withstand the stresses of operation at sea, including vibration, impact, and flexing of the ship’s structure. In the case of direct expansion systems, it is recommended to use 90 degree elbows instead of 45 degree connectors to better sustain vibrations. Finally, secondary loops should be strongly considered to reduce the amount of primary refrigerant needed, especially in the case of flammable refrigerants, in order to reduce charge inventory and risk of leakage.

Controls

Recent technological developments have significantly changed how marine refrigeration plants are controlled. Electromechanical controls, which in earlier decades supplanted manual controls, are now increasingly being supplanted with solid-state controls in new and existing installations. The proliferation of electronics has influenced temperature and pressure controls, motor controls, level controls, data and trend logging, compressor sequencing, and leak detection. Microprocessors and programmable logic controllers (PLCs) are becoming the common method of compressor control, along with VFDs and mechanical capacity control measures. As solid-state technology advances, its advantages become increasingly pronounced. Automatic sequencing of multiple compressors has become as simple as entering parameters on a keypad. Electronic temperature controls are very precise, can easily be provided with multiple set points for varying duties, and can be located several hundred feet {hundreds of metres} away from the space they control.

Pressures, temperatures, amperages, flow rates, liquid levels, events, and virtually any other information required can be delivered electronically to one or more central locations for monitoring and control. Computer technology allows logging these data for long- and short-term storage. The data can be transmitted from a vessel at sea to a shore-based facility, enabling the collection of large amounts of data to be used for future designs, system control optimization, and fault detection and diagnostics, among others.

Electronic leak detection equipment are very common and can reduce the potential for accidental exposure to dangerous levels of refrigerant vapor in confined spaces, as well as increase system reliability because it offers early detection of charge loss. As the use of lightly flammable and flammable refrigerants increases, leakage detection systems are beginning to be required by regulatory agencies and are thus quickly becoming standard.

Applications of solid-state technology are too numerous, and evolving too quickly, to list completely in this chapter. However, changes in controls technology are one of the the most significant applications and advancements in marine refrigeration in recent years. Regardless of these advances, sophisticated controls are not a substitute for sound design and construction. Whatever control system is used, proper documentation must be provided; operating instructions must provide enough detail for users to operate the system with a minimum amount of training.

Thermometers, Thermostats, and Temperature Sensors

Space temperature information from the thermometer, thermostat display, or dedicated temperature sensor is the principal indicator of how a refrigeration plant is functioning. Accurate control of space/room temperature depends on proper placement of the sensor(s) in that space. In spaces where the product is held just above freezing, sensor placement is critical to avoid freezing the product. Sensors used with forced-air evaporators in this type of application should be placed in the delivery airstream, which is the most critical temperature. Thus, if 32 °F to 33 °F {0 to 0.5 °C} air is delivered, the product will be cooled as effectively as possible without risk of freezing. In spaces where a wider variance in temperature is tolerable, sensor placement is less critical. However, always attempt to place them in the most representative location.

Temperature recorders are essential to proper operation and control of cargo refrigeration systems. These can be paper charts, electronic media storage, or some combination of the two. The shipper or buyer of the product or cargo often specifies the type of recording device.

Electronic thermometers, various types of temperature sensors, and thermostats have come into wide use. They allow for long distances between the sensor and the controller or display, are very precise, can often be tied in with microprocessor system controls and data logging systems, and many can be calibrated in the field. In a large refrigerated space, multiple sensors can be combined to give an average reading 

to the display or controller.


1.3 	Cargo Holds

Arrangement

Arrangement and dimensions are determined by the ship’s structure, compliance with compartmentalization of the hull as related to watertight integrity, vessel stability, and fire resistance. Cargo holds should not be designed exclusively for high-temperature service unless it is certain that the vessel will always remain in that limited trade.

Refrigeration controls must be located where they can be readily accessed by operating personnel regardless of whether holds are full of cargo. When controls, piping, or other equipment, such as evaporators, are located near hatches, adequate measures must be taken to prevent damage from impact by cargo, hatch covers, etc.

The greater the number of subdivisions in the refrigerated compartments, the greater the loss to the ship’s revenue-generating spaces, because of the volumes occupied by insulated partitions, cooling apparatuses, piping, and accesses. Thus, the all-refrigerated ship, with only the main structural boundaries insulated, makes the most efficient use of a ship’s refrigerated enclosures. This efficiency comes with disadvantages, such as the difficulty in providing uniform temperatures throughout, and the inability to maintain different cargoes at different temperatures.

Space Cooling

Cargo is tightly packed in refrigerated holds of all types of vessels, with no aisles or clearances, presenting challenges to the designer. Cooling can be achieved by extended-surface overhead-mounted coils, prime surface coils, or forced air.

For operation below freezing, the designer must consider whether defrosting will occur during operation, as with forced-air handlers, or after cargo is unloaded, as with prime surface coils. Hold design must allow for draining defrost water from the space, because it cannot usually be discharged to the outside of the space as done in stationary plants.

Insulation and Construction

Insulation. Moisture-, vapor-, and water-resistant insulation is of particular importance aboard ships because of frequent and extreme temperature cycles caused by intermittent refrigeration. On termination of refrigeration at discharging ports, insulation is at lower temperatures than the open room; often, the room surfaces are dripping wet with atmospheric moisture, which enters through the open door or hatch. Both warm and cold sides should be moisture-sealed equally; cold-side breather ports are not recommended. Other common sources of water in ships’ cold storages are melting ice and defrosting cool surfaces.

Severe service conditions, which subject the insulation to injury or change by mechanical damage or vibration, and intermittent refrigeration place exacting requirements on insulation for ships’ cold storages. The ideal shipboard composite insulation should have the following characteristics:

• 	High insulating value

• 	Imperviousness to moisture from any source

• 	Lightweight {Low in mass}

• 	Flexibility and resilience to accommodate ships’ stresses and loading

• 	Good structural strength

• 	Resistance to infiltrating air

• 	Resistance to disintegration or deterioration

• 	Fire resistance or fireproof self-extinguishing qualities

• 	Odorlessness

• 	Not conducive to harboring rodents or vermin

• 	Reasonable installation cost

• 	Workability in construction

In the United States, properties of the insulation and details of construction should meet approval by the U.S. Coast Guard and U.S. Public Health Service. For information on insulation materials and moisture barriers, see Chapters 23, 25, 26, and 27 of the 2021 ASHRAE Handbook—Fundamentals.

Construction. The three principal parts to the cold storage boundary are the envelope or basic structure, the insulating material, and the room lining.

The envelope is usually partly composed of the ship’s hull, watertight decks, or watertight main bulkheads with members that resist vapor entry from the warm side. Inboard boundaries outlining cold storages should have an equal ability to resist moisture. A continuous steel internal bulkhead with lap seams and welded stiffeners provides a boundary of adequate strength and tightness. Details of design may accommodate dimensioned insulators or facilitate means of fastening these materials. Doorway main bucks of steel channel provide good structure, but are usually a source of sweating on low-temperature rooms because of heat gain through the metal. Wooden door bucks minimize sweating but counteract efforts to eliminate concealed wooden structure.

Partitioning bulkheads may be of similar detail, but airtight sealing is less important. Some installations are framed with angle-bar grids, between which the insulator is installed. In passenger vessels (over 12 passengers), U.S. Coast Guard regulations on fire-resistant construction restrict wood assembly. Under no circumstances should wood be a part of the deck assembly, because it deteriorates rapidly under the prevailing conditions.

The assembled boundary of a ship’s cold storage must withstand heavy deck loads and several bulkhead thrusts of cargo when the vessel rolls or pitches in a heavy sea; it must also be able to flex with the hull structure being stressed in any angle. The assembly must resist vibration caused by propelling machinery, the sea, and careless handling of cargo; if not otherwise specified, follow ISO Standard 6954’s recommendation of 11.26 in/s2 {286 mm/s2} acceleration or 0.3 in/s {8 mm/s} overall frequency-weighted root-mean-squared (RMS) values from 1 to 80 Hz. The vapor seal of all surfaces must remain intact.

Only in extreme cases should voids in the insulation assembly be concealed. Filling gaps with insulating material is cheaper and more effective than constructing internal framing. Exceptions to this rule are in the deep volumes formed by bilge brackets, deck brackets, and open box girders. Solid filling results in more insulation thickness than is needed for a heat barrier in the overhead and the ship’s side, where beams and frames are deep.

The room lining must be sturdy enough to withstand the impact of frequent cargo loading and handling. On passenger vessels, U.S. Coast Guard regulations require that the lining be fire resistant. Tongue-and-groove lumber is considered obsolete for any ship; on freight vessels where wood is permissible, exterior-grade plywood is sometimes applied. A few installations have been made either of laminated plastic sheets or wood fiber hardboard; both are satisfactory when properly supported. Steel linings are costly, impractical, and difficult to maintain and repair. The favored lining is the cement and fire-resistant fiber hardboard panel with aluminum sandwich lamination. When the insulator is secured with adhesives containing volatile solvents, the aluminum laminations should be of perforated metal or mesh.

The U.S. Public Health Service requires all linings to be ratproofed. Vulnerable linings should have an underlay of 1/4 in. {6 mm}, 16 ga galvanized wire mesh for ratproofing.

Applying Insulation

When applying panels with adhesives over block insulators, butted joints should be separated sufficiently for the adhesive to extrude, provide a moisture-sealed joint, and accommodate movement of the panels by flexing of the ship’s structure. Joints may be covered by cargo battens, which are also secured by adhesive and with brass screws. Bulkheads of all cold storages should be fitted with vertical cargo battens on 15 to 18 in. {380 to 460 mm} centers to hold cargo clear of the insulated bulkhead. This spacing allows circulation of air and prevents the contacting package from as a room insulator.

Container vessels of cellular construction move containers along guiding columns; the boundaries of the hold, except for the hatch coamings, are not subject to mechanical damage. Here the insulation may be of the simplest, low-cost, ratproofed form without fitted hard panels or cargo battens.

Urethane foam deck insulation requires a restricting surface to confine and distribute the expanding material. In one method, plywood is secured over foam spacer blocks, and the material is injected into the space through properly spaced holes. The membrane and wearing surface covering are laid over the plywood. Wood in the deck is not good practice, however, and wood is not a suitable base for a heavy-duty wearing surface material. An alternative method calls for laying expanded board or blocks in an approved adhesive. Using the more resilient corkboard laid in adhesives may be good practice in some applications.

The greatest weakness in ship cold storage construction is the deck covering. Research and practice have not developed a fully satisfactory covering that does not need to be replaced often and is resistanct to wear, particularly when wet. Unlike a warehouse, a tightly packed cargo cold storage must have deck gratings both to ensure air circulation and to protect the bottom tier of products from heat leakage. Grating supports carry the cargo weight to concentrated load areas of the deck. The room may be filled with warm general cargo in alternative service, and a thermoplastic covering may be punctured by the supports.

The deck covering must be flexible enough to withstand the flexing of a ship or extreme temperature fluctuations, as well as maintain a moistureproof cover over the insulation. The most satisfactory material is a mastic composed of emulsified asphalt, sand, and cement. This material is applied cold; on setting, it has good load-bearing qualities, is impervious to water, has a small degree of ductility, and may be used in thinner layers than concrete. It should always be reinforced, and expansion joints should be included to accommodate shrinkage and adjustment to movements of the ship.

All rigid or semirigid deck coverings should have rubber-base composition expansion joints capable of bonding to the edges of the deck slabs or bulkhead and not subject to shrinking from age. The expansion joints should trace the periphery of the room, the line of all underdeck girder systems, bulkhead offsets to pillars, and similar lines of anticipated ship stress.

Water from ice-packed vegetables and from defrosting requires the deck covering to be impervious to moisture in the slab as well as the joints. If the deck insulation is wetted, it will deteriorate, lose its efficiency as an insulator, and give off odors. If wet deck insulation freezes, it will lift the deck covering and destroy it. If water penetrates to the steel, the ship’s structure will corrode unnoticed.

All deck coverings will crack or become damaged during the ship’s life. As a secondary security against water, a membrane should be laid between the insulator and the deck covering. The membrane need not be flashed to the bulkhead if suitable sealing expansion joints are fitted at the juncture of the bulkhead panel and the deck covering. Waterproof paper used to seal insulation should be applied in double thickness, and the laps and perforations should be cement-sealed. Bulkhead and ceiling panels attached with suitable adhesives do not require waterproof paper inner linings.

Decks and Doors

The deck is the weakest point in the ship’s refrigerated cargo hold. The weakest element in the deck is the deck drain, because of the difficulty in bonding the deck covering with the metal drain fitting. Water often finds its way between the covering and the insulation. The conventional deck drain is fitted with a perforated plate flush with the deck covering and hidden by the deck gratings. If the perforations become clogged by debris, water accumulates at the drain. A drain fitting near a bulkhead or corner can create a weak section in the deck covering and develop cracks running to the bulkhead or across the corner. Figure 1 shows a satisfactory drain fitting. It is flush with the top of the gratings, has a lift-out cover for easy cleaning, and is bonded to the deck covering with expansion joint material. Drains between decks should be omitted wherever practical.
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Fig. 1 	Floor Drain Fitting
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Fig. 1 	Floor Drain Fitting

Refrigerated enclosure doors are generally a manufactured product. They should have generously designed steel or stainless steel hardware, and the door and frame should be metal-sheathed and have a flat sill and double gasket. Very large or double doors should have additional dogs to ensure proper sealing when closed.

Sliding doors should be installed wherever possible to reduce interferences and conserve adjacent revenue space. When used, brackets should be installed to support portable horizontal spars inside the doors to prevent cargo from falling against the doors in a seaway. Molded glass-fiber swinging doors insulated with urethane foams poured in place are available. They are strong and lightweight {low in mass}, are easily handled, and can be fitted with lightweight {low-mass} hardware.

In closing, wooden surfaces should be varnished rather than shellacked, because shellac has little protective penetration. Manufactured nonmetallic-surfaced materials may be painted or varnished, but if they are nonhygroscopic, their original surface usually maintains a good appearance for longer than a painted coating.

Low-temperature apparatus or piping should be inspected carefully during installation. All joints and surfaces should be generously sealed to keep out atmospheric moisture. Special attention should be given to pipe covering ends, valves, and bulkhead penetrations. On below-freezing services, special composition adhesives should be used. The smallest omission or breach of a seal allows progressive destruction of the covering.

On ships, where piping systems are relatively short, insulation functions more to prevent sweating or frosting of cold surfaces than to 

prevent heat gain.


2. 	Ship Refrigerated Stores

Most vessels carry enough provisions for long voyages without replenishing en route. The refrigerating equipment must operate under extreme ambient conditions. Storage of frozen foods, packaging, humidity, air circulation, and space requirements are important factors.

Perishable foods can be fresh, dehydrated, canned, smoked, salted, and frozen. For most, refrigeration is necessary; for some, it may be omitted if the storage period is not too long. Space aboard ship is costly and limited; many rooms at different temperatures cannot be provided. An area of future development would be increased temperature control depending on client recommendation.

Passenger vessels typically have multiple low-temperature spaces designated by temperature and type of food stored, whereas a typical merchant vessel has two spaces: frozen stores at –20 °F {–29 °C} and a chilled space at 34 °F {1 °C}. Suitable product storage can be obtained by providing conditions outlined in Table 2 and described in the following sections. Modular systems are now available where multiple smaller rooms are each served by a plug and play modular condensing unit, allowing for flexibility  to change room temperature setpoints and adjust the refrigerated stores to the profile of the ship's mission.  The crew can adjust room temperatures as needed.  Additionally, the modular condensing units can be easily removed and replaced by the crew and shipped out for service thanks to their compact profile

		Table 2 	Classifications for Ships’ Refrigeration Services	Comment by Barta, Riley: Feedback from TC10.6 members desired



		Service

		Temp., °F {°C}

		

		Passenger Vessels

		

		Freight Vessels



		

		

		

		

		

		



		Freezer rooms

		

		

		

		

		



		Meats/poultry

		–20 {–29}

		

		X

		

		X



		Frozen foods

		–20 {–29}

		

		X

		

		X



		Ice cream

		–20 {–29}

		

		X

		

		X



		Fish

		–20 {–29}

		

		X

		

		X



		Ice

		28 {–2}

		

		X

		

		



		Bread

		0 {–18}

		

		X

		

		



		Chill rooms

		

		

		

		

		



		Fresh fruit/vegetables

		34 {1}

		

		X

		

		X



		Dairy products/eggs

		32 {0}

		

		X

		

		X



		Thaw rooms

		40 to 45 {4 to 7}

		

		X

		

		X



		Wine rooms

		48 {9}

		

		X

		

		



		Bon voyage packages

		40 {4}

		

		X

		

		



		Service boxes in main galley

		

		

		

		

		



		Cooks’ boxes

		40 {4}

		

		X

		

		X



		Butchers’ boxes

		40 {4}

		

		X

		

		



		Bakers’ boxes

		40 {4}

		

		X

		

		



		Salad pantry refrigerator

		40 {4}

		

		X

		

		



		Coffee pantry refrigerator

		40 {4}

		

		X

		

		



		Ice cream cabinet

		10 {–12}

		

		X

		

		



		Mess rooms or pantries

		40 {4}

		

		X

		

		X



		Deck pantries

		40 {4}

		

		X

		

		



		Wine stewards’ box

		40 {4}

		

		X

		

		



		Bars/fountains

		Various

		

		X

		

		



		Ice cube freezers

		See text

		

		X

		

		



		Ice cream freezers

		See text

		

		X

		

		



		Biologicals

		40 {4}

		

		X

		

		



		Drinking water systems

		See text

		

		X

		

		X



		Ventilated/Dry stores

		59 {15}

		

		

		

		



		Hardy root vegetables

		See text

		

		X

		

		X



		Flour/cereals

		See text

		

		X

		

		X







2.1 	Commodities

Meats and Poultry

Substantial savings in space and preparation labor and better quality can be obtained with precut, boned, frozen meat and poultry packed in moisture- and vaporproof cartons and wrappers. For this reason, increased 0 °F {–18 °C} storage space should be anticipated. Fresh meats are less suitable because of their relatively short storage life. Also, the space required for fresh meats is two to four times more than that needed for prepackaged meats.

Fish, Ice Cream, and Bread

Good-quality fish, properly prepared and packaged, remains odorless and palatable for a long time.

Commercially prepared ice cream is nearly always available and used to a great extent for both passenger and freight vessels. Ice cream for immediate use should be kept at a slightly higher temperature in an ice cream cabinet in the galley or pantry. If ice cream making equipment is used, provision must be made for hardening the ice cream, ices, and sherbets.

Excellent results can be obtained by purchasing freshly baked bread, sealing it in moistureproof wrappers, and storing it at 0 °F {–18 °C}. This supply may be supplemented by bread and other bakery items made on the ship. Frozen bread may be thawed in its wrapper in a few hours.

Fruits and Vegetables

Packaged frozen fruits, fruit juices or concentrates, and vegetables may be stored in any freezer room. All packaged frozen products may be held in a common 0 °F {–18 °C} storage space. However, improved accessibility, especially on large passenger vessels, may justify separate refrigerated spaces for some products.

In some cases, fresh-grown product is desired. These items may be stored in a common chill room, but some compromises with their optimum storage conditions must be expected. It may be necessary to store fresh-grown produce in hermetic containers to avoid their rapid dehydration in the refrigerated space. Furthermore, Ethylene absorbers can be used to prolong the storage life of some produce.

Dairy Products, Ice, and Drinking Water

All dairy products may be stored in a single room, following customary shoreside practice. Strong cheeses with odors that might be adsorbed by other foods should be stored in a tightly enclosed chest or cabinet in the dairy refrigerator. Eggs may be processed by oil dipping or heat stabilization to make them less sensitive to unfavorable humidity conditions or odors. Large passenger vessels should be fitted with a separate egg storage room. Butter for reserve supply should come aboard frozen and be kept in a freezer. Frozen homogenized milk has been perfected to a degree that it can be carried for reasonably long periods. Aseptically canned whole milk may be stored without benefit of refrigeration, but this product has some limitations because of the detectable cooked flavor.

Flake ice machines and automatic ice cube makers are common on passenger and freight vessels. Chilled drinking water is piped to many parts of a ship. The water is cooled in closed-system scuttlebutts, and the necessary circulating lines serve living and machinery spaces where drinking fountains and carafe-filling taps are installed. Remote stations that would require unusually long insulated piping runs are better served by independent refrigerated drinking fountains.

2.2 	Storage Areas

Many borderline perishables, such as potatoes and onions, are satisfactorily stored with ventilation only. Hardy root vegetables carried on freight vessels not destined for winter zones are kept in slatted bins on a protected weather deck. Flour and cereals must be stored in cool, well-ventilated spaces to minimize conditions conducive to propagation of weevils and other insects.

Storage Space Requirements

Space requirements for refrigerated ships’ stores can be approximated by formulas. However, catering officials and supervising stewards have specific ideas regarding the total volume and subdivisions, and these sometimes vary greatly. A freight ship in ordinary scheduled service seldom exceeds 45 days between replenishment of stores, and passenger vessels considerably less. In addition, deliveries en route are possible.

The space provided should allow suitable working floor areas for good storekeeping. When possible, stable piling 6 ft {1.8 m} high is good practice. If the clear height of the room is less than 7 ft {2.1 m}, allowances must be made for air circulation. A storage factor of 90 ft3/ton {2.8 m3/Mg} of goods should suffice and allow floor working area. If a directing caterer or steward is not available for consultation, Equation (1) may be used to estimate the total refrigerated storage space for merchant vessels. Ice storage is not included because of the various methods used in supplying it.



					(1)



where

	V	=	total volume of refrigerated storage (not including ice), ft3 {m3}

	N	=	number of crew and passengers

	D	=	number of days between re-storing

	P	=	mass of refrigerated perishables per person per day, lb {kg}

		=	10 lb {4.5 kg} for freighters

		=	13.5 lb {6.1 kg} for passenger vessels

	F	=	stowage factor (approximately 90 ft3 per ton {2.8 m3 per tonne} of goods)

		2000 {1000}	=	lb/ton {kg/Mg}

For example, for a freighter on a 45-day voyage with a crew of 53 and 12 passengers,



With 6 ft {1.8 m} high stowage, the net floor area is 219 ft2 {20.5 m2}. With 8 ft {2.4 m} high ceilings, the gross volume is 1752 ft3 {49.2 m3}.

Gross volume represents actual space available for storage of foods up to ceiling height and does not include the space occupied by cooling units, coils, gratings, or other equipment.

Stores’ Arrangement and Location

Next to the arrangement of ships to meet their major purpose, the planning of ships’ housekeeping facilities is most important. Efficient operation by culinary workers requires not only well-arranged working spaces, but also convenient supply stores. Storerooms are usually located in spaces least suitable for living quarters or revenue-earning volumes and in areas adjacent to the main galley and pantry. The arrangement should provide easy access, which generally places the reserve storage refrigerators on the deck below the galley.

Aboard freight vessels, refrigerators serve for daily issue as well as reserve storage. Aboard passenger vessels, reserve storerooms are less frequently entered, and greater use is made of the service or work boxes.

Passenger vessels carry a corps of steward’s storekeepers, who should have an issue counter and office located within sight of the exits serving this area. The storerooms should extend to the ship’s sides or have passageways reaching to sideport doors through which stores may be loaded directly into the ship. However, the arrangement of passenger ship stores will likely be compromised because of the interferences of structure, machinery or access hatches, and ventilation trunks.

In addition to the requirements for reserve storage of perishable foods, refrigerators (often referred to as working boxes) must be provided for the galley and pantry crew. On cargo vessels, a large domestic-type refrigerator suffices. When more space is needed, a commercial walk-in box can be used. On passenger vessels, larger boxes are built in like reserve refrigerators. Capacity of the passenger ship refrigerators is governed by the number of passengers carried, variety of the menu, and arrangement of the galley and pantries.

Ice cream stored in the reserve boxes is too hard for serving; hence, a dry or closed serving cabinet that maintains temperatures from 5 to 10 °F {–15 to –12 °C} must be installed in the pantry. Passenger vessels may require ice-cream-making machines as well as bar and soda fountain equipment, the latter of which is fitted with commercial, independent refrigerating units.

2.3 	Ship Refrigerated Room Design

Marine refrigeration equipment for offshore vessels should be designed, selected, and applied to function properly under extreme conditions with minimal dependence on expert servicing.

Refrigerated Room Construction

Water that might enter the insulation through faulty floor or wall surfaces is the most harmful element to ships’ refrigerated rooms. Room linings and floor coverings should be made of materials and have surface characteristics that give lifelong resistance to water absorption by the insulation and adherence of moisture on the room’s interior surfaces. Construction of reserve and built-in refrigerated rooms should follow details similar to those of conventionally-designed cargo holds. 

Adequate floor drains that may be cleaned without lifting floor grating should be provided and located so that, with the probable stowage plan, the drains are accessible for cleaning without moving shelving or excessive weights of stores. Furthermore, drains should have heating elements to thaw ice. Air change rates and proper drainage need to be carefully designed to limit condensation issues.

All details should comply with regulations of the U.S. Public Health Service, which also emphasizes ratproofing. U.S. ships are also subject to strict fire-resistance regulations.

All doors and frames should be of sturdy construction to resist frequent slamming and should have metal sheathing or reinforced glass fiber doors. They should be large enough to facilitate loading of stores. The locking device must allow release of its fastenings from the inside by a person accidentally locked in. Air curtains or curtains for doors are good practice for praciticality and energy consumption, and the rooms should be easy to clean.

All rooms should have galvanized or stainless steel racks or shelves to meet storekeeping needs, and they should be easily removable from their supports for rapid and thorough cleaning, which should also be kept in mind for all aspects of refrigeration room design. The meat room and thaw room should have a single fore-and-aft meat rail for miscellaneous uses and thawing, respectively. Floor gratings or duckboards, fitted to each room, should be of a size and weight {mass} to facilitate removal and cleaning of gratings and the room.

Refrigerators should be fitted with waterproof electrical fixtures well guarded from damage by storing operations. Lighting switches should be mounted inside each room at the door, with indicating lights in the outer passageway. Each room should have a man trapped button connected to a central alarm system and an audible alarm.

Remote reading thermometers, from which room temperatures can be read in the outside passageway, are essential to vessel operation. The sensor should be located in a representative location in the room, generally the geometric center at the ceiling. A large passenger installation justifies an additional electronic thermometer located in the refrigeration machinery room.

Service boxes in the galley and pantries should be constructed with minimal amounts of wood. The linings and shelving should be made of materials with a surface character that facilitates thorough cleaning. Service refrigerators should not have raised door sills, and the floor should present a flush surface that is easily drained and cleaned. Cooling surfaces should be totally accessible for cleaning. Small units should be mounted without floor clearance on elevated bases, or be provided with at least an 8 in. {a 200 mm} clearance to facilitate scrubbing underneath.

2.4 	Specific Vessels

Cargo Vessels

Marine transport is an interim storage operation between preshipment storage of indeterminate duration, and distribution at destination ports. Good design requires the application of criteria that meet or even exceed those applied to shoreside cold storages.

Increased use of cargo containers (see Chapter 25 of the 2022 ASHRAE Handbook—Refrigeration) has effected savings by providing faster loading and unloading of vessels. Containers also allow cargo to remain refrigerated during vessel loading and unloading.

Specifications

Refrigeration specifications should set forth the extreme operating conditions of loading, ambient and sea temperatures, and rates of pulldown. In the all-purpose installation, each compartment should be designed for refrigeration of warm, fresh products from the field or orchard; for the overall condition, a percentage division of chill and freezer cargo with simultaneous and total loading should be stated.

Typical conditions for a cargo vessel operating in all oceans with all cargoes include the following:

• 	Arrangement and net volume capacities of the refrigerated compartments

• 	Thicknesses and kinds of insulation

• 	Expected temperatures

Ambient temperature (Weather)	100 °F {38 °C}

Adjacent machinery spaces	113 °F {45 °C}

Other adjacent spaces	85 °F {29 °C}

Sea temperatures	90 °F to 45 °F {32 5 - 7 °C}

• 	Overall stowage factor	70 ft3/ton {2.2 m3/Mg}

• 	Percentage total loading as chill	75%

Percentage total loading as freezer	25%

• 	Receiving temperature, chilled cargo	80 °F {27 °C}

Receiving temperature, frozen cargo	25 °F {–4 °C}

• 	Carrying temperature, chilled cargo	34 °F {1 °C}

Carrying temperature, frozen cargo	0 °F {–18 °C}

• 	Initial period of cargo heat removal (equivalent)	72 h

• 	Replacement air at 85 °F db, 75 °F wb {29 °C db, 24 °C wb}	3%

The specification writer should describe the kind of refrigeration system to be installed and specify the number of compressors, the level of required redundancy and other auxiliary parts or apparatus together with sources of emergency pumping and water facilities. All equipment and installations should be specified as complying with the rules and regulations of the applicable Classification Societies [e.g., American Bureau of Shipping (ABS), Lloyd’s Register, Det Norske Veritas (DNV), Registro Italiano Navale (RINA)], the U.S. Coast Guard, the U.S. Public Health Service, and chapters 15 and 26 of the 2022 ASHRAE Handbook—Refrigeration.

The owner’s representative should obtain from vendors full descriptions, details, capacities, and specifications of the equipment proposed to allow comparative analysis.

Completion tests should be required to determine workmanship and functional performance. Performance guarantees should cover operations under loaded service conditions.

Calculations

The following discussion of refrigeration load calculation considerations for a general-service plant carrying heterogeneous chilled cargo may appear simplified, but it is justified by the great range of conditions common to marine installations. Refrigeration loads for freezer cargo may be calculated in a similar manner using the same stowage factor, a specific heat of 0.40 Btu/(lb·°F) {1.67 kJ/(kg·K)}, and an equivalent pulldown period of 72 h. The loads for respiration heat, replacement air, or latent heat of fusion will not be present.

Specialized service in known ambient conditions may be calculated more precisely, but an arbitrary 10% margin should still be added to the results to compensate for aging and unforeseen heat gains.

With general calculations, the following operating conditions should be assumed:

• 	Weather ambient conditions: Up to 100 °F {38 °C}.

• 	Ambient sea conditions: Up to 90 °F {32 °C}.

• 	Thermal conductivity of insulation: According to standards given for the material, urethane foam with an installed thermal conductivity k of approximately 0.15 Btu·in/(h·ft2·°F) {0.022 W/(m·K)} is suggested.

• 	Thermal resistivity of outer boundaries, inner linings, and surface films: These factors should be ignored because boundaries and linings are usually dense and have high conductivity values.

• 	Infiltration and open-door leakage: For cargo refrigeration installations, these losses at sea are negligible. Port exposures during loading and discharge reestablish pulldown conditions.

• 	Ventilation or replacement air: This factor is often omitted when carrying heterogeneous cargo for short to medium-length voyages. For specialized service, it may be as much as 300% of the gross room volume per hour.

• 	Electrical energy conversion: The energy load from fans and brine pumps is on-demand rather than connected. An arbitrary value of 85% efficiency may be used.

• 	Product load: This factor ranges widely for heterogeneous cargo. Volume ranges from 40 to 120 ft3/ton {1.25 to 3.75 m3/Mg}; an average volume is 70 ft3/ton {2.2 m3/Mg}. Specific heat ranges from 0.22 to 0.95 Btu/(lb·°F) {0.92 to 4.0 kJ/(kg·K)}. The gross weight of the package and the specific heat of the product should be used. 

• 	Receiving temperature of cargo: Chilled cargo ranges from carrying temperature to ambient. Frozen cargo ranges from –20 to 28 °F {–29 to –2 °C}.

• 	Carrying temperature of cargo: Ranges from 32 to 55 °F {0 to 13 °C} for chilled cargo, and –20 to 0 °F {–29 to –18 °C} for frozen foods.

• 	Respiratory heat of chilled cargo: Meat products, eggs, and dairy products have no respiratory heat. Chapter 19 lists heat of respiration of many horticultural products at various storage temperatures.


3. 	Fishing Vessels

Nearly all types of fishing vessels, from small, open gill-netters to large factory processing ships, use refrigeration in one form or another to preserve their catch. Methods range from ice taken aboard daily to sophisticated, low-temperature production freezing systems and cold storages.

3.1 	Refrigeration System Design

When designing a refrigeration system, the following issues should be considered:

• 	The vessel owner and design engineer must be aware of the monetary value of a fully loaded fish hold. Money saved by selecting and using substandard equipment may be a needless and expensive gamble.

• 	The vessel may be several hundred miles {hundreds of kilometres} from a qualified service technician and have very limited resources on board for emergency repair. In the event of a system failure, effective initial design may maintain temperatures longer, thus preserving the product.

• 	Marine refrigeration systems are subjected to severe conditions, including high engine room temperatures, low ambient temperatures, electrolysis, corrosion, impacts, and vibrations. In some cases, these conditions are compounded by little or no maintenance, or worse, abusive maintenance.

• 	The system should be well laid out, and designed to allow new operators to adapt to the system quickly.

• 	All safety and operating controls should be used. In the event of a component failure, a back-up system should be available or, ideally, built into the system. On vessels with production freezing systems, it is advisable to provide enough redundancy to enable the vessel to reach port without allowing already frozen product to thaw, even if there is a failure of the production freezing plant.

• 	Upon completion, the vessel should be provided with all wiring and refrigerant flow diagrams, an operator’s manual, and a supply of spare parts.



During initial planning, the designer must know the following:

• 	For what fisheries the vessel is being equipped and in what area of the world the vessel will operate.

• 	In what future fisheries the vessel may be required to work. (At this point, such considerations probably add little or no cost to the system.) Necessary alterations may be as small as increasing spacing in the freezing racks.

Hold Preparation

On any vessel presently being refrigerated or being fitted for future refrigeration installations, 4 in. {100 mm} or more of insulating spray-on urethane is recommended. Special attention must be given to insulating areas of high heat, such as engine rooms, bulkheads, and the underside of the main decks. High-heat sources, such as the hatch coaming, shaft log, and fuel tanks with fuel returns from the engines, must also be insulated. The insulation must be protected to prevent moisture from destroying its insulating quality. Laid-up fiberglass is often used because of its strength, light weight {low mass}, and versatility. Pen board guides, mounting brackets, and plate racks are at times fiberglassed into the liner and thus, become a very secure part of the vessel. Fiberglass has the advantage of being easily cleaned and sanitized.

3.2 	Refrigeration with Ice

Ice is commonly used to preserve groundfish, shrimp, halibut, and most other commercially-caught fish species. Bin or pen boards are installed to divide the hold as desired (Figure 2). Ice is usually stored in alternate bins so that it is handy for packing around the fish as the fish is loaded into the adjacent bin. The crushed ice varies in size up to 5 in. {120 mm} lumps. As the fish are stowed with crushed ice, each pen is generally divided horizontally by inserting boards so that the bottom fish are not crushed. The compartmentalized sections should not be more than 30 in. {760 mm} high to avoid undesirable crushing and bruising.

[image: Picture 7]

Fig. 2 	Typical Layout of Pens in Hold

The approximate amount of ice required is 1 ton for each 2 tons {1 Mg for each 2 Mg} of fish in summer, and 1 ton to each 3 tons {1 Mg to each 3 Mg} of fish in winter, based on a voyage of about 8 days. Less ice is needed if the ship has supplemental refrigeration.

The method of stowing fish in ice is very important to maintain quality. The depth of ice on the floor of the pen should be a minimum of 2 in. {50 mm} at the end of the voyage. This is obtained by having the initial bedding of ice 1 in. {25 mm} thick for each day of the voyage. In stowing, one or two layers of fish are laid on the bedding ice so that the ice is just completely covered. In no case should the layer of fish exceed 12 in. {300 mm} in thickness. The top covering layer of ice is about 9 in. {230 mm} thick, heaped up higher in the center than along the sides. This method of stowing allows the pile to adjust itself to melting and settling and results in good drainage of water and fish slime.

Many small fishing vessels are constructed of wood, with uninsulated holds. Larger vessels are usually of steel construction with insulated holds. Mechanical refrigeration is used on some vessels to keep ice from melting quickly and to maintain lower temperatures. The most common mechanical system uses direct-expansion cooling coils under the overhead in the hold and sometimes around the entire shell.

3.3 	Refrigeration with Seawater

Refrigerated seawater is commonly used instead of ice for holding fish in satisfactory condition. The seawater is continuously pumped either around the fish and over cooling coils placed along the sides of the insulated tank, or through external chillers and then through, or over, the fish. Capacity requirements vary widely, and are primarily determined by how quickly the water needs to be chilled before taking on fish.

Design of refrigerated seawater systems is unusual in that their primary function is to operate at full capacity during pulldown. Extra care must be taken by the designer to ensure that the compressor drive motors and condensers are sized for the extremes, not only for the final temperature.

3.4 	Process Freezing and Cold Storage

Distant-water vessels are usually equipped for freezing and handling the catch at sea because they stay out for weeks or even months, making storage with ice or refrigerated seawater infeasible. Although many different vessels and freezing systems are used, the general types can be classified as either those freezing large whole fish, such as tuna and halibut, and those freezing processed and semiprocessed fishery products, such as fish blocks or groundfish in bulk lots.

The method of freezing is determined by the physical and biochemical characteristics of the fish and the desired end product. For the most part, large fish such as tuna, which are eventually canned and somewhat resistant to salt intake, are conveniently frozen in brine wells where space savings and ease of handling offer convincing benefits. Cod, haddock, hake, pollack, and similar demersal or midwater species, which are more delicate than tuna, are usually frozen rapidly either in vertical or horizontal plate freezers (see Figures 3 and 4), or in air-blast freezers. Other products, such as crab, are frozen in flow-through sodium chloride brine tanks.
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Fig. 3 	Typical Underdeck Freezer Plate Installation
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Fig. 4 	Typical Marine Freezing Cell
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Fig. 4 	Typical Marine Freezing Cell

Virtually every type of equipment and method of freezing used in stationary installations is also used on vessels that freeze seafood at sea. Specialized products demand exacting methods of handling, freezing, and packaging. Additional design and application information can be found in other documents not specifically related to marine systems.
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