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Legal text for Annex 53 

Advanced Cooling / Refrigeration Technologies 

Development 
  

 

1. Background 

 

It is widely acknowledged that building comfort cooling or air conditioning (AC) and 

refrigeration systems are responsible for a rapidly growing share of worldwide energy 

consumption.1 , 2  AC equipment and systems today represent close to a $100 billion, 100 

million-unit per year global market, and account for 4.5 exajoules (4.26 Quadrillion Btus) of 

site energy consumption per year, comprising just over 4% of global building site-energy 

consumption. While adoption of AC in developed countries increased rapidly in the 20th 

century, the 21st century will see greater adoption in developing countries, especially those in 

hot climate locations with large and growing populations, such as India, China, Brazil, and 

Middle Eastern nations. The International Energy Agency (IEA) projects that AC energy 

consumption by 2050 will increase 4.5 times over 2010 levels for non-Organization of 

Economic Coordination and Development (OECD) countries vs. 1.3 times for OECD 

countries.1 The estimated value of the world refrigeration market is estimated to be well over 

$100 billion.  Similar as the AC case, demand is expected to increase significantly particularly 

in the non-OECD world.  Most of the demand for refrigeration is related to food preservation 

and storage and demand for food is expected to grow by 70% by 2050 relative to 2010.2 India 

for instance has the largest refrigerated warehouse capacity of any country in the world - >140 

million m3 in 2016, a growth of 8% since just 2014.3  However a huge increase in refrigerated 

transport capacity is needed to properly serve the warehouse capacity and reduce food wastage. 

Estimates are that India has 9,000 refrigerated trucks today but needs >600,000.2  

 

Stationary AC systems alone account for nearly 700 million metric tons of direct and indirect 

CO2-equivalent emissions (MMTCO2e) annually.  Indirect emissions from electricity 

generation account for about 74% of this total, with direct emissions of HFC and HCFC 

refrigerants accounting for 7% and 19%, respectively.  Transitioning to low-GWP alternative 

refrigerants could eliminate most of the direct greenhouse gas (GHG) emissions leading to a 

theoretical potential global reduction in annual AC-related GHG emissions of 26% even 

without system efficiency improvements.1 The UN Food and Agriculture Organization (FAO) 

estimates that about a third of all food production worldwide is wasted, with huge 

environmental consequences. FAO estimates that this wastage occupies a land area the size of 

Mexico, consumes 250 km3/y of water, and accounts for 3.3 billion tons/y of CO2 emissions.  

If all the needed food transport trucks required by India were produced using current diesel-  

                                                      
1 Goetzler, W., et al. 2016. “The Future of Air Conditioning for Buildings.” U.S. Department of 

Energy Report DOE/EE-1394, July. https://www.energy.gov/eere/buildings/downloads/future-air-

conditioning-buildings-report 
2 University of Birmingham, 2015. ”Doing Cold Smarter.” Birmingham Energy Institute. 

http://www.birmingham.ac.uk/Documents/college-eps/energy/policy/Doing-Cold-Smarter-Report.pdf  
3 Salin, V., 2016. “2016 Global Cold Storage Capacity Report.” Report for the Global Cold Chain 

Alliance. 

https://www.energy.gov/eere/buildings/downloads/future-air-conditioning-buildings-report
https://www.energy.gov/eere/buildings/downloads/future-air-conditioning-buildings-report
http://www.birmingham.ac.uk/Documents/college-eps/energy/policy/Doing-Cold-Smarter-Report.pdf
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powered cooling technology the NOx, etc., emissions impact would be enormous.  Clearly the 

need for much cleaner and more efficient refrigeration systems is a critical need. 

 

The proposed Annex will enrich independent information and expertise on the benefits of 

advanced AC and refrigeration focused heat pumping technologies. Advancing the technology 

readiness levels (TRL) of new generation, advanced AC and refrigeration equipment and 

systems is of great importance and aligns with the Heat Pump Technologies (HPT) 

Technology Collaboration Programs (TCP) vision of the International Energy Agency 

(IEA).  

 

Specifically, the Annex includes contributions to the strategic goals of HPT TCP by (1) 

advancing the TRL of a new generation of AC and refrigeration concepts now being researched 

by universities, government and private laboratories, and private sector entrepreneurial start-

up companies around the world to a point that would encourage forward-thinking 

manufacturers to engage in partnerships to advance the best of these to the market, (2) 

stimulating international collaboration on these technologies, and (3) generating information 

on their advantages/disadvantages. 

 

The refrigeration focus of this proposed Annex gives it a natural linkage to Annex 44 and 

previously completed Annexes 26 and 31. To the extent that development of the next 

generation AC/refrigeration technologies incorporates heat recovery for water heating or other 

heating needs it has relationship to Annex 46.  Finally, to the extent that newer AC/refrigeration 

systems incorporate thermal storage systems, they could provide flexibility to support grid 

demand response programs, giving the Annex a linkage to Annex 42 and related follow-up 

Annexes.  

 

Ensuring reliable, affordable and clean energy focussing on energy security, economic 

development, environmental awareness and engagement worldwide, the IEA has setup several 

Technology Collaboration Programmes (TCP’s). Increased contributions of future 

AC/refrigeration focused heat pump technologies to building or district cooling networks 

should increase the general acceptance of heat pump technologies in the buildings and 

communities (EBC) and district heating and cooling (DHC) TCPs. Inclusion of thermal storage 

subsystems in these technologies will enhance the current contribution of heat pumps to the 

cross-cutting and policy focussed IEA-RETD platform for the deployment of renewables. 

Discussions will be held with the IIR to solicit their participation in/collaboration with the 

Annex and to solicit their help to involve emerging countries in the Annex from among their 

membership.  Under the solar heating and cooling (SHC) TCP, Annex 53 “New generation of 

solar heating” has some relevant links and may have some interest in collaborating. 

 

The proposed annex within the Heat Pump Technology TCP will contribute to IEA’s overall 

aim to advance global development and uptake of key technologies to reach a 50% reduction 

in energy-related CO2 emissions by 2050 by increasing acceptance and fostering the increased 

spread of heat pumping technologies.   In addition, the focus on AC/Refrigeration applications 

could help attract countries in hot-dry and hot-humid climates to join the HPT TCP. 

 

 

2. Description of Technical Sector 

 

Today’s heat pump system products for all applications are predominantly based on the 

traditional vapor  compression (VC) thermodynamic cycle using relatively high GWP HFC 
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and HCFC refrigerants.  VC-related system and component technologies are at a high state of 

development.  Over the past several decades, both product first costs and lifecycle cooling 

costs have declined substantially in many global markets due to improved, higher-volume 

manufacturing and higher energy efficiency driven by both private and public sector R&D 

investments and efficiency policies and incentive programs including minimum efficiency 

standards and labeling programs.  This advancement in the state of VC technology 

development is continuing including major efforts to adapt to a new generation of lower 

GWP refrigerants.  Despite this positive and continuing trend in per unit efficiency global 

energy consumption for AC and refrigeration has continued to increase due to population 

growth together with a rising standard of living driving growth in building stock and 

increasing demand for AC in many areas and this trend is expected to accelerate going 

forward.  The projected  growth in AC and refrigeration demand will lead to substantial 

environmental consequences absent active efforts at mitigation.  While the 2016 Kigali 

Amendement to the Montreal Protocol is designed to limit direct emissions impacts from this 

growing demand, newer more efficient technologies with lesser direct GHG impacts will be 

needed to reach the Kigali targets. 1 

 

At the 2017 IEA Heat Pump Conference in Rotterdam almost 90 persons from around the 

world gathered for a workshop entitled, “The Future of Air Conditioning” to discuss future 

building AC trends. The objectives of the workshop were to: 

 

• Discuss global perspectives on Air Conditioning (A/C) technologies  

• Understand the current status of global R&D efforts 

• Gauge interest in developing an IEA-HPT Annex on advanced A/C technologies 

• Suggest content and focus of potential Annex efforts - both technology gaps and 

programmatic vision 

 

The attendees discussed two potential pathways for future AC systems development.  The 

first involves significantly improved VC technologies, both advancements to traditional VC 

systems based on ultra-low GWP refrigerants, and alternative compression approaches (e.g., 

electrochemical compression (ECC, based on proton pumping effect4,5), sorption systems 

(chemical compression), etc.).  An alternative path is to develop non-traditional, or “not-in-

kind,” cooling technologies.  These could include solid-state (e.g., magnetocaloric, 

thermoelectric, elastocaloric, etc.), gaseous (e.g., Brayton, Stirling, etc.), or other 

miscellaneous technologies. 

 

It bears repeating, as noted above, that the vast majority of world’s AC/refrigeration 

equipment has had the advantage of decades of development to improve its efficiency and 

cost-effectiveness.  Absent significant policy actions that would, for instance,  ban any 

refrigerants with GWP>1, any new technlogies should match (preferably exceed) the 

efficiency and cost-effectiveness of state-of-the-art (SOA) VC equipment and systems; or at 

least demonstrate a reasonable potential to do so. 

 

3. Objectives and Scope 

 

                                                      
4 Bahar, B., 2017. An overview of advancements in electrochemical compressor driven heat pump 

systems. Paper O.4.9.4 in Proceedings of the 2017 IEA Heat Pump Conference. 
5 Abdelaziz, O. A., 2017. Development of separate sensible and latent cooling systems using 

electrochemical compression. Paper O.4.9.3 in Proceedings of the 2017 IEA Heat Pump Conference. 
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The primary objective is to develop advanced (higher efficiency and lower GHG emission) 

AC/refrigeration focused heat pump technologies and promote their deployment to minimize 

or, if possible, reduce the projected major growth in cooling-related energy consumption 

anticipated in the coming decades. Industrial heat pumps and applications are not part of the 

focus of this Annex.   

 

The principle technology focus areas include advanced traditional VC cycle approaches, 

alternative compression technologies, and non-traditional cycle approaches. Individual 

participants can contribute projects on any of these areas at their discretion.  NOTE --- the 

purpose of this Annex is not to develop a simple ranking of alternative AC/refrigeration 

cycle/technology options.  What is desired is to advance the development state of 

technologies (traditional and non-traditional) that can help to slow or reduce expected future 

growth in AC/refrigeration energy consumption. The challenge being addressed herein is 

huge as noted earlier and it is quite unlikely that any one cooling or refrigeration technology 

will be the solution for all end uses. Specific areas of investigation include but not limited to 

the following (NOTE: not an exhaustive list): 

 

• Pre-competitive partnerships to advance the technology readiness level (TRL) of 

non-traditional cooling technologies and alternative compresson technologies to the 

point that forward-thinking manufacturers could be encouraged to engage in 

subsequent partnerships in bringing them to market; 

• Integration with nZEB or other “low energy” buildings and integration with future 

”smart” electric grid systems (e. g., system integration incorporating waste heat 

recovery for hot water or other concurrent heating needs, integration with thermal or 

other energy storage system to maximize flexibility for grid interaction, etc.); 

• Independent control of latent and sensible cooling and tailoring systems for different 

climates (e.g. hot dry or hot humid).  

• Advances to VC-based technologies, both conventional and non-traditional. 

 

 

4. Means 

 

The Participants shall share the coordinated work necessary to carry out the work required 

for this Annex. The objectives shall be achieved by the following task-sharing activities:  

 

Task 1: Identify describe cooling/refrigeration focus areas for Annex technical 

contributions 

 

An initial planning meeting will be held at the beginning of this task. During this 

meeting each Participant will propose one or more technologies for their Annex 

technical contributions. A workshop may be planned for more detailed discussion of 

the Annex work   Country reports to summarize current development status of 

proposed technology(ies) and project plans. This should include analyses or 

assessments summarizing target applications for the proposed technologies and 

comparison of their performance at present technology readiness level (TRL) vs. 

current AC and or refrigeration systems (in terms of projected energy efficiency, 

LCCP, etc.).  OA/Task leader to compile country reports into Annex Task 1 summary 

report.  

Milestone/deliverable – Task 1 report: 

Country draft reports to OA/Task leader by June 2019 
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Annex Task 1 summary report draft by September 2019 

 

Task 2: Modeling/simulation and lab evaluations of advanced AC/refrigeration 

technologies 

 

This task constitutes the major part of the Annex technical work.   Participants shall 

conduct technology development efforts and evaluations for the advanced systems 

concept(s) chosen in Task 1 and submit reports to the OA/Task leader.  The reports 

should describe advances in development of the technology(ies) of interest including 

o Comparison vs. state-of-the art vapor compression (VC) systems taking 

account of TRL of the proposed technology(ies) and anticipated advancements 

in VC systems. 

▪ Efficiency/annual energy use 

▪ LCCP/annual CO2 emissions 

▪ Projected size/weight 

o The work should also include to the extent possible realistic estimates or 

projections of ultimate cost potential (first cost and life cycle costs). 

OA/Task leader to compile country reports into Annex Task 2 summary report. 

Milestone/deliverable – Task 2 report: 

Country draft reports to OA/Task leader by January 2021 

Annex Task 2 summary report draft by March 2021 

 

Task 3: Identification of next steps for development/deployment of advanced 

AC/refrigeration systems 

 

This task aims to develop recommendations and tentative approaches to further 

develop the technologies from Task 2 (focus on both efficiency and cost 

effectiveness) including follow-on Annex proposal(s), identification of potential 

system manufacturer partners, etc.  This should include some assessment of “first 

entry” market segments and market potential.  A short report shall be submitted to the 

OA/Task leader for compilation into an Annex Task 3 report. 

Milestone/deliverable – Task 3 report: 

Country draft reports to OA/Task leader by June 2021 

Annex Task 3 summary report draft by September 2021 

 

Task 4: Report and information dissemination 

 

Each participant’s country report will address the results of the tasks above.  The 

individual assessments and reports will be rolled into one consolidated final report. 

Milestone/deliverable – draft final country reports summarizing all Annex activities 

by September 2021 

Milestone/deliverable – final Annex draft report submitted to ExCo for 

review/approval by December 2021  

 

 

5. Target Audience and Benefits 

 

The sectors targeted for this Annex include:  

• Policy makers (i.e., goveernment energy agencies, legislative bodies, etc.) in varied 

geographic conditions, particulary hot-dry and hot-humid climates. 
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• NGOs involved in programs to minimize energy utilization (i.e., utilities, utility 

commissions, etc.).   

• Equipment and component providers who manufacture HVAC equipment: advance 

technology TRLs to point they are encouraged to join with researchers in partnerships 

to bring higher efficiency and lower GHG emitting AC/refrigeration systems to market 

ASAP.  

 

 

6. Deliverables 

 

The compulsory deliverables of the Annex are: 

 

• Final report of the Annex per template. 

• A public Annex Website as a subsite to the HPC website. 

• Progress reports to ExCo meetings per template: 

o once a year oral presentation (focusing on results, achievements and/or success 

stories), and  

o twice a year management reports. 

• Short status report to the HPC two - four times annually for publication in the 

Newsletter/Magazine, focusing on results, achievements and/or success stories. 

• One article per year, topical or non-topical, to the HPC Newsletter/Magazine 

• Report to the HPT Annual report. 

• Text and pictures to a 2-page popular scientific summary of Annex results to be freely 

disseminated. 

 

Additional deliverable of the Annex is: 

• An Executive Summary of the final report which shall be made available for general 

distribution to all IEA HPT countries immediately after the approval of the final report 

by the Executive Committee. 

 

 

7. Funding 

 

(a) Working Meetings. The working meetings shall be hosted in turn by the several 

Participants. The costs of organizing and hosting meetings shall be borne by the host 

Participant. 

 

(b) Publications: The cost of publishing the Final Report and summary assessments described 

in paragraph 6 above shall be equally shared by all the Participants. 

 

(c) Individual Financial Obligations. Each Participant shall bear all the costs incurring in 

carrying out the Annex activities, including reporting, workshop(s) participation, and travel 

expenses. Additionally, each Participant shall make a direct financial contribution to the 

Operating Agent to cover co-ordination and report preparation expenses and other Annex-

related (e.g. Workshop) costs.  

 

Number of 

Participants 

Participant Fee (USD) 

2019 2020 2021 

3 $ 7500 $ 7500 $ 7500 
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4 $ 5000 $ 5000 $ 5000 

>4 $ 3750 $ 3750 $ 3750 

 

The table above shows the OA fees per participating country, based upon varying numbers of 

participating countries. Each Participant’s fee shall be paid in three (3) annual instalments. 

 

 

8. Time Schedule 

 

It is proposed that this Annex be conducted over a period of 36 months to begin in late 2017 or 

early 2018. Within the limits of the terms of the Agreement, this Annex may be extended by 

two or more of the participating countries (Participants), acting in the Executive Committee 

and taking into account any recommendation of the IEA's Committee on Energy Research and 

Technology concerning the terms of this Annex.  Such extensions shall thereafter apply only 

to those ongoing Participants. 

 

The following is a tentative work schedule for the different tasks. 

 

Start Date End Date Activity 

-- Dec 2018 Annex Participants identified 

-- Jan 2019 Initial Kick-off/planning meeting.  Participants to identify 

scope of effort that they will be undertaking. 

 

Planned for January 11, 2019 noon to 4pm in Atlanta, GA 

in conjunction with the 2019 ASHRAE Winter Meeting 

Jan-Mar, 

2019 

Jun-Sept, 

2019 

Task 1 started and completed 

Jun-Sept, 

2019 

Jan-Mar, 

2021 

Task 2 started and completed 

Sept, 2020 Jun-Sept, 

2021 

Task 3 started and completed 

Jan-Mar, 

2021 

Sept-Dec, 

2021 

Task 4 completed.  (Draft Final report completed and 

shared with Annex Participants for final review.) 

 Sept-Dec, 

2021 

Final Report delivered to ExCo. 

 

 

9. Specific Obligations and Responsibilities of the Participants 

 

a) Each Participant shall nominate a representative to participate in the work under this 

Annex and act as the point of contact (POC) with the Operating Agent.  At his/her 

discretion the POC may appoint other individuals to lead the Participant’s work in each 

of the Annex Tasks as defined in Section 4. 

b) Each Participant shall carry out the equivalent of total two to six person months of task-

sharing work during the programme period unless otherwise agreed by the Participants.  

c) Each Participant shall contribute to the working meetings and to one or more workshops 

on the results achieved through the activities conducted under this Annex, including the 

identification of speakers and participants.  
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d) Each Participant shall make a direct financial contribution to the Operating Agent to 

cover co-ordination and report preparation expenses and other Annex related (e.g. 

Workshops) costs.  

e) Each Participant shall provide Task reports and a Country Report as identified in 

Section 4 and shall contribute to the deliverables identified in Section 6 

(“Deliverables”).  

 

 

10. Specific obligations and responsibilities of the Operating Agent 

 

The Operating Agent shall: 

 

a) Develop, in co-operation with the Participants, a detailed work programme, a 

framework for the Final Country Report and a budget for all the activities carried out 

under this Annex, including methodology, solicitation/identification of individual Task 

leaders and time schedule 

b) Provide the Executive Committee with periodic reports describing the progress of the 

work being accomplished under the Annex, once a year oral (focusing on results, 

achievements and/or success stories) and twice a year a management report.  

c) Deliver the results as described in Section 6 (“Deliverables”). 

d) Provide to the Executive Committee, within six months after completion of all work 

under the Annex, a Final Report for its approval and transmittal to the Agency. 

e) In co-ordination with the Participants, use its best efforts to avoid duplication with 

activities of other related programs and projects implemented by or under the auspices 

of the Agency or by other competent bodies. 

f) Provide the Participants with necessary guidelines for the work they carry out, assuring 

minimum duplication of effort. 

g) Co-ordinate the efforts of all Participants and ensure the flow of information within the 

Annex. 

h) Co-ordinate the work to ensure the compulsory deliverables to the HPC 

Newsletter/Magazine and to the website. 

i) Provide general administration. 

 

The IEA Heat Pump Centre will assist in the establishment of the Annex. Thereafter, the Heat 

Pump Centre will follow the Annex to check that the routines are followed, that the status and 

progress reports are delivered in due time and the quality of them. They will also assist the 

OA in the publication of the final reports and compilation of the summary in the end of the 

Annex. Therefore, it is the responsibility of the OA to follow the instructions of Heat Pump 

Centre. 

 

 

11. Information and Intellectual property 

 

(a) Executive Committee's Powers. The publication, distribution, handling, protection and 

ownership of information and intellectual property arising from this Annex shall be 
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determined by the Executive Committee, acting by unanimity, in conformity with this 

Annex. 

(b) Right to Publish. The Participants shall have the right to publish information provided 

to or arising from their Annex work, except for proprietary information, as defined in 

paragraph (c) below.  

(c) Proprietary Information. For the purposes of this Annex, proprietary information shall 

mean information of a confidential nature such as trade secrets and know-how (for 

example, computer programmes, design procedures and techniques, chemical 

compositions of materials, or manufacturing methods, processes or treatments) which 

is appropriately marked provided that such information:  

(1). Is not generally known or publicly available from other sources;  

(2) Has not previously been made available by its owner(s) to others without 

obligation concerning its confidentiality; and 

(3) Is not already in the possession of the recipient Participant(s) without obligation 

concerning its confidentiality.  

 

It shall be the responsibility of each Participant supplying proprietary information, 

and of the Operating Agent, to identify such information as proprietary and to ensure 

that it is appropriately marked.  The Participants and the Operating Agent shall take 

all necessary measures in accordance with this paragraph, the laws of their respective 

countries and international law to protect the proprietary information provided to or 

arising from this Annex.  

 

(d) Production of Relevant Information by Governments. The Operating Agent should 

encourage the governments of all Agency Participating Countries to make available or 

identify to the Operating Agent all published, or otherwise freely available information 

known to them that is relevant to the Annex.  

(e) Production of Relevant Information by Participants. Each participant agrees to provide 

to the Operating Agent all previously existing information, and information developed 

independently of the Annex, which can assist or is needed by the Operating Agent to 

carry out its functions in this Annex, which is freely at the disposal of the Participants, 

and the transmission of which is not subject to any contractual and/or legal limitations, 

under the following conditions:  

(1) The Participant will make such information available, at its own costs, provided 

that such costs are not substantial. 

(2) If substantial costs are necessary for the Participant to make such information 

available, the Operating Agent and all Participants will determine the charge of the 

costs for each participant, upon approval of the Executive Committee.  

 

(f) Use of Confidential Information. If a Participant has access to confidential information 

which would be useful to the Operating Agent in carrying out the studies, assessments, 

analysis or evaluations described in this Annex, such information may be 

communicated to the Operating Agent but shall not become part of any report or other 

form of documentation issued as part of this Annex, nor shall it be communicated to 

the other Participants, except as may be agreed between the Operating Agent and the 

Participant who supplies such information. This information must be marked clearly 

as “confidential”.  



 

IEA TCP HPT Annex 53: Advanced Cooling/Refrigeration Technologies Development Page 10 of 12 

Legal Text – 07 December 2018 

 

(g) Acquisition of Information for the Annex. Each Participant shall inform the Operating 

Agent of the existence of information that can be of value to the Annex, but which is 

not freely available, and each Participant shall endeavour to make such information 

available to the Annex under reasonable conditions, in which event the Executive 

Committee may, acting unanimity, decide to acquire each information.  

(h) Reports on Work Performed under the Annex. The Operating Agent shall prepare 

reports on all work performed under the Annex and the result thereof, including 

studies, assessments, analysis, evaluations and other documentation, but excluding 

proprietary information, in accordance with paragraph 11(c) above.  

(i) Copyright. The Operating Agent, or each Participant for its own results, may take 

appropriate measures necessary to protect copyrightable material generated under this 

Annex. Copyright obtained shall be the property of the Operating Agent, for the benefit 

of the Participants provided, however, that Participants may reproduce and distribute 

such material, but shall not publish it with a view to profit, except as otherwise 

provided by the Executive Committee.  

The Contracting Parties understand and agree that the name, acronym and emblem of 

the IEA has been notified to the World Intellectual Property Organisation (WIPO) 

Secretariat per Article 6 of the Paris Convention for the Protection of Industrial 

Property, as amended on 28 September 1979. The Contracting Parties further 

understand and agree that the OECD/IEA shall retain the copyright to all IEA 

deliverables, materials or publications published or to be published by the IEA or 

jointly by the IEA and a third party to this Annex. Should the Contracting Parties use 

any such deliverables, materials or publications they shall give full acknowledgement 

to the OECD/IEA as being the source of the material with a copyright notice in the 

following form: © OECD/IEA, (year of publication).  

 

(j) Authors. Each Participant shall, without prejudice to any rights of authors under its 

national laws, take necessary steps to provide the co-operation from its authors 

required to carry out the provisions in this paragraph. Each Participant shall assume 

the responsibility to pay awards or compensation required to be paid to its employees 

per the laws of its country.  

 

12. Operating Agent 

 

Oak Ridge National Laboratory (ORNL) and Optimized Thermal Systems, Inc. (OTS) in 

collaboration with the U.S. Department of Energy (DOE), are designated as Co-Operating 

Agents.  

 

Contact information for the Co-Operating Agents:  

Name Ichiro Takeuchi/Reinhard Radermacher 

Affiliation  Optimized Thermal Systems, Inc. 

Postal address 7040 Virginia Manor Road 

Beltsville, MD 20705 

USA 

Telephone 

number 

866-485-8233, ext. 27 

E-mail address takeuchi@umd.edu; raderm@umd.edu 

 

Name Van D. Baxter/Brian Fricke/Ayyoub Momen 

mailto:takeuchi@umd.edu
mailto:raderm@umd.edu
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Affiliation  ORNL 

Postal address PO Box 2008, Bldg. 3147, MS - 6070 

Oak Ridge, TN  37831 

USA 

Telephone 

number 

865-574-2104; 865-576-0822; 865-574-4458 

E-mail address vdb@ornl.gov; frickeba@ornl.gov; momena@ornl.gov   

 

 

13. Participants in this Annex 

The Contracting Parties which are Participants in this Annex are the following: 

 

Organisation Country 

Forschungszentrum Jülich GmbH Germany 

The Ministry of Trade, Industry and Energy South Korea 

The Swedish National Energy Administration Sweden 

Department of Energy USA 

  

 

 

14. Research organisations participating in this Annex 

 
Organization, 

Name, address and website 

Contact person, 

phone and e-mail 

Country Annex 

NT leader 

Oak Ridge National Laboratory 

PO Box 2008, Bldg. 3147, MS - 6070 

Oak Ridge, TN  37831 

USA 

http://web.ornl.gov/sci/buildings/ 

 

 

 

Optimized Thermal Systems, Inc. 

7040 Virginia Manor Road 

Beltsville, MD 20705 

USA 

https://optimizedthermalsystems.com/  

Van Baxter; 865-574-2104; 

vdb@ornl.gov  

Dr. Ayyoub Momen; 865-574-

4458 

momena@ornl.gov  

Dr. Brian Fricke; 865-576-0822 

frickeba@ornl.gov  

 

Dr. Ichiro Takeuchi; 866-485-

8233;  

takeuchi@umd.edu  

Dr. Reinhard Radermacher; 866-

485-8233 or 301-405-5286; 

raderm@umd.edu  

USA Co 

leaders 

Korea Institute of Machinery and 

Materials (KIMM) 

156 Gajeongbuk-ro, Yuseong-gu, 

Daejeon 34103, KOREA 

https://www.kimm.re.kr/e_main  

Dr. Seok Ho Yoon; +82-42-868-

7064; shyoon@kimm.re.kr  

South 

Korea 

Y  

Fraunhofer-Institut für Physikalische 

Messtechnik IPM 

Stellv. Abteilungsleiter Thermische 

Energiewandler 

Gruppenleiter Kalorik und 

Thermoelektrik 

Heidenhofstr. 8, 79110 Freiburg, 

Germany 

https://www.ipm.fraunhofer.de/en.html  

Dr. Kilian Bartholomé; 

+49 761 8857-238  

kilian.bartholome@ipm.fraunhofer

.de 

Germany Y 

mailto:piotr.domanski@nist.gov
mailto:frickeba@ornl.gov
mailto:momena@ornl.gov
http://web.ornl.gov/sci/buildings/
https://optimizedthermalsystems.com/
mailto:vdb@ornl.gov
mailto:momena@ornl.gov
mailto:frickeba@ornl.gov
mailto:takeuchi@umd.edu
mailto:raderm@umd.edu
https://www.kimm.re.kr/e_main
mailto:shyoon@kimm.re.kr
https://www.ipm.fraunhofer.de/en.html
mailto:kilian.bartholome@ipm.fraunhofer.de
mailto:kilian.bartholome@ipm.fraunhofer.de
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Participation is open until the end of 2019. 

 


