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Executive Summary of the updated Decision XX1X/10 Task Force report

At their 29" Meeting, parties requested the Technology and Economic Assessment Panel
(TEAP) to report to the 40" Open-ended Working Group (OEWG-40) on issues related to energy
efficiency (EE) while phasing down hydrofluorocarbons (HFCs), as outlined in Decision
XXI1X/10. Decision XXIX/10 requests, in relation to maintaining and/or enhancing energy
efficiency in the refrigeration and air-conditioning and heat-pump (RACHP) sectors, an
assessment of:

e Technology options and requirements including
o Challenges for their uptake;
Their long-term sustainable performance and viability; and
Their environmental benefits in terms of COeq;
Capacity-building and servicing sector requirements in the refrigeration and air-conditioning and heat-
pump sectors;
o Related costs including capital and operating costs;

o O O

The decision also requested TEAP to provide an overview of the activities and funding provided
by other relevant institutions addressing EE in the RACHP sectors in relation to maintaining
and/or enhancing energy efficiency while phasing down HFCs under the Kigali Amendment.

Finally, Decision XX1X/10 requested the Secretariat to organise a workshop on EE opportunities
while phasing-down HFCs at hydrofluorocarbons at OEWG-40, and, thereafter, for TEAP to
prepare an updated final report for the 30" Meeting of the Parties (MOP-30) to the Montreal
Protocol, taking into consideration the outcome of the workshop.

In response to Decision XXIX/10, TEAP established the Decision XXI1X/10 Task Force, which
included TEAP and Technical Options Committees members as well as outside experts. EE is a
broad topic of major importance for the environment, economics and health, and there is an
enormous amount of published literature and reviews. In preparing its response to the decision,
the Task Force referenced information provided in earlier TEAP reports (e.g., Decision
XXV111/3 Working Group Report — October 2017) and examined updated, available research and
studies. Outside expert members of the Task Force provided relevant information from their own
research and of work done by their colleagues and organisations for consideration in this report.

This report is organised, following the format requested in Decision XXIX/10, into an
introduction and two main chapters. Chapter 2 deals with the technology opportunities related to
maintaining or enhancing EE during the phasedown of HFCs. Various aspects of the EE
opportunities in the RACHP sector were considered. Chapter 2 also considered the other topics
requested from the decision including the long-term sustainability and viability of the technology
opportunities, consideration of high ambient temperature conditions, climate benefits from
adopting the RACHP EE measures, and consideration of related capital and operating costs.
Chapter 3 examines other financial institutions where these may intersect with support for
realizing EE goals in the RACHP sectors during the phasedown of HFCs. Contained in two
annexes are information about the different challenges to the technology uptake in the RACHP
sectors and examples of relevant projects funding or financing. Two additional annexes provide a
summary of the workshop organised by the Secretariat and the guidance to the TEAP from the
OEWG-40 contact group for consideration in the updated final report to MOP-30. For ease of
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reference, updates to the May 2018 Decision XX1X/10 Task Force Report are highlighted in grey
throughout this updated September 2018 final report.

Below are summaries of the various sections of the report.
Energy efficiency in RACHP sectors in the context of refrigerant transition

Low GWP refrigerants are expected to have an impact on the system efficiency, which is likely
to be within £5% of the baseline refrigerant(s) in terms of energy performance. Refrigerant
blends can be valuable in optimising system performance, balancing between coefficient of
performance (COP), volumetric capacity, flammability, and GWP.

The large majority of the improvement in EE in newly designed RACHP systems can be
achieved through the optimisation and use of new and advanced components, particularly
compressor, heat exchanger and controls

The Kigali Amendment to the Montreal protocol focused primarily on developing a timeline to
phase down high global warming HFCs to avoid direct contribution of up to 0.5°C of total global
warming by 2100. However, the direct benefits of the reduction of high GWP refrigerants during
the phase down might be offset by the use of less energy-efficient equipment. On the contrary, if
this amendment resulted in the use of more energy-efficient equipment, the total reduction of
greenhouse gases emissions both from direct and indirect sources, could double that.

Technology opportunities and challenges to maintain and/or enhance energy efficiency of
new RACHP equipment

Technology research and development, and the studies to assess those technologies, are
progressing to support compliance with the Kigali amendment.

By using a rigorous integrated approach to RACHP equipment design and selection, the
opportunities to improve EE or reduce energy use can be maximised. This approach includes:

Ensuring minimisation of cooling/heating loads;

Selection of appropriate refrigerant;

Use of high efficiency components and system design;

Ensuring proper install, optimised control and operation, under all common operating conditions;
Designing features that will support servicing and maintenance.

While the benefits of higher EE, such as savings in energy, operating cost to the consumer, peak
load and GHG emissions are widely recognised, many barriers to the uptake of more efficient
equipment continue to persist. There are a number of common challenges that apply to all types
of RACHP equipment. There are also certain market and sector-specific issues that are presented
in further detail. Broadly, these barriers can be classified into the following categories: financial,
market, information, institutional and regulatory, technical, service competency and others.
Ways to overcome the barriers, and estimates of the length of time needed to introduce
alternatives are presented.

Technologies resulting in efficiency improvement opportunities available for high-GWP
refrigerants may be applicable to low-GWP refrigerants as well.

The largest potential for EE improvement comes from improvements in total system design and
components, which can yield efficiency improvements (compared to a baseline design) that can
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range from 10% to 70% (for a “best in class” unit). On the other hand, the impact of refrigerant
choice on the EE of the units is usually relatively small — typically ranging from +/- 5 to 10%.
Furthermore, there are also a wide variety of co-benefits of EE in addition to avoided peak load.
Various examples cited the following benefits: avoided mortality caused by energy poverty,
avoided morbidity caused by energy poverty, reduced days of illness, comfort benefits, avoided
SOx, NOx and particulate matter emissions, and avoided CO: emissions in addition to direct
economic benefits, such that these additional co-benefits were 75%-350% of the direct energy-
savings benefits of energy efficiency in the cases reviewed.

Long-term sustainable performance and viability

In assessing consideration of long-term sustainable performance and viability (of technology
options and requirements in the context of maintaining or exceeding energy performance), it was
necessary for the Task Force to define the terms and timeframes for this assessment. The Task
Force interpreted the term “long-term” for RAHCP technologies to mean for a period of up to 15
years, which is consistent with previous assessments of this term used and reported by the TEAP.
For the phrase “ sustainable performance and viability” (over the 15-year “long-term”
timeframe), the Task Force looked to assess whether or not the options and requirements for
technology that are commercially available today and being commercially developed for the
nearer term (which include zero or low-GWP refrigerants - single chemicals and blends, and
compatible equipment/hardware), would be anticipated to at least meet EE needs (i.e., would be
viable) and whether or not they would remain viable over the next 15 years, including
considerations for servicing.

Therefore, the relevant aspects that will impact the long-term sustainment of performance are
expected to be as follows:

e Technological environment,
e  Minimum Energy Performance Standards (MEPS) and labelling programmes.

While the challenge of researching and finding sound, technical solutions is important, in some
cases it may be even more important to ensure engagement with the customer and the industry
and consideration of issues of the whole supply chain in order to ensure that the process of
putting those technologies to practical use is not jeopardized.

District cooling and Green Building Codes are additional ways to realise EE improvements.
High ambient temperature (HAT) considerations

A HAT environment imposes an additional set of challenges on the selection of refrigerants,
system design, and potential EE enhancement opportunities.

At HAT, system designs which maintain energy efficiency are affected by the refrigerant choice
due to thermodynamic properties, safety requirements due to the increased charge, and
component availability and cost.

Research at HAT conditions done so far has shown the viability of some low-GWP alternatives
to deliver comparable EE results to existing technologies. Further financed research, as well as
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private sector efforts, continue to focus on the optimisation of design to achieve targeted
efficiencies for those alternatives.

The rise of outdoor temperatures due to climate change pose specific challenges for refrigeration
and air conditioning (RAC) equipment, especially in HAT conditions

Environmental benefits in terms of CO2eq

Over 80% of the global warming impact of RACHP systems is associated with the indirect
emissions generated during the production of the electricity used to operate the equipment
(indirect), with a lower proportion coming from the use/release (direct emissions) of GHG
refrigerants where used.

The environmental impact of improving system efficiency is a factor of the type of equipment,
how many hours and when it is used (influenced by ambient temperature and humidity
conditions), and the emissions associated with generating power, which vary by country.

Climate and development goals are driving governments to adopt policies to improve the EE of
equipment. In the RACHP sector, a holistic approach is important for reducing equipment energy
consumption. Reducing cooling/heating loads present the best opportunity to reduce both indirect
emission through lower consumption of electricity and direct emissions through the reduction of
the refrigerant charge associated with the load.

For the purposes of this report, the approach and examples presented consider only the indirect
CO2eq environmental benefit from energy efficient technologies in the RACHP applications
related to a single unit of equipment.

Servicing sector requirements

The present concern in most Article 5 countries in the HCFC phase-out process is to train
technicians on the use of new refrigerants. EE aspects require additional training and further
awareness.

Some EE degradation over the life time of equipment is inevitable; however, there are ways to
limit the degradation through improved design and improved servicing which include both
installation and maintenance.

The impact of proper installation, maintenance, and servicing on the efficiency of equipment and
systems is considerable over the life time of these systems while the additional cost is minimal.

The benefits of proper maintenance are considerable. Appropriate maintenance and servicing
practices can curtail up to 50% reduction in performance and maintain the rated performance
over the lifetime.

Other benefits include reduced energy cost, improved safety by eliminating risks, better
temperature control and occupant comfort, and compliance with regulations.

Capacity-building requirements
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There are enabling activities such as capacity building, institutional strengthening, demonstration
projects, and national strategies and plans that help to bridge Montreal Protocol activities under
the Kigali Amendment and EE. A number of enabling activities supported by the other funds,
such as the Kigali Cooling Efficiency Programme and the Global Environment Facility, have
advanced both ozone depletion and EE goals.

Additional enabling activities under the Kigali Amendment can bridge the current Montreal
Protocol activities with those destined towards EE and serve as examples of potential synergy
between HFC phasedown and EE opportunities.

In the servicing sector, the use of low-GWP refrigerants requires capacity building and training
initiatives to address the specific issues related to installation, operation and maintenance of low-
GWP refrigerant based equipment.

Costs related to technology options for energy efficiency

EE can bring multiple economic benefits. The most frequently cited benefits of EE are energy,
cost and greenhouse gas (GHG) saving and, for space cooling, peak load reduction. In addition,
there is a reduction in the morbidity and mortality caused by energy poverty, reduced days of
illness, improved comfort, reduced pollution and avoided CO emissions.

A summary is presented of methods developed by various countries with established
market transformation programs for promoting EE including MEPS programs and labelling
programs.

It should be noted that the presented methodology offers a “snapshot” of the cost of efficiency
improvement at any given time and will tend to provide a conservative (i.e. higher) estimate of
the cost of efficiency improvement. In actual practice, the prices of higher efficiency equipment
have been found to decline over time in various markets as higher efficiency equipment begins to
be produced at scale. This applies especially for small mass-produced equipment where
manufacturers quickly absorb the initial development costs and try to get to certain “price points”
that help them sell their equipment.

Retail price of products is not an adequate indicator for the costs of maintaining or enhancing EE
in new equipment due to:

bundling of various non-energy related features with higher efficiency equipment,
variation of manufacturer’s skills and know-how,

variation in manufacturer’s pricing, marketing and branding strategies, and

the idea that efficiency can be marketed as a “premium” feature.

Rigorous cost analysis may be needed to fully understand the impact of EE improvements. These
types of analyses are relevant when setting MEPS as several EE levels need to be evaluated
compared with the baseline. These studies can take more than 1 year to conclude for a single
product category. As such, in this report we would like to refer parties to the corresponding
methodologies and present simplified examples based on products already introduced on the
market.
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A matrix of possible technical interventions aimed at improving EE and associated costs is
provided.

Global market for EE and funding

The market for energy efficiency is growing, with global investment in EE increased by 9% to
US$ 231 billion in 2016.

Among end users, buildings still dominate global EE investments accounting for 58% in 2016.

EE investment in the building sector increased by 12% in 2016 with US$ 68 billion in
incremental EE investment in the building envelope in 2016, US$ 22 billion in heating,
ventilation and air conditioning (HVAC), US$ 28 billion in lighting, and US$ 2 billion in
appliances.

The majority of large multilateral climate funds operate in sectors other than RACHP, such as
energy access, renewable energy transmissions and other related investment projects.

Multilateral funds have a key role in providing grant funding to fill gaps in public finance.

At this point, most large multilateral climate related funds such as the Global Environment
Facility (GEF), Climate Investment Fund (CIF), and Green Climate Fund (GCF), focus on
energy access and renewable energy sectors and not on RACHP.

Less than 0.1 percent of Official Development Assistance (ODA)! projects in 2014 and 2015 are
focusing on cooling, indicating that there is extremely low international focus on cooling relative
to other development topics.

In spite of the low level of funding for cooling/RACHP sectors, there are numerous financial
resources for project implementation in the field of EE in general. In addition to funding
institutions that provide resources in the form of directed grants, there are financing institutions
that provide project funding support through mechanisms, such as, loans, green bonds or other
instruments. Moreover, private capital is an additional source through companies who might be
interested to finance project implementation against investment payback.

Broad consideration of the various potential interested stakeholders, opportunities for
partnerships with shared goals, and options for co-financing would be important to planning for
potential projects related to EE in the RACHP sector while phasing down HFCs. To emphasise
this issue, the Vienna EE Workshop finance panel report (para 29) ? stated: “It is generally held
that, while sufficient funds are available to support EE measures, these do not flow effectively. It
was suggested that a catalogue of funding opportunities be developed as an information source
for parties.”

! https://data.oecd.org/oda/net-oda.htm. Official development assistance (ODA) is defined as government aid
designed to promote the economic development and welfare of developing countries. Loans and credits for military
purposes are excluded.

2 A Workshop Report was presented to OEWG 40 (UNEP/OzL.Pro.WG.1/40/6/Rev.1) (www.0zone.unep.org)
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Taking into consideration the request from the EE Workshop, the Task Force prepared a
catalogue of funding opportunities. However, based on preliminary analyses, the Task Force
considers that this mapping exercise is insufficient alone, without some consideration of
potential options for a new financial architecture by which resources for EE could flow more
certainly and effectively.

There is a need to address the barriers against coordination with existing financial organisations
(e.g., The GEF, GCF, CIF, etc.) with a view to having strategic focal areas introduced with
earmarked financial windows/flows, and within a streamlined timeframe designed to meet MP
targets and EE objectives in the phasedown of HFCs.

Given the significant financial resources potentially available related to EE in general and the
currently low level of funding to projects specific to the RACHP sector, parties may wish to
consider:

e Developing appropriate liaison with the main funding institutions with shared objectives, in order to
investigate the potential for increasing the volume and improving the streamlining of processes that either
currently don’t exist or for which there are only low levels of funding being made available to the RACHP
sector. The aim would be to enable timely access to funding for MP related projects and activities which
integrate EE into the RACHP sector transitions, and the HFC phasedown.

e Investigating funding architectures that could build on and complement the current, familiar funding
mechanisms under the MP and if deemed appropriate, establishing clear rules, regulations, and governance
structures for any such new funding architecture that could enable the current MP funding processes to most
effectively bridge to other financial resources.
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Additional guidance to TEAP as addressed in the updated final report
on issues related to energy efficiency while phasing down HFCs
Additional guidance? Addressed in
section(s):
1. More information on the heat pump sector and CO. savings. 2.5.3
2. Tabular presentation of funding sources. 35

3. More information on opportunities/energy efficiency

improvements in the mobile air-conditioning sector. Annex A (A.4)
4. More information on lessons learned from previous transitions in
o - : 2.1,2.2.9
terms of additional energy efficiency gains and resources.
5. Information on additional gains from improved servicing. 2.6.2
6. Elaborate more on the design and criteria of RACHP units in
particular with respect to safety, performance and the 2.2.2,2.4.2

consequences of increasing the capacity of those units.

7. Elaborate in a comprehensive way and provide clear comparison
between HCFCs, HFCs and HFC alternatives with respect to 21,222
performance, safety and costs.

8. Focus on the energy efficiency of the equipment in the RACHP,
avoiding duplication of work undertaken under other international 2.2.2
entities such as the IPCC.

9. Look at measures taken at other regions (such as the EU) in recent
years and address the particular challenges faced by HAT
countries.

222,243,
244

10. Request TEAP to reach out to the various regions to understand

better their particular circumstances. Eogeie

11. Report on what research and development is occurring, and its
progress and outcomes, to address high ambient temperature 245
challenges.

12. For the TEAP to visit the regions to engage with stakeholders on
the challenges of the regions in transitioning to higher energy 1.3
efficiency refrigerants.

13. Calculate the lifecycle of equipment per country/region and

associated climatic conditions. 2.5.2,2.53

14. Provide more information on specific economic benefits in terms
of savings to including to consumers, power plants, payback 2.8.1
periods.

15. Reformulate TEAP’s response to decision XXIX/10 to put in in

the context of refrigerant transition. 24,211

! “Annex III: Additional guidance to the Technology and Economic Assessment Panel on energy efficiency”
UNEP/OzL.Pro.WG/1/40/7.
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16. Provide further information on the following takeaway messages
from the EE workshop:
— The initial “price hump” in the introduction of high-
energy-efficiency technologies; Annex C
— How refrigerant selection needs to be made in terms of
energy efficiency, flammability and other relevant factors;
— Auvailability of funds that are, however, not easily flowing.
17. Quantify the context/site-specific impacts of environmental 253
benefits of EE equipment, as mentioned in the TEAP report. -
18. Provide a matrix of technical interventions to EE and associated 286
COStS. o
19. Elaborate on the criteria and methodologies of the relevant funding | 3.3.1, 3.3.2,
institutions noted in decision XXIX/10. 3.3.3,3.4,3.6
20. Elaborate on the capacity building and servicing requirements for 279
low-GWP alternatives. o
21. Explore the possibility of district cooling, green buildings code 931 233
and hydrocarbons in commercial applications to be options for EE An.ne.zx’ A. (A ’3)
(as is demonstrated in UAE). '
22. Provide information on increased energy demand to produce the
same amount of cooling in HAT countries due to the projected rise 2.4.6
of temperature.
23. Consider visiting UAE to view the district cooling, green-cooling 13
and hydrocarbon projects to inform its updated final report. '

10



