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Executive Summary

UnderDecision XXXIll/'5onACont i nued provision of information
low-globalwarming-p ot ent i al tpatedregoestedghe €eshinglogy and Economic

Assessment Panel to prepare a report on energy efficient and tgalsl warming potential

technologis and on measures to enhance and maintain energy efficiency during

hydrofluorocarbon transition in equipment for consideration by the ©@pdad Working Group

at its forty-fourth meeting. Parties requested TEAP in the report to:

(a) Update information in thdecision XXXI/7 report where relevant, and address additional
subsectors not previously covered such as thefheap, large commercial refrigeration and
larger airconditioning system subectors;

(b) Assess potential cost savings associated with adoptiowef global warming potential
energy efficient technologies in each sector, including for manufacturers and consumers;

(c) Identify sectors where actions could be taken in the short term to adopt energy efficient
technologies while phasing down hydrofluordmans;

(d) Identify options to enhance and maintain energy efficiency in equipment through deploying
best practices during installation, servicing, maintenance, refurbishment or repair;

(e) Provide detailed information on how the benefits of integrating energyesity
enhancements with the hydrofluorocarbon pkdmen measures can be assessed.

Key Messages from each Chapter

Chapter 1: Introduction: Context of the Report

1 The urgency of the need to mitigate global warming has been emphasised in 2021 and 2022

by bothThe Intergovernmental Panel on Climate Chafig€C) and the COR6 meeting.

IPCC Working Group Ihighlighted vulnerability and limits to adaptatiawhile Working

Groups | Il showed the need to make strong and sustained emissions reductions immediately
to limit globalwarming.

1 The phaseout of ozone depleting substattmesigh the Montreal Protocol has already
avoided 1.1 degrees of warming over the Arcti@Bg1, and projected to bed43degrees by
2050, equivalent to ~25% of the mitigation of global warming

1 Future HFC Phasedown through implementation of the Kigali Amendment can further
mitigate global warming by 0.3 to 0.5 degrees. Synchronous improveimemsrgy
efficiency of Refrigeration Air Conditioning and Heat Pump (RACHP) equipment could
double this climate benefit.

1 The major HFC use worldwide is in the RACHP sector. Most of this HFC use is for comfort
cooling and heating and the remainder is for refrigeration, although the proportion varies by
country and region. A large proportion of RACHP GHG emissions are retathd energy
used. The rati or eolfa tfieidn deimiescstioo nesn etrogyfidi r ect o
between countries depending on factors such as the carbon intensity of power generation, the
leakage rate from different RACH#pplicationsand he GWP of the refrigerants used.

1 Continued use of high GWP HFCs will result in an accumulaifanlarge stock of high
GWP HFCs in RACHP equipment in A5 parti€Bhis increasing stock of equipment
containing high GWP HFCs has the potential to delay bg®@ears (the lifetime of RACHP
equipment in developing countries) the climate benefits through reduced direct emissions.
addition, if the high GWP HFCs were contained within inefficient RACHP equipment, this
would create excess energy demand (intlieetissions) over the same period.

1 Inall sectors it is now possible to significantly enhance energy efficidheyoverall energy
benefits from HFC phasedown depend on the RA@piiication sector and thelFC
alternatives usedncentives would encouge and support transition in the RACHP sector
and enhanced energy efficiency benefits would be reall$etie is excellent potential to
synchronise the reduction in enengglated emissions with the phasing down the use and
emissions of HFCs, for exampby integrating with energy efficiency standards and labelling

policy.
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Chapter 2 AAvailability of Low and Medium GWP Te
or Enhance Energy Efficiencyo

1 RACHP equipment using low and medium GWP refrigerants with enhanced energy
efficiency, is now available in all the sectors defined in this report, but not necessarily
accessible in all countries. Technology developments are proceeding at pace. Early action
through the Kigali Implementation Plans can enable their transition to this new generation of
RACHP equipment.

1 Countryspecific incremental improvements in energy efficiency are being driven by MEPS,
developed with the consideration of seasdingll, and part load performances. Such MEPS
are either being adopted or progressively enhanced. Technologies including variable speed
drives (for compressors and fans), brushless DC motors, and electronic expansion valves are
used to achieve seasonal performaecgiirements.

1 Heat pumps are available with low and medium GWP refrigerants with energy efficiency
measures implemented for the refrigeration cycle, the selection of ancillary components, and
the integration of heat pumps with the building controls.

1 Large ommercial refrigeration equipment operates throughout the year which compels the
need for higher efficiency to reduce energy costs. This is measured by the annual power
consumption, which can be reduced by considering component selection and evaporative
condensers.

1 Inlarger AC systems, safety considerations limit the application of flammable refrigerants
However, large AC systems of all capacity ranges are available with low and medium GWP
refrigerants with comparable efficiencies to the baseline high @#igerantsvhich can be
further optimised for higher efficiency. Compressors designed to work with a range of
refrigerants including baseline refrigerants as well as low and medium GWP refrigerants are
now available.

1 Not-In-Kind (NIK) technologies that do not utilise mechanical vapour compression can offer
lower operational lifetime costs (OLC) thankimd systems, in some circumstances. Some
examples of NIK technologies include solar energy driven absorption systems, hybrid
evaporatie cooling and deepea cooling are some examples of these NIK technologies.

Chapter 3 fACost of Equipment Using Low and Mediu
or Enhancing Energy Efficiencybo

1 There is a wide range of RACHP equipment and a diversitgfa§erant options (low and
medium GWP), which makes it necessary to evaluate material cost impact orbg-case
basis.

1 Refrigerant characteristics play an important role in the design of RACHP equipment in
specific relation to maintaining or enhangienergy efficiency.The two main factors which
influencethe material cost of equipment are refrigerant thermodynamic characteristics
(pressure, density, cycle COP etc.) and refrigerant safety charactedgics (
flammability/toxicity/pressure)Otherfactors may also play a role such as material
compatibility.

1 Flammability and/or toxicity characteristics may limit the acceptable amount of refrigerant for
safety reasons and thus limit the cooling or heating capacity and/or energy efficiency that can
beachieved. Reducing the refrigerant charge may be possible using different technologies
such as microchannel heat exchangers but these can also bring technical and application
challenges.

Chapter 4 fACost Benefit Anal ysi sentthat mamamorGWP Tech
enhance energy efficiencybo

1 The Parties to the Montreal Protocol have agreed to maintain or enhance energy efficiency
while phasing down HFCs under the Kigali Amendment to the Montreal Protocol. However,
in practice, it is difficult tadecide what level of energy efficiency is optimal in apgcific
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case, both at a project level and at an economy wide level, for example when setting
minimum energy performance standards for equipment.
Parties may choose to condecbnomywide or projecispecific costbenefit analyses to

maximize benefits to consumers and society from energy efficiency improvement as has been

done historically in many economies.
The US Department of Energy and EU Ecodesign typically concha®pth cosbenefit
analyses to optimise the level of energy efficiency of equipment.
Such studies vary in their depth, analytiggor, and cost from mukyear studies with
detailed engineering analysis to short market studies. However, such stadiasc#l for
understanding the value of energy efficiency particularly in the context of considering
investments that may have varying benefits to consumers and manufacturers as well as
varying environmental benefits.
Regardless of the level of energyi@éncy invested in, it is very likely that emrdinated
investment in energy efficiency and refrigerant transition will cost manufacturers and
consumers less than if such investments are made separately.
In order to conduct an-idepth cosbenefit analgis of concurrent refrigerant transition and
energy efficiency improvement, detailed data is necessary including incremental capital and
operational costs.
General lessons from previous case studies suggest that:
o Energy Efficiency is more valuable undesea with high hours of use and high
electricity prices
0 Lifecycle COxqSsavings are higher in cases with high hours of use and high grid
COgeqintensity
o Lifecycle cost savings can far outweigh higher first cost of more efficient equipment
0 Inthe case of lge investments an-depth analysis is essential.
o Manufacturers may find higher cash flow and revenue through efficiency
improvement

Chapter 5 AShort Ter m Ro a-ifficeem TeChoalogies dvhile Phasing o f
Down HFCs

Chapter 6 #AO0Options to Maintain and Enhance Ene
nstallation, servicing, maintenance, refurbi

1 Roadmaps for adoptingergy-efficient technologies while phasing down HFCs will vary

based on national circumstances. These approaches can benefit from a common set of policies

that would support these technology transitions. These include-seetific and cross

cutting polcies like integrated energy and refrigerant performance standartsbatiohg,

best practice performance metrics and test procedures, enabling building energy and safety
standards, support for ongoing service sector training, and monitoring, compéiadce,
enforcementSeveral country specific case studies are provided in Arex

The technology transition would be supported by coordination between National Ozone Units
and national energy and climate authorities especially throughtdgration of lower GWP

HFC standards into energy efficiency standards and labelling policies

Raising awareness across government institutions and comrbasigl consumer

programmes can speed adoption of en&figient and lowGWP equipment, and inaee

access to additional financing mechanisms, such as through electricity utility efficiency
programs and bulk procurement programs.

Where A5 parties do not have the capacity to prescribe and enforce laws to prohibit shipping of
obsolete products, the lalcand global harms inflicted as a result of increased environmental
dumping in these mostulnerable jurisdictions necessitate that #exporting parties share
responsibility with A5 recipient countries to prevent the environmental dumping of obsolete
products.

1 Design upgrades to meet energy efficiency levels require a higher level of knowledge and

training for safe and effective installation and servicing. These new topics include units with

3
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variable speed drives, controls with sgifignostics, and remetmntrol features which all

require improved skills including knowledge of electronics

Energy efficiency degradation is affected by the severity of use and operating conditions, as
well as corrosive environments. Improper installation and maintenance accentuate the loss of
EE, andhigh quality and frequent planned maintenance minimise #s0bEE.

Refrigerant leakage impacts EE. Reducing leakage continues to be a service priority for
optimised systems using le@WP refrigerants with reduced refrigerant charge.

End-user environmental awareness is driving them to demand lowes, €Qissios from

the operation of their systems. Preventive and eventually predictive maintenance are
becoming a priority for both operators and service providers.

Rigorous service requirements drive higher training, certification, and specialisation with
improvedrewards. This will tend to lower technician turnover and consolidate/spread good
practices.

Ch a pt élow torAsséss the Benefits of Integrating Energy Efficiency Enhancements with the
HFC phasedowno

Modelling tools can support the analysis of pléential to reduce energy related indirect GHG
emissions from RACHP at the same time as phasing down use of HFCs and reducing direct HFC
emissions

Some important insights from modelling are discugstekse include:

1

The relative importance of directé@imdirect GHG emissions can vary considerably in different
countries.This has an impact on the choice of policy to support an integrated approach. For
countries with high electricity generation carbon factors, reducing energy use is the key priority.
For countries with low carbon factors, a greater focus on reducing HFC emissions is beneficial.
The relative importance of direct and indirect GHG emissions can also vary considerably across
the wide range of different RACHP technologies apglications.

There are many different pathways available to achieve the Kigali Amendment .targets
Combining early action for HFC mitigation actions with simultaneous energy efficiency actions
can lead to significant reductions in cumulative GHG emissions between n@030dnd at

the lowest cosiGrid decarbonisation also makes a vital contribution to reduced emissions.
Using heat pumps in place of fosRikls for space, water and process heating will be essential
for heating decarbonisatiomhe avoided fossil fuel eissions from the use of heat pumps will
massively outweigh any direct and indirect emissions from the heat pumps

Ensuring that new RACHP equipment is as efficient as possible, and that existing equipment is
operated and maintained for high efficiency e&k very coseffective contribution to the path
to net zero GHG emissions.

There is a significant lack of reliable data on refrigerant banks and equipment stocks by sector
which is needed optimise the outputs of modellidgtter data would improve modiely at
national and regional levels.
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Decision XXXIII/5: Continued provision of information on energy efficient and lowglobal-
warming-potential technologies

Recallingdecisions XXVIII/2, XXVIII/3, XXIX/10, XXX/5 and XXXI/7 relating to energy efficiency
and the phasdown ofhydrofluorocarbons,

Taking noteof the reports of the Technology and Economic Assessment Panel in response to
decisions XXVIII/3, XXIX/10, XXX/5 and XXXI/7, inter alia, covering issues related to energy
efficiency while phasing down hydrofluorocarbons and the cost and availabilitwof lo

global warming potential technologies and equipment that maintain or enhance energy efficiency,

To request the Technology and Economic Assessment Panel to prepare a report on energy efficient
and lower global warming potential technologies and oreasures to enhance and maintain energy
efficiency during hydrofluorocarbon transition in equipment for consideration by the Open

ended Working Group at its fortfourth meeting, and in the report to:

(a) Update information in the decision XXXI/7 report wheedevant, and address additional
subsectors not previously covered such as thepgheap, large commercial refrigeration
and larger akconditioning system subectors;

(b) Assess potential cost savings associated with adoption of lower global warming potentia
energy efficient technologies in each sector, including for manufacturers and consumers;

(c) Identify sectors where actions could be taken in the short term to adopt energy efficient
technologies while phasing down hydrofluorocarbons;

(d) Identify options to endince and maintain energy efficiency in equipment through
deploying best practices during installation, servicing, maintenance, refurbishment or
repair;

(e) Provide detailed information on how the benefits of integrating energy efficiency
enhancements with theydrofluorocarbon phasdown measures can be assessed.

Approach and Scopeof Decision XXXIII/5 Report

In order to prepare its report, TEAP established a new 2022 Energy Efficiency Task Force (EETF).
Previous Task Forces had mainly restricted their scogetdomestic air conditioning (AC) and self
containeccommerciarefrigeration (£CRE) sectors. When establishing the new expertise required to
respond to Decision XXXIII/5, TEAP took into account the request to cover additional sectors (heat
pump, large commercial refrigeration, larger@inditioning systems), installation and seirvi; and

the assessment of the integration of energy enhancements with HFC phasedown. The EETF Report
was assembled in chapters, updating previgiasmation,and addressing the additional subsectors

not previously covered. The composition of the Deci3XIll/5 Energy Efficiency Task Force

(EETF) isin the following tableThe 2022 Task Force has 24 members (5 female, 19 male) and two
consulting experts. There are 13 members from A5 Parties and 11 members frA6 paties.
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Membership

Omar Abdelaziz¢o-chair EGY Herlin Herlianika ID
Suely Carvalho, cahair BRA Steven Kujak USA
Ashley Woodcock, cahair UK Saurabh Kumar IN
Kofi Agyarko GH Tingxun Li CN
Paulo Altoé BRA Richard Lord USA
Jitendra Bhambure IN Petter Neksa NO
DanielColbourne UK Tetsuji Okada JP
Hilde Dhont, chapter 3 lead author BE Mohamed Alaa Olama EGY
Gabrielle Dreyfuschapter 5 lead author USA Roberto Peixoto BRA
Bassam Elassaadhapter 2 and 6 lead auth( LB Nihar Shahchapter 4 lead author IN
RayGluckman chapter 7 lead author UK Rajan Rajendran USA
Samir Hamed JOR Helene Rochat CH

Disclosure of Interest

TEAP Task Force members were requested to provide their disclosure of interest forms relating
specifically to their level of national, regional or enterprise involvement for the 2022 EETF process.
The Disclosure of Interest declarations for the participaiti the EETF in 2022 can be found on the
Ozone Secretariat websiteldtps://ozone.unep.org/science/teap/taskorce-decisiorxxxi~energy

efficiency
Main Findings of Previous Task Force Reports

Following the adoption of the Kigali Amendment, parties adopted a series of Decisions on Energy
Efficiency (EE) at Meetings of the Parties:

2016- Decision XXVIII/3;
2017- Decision XXIX/10;
2018- Decision XXX/5;

20197 Decision XXX1/7

In response, TEP hasprovided reports for the Opdended Working Group Meetings each
subsequent year. The first scoping report was provided by an internal TEAP Working Group which
reported in 2017. Tiswas followed by three Energy Efficiency Task Forces which regdart 2018

and 2019 and 2020/2Thisfourth EETF2022 reporin response to Decision XXXIII/8 intended as

an update on previous reports with new informaiioadditional RAGIP markesectors For a

complete picture (and especially for domestic &€ SCCRE) please refdvack to previous reports.
Below are some consistent key messages that run through previous reports.

2018/2019 Reports

1. Evidence for Climate Change and its impact on the planet is increasing.
2. In Decision XXVIII/3, the Parties to th®lontreal Protocol agreed to minimise the climate
impact by harnessing the synergies with Energy Efficiency (EE) during the HFC-qbinaiee
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in a timely manner. This could double the climate benefit from timely implementation of the
Kigali Amendment

3. Acces to cooling is essential to meet many UN Sustainable Development Goals. As
temperature rises and as wealth in developing countries is growing, the demand for RACHP
equipmentisincreasingrapidly n 2018, it consumed 20&onof t he
(IR, 2019). This is creating a feedback loop between demand for cooling, direct emissions and
electricity-related CQemissions, and global warming.

4. Many energyefficient technical innovations in RACHP using lower GWP refrigerants are
widely available and increasingly accessible.

5. Lower GWP refrigerants to replace HCFCs and HgyWP HFCs are widely available in higher
EE equipment andrebecoming increasingly accessible.

6. In some regions and sectors, it is possible and beneficial for thet@rapfrog from HCFCs
directly to lower GWP refrigerants and higher EE.

7. MEPS are being introduced in some developing countries witholuiding the transition to
lower GWP refrigerants, which is leading to a continued use of high GWP refrigerants.

8. Some A5 parties with no or low MEPS, especially those without manufacturing capacity, only
have access to low EE/ high GWP imported RACHP equipmet.ekbess power demand
will place them at a substantial lotgrm economic disadvantage.

9. Combined finance from multilateral organisations could drive best practice in delivering EE
gains during HFC phasdgown in A5 parties.

2021 Report
1. Improved availabity and accessibility to high EE/lower GWP products in A5 parties could be
achieved sooner by:
a. faster ratification of the Kigali Amendment,
b. progress in operationalising the Kigali Amendment,
c. enabling individual Parties for fast action,
d. supporting policies designed to improve accessibibtg,,tackling market barriers
affecting the end consumer,
e. adopting ambitious and progressive energy performance standards across regions that
areintegratedvith HFC phaselown strategiese(g.,U4E nodel regulations),
f. coordinating multiagency funding for A5 enterprise conversions for both high EE and
lower GWP refrigerants.
2. A5 parties creating a large installed base of low EE equipment, will be economically
disadvantaged, as valuable electricity @atyas lost from other uses and because of the need
to build more generating capacity. The economic disadvantage could last for decades due to the
long product lifetimes of cooling equipment. Support for the development and enforcement of
policies and reglations to avoid the market penetration of low efficiency RACHP equipment
could stop environmentally harmful dumping and limit these economic impacts.

1 Decision XXVIII/3 recognizes the opportunities and appreciatdser@fits:fiRecognizinghat a phaselown

of hydrofluorocarbons under the Montreal Protocol would present additional opportunities to catalyse and
secure improvements in the energy édficy of appliances and equipmeNttingthat the aiconditioning and
refrigeration sectors represent a substantial and increasing percentage of global electricity Ajgpnacidting
the fact that improvements in energy efficiency could deliveareety of cebenefits for sustainable
development, including for energy security, public health and climate mitigétighlighting the large returns

on investment that have resulted from modest expenditures on energy efficiency, and the substagsial savin
available for both consumers and Governmentso
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3. Individual parties could consider adopting a fast mover status, with ambitious synergistic
regulation fo the HCFC phase out and HFC phassvn with progressive EE improvement.

4. One facet of governmental cooperation that has proven absolutely essential is the coordination
between senior energy efficiency officials and ozone officers. This expedites the furthe
transition to lower GWP and higher EE equipment by the coordinated adoption of refrigerant
policies with broad energy efficiency policies including the revision of minimum energy
performance standards (MEPS) and labels. In contrast, the implementatiobhitbus MEPS
alone can undermine the HFC phasevn by encouraging improved EE of cooling equipment,
but with the use of high GWP refrigerants, especially in countries that are primarily equipment
receivers.

5. Integrated modelling of the direct (refrigataelated) GHG emissions and indirect (energy
related) GHG emissions from refrigeratiair-conditioning,and heat pump (RACHP) markets
provides valuable insights into the importance of linking improvements in energy efficiency
with the HFC phaséown. A number of modelling tools are available and in development.
Early outputs from the AHFC + Energy Outl ook

a. indirectenergy relate@GHG emissions represent around 70% of total GHG emissions
from the RACHP sector,

b. there are substantial bensfirom earlier action to prevent the increase in high GWP
HFC use in reducing the total cumulative emissions,

c. combining faster phasgown of high GWP HFCs and improving efficiency provides
substantial additional benefits in reducing the total cumulativiesions,

d. there is a large potential to reduce both direct (>90%) and indirect emissions (>98%)
by 2050, compared to a businessusual scenario,

e. how to identify the measures that yield the greatest benefits through addressing both
the refrigerantelatedand the energyelated GHG emissions,

f. transitioning to the use of heat pumps is important in terms of the abatement of fossil
fuel emissions from heating.

6. An overarching conclusion of t{@021)EETF is that during the last five yeansdustry has
respondedandtechnology has developed rapidly. There is now availability of high EEAower
GWP equipment for most market sectors. These technologies are increasingly accessible
worldwide. Market exampls suggest that it is possible in the right regulatory and financial
environment to consider an accelerated timeline foH#E phasedowand the integration of
energy efficiencyat least for domestic AC and commercial refrigeration

May 2021 TEAP Report, Decision XXXI/7: Continued provision of information
on energyefficient and low-global-warming-potential technologies



1 Introduction : Context of the Report

1.1 Context related to climate change

Human induced Climate Change is a threat to our wellbeing and all other species. Since the last EETF
report, the urgency of action to mitigate climate change has become the most important environmental
issue worldwide. This has been emphasised in many publicatieesingsand initiatives over the

last 12 months.

The I PCC Working Group 2 Summary for Policy Make
including more frequent and intense extreme evéals caused widespread adverse impacts and

related losses and damages to nature and people, beyond natural climate variability. Some

development and adaptation of efforts have reduced vulneraBititgss sectors and regions, the

most vulnerable people aggstems are observed to be disproportionately affectetrise in

weather and climate extremes has led to some irreversible impacts as natural and human systems are
pushed beyond their ability to adapd

COR26 was held in Glasgow UK in October 2022. This meeting emphasised the need for integrated
action on a global scale to combat the climate emergency.

The Supeitfficient Appliance Deployment Initiative (SEAD) was launched at €BPMultiple

partner geernments joined together to recognise the critical importance of energy efficiency by
supporting the SEAD initiative, which aims to double the efficiency four key products (two of which
are refrigeration and air conditioning) which account for 40% ofdvdde energy use.

The IPCC Working Group3/'®As s essment Report (April 2022) stat
is the time for action. We have the tools and ke required to limit warming and secure a

liveable futureThe critically important Workag Group 1l contribution assesses progress made in
mitigation and opt i onAsy fatheadelbyantcdneertefd glabal tlifmege f ut ur e .
action will miss a rapidly closingwindowé Thi s is the report that gives
strateges to tackle the critical questions of our time. How can we reduce greenhouse gas emissions?

How can we sequester carbon? How can the buildings, transport, cities, agriculture, livestock, and
energy sectors be more sustainable?0

1.2 Science of Cooling, HFCsand Energy Efficiency

The critical importance of an effective Montreal Protocol for climate change is clear. ODS phaseout
through the MP has already avoided 1.1 degrees of warming over the Arctic by 2021, and projected to
be 34 degrees by 205@guivalent to ~25% of mitigation of global warming (Goyal 2021).

Solomon et al. (2020) emphasised this climate benefit, describing the need to reduce as quickly as

possible all ODS and their substitutes that contribute to global warming, and sugdested g a | i

pluso HFC amendment to the protocol. Early actio
95% of baseline by 2050, could provide cumulative climate benefits of 69 &gdmm HFCs

alone. (Purohit et al., 2022)

Cooling with high GWP refrigerds in inefficient equipment that consumes excessive energy would
contribute to drive us past the 1.5°C warming limit as soon as Z080widespread adoption of the
best currently available technologies could reduce the climate emissions from statiGremg A
refrigeration by 13@60 GtCQ.eq over 20302050. (25% from phasing down HFCs, 75% from
improved energy efficiency) (Dreyfus et al., 2020gnergy efficiency improvements in cooling

were fully implemented, then resulting electricity savings ceultbed a fifth of future global
electricity consumption with a side benefit of reduced air pollutants in the rang&68t $Purohit et

al., 2020).

2 hitps://iopscience.iop.org/article/10.1088/17RE26/ab4874/pdf
3 hitps://www.nature.com/articles/s415682-0131Qy
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The global COVID19 pandemic and economic skalewn reduced C@emissions by 8% in 2020/21

compared with 209 levels (IEA, 2020b), but then rebounded. The Montreal Protocol could take the
opportunity to support a AgreendO economic recove
efficient RACHP equipment with low GWP refrigerants during the HFC pdassn.( i The Cool i ng
| mperativeo (2019) Economist Intelligence Unit)

1.3 Progress with Ratification of the Kigali Amendment

The Kigali Amendment to phasedown HFCs was sign@®i6 andcdcame into force in 2019
1320f 198 countries have so far have ratifiag shown irFigure1.1 (May 1, 2022)

Kigali Amendments: Acceptance, Ratification, or Approval

Powered by Bing
Australian Bureau of Statistics, GeoMames, Microsoft, Navinfo, OpenStreetMap, TomTom, Wikipedia

Figure 1.1. World map highlighting the ctent status of the Kigali amendment acceptance, approval,
or ratification.

1.4 Regional developments with Fgas regulations

Some norAS Parties and Regions are making proposals to strengthen internal regulations for HFC
phasedown and the use of alternativdghis point, some are advisory, and some are prescriptive
with varying levels of ambitiof.

In April 2022, the European Commission has made some significant proposals for accelerated HFC
Phasedown within the EU. These are under negotiation, chalige, and will not be agreed until
20233

The American Innovation and Manufacturing (AIM) Act was enacted by the U.S. Congress on 27
December 2020. The AIM Act provides new authority for the U.S. Environmental Protection Agency
(EPA) to address HFCs three ways: (1) phasing down production and consumption, (2) maximizing
reclamation and minimizing releases from equipment, and (3) facilitating the transition-to next
generation technologies through sediased restrictions. The AIM Act directs EPA toage down
production and consumption of 18 listed HFCs by 85% below baseline levels by 2036 through an
allowance allocation and trading program. EPA has established U.S. production and consumption
baselines using a formula provided by the AIM Act that mars past HFC, hydrochlorofluorocarbon
(HCFC), and chlorofluorocarbon (CFC) amounts.

4 https://www.carel.comfefrigerantscenariewhite-paper https://www.hfcbans.com/batisy/-
region.htm) https://www.epa.gov/climatbfcsreductio/final-rule-phasedowrhydrofluorocarbons
establishineallowanceallocation

5 https://ec.europa.eu/climatection/fluorinateegreenhouseases/edegislatiorcontrolf-gases_en
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1.5 HFC Phasedown and Energy Usé some basic principles

The major HFC use worldwide is in the RACHP sector. The majority is used for comfort cooling and

heating and the remnder is for refrigeration, although the proportion varies by country and region. A

|l arge proportion of RACHP GHG emissions are rel a
energyr el ated emi ssions to Adir ec buatries defendinganr ant e mi
factors such as the carbon intensity of power generation, the leakage rate from equipment of different
RACHP technologies, and the GWP of the refrigerants used.

There is excellent potential to reduce energy related emissions attbdisee as phasing down use
and emissions of HFCs. The integration of energy efficiency and HFC phasedown activities will
create maximum environmental benefit at lowest cost.

Energy benefits from HFC phasedown depend on the RACHP technology sector ldR€Cthe
alternatives used. In all sectors it is now possible significantly enhance energy effiSiemzyof the
energy saving potential relates to the efficiency level of new equipPelities such as MEPs can
drive up new product efficiency levels

Two other efficiency opportunities are also very important. First, the demand for cooling should be
minimised before selecting new equipmeny(,reducing airconditioning loads through building

design measures and reducing food retail loads by using doatsdisplay cases). Second, good
operation and maintenance of equipment can stop the performance of new equipment failing to meet
its design efficiency

Small sealed systems have low leak rateg. [residential refrigerators, Satbntained Commercial
Refrigeration (SCCRE)). Direct emissions from sealed systems during normal operation are low and
end of life management of refrigerant is important. The energy efficiency of new equipment is getting
progressively better so that the introduction of low GWeéY@aatives in new equipment reduces

energy uselmproved efficiency also reduces peak electricity loads which can lead to significant
savings related to power station investments.

Large customised RACHP systems usually have much higher leak rates,dartqmotainment

measures, certification of technicians in combination with an HFC phase down are enablers to
drastically reduce such leak ratbfoving to lower GWP refrigerants quickly will prevent the

installation of equipment containing high GWP refrigerants. This will reduce immediately the large
direct emissions, and the long term high GWP HFC servicing requirement. Servicing and training are
critical.

The market for small room AC continues to increase especially in high ambient temperature
developing countries. Low and medium GWP HFC alternatives are available in increasingly efficient
equipment. Parties should consider integragingrgy regulations (MEPS and labelling) with

refrigerant GWP standards.

1.6 Expanded Scope

Previous EE Task Force reports only addressed smallamooonditioning and small retail systems
(SSCRE). In this report, the energy efficiency task force was taskegand its scope and include
additional RACHP equipmeitmcluding heat pump@iP), large air conditioning systems, and large
commercial refrigeration systenigoom AC,SCCRE, large AC systems and large commercial
refrigerationcontribute to more than 60&6 the refrigerant volume as shownFigurel.2.

Furthermore, in many A5 countridtse RACHP sector is considered as the most significant sector in
the growth of the electricity demand fr&2818 to 2050 as shown in Figure.1.

The HP market is a fagfrowing sector that offers significant decarbonization potential. However, it

is important that this environmental benefit is not offset by a growing bank of high GWP refrigerants
and potential for leakage. In this report we highlight the current stathe beat pump sector and

offer insights on alternative medium and low GWP technologies to double the environmental benefit.

Large refrigeration systems are classified as remote condensing units, gsteaisand distributed
systems. They are used in a wide range of applications such as large food retail, atthragieand
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industrial processeSome of these systems are prone to significant refrigerant leakage. In addition,
large refrigeration systems @to operate continuously and consume significant amounts of
electricity. As such, the impact of indirect emissigasesbetween 50 to 100%f total GHG

emissions depending on thkectricalcarbon intenigy factor and the refrigerant used. As suclergyg
efficiency and refrigerant selection drethkey to a low carbon future.

Large AC systems include different types of systems and technologies. The EETF classified medium
and large AC systems into 8 applications as described in s@dfichhese systems may be used in a
variety of applications including residential, commercial, government buildings, etc. As such it is
important to consider the equipmeéntilding integration as an important factor in evaluating the

energy efficiency potential. Building insulation materials and methods of construction play a
significant role in minimizing the thermal load of the building and reducing the size and capacity of
the AC equipment.

Industrial Refrigeration

[ |
B Domestic Refrigeration
Transport Refrigeration

B Commercial Refrigeration

B Stationary Air Conditioning,
Chillers & Heat Pumps

B Mobile Air Conditioning

Figure 1.2. The global refrigerant market volume by application, 2016

8 Peteren, M.,Pottker, G., Fricke, B.A., "Influence of commercial refrigeration system design and refrigerant
optiors on life cycle climate performance.”, Proceedings of the 25th IIR International Congress of Refrigeration:
Montréal , Canada, August 30, 2019n. 1597 http://dx.doi.org/10.18462/iir.icr.2019.1584also available at:
https://www.osti.gov/servlets/purl/1560429

7 https://www.grandviewresearch.com/indusanalysis/refrigerantmarket
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Air Conditioning Biggest Factor

in Growing Electricity Demand

Global electricity demand growth from 2018 to 2050,
by energy use category

37.0% Space cooling
® 25.5% Residential appliances
® 12.4% Heating

7.8% Lighting

17.4% Other services

Source: International Energy Agency

@®OG statista %a

Figure 1.3. Global electricity demand growth from 2018 to 2@85@wing RACHP significant
contribution?®

1.7 Life Cycle, Carbon Emissions and Cost Effectiveness of Energy Measures

When considering heating and cooling, the energy efficiency of equipment in the context of building
construction is key to reducing a nati@rergy use. Estimation of IHfeycle energy savings, carbon
emission reduction and cost effectiveness of energy efficiency measures has become critical for
decision making processes of policy makers, manufacturers, and consumers.

For a specific countryotsucceed in transforming its market towards more sustainable products

through their life cycle, including more energy efficient and low carbon equipment, governments

should establish an integrategfrigerantpolicy and regulatory energfficiency framework. For

example, product energy efficiency standards and labelling programmes, should be linked to lower

GWP refrigerant targets, by coordination between
implementation of the Phasedown of HFCs uriderMontreal Protocol. In addition, energy

conservation laws are required to sustain any mandatory process requiring the implementation of
progressive targets of maximum energy consumption and minimum performance standards of
commercialised products.

If anindividual country is to maximise the sogaonomic benefits from the regulatory process, a

road map needs to be established cownide, starting with a study to determine the feasibility,

timing, and impact of proposed MEPS (Minimum Energy Perform&taedards) and Labelling
regulations, and/or the frequency of updates of existing ones. A study should provide a detailed
analysis of the national situation regarding the sectors/subsectors to be covered, the market and
projected growth. These studiesiasgovernments and their institutions in making informed

decisions on the viability, timing and implementation of new standards and labelling for products, the
environmental benefits, and the costs impact to manufacturers and consumers. The methadology fo
testing the energy performance of equipment should be assessed. It is then possible to estimate the

8 hitps://www.statista.com/chart/14401/growidgmandfor-air-conditioningandenergy/
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possible future consequences in econosocjal,and environmental terms, by conducting an analysis
of several factors associated with a proposed newS3JiBEluding:

1 the percentage of equipment which will be removed from the market

1 the relative importance of the different equipment/appliances energy consumption as
compared with the total energy demand in the country;

1 the expected growth/penetration of those equipment/appliances in the market.

This type of analysis shows the impact of the in
electricity needs and enables those sectors with the highest electricity deméumtdirengrowth to be
prioritised.

The improvement in EE standards and labelling can make a major impact in reducing the pressure on
a national electricity system, mitigating the peaks in electrica? ladl avoiding the costs of

installing new generatingapacity. The energy gains resulting from stringent energy efficiency
indicators standards are calculated based on market data and taken into consideration for future
implementation schedules and the resulting {texgh energy savings.

The economic impastassociated with energy conservation benefits resulting from the greater
restriction of commercialization of less efficient products, including air conditioners are very
significant, and tend to benefit both individual consumers as well as society atea wh

The saving in indirect emissions from efficient equipment is of direct economic benefit to both the
consumer and the country and fewer coal fired power stations also means better air quality. This

makes MEPS relatively acceptable. In contrast, thimgan direct emissiond.€.,through using

| ower GWP refrigerants) is |less tangible to the
commitment to the Montreal Protocol and to global climate change

From a consumer perspective, it is thereforitical if parties are going to be successful in phasing

down high GWP HFGsagckdohaan tthoe yMEIPS grgeygul ati ons. S
failed to take the opportunity offered though the introduction of new MEPs to introduce controls on

high GWP refrigerantdntegrated regulations would lead to market transformation to products which

would reduce both indirect emission® (,energy use), and direct carbon emissions (by using low

GWP refrigerants and avoiding high GWP legacy servicingsjeed

A renewed look at consumer behaviour is very important. For instance, AC use is seasonal and higher
in summer, and this should be taken into consideration when considering the current patterns of use
and projected growth. It is necessary to educatswoars as well as the people responsible for
procurement of products, through awareness campaigns. Civil society organ;zatbmtls

developed and developing countriean be important advocates and can help to increase consumer
awareness anehcouragdaster introduction of energy efficient and IB¥WP products in the market

Government organization(s) in charge of setting standards and labelling need strong monitoring and
evaluation programmes to ensure that laws and regulations are fully operatidngihance for such
monitoring and verification programmes is critical.

9 For instance, the building sector (residential, public, and commercial) represents 51% of the electricity demand in Brazil
(EPE2019) and the cooling requirements are growing sinG@.28PE estimates that more than 86fthe homes in Brazil

will have at least one air conditioner till 2035, resulting in an increase in consumption from the current 18,7 TWh to 48.5
TWH, with 3.6% growth in energy demand per year (EPE, 2018, EPE, 2019) being the air conditioned thenrfaithiée
energy consumption in a Brazilian home.
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2 Availability of Low and Medium GWP Technologies and Equipment
that Maintain or Enhance Energy Efficiency

Key messages:

1 RACHP equipment using low and medium GWP refrigerants with enhanced energy
efficiency, is now available in all sectors but not necessarily accessible in all countries.
Technology developments are proceeding at pace. Early action through the Kigali
Implemernation Plans can enable their transition to this new generation of RACHP
equipment.

1 Countryspecific incremental improvements in energy efficiency are being driven by MEPS,
developed with the consideration of seasdiudll, and part load performances.cBUMEPS
are either being adopted or progressively enhanced. Technologies including variable speed
drives (for compressors and fans), brushless DC motors, and electronic expansion valves are
used to achieve seasonal performance requirements.

1 Heat pumps aravailable with low and medium GWP refrigerants with energy efficiency
measures implemented for the refrigeration cycle, the selection of ancillary components, and
the integration of heat pumps with the building controls.

1 Large commercial refrigeration eguient operates throughout the year which compels the
need for higher efficiency to reduce energy costs. This is measured by the annual power
consumption, which can be reduced by considering component selection and evaporative
condensers.

1 Inlarger AC systms, safety considerations limit the application of flammable refrigerants.
However, large AC systems of all capacity ranges are available with low and medium GWP
refrigerants with comparable efficiencies to the baseline high GWP refrigerantbesicdn
be further optimised for higher efficiency. Compressors designed to work with a range of
refrigerants including baseline refrigerants as well as low and medium GWP refrigerants are
now available.

1 Not-In-Kind (NIK) technologies that do not utilise mechahiapour compression can offer
lower operational lifetime costs (OLC) thanrkimd systems, in some circumstances. Some
examples of NIK technologies include solar energy driven absorption systems, hybrid
evaporative cooling and despa cooling are someanples of these NIK technologies.

2.1 Introduction

This chapter provides an update on the availability of Low GWP technologies and equipment that
maintain or enhance energy efficiency for:

a) residential air conditioners (< 7 kW) and setintained commercial refrigeration which were
covered under previous decisions and EETF reports;

b) three new sectors i.e., heat pumps, larger commercial refrigeration, and larger air conditioning
units (> 7 kW)

The chapter concludes with a summary oningtind technologies and district cooling

The discussion on the three new applications covers the availability of technologies for these
applications in general before discussing the energy efficiency emiphs.

For more detailed description of the applications, please refer to Anh8x2 at the end of this
report.

2.2 Residential split AC: update

The range ofesidential AC is from 1.7 kW to 7 kW in both split systems and wintygme or plug
in/portable factory sealed systems, depending on the climate conditions and the size of the room. They
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are used both for cooling and heating, and together are responsitéyf large consumption of
energy and refrigerants.

There has been incremental development since the last TEAP report on Decision XXX/7 driven by
MEPS programs being either adopted or enhanced in many countries. Most of those countries have
adopted seamal energy efficiency (SEER) as basis for evaluating the performance. Standard ISO
16358:2013 is the reference standard and takes into consideration the climatic conditions of each
country. Energy labelling programs have motivated manufacturers to inthsttechnology and

training across the business chain.

Air-conditioning cooling and heating loads vary significantly on both daily and seasonal timescales
The use of variable speed drives to vary the system capacity have been steadily increaalrlg. Vari
speed systems have an advantage in achieving high SEER performance ratings. Some of the current
SEER labels can be only achieved using variable speed systems and not by fixed speed systems

There are increasing signs of the supply chain gettinglisétat) in the manufacturing countries to
meet the demand for components; however, the transition period to EE products can vary by country
and region.

The majority of the market share in the Chinese, Japanese, and the EU markets for room air
conditionersare reversible, which means the same unit can provide cooling in hot weather or heating
in cold weather. The market driver in moderate climates requiring heating and cooling is convenience
and affordability. In countries where the climate does not neatssitating, the uptake of reversible
systems has been slower. In India, for example, around 25% of the VRF market is reversible while the
share in room ACs is less than 1%.

Until recently R410A (GWP 2088) was the most used refrigerant for residexfiaMedium GWP

HFC-32 adoption has increased. The conversion of production facilities@IaCGWP 3) has been
facilitated by funds provided by the multilateral fund and products will become increasingly available
with the adoption of standards allowing fagher refrigerant charge&.new revision of standard
6033252-40 will in future allow a larger charge, up to 998 grams, of A3 refrigerants lik@30Gn

domestic air conditioners, heat pumps, and dehumidifiers for new equipment designed according to
certain additional safety requirements to ensure the same high level of safety as equipment using non
flammable refrigerant®

2.3 SeltContained Commercial Refrigeration Systems

Selffcont ained commerci al refrigeabbondpl-iengdu)i pinse nt
widely used in food retail and food service alongside, or instead of, the larger equipment discussed
later in this chapter. SCCRE is factdyilt and comprises of a wide variety of applianeeg:,ice-

cream freezers, ice machines, vendmachines, and display cas€SCRE uses higher efficiency
compressors, evaporators, condensers and stdicteoheat exchange (discussed later in this chapter)

for lower power consumption, and also relies on more efficient ancillary compoaantsEDs and

high efficiency fans for circulating the air to improve performaiany regions have MEPS for this
equipment as well as voluntary higher standards for adding value to the consumer.

The use of hermetically sealed reciprocating compressors hassietit®a15% yeaonyeat!. This

growth in hermetically sealed compressors is expected as SCCRE volumes grow due to the latest
safety standards allowing increase in charges of both A3 and A2L flammable refrigerants. This trend
will continue and could havenaunintended consequence on energy efficiency if energy standards are
not harmoniously updated

When comparing SCCRE to larger commercial systems, in general the larger systems have more
efficiency options and perform better on annual basigger systerm have outdoor condensers which
can take advantage of the varying outdoor ambient conditianger compressors can have higher

10 hitps://www.coolingpost.com/worldews/standardevisiona-milestonefor-propaneac/
11 Reported by eJARN March 2022
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efficiency than SCCRE compressors. Also, typical SCCRE purchases are generally more cost
sensitive.The energefficiency options that are available for larger commercial refrigeration
equipment are described in section 2.5.

2.4 Heat Pumps

A heat pump (HP) is a system that is used primarily for the purpose of producing heat at a useful
temperature. A HP extracts hdiadm a low temperature heat souregy(,from ambient air) and
delivers heat at a higher useful temperatarg.(to heat a room)Reversible residential aio-air heat
pumps used for space cooling and heating were discussed in past EETF reportapdtitaminder
section 2.2. This section discusses heat pumpsitbdypically used for space heating and heating
water but may also be used for a variety of other applications. There are three categories of HP:

1 Domestic (hot water)
1 Integrated HP (spad®ating and cooling and water heating) for domestic and commercial
9 Industrial process

HPs for industrial process are categorised as fii
often use low GWP natural refrigerants (such a&R, R717, et.). Due to their application

characteristics which can differ significantly from the domestic and commercial applications, the

reader is referred to the industrial refrigeration chapter of RTOC Assessment Repofitz02822

version of the report will & available end 2022/early 2023.

2.4.1 Sub-categories

Table2.1 provides an overview for the various arrangements of HP systems and provides a general
categorisation

The heat source is the origin of the thermal energy, and the heat sink is wherentlaé ¢hergy is
supplied to. Note that a significant portion of products are dual purpose, i.e., providing thermal energy
for both space heating and hot water (for washing, etc.).

The refrigerant circuit may be a factory sealed single package unit (alWatrin a single housing

and factory charged and sealed) or split, where the system is supplied in two or more parts, one to be
located in the conditioned space and the other in another location (usually outdoors) and requiring a
technician to connect drsometimes charge with refrigerant on sBeme types of factorgealed HP

are also referroed to as fAmonobl oc

HPs may use one or two intermediate water circuits to transfer thermal energy from the heat source to
the refrigerant circuit or from the refierant circuit to the heat sink. Note that depending upon the

local climate, a glycol or brine may be used in the first intermediate water circuit to reduce the chance
of freezing.

Typical split AC systems may also be designed to provide a refrigeranteil@nsal thereby allowing

both for air cooling and heating. These are typically called reversable HPs where heat is directly
extracted and rejected from and to the air. Further information on these related to lower GWP and
energy efficiency is similar tthe information discussed in the split AC section, section 2.2. HPs are

an attractive option because they can use power from renewable sources, and low GWP refrigerants.

For discussion on refrigerants for-&irair systems, refer to RTOC Assessment Regluaipter 7.
Table2.1. Arrangements and general categorisation of space and domestic water heating HPs*
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Refrigerant

Heat source |1¢intermediate e 2 intermediate| Heat sink Category
Outside air [none] Intsegirtall [none] Indoor air Air-to-air
Exhaust air [none] Integral [none] Indoor air Air -to-air

Integral/ -
[none] Split Water circuit | Hot water and
. . for space .
Outside air [none] Intsegirtall [none] heating Air-to-water
[none] Split Water circuit | Space heatingd
Intearal/ Hot water
Ground Water circuit S glit Water circuit | and/or space
P heating
Water circuit IntSeg"rtaI/ Water circuit Hotwater | Waterto-water
n te%ral ] and/or space
. . heatin
Outside water [none] Split [none] eating
[none] Split Water circuit | Space heating
o Integral/ : :
Water circuit Split [none] Indoor air Waterto-air

* Please note that there are other HP applications such as tudmpégs and process heaters.
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2.4.2 Avalilability with Low and Medium GWP Refrigerants

HPs are available worldwide using a variety of higledium,and low GWP refrigerants. includes
those identified as available. Some high GWP and medium GWP options arelegidahally,
whereas low GWP options are typically limited to Japan (hot water heaters) and.Europe

The IEA Heat Pump Programme Annex 54 project reports on the variety of alternative refrigerants
within air to water HP systems in the European BAFA andnikaa¥k programmes (Oltersdorf et al.,
2021). This shows a fairly diverse selection of alternative refrigerants in use. Of about 2000 different
models in both the BAFA and Keymark programmes, the majority-{ivds) use conventional high
GWP refrigerants, aminly R-410A, but also RI07C, R404A and R417A. The medium GWP

alternatives used are HF82, R452B, R454B, R454C and R513A of which HFG32 was

dominant.

HC-290 was used in the remaining 5% of the modat®t 20% of all the medium and low GWP
modek in BAFA and a few percent under Keymark) BAFA, HC-290 models exhibited the highest
overall efficiency (COP) to EN 1451 all models and highest at two of the conditions (higher
source temperaturesyhereas HFE32 models provided higher valuedia¢ other two conditions
(lower source temperaturegithough all within +3%. Under Keymark, HZ90 had highest
efficiency at medium leaving water temperatures), whereas3#-@odels provided higher values at
low leaving water temperatures. Under BARRBese were all higher efficiencies than the most
efficient HPs using high GWP refrigerants4R0A, R404A and R407C

For flammable refrigerants with nominal heating capacities of a few kW, systems are usually
monobloc systems installed outside or splgteyns with the indoor part having acalled ventilated
enclosure, where any leak will be exhausted to the outside

Table2.2. Alternative refrigerants currently available in various categories of paatps

Heating High* Medium GWP Low GWP
Category | Heat sink | capacity GwWP
Options | Options | Regions** | Options Regions
Exhaust air higzﬁg < 8 kW HC-290 E
HC-290
Hot water | < 3 kW R-744 E, EA
Air-to-water HC-290
Space 37 80 KW (HC-1270) E
heating HFC-32 (HC600)
R-452B R-717***
R-410A | R-454B | E,EA A HC-290
Hot water | < 3 kW R-454C R-744 E, EA
Waterto- Egggg
water Space | 3->100 (HC-1270)| .
heating kw (HC-600)
R-717***
* Definition of High, medium, and low GWP is based on RTOC.
** A = Australia, E = Europe, EA =East Asia
***Jsed with sorption systemglease refer to section 2.7 of this chagtermore details
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2.4.3 Energy Efficiency Measures

There are numerous energy efficiency measures that are used with HPs. These can be divided into the
following threeaspects:

1 vapor compression cyclewhere the measure is directly part of the vapor compression
cycle, such as improved heat exchangers, compressors, etc.

1 Ancillariesi where the measure is not directly part of the vapor compression cycle, such as
improved fans, pumpstc.

1 Integrationi where the measure is related to the integration of the application, such as
controllers linked to other services, solatlectors, etc.

In general, the ancillary and integration energy efficiency measures are not related to the refrigerant
selection. All of the technologies detailed below are available globally.

2.4.3.1 Vapor compression cycles

Measures involved with the vapoompression cycles are broadly the same as with most other
applications. These are:

1 Cycle architecture and system balancing, to suit load and capacity at applicable temperature
levels

1 Higher efficiency compressors, including variable speed drives

1 Heat exchanger design, including circuitry, miechannels, internal turbulators,
fins/extended surfaces, surface treatments

1 Expansion device, primarily electronic expansion valves

All of these measures are available for all alternative refrigerants iddntifieable 2.2.

2.4.3.2 Ancillaries

Ancillary measures are similarly also used with other applications, including:
1 Optimised flan blades
1 EC type fan motors
9 Variable speed pumps

2.4.3.3 Integration
Measures associated with the integration of the HP with the builithgle:

1 Correct sizing and balancing of the HP with the internal heat load and heat eimitiedsg
supply water temperature

1 Integrated building controllers for capacity/load matching and broader energy management

1 Use of thermal solar panelspioovide a highegrade thermal source

1 For heat pumps simultaneolisating and cooling can be possible

2.4.3.4 Compliance with Safety Standards

As with all other refrigeration and air conditioning equipment, it is appropriate for HPs to comply
with safetystandards. Applicable safety standards include ISO 5149 and IEC-808BbB addition
to any national standards

In most countries, regulations are mandatory whereas safety standards are not. Ultimately, it is the
regulatory requirements that manufactarand installers must adhere to.

Safety standards address a wide variety of hazards, including electrical, equipment under high
pressure and other mechanical aspects (such as sharp edges and trapping of parts, impacts to persons
and animals, toxicity ofmaterials, fire and flammability hazards, noise levels, confined spaces, etc.)
Thus, HP products should be designed and approved such that the risk posed by all such hazards are
maintained to an acceptably low level.
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In addition to safety during the ushgse of the products addressed by product standards such as
IEC603352-40, manufacturers also need to consider the safety during manufacturing, transport,
installation, servicingdecommissioningand eneof-life treatment of the products, where several

other national and international legislations need to be taken into account (examples: ATEX, building
safety regulations, UNECB

With a shift to medium and low GWP refrigerants, further consideration is usually required for two
specific hazards: high prase and flammability. The abovaentioned standards detail how these
hazards should be addressed. Pressure safety requires additional strength of piping and components.
Flammability safety requires avoidance of potential sources of ignition (which coitiel &y

refrigerant leak), ensuring releasable quantities of refrigerant are not large enough to result in
unacceptably large flammable mixtures and that adequate airflow or ventilation is present to dilute
and exhaust potential leaks. All HPs referrechtdable 2.2comply to the listed or equivalent safety
standards.

2.5 Large Commercial Refrigeration Systems

2.5.1 Overview

Large commercial refrigeration systems are usually found in food retail and food storage facilities and
are characterized by refrigeratingpeaities of equipment varying from 2 kW to around 1.5 MW.

These systems are usually custom designed to fit the site. As a result of not being factory finished as
sealed units, the leak rates are much higher than SCCRE, especially if not expertly designed a
installed. Two main levels of temperatures are generated by these commercial refrigeration systems:

1 medium temperature operating between 0°C and 8°C, for the conservation of fresh food
and beverages
1 low temperature operating betwed8°C and-25°C,for frozen food and ice cream

Large commercial refrigeration equipment operates-igay; hence energy efficiency becomes an
important consideratior-or moderate and cold climate regions recovering heat from the refrigeration
system for heatingurposes in the cold season can increase the overall system efficiency. Large
commercial refrigeration systems can be broadly classified as Remote Condensing Units and
Centralized or Distributed Systenf®mote condensing units are small split systemscéilp in

capacity range 2 to 20 kW) serving one or two display cases with a single compressor and condenser
located outside the retail sales ai@antralized systems (typically in capacity range 50 to 500 kW)
operate with racks of compressors installed imachinery room and outdoor condendeistributed
systems (typically in capacity range 20 to 50 kW) have compressors on rooftops, while cooling coils
are in the display cabinets or cold roofdentralized and Distributed Systems can also be classified

as Adwhercd the refrigerant enters the sales area
refrigerant is limited to a machinery room and only a secondary fluid like glycol enters the occupied
spaceBy the nature of the two systems, direct syst@re more energy efficient and are therefore
preferred and the dominant architecture.

As is common practice, the term fnenergy efficien
refrigeration system is the electrical energy consumed. Reductiongftricaleenergy consumption

can come from reduction in cooling load, improvements in component and refrigeration system

design, as well as optimum controperationand maintenance of the system

2.5.2 Remote Condensing Units

Selecting the highest rated eféacy condensing unit may seem like the most obvious first step; while
that can be true, it is more important to select the unit that can provide the highest efficiency or lowest
electrical energy consumption, during those conditions at which the unisidikady to operate.

2UN model regulation for the transportation of dangerous gdutiss://unece.org/transport/dangerous
goods/uamodetreqgulationsrev-22.
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Since commercial refrigeration equipment operate all year, an annual electrical energy consumed by
the unit based on the weather profile in the location is the best app@famurse, it is assumed that

the unit has been selectedprovide the required cooling on the hottest day and that the maximum
power draw is also acceptable.

In addition to the above, there are other considerations that can help improve the efficiency of the
unit. Some of those are:

1 Electronicexpansion devicginstead of thermostatic expansion valves or capillary tubes
etc.) which can help the unit lower the condensing temperature (which in turn lowers the
compressor power while also increasing capacity) as the outdoor ambient temperature
deceases (often called Afloating condensing

1 Mechanical or Vapor Injected subcoolititat decreases the liquid temperature leaving
the condenser coil, which increases the capacity of the system and enables thierexpans
device to operate more efficiently, all serving to decrease power anywhere from 10% to
30% depending on conditions;

9 Suction line heat exchangehich is a lowcost method for some refrigerants to achieve
some of the benefits of the mechanical or vapgcted subcooling discussed abolve.
this approach, the copper tube leaving the evaporator coil and the tube bringing the liquid
to the expansion device of the coil are allowed to make close contact with each other,
with insulation wrapped arourtdem for better effecfhe cool vapor leaving the
evaporator is used to swool the liquid entering the expansion device without the aid of
an external sulsooler;

1 Variable capacity compressoirs the unit allow for better matching of the refrigeration

load to the capacity and reduce the number edfbnycles of the compressor, thus

resulting in less thermal and electric cycling losses;

Variable speed and high efficiencgndenser fans improve energy efficiency;

Evaporative condensingypically, outloor aircooled condensers use the dry bulb air

temperature to reject the heat that has been picked up in the s&steme efficient

method is to use the wbtlb temperature in a method called evaporative condensing. In

its most simple form, it consistd adding a mist of water to the air that is being drawn

over the condensing coil§he additional cost of the water, water treatment, and the effect

on the coil should be factoréd before deciding to implement this measuteaporative

condensers hadeecome popular with the growth of tracistical CG: technology.

1 Condenser cleanindrouling of condensing coils through dust, foreign particles, etc.
leads to reduced performance of the condenser. This may result in higher electrical energy
consumptionlonger runtime, loss of temperature and loss of food or products being
refrigerated.

2.5.3 Central and Distributed Systems

= =

Centralized and Distributed systems also employ the same energy efficiency methods discussed above
for remote condensing units. Sincedhaypes of systems use more than two compressors, variable
capacity is often achievable just by staging the compressors on 8hoff.line lengths, insulating

lines that are below ambient temperature etc. are all good practices to @leveerioussisue with

larger systems is the presence of the many mechanical joints that can lead to refrigerdrddeais.
refrigerant, while harmful to the environment, also has the effect of reducing the energy efficiency of
the refrigeration systenfrrequent ad automated checks on the system for operating conditions, leak
sensors and diagnostics to alert for the presence of leaks are all good practices to keep the systems
running at peak efficiencyn addition, periodic recommissioning of a refrigeration sysi®also
recommended (see also chapter 6).

Transcritical CQ, (R-744) refrigeration systems are growing in use in-Aércountries and to a
lesser extent in A5 countrieBhese types of systems use several efficiency improvement techniques
that are oftemot used elsewhere, some of which are discussed below.
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9 Parallel compressionParallel compression is a method to reduce the power consumed in
taking the vapor from the flash tank in a trangical CQ, refrigeration system and
compressing this to thedhier pressure in the condenser.

1 Ejector: A thermal ejector can recover some of the energy released during expansion by
compressing the gas (and liquid) exiting from the evaporator. Hence, evaporators can be
operated in flooded mode, withauperheat. This increases the evaporation temperature.
Furthermore, the compressor suction pressure is increased by the ejector, thereby
reducing the compression power due to lower pressure lift. System efficiency may often
be increased by as much as 20Réference: Hafner, 2014).

9 Adiabatic condensing/Evaporative condensiigis was discussed earlier under remote
condensing units and is listed here because it is most used with largeritieabR-744
refrigeration systems. This technology is quite @ffe in dry warm climates for
improving the efficiency of 744 centralized systems, though this method of efficiency
improvement is applicable to all refrigerants. Availability and treatment of water may
however be a challenge in some areas.

1 Heat recovey and system integratiorhis has always been one of the more popular
forms of system efficiency improvement and has found an increasing number of
applications with the growth of-R44 as a refrigerant. The heat from the condenser or
gascooler of the rixigeration systeni especially in a centralized systéncan be
recovered and used to heat or preheat water, indoor air heating in the winter, and even
snow melting systems buried in sidewalks at the entrance to buildings. Utilisation of heat
recovery carcontribute to improve the overall efficiency of the entire refrigeration
system beyond what is found by the traditional method of calculating performance.

2.5.4 Refrigerated Cases and Cold Rooms

In the discussion below, while reference is made to refrigiiases or cold rooms, many of the

ideas for one will apply to the other as wete simplest way to reduce power and increase efficiency
of operation is to reduce the refrigeration loakle addition of doors to retail display cabinets can
reduce coolindoad by as much as twthirds, thus leading to significant energy consumption
reduction. When doors are specified for new equipment the size and cost of the whole refrigeration
installation is considerably reduced.

An Australian field stud$3in 2015 of @ors being retrofitted to existing display cases concluded that

energy consumption was reduced by 42% providing a simple payback for the doors of 3.5 years and a
return on investment (ROI) of 29% (annual energy savings equivalent of approximately US}$23,000
Where it is not possible to instal/]l glass door s,
the retail store is not open for customers, can also provide significant savings of around 20%.

The example of the doors illustrates the value aflat®n in generalnsulation in refrigerated cases

and cold rooms, be it for the walls or the floor, is critical in reducing or eliminating heat flow from the
surrounding areas into the cold space, just like a door Goésrooms, regardless tfeir

temperature, are insulated and only in rare cases would a floor of the room not be irgslaitatbn

also helps to keep the moisture out and thus prevent the formation of frost on the coolifgasiils.

on the coils reduces the efficiency ofahéransfer from the refrigerant to the air and decreases the
thermal capacity of the refrigeration systdPariodic defrost$ timed or on demand and always
terminated by temperature is beneficial to keep the system operating at its peak efficiency.

In cold rooms and refrigerated display cases-sweat heaters on doors and lighting are also a source
of electrical energy consumptio®@n demand answeat heaters, supported by proper humidity
control in the retail space, as well as LED lights can imptoigeby as much as 120%.

13 (Referencehttps://www.airah.org.au/Content_Files/Resources/IRialrofit-of-Doorson-Open
RefrigerateeDisplay-Cabinets.pdf
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2.6 Medium and Large Air Conditioning Systems for Comfort Cooling (not including
industrial or data centres)

Larger air conditioning systems can be classified as either unitary direct expansion (DX) systems or
chilled watersystems:

1 DX systems are designed to condition a single space or multiple spaces from a location within
or adjacent to the space. Such a system is also known as logairsaifed system. DX
systems are usually for small and medium sized buildingsrieguip to around 300 kW of
refrigeration capacity (Bhatia, 2012), and sometimes used for larger cooling and heating
capacity buildings by applying multiple systems or larger capacity units. The standard
packaged and split units are typical examples dbetpDX systems

1 Chilled water systems are designed to condition several spaces from one base location.
Chilled water is produced in a refrigeration plant located at one central location and pumped
to multiple air handling units (AHU) or fan coils (FCUread all over the facility. Chilled
water systems are usually used when refrigeration loads eX068ddV, although in some
countries chilled water systems with much smaller capacity are common. Central chilled
water system can supply chilled water toesaVadjacent buildings.

For larger air conditioning system&mpressor manufacturers often qualify their designs for multiple
refrigerants with similar characteristics for exampled A, R-452B and R454B eliminating the

need for dedicated compresstoseach refrigeraniThis reduces the cost of compressors due to
economies of scale, while providing equipment manufacturers with added flexibility when deciding
on which refrigerant to use.

For all the equipment categories discussedethiegiency of he systems can be enhanced by using
variable capacity controls, electronically commutated motors (ECM) for fans, or microchannel heat
exchangers without the loss of cooling capacity

Table2.3 below shows the availability matrix of the large commercial air conditioning for both DX

and chilled water systems. Equipment is classified into eightatégories (Five for DX systems and

three for chilled water) depending on the refrigeration capacity and the type of compressors used. This
is discussed individually in this section to give a better view of the technologies used and the

limitation of use.

The table gives a comprehensivewief the availability of refrigerants for each socétegory,

availability of compressors, and the conformity to safety standards for the different refrigerants
including the refrigerant charge. Energy efficiency optimization opportunities feG\iP

refrigerants are available.

With the flammability of new refrigerants, the challenge is compliance with safety standard
regulations in both A5 and Nei5 countries. The maximum size of a refrigerant charge depends on
the volume of the occupied space which tgrihe applications for certain capacity ranges depending
on the flammability classification as shownTiable2.3. Market readiness to use flammable
refrigerants inluding training and certification is key to allow countries to accept flammable
alternative fluids
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Table2.3. Availability matrix for large air conditioning units
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1. Charge calculation based on ISO 5149 and EN 378
2. Assuming refrigerant charge of 50 gram /kW for-B@D and 30@ram/kW for R410A and 250 gram /kW for HF82
3. Components that enhance EE such MHX or smaller tubes for heat exchangers and EC fans are available
4. Energy efficiency enhancement up to 20% with low and medium GWP refrigerants is possible optimisation
5. R717 (RL) and R’44 (A1, high pressure) chilled water systems are available for capacities above 70 kW.
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2.6.1 AC split units 10 kW to 17 kW

Alternative refrigeranbased systems for AC split units in the range of 10 kW to 17 kW and their
components including compressors, refrigeration accessories, and ECM fans to enhance energy efficiency
are widely available. The market share of HEZunitsin 2018 for Europe and China is shofigure

2.1 below. The market continued to evolve since then with a growth in the use eBHFboth Europe

and China.

The Urited States have stricter restrictions on the use of flammable refrigerants; nevertheless, smaller
capacity units up to 7 kW with HFB2 refrigerant have been introduced in the United States (JARN
magazine issue 636 volume 54, No.1). Larger capacity argtaot yet approved for use in the USA
because of safety regulations.

Market share for split systems by volum2018
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Figure 2.1. Market for HFG32 units compared to-R10A in selected markets (source BSRIA)

Most of the availablalternative refrigerant units in the 10 to 17 kW capacity range use scroll
compressors with or without inverters. Units with inverter compressors have better efficiency than fixed
speed, especially at partial loads. Reciprocating compressors are stiutgedmited quantities since

the compressor efficiency for reciprocating compressors is less than the scroll compressors. Rotary
compressors are available up to 10 kW maximum.

2.6.2 Packaged and Central Split units (ACCU +AHU) (Unitary Equipment) 10 to 8%kW

Cooling and heating split and packaged units in this capacity range mostly use scroll compressors with or
without invertor and very rarely the less efficient reciprocating compressors. Components for lower GWP
applications for this capacity range arigl@ly available. Some manufacturers are building compressors to
be used with more than one type of refrigerant type, examgttOR and R454B.

2.6.3 Packaged and Central Split units (ACCU+AHU) > 85 KW up to 340 kW

This capacity range has the lowest demiarmtimber of units. The units in this range use single large
capacity scroll compressors or multiple smaller capacity compressors. In some capacity ranges, screw
compressors are used, but rarely any reciprocating compressors. The majority of units vith scro
compressors use-&RLOA and very rarely 07C. Reciprocating compressors use either-#iB€a or R
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407C, and screw compressors use mainly 1B&a. Higher energy efficiency scroll, and screw inverter
compressors are available for this capacity range.

The new alternative refrigerants for this cooling capacity range are mainly33aFR454B, and R452B.

All these refrigerants have better efficiencies thasilRA. Split units however are not available because

they would exceed the maximum allowable refrége charge. Safety regulations do not allow higher
refrigerant charges than those listed in ISO standard 5149. However, some manufacturers have designed
units with multiple compressors to reduce the amount of refrigerant charge per circuit.

2.6.4 Packaged and Central Split Units (ACCU+AHU) >340 kW

In this capacity range, multiple scroll compressors are used, the majority using inverter tecl8wigy.
compressors, single or multiple, are used for larger capacities. Screw compressotesitben with

inverter or with a slide valve mechanism for capacity control, both provide higher efficiencies than other
types of compressors, especially reciprocating.

Scroll compressors mainly use4R0A, with the recent introduction of HF&2, R454B, anl R-452B.
Many systems in the Middle East have units with HE33a refrigerant although the efficiency is lower
than the scroll compressors usingtROA.

Screw compressors run on the recently introducdd B and HFG1234ze refrigerants.
2.6.5 Multi -split and Variable Refrigerant Flow Systems (VRF)

Multi split units have one outdoor condensing unit connected to ipedandoor units with coolingnd
heatingcapacity rangep to12 kW. Systems use scroll or rotary compressors and #EEHR awith
several maufacturers already offerimgulti-split systems in Europe using HFE32.

VREF variable refrigerant flow systems (VRFs) are more efficient than constant flow. VRFs have a larger
capacity with single or multiple (up to four) outdoor condensing units withyaaapacity per unit of 90

kW connected to max 64 indoor uni@urrently most of these systems usd¢ ®A, with some

manufacturers offering small capacitiRFs with HFG32. Systems wittHFC-32 are availablevith extra
measures such as leak detectors, forced ventilation, andf§vatves.

2.6.6 Chilled Water Systems (Chillers) Air Cooled and Water Cooled 10 kW to 85 kW

In this category, higher capacity chillers are the most common, using either scroll mroatingy
compressors. Scroll compressor units mainly ugd®A and R407C and sometime HFC34a.
Reciprocating compressors mainly uséd® C and HF€EL34a. Alternative refrigerants HF82, R454B,
R-452B are available for use with scroll compressors. Soaneufacturers are using3 3A in this
capacity range; however, its efficiency is less than that of-BEQvhich also has a higher efficiency
than R410A). Chiller units are available with HZ90 but with limited sales because of the market
readiness tose flammable refrigerants. For capacities above 70RM44 chillers have been introduced
in certain parts of the market with moderate or cold climate&l Rchillers are available for comfort
cooling above 70 kW, however higher initial cost impactsiéngsion on their application.

2.6.7 Chillers 85 kW to 340 kW

The chiller systems in this medium capacity range use single or multiple screw compressors with invertor
or slide valve capacity control or scroll compressors with or without invertors. Screw Gsorgrase
HFC-134a, while scroll use-R10A. Recent analysis showed that in 2019, inverter chillers contributed to
29% of the global market share by volume (source BSRIA).

Refrigerants used in this range are HBZ; R452B, R454B for scroll compressorsid R513A, HFG
1234ze, HFOL234yf and R717 for screw compressors ane/R4 with reciprocating compressors. HC
290 is available for both scroll and screw compressors. Compressors for these refrigerants are wildly
available.
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2.6.8 Chillers > 340 kW

This range bchillers of largest capacity uses mainly multiple screw compressors, but occasionaly multi
scroll. Centrifugal chillers are mostly used for capacities above 1000 kW. Smaller capacity magnetic

bearing centrifugal compressors are mainly used in veateled applications, and some-awwoled

applications in low ambient temperature countries.

Screw compressors mainly use HE@4a. Alternative zero/low GWP refrigerants such as 12®@4ze,

HFO-1234yf, R717, and R744are being introducedlong with medium GW R513A. Centrifugal

compressors are mainly using low pressure HRA3zd refrigerant which is ndlammable. Chillers
using HG290 are available in this capacity range within the maximum refrigerant charge dictated by
safety standards. Once the systems are ggathinewer refrigerants show better efficiency.

2.6.9 Research

Most of the research on larger capacity air conditioners is done by the major manufacturers. In 2018,

UNIDO ran a demonstration project with a local manufacturer in Jordan funded by tHé MLiEst

large capacity packaged units (up to 400 kW cooling capacity) using alternative refrigerants HFOs, HFC
32, and HE290. The units with H290 showed better performance in comparison with baseline units
with R-407C at three ambient conditions rangingrira% to 6% and energy efficiency ratio EER values
from 4% to 11% higher than the baseline units. Test results for32FREhd HFOs also showed improved

efficiencies for all tested refrigerants compared to the basel$t0R refrigerant. The project also

included demonstration of safety measures for the prototypes and a cost analysis for the low GWP
refrigerant components used in the manufacturing of the prototypes.

27 Not in Kind and District Cooling

Not-In-Kind (NIK) technologies are cooling /heating taeclogies that do not utilize mechanical vapour
compression to provide the cooling/heating effect. In this section, widely commercially available
technology means that several companies are producing it while commercially available technology
means that deast one company is producingTihere are also emerging technologies that have passed

the R&D stage and are being set up prior to being commercially availability. Finally, there are

technologies that are still in R&D stage which are not yet totalpkstied.

In order to establish the benefit of NIK technologies, the operational lifetime cost (OLC) should be
established. The OLC has units of USD/TR.Aoand can be calculated as

., 00O Qb Qr
DOLO T
L L WYo O

Where NPV is the net prasievalue of the system in USD, CAPEX, is the capital cost over its expected
operational lifetime in USD, OPEX is the operational cost over its expected operational lifetime in USD,
and TCE is the total cooling energy over its expected operational lifetitoas of refrigeratiorhours.

271 Widely available NIK technol ogi es

There areseven NIK technologies widely available with lower OLC than vapour compression.

l
T
T
T

Absorption and geothermal energy
Adsorption and geothermal energy
Exhaust recovery and adsorption
Solar energy and absorption

14 Decision 81/62 UNEP/OzL.Pro/ExCom/81/58 June 2018
TR = Tone of refrigeration. One ton = 3.517 kW
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9 Direct/indirect evaporative cooling
1 Exhaust recovery absorption
1 Deep seal/lake cooling
A description of the technologies is available in the RTOC assessepant.r

1 Operational Lifetime cost comparison of 17 widely available NIK

technologies in a HAT country.
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Figure 2.2. Operational lifetime cost comparison of widely used NIL technologies

The use of absorption or adsorption units, fired by geothermal energy, when available, has a better OLC
whencompared to vapour compression systems, althoug
absorption chillers, direct fired or indirect fired by exhaust heat is an energy efficient solution when

recovered heat is available. The OLC of the system is myatoired when compared to vapour
compression systems, but their capital cost is hi
OLC than vapour compression systems, although their capital cost is much higher, and the space needed

for solar colletors may be quite large.

Direct/Indirect hybrid evaporative cooling (IEC) is an attractive solution, especially in dry climates with
low OLC compared to vapour compression systems, although the availability of water for its operation
can sometimes be reistive. Finally, Deep Sea Cooling (DSC) especially when coupled with district
cooling, provide one of the better OLC values but its capital cost is higher than that of vapour
compression cooling techniques.

2.7.2 District Cooling and the availability of Low GWP Technologies that maintain or Enhance
Energy Efficiency

A district cooling system is a central air conditioning system that produces and distributes chilled water
from a plant(s) to buildings, thus centralizing the production of chilled water and mapgreconomy of
scale. District cooling has a better overall cost effectiveness during its lifetime compared to systems in
individual buildings. It is more reliable, more energy efficient, and has a lower carbon footprint.

District cooling was introduced iHartford Connecticut (USA), in 1963 by the Connecticut Natural Gas
company to utilize natural gas for-@ionditioning. District cooling has benefited from improvements in
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technologies that have resulted in a renewed interest as an important tecfmoprgyiding cooling
such as:

Improvement in the efficiency of new chillers

Improvement in the efficiency of distribution systems pumping

Better prefabricated, priasulated piping suitable for direct burial, thus cheaper distribution
systems

Increased importance of cogeneration systems that have a higher thermal efficieridc85%)%

= E

Asia and the Middle East are showing an increasing interest in district cooling, especially around the Gulf
region, where it has grown exponentially since thed$9&ulf Cooperation Council (GCC) countries are
expecting cooling capacity needs to triple between 2010 and Bige0e 2.3 shows an expected increase

from 127 to 32 million kW (36 100 million TR).The potential district cooling expected additions in

three GCC countrie®tals t085.43 million kW (2427 million TRY.

1 KSA: 44.88GW* (12.75million TR)
1 UAE: 30.20GW (8.58million TR)
1 Qatar: 10.355W (2.94million TR)

GCC PEAK COOLING DEMAND
{IN MILLIONS OF RT)

- Saudi Arabia

200 2030

Figure 2.3. GCC peak cooling demand, millions of Refrigeration Tons (TR).

1 GW = Gigawatt = 1 million kW
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GCC FORECAST COOLING REQUIREMENTS, 2030
(IN MILLIONS OF RT)

51

74%
1% 25% 26%
22
5% 1%
50%
12
7 3% Conventional Cooling {Low Density)
25% 39% 74% a O ooling {LC Y)
55% 3 Potential District Cooling Additions
L’
-I!_ 42% 71% 26% 5% B Existing District Cooling
Saudi Arabia UAE Qatar Bahrain Kuwait Oman

Sources: MEED; GWI; national statistics; World Bank; Booz & Company analysis and forecast

Figure 2.4. Forecast potential district cooling addition in G®¢ 2030 (from T. El Sayed et al 2012.

In Europe, more projects are contemplating district cooling, especially now that an increased awareness
of environmental issues has shed light on the benefits of district energy and the recognition that district
energ can be an alternative solution to these issues.

The United States is the pioneer of district cooling and heating and has set the pace for many years with
innovative technologies. Many U.S. states are deregulating their electric utilities. A buildingiswne
capable of buying electricity from producers other than their local provider. Utilities are creating
subsidies for electridriven district cooling systems, offering customers an alternative service using
electric power. Demand for district coolingeigpected to increase with these measures.

The cooling and heating loads of individual buildings peak at different times. This is why the coincident
overall peak demand of a district cooling system varies from the sum of each individual building peak
demauml. Diversity factors are used to calculate the overall peak load of a district cooling system. Those
diversity factors may be as low as 0.6 or 0.7 of the sum of individual building peaks demands, in
applications where there is a great diversity of use.

Because of its use of diversity factors, district cooling stations have a smaller bank of refrigerants than
distributed inhouse central systems, thus minimizing the refrigerant charge. When district cooling is
combined with Thermal Energy Storage (TESgduces the apeak need of cooling capacity, so that the
District Cooling plant(s) can have lower capacity and refrigerant bank, as well as reducing overall energy
cost.
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Figure 2.5. Growth of DC in North Aerica (S. Tredinnick et al, 2015)
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Figure 2.6. Growth of DC in the World except North America, in the same period (S. Tredinnick et al

2015)
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2.7.3 Avalilability of Absorption lithium bromide/water chillers/heate rs utilizing water as a
refrigerant that maintain or Enhance Energy

Absorption chillers/heaters are widely available technologies utilizing ammonig (Kivater (HO) as
refrigerant, both are natural refrigerant with z&wWP. There ardwo absorption systems NHwater and
water lithium bromide. The denominations of both systems are lintetjure2.7 below.

[ Absorption systems ]

| |
[ H2O0 — MNH3 ] [ LiBr - H2XD ]
1 |
T ] |
Dvirect fired ] Indirect Indirect
I , =
Air-cooled ] Water-cooled ’
——— 7 |
Mledalus g edeaction ] Custom * 1 o
- | g Modular | Modubr
production production
17=- 100 KW TOM - 35,000 KW
& 1 HTR) 200 - 10000 T K) . I 4 I
. i AW n .
17 = 100 EW 100 — 4 200 KW 280 - 7000 KW
(510 0 TR) (30— 1 200TR) ] (80 -2 00OTR)
L. -

Figure 2.7. Denominations of absorption systems
Recent improvement in absorption chillers

The COP of absorption chillers/heater have improved over the years through the introduction of new
technologiesFigure2.8 shows the improvement in COP in absorption chillers/heaters with the
introduction of new technologiek.is important to note that the COP of an absorption unit is a heat ratio
and canot be compared to the COP of arKimd unit since the other is a ratio of net refrigeration effect
divided by the work exerted. To compare both values, the COP of-thedrsystem has to be multiplied
by the efficiency of the system providing the eleeil energy from the power station all the way to the
refrigeration plant.

Rather than raising the COP, the current practice for double effect lithium bramaideabsorption
chillers is to decrease electrical consumption of the solution purapdayt 50 % and the cooling water
pump for the condenser and absorber by about 70 % and thus improving overall performance of the
chiller.
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Key technology of improvement

Improvement of COP by each technology for direct
fired, double effect absorption chillers
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Figure 2.8. Improvement of COP by technology for absorption etsll

3€

May 2021 TEAP Report, Decision XXXI/7: Continued provision of information
on energyefficient and low-global-warming-potential technologies




3 Cost of Equipment Using Low and Medium GWP Refrigerants whilst
Maintaining or Enhancing Energy Efficiency

Key messages:

1 There is a wide range of RACHP equipment and a diversity of refrigerant options (low and
medium GWP), which makesriecessary to evaluate material cost impact on almasase
basis.

1 Refrigerant characteristics play an important role in the design of RACHP equipment in specific
relation to maintaining or enhancing energy efficientize two main factors which influeac
the material cost of equipment are refrigerant thermodynamic characteristics (pressure, density,
cycle COP etc.) and refrigerant safety characteristics (e.g., flammability/toxicity/pre 3iines).
factors may also play a role such as material comgatibil

1 Flammability and/or toxicity characteristics may limit the acceptable amount of refrigerant for
safety reasons and thus limit the cooling or heating capacity and/or energy efficiency that can be
achieved. Reducing the refrigerant charge may be peassiiig different technologies such as
microchannel heat exchangers but these can also bring technical and application challenges.

3.1 Introduction

This chapter aims to provide an overview of the cost impacts to RACHP equipment when shifting to the
use of an kernativerefrigerant (low or medium GWP) while maintaining or improving energy efficiency.
It will focus on cost issues that are relevant for most of the RACHP sectors.

Numerous thermophysical properties and their interaction with the system compaoneopeeating

conditions dictate the system performance Similarly, it is these properties as well as the chemical, safety
and some other characteristics that affect the costs associated with the Shstesntrue for any

refrigerant selectiorHlowever,when shifting to a low or medium GWP refrigerant for the same RACHP
applicationthese characteristics may be different from the original selected refrigerant, and as such
influence the costs.

There are many transactions in the lifetime RACHP equipmestrgpagocial and economic costs (from
raw materials extraction up to destruction or recycling), which need to be covered somewhere by the

Aibuyersodo in the | ifetime chain (private-relatedst s) an
aspects wre already discussed in previous EETF (2020 and 2021) rdpdtss current Decision
XXX1I11 /3 (2022), the EETF t almsedanihteéstepsocus on fAmat .

1 Step 1:Selecting an alternative (low or medium GW#&jrigerant, at the same RACHP capacity

1 Step 2: maintaining energy efficiency, at least linked to the country specific MEPS levels

1 Step 3: increasing the energy efficiency to a higher I&aintaining benchmark refrigerant at
the same capacity, amthharcing energy efficiency, which factors are influencing the material
costs of equipment?

Equipment transitions may combine a shift to both low or medium GWP refrigerdmigher energy
efficiency at the same time, but for a good understanding of influgicost factors it is better to make
comparisons based on one variable step at a time.

Implications on material costs will be presented in general terms, to show the direction of change and to
some extent the scale of changegy(,in weight or numberfocomponents)Actual material costs impacts
would have to be done on a cdsecase basis and can be very comp&uch actual cost analysis was

not possible in the remit of this EETF, since there is a vast range of different RACHP equipment and a
wide variety of low and medium GWP refrigerants.
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Material costs are important considerations from a manufacturing perspaudivdtimately result in end
user price.lIt is much more difficult to make comparisons based on the actual price that consayners p
for the equipment (capex) because there are too many other factors in the supply chain (not related to
material costs) which determine the ultimate-esdr priceExamples are labour costs, patents and
royalties, energy prices for manufacturing, tramsposts, sales pricing policies of traders, incentives, tax
policies, etc. There is also a whole host of other dostning, service equipment, production line
equipment, R&D time, modifications to labs, conferences, establishing new suppliespdewat pr

literature etc that are beyond the scope of this report.

Such factors usually fluctuate a lot over time as well as geographically and can therefore distort the link
between material cost and final capex, they are therefore not further elaborated on.

Figure3.1lillustrates why material costs are relevant considerations in the transition to lower GWP
refrigerants. The picture shows two types of equipment forl smaérmarkets (convenience stores),
delivering refrigeration (for display cases) as well as comfort cooling and heating (for the total retalil
space). While both the refrigeration/cooling/heating capacities and the energy efficiency of the two
systems ar¢he same for EU average climate conditions, the refrigerant used in the solution at the left
(units 1+2 combined) isR44 (CQ.GWP 3 and in the right (unit 3) is10A (GWP 2088). The

weight of the CQunits is 736 kg (unit 1= 173 kg, unit 2= 563 kgjile the R410A unit 3 weighs 370

kg. The difference in dimensions and mass is due to the different thermodynamic characteristics of the
two refrigerants, an issue which will be further detailed in this chapter. When performing a comparison of
the two sygem on basis of a TEWI analysis, the7B4 unit outperformed the-RLOA.

Figure 3.1: For illustrative purposes only: comparison of material costs (in size and weight) for a
RACHP convenience store solution (different refrigerant, seapecity,and same energy efficiency for
EU average climate condition¥).

17 https://www.naturalhvacrd4life.eu/
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