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Refrigerant Emissions and Leakage-blended learning for
alternative refrigerants in new equipment

Developed as part of a collaborative Leonardo da Vinci
European project to address skills needs in technicians in the
refrigeration, air conditioning and heat pump sector in:

e Carbon dioxide
e Ammonia
e Hydrocarbon

e Low Flammables (HFO/R32 etc)
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Refrigerant Emissions and Leakage-blended learning for
alternative refrigerants in new equipment

Addresses safety, efficiency, reliability and containment
aspects of service and maintenance.

Critical safety factors associated with alternative refrigerants:
e Higher system pressures
e Flammability

e Toxicity
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The 2 year work programme
started Oct 2013 - ending next Oct 2015

1 - Research to clarify training needs and opportunities LSBU

2 - Review of existing resources LSBU

3 - Developing training booklets, e-learning pages, library KHLim

4 - Piloting, testing and translation ATF

5 - Measuring impact, evaluating and adjusting IKKE

6 - On going dissemination and stakeholder engagement AREA / IOR
/ - Project Management IOR

8 — Explore sustainability options post funding PROZON

Launch of free resources and training schemes in English, Polish, German,  Spring 2015
Dutch and Italian
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Conclusions - industry needs

==) 104 responses from major stakeholders to define industry needs
=) 63 individuals from 12 European countries took part in the pilot test

e Need for improved skills -
especially for CO2 and HFO/low
flammable refrigerants

| alternatives
e Retraining to address safety, e \J
reliability and leakage

e Assessed and certificated
classroom based training, with
supporting on line technical
information
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REAL Alternatives blended
learning resources:

e flexible learning programmes and schemes for use by
individuals, companies or training providers.

e multi-lingual website

e e-learning & booklets study materials in Dutch, English,
French, German, Italian, Polish

e searchable e-library (over 100 free documents) of resources
users can add to and can also rate

e tracking spreadsheets, report formats and other tools

e standard on-line tests and controlled assessment papers in
classroom with optional certification

e stakeholders contribute materials and resources

. o%ortunities for more translations, training programmes etc
o-Tinance Y
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Learning materials in 8 modules

1. Introduction to Alternative Refrigerants - safety,
efficiency, reliability and good practice

2. System design using alternative refrigerants

3. Containment and leak detection of alternative
refrigerants

4. Maintenance and repair of alternative
refrigerant systems

5. Retrofitting existing systems with low GWP
alternatives

6. Checklist of legal obligations

7. Measuring the financial and environmental
impact of leakage oy
8. Tools and guidance for conducting site surveys ~
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Multi language e-learning with free registration
(English, French, German, Italian, Polish, Dutch)

{’+ Real Alternatives Europe - English / Learning paths / Module 1 - Intreduction to Alternative Refrigerants / Preview

(_.;) Course home

R717 (Ammonia, NH3)

@O
- Properties

R717 has a relatively high saturation temperature at atmospheric

real..

ourepe

arnalivas

Homepage My courses Personal agenda Progress

. . . . ; 48% ressure, is highly toxic, mildly flammable and has a pungent odour.
{’+ Real Alternatives Europe - English / Tests / Sample Qu ? a v puna
. It can be smelt at concentrations of just 3 mg/m3, so it is evident at
Module 1 - Introduction to levels much lower than those which are hazardous (the ATEL / ODL is
Alternative Refrigerants 350 mg/m3). Itis the only commonly used refrigerant which is lighter

N than air which means that dispersion of any leaked refrigerant takes
s e

. R717 also operates with very high discharge temperatures. Single stage compression can therefore normally
1. The hazards of R32 include:

v be used above -100C evaporating temperature. Below this, two stage compression with interstage cooling is

required.
The high toxicity limits the application of R717 to very low charge systems or industrial systems (i.e. systems in
areas which are not accessible by the general public). This typically includes distribution cold stores and food
processing plants, usually using secondary systems where R717 is the primary refrigerant.

Basic Froperties «#

) High fimamability Application «#

Ammonia corrodes copper so steel pipe work and open drive compressors are used. It is also immiscible with
conventional mineral oils, making oil rectification an additional requirement of the refrigeration systems. The
use of steel pipe, open drive compressors and oil rectification impact on the capital cost of an ammonia
installation.

0 Mild lammability

) High toxicity

Mild toxicity R3Z o

Ri234ze o

R250 R1270 RE00a «*

Next question

e i het kader van het UK Real 2eo-project hebben derbien vaak voorkomende
lekpunten 3an het icht gebracht. Het project heeft ook manieren naar voren geschoven om G lekken te
voorkomen. Alle details vindt U i het document Gat onderaan in de kiker staat. Het is van essenbeel belang

Campus Staripagina  Mijn cursussen  Mijnagenda ~ Mijn vooruitgang  Sociaal netwe: oy
dat op ai deze punten een lektest wordk uitgevoerd.
Dankzi de t project Zjn en werd de nodige
{3 Real Alternatives Europe - Nederlands Module 3 - %vi;olumng_on erarmg Makemxleve knelmlddalen opgedaan. Die zones mlevundﬂrbes(hre ven) vertonen het meeste
koelmiddelen
f mistng 4 F Schraderventielen
Welkom op de piloot-test van het g s oo g e s i a6 an argean 8o 1 e i
W LA DRt shiane n het obetype, net als vosr het druk. en het temperatuurber i w3arin de systemen worden gebruikt.
: f n types versisen
REAL Alternatives Europe e-learning platform [
De kem moet worden verwijderd voor de
real Gelieve eerst de "Vakbeschrijing' te lezen voor u begint. [ - scheaderbehuizing in het systeem wordt gesoldesrd.
alternalives Zodra d behuizing afgekoeld is, moet men de kem
eurkpe " : F . opnieuw monteren. De kem moet vervolgens met het
Begin met de e-leamingmodules die u vindt onder ‘Leerpad’. juiste aanhaalmoment worden vastgezet.

Het ventiel moct worden afgedelc: Ds dop de

U kan een test aflegen onder ‘Oefeningen’.

moersieutel 201gvuidig kan worden vastgez:
748 5RY g geval een betere oplossing. De moer moet 2

o ot 2e het schraderventiel et
nGrukt wanmesr 22 wordk 33ng<spamnEn

Bedankt voor uw deelname aan deze piloot-test.
K17 Sysermen ‘
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Co-financed by
N Lifelong real alternatives

eurkpe

* %

e www.realalternatives.eu



real alternatives

eurxpe

Introduction

to Alternative Refrigerants

Contents

1-Introduction

2-R744 (carbon dioxide, CO:)

3-R717 (ammenia, NHG:)

4-R32 (HFC)

5-R1234ze (HFO)

B-Safety

7-Toxicity and flammability
B-Pressures

G-Restrictions on use
10-Performance and operating conditions
11-Envircnmental impact
12-pvailability

13-Leakage issues

14-Relevant standards and legislation
15-Self Test questions & Next Steps
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Design Differences

For Alternative Refrigerants

Contents 1

1Minimising leatage potential
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FRT17 (ammonia)
4832
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Leak Detection

1o Alternative Refrigerants.
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Register at the project Website and searchable e-library

re: Language ¥ English (UK) |V

C

curu(po
BLENDED LEARNING FOR ALTERNATIVE REFRIGERANTS

PARTNERS  E-LIBRARY  LEARNING PLATFORM ADD A RESOURCE

NEWS  LOGIN OR REGISTER

STAKEHOLDERS Tweets W Follow
real. - [ZL o B
e REAL Alternatives e
Star Refrigeration @StarRefrig 27 Aug
BLENDED LEARNING FOR ALTERNATIVE REFRIGERANTS base of information }STAR Dr Forbes Pearson predicts the future of using
ABOUT US #ammonia in refrigeration systems: bit.ly/1911GpU
EVENTS HOME  PARTHERS LEARNING PLATFORM NEWS LR o Y S i
e e t = 13 Retweeted by REALAlternatives
STAKEHOLDERS Search Terms: hydrocarbon Filter by language: | All languages ¥ x4 ] Expand
EVENTS Filter by topic: | Filter by topic ¥ Filter by type:  Filter by type ¥ @0 R744.com @744 27 Aug
R Considering a CO2 Refrigeration System: When =
ABOUT US E-Library : : o
Tweet to @REAL_Alts_EU
CONTACT US Welcome to the REAL Alternatives e-library

An evolving resource of industry codes, technical manuals. learing booklets and links to addit EVENTS
FIND OUT MORE refrigerants. The e-library is designed to supplement the REAL Alternatives blended learing p
ABOUT OUR
PROGRAMME
PARTNERS

MORE EVENTS LEARNING PLATFORM

Registered users can view the whole library as well as add and rate the existing resources & ¢ .
4 v g Interactive learning platform for registered users

Register HERE to use the full library

You can ADD EXTRA RESOURCES to the library here NEWS

MORE NEWS

REGISTER HERE
FOR THE
LATEST NEWS
AND UPDATES

Search Results for "hydrocarbor
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An introduction to flammable refrigerants and signpost where more detailed information can be obtained
if necessary.
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Useful practical guide to hydrocarbon safety.
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Promoting the use of Alternatives at
international meetings and events

Tweets W Fallow
D Show Media -
l REAL Alternatives refrigeration
el learning
~— REALAlternatives @REAL Alts EU - REALAlternatives GRE ts EU - Oct 14 Community
e\, eurammon have added 10 new docur Blended learning for alternative refrigerants .

ammonia to library at realalternatives

D Chillventa 2014 3 e

~ REALAlternatives @REAL_Alts_ELU
* 100 rase studies featured in FTA renon

Tweet to @REAL_Alts_EU

AL AL T
P

coTrrariccaToy

N Lifelong

k- www.realalternatives.eu eurkpe \ _J/



Thanks also to our stakeholders, who helped during the project

we are proud to have among our stakeholders
European Commission DG Clima & UNEP OzonAction

Stakeholders

A wide variety of stakehelders representing all partner countries as well as EU and International agencies are contributing to this project.
Stakeholders are involved in sharing resources, commenting and piloting draft materials, and disseminating information about the programme.
Seme of our current stakehclders are shown below:

Please contact us if you wish to become a REAL Alternatives stakehelder - go to contact form

We are proud te have among our stakeholders the European Commission DG Clima & UNEP Ozone Action as well as the following
companies:

CZ

Ll 13

A-GAS M= ooucronmm [=YCastel

INNOWVATION

Honeywell @ ek E
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#Z2RIVOIRA space. L EUROVENT poticy Cent

engineering services
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How you can get involved

e become a stakeholder
e add technical material to the e-library now

e sign up technicians for the FREE e-learning courses
launched in MARCH 2015

e register to deliver classroom training courses using these
materials as an employer or training provider

e register for updates at the website, follow us on twitter

e translate in other languages

Tweets W Follow

. S p rea d th e WO rd F— REALAlternatives @REAL_Alts EL
i\ eurammon have added 10 new documents on
ammenia to library at rea natives.eu

REALAlternatives @REAL_Alts_FU 21 Aug
100 case studies featured in FTA renort on natural v
Co-financed by
* Lifelong
Learning
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wy Course home

R744 (Carbon Dioxide, c0,) I

L LA NP
Properties

R744 has high operating pressures, a low critical temperature (31°C) and a
97% high triple point. Its volumetric cooling capacity is between 5 and 8 times
that of HFCs, reducing the required compressor displacement and pipe size.
Its properties have an effect on how the system is designed and operates,
especially in high ambient temperatures. It has a high discharge

Module 1 - Introduction to

Alternative Refrigerants temperature, necessitating two stage compression for low temperature
systems. The document highlighted below has detailed information on how €O molecule
these properties effect the application of R744. ?
Introduction ¢ Usage

Basic Properties of R744 is used in the following system types:

+ Pumped secondary - where R744 is the secondary fluid cooled by a primary system. R744 is a volatile secondary

Application «# which, coupled with the high capacity and density, reduces the required pump power compared to other
secondary fluids such as glycol.
8 Refrigerants « Cascade — where the heat rejected by the condensing R744 is absorbed by the evaporating refrigerant in a

separate high stage system. In these systems the R744 operates below the critical point and the high side
pressure is generally below 40 bar g. The high stage system can be R744 (see below), or it can be HFC, HC, HFO

B or R717
. . » Transcritical systems — where the R744 heat is rejected to ambient air and at ambient temperatures above
Rl BT RELLE approximately 21°C the R744 will be above the critical point (31°C) - i.e. it will be transcritical. The R744 does
. not condense - it remains a super critical fluid until its pressure is reduced to below the critical pressure (72.8 bar
R3Z o g).The high side pressure is typically 90 bar g when transcritical.
R1234ze o Currently (2014) R744 has been used in several thousand retail systems and in industrial systems in Europe. Itis

4 starting to be used in heat pumps and in integral systems. Some examples of R744 are shown below:
R717

Classific ation «#*
Flammability «#
Toxicity <

Higher Pressures «#

Maximum Charge Size «#

The application of R744 has required additional skills for design engineers and service technicians, and availability of
Direct Expansion Systems «# new components.

This video gives an introduction to carbon dioxide properties when used in refrigeration
Indirect Systems «#

Co- Comiort ¢ ooling/hesting «#

% B Examples
*
*

Eg.1 - Non Comfort <

itives '

L T S

www.khlim-inet.be/education/main/newscorm,/Ip_controller.php?action=return_to_course_homepage&cidReq=RAED...




§1-) Course home

s W S e T T i g |
4 717 (Ammonia, NH;)|

damabes) T P

YA Properties

a3 o R717 has a relatively high saturation temperature at atmospheric pressure,

y 97% is highly toxic, mildly flammable and has a pungent odour.

Modiile 1% Introducti ¢ It can be smelt at concentrations of just 3ma/m? so it is evident at levels

odule R n r°_ uction to much lower than those which are hazardous (the ATEL / ODL is
Alternative Refrlgerants 350 mg/m?. It is the only commonly used refrigerant which is lighter than

air which means that dispersion of any leaked refrigerant takes place )
28 Introduction quickly. NH3; molecule
Introduction <7 R717 also operates with very high discharge temperatures. Single stage compression can therefore normally be

used above -10°C evaporating temperature. Below this, two stage compression with interstage cooling is required.

Basic Properties . I T oo . . . .
Erdi e The high toxicity limits the application of R717 to very low charge systems or industrial systems (i.e. systems in

areas which are not accessible by the general public). This typically includes distribution cold stores and food

Applic ation «# = . . i :
LR aton processing plants, usually using secondary systems where R717 is the primary refrigerant.

Bt Refrigerants Some examples of Ammonia packaged systems are shown below:

R744 o
3290 R1270 R600a ¢«
R32 o

R1234ze

N4

Classification o

Ammonia corrodes copper so steel pipe work and open drive compressors are used. It is also immiscible with
conventional mineral oils, making oil rectification an additional requirement of the refrigeration systems. The use of
steel pipe, open drive compressors and oil rectification impact on the capital cost of an ammonia installation.

The video below shows an example of an adsorption ammonia system used in a building services application
Flammability <«

— Good Practice With Ammonia Refrigeration Systems
oxicity o

Higher Pressures «

B Restriction on use

Maximum Charge Size

Direct Expansion Systems o

ndirect Systems ¢

CO Comfort cooling/heating «”

*

Eg.1 - Non Comfort ¢




« - I__'“lwww.khlim-inet.be,feducation,"main,fnewscorm/lp_controller.php?cidReq=RAEOl&id_sessiDn=O&gidReq=0&action=view&lp_icﬁ =

[._J Course home

The safe working environment and PPE

rea| altarmalves
ahiing - Flammable Refrigerants
Sy This section covers the safe handling of:
7 32%
» Hydrocarbons (R600a, R290, R1270);
i + R32 (also refer to the section on F Gases);
MD_dLIlE 4 - Guidance Or_'l the +« R1234ze (also refer to the section on F Gases);
Maintenance and Repair for » R717 (also refer to the section on R717).

Alternative Refrigerant Systems

| »

Infreduction «# The safe working environment and PPE

H rd . . .
e The safe working environment and PPE When you work with flammable

refrigerants the area must:

Service Procedures

" + Be well ventilated
M Flammable Refrigerants + Have no source of ignition within 3 m (a typical safe area when working on
flammable refrigerant systems).

Safety - If necessary introduce forced ventilation using a suitable fan assembly. This
] has an Ex rated fan motoer and a 5m cable which enables it to be switched on
Equipment «#* outside the safe work area. Figure 1, suitable ventilation fan

Leak Testing

Recovery and Evacuation «#*
When carrying out invasive work, or if a leak is suspected, check and monitor
Brazing the work area using an HC detector.

; It is important that the detector cannot be zeroed out to background
Ch d Repl i . -
el i b flammable refrigerant levels and alarms at 20% of the lower flammability level.

The photo shows suitable detectors for HCs.

Safety o Figure 2, flammable gas detectors

Equipment

You should also have a fire extinguisher to hand.
Leak Detection

— This should sither be a dry power type with a capacity of at least 2 kg, or an
Disposal equivalent sized CO5 type.

Evacuation and Charging

Figure 2 (left), dry powder fire extinguisher
Isolating Replacing Figure 4 (right), CO, fire extinguisher

B R7T17 7




Real Alternatives
to comply to 517/14 Article 10
Training and Certification

8. Member States shall ensure that all natural persons

holding certificates under certification programmes allernatives
provided for in paragraphs 1 and 7 have access to eurkpe \/
information regarding each of the following:

(a) technologies referred to point (e) of paragraph 3

9. Member States shall ensure the availability of training
for natural persons who wish to update their knowledge
in relation to the matters referred to in paragraph 3
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Marco Buoni

VicePresident, AREA Air Conditioning & Refrigeration European contractors’ Association (Www.area-eur.be)
Secretary General Italian Association of Refrigeration Technician, ATF (www.associazioneATF.org)
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VicePresident, AREA Air Conditioning & Refrigeration European contractors’ Association (Www.area-eur.be)
Secretary General Italian Association of Refrigeration Technician, ATF (www.associazioneATF.org)
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VicePresident, AREA Air Conditioning & Refrigeration European contractors’ Association (Www.area-eur.be)
Secretary General Italian Association of Refrigeration Technician, ATF (www.associazioneATF.org)
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